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KS 1 

Use of Porcine Embryonic Stem Cell to Advance 

Xenotransplantation and Human Stem Cell Research 

 
Mark Nottle 

 
University of Adelaide, Adelaide, South Australia, 5005 

 Australia 

 
We have developed a new method for isolating embryonic stem 
cells (ESCs) and have used this to isolate porcine ESCs (1). These 
cells have been extensively characterised including the production 
of chimaeric pigs (2) . We have also used this method to isolate 
ESCs from cloned embryos using fibroblast isolated from live pigs 
(3). The defining feature of our method is that it produces 
homogenous outgrowths of ESC progenitor cells  facilitating the 
isolation of cell lines at relatively high efficiencies. We plan to use 
these cells to produce transgenic animals containing complex 
modifications will allow the full potential of this technology to be 
explored in the livestock species for agricultural and biomedical 
applications. To demonstrate this we  plan to use these cells to 
produce Gal T knockout pigs expressing 4-8 transgenes inserted as 
single copies at the Gal T locus in one generation to advance  
xenotransplantation research (4).  Secondly we propose  to use 
these cells together with other stem cell types including induced 
pluripotent stem cells  to develop the pig as large animal model for 
human clinical trials of ESCs. In characterising our ESCs we have 
developed protocols for the directed differentiation of these cells 
to various cell types including retinal epithelial cells. Similar cells 
from Human ESCs are currently in Phase I clinical trials as a cure for 
macular degeneration. 
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KS 2 

Regulation of Innovative Technologies for Agriculture 
  

Judith Chambers  
 

International Food Policy Research Institute, Washington, DC 
j.chambers@cgiar.org 

 
Biotechnology offers considerable potential to dramatically 
increase agriculture productivity while minimizing the natural 
resource footprint.  An efficient, science based regulatory system is 
need to achieve both goals but can often be a limiting factor in 
technological progress. The Program for Biosafety System has been 
working with a number of emerging nations in both South Asia and 
Africa to build regulatory capacity to develop and implement 
enabling policy climates that optimize technological progress, 
minimize any potential risks and instill consumer and end user 
confidence.  A significant effort is underway in Indonesia.  The 
focus of this presentation will be on agriculture biotechnology but 
issues related to the new and growing fields of nanotechnology and 
synthetic biology will also be discussed.  
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KS 3 

Kinesin Transport Human Diseases and Infection 
 

Masashi Kawaichi  
 

Nara Institute of Science and Technology 
Nara, Japan 

 

The kinesin-1 motor plays essential roles in intracellular trafficking 

along microtubules in mammalian cells. Some intracellular 

pathogens usurp the kinesin trafficking machinery to establish 

infection.  Understanding kinesin-1 transportation may provide 

clues to the mechanisms of infection. Loss-of-function mutation of 

caytaxin causes Cayman type ataxia in humans and ataxia/dystonia 

in rats and mice, indicating that caytaxin is indispensable for 

normal neural functions.  We found that kinesin light chains (KLCs) 

bind caytaxin at a WED sequence in its N-terminal region.  Caytaxin 

tethers mitochondria and vesicles to kinesin-1 which transports 

these organelles to the tips of neurites.  Another caytaxin family 

protein, BNIP2, also has the WED motif, binds KLC, and mediates 

endosome trafficking in the cytoplasm. The WED sequence is 

widely used for targeting kinesin-1.  Surprisingly, the vaccinia virus 

F12 protein has WED motifs, bridges between kinesin-1 and virions, 

and is required for the virus export to the cell surface.  Mammalian 

SKIP, another WED containing protein, regulates the positioning of 

lysosomes in a kinesin-1 dependent manner.  SKIP is recruited by 

Salmonella SifA protein to extend Salmonella induced filaments, 

essential structures for Salmonella virulence. The WED motif, 

therefore, could be a possible target for new anti-virus/bacterial 

drugs.  
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KS 4 

Industrial Policy to Support Biotechnology Based 
Industry 

 
Ngakan Timur Antara 

 
 Pulp and Paper Institute 

Bandung, Indonesia 

 
One of the development objectives of the industry sector in the 
long-term is to acquire strong industry with sustainable 
competitiveness to become world- class industry. Strong basis of 
science and technology including nanotechnology,ICT and 
biotechnology is a must, in order to achieve the target. To improve 
the competitiveness of national industry, the ministry of industry 
will focus on industrial competitiveness enhancement program. 
The program will be implemented gradually according to the 
industry’s classification such as : Labour Intensive industries, Small 
and medium Industries, Capital Goods Industries, Natural Resource-
Based Industries, and  High Growth Industries. Actual topics 
concerning the environmental issues associated with the industry is 
in line with the Greenhouse Gas Emission. Industry are pushed to 
operate more efficient in energy and raw material consumption in 
order to improve the image of their products. The production is 
based on efficient process which of course more resource can be 
saved an more profit can be made.This concept is known as green 
industry and the product as “Green Products”. Biotechnology as a 
combination of science and engineering has a significant role in 
green industry concept.The application microorganism in industrial 
activities either in raw material treatment or in line process can 
reduce the chemicals usage and also in some cases reduce the 
energy comsumption as well. The reduce in energy consumption 
will reduce the Greenhouse Gas Emission while less chemicals used 
in the process will give less waste or pollutant. 
 



 

 23 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

 

 

 

To encourage the industry’s growth, the government offers several 
policies i.e.: Tax Allowance, Tax Holiday, safeguard, application of 
SNI products as compulsary, import tax facility etc.. However, in 
order to guarantee the product quality, new industry actually need 
more facilities such as market guarantee, incubation facility, 
validation of product processing, and testing facility. 
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KS 5 

Biotechnology of Plant Reproduction: from Control of 
Pollination to Fruit Set and Development 

 
Celestine Mariani  

 
Dept of Molecular Plant Physiology-IWWR 

Radboud University of Nijmegen The Netherlands 
 

Plant reproduction is an utmost important process in the plant life. 
In a natural environment it ensures the maintenance (and diversity) 
of the species, and in agricultural practice it leads to the production 
of fruit and seeds. In turn, fruits are important produce for farmers 
and seeds  are the final products of breeding companies.   Most of 
the seeds produced  by breeders are hybrids, combining 
advantageous traits of the two parents lines. To obtain the best 
cross, with guaranteed hybrid seed production, self pollination 
must be prevented and to achieve this,  Male sterile lines (Ms) are 
often used in breeding schemes.   Ms is a built-in out-breading 
system but is not an isolating mechanism, so for breeding reasons it 
has advantages as compared to e.g. Self Incompatibility. In this 
presentation a system that was developed years ago  to engineer 
Ms and the restoration of fertility will be presented. After 
successful pollination fertilization occurs, leading to embryo 
development in the seed and   to fruit set. The latter process is 
initiated by a cross-talk of hormones produced in the ovary,  and a 
set of factors involved in this signaling cascade are responsible for  
division and expansion  of the cells in the pericarp. Here will be 
presented how the hormones Gibberellin and Auxin coordinate 
fruit set in tomato and how transcription factors regulate cell 
division and ultimately fruit size and shape. Finally, a conclusion 
and discussion  about the use of transgenic plants in breeding 
programs will be drawn .  
 
  



 

 25 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

 

 

 

KS 6 

High Quality Solanaceous Vegetables by Exploration of 
Natural Biodiversity (INDOSOL) 

 
Sjaak van Heusden

1
 and Sony Suharsono

2 

 

1Wageningen UR Plant breeding, PO Box 16, 6700 AA Wageningen, The Netherlands,  
2Research Center for Bioresources and Biotechnology, Bogor Agricultural University, 

Bogor 16680, West Java Indonesia.Corresponding author: E-mail 
sjaak.vanheusden@wur.nl 

 

There is a long-term co-operation between the Netherlands and 
Indonesia in the field of agriculture. This cooperation was based on 
the notion that agriculture and agricultural research is of prime 
importance for the economic and social development of Indonesia. 
The cooperation led to research programs for training, extension, 
applied research, agri-business driven research and fundamental 
research and capacity building. The various programmes led to an 
extended network to the benefit of Dutch and Indonesian 
scientists, policy makers and companies. In this presentation a 
historical overview will be given with a focus on the recently ended 
program which was granted by the Royal Dutch Academy of 
Sciences. It focused on Solanaceae and was named INDOSOL. 
INDOSOL did consist of five different PhD projects and the 
organization of a number of summer schools in Indonesia. All PhD 
projects were executed by an Indonesian PhD fellow supervised by 
Indonesian and Dutch researchers. In a separate session of this 
congress all PhD fellows and their supervisors will give more 
detailed presentations. 
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The projects in Indosol were: 
1. Quality attributes to pepper metabolites: a systems 

approach 
2. Components of whitefly resistance in tomato and hot 

pepper 
3. Candidate genes for thrips resistance in pepper (Capsicum 

spp.) 
4. Analysis of stress resistance genes and mechanisms in 

tomato 
5. Nutritional value and ‘attack’ resistance in wild Indonesian 

Solanum species  
 
Keywords:  Solanaceous, natural biodiversity, resistance genes  
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KS 7 

Deciphering Secrets of Oleoresin Induction and 
Diversity in Agarwood Using Plant Biotechnology Tools 

 
C. Cerboncini 

1
, E. Listiana 

1,4
, B. Muktiono 

1
, C. Müllenborn 

1
, E. Diaz 

2
, M. Rolof 

2
, J. Panten 

2
, G. Hambali 

3
, M. Inaini 

4
, H. Suheri 

4
 & 

Parman 
4 

 
1Forschungszentrum Jülich GmbH, Institute for Bio- and Geoscience, Plant Sciences, 

D-52425 Jülich; c.cerboncini@fz-juelich.de; 2Symrise AG, Scent & Care, 
Mühlenfeldstraße 1, 37603 Holzminden / Germany; 3Yatazawa Tropical Plant 

R&D Gardens, Bogor16710, West Java, Indonesia; 4Faculty of Agriculture, 
Mataram University, Jalan Majapahit 62 Mataram Lombok, Indonesia 

 
Agarwood (eaglewood, gubal gaharu) is the most precious non 
timber forest product (NTFP) from Indonesian forests. It is the dark 
colored, fragrant oleoresin incrusting the heart wood of the highly 
vulnerable Thymelaeaceaen genera Aquilaria and Gyrinops in 
response to injury and subsequent fungal infection. The stress 
induced fragrant oleoresin within the interxylary phloem of 
relevant taxa comprises of a vast diversity of olfactory highly active 
and unique sesquiterpenes whose causative and underlying 
signaling pathways of induction and the involved biosynthetic 
routes remain merely obscure. During our ongoing bilateral 
Indonesian-German research alliance (IG-Biotech) on Agarwood we 
employ plant biotechnological approaches to decipher basic 
mechanism of high value sesquiterpene induction in Agarwood 
tissue cultures. Using a distinct elicitation strategy our results 
reveals that induction of sensory high value metabolites from 
natural gubal gaharu is feasible in sterile suspension cultures of 
Aquilaria spp. Subsequent application of gene expression studies 
confirms differential induction of relevant terpene synthases by 
biotic and abiotic elicitations.  
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Moreover, the development and application of DNA barcoding 
markers for Indonesian Agarwood taxa together with metabolic 
profiling of the oleoresin enables us to draw interrelated 
conclusions on genetic diversity and relatedness of species, their 
taxon specific phytochemical capabilities and economic prospects 
of Indonesian Agarwood. The results of the applied 
biotechnological approaches will be discussed giving emphasis on 
practical aspects for enhanced secondary metabolite production 
using bioreactors and synthetic biology approaches as well as for 
selection and development of sustainable inoculation techniques 
for field grown Agarwood trees. 
 
Keywords:  agarwood,  tissue culture, sesquiterpene induction, 
bioreactors 
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KS 8 

Microalgal Biorefinery – Energy and Economic 
Solutions  

 
Christopher Franco 

 
Flinders University, Health Sciences Building, Registry Rd,  
Bedford Park, Adelaide, South Australia, 5042, Australia 

chris.franco@flinders.edu.au 

 
The development of the Microalgal biorefinery presents a viable 
business model for the production of biofuels, as it is coupled with 
the production of high value products such as carotenoids, proteins 
and carbohydrates. With the aim of achieving an economically 
viable business, this presentation will examine current 
developments in terms of biomass production rates and lipid yields, 
improvement of carotenoid yields and the ability to deliver a net 
energy output. Using Nannochloropsis sp. grown in raceway ponds 
as a model system we have analysed rates of biomass production 
and yield of lipid and carotenoids, and the requirement for yield 
improvement via manipulation of  biological and processing 
parameters.  Another key consideration is the energy cost of 
harvesting and drying algal biomass and extraction of algal oil, 
carotenoids, proteins and carbohydrates.  Current methods are 
energy intensive and the use of organic solvents to extract lipids 
adds to costs and environmental issues. To overcome these 
challenges, we have developed technologies to process wet 
microalgal biomass into oil, proteins and carbohydrates at high 
yield without organic solvents.  As the products are free of solvent 
residues they can be formulated for human consumption. 
Separation of high value carotenoids still relies on chromatographic 
separation from the oil fraction. Nevertheless, the overall 
economics and energy balances improve significantly as a result of 
these innovations. 
  



 

 30 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

 

 

 

KS 9 

Medical Biotechnolgy Development in Indonesia 
 

Iskandar  
 

PT Bio Farma 
Bandung, Indonesia 
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KS 10 

Marine and Mussel and Derrived Adhesive Biomaterial 
and Its Divers Applications 

 
Hyung Joon Cha 

 
Marine Biomaterials Research Center,  

Pohang University of Science and Technology, Korea 

 
Marine mussel adhesion is known to be mediated by mussel 
adhesive proteins (MAPs), which are secreted through the mussel 
byssus and have great potential as biologically and 
environmentally friendly biomaterials due to their biocompatibility 
and biodegradability (1). In addition, MAPs have strong adhesion 
ability even on wet surfaces due to unique amino acid 
arrangements and composition.

 
However, researches using the 

natural amino acid composition of MAPs have been limited 
because of difficulties in obtaining sufficient quantities of MAPs 
for applications. Recently, we successfully and massively produced 
genetically redesigned fusion MAP, fp-151, using a bacterial 
expression system, and this fusion protein showed significant 
adhesion ability (2). In addition, using the superior cell adhesion 
properties and fusion technology of the bioactive extracellular 
matix (ECM) peptides, we discovered the great potential of MAPs 
as bio-functional biomaterials for tissue engineering applications 
(3). Adhesion of cells to a surface is a basic and important 
requirement in the fields of cell culture and tissue engineering. We 
developed several specialized cell adhesives based on MAPs and 
several ECM peptides (4). We also demonstrated the multi-
functional roles of MAPs as coating materials for implants and 
scaffolds as well as components of nanofibrous scaffolds. 
 
Keywords: Adhesive biomaterial, marine mussel,  MAP 
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KS 11 

Marine Biotechnology Research in Indonesia: 
Current Millestone and Future Challenges 

 
Hari Eko Irianto  

 
Research Center for Marine and Fisheries Product Processing and Biotechnology,  

Ministry of Marine Affairs and Fisheries; Jl. Petamburan VI, Jakarta, 10260  Indonesia 
Corresponding author: harieko_irianto@yahoo.com 

 
Marine biotechnology research in Indonesia is an emerging and 
prospective field, as Indonesian waters and coral reefs stores huge 
biodiversity and genetic uniqueness of life in the sea. Wide range of 
Indonesian institutes, from universities, government research 
agency, or private sectors, have been independently and/or 
collaboratively conducting various researches to explore potential 
marine resources. Current milestone has shown that marine 
biodiscovery still dominates marine biotechnology research in 
Indonesia, for phramaceutical, food and non food applications. 
Isolation of new bioactive substances from marine organisms, such 
as marine plants (macro and microalgae), invertebrates (soft corals 
and sponges), and microbes, has been frequently reported. Several 
known compounds have even reached product development and 
economic stages, through formulation of nutraceuticals and other 
functional foods. Reseach on genetic manipulations are also started 
in various extent, to gain rapid discovery of biosynthetic pathways 
from marine organisms as well as to gain marine sustainability. 
Exploration on local enzyme from marine for cleaner industrial 
applications of foods and drugs, such as chitosanase, protease, and 
transglutaminase have been conducted, and resulting in some 
many microbes producing potential enzyme. Genetic engineering, 
modification of media and protein enzyme should be focused to 
bring this finding for commercial application.  
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 In conjunctions with blue biotechnology field, microbial consortia 
with biodegradation activities are also being investigated mainly to 
remediate pollutant. In order to obtain renewable and sustainable 
energy, research on the exploration of cellulase enzyme group and 
its application to degrade macroalgae and its industrial agar waste 
has been started for couple years to support production of biofuel 
from marine.  Reseach on production of biofuel from microalgae is 
currently in progress. For further development, future challenges 
include the provision of material continuity without threatening the 
environment. From political and economical point of view, 
industrialization of marine biotechnology would require 
governmental support to facilitate funding and national policy that 
reinforces research and socio-economic development as well as 
international collaborations. Commercialization of marine 
biotechnology research is  our big homework, and developing local 
industries that produce enzymes and other bioactive substances for 
various industries, vaccine, drugs and nutraceuticals products will 
reduce the dependency and save the country currency.  
 
Keywords:  Indonesia, marine biodiscovery, enzymes, secondary 

metabolites  
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KS 12 

Food Biotechnology with Particular Focus on Plant 
Food Stuff Processing 

 
Reinhold Carle  

 
Institut fuer Lebensmittelwissenschaft und Biotechnologie 

Hohenheim University, German 

 
The utilization of native and technical pectinmethylesterases, 
pectolytic and hemicellulolytic enzymes and transglutaminases for 
firming and peeling of fruits, the recovery of natural colorants from 
waste material arising from fruit processing, and the texturization 
of leguminous proteins, respectively, are demonstrated. 
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KS 13 

Structure, Function and Application of 
Hyperthrmophilic Molecular Chaperones 

 
Masafumi Yohda  

 
Tokyo University of Agriculture and Technology 

 Japan 

 
Protein folding is assisted by molecular chaperones in vivo. 
Molecular chaperones capture unfolded proteins to protect them 
from making aggregations. As they recognize and capture unfolded 
proteins, it is capable to apply them for recognition of various 
molecules or materials. Previously, we succeeded to handle a 
quantum dot by a molecular chaperone, chaperonin [1]. The 
success depended on the stability of the chaperonin from a 
thermophilic bacterium. Then, we have been studying molecular 
chaperones of hyperthermophilicarchaea because of their extreme 
stability and possibility for application. Molecular chaperone 
system of hyperthermophilicarchaea is composed of only four 
groups of chaperones, group II chaperonin (CPN), prefoldin (PFD), 
sHsp and PPIase. We have elucidated structure, function and 
application of CPN and its partner chaperone, PFD, from 
Thermococcusstrain KS-1.ATP drives the conformational change of 
CPN from the open-lid, substrate binding conformation to the 
closed-lid conformation. Characterizing Thermococcus CPN hetero-
complexes composed of wild and mutant subunits in the fixed 
order, we have revealed that ATP binding/hydrolysis induces the 
conformational change to the closed conformation, and its 
conformation is stabilized by the interaction between helical 
protrusions that constitute built-in lid[2].  
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In Diffracted X-ray Tracking (DXT), the dynamics of a single protein 
can be monitored through trajectory of the Laue spots from the 
nanocrystal which was labeled on the objective proteins 
immobilized on the substrate surface [3]. We applied the DXT for 
monitoring ATP driven conformational change of CPN. Optimizing 
the experimental condition of DXT method, we could observe the 
dynamics of open and closure of CPN. The mechanism of the 
conformation change based on the result will be discussed. 

 
[1] D. Ishii et al., Nature 423, 28 (2003) 
[2] T. Kanzaki et al., J. Biol. Chem. 283:34773 (2008) 
[3] H. Shimizu et al., Cell 132:67 (2008) 
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darmonot@gmail.com 

 
Food, energy and water are three most important basic needs for 

human beings. Declining of petroleum reserves in many parts of 

the world has caused the price increase of agricultural products 

since petroleum is used as raw materials and energy in the 

manufacture of conventional fertilizers and pesticides. 

Concurrently, more and more consumers are demanding food that 

is safe for their children and the environment. These conditions 

have force growers to look for natural alternatives that maintain 

yields and the health of their plants. Bio-Supporting-Products (BSP), 

including biopesticides and biofertilizers are part of a cost-effective 

and environmentally-responsible solution. In the past five years, 

market of biopesticide alone has grown by more than 15% per 

year. Biopesticides now comprise almost 6% of the $36 billion 

global pesticide market. In Indonesia, the use of organic fertilizer, 

biofertilizer and biodecomposer has gained the government 

support. In 2012, the government has allocated IDR 1.12 billion for 

the provision of 835,000 tons of these three BSP to farmers, an 

amount that is still relatively low compared to those produced in 

India, 53.3 million tons in 2010.   

 

 

mailto:darmonot@gmail.com
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However, the total production of BSP in Indonesia in the field may 

far exciding that amount as many farmers and estate crops planters 

producing BSP for their own use. Inconsistency results of field 

applications and low availability in the market has made users 

become less confident to use BSP.  This presentation covers some 

important considerations in the development and industrialization 

of BSP. 

Keywords: biotechnology, biofertilizer, biopesticide, 

biodecomposer, industry, market share  
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Current Bioprocess Engineering Research at Bioprocess 
Engineering Study Program University of Indonesia: 

Bioenergy, Environmental Biotechnology and Natural 
Product Design 
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Bioprocess Engineering Study Program, 
Faculty of Engineering, Universitas Indonesia, Kampus UI Depok, Depok 16424 

heri@che.ui.acid 

 
Bioprocess Engineering Study Program was established on 2008. 
Now, this program has 193 undergraduate students, which started 
to graduate in 2012. Currently we have seven faculty members, and 
still open to recruit new member to strengthen our department. 
Our research focused on bioenergy, environment and natural 
products design. In bionergy research, we developed research on 
bioethanol, non alcohol route of biodiesel, oil-rich microalgae and 
microbial fuel cell. In case of environmental study, we develop 
research on bioremediation, NOx biofiltration and 
photobiodegradation of hydrocarbon compound. In natural 
product design, some active agent was extracted and produce such 
as bee propolis, healthy cooking oil and some natural extract 
compound. Research on non alcohol route synthesis of biodiesel 
was conducted by reacted trigliceride of natural oil with methyl 
acetate to produce biodiesel. Suspended and immobilized lipase 
enzyme was utilized in this reaction in batch reactor as well as in 
continuous reactor. The effects of some operating factors were 
investigated. The concentration of reactants and products were 
analyzed using HPLC. The results showed that 71,5 – 91.1 % fatty 
acid chain in triglyceride can be converted into biodiesel.  
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Kinetic model to describe the enzymatic interesterification 
behavior was developed. The enzymatic reaction based-mechanism 
such as Michelis-Menten and Ping Pong Bi Bi mechanism was 
applied to the experimental results. The result showed that The 
Michaelis-Menten Mechanism was good enough to describe 
biodiesel production behaviour. Ping Pong Bi Bi Mechanism is much 
better to describe the tri,- di-, monogliceride and biodiesel 
behaviour simultaneously.  
 
Keywords: bioprocess engineering, bioenergy, environment, natural 

product, enzyme  
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Industrial Biotechnology: Gene regulation 
 

Masaru Ohme-Takagi  
 

Bioproduction Research Institute, National Institute of Advanced Industrial Science 
and Technology, Japan  

 
A number of transcription factors have been shown to play 
important roles for the regulation of growth and development  and 
act as master regulator of various phenotype in plants. Thus, 
identification of biological function of each transcription factor is an 
important subject not only for elucidation of transcriptional 
network and signaling cascade but also for manipulation of plant 
traits. However, plant genes are frequently duplicated and this 
structural and functional redundancy often interferes with efforts 
to identify the functions of these factors. To overcome these 
difficulties, we developed a novel gene silencing system, called 
Chimeric REpressor Gene-Silencing Technology (CRES-T), in which a 
transcription factor that is converted into strong repressor by 
fusion with EAR-motif repression domain (SRDX) suppresses the 
expression of target genes dominantly over the activation activity 
of endogenous and functionally redundant transcription factors, 
resulted in the induction of phenotype similar to loss-of-function of 
the alleles of the gene for transcription factor. Using this CRES-T 
system, we are comprehensively analyzing function of transcription 
factors encoded in Arabidopsis genome. We found that the 
chimeric repressor is a useful tool for the manipulation of various 
plant traits and produced horticultural plants with different shape 
of flowers. In addition, we isolated a number of CRES-T lines that 
exhibit tolerance to various abiotic stresses, such as salt, osmotic, 
heat, freezing, drought stresses. We present that the CRES-T 
system is not only useful for functional analysis of redundant 
transcription factors in plants but also is a powerful tool for the 
manipulation of plant traits, such as production of plants with 
stress tolerance or for effective production of biofuel.  
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Gedung BPPT 2 lantai 15, Jl. MH. Thamrin 8, Jakarta, Indonesia 

siswa59@yahoo.com  
 

Enzymes are complex protein molecules. They are produced by 
living organisms to catalyse the biochemical reactions required for 
life. Although enzymes are formed within living cells, they can 
continue to function in vitro (in the test-tube) and their ability to 
perform very specific chemical transformations is making them 
increasingly useful in industrial processes. The industrial enzyme 
producers sell enzymes for a wide variety of applications. The 
estimated value of world market is presently about US$ 2.7 billion 
and is estimated to increase by 4% annually through 2012. 
Detergents (37%), textiles (12%), starch (11%), baking (8%) and 
animal feed (6%) are the main industries, which use about 75% of 
industrially produced enzymes. Accordingly, the industrial use of 
enzymes has been developed rapidly, however, in many cases, the 
substrates in industrial processes are artificial compounds, and 
enzymes known to catalyze suitable reactions for such processes 
are still unknown. Therefore, screening for novel enzymes that are 
capable of catalyzing new reactions is constantly needed. One of 
the most efficient and successful means of finding new enzymes is 
to screen large numbers of microorganisms, because of their 
characteristic diversity and versatility.Indonesia locates in the 
temperate and volcano’s zone and also has characteristic climate. It 
has supported microbial diversity which, for example, sometimes 
forces troublesome care in controlling micro-flora during traditional 
fermentations such as tempeh. Besides this, the microbial diversity 
also brought many successes in developing unique technologies 
through screening for new microbial functions. 
 
Keywords: Indonesia, enzyme, industrial enzyme, technology 
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Observing Genes Responsible in Embryogenesis of Oil Palm 
(Elaeis guineensis) 

 
Widyah Budinarta 

 
PT. SMART, Tbk, Raya Padjajaran no.78 F-G, Bogor 16143, Indonesia 

widyahbudinarta@yahoo.com 

 
Clonal propagation of oil palm through tissue culture involves process 
called callogenesis and embryogenesis. Low capability of callus 
differentiation and proliferation to embryoid in oil palm tissue culture 
raises demands for further observation about related genes involved in 
embryogenesis. The aim of this research is to identify genes involved in 
embryogenesis which can be used as molecular markers, in the future, to 
determine potential embryoid producing cultures. Microarray analysis has 
been done to obtain genes expression patterns in two different templates 
which are dscDNA from non embryogenic callus (NEC) and embryogenic 
callus (EC) from three palms of Tenera clones. Probes are designed from 
our expressed sequence tag (EST) database and at this time, 22.210 oil 
palm EST are selected based on Blast2GO analysis. Templates and probes 
hybridization was conducted to find genes responsible in embryogenesis of 
oil palm. From 22.210 EST sequences, there are 2063 sequences that have 
more than 8 folds differences in both templates. Those EST can be grouped 
into two big cluster, the first contain 977 probes that are up regulated in 
EC and the second contain 1626 probes that are up regulated in NEC. 
Based on GO term analysis, there are several interesting EST, for example, 
probe related to transferase activity (transferring phosphorus-containing 
groups) are up regulated in EC. On the other hand, probe related to 
hydrolase activity (acting on ester boud) are up regulated in NEC. 
 
Keywords:  embryogenesis, oil palm, clonal propagation, gene 
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1. Introduction 

Clonal propagation of oil palm through embryogenesis will 

generate uniform tissue. However, low capability of callus to differentiate 

and proliferate into embryoids is a significant problem. Callogenesis and 

embryogenesis rate ranged between 19% and 3-6% respectively [1]. Some 

types of callus are not responsive to differentiate into embryoid. Round 

and compact callus that come from leaf cutting edge will produce 

embryoid, while granular and translucent callus will not germinated into 

embryoid [2]. Different embryogenesis capability is caused due to 

biochemical and genetic changes of each tissue and information about 

underlying mechanism of it is still not discovered yet. 

Some researches have been conducted to study gene expression 

through expressed sequence tag (EST) because this approach enable us to 

know mRNA expression from different tissue, cell type, and developmental 

stage. Late-Embryogenic Abundant (LEA), Somatic Embryogenesis Receptor 

Kinase (SERK), Agamous-like 15 (AGL15), Baby Boom (BBM), Leafy 

Cotyledon 1 (LEC1), Fusca3 (FUS3), and Leafy Cotyledon 2 (LEC2) are found 

to be responsible in somatic and zygotic embryogenesis in carrot [3].  

LEA protein is stored in seed as food storage and expressed only if 

absisic acid (ABA) is present. SERK plays role in early embryoid 

developmental stage. AGL 15 regulated embryoid formation through 

synthesis of giberelic acid and encoded some enzymes that change active 

form of giberelic acid into nonactive form. BBM stimulated cell 

proliferation and morphogenesis during embryogenesis. Mutation in 

embryoid happens when LEC1, ABI3, LEC2, and FUS3 are altered. LEC1 

plays role in seed transcription. Mutation in this gene cause abnormality in 

embryoid morphology, intolerance to drought, and has disability to store 

food. Mutation in FUS3 will caused excessive accumulation of anthocyanin 

and diability to store protein in seed while mutation in LEC2 will generate 

abnormal suspensor morphology. 

In oil palm, a total of 12 standard cDNA libraries has been generated and 

random sequencing of clones from these cDNA libraries generated 17,599 



 

 50 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 

 

<< Back to table of contents 

expressed sequence tags (ESTs). The ESTs were analysed, annotated and 

assembled to generate 9,584 putative unigenes distributed in 3,268 

consensi and 6,316 singletons. These unigenes were assigned putative 

functions based on similarity and gene ontology annotations. Cluster 

analysis, which surveyed the relatedness of each library based on the 

abundance of ESTs in each consensus, revealed that lipid transfer proteins 

were highly expressed in embryogenic tissues. A glutathione S-transferase 

was found to be highly expressed in nonembryogenic callus [4].  

Thus, this research is conducted in order to obtain an 

understanding of the genes expressed during callogenesis and 

embryogenesis of the oil palm tissue culture. 

 

2. Material and Methods 

Sample selection 

Sample for template are selected from embryogenic callus (EC) and non 

embryogenic callus (NEC) from the same embryoid line of 147-310B, 268-

132B, and 191-296B. Those embryoid lines are pooled together for RNA 

extraction. For probe (EA), overall in vitro tissue from callus, explant, and 

embryoid from embryoid line 147-224B, 268-4B, 191-213B and also root 

and shoot from palm 106, 126, 138, and 152 are used. 

  RNA extraction 

RNA is isolated using Qiagen kit, RNAeasy Plant mini kit. Quality of RNA 

extracted is measured to make sure that the RNA is intact with sufficient 

concentration to be used for the next process using Qiaxcel System, 

Qiagen.  

 

First stranded cDNA (sscDNA) construction 

cDNA is made through reverse transcriptase reaction. Reaction is made as 

follow: 1-3.5 µl RNA samples (1 ng-1 µg), 1 µl 3’ SMART CDS primer IIA, and 

ddH2O is added to make total volume of 4.5 µl. Mix is heated in 72
0
C, 3’, 

the continued to 42
0
C, 2’. Then, to the reaction, a mixture of 2 µl 5x first 

strand buffer, 0.25 µl DTT, 1 µl dNTP mix, 1 µl SMARTer IIA oligonucleotide, 
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0.25 µl RNAse inhibitor, and 1 µl SMARTScribe reverse transcriptase is 

added and incubated at 42
0
C, 1.5 hours. Reaction is stopped by heating it 

at 70
0
C, 10’. 

Double stranded cDNA (dscDNA) construction with long distance PCR (LD 

PCR) 

dscDNA is constructed from sscDNA from previous stage and mix with 

following reaction: 74 µl ddH2O, 10 µl 10x advantage 2 PCR buffer, 2 µl 50x 

dNTP mix, 2 µl 5’ PCR primer IIA, and 2 µl 50x advantage 2 polymerase mix. 

Optimization to determine PCR cycles needed for dscDNA construction is 

done using SMARTER PCR cDNA synthesis kit. PCR condition is conducted 

as follow: predenaturation 95
o
C, 1'; denaturation 95

o
C, 15''; anealling 65

o
C, 

30'', extension 72
o
C, 3', post extension 68

o
C, 5' with 15-30 cycles. 

PCR to amplify dscDNA for template 

dscDNA for template is amplified through PCR with mix as follow: 2 μl 

dscDNA, 0.4 μL primer IIA, 10 μL PCR mix, 7.6 μL ddH2O to get a total 

volume of 20 μL. PCR condition is set: pre-denaturation 95
o
C, 1'; 

denaturation 95
o
C, 15''; anealling 65

o
C, 30'', extension 72

o
C, 3', post 

extension 68
o
C, 5' with 5-8 cycles. Amplified dscDNA then purified with 

Qiagen to reach minimum concentration of 250 ng/μL with total volume of  

20 μL. 

 

 cDNA library construction for probe 

dscDNA for probe construction (EA) from previous stage are cloned to 

generate cDNA library. 

1. Competent cell preparation 
Competent cells are made using Inoue method with Escherichia coli GC5 

dan DH5α as its starter [5]. 

2. Transformation of candidate gene 
Transformation is conducted using two methods which are heat shock in 

42
 o

C and kit from transformAid bacterial transformation kit.  
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3. Cloning and PCR 
Cloning is conducted using kit from CloneJet with sticky end protocol. 

Colonies that have successfully cloned will survive with white colony in LA 

+ Amphicillin while the others will not grow. White colonies will be picked 

for further PCR with mix as follow: 0.4 μL pJET F, 0.4 μL pJET R, 9.2 μL 

ddH2O, dan 10 μL PCR master mix to get a total volume of 20 μL . PCR 

condition is conducted as follows: 

1. Pre-denaturation: 95
o
C, 3' 

2. Denaturation : 94
o
C, 30'' 

3. Anealling: 60
o
C, 30'' 

4. Extension: 72
o
C, 1'/kb 

5. Post extension: 72
o
C, 5' 

6. Storage: 4
o
C 

7. Cycle: 25X 

4. PCR purification 
PCR purification is done using kit from Fermentas before sent for 

sequencing. 

5. Sequencing 
Gene with single band and reach concentration up to 40 ng/ μL is sent for 

sequencing. 

 

Chip construction 

Chip is constructed with sequences obtained from cDNA library that 

previously has been sequenced and also from PT.SMART database.   

Template and probe hybridization 

Hybridization is conducted in 4 x 72.000 chip from Roche Nimblegen using 

microarray technique.  

Data analysis 

Data obtained from microarray is analyzed using DNASTAR, Array Star. 
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3. Results and Discussion 

Quality of isolated RNA is shown in Figure 1. It can be seen that RNA for 

NEC, EC, and EA is succesfully extracted. There are obvious bands that 

represent 3S, 5S, 5.8S, 18S, and 25S in all three samples. Electropherogram 

that showed total RNA concentration can be seen in Figure 2. First, second, 

and third peak are marker, 18S, and 25S respectively.   

 

 
Figure 1. Verification of isolated RNA from sample: NEC (well 2), EC (well 

3), and EA (well 7).  

 

 

 
a) 
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b) 

 

 
c.) 

 

Figure 2. Quantification of RNA from: a.) NEC, b.) EC, and c.) EA probe.  

 

Probe is designed from PT.SMART database that consist of 46.373 

ESTs sequences. Those sequences are selected and annotated using 

BLAST2GO and generated 22.210 ESTs. Then each sequences are made into 

2-3 probes and generated 66.546 ESTs. To enrich candidate probe, cDNA 

library is used and give additional 50 genes. Those ESTs are printed on chip 

and hybridized with template that has been labelled with cy3 and cy5 

fluorescence dye. 

Microarray profile of EC and NEC is shown in Figure 3. Intensity of 

the fluorescence dye is first normalized and then analyzed with DNASTAR 

Arraystar. Only sequences with more than 2 folds in both templates are 

used for analysis. Hierarchical clustering is conducted and generated two 

big clusters, first cluster is up in EC (shown in yellow to red colour in the 

left row) and the other is up in NEC (shown in yellow to red colour in the 

right row). Moderate T-test is used to analyze the data and Bonferroni is 
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used as correction factor to minimize false positive data. A total of 143 

probes are generated, 78 probes are found to be up regulated in EC and 65 

probes up in NEC.  

 

 
Figure 3. Hierarchical clustering of normalized ESTs in EC and NEC sample. 
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Based on gene ontology (GO term) analysis, there are several interesting 

ESTs. For example, serine-type carboxypeptidase activity is up regulated in 

EC with P-value 0,000917 and Z-score 6,41. Serine carboxypeptidase have 

been found in various fruits and seeds and sometimes they are induced 

during germination. In rice plants three apparently different serine 

carboxypeptidases have been found. One was found in the leaves and it 

also appeared in the seeds during germination. Serine carboxypeptidase 

was also induced during germination of cotton seeds functions together 

with other proteolytic enzymes to release amino acids from storage 

proteins and thus support the growth of the emerging tissues of the 

seedling. The synthesis of this carboxypeptidase stops when the rate of 

disappearance of the storage protein is maximal [6].  

On the other hand, ubiquitin-protein ligase activity is found to be up 

regulated in NEC with P-value 0,00541 and Z-score 3,55. Ubiquitin-protein 

ligase plays role in auxin biosynthetic process. Auxin application causes 

rapid changes in transcription through the destruction of AUX/IAA 

transcriptional repressors. Auxin does this by binding to and activating the 

TIR1 F-box component of the SCF
TIR1

 E3 ubiquitin ligase, which then 

ubiquitinates AUX/IAA proteins, targeting them for destruction by the 26S 

proteosome [7]. A tightly regulated and highly specific system for the 

destruction of individual proteins is essential for the survival of all 

organisms. Subsequent analysis of these genes has implicated ubiquitin 

and the 26S proteasome in the control of diverse developmental 

processes, and indicates that proteolysis is a crucial regulatory step 

throughout the life cycle of plants [8]. 
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4. Conclusion 

Several ESTs are found to be up regulated in embryogenic callus (EC) and in 

non embryogenic callus (NEC). Serine type carboxypeptidase activity is up 

regulated in EC while ubiquitin-protein ligase activity is found to be up 

regulated in NEC. Further research will be conducted to measure the 

expression level of those interesting candidate genes with quantitative 

PCR/ real time PCR. 
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Many reports suggest that ethylene is an important hormone regulates 
various physiologycal proses during plant development as well as a 
mediator of responses to different environmental cues. The biosynthesis of 
the hormone involves two key enzymes, 1-aminocyclopropane-1-carboxylic 
acid (ACC) synthase (ACS) and ACC oxidase (ACO). ACS is suggested to be 
the rate limiting enzyme in ethylene biosynthesis. This presentation 
reports isolation of orthologous as well as a novel, water-deficit associate, 
ACS genes isolated from white clover. Three of four isolated TR-ACS genes 
were similar from the previously isolated TR-ACS from Grasslands 
Challenge genotype 10F while the fourth was a novel gene designated TR-
ACS4. All of the TR-ACS genes isolated, including previously reported 
inactive TR-ACS3, contains 20 amino acids corresponding to the active site 
of the ACC synthase enzyme, including three conserved amino acid 
residues (one of which is the catalytic lysine residue where binding to the 
pyridoxal phosphate is proposed to be occurred). The novel TR-ACS4 is 
64%, 64% and 63% homologous to TR-ACS1, TR-ACS2 and TR-ACS3, 
respectively in terms of nucleotide sequence. In the GeneBank database, 
TR-ACS4 shares highly homology to ACC synthase sequences including 
those induced by auxin-, wounding- and ethylene-treated. 
 
Keywords: isolation,  ACS gene, white clover, water deficit  
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1. Introduction 
Ethylene is an important gaseous plant hormone regulating many 

processes of plant growth and development [1][2]. It is synthesis via two 

committed steps comprise of the conversion of S-adenosyl-L-methionine 

(SAM) into 1-aminocyclopropane-1-carboxylic acid (ACC) by the enzyme 

ACC synthase (ACS) and the oxidative cleavage of ACC by the enzyme ACC 

oxidase (ACO) into ethylene. ACS is considered as the rate-limiting enzyme 

while ACO catalyses the last step of ethylene biosynthesis in plants [2],[3]. 

It is reported that ACS is encoded by a multigene family [4],[5]. 

Although various ACS isoenzymes catalyse the same chemical reaction, but 

each member of the gene family is differentially expressed and regulated 

during plant growth and development, and in response to different 

hormonal and environmental cues. For example, nine ACS genes in 

Arabidopsis thaliana are differentially expressed during plant development 

[4], [6], where all genes, except ACS9 (which is expressed in mature plants), 

are expressed in the seedling particularly in the epidermal cell layer, guard 

cells and the
 
vascular tissue. Similarly, amongst three different ACS genes 

in rose (Rosa hybrida), only Rh-ACS3 is differentially expressed during 

flower maturation in ethylene sensitive and insensitive cultivars, whilst 

expression of Rh-ACS1 and Rh-ACS2 is similar in both cultivars [7]. 

Published report on differential ACS expression by various environmental 

and hormonal cues is also accumulating.  Arabidopsis ACS2 and ACS6, for 

example, are induced by various biotic and abiotic stresses [8] while 

cabbage (Bra5ssica oleracea) ACS2, ACS6 and ACS7 are induced by ozone 

stress [9]. In addition,it is reported that promoter activity of Arabidopsis 

ACS4 is induced by ethylene but not the ACS5 and ACS7, whilst exogenous 

application of IAA and jasmonic acid (JA) increased the promoter activity of 

Arabidopsis ACS4 and ACS7, but not ACS5[5]. Moreover, expression of 

ACS7 is also induced by Gibberellic acid (GA3), abscisic acid (AbA), salicylic 

acid (SA) and brassinosteroid (BR) [10]. Those evidence further supports 

the suggestion that certain members of the ACS gene families are 
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differentially regulated during plant growth and development as well as in 

response to different environmental and hormonal cues. 

In white clover, three different ACS genes have been cloned and the 

transcripts were shown to be expressed in different developmental stages 

of the leaves5 [11]. Tr-ACS1 is specifically expressed in the apical structure 

of the stolon, in mature green leaf tissues and in leaf tissue at the onset of 

senescence. Tr-ACS2 is expressed in the apical structure of stolon and in 

newly initiated leaves, whilst Tr-ACS3 is only expressed in the senescent 

leaf (Murray and McManus, 2005).  In this paper, we report the isolation 

and characterisation of orthologous Tr-AcS1, Tr-ACS and Tr-ACS3 as well as 

a novel Tr-ACS4 from white clover ecotype of Tienshan. Due to the low 

abundance of ACS transcripts, water deficit treatment was used to induce 

expression of Tr-ACS allowing isolating the novel Tr-ACS4 gene from the 

apical structures of Tienshan ecotype of white clover.  

 

2. Methods. 
Plant Materials and Water Deficit Treatment to Isolate Novel TR-ACS 

gene.  

Sets of four weeks old clonally-propagated white clover plants of Chinese 

ecotype, Tienshan, grown in a 10-L capacity pot (2 plants per pot) were 

transferred into climate rooms in the New Zealand Climate Environment 

Laboratory (NZCEL), Plant and Food, Palmerston North and acclimated for 

1 week in the NZCEL before being exposed to water deficit treatments. The 

Climate Room conditions were maintained at constant temperatures of 

21C (day) and 14C (night), constant relative humidity (RH) of 75% and 

CO2 at 350 L L
-1

 and  equipped with 4 x Metal Halide (1.0 kW) and 4 x 

Tungsten Halogen (1.0 kW) lights providing 650 mm-
2
s

-1
 PFD with 14 

hours photoperiod. which was achieved by complete withholding of water 

and plants were maintained until petiole elongation rate (PER) in the first 

fully-expanded leaves ceased. Isolation of TR-ACS gene were undertaken at 

five key points: at fully hydrated, before PER was declined, when PER was 

declined, at the time before PER was ceased and at the time when PER was 
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ceased. The PER was measured in the first-fully expanded leaves as the 

rate of petiole elongation per day. All measurements were conducted daily 

at 3 to 5 hours after down.  

RNA Extraction.  

Total RNA was isolated using the Hot-Borate method (Hunter and Reid, 

2001) with some modifications. All centrifugation was carried out with 

speed of 10 800 x g at 4C. To isolate the RNA, grounded-frozen tissues 

were transferred into a microtube containing five volumes (w/v) of warm 

(ca. 85C) extraction buffer [200mM di-sodium tetraborate decahydrate, 

500 mM EDTA, 10% (w/v) sodium deoxycholate, 1% (w/v) SDS, 100 mM 

DTT containing 2% (w/v) PVP-40, 1 % (w/v) IGEPAL CA-630), pH 9.0], mixed 

Proteinase-K (0.75 %; w/v) added, and incubated at 42C, with shaking, for 

90 min. Immediately after incubation, KCl (total concentration of 160 mM) 

was added, mixed and incubated in an ice bath and shaken horizontally at 

ca. 100 rpm for 30 min. The extraction mix was then centrifuged and the 

supernatants transferred to a fresh tube and LiCl (to final concentration of 

2 M) added and the RNA was precipitated overnight at 4C. RNA was 

pelleted by centrifugation and resuspended in 500 l of DEPC-treated 

water prior, sodium acetate (a final concentration of 0.3 M) and 550 L [1: 

1 (v/v)] of chloroform/isoamyalcohol was added. The aqueous and organic 

phases were separated by centrifugation, the upper aqueous phase was 

transferred into a fresh sterile microfuge tube and RNA precipated with 

isopropanol (1:1; v/v) by incubating on ice for 1 h. The RNA was then 

pelletted by centrifugation, the pellet washed with 500 L of 80 % (v/v) 

ice-cold ethanol, air dried for 5 min and resuspended in 500 L of DEPC-

water. To remove genomic DNA contamination, the RNA was routinely 

precipitated with 4 M LiCl (added to a final concentration of 2 M) and 

incubated either overnight at 4C or 1 h on ice. The RNA was pelletted by 

centrifugation, then washed with ice-cold 80% (v/v) ethanol, air dried, then 

resuspended in 30 to 50 L of DEPC-water. The RNA was used immediately 

or stored at -80C until required.   
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Amplification of ACC Synthase transcript by RT-PCR.   

Reverse transcription of RNA was carried out using total RNA (4 μg) and 

oligo (dT) or random hexamer primers (ThermoScript™ RT-PCR system, 

Invitrogen), according to manufacture instruction. Nested degenerate 

oligonucleotide primers were design based on conserve sequence of many 

ACS genes obtained from GeneBank database. The first round primers 

generated cDNA transcripts of approximately 780 bp from the total cDNA 

pool and an aliquot of the first round PCR products were then used as 

templates for the second round of PCR amplification.  

Cloning of PCR Products into Plasmid Vector 

DNA fragments were either purified by column purification (High Pure PCR 

Product Purification Kit, Roche Diagnostic GmbH, Germany) or recovered 

from the agarose gel using the QIAquick gel extraction kit (Qiagen, 

Australia)   according to the manufacturer’s instructions. Purified DNA 

sequences were ligated into the pGEM®-T Easy vector (Promega) according 

to the protocol supplied with the cloning kit.  

Characterisation and Sequencing of Cloned DNA in E. Coli. 

Plasmid DNA was isolated using the ChargeSwitch®-Pro Plasmid Miniprep 

Kit (Invitrogen) according to the agarose gel electrophoresis. DNA was then 

automatically sequenced using Big Dye Terminator method.  DNA was 

sequenced  based on the standard protocol of automated ABI PRISM 

3730 DNA Capillary Sequencer (Applied Biosystems).  

DNA Sequence Analysis.  

A BLAST search based of the nucleotide collection (nt/nr) of the plant 

genomes in the Genebank database was used to search for nucleotide 

sequences of interest. The sequences were aligned using ClustalW (EMBL-

European Bioinformatic Institute, Cambridge, UK, 

http://www.ebi.ac.uk/Tools/clustalw2/index.html).  

 

 

 

 

http://www.ebi.ac.uk/Tools/clustalw2/index.html


 

 63 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 

 

<< Back to table of contents 

3. Results and Discussion 
RT-PCR Amplification of Putative ACC Synthase Gene Transcripts 

Previously, RT-PCR had been used to isolate and clone three Tr-ACS genes 

from the white clover genotype 10F of cultivar Grasslands Challenge [11]. 

Similar procedures were then used to isolate orthologues and novel Tr-ACS 

genes from the white clover ecotype Tienshan. Initially, ACC synthase 

cDNAs were amplified by RT-PCR using nested degenerate oligonucleotide 

primers corresponding to conserved sequences within the ACS genes 

(boxes 1 to 6, Figure 1.).  

 

 
Figure 1 Diagrammatic representation of an ACC synthase gene from Arabidopsis thaliana 

(modified from Murray, 2001).  The boxed regions denote the exons and lines denote the 

introns; conserved regions are denoted by the dark boxes; RC, the reactive centre; A, 

polyadenylation signal. The position of degenerate primers or the amplification of ACC 

synthase genes in white clover are shown as: first round forward primer (F1), second round 

forward primer (F2) and reverse primer (R6). 

 

 

The first round primers generated cDNA transcripts of approximately 780 

bp from the total cDNA pool, which represented ACS transcripts within the 

conserved  boxes 1 to 6. An aliquot of the first round PCR products were 

then used as templates for the second round of PCR amplification usingthe 

second primer sets. The amplified first round PCR products (ca. 780 bp) 

were unable to be detected after electrophoresis on a 1% (w/v) agarose 

gel and ethidium bromide staining (data not shown). However, amplified 

products from the second round PCR (ca. 670 bp) were detected (Figure 2). 
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Figure 2. RT-PCR using RNA isolated from apical structures and first-fully expanded leaves of 

the Tienshan ecotype harvested at different soil water contents. Nested degenerate primers 

were used for two rounds of PCR amplification. The approximate size of the amplified cDNA 

is indicated. Lane 1. DNA Ladder. Lanes 2 to 6. RT-PCR products amplified from RNA isolated 

from apical structures at ca. 28%, 20%, 18%, 8% and 6% SWC respectively. 

 

The second round PCR products (Figure  2) were TA-cloned into the pGEM 

T-easy vector and transformed into the E. coli strain DH5, and putative 

inserts detected by blue/white screening (Figure 3). Initially, only white 

colonies were selected and cultured in LB Amp
100

 broth, plasmids isolated  

and the presence of inserts confirmed by PCR, using M13 primers, and the 

DNA sequences then obtained. All of the DNA sequences obtained from 

this protocol belonged to two genes, which have high sequence identity to 

the Tr-ACS1 and Tr-ACS2 sequences of white clover genotype 10F, Cultivar 

Grasslands Challenge [13]. These results suggested that Tr-ACS3 and any 

novel Tr-ACS genes may not occur frequently (or at all) in apical tissues, or 

they might have been present in the blue or pale blue colonies. Since blue 

colonies could also contain the insert, as a result of in-frame cloning into 

the LacZ gene or the introduction of a mutation during the amplification 

process, no further blue/white colony selection was carried out. 

For subsequent clones, the presence of inserts of approximately 670 bp 

was determined by PCR from all colonies without selection. To perform 
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this, PCR was carried out directly from the colonies (without prior plasmid 

isolation) using the second round ACS degenerate primer sets, prior to 

separation by 1% (w/v) agarose gel electrophoresis and visualization 

following ethidium bromide staining (Figure 4). For further identification 

and screening, the clones were rescued by sub-culturing onto a new LB 

Amp
100

 plate and numbered. Clones containing inserts were further 

screened for the presence of Tr-ACS1 or Tr-ACS2, using gene-specific 

primers. Positive clones which were not amplified by the gene-specific Tr- 

ACS1 or Tr-ACS2 primers could therefore contain either the Tr-ACS3 gene 

or a novel Tr-ACS gene not previously identified by Murray (2001). Those 

clones were subjected to seqeuncing.  

 
Figure 3 White-blue colony selection of sub-libraries generated from the apical structures of 

the Tienshan ecotype harvested at 8% SWC. Colonies were grown in LB media 

supplemented with IPTG and X-Gal. 
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Figure 4. PCR selection of putative ACC synthase gene fragments from sub-libraries 

generated from RNA isolated from apical structures of Tienshan ecotype at ca. 8% SWC. PCR 

products were separated on a 1% (w/v) agarose gel and visulalised with ethidium bromide. 

The molecular weights of standards are indicated on the left (line 1). The size of PCR 

products (lanes 2 to 14) is indicated on the right. 

 

Confirmation of Putative ACC Synthase Gene Transcripts by Sequence 

Analysis. 

2346 clones were screened by colony PCR and a total of sixty clones were 

then subjected to DNA sequencing. The BLAST analysis in GeneBank 

indicated that all of these sequences displayed high sequence homology to 

ACC synthase gene sequences. The sequences obtained were aligned using 

ClustalW, which revealed that all of the sequences could be separated into 

four groups with each of the sequences within a group showing greater 

than 98% homology The consensus sequences between these groups were 

generated and then compared for homology at the nucleotide level, and 

identity at the amino acid level (Table 1). The four cDNA sequences share 

between 60% to 70% nucleotide homology. The low homology between 

these four cDNA sequences suggested that the four groups represented 

four distinct ACC synthase cDNAs, and so the genes from Tienshan ecotype 

were designated as Tr-ACS1, Tr-ACS2, Tr-ACS3 and Tr-ACS4.  
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Table 1. Comparison of the percentage of nucleotide homology and percentage of amino 

acid identity (in parenthesis) between the four ACC synthase consensus sequences 

amplified from tissues of the Tienshan ecotype by RT-PCR 

 Tr-ACS1 Tr-ACS2 Tr-ACS3 Tr-ACS4 

Tr-ACS1 - 61 (50) 70 (65) 64 (56) 

Tr-ACS2 61 (50) - 60 (55) 64 (59) 

Tr-ACS3 70 (65) 60 (55) - 63 (55) 

Tr-ACS4 64 (56) 64 (59) 63 (55) - 

 

 

 

The consensus sequences of these four ACC synthase gene and their 

derived amino acid sequences were aligned (Figures 5 and 6). The partial 

coding regions consist of between 622 to 642 bp, and sequence 

comparison of their derived amino acid sequences reveal that the four ACC 

synthase proteins are similar in the conserved domain three, four, five and 

six. BLAST analysis of the NCBI reference protein sequences (Figure 7.) 

suggested that all these sequences contain the conserved catalytic amino 

acid residue in the active site (lysine correspond to position 182 or L
182 

in 

Tr-ACS1). ACS belongs to the Aspartate aminotransferase enzyme family 

and this enzyme requires pyridoxal-5’-phosphate (PLP) as a cofactor. The 

four ACS proteins isolated from Tienshan ecotype contained 8 or 9 (out of 

11 known) conserved amino acid residues involved in the binding of 

substrate to pyridoxal 5’phosphate (Figure 7).  
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Figure 5. Alignment of coding frame region of Tr-ACS1, Tr-ACS2, Tr-ACS3, 

and Tr-ACS4 consensus sequences isolated from the Tienshan ecotype.  

Degenerate primer sequences are underlined and gene specific primer sequences 

are shaded. 
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Figure 7 Conserved amino acid residues detected in the Tr-ACS1 (A), Tr-ACS2 (B), Tr-ACS3 (C) 

and Tr-ACS4 (D) when compared to an aminotransferase-I enzyme super family in the NCBI 

database.   

Ten of the 11 amino acid residues required for the binding of the substrate to pyridoxal-5’-

phosphate (PLP) are present in the TR-ACS1, TR-ACS2 and TR-ACS4 and 9 of these are 

present in the TR-ACS3. 
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Tr-ACS4 was amplified only from RNA isolated from the apical structures of 

Tienshan grown at less than 10% SWC. Only two Tr-ACS4-T clones were 

obtained suggesting a low abundance of this transcript in the total RNA 

pool. Thus, Tr-ACS4-T could be a water deficit associated ACC synthase in 

white clover. The expression of Tr-ACS-4 in response to a water deficit was 

examined in the Tienshan ecotype using first fully-expanded leaf material 

(Data not shown). However, no evidence for a consistent change in 

expression was observed.  

It is common for many plant species. In Arabidopsis, for example, eight of 

nine functional ACS genes are expressed in the seedlings while one, ACS9, 

is not [6]. In flower, these authors found that only ACS11 was expressed in 

the trichomes of the sepals, whilst ACS1 was specifically expressed in the 

replum. A PnACS isolated from the cotyledon of Pharbitis nil is expressed 

constitutively in cotyledons, petioles, hypotocyls, roots and shoot apices of 

both light- and dark-grown seedlings with the highest expression level in 

the roots [14]. In addition, only certain members of the ACS gene family 

are reported to be induced by environmental cues. For example, ACS2, 

ACS4, ACS5, ACS6 and ACS7 in Arabidopsis are induced by various biotic 

and abiotic stresses [5],[15], ACS1 and ACS2 expression is induced by the 

pathogen Penicillium digitatum in citrus fruit [16] and NT-ACS2 in tobacco 

is induced by cold and light but not by wounding [17]. 

 

Phylogenetic Analysis of TR-ACS1, TR-ACS2, TR-ACS3 and TR-ACS4 

A phylogenetic tree was constructed, using ClustalW, from the alignment 

of derived amino acid sequences of Tr-ACS1, Tr-ACS2, Tr-ACS3 and Tr-ACS4 

with twenty other ACC synthase sequences obtained from GenBank 

database that have high identity with the ACC synthase genes from white 

clover (Figure 8).  
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Figure 8. Amino acid sequence based phylogeny of the four ACC synthase family. The 

phylogenetic tree was generated using ClustalW and constructed from alignment of 

deduced amino acid sequences of Tr-ACS1, Tr-ACS2, Tr-ACS3 and Tr-ACS4 with amino acid 

sequences of other ACC synthases from the GenBank database.  

 

The four ACC synthase genes isolated from white clover were more closely 

related to other ACC synthase sequences in the phylogenetic tree rather 

than to each other. The Tr-ACS1 was most closely related to ACC synthases 

isolated from barrel medic (accession number AAL35745.1), chickpea seeds 

(accession number ABD16181) and an ACC synthase isolated from IAA-

treated etiolated pea seedlings (55AAD04199). The neighbouring 

sequences of Tr-ACS2 were the four of type-2 ACC synthase proteins from 

Arabidopsis including the ETO3 (ETHYLENE OVERPRODUCING) ACC 

synthase (accession number NP_190539.1) or ACS9, ACS5 (accession 
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number NP_201381.1), ACS8 (accession number NP_195491), ACS11 

(accession number NP_567330.1) and ACS7 (accession number 

NP_194350.1). Interestingly, there was no neighboring sequence to Tr-

ACS3 seen in the phylogenetic tree. The Tr-ACS4 was most closely related 

to ACS5  and ACS4 isolated from IAA- and wound-treated white lupin 

seedlings (accession numbers AAF221112 and AAF22108) and an ACC 

synthase protein from ripening fruit of Passiflora edulis (accession number 

BAA37134).  

Comparison of each of the Tr-ACS sequences with ACS nucleotide 

sequences in the GeneBank determined that both Tr-ACS1 and TR-ACS2 

share highest homology with ACC synthases isolated from leaves, etiolated 

or IAA-treated seedlings, while TR-ACS3 shares highest homology to ACS 

genes induced by wounding or ageing. Thus these results suggest that the 

Tr-ACS gene family is developmentally regulated. Many papers have 

described differential regulation of ACC synthase during plant 

development. Nine functional AtACS transcripts in Arabidopsis has been 

isolated and their expression has been reported to be either tissues-

specific or some overlap in different tissues [6]. Similar to this, three 

ZmACS genes were also found to be specifically expressed in different 

tissues, with some overlapping or some expressed in specific tissues. Of 

those, ZmACS6 was specifically expressed in the root cap and ZmACS6 

expression was found to be important for root development in impeded 

soil [18]. These results suggest that the overlapping expression of ACS 

genes is not unusual. In the case of novel, TR-ACS4 gene, it has wide range 

of similarities with other ACS genes isolated from many different 

developmental stages. However, generally the results showed that Tr-ACS4 

was closely related to other ACS genes that are induced by a variety of 

hormonal cues. It has been well documented for many plant species that 

not all member of ACS gene family is responsive to hormonal cues. In 

Arabidopsis roots, expression of 7 functional ACS genes (ACS2, 4, 5, 6, 7, 8, 

and 11) are induced by IAA [4] while ACS4, ACS5 and ACS7 expression is 

induced by exogenously applied ethylene [5]. However, only ACS7 is also 
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responsive to Gibberellic acid (GA3), abscisic acid (ABA), salicylic acid (SA) 

and brassinosteroid (BR) application [10]. Therefore, it seems that 

Arabidopsis ACS7 is responsive to a variety of hormonal cues, and Tr-ACS4 

may be those responsive to hormonal cues in white clover. Investigation is 

now underway to charachterize expression of Tr-ACS4 under different 

hormonal and abiotic cues as well 55as to isolate full-length sequence of 

any Tr-ACS gene family from white clover. 

 

4. Conclusion 
Three Tr-ACS-like transcripts and a novel Tr-ACS gene, designated Tr-ACS4, 

were isolated from the Tienshan ecotype following a water deficit 

treatment. All of the Tr-ACS genes isolated from the Tienshan ecotype 

encoded functional enzymes and contained the conserved amino acid 

residues in the active site which are required for binding of the substrate 

to the PLP co-factor. 

The novel Tr-ACS4 gene was isolated from the apical structures of Tienshan 

grown at less than 10% SWC, but expression analysis did not indicate that 

expression of the gene was influenced by water deficit. Bioinformatic 

analysis indicated a wide range of similarities of Tr-ACS4 with other ACS 

genes isolated from various developmental stages of plants, and also those 

induced by hormonal cues.  
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O 5 

In vitro Somatic Embryogenesis in Some Mandarins Citrus 
(Citrus reticulata) 

 
Nirmala Friyanti Devy 

 
Citrus and Subtropical Fruit Research Institute (ICISFRI), Jl. Raya Tlekung no. 1 - Junrejo Batu 

East Java (65151) , Indonesia 
nirmala_friyantidevy@yahoo.co.id 

 
The somatic embryos have been induced from the culture of nucellar 
tissue that exited from developing seeds taken from 10-12 week-old 
immature fruit’s of citrus. The evaluation of in vitro somatic embryogenesis 
in some mandarins citrus were conducted in Somatic Embryogenesis 
Laboratorium, Indonesian Citrus and Subtropical Fruit Research Institute 
(ICISFRI) since January 2009 to December 2011. The nucellar tissues of ten 
mandarins were used in this evaluation. The results showed that the callus 
started growing on 7 - 42 days after culture, but the most of them grew on 
21-28 days. At the solid medium, initial density (ID) influenced at the 
capability of calli multiplication. From some treatments, the ID of 200-250 
mg/25 cc medium was the best; in that treatment, the callus would be 
multiply 50-100% within a month. Besides ID, sources of carbohydrate 
would affect both calli multiplication and embryos induction. The sucrose 
that added to the media gave both the highest power of multiplication of 
embryonic callus on every subculture and total weight of embryonic callus 
produced at the end of the observation. On the other hand, the sorbitol + 
galactose treatment had the highest total percentage of globular embryos. 
Once embryos were transferred to MS medium supplemented with 500 mg 
L-1 malt extract with 2 times MS vitamin, they developed into plantlets.  
 
Keywords: somatic embryogenesis, citrus, callus, plantlet, nucellus 

 
 
 
 
 



 

 77 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 

 

<< Back to table of contents 

1. INTRODUCTION 
Mandarins are highly popular and commercially cultivated citrus in 

most Indonesia areas for its fresh consumption. However, the plantations 

still have some problems such as insects, pests, diseases and shortage of 

‘true-to-type’ budded plants.  Traditional plant propagation method offers 

limitation for the mass production of citrus plants that free from viruses 

and true-to-type with their mother tree.  Due to present demand of those 

fruits in both local and foreign markets, it is necessary to develop a 

suitable protocol for mass propagation from existing mandarin cultivars 

using somatic embryogenesis method. 

Some publications on the citrus somatic embryogenesis were 

published.  The capability of the explants into grow, multiply and develop 

depend on some factors, including the culture medium, varieties, species 

and condition of callus used (Tomaz et al., 2001; Niedz and Evens, 2008; 

Han et al., 2002; Mendes-da-Gloria et al., 1999; Ricci et al., 2002 ).  In 

citrus, SE is one of the techniques that make genetic advances possible, 

enabling the recovery of plants from genetically transformed callus, 

protoplast-derived cultures and somatic hybridization experiments.  

Efficiency of plant recovery is thus very important and should be well 

defined for different cultivars, since it has been shown to be cultivar-

dependent. 

Nucellus tissues successfully used on citrus propagation since 40 years 

ago (Navarro and Juarez, 1977), those seedlings could be used as a source 

of the virus-free plants, such as the somatic embryogenic-derived plants 

from style and stigma culture (D’Onghia et al., 2001; D’Onghia et al., 2002). 

Studies conducted by Mendes-da-Gloria et al. (1999) revealed that the 

response of the seven citrus varieties on the callus induction media was 

variable.  Ricci et al. (2002) reported that on Citrus sinensis, the 

carbohydrate galactose or lactose induced a higher number of somatic 

embryos, however sucrose concentration of 58 and 73 mM generated a 

higher number of plantlets from mature embryos of ‘Ponkan’ mandarin 

and ‘Valencia’ sweet orange. 
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This study was conducted with the aim to get mass plants derived from 

somatic embryogenesis to be used as an alternative source for free-virus 

diseases citrus planting material. 

 

2. MATERIAL AND METHOD 
This research was consisted of 3 activities, they were: 

 

1. Somatic embryogenesis of mandarins 
This experiment was done on January 2009 to December 2011 at 

Indonesian Citrus and Subtropical Fruit Research Institute (ICISFRI).  The 

material that used was nucellar tissue from young citrus fruit seeds (10-14 

weeks after pollination) of ten mandarins (C. reticulate Blanco, cv. K. Riau, 

K. Batu 55, K. Garut, K. Madu Trigas, K. Selayar, K. Borneo Prima, K. Selayar, 

K. Kedu, K. Kino and Siam Pontianak).  They were cultured for embryonic 

callus induction.  Young fruits from these cultivars were harvested from 

the germplasm collection at the Tlekung Experimental Garden, Batu-East 

Java. 

Nucellus tissue was excised from a young fruit seed, this tissue was 

cultured in vitro on an initiation medium, i.e. a solid MS standard that 

consisted of macro and micro MS salt, sucrose 50 g/l; thiamin-HCl 0.2 mg/l; 

pirydoksin-HCl 1 mg/l; nicotinic acid 1 mg/l; myo-inositol 100 mg/l; and 

glysin 4 mg/l, also bacto agar 7 g/l, pH medium was adjusted to 5.7.  Callus 

induced from citrus nucellar tissue was being maintained on MS+ 500 mg L
-

1
ME  + 1.5 mg L

-1
 BA + 30 g L

-1
succrose + 7 g Bacto Agar.  Data gathered 

were: a) time of callus/embryo growing from nucellus (days), b) Number of 

direct embryo that growth on initiation and embryo culture medium, c) % 

sample that had direct embryos 
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2. Effect of initial density on callus multiplication 
The callus that grow from nucellus tissues was multiplied by culturing them 

on solid medium MS + 0.7% bacto agar  + 5% sucrose + 1.5 mg L
-1

 BA + 500 

mg L
-1

 ME.  They were sub cultured every 2 weeks up to 8 times.  To 

accelerate their multiplication, the callus was cultured on MS liquid 

medium that had the same composition with solid one. To observe the 

optimal rate of callus multiplication, five treatments of initial weight or 

initial density were applied, namely: 

a. 100 mg callus in 25 cc of media 
b. 150 mg callus in 25 cc of media 
c. 200 mg callus in 25 cc of media 
d. 250 mg callus in 25 cc of media 
e. 300 mg callus in 25 cc of media 

They were cultured in 100 cc volume flask and shaked at 100 rpm/24 hours 

at room temperature.  The observations made by weighing the weight of 

each sub-culture of embryonic callus (every 2 weeks). 

3. Effect of carbohydrate sources on initiation of somatic embryos 
To induce the callus multiplied on liquid media into embryo stage, they 

were cultured into other media that had different composition. Seven 

sources of carbohydrate treatment were applied to the MS medium + 500 

mg L
-1

Malt Extract (ME) + 3 mg L
-1

BA + carbohydrate source, where the 

carbohydrate concentration applied was 146 mM. and repeated 3 times. 

The treatment were : 

1. MS+500 mg L
-1

 ME +146 mM  Sucrose+3 mg L
-1

BA 
2. MS+500 mg L

-1
ME +146 mM Lactose+ 3 mg L

-1
BA  

3. MS+500 mg L
-1

ME +146 mM Glucose+ 3 mg L
-1

BA  
4. MS+500 mg L

-1
ME +146 mM (Sorbitol:Galaktose = 85%:15%)+ 3 

mg L
-1

BA  
5. MS+500 mg L

-1
ME +146 mM (Sorbitol:Galaktose = 75%:25%)+ 3 

mg L
-1

BA  
6. MS+500 mg L

-1
ME +146 mM (Sorbitol:Galaktose = 65%:35%)+3 mg 

L
-1

BA  
7. MS+500 mg L

-1
ME +146 mM (Sorbitol:Galaktose = 50%:50%)+3 mg 

L
-1

BA 
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Data gathered was the addition of callus total weight from the initial 

culture.   The observations made by weighing the weight of each sub-

culture of embryonic callus (every 2 weeks).  To obtain the addition of 

callus total weight on each sub-culture, it was calculated by subtracting the 

weight when it was observed (Sn) with its an initial weight of sub-cultures 

(S0) (pt = Sn-S0), the observations were made on sub culture I up to V. 

 

3. RESULT AND DISCUSSION 
1. Somatic embryogenesis of mandarins 

The research results showed that nucellus tissues of ten cultivars of 

mandarin could be cultured in vitro satisfactory, this tissue started growing 

on 7 - 42 days after culture, but the most of them grew on 21-28 days.   

Besides the embryogenic calli, 2-20 direct embryos/explant would be 

growing on those tissues.  The initiation growth of nucellus was marked by 

developing of nucellar calli on top of tissue’s surface (Figure 1).   

 
Figure 1. Calli and embryos start growing from nucellus tissue 

 

 

The ability to form callus in ten cultivars of mandarin was significantly 

different, with Madu Trigas and both Selayar and Siam Pontianak cultivars 

were the fastest and slowest, respectively (Table 1.). 
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Table 1. The average of nucellus growing time, samples that had direct embryos and 

number of direct embryos/nucellus 

Mandarin 
Cultivars 

Number 
of 
cultured 
samples 

The average of nucellus growing 
time, samples that had direct 
embryos and number of direct 
embryos/nucellus 

*)
 

time of 
nucellus 
growing 
(days) 

sample 
that had 
direct 
embryos 
(%) 

Number 
of direct 
embryos
/nucellus 

Batu 55 
Borneo prima 
Garut 
JC 
Kedu 
Kino 
Madu Trigas 
Riau 
Selayar 
Siam Pontianak 

166 
295 
290 
300 
75 
60 
253 
73 
124 
31 

27.8 cb 
25.8 bcd 
28.4 b 
24.8 bcd 
28.6 b 
26.1 bcd 
18.385 d 
19.2 cd 
39.5 a 
40.9 a 

31.3 
15.4 
9 
65 
15 
17.2 
10.3 
71.2 
13.1 
41.9 

3.4 bcd    
3.7 bc    
1.7 cd    
2.1 cd    
1.6 d    
1.7 cd    
1.7 cd    
6.5 a     
4.1 b    
2.4 bcd    

*)
 Numbers followed by the same letters in the same column are not 

significantly different at 5% level of DMRT 

According to Koltunow et al. (1996), citrus exhibits polyembryonic seed 

development, an apomictic process in which many maternally derived 

embryos arises from nucellus surrounding the developing zygotic embryo.  

Callus could also culture from leaf, epicotyl, cotyledon and root segments 

of in vitro grown nucellar seedlings of mandarin.  Those callus exhibited 

somatic embryogenesis and most of them germinated like normal 

embryos, but some only produced shoots (Gill et al., 1995). 

 

1. Effect of initial density on callus multiplication 
The callus that grow from nucellus tissues was multiplied by culturing them 

on solid medium MS + 0.7% bacto agar  + 5% sucrose + 1.5 ppm BA + 500 

mg/l ME (Figure 2.).   
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Figure 2. The callus that multiply on solid medium 

To accelerate the multiplication of this callus, it was cultured on MS liquid 

medium that had the same composition with solid one.  The addition of 

callus total weight from the initial culture was affected by the initial weight 

or initial density of cultured callus.  In this research, ID200 treatment was 

the best and significantly different with others (Fig. 3). 

In cell cultures of Japanese larch (Larix leptolepis Gordon), somatic 

embryos rarely formed when the initial cell density was lower than 0.1 ml 

packed cell volume (PCV) l
-1

. However, in the presence of phytosulfokine, a 

peptidyl plant growth factor, mitotic activity during somatic embryogenesis 

was stimulated, even when the cell density was lower than 0.1 ml PCV l
-1

, 

particularly, the development of the suspensor (Umehara et al., 2005). 

 

However according to Kobayashi et al. (1999) and Shigeta et al. 

(1996) in cultures of carrot (Daucus carota L.), the process of somatic 

embryogenesis is strongly influenced by cell density ant medium pH.  The 

inhibition embryos formation usually is caused by some inhibitory factor(s) 

that is released into the medium of such cultures. Inhibition of somatic 

embryo formation by the inhibitory factor(s) in high-cell-density cultures 

was due to suppression of the rapid division of cells that is characteristic of 

the early stage of somatic embryogenesis. The inhibitory factor(s) did not 

involve suppression of somatic embryo development at certain specific 
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stages. Suppression of the rapid cell division by the inhibitory factor(s) was 

reversible and did not affect embryogenic competence. 

 
Figure 3. The addition of callus weight at sub culture I up to V at five initial density 

treatments 

2. Effect of carbohydrate sources on initiation of somatic embryos 
 The callus of Siam Kintamani that cultured generally multiplied and 

developed well on liquid media.  The sucrose that added to those media 

gave both the highest power of multiplication of embryonic callus on every 

subculture and the best of total weight of embryonic callus produced at 

the end of the observation. On the other hand, the sorbitol + galactose 

treatment had the highest total percentage of globular embryos. 

 

 At the end of observation (sub-cultured 5
th

), visually the cultured 

callus more developed into embryo phase on 2
nd

 (MS + 500 mg L
-1

ME + 146 

mM Lactose + 3 mg L
-1

 BA), 5
th

 (MS+500 mg L
-1

ME +146 mM 

(Sorbitol:Galaktose = 75%:25%) + 3 mg L
-1

 BA) and 6
th

 treatment (MS+500 

mg L
-1

ME +146 mM (Sorbitol:Galaktose = 65%:35%) + 3 mg L
-1

 BA).  

However at the 1
st

 treatment (MS+500 mg L
-1

ME 
 
+ 146 mM  Sucrose + 3 

mg L
-1

 BA), the callus more proliferated than developed into embryo one. 

More embryos produced on the 6
th

 treatment (Figure 4.).   
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Figure 4. The development of callus on seven liquid media treatments 

Generally, the best addition of fresh weight of callus at 7 treatments on 5 

sub-cultured was on the 1
st

 treatment. Visually, at this treatment the callus 

was consistent at this phase and proliferated without develop into embryo 

one. 

The developing callus was marked both by more weigh and volume of 

them. From all treatments, the multiply phase started at the second sub-

cultured (4 wks after cultured) (Table 2). 
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Table 2. The average of addition callus weight at every sub-culture 

Treatments
*) 

 

The average of addition callus weight (g) at every sub-

culture 

I II III IV V 

1 

2 

3 

4 

5 

6 

7 

0.38 a
**) 

0.44 a 

0.30 a 

0.41 a 

0.35 a 

0.07 a 

0.12 a 

1.56 a 

0.28 b 

0.38 b 

0.18 b 

0.55 b 

0.45 b 

0.54 b 

0.89 ab 

0.29 b 

0.19 b 

0.32 b 

0.22 b 

0.99 ab 

1.26 a 

1.17 a 

0.83 a 

0.06 b 

0.08 b 

0.55 ab 

1.22 a 

1.00 a 

2.04 a 

1.41 ab 

0.36 ab 

0.06 b 

1.60 ab 

1.83 ab 

1.45 ab 
**)

 Numbers followed by the same letters in the same column are not 

significantly different at 5% level of DMRT
  

*) 
treatments : 

1. MS+500 mg L
-1

 ME +146 mM  Sucrose+3 mg L
-1 

BA 
2. MS+500 mg L

-1
 ME 

1
+146 mM Lactose+3 mg L

-1 
BA 

3. MS+500 mg L
-1

 ME +146 mM Glucose+3 mg L
-1 

BA 
4. MS+500 mg L

-1
 ME +146 mM (Sorbitol:Galaktose = 85%:15%)+3 

mg L
-1 

BA 
5. MS+500 mg L

-1
 ME +146 mM (Sorbitol:Galaktose = 75%:25%)+3 

mg L
-1 

BA 
6. MS+500 mg L

-1
 ME +146 mM (Sorbitol:Galaktose = 65%:35%)+3 

mg L
-1 

BA 
7. MS+500 mg L

-1
 ME +146 mM (Sorbitol:Galaktose = 50%:50%)+3 

mg L
-1 

BA 
According Cunha and Fernandes-Ferreira (1999), MS medium 

supplemented with monosaccharides glucose or fructose at high 

concentration (4%) gave consistenly highly embryonic cultures at flax 

(Linum usitatissimum L.), with higher somatic embryo frequencies and 

higher growth rates when compared with media supplented with sucrose 

or maltose.  Although media with maltose had performed well in a 1-4% 

concentration range, media supplemented with sucrose at 4%, apperaed 

to inhibit the induction and development of somatic embryogenesis.  



 

 86 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 

 

<< Back to table of contents 

However at cyclamen plant, the largest number of embryoids was obtained 

from the anthers cultured on media with maltose.  While no plant was 

obtained on media with sucrose in all of five genotypes, embryoids 

formation on media with maltose was observed in four genotypes. 

In Citrus spp. globular embryos were observed after approximately 4 

weeks.  Cultures of Valencia and Caipira sweet oranges and Cleopatra 

mandarin showed high numbers of embryos on medium containing 

galactose, lactose, and maltose.  This phenomenon was caused by the 

auxin inhibition process, so that the ratio of auxin endogenus was changed 

(Tomaz et al., 2001).  On the other hand, the sucrose tended to induce 

more the multiplication of callus than develop them into embryo stage. 

The addition of callus weight was relatively high at 1, 2, 5, 6 and 7 

teratments, while the 3
rd

 and 4
th

 treatments lower than others (Figure 5.). 

 

 
 

 

Figure 5.  The average of addition callus weight at seven treatments 

 

Once embryos were transferred to MS medium supplemented with 500 mg 

L
-1

 malt extract with 2 times MS vitamin, they developed into plantlets 

(Figure 6.). 

Weight (g) 

Treatments 
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Figure 6.  The cotyledonary embryos that grow into plantlets 

 

 

4. Conclusion 

Every mandarin cultivar gave specific responds on somatic embryogenesis.  

By using nucellus tissue as an explant, the callus started growing on 7 - 42 

days after culture, but the most of them grew on 21-28 days.   On this 

technique, capability callus to multiply and change into embryo phase was 

influenced by its culture density and sources of carbohydrate on media.  In 

this research, the ID of 200-250 mg/25 cc medium was the best.  The 

sucrose that added to the media gave both the highest power of 

multiplication of embryonic callus on every subculture and total weight of 

embryonic callus produced at the end of the observation. On the other 

hand, the sorbitol + galactose treatment had the highest total percentage 

of globular embryos.   

 

 

References 
[1] Cunha, A. and M. Fernandes-Ferreira. 1999. Influence of medium parameter on somatic 

embryogenesis from hypocotyls explants of Flax (Linum usitatissimum L.). J. Plant Physiol 155 

: 591-597 

[2] D’Onghia, A.M., F. Carimi, F. De Pasquale, S. Fiore, K. Djelouah and G.P. Martelli.  2002.  

Somatic embryogenesis from style and stigma cultures eliminates Citrus tristeza virus (CTV) 

and Citrus variegation virus (CVV).  Fifteenth IOCV Conference (2002), p. 413-415 

[3] D’Onghia, A.M., F. Carimi, F. De Pasquale, S. Fiore, K. Djelouah and G.P. Martelli.  2001. 

Elimination of Citrus psorosis virus by somatic embryogenesis from stigma and style cultures.  

Plant Pathology, no. 50 : 266-269. 



 

 88 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 

 

<< Back to table of contents 

[4] Gill, M.I.S., Z. Singh, B.S. Dhillon, S.S. Gosal. 1995.  Somatic embryogenesis and plantlet 

regeneration in mandarin (Citrus reticulata Blanco). Scientia Horticulturae 63: 167-174 

[5] Han, S.H., S.K. Kang, H.J. An and H.Y. Kim. 2002. Effect of embryonic callus conditions on 

plant regeneration in Satsuma Mandarin (C. unshiu Marc.). J. Plant Biotechnology Vol. 4(1) : 

29-32Niedz, R.P. and T.J. Evens. 2008. The effect of nitrogen and potassium nutrition on the 

growth of non embryonic and embryonic tissue of sweet orange (C. sinensis (L.) Osbeck).  

BMC Plant Biology, Vol. 8(126): 1-11. 

[6] Jun-ichi, S., K. Satoa, M. Mii. 1996. Effects of initial cell density, pH and dissolved oxygen 

on bioreactor production of carrot somatic embryos. Plant Science 115: 109-I 14 

[7] Kobayashi, T., K. Higashi, T. Saitou and H. Kamada. 1999. Physiological properties of 

inhibitory conditioning factor(s), inhibitory to somatic embryogenesis, in high-density cell 

cultures of carrot.  Plant Science 144: 69–75 

[8] Koltunow, A.M., T. Hidaka, and S. P. Robinson. 1996.  Polyembryoni in Citrus. 

Accumulation of seed storage protein in seeds and in embryos cultured in   vitro.  Plant 

Physiol 110: 599-609 

[9] Mendes-da-Gloria, F.J., F. de Assis A.M. Filho, C.G.B. Demetrio and B.M.J. Mendes. 1999. 

Embryogenic calli induction from nucellar tissue of citrus cultivars.  Scietia Agricola, Vol 56 (4) 

: 1111-1115. 

[10] Navarro, L and G. Juarez..  1977.  Elimination of Citrus  Pathogens in Propagative 

Budwood  II. In vitro Propagation.  Proc. Int. Soc. Citrus culture. 3: 973-987 

[11] Ricci, A.P., F. de Assis A.M. Filho, B.M.J. Mendes and S.M. de Stefano Piedade. 2002.  

Somatic embryogenesis in Citrus sinensis, C. reticulate and C. nobilis x C. deliciosa.  Scietia 

Agricola, Vol 59 (1) : 41-46. 

[12] Takamura, T., K. Sakamoto and M. Horikawa. 2011. Effect source on in vitro plant 

regeneration in anther culture of Cyclamen (Cyclamen persicum Mill.). Proc. XXVIIIth  IHC-IS on 

Macro Technologies for Plant Propagation.  Acta Hort. 923:129-134 

[13] Tomaz, M.L., B.M.J. Mendez, F. De Assis, A.M. Filho, C.G.B. Demetrio, N. Jansakul and 

A.P.M. Rodriguez.  2001.  Somatic embryogenesis in Citrus spp.: Carbohidrate stimulation and 

histodefferentiation.  In vitro Cell. Dev. Biol-Plant. 37: 446-452 

[14] Umehara, M., S. Ogita, H. Sasamoto, Chang-Ho Eun, Y. Matsubayashie, Y. Sakagami and 
H. Kamada.   2005. Two stimulatory effects of the peptidyl growth factor phytosulfokine 
during somatic embryogenesis in Japanese larch (Larix leptolepis Gordon). Plant Science 169: 
901–907  



 

 89 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 

 

<< Back to table of contents 

O 6 

In vitro Propagation of Indonesian Typhonium flagelliforme 
from Pekalongan by Using NAA and BAP 
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Rodent tuber (Typhonium flagelliforme) is a highly potential medicinal 
herb. The plant’s extract can inhibit cancer cell growth and induce 
apoptosis in vitro. An effective micropropagation technique needs to be 
established because in its natural habitat, this plant grows slowly and only 
in damp, shady place. This study aimed to isolate and propagate T. 
flagelliforme from Pekalongan through direct single node culture shoot 
induction and to investigate the effect of NAA concentrations on shoot 
induction of the plant. T. flagelliforme was successfully isolated and 
initiated in media containing NAA and BAP. The plant was then propagated 
in media containing NAA and BAP. Four media treatments which contain 
different concentrations of NAA (0.25, 0.5, 1, 1.5 mg/L) were used to 
investigate the effect of NAA concentrations on shoot induction. The mean 
numbers of shoot obtained from the media were 5.6 for 0.25 mg/L and 1 
mg/L NAA, 6.2 for 1.5 mg/L NAA, and the highest mean number of shoots 
was 8.2, obtained from the media which contains 0.5 mg/L NAA. Statistical 
analysis showed that the four media treatments were not significantly 
different on shoot induction. In conclusion, T. flagelliforme was 
successfully isolated and propagated directly through single node culture. 
The four different NAA concentrations used in the media were not 
statistically significant. The recommended NAA concentration for shoot 
induction of T. flagelliforme from Pekalongan was 0.5 mg/L. 
 
Keywords: in vitro propagation, Typhonium flagelliforme,  NAA, BAP 
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1. Introduction 
Rodent tuber (Typhonium flagelliforme) is a highly potential medicinal herb 

which belongs to the Araceae family [1]. Study shows that the plant can 

inhibit cancer cell growth in vitro and induce apoptosis [2]. Mohan et al 

(2008) reported that the plant’s tuber extract possess antibacterial and 

antioxidant activity [3]. Chan et al (2005) stated that micropropagated 

plantlet of this plant can be used as sources for the treatment of human 

lung and breast cancer [4]. Phytochemical analysis shows that the plant 

contains alkaloid, steroid, flavonoid, and glycoside. Nevertheless, the 

active compound of the plant which has anti-cancer activity is still yet to be 

discovered [1]. 

In its natural habitat, T. flagelliforme has a slow propagation rate and is 

distributed only in damp and shady place. On the other hand, the plant is 

highly demanded in cancer treatment. An effective micropropagation 

technique needs to be established not only to produce a lot of plants [4], 

but also to further improve its potential as a medicinal plant. 

This study aimed to isolate and propagate T. flagelliforme directly through 

single node culture shoot induction and to investigate the effect of NAA 

concentrations on shoot induction of T. flagelliforme.  

 

2. Methods 
Plant material 

The plant materials were obtained from Pekalongan, Jawa Barat, 

Indonesia. 

 

Sterilization and Initiation of explants 

 The plants were washed with detergent and rinsed in running 

water to remove soil particles. The rhizomes along with the buds of the 

plant were cut and sunk in 0.25 gram of both bactericide and fungicide in 

200 ml of water for 30 minutes, 2.25 g/ml antibiotic rifampicin for four 

hours, 2% of Clorox
®
 bleach for 15 minutes, 1.5% of Clorox

®
 bleach for 15 

minutes, 1% of Clorox
®
 bleach for 10 minutes, and 0.1% of HgCl2 for 10 
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minutes. The explants were then rinsed two times with sterile water, and 

planted into culture medium for initiation. 

 There were two medium types for initiation which differed in 

growth regulator composition. Both culture medium contained MS salts 

medium, supplemented with sucrose, and coconut water. The first 

medium contained 1 mg/L 1-naphtalene acetic acid (NAA) and 0.5 mg/L 

benzylaminopurine (BAP), while the second contained 1 mg/L 2,4-

dichlorophenoxyacetic acid (2,4-D)  and 0.3 mg/L BAP respectively. 

 

Subculture and propagation 

 Viable plants obtained from initiation stage were subcultured into 

propagation media to obtain enough plant materials for media optimation 

stage. The propagation media contained MS salts, sucrose and coconut 

water, and three different growth regulator combinations. The first 

medium contained 1 mg/L NAA and 1 mg/L BAP, the second contained 0.5 

mg/L NAA and 0.5 mg/L BAP, and the third contained 1.5 mg/L NAA and 

0.5 mg/L BAP. 

 

The effect of NAA on shoot proliferation 

 The explants obtained from the previous stage were planted on 

MS salts medium, supplemented with sucrose, and coconut water, a fixed 

concentration of BAP (0.5 mg/L) and variable concentrations of NAA (0.25, 

0.5, 1, 1.5 mg/L). The parameter recorded in the experiment is the mean 

number of shoots produced per explant on the seventh week. 

 

Experimental design and statistical analysis 

 The experimental design on this experiment was completely 

random design with 10 replication per treatment. The mean shoot 

numbers of plantlet were compared statistically on the seventh week. The 

statistical analysis used in this research comprises the Kolmogorov-Smirnov 

normality distribution test, followed by Analysis of Variance (ANOVA) for 
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parametric data because the normality test showed that the data obtained 

follow normal distribution pattern. 

 

3. Results and Discussion 
 Following the sterilization step, the plant was initiated in MS salts 

media. The initiation media were divided into two types based on the 

growth regulator composition. The first media contained 1 mg/L NAA and 

0.5 mg/L BAP, while the second contained 1 mg/L 2,4-D and 0.3 mg/L BAP. 

Table 1 showed the percentage of viable explant following the initiation 

stage. It can be seen that the viable percentage of first media is lower than 

the second media, which is 25% and 66.67%, respectively. 

 The tuber of T. flagelliforme was used as the explant for initiation 

stage because for the tuber of the plant has the main role in the 

propagation process, and the cells are inducible. Previous research done by 

Nobakht et al (2009) also showed that the tuber of the plant is potential to 

be used for the plant’s propagation in vitro [5]. 

 The growth regulator NAA, 2,4-D, and BAP were used in initiation 

stage. Previous research done by Nobakht et al. (2009) showed that 

cytokinin BAP alone or in combination with auxin NAA was more effective 

on increasing shoot proliferation and mean fresh weight of explants of T. 

flagelliforme [5]. The growth regulator 2,4-D is a strong auxin which can be 

used to initiate and induce callus proliferation of T. flagelliforme. The 

combination of 2,4-D with cytokinin (BAP or kinetin) can enhance callus 

proliferation [6].  

 
Table 1. Percentage of Viable Explant following Initiation Stage 

Growth Regulator Composition 

(mg/L) 

Number of 

Initiated 

Explant 

Viable 

Percentage NAA 2,4-D BAP 

1 - 0.5 20 25% 

- 1 0.3 6 66.67% 
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The remaining viable plants obtained from initiation stage were 

subcultured into propagation media to obtain enough plant material for 

media optimation. There were three different MS salts media used in this 

stage. The media differed in their growth regulator compositions. The 

mean numbers of shoots obtained from these media (Table 2) were 

recorded after seven weeks. The highest mean number of shoots was 14, 

which was obtained from media containing 0.5 mg/L NAA and 0.5 mg/L 

BAP. 

The results showed that the most effective media for shoot 

proliferation of T. flagelliforme was the one containing equal concentration 

of NAA and BAP (0.5 mg/L). Higher concentration of NAA (1.5 mg/L) 

showed lower mean number of shoots. Higher concentration of NAA and 

BAP combination (1 mg/L each) also showed lower mean number of 

shoots. These results indicated that high concentration of growth regulator 

might inhibit and have toxic effect on cell proliferation.  

 
Table 2. Mean Number of Shoots of Subcultured T. Flagelliforme 

 

Growth Regulator Composition (mg/L) 

Mean Number of Shoots NAA BAP 

1 1 10.9 

0.5 0.5 14 

1.5 0.5 4 
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Figure 1. The Growth Progress of T. flagelliforme with Different NAA Concentrations in vitro 

for Seven Week 

 

 The tissue culture established explants were then used in the treatment 

stage. The growth of the plant was observed in vitro for seven weeks. 

Figure 1 showed that the mean number of shoots of T. flagelliforme with 

different NAA concentrations increased from week 0 to week 8. Increased 

number of shoots was observable on the second week of culture, and the 

proliferation continued until the seventh week. Figure 2 showed the 

growth progress of the plant in the first, third, and seventh week. 

 

 
Figure 2. The growth progress of T. flagelliforme from Pekalongan in vitro during the first 

(A), third (B), and seventh (C) week. 
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Table 3. The Effect of NAA Concentration on Shoot Proliferation 

 

Concentration of NAA 

(mg/L) 

Number of 

Replication 

Mean Number of 

Shoots 

0.25 10 5.6 ± 0.616 

0.5 10 8.2 ± 0.616 

1 10 5.6 ± 0.616 

1.5 10 6.2 ± 0.616 

 

 The mean number of shoots induced in vitro was recorded after 

seven week (Table 3 and Figure 3). The highest mean number of shoots 

was obtained in media containing equal concentrations of BAP and NAA 

(0.5 mg/L). This result also supports the previous research which was done 

by Chan et al. (2000) [7]. Higher concentration of NAA in the media (1 and 

1.5 mg/L) didn’t cause higher mean number of shoots. This result further 

ensure the result from the subculture stage that high concentration of NAA 

might have toxic effect on cell, therefore inhibiting shoot proliferation.  

Nevertheless, the all of the media used in treatment stage were not 

statistically different in inducing the adventitious shoots of the plant. 

Figure 4 showed the growth of T. flagelliforme with different NAA 

concentrations in the fifth week.  
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Figure 3. The mean number of shoots of T. flagelliforme in different NAA concentrations 

 

 
Figure 4. The effect of different NAA concentration on shoot proliferation on the fifth week. 

The concentrations of NAA are: (A) 0.25 mg/L, (B) 0.5 mg/L, (C) 1 mg/L, (D) 1.5 mg/L. 

 

 The recommended NAA concentration for shoot proliferation 

based on the experiment is 0.25 mg/L. Higher NAA concentration is not 

cost effective.  

 

4. Conclusions 
 Adventitious shoots of T. flagelliforme isolated from Pekalongan 

were successfully isolated and propagated directly through single node 

culture. The four different NAA concentration used for shoot induction 

were not significantly different from each other. The highest mean number 

of shoots was 8.2 shoots per explant, obtained from media containing 0.5 

mg/L NAA. 
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Mycobacterial secreted and cell-wall associated proteins are involved in 
essential processes including virulence and in eliciting host-immune 
responses. In order to identify immunogenic proteins in Mycobacterium 
avium subspecies paratuberculosis (MAP) strain 316F, alkaline 
phosphatase (phoA) gene fusions were constructed in the plasmid vector 
pJEM11 and transformed into E. coli and the closely related mycobacterial 
species M. smegmatis. Recombinant clones that express the MAP gene 
sequences containing signals for transport fused to phoA in the correct 
frame for translation were identified as blue colonies when plated on LBA 
containing the colorimetric PhoA substrate 5-bromo-4-chloro-3-
indolylphosphatase (BCIP). Expression of PhoA fusions was confirmed by 
immunoblotting of cell lysates extracted from selected recombinant M. 
smegmatis. The DNA sequences of inserts from selected blue colonies 
were analysed using DNA and protein databases to identify open reading 
frames encoding exported proteins. The application of the PhoA reporter 
system for the identification of MAP strain 316F exported proteins in this 
research has led to the identification of 17 individual proteins that may be 
useful for diagnosis or vaccine design.            
 
Keywords: identification, M. avium, ssp. paratuberculosis Strain 316F,  
phoa fusion 
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1. Introduction 

Bacteria produce a wide variety of proteins, which are exported out of the 

cytoplasm to the cell envelope, or they are secreted into the extracellular 

environment. These proteins have a number of functions including 

protection from environmental challenges, acquisition of nutrients and 

interaction with the host cell proteins [1, 2]. Thus they are potential targets 

for vaccine development and diagnostic tests.  

In mycobacteria, exported proteins, which encompass both 

extracellular and cell-envelope associated proteins, have been the focus of 

investigation to identify antigens that may induce protective immunity or 

elicit immune responses of diagnostic value. The immunogenicity of 

exported proteins of M. tuberculosis and M. bovis has been extensively 

studied [3, 4, 5] resulting in the identification of key components of the 

pathogen, which are capable of inducing a protective immune response in 

the host.  Research in several laboratories focusing on MAP exported 

proteins has also demonstrated that these proteins are promising for use 

in the serodiagnosis of paratuberculosis [6, 7]. Furthermore, research 

carried out in our laboratory showed that a 22 kDa exported protein (P22) 

of MAP can elicit humoral and cell-mediated immune responses, when 

injected into sheep [8, 9]. 

There are several experimental approaches employed to study 

exported proteins. Gene fusion technology based on PhoA, coding for the 

E. coli periplasmic alkaline phosphatase [10], has been successfully used to 

identify proteins that are exported in a number of microorganisms 

including Actinobacillus actinomycetemcomitans [11, Borrelia burgdorferi 

[12], Treponema palidum [13], Streptococcus pneumonia [14], Mycoplasma 

[15], Pseudomonas aeruginosa [16], Helicobacter pylori [17], M. 

tuberculosis [18, 19], M. avium [20] and MAP [21, 8]. The important 

property of the E. coli PhoA is that it is enzymatically active, when it is 

exported across the cytoplasmic membrane into the periplasmic space. 

Successful export of the enzyme and its activity, therefore, requires the 

fusion of a promoterless phoA gene with a DNA fragment containing a 
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functional promoter and export leader sequence. The vector pJEM11 used 

in this study, allows fusions between PhoA and genes encoding exported 

proteins. This vector has a truncated phoA gene from E. coli without a start 

codon or any regulatory elements [18]. The multiple cloning sites allow the 

insertion of fragments from the gene encoding putative exported proteins, 

together with their regulatory elements. The enzymatic activity of the 

PhoA can be detected, using the substrate 5-bromo-4-chloro-3-indolyl 

phosphate (BCIP), which is a colourless compound cleaved by PhoA to form 

a blue coloured compound on solid media. Using this feature as an export 

marker, the PhoA fusion system has become a useful tool for analysing 

protein secretion.  

This research describes the application of the PhoA reporter system to the 

identification of exported proteins in MAP strain 316F. In this research, it 

was envisaged that identification of genes coding for exported proteins, 

from MAP strain 316F, may lead to the identification of novel antigens that 

may be useful for diagnosis or vaccine design.  

 

2. Methods 

Preparation of MAP genomic DNA and pJEM 11 plasmid DNA 

MAP strain 316F was grown on 7H9-B enriched with sterile ADC 

broth, and genomic DNA was then isolated using phenol:chloroform 

method. To confirm the genus Mycobacterium, two oligonucleotide 

primers (246; GAGTTTGATCC 

TGGCTCAG and 264; TGCACACAGGCCACAAGGGA) were used to amplify 

the 16S rRNA gene. For confirmation of MAP subspecies, the 

genetic elements IS900 and F57 were amplified using the primers 

IS900-f (CTTACCTTTCTT 

GAAGGG), IS900-r (CTGAATGACGTTGTCAAGCC); IS900-f1 

(CCGCTAATTGAGAGATGCGATTGG), IS900-r1 

(AATCAACTCCAGCAGCGCGGCCTCG) and F57-f 

(GGATCTCGGCCCCGATAG), F57-r (ATCTCAGACAG GGCAGG). 

   pJEM11  
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plasmid DNA was purified from transformed E. coli DH10B cells using 

QIAprep-spin plasmid Miniprep Kit and quantified. Approximately 0.6 μg of 

plasmid was completely digested with 1 unit of BamHI at 37
o
C for two 

hours, then dephosphorylated using 1 unit of CIAP for one hour at 37
o
C. 

After the CIAP treatment, the plasmid DNA was purified by agarose gel 

extraction and the efficiency of phosphatase treatment was determined. 

Briefly, 0.25 unit of T4 DNA ligase was added to 50 ng of prepared plasmid 

vector, in a total volume of 10 μl, using the supplied buffer. After overnight 

incubation at 4
o
C, the mixture was dialysed and introduced into 20 μl of E. 

coli DH10B competent cells by electroporation. One hundred microlitres of 

transformation mixture was spread on an LBA plate containing kanamycin. 

As a control, the same procedure was carried out with undigested pJEM11 

vector. The plates were incubated overnight at 37
o
C, and the number of 

colonies on each plate was recorded. 

 

Partial digestion of MAP genomic DNA and ligation into pJEM11 

To establish the conditions necessary to obtain a suitable partial digest of 

the genomic DNA, 6 μg of genomic DNA was digested, using either 1 unit of 

Sau3A1 or 5 units of SmaI, in a volume of 50 μl at room temperature. From 

this, 4 μl aliquots were removed at different time intervals (30 sec, 60 sec, 

1.5 min, 2, 2.5, 3, 5, 10, 20, 35, 50 and 60 min) and immediately mixed with 

5 μl of DNA loading dye containing 2 μl of 0.5 M EDTA (pH 8.0) to stop the 

reaction. All samples taken were then run on 1.5% agarose gel along with 2 

μl of undigested genomic DNA, stained with ethidium bromide and 

photographed. A partial digest was indicated by the appearance of the 

predominating high molecular weight band and the appearance of a 

gradual smear, ranging in size from 100-10,000 bp. Digestion fragments, 

showing DNA ranging in size from 200-3,000 bp, were excised and purified. 

The resulting DNA fragments were eluted in 10 μl of EB buffer and 4 μl of 

pooled DNA fragments were gel-checked. DNA concentration was 

measured and the purified digest stored at -20
o
C until used.  
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Approximately 350 ng of pooled purified Sau3A1 digests were ligated 

overnight to 0.5 μg of BamHI linearized and CIAP treated pJEM11 vector, 

using 1 unit of T4 DNA ligase, in a 25 μl reaction at 4
o
C.  The ligation 

mixture was then dialysed and electroporated into 100 μl of E. coli DH10B 

cells in a 0.2 cm gene pulser cuvette, and then plated onto six LBA 

supplemented with kanamycin and BCIP. After incubation at 37
o
C for 18-24 

hours, the number of colonies grown on each plate was counted, picked 

and re-streaked onto LBA plates containing kanamycin and BCIP to get a 

pure culture and to prepare a glycerol stock. For SmaI partial digests, 15 μl 

of digests were dephosphorylated using 2 units of CIAP at 37
o
C for one 

hour. Subsequently, the mixture was purified with the QIAGEN PCR 

purification kit and eluted in 10 μl of EB buffer. Four microlitres of CIAP-

treated DNA was cloned into TOPO vector and transformed into E. coli 

Top10 chemically competent cells, and plated on LBA containing 

kanamycin. Following incubation, the number of colonies present on each 

plate was counted. Approximately 1.6 ml of LB was added onto each plate 

and colonies were scraped using a sterile spreader. Plasmid DNA was then 

isolated and quantified. Two microlitres of pooled plasmid DNA were then 

digested using 5 units of Bam HI at 37
o
C for 2.5 hours. The digests were run 

on a 1% agarose gel along with control (undigested DNA), gel purified and 

quantified. Purified DNA was then ligated into BamHI linearized and CIAP 

treated pJEM11 vector.   

 

Plasmid isolation from the E. coli clones and transformation into M. 

smegmatis mc
2
155 

To each of the resulting plates, 1.6 ml of LB was added and the colonies 

were resuspended with the aid of a sterile spreader. The mixtures from 

each plate were transferred into microtubes and the plasmid DNA 

extracted using the QIAprep-spin plasmid Miniprep Kit. DNA, in each 

column, was eluted with 50 μl of EB buffer.  One microlitre of the total 

plasmid preparation was subjected to PCR amplification. PCR was carried 

out using the primers IS900-f1, IS900-r1 and the PCR product sequenced.  
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Twenty microlitres of pooled plasmid, extracted from the E. coli clones, 

was dialysed and transformed into 100 μl of electrocompetent M. 

smegmatis cells. Cells were recovered, following electroporation, by 

adding 500 μl of LB to the cuvette, followed by incubation at 37
o
C for three 

hours. After incubation, approximately 85 μl samples each were spread 

onto 6 LBA plates containing kanamycin and BCIP. All plates were 

incubated at 37
o
C for seven days and then transferred to 4

o
C, to allow 

further development of blue colour. The number of white and blue 

colonies that appeared was counted and recorded. All blue colonies were 

picked and re-streaked onto fresh LBA plates supplemented with 

kanamycin and BCIP and were grown at 37
o
C until they turned blue. 

Glycerol stocks were prepared from all blue colonies.   

 

Sequencing of DNA inserts encoding putative exported proteins 

To obtain plasmid DNA, the pJEM11 constructs were first transferred from 

individual M. smegmatis colonies into E. coli DH10B cells. Briefly, a single 

colony of M. smegmatis was picked and grown for four days on 5 ml of LB 

containing kanamycin at 37
o
C. Five microlitres of freshly-dialysed cultures 

were then mixed with 20 μl of E. coli DH10B cells and electroporated. 

Plasmid DNA was then extracted from E. coli using a commercial kit. Two 

microlitres of each plasmid was digested for 1.5 hours with 1 unit of KpnI 

and 1 unit of ApaI in a reaction volume of 20 μl at 37
o
C. Digests were 

electrophoresed on 1.5% agarose gels. 

 

MAP inserts present in pJEM11 constructs were sequenced either with 

primers JEM1 (CGAGCTGCAGTGGGATG 

ACC) and JEM2 (TCGCCCTGAGCAGCCCGGTT) or JEM 2 alone. Primer JEM1 

binds to the complementary sequence of the transcriptional terminator, 

approximately 100 bp from the BamHI restriction site of the vector, 

whereas JEM2 binds to the coding sequence of the phoA gene 141 bp from 

the BamHI site of pJEM11. Primer JEM2 was used to sequence across the 

fusion site and the 3’ end of the MAP insert DNA. Nucleotide sequences 
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were edited using DNA strider
™

 1.3 software. Bioinformatics analysis for 

nucleotide and deduced amino acid sequences was performed, and the N-

terminal amino acid of fusion proteins were predicted using BlastP data 

analysis.  

 

Western blot analysis of exported proteins 

To detect the alkaline phosphatase moeity of exported fusion proteins, 

Western blot analysis was carried out using cell lysates of selected PhoA 

positive colonies. Briefly, approximately 5 μg of cell lysate protein, 

prepared from each recombinant M. smegmatis colony was 

electrophoresed on NuPAGE
®
 pre-cast 12% Bis-Tris gel and transferred 

onto PVDF membrane. Commercial E.coli alkaline phosphatise was used as 

a positive control. Non-specific sites of the membrane were blocked 

overnight at 4
 o

C, and the membrane was incubated at room temperature 

with 1:20,000 diluted rabbit anti E. coli alkaline phosphatise for one hour. 

After washing, the membrane was incubated at room temperature with 

1:20,000 diluted peroxidase-labelled goat anti-rabbit for one hour. 

Following washing, the bands were observed by immunodetection. 

3. Results and Discussion 

Proteins released by some mycobacterial species, to the 

extracelluler environment, may be a target for immune responses in the 

infected hosts. In mycobacterial research, there are two major 

experimental approaches commonly employed to identify these proteins. 

One is to analyse the protein composition of mycobacterial culture filtrates 

targeting antigenic components. The other is a genetic approach, which 

involves the screening of libraries of mycobacterial fusion proteins that 

become enzymatically active, upon translocation across the cell 

membrane. Since many exported proteins remain attached to the cell 

membrane and are therefore not found in culture supernatants, the use of 

a genetic method, such as the PhoA reporter system, is very useful [18].  

In this research, a MAP strain 316F PhoA fusion clones were 

constructed and partially characterised, in order to identify novel exported 



 

 106 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 

 

<< Back to table of contents 

proteins from this micro-organism. Results presented in Figure 1 shows 

that amplification of 16S rRNA genus specific gene showed a PCR product 

bigger than 1,000 bp on agarose gel. The PCR product at 620 bp is 

consistent with the size of F57 genetic element. IS900 fragments of the 

appropriate size were detected in lanes 3 (1451 bp) and 4 (229 bp). 

Sequencing of both species-specific genetic elements confirmed that the 

amplified products were IS900 and F57. 

 

 

 

 

 

 

 

              

            
Figure 1.  PCR amplification of MAP genetic elements. Lane M, 1 kb plus DNA ladder marker 

(bp); lane 1, the mycobacterial genus-specific 16S rRNA product; lane 2, F57 species-

specific elements; lane 3 and 4, IS900 species-specific element. 

 

Digestion of genomic DNA with the two restriction enzymes resulted in a 

different profile of digestion (Figure 2). Fragment sizes ranged from 200-

3,000 bp for Sau3AI (1.5 to 10 min digestion) (lanes 4-9). SmaI digestion 

was less well defined, but showed variable fragment sizes seen following 

10 to 60 min incubation (lanes 9-13). Partially digested genomic DNA 

fragments were then subcloned into pJEM11 vector. 
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Figure 2.      Partial restriction digests analysis of MAP genomic DNA at different time 

intervals. (A) Digestion of genomic DNA with Sau3AI. (B) Digestion of genomic DNA 

with SmaI. Lane M, 1 kb DNA ladder marker; lane 1, undigested genomic DNA; lane 2, 

30 sec; lane 3, 60 sec; lane 4, 1.5 min; lane 5, 2 min; lane 6, 2.5 min; lane 7, 3 min; 

lane 8, 5 min; lane 9, 10 min; lane 10, 20 min; lane 11, 35 min; lane 12, 50 min; lane 

13, 60min. 

 

The genes were expressed in both E. coli and in the non-pathogenic and 

fast-growing mycobacterial species M. smegmatis. More than a two-fold 

increase in the number of total colonies were observed as depicted in 

Figure 3, when original clones expressed in E. coli transformed into M. 

smegmatis. This was a result of amplification of the plasmids in E. coli, 

before being transferred into M. smegmatis. Thus, multiple copies of the 

plasmids, which may lead to clone redundancy, were expected to be 

present in the M. smegmatis clones. 

 

 

 

 

 

          
                 Figure 3.  Recombinant M. smegmatis colonies from the MAP pJEM11 clones. PhoA 

positive colonies turn blue in the presence of the substrate BCIP. (a) PhoA positive 

recombinant M. smegmatis colonies on a plate containing BCIP from original clones. 

(b) Selected M. smegmatis colony (Mptb241) upon restreaking on BCIP containing 

media. 
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Redundant clones were shown, through analysis of the pJEM11 plasmids 

constructs described in Table 1, Table 2 and Table 3. Similar studies, 

carried out by other researchers, have also showed the presence of 

redundant representations of many different inserted fragments of M. 

tuberculosis, because the cloned plasmids were propagated in E. coli, 

before they were transferred to M. smegmatis [21]. Western blotting of 

selected PhoA positive M. smegmatis transformants (Figure 4) confirmed 

the presence of the PhoA moeity in the randomly selected fusion proteins. 

A number of bands with molecular weights, similar or slightly higher than 

50 kDa (positive control), were seen in all PhoA positive fusion proteins. 

The weak response observed in two out of seven PhoA positive clones may 

suggest that the fusion proteins are rapidly degraded. A number of studies 

that support this finding have demonstrated that many secreted fusion 

proteins are highly sensitive to proteolytic degradation in the periplasmic 

space [23, 24].  

 

 

 

 

 

 
           Figure 4. Western Blot analysis of PhoA fusion proteins. Lane 1, commercial alkaline 

phosphatase; lane 2 to 8, recombinant M. smegmatis transformants (Mptb409, 

Mptb416, Mptb356, Mptb357, Mptb81, Mptb13, and Mptb52 respectively); lane 9, 

non-recombinant M. smegmatis. 

 

DNA isolated from 123 plasmids that contained inserts were sequenced to 

identify the genes encoding exported proteins. The resulting nucleotide 

sequences and the corresponding predicted amino-acid sequences were 

analysed using DNA Strider
™

 1.3 software. Identification of the open 

reading frames (ORF), responsible for expression of the PhoA fusion 

products, was carried out by submitting DNA sequences and/or deduced 

amino-acid sequences of the inserts to the databases. The result of these 
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findings revealed that unique PhoA fusions accounted for only 18% (22 out 

of 123) while the remaining 82% were redundant.  All unique PhoA fusions, 

which were in frame with PhoA, could be categorised into three groups of 

phoA gene fusions. The results are presented in Table 1, 2 and 3 

respectively. The first group, as listed in Table 1 consisted of 94 clones 

encoding 13 unique proteins carrying signal sequence predicted for their 

N-terminus. This group included sulphate binding protein (NP_961147), 

RNA polymerase sigma factor sigB (NP_961760), glutamine binding protein 

(NP_962828), mycobacterial integration host factor (NP_960056),  acetyl-

CoA acetyltranferase (NP_961370), enoyl-CoA hydratase (NP_959817), 

NADH dehydrogenase subunit L (NP_962146) and seven hypothetical 

proteins (NP_962038, NP_959867, NP_963244, NP_960415, NP_960818 

and NP_962207). Of 94 clones belonging to the first group, the majority 

(36 clones) showed homology to glutamine binding protein. 

The second group of 19 clones, representing four unique proteins 

(Table 2), had no predictable signal sequence. BlastP of three of these 

proteins were highly homologous to hypothetical proteins of MAP strain K-

10 (NP_963210, NP_962733 and NP_959134) with no assigned function. 

Unexpectedly, one fusion protein exhibited a similarity to M. 

avium subspecies avium protein (MAV1037). Ten sequences (listed in Table 

3) had very short sequences fused to the 

phoA gene and therefore it was not possible to determine the N-termini 

and the export signal. BlastP analysis, using translated amino-acids, 

showed no significant identity to any of the annotated database. Searches 

were then carried out using a different frame translation. BlastP analysis 

revealed a high degree of homology with a number of MAP strain K-10 

sequences, which included exodeoxyribonuclease III XthA, urydylate kinase 

PyrH and three hypothetical proteins.  
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Ten of the 123 sequences analysed (Table 3) by the BLAST algorithm 

were not similar to any annotated nucleic acid or protein in the databases. 

The mechanism by which they may have been exported, leading to blue 

colour development, is unknown. These fusion-proteins are probably false 

positives associated with the PhoA fusion technique. Spontaneous lysis of 

bacteria, folding of cytoplasmic PhoA to active conformation in cells that 

are no longer growing and leakage of cytoplasmic PhoA fusions from 

healthy cells, are all possible ways that can generate false positives  

colonies in the PhoA system [25, 16]. Furthermore, it has been reported 

that fusions near the N-terminal part of cytoplasmic loops may  
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                                                        Table 1. MAP strain 316F PhoA fusion proteins carrying signal peptide predicted for N-terminus. 

 

Number 

of 

cl

on

es 

Insert size 

(bp

) 

Protein identity
a
 Species Gene 

(synony

ms) 

% ID % 

S

I

M 

Comments 

2 clones 1300 and  Sulphate binding  MAP2213c (MAP K-10) subI 100 100 Involved in the active transport across 

 1500 protein NP_961147 Rv2400c (M. tuberculosis)  77 86 the membrane of multiple 

   MAV1782 (M. avium)  99 99 sulphur-containing compound  

   Ml0615 (M. leprae)  78 84 including sulfate and thiosulfate. 

   Mb2422c (M. bovis)  77 86  

1 clone 300 Hypothetical protein MAP3104c (MAP K-10)  Not assigned 100 100 Hypothetical protein of unknown  

  NP_962038 MAV3922 (M. avium)  97 99 function 

   Rv3054c (M. tuberculosis)   77 89  

   Mb3080c (M. bovis)  77 89  

36 clones 1500 to Glutamine binding  MAP3894c (MAP K-10) glnH 100 100 Involved in active transport of  

 2500 protein NP_962828 Rv0411c (M. tuberculosis)  85 93 glutamine across the membrane  

2 clones 1200 and  RNA polymerase  MAP2826 (MAP K-10) sigB 100 100 Promotes attachment of the RNA 

 2000 sigma factor SigB MAV3603 (M. avium)  99 99 polymerase to specific initiation sites. 

  NP_961760 Rv2710 (M. tuberculosis)  94 95 May control the regulation of 

   Ml1014 (M. leprae)  90 92 stationary phase and general stress 

resistance. 

5 clones 500 to 

65

0 

Mycobacterial  MAP1122 (MAP K-10) mIHF 100 100 Protein of unknown function 

  integration host factor MAV3386 (M. avium)  98 99  

  NP_960056 Rv1388 (M. tuberculosis)  96 99  

   Mb1423 (M. bovis)  96 99  

8 clones 500 to 

65

0 

Acetyl-CoA  MAP2436c (MAP K-10) fadA4 98 100 Catalyses the synthesis of  

  acetyltransferase MAV1544 (M. avium)  98 99 acetoacetyl coenzymeA from two  
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  NP_961370 Rv1323 (M. tuberculosis)  89 95 molecules of acetyl coenzymeA. 

   Mb1358 (M. bovis)  89 95  

   Ml1158 (M. leprae)  80 88  

1 clone 200 Enoyl-CoA hydratase MAP0883 (MAP K-10) echA12_1 100 100 35% ID and 50% SIM to ech_12 in  

  NP_959817 MAV1060 (M. avium)   98 99 M. tuberculosis (Rv1472) involved in  

       lipid metabolism.  

9 clones 300 to 

50

0 

Hypothetical protein MAP0933 (MAP K-10) Not  100 100  97% ID and 99% SIM to Rieske   

  NP_959867  assigned    (2Fe-2S)  domain containing 

       protein in M. avium  (MAV1116). 

        

 

 

 

 

Number 

of 

cl

on

es 

Insert size 

(bp

) 

Protein identity
a
 Species Gene 

(synony

ms) 

% ID % 

S

I

M 

Comments 

1 clone 200 Hypothetical protein MAP4310c (MAP K-10) Not  100 100 30% ID and 47% SIM to fadE36  

  NP_963244 MAV5773 (M. avium) assigned 98 99 possible Acyl-CoA in M. tuberculosis  

       (Rv3761c)  possibly involved in lipid 

degradation. 

 

20 clones 

 

 

700 to 

10

00 

Hypothetical protein 

NP_960415 

MAP1481c (MAP K-10) Not  

assigned 

100 100 98% ID and 99% SIM to ATP-dependant 

RNA helicase in M. avium 

(MAV2956). 

5 clones 300 to 

50

0 

Hypothetical protein MAP1884c (MAP K-10) Not  100 100 Hypothetical protein of unknown  

  NP_960818 MAV2352 (M. avium) assigned 97 98 function 
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   Rv1128c (M. tuberculosis)  70 79  

   Mb1159c (M. bovis)  70 79  

2 clones 1100 Hypothetical protein MAP3273c (MAP K-10) Not assigned 100 100 Hypothetical protein of unknown  

  NP_962207 MAV4111 (M. avium)  98 99 function 

   Rv3131 (M. tuberculosis)  66 76  

   Mb3155 (M. bovis)  66 76  

2 clones 300 NADH  MAP3212 (MAP K-10) nuoL 98 100 Involved in aerobic/an aerobic  

  dehydrogenase  MAV4044 (M. avium)  99 99 respiration (catalytic activity: NADH +  

  subunit L   Rv3156 (M. tuberculosis)  86 91 Ubiquinone = NAD 
(+)

 + ubiquinol). 

  NP_962146 Mb3180 (M. bovis)  86 91  
a
Accesion number based on MAP strain K-10 database. 

% ID, percent identity; % SIM, percent similarity  

 

                                                   
                                                                          Table 2. MAP strain 316F PhoA fusion proteins without predicted signal peptide. 

 

Number 

of 

cl

on

es 

Insert size 

(bp

) 

Protein identity
a
 Species Gene 

(synony

ms) 

% ID % 

S

I

M 

Comments 

9 clones 600 to 

70

0 

Hypothetical protein MAP4276 (MAP K-10) Not assigned 100 100 Hypothetical protein of unknown  

  NP_963210 MAV4358 (M. avium)  99 99 function 

   Rv3413c (M.tuberculosis)  65 82  

1 clone 200 Hypothetical protein MAP3799 (MAP K-10) Not assigned 95 100 Hypothetical protein of unknown  

  NP_962733 MAV4850 (M. avium)  95 99 function 

   Rv0311 (M. tuberculosis)  79 91  

   Mb0319 (M. bovis)  79 91  
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Number 

of 

cl

on

es 

Insert size 

(bp

) 

Protein identity
a
 Species Gene 

(synony

ms) 

% ID % 

S

I

M 

Comments 

3 clones 300 to 

40

0 

Hypothetical protein MAP0200c (MAP K-10) Not assigned 100 100 Hypothetical protein of unknown  

  NP_959134 MAV0195 (M. avium)  99 99 function 

   Rv3831 (M. tuberculosis)  77 77  

   Mb3861 (M. bovis)  77 77  

6 clones 1500 Hypothetical protein MAV1037 (M. avium)  Not assigned 98 100 Hypothetical protein of unknown  

       function 

        

 
a
Accesion number based on MAP strain K-10 database. 

% ID, percent identity; % SIM, percent similarity  
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                                         Table 3. MAP strain 316F PhoA fusion proteins for which N-terminus and signal sequences could not been determined. 

  

Number 

of 

cl

on

es 

Insert size 

(bp

) 

Protein identity
a
 Species Gene 

(synony

ms) 

% ID % 

S

I

M 

Comments 

1 clone 850 Hypothetical protein 

NP_960077 

MAP1143c (MAP K-10) Not assigned 100 100 not in frame with PhoA (frames = +2) 

5 clones 200 Hypothetical protein MAP2804 (MAP K-10) Not assigned 100 100 not in frame with PhoA (frames = +2) 

  NP_961738      

2 clones 200 and 

30

0 

Exodeoxyribonuclease 

III Protein 

NP_962850 

MAP3916c (MAP K-10) xthA 100 100 not in frame with PhoA (frames = +3) 

1 clone 650 Hypothetical protein 

NP_962655 

MAP3721 (MAP K-10) Not assigned 100 100 not in frame with PhoA (frames = +2) 

1 clone 700 Uridylate kinase MAP2946c (MAP K-10) pyrH 100 100 not in frame with PhoA (frames = +2) 

  NP_961880      

        

 
a
Accesion number based on MAP strain K-10 database. 

% ID, percent identity; % SIM, percent similarity  
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give false positive signals, because they do not have enough 

positively charged amino acids acting as ‘topogenic signals’ [26].  

 

Proteins that are destined to be secreted are normally synthesised 

bearing an N-terminal hydrophobic signal peptide [27]. The 

presence of a signal peptide was predicted in 13 of the 17 fusion 

proteins, for which the N-terminal could be identified (Table 1 and 

Table 2). Four fusion proteins identified in this study (Table 2) had 

no predicted signal peptide, but one of those had a predicted 

transmembrane segment. Transmembrane segments may allow the 

insertation of proteins in the cell membrane and function like signal 

peptides. Unlike a signal peptide that is proteolytically removed by 

signal peptidase shortly after translocation, transmembrane 

segments are not removed and they serve to anchor proteins to 

the membrane. For fusion proteins, this can lead to sequestration 

of PhoA outside the cell membrane, resulting in phosphatase 

activity. This is the principle upon which PhoA fusions have been 

used to study membrane protein topology [28]. The mechanism, by 

which the three fusion proteins with no predicted signal sequences 

in this study may have been exported, is not known. Lim and others 

[18] reported the presence of superoxide dismutase of 23 to 28 

kDa, with no characteristic signal peptide sequence and is found in 

short term culture filtrates of M. tuberculosis. These authors 

suggested that there may be a specific pathway for secretion of this 

enzyme by mycobacteria. In addition, some mycobacterial proteins 

including dnaK, heat shock protein GroES and ESAT-6 have been 

reported to be secreted without signal peptide [29, 30, 31].     

   

4. Conclusions 

The application of the PhoA reporter system, for the identification 

of MAP strain 316F exported proteins in this research, has led to 

the identification of 17 individual proteins. BlastP analysis of the 
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deduced amino acid sequences showed that the majority of the 

fusion proteins were higly homologous with proteins of MAP strain 

K-10 and they were similar, in a lesser extent, to proteins of other 

mycobacterial species including M. avium, M. tuberculosis, M. 

leprae and M. bovis.  
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Toxicity on Non Target Microbial Activities in Soils 
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The ecological dose value for assessing toxicity of the nitrification 
inhibitors (NIs) 3,4-dimethylpyrazole phosphate (DMPP), 4-
chloromethylpyrazole (CIMP), and dicyandiamide (DCD) on non-
target microbial activity in soils was determined by measuring 
dehydrogenase- and dimethylsulfoxide reductase activity and 
potential denitrification capacity (DHA, DRA, PDC) under laboratory 
conditions. Three soils of differently texture were treated with NIs 
solutions to give a concentration range of 0–1000 times of 
recommended doses. DHA, DRA, PDC were measured with 
standard procedure recommended to evaluate side effects of 
agrochemicals on microbial activity in soils. The kinetic of inhibition 
were obtained by dose-response relationships and used to 
calculate the no-observable-effect-levels (NOEL-values) and the 
ecological dose value at 10%- and 50% inhibition (ED10- and ED50). 
Negative effects on DHA, DRA and PDC were observed only at rates 
approximately 30-100 times higher than the concentrations 
recommended in the field. DHA, DRA and PDC were affected more 
in the sandy than in the silty or clayey soil. NOEL-, ED10- and ED50-
values were considerably higher in the clayey than in the silty or 
sandy soil. Among the 3 NIs tested, the ClMP exhibited the 
strongest negative effects on soil microbial activity.  
 
Keywords: ecological dose; soil microbial activity 
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1.  Introduction 

The concept of defining criteria for assessing changes in soil
 
quality 

is a well-accepted approach that has been widely addressed
 
in the 

literature (Pankhurst et al., 1997). Whereas physical and chemical
 

soil properties help define soil fertility and productivity,
 

soil 

biological functions are of equal importance. Recently,
 
there has 

been a growing interest in protecting soil habitat
 
function, which 

requires a quantitative assessment of toxicity
 
factors influencing 

soil processes mediated by microorganisms.
 
This concept is based 

on
 

ecotoxicology criteria that have been designed to provide 

protection
 
for the soil biological processes important for sustaining 

soil
 
fertility and quality in the ecosystem. Some bioassay methods 

of measuring soil microbial activities (dehydrogenase activity, 

dimethylsulfoxide reductase, and potential denitrification capacity) 

were used to assess their suitability for testing side effects of 

environmental chemicals on microbial activities.  Reproducibility 

and the sensitivity of the methods (and activities) were very 

important.  In these investigations, the agrochemicals like 

nitrification inhibitors (DMPP, ClMPP and DCD were applied at 

different dosages in different types of soils. The use of nitrifications 

inhibitors expected will be able to control the microbial ammonium 

oxidation which convert ammonium to nitrate, decrease N 

leaching, improve efficiency of N use by crops and decrease the 

nitrous oxides emission (Mc Carty, 1999). Finally, that NI has no 

negative influence on common microbial activity which is non 

target in soils (Trenkel, 1997).  

Dehydrogenase activity, present in all organisms, DRA, and PDC 

widespread under soil bacteria, describe the soil microbial activity 

(Casida et al. 1964; Alef and Kleiner 1989; Alef and Nannipieri 1995; 

Griebler 1997; Mueller et al 2002; Ottow, 2011). Dehydrogenase 

activity is sensitive to changes in soil (Rao et al. 2003) and other 

factors such as soil pollution with heavy metals (Hinojosa et al. 

http://jeq.scijournals.org/cgi/content/full/32/4/1346?maxtoshow=&hits=10&RESULTFORMAT=&fulltext=study+of+side+effects+microbial+activity+in+soils++and+water&andorexactfulltext=and&searchid=1&FIRSTINDEX=0&sortspec=relevance&resourcetype=HWCIT#BIB31
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2004) or herbicides (Wingfield et al. 1977) and seasonal changes in 

soil (Lopez-Gutierrez et al. 2004). So far, there is no information 

available about DMPP and ClMP non-target side effects on general 

microbial activities in soils and this open question is addressed in 

this paper based on the concept of an ecological dose (ED50, a NI 

concentration that inhibits a microbe-mediated processess by 50 

%). The concept was developed in addition to physioecological 

laboratory tests for having a parameter that can be easily 

determined in field experiments and may detect eventual NI-side 

effects on microbial non target processes (Haanstra and Doelman 

1991). A 50% reduction in basic ecological soil processes may be 

too extreme and thus lower percentage values of inhibition ED10 

(10 % reduction) and the no effect level equivalents (NOEL = 

highest dose that leaves no detectable effect, damage at constant 

uptake) were calculated for assessing stress parameters helpful in 

models to predict soil microbial sensivity levels (Babich et al. 1983; 

Haanstra et al. 1985; Kostov and van Cleemput 2001). Therefore 

the risk potential for the non-target soil microorganisms and main 

microbial processes should be assessed. Various organizations such 

as The International for Economic Cooperationn and Development 

(OECD), International Organization for Standardization (ISO), 

United States Environmental Protection Agency (USEPA) have 

developed standard laboratory test methods for evaluating the 

toxic effects of chemicals (especially agrochemicals like pesticides, 

fertilizers or crop protection products) on soil microorganisms.  
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2. Materials and methods 

 

2.1. Soils used 

Soil samples from 3 differently textured soils (a loamy clay, a loam 

and a loamy sand) were sampled (0-20 cm), air dried, sieved (< 2 

mm) and carefully homogenized. The soils were analyzed physico-

chemically (Table 1) by standard methods (Schlichting et al. 1995) 

and used in the incubation experiments.  

 

Table 1.   Physico-chemical properties of the differently textured 

soils used in the   model experiments 

 

2.2. Agrochemicals assessed 

 

DMPP (purity 99.9 %) and ClMP (99.7 %) were obtained from the 

BASF SE, Ludwigshafen, Germany, while DCD (purity 96%) was 

purchased from SKW Trostberg AG, Trostberg Germany. DCD has 

been extensively applied world wide and is considered as 

environmentally safe, because unintended side effects on microbial 

activity have not been recorded so far (Prasad and Power 1995). In 

the field recommendation rates of DMPP, ClMP and DCD were 
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0.36, 0.25 and 10 µg g
-1

 dry soil, respectively, coresponding to 90 kg 

N applied as ammonium sulphate ha
-1

.  In the model experiments 

increasing concentrations of NIs were applied at 0, 1, 5, 10, 25, 50, 

100, 250, 500, 750 and 1000 times, respectively, higher than the 

recommended rates in the field. 

 

2.3. Model experiments 

The dehydrogenase activity (DHA) was assayed according to the INT 

method (ISO 23753-2:2005) as developed by von Mersi and 

Schinner (1991) and using 2-(4-iodophenyl-3-(4-nitrophenyl)-5-

phenyltetrazolium chloride (INT) as alternative electron acceptor 

(Alef and Nannipieri 1995). The dimethylsulfoxide reduction activity 

(DRA) is another sensitive method to evaluate soil microbial 

activity. In this method soluble dimethyl  sulfoxide (DMSO, Merck 

Darmstadt) is added to the soil as an alternative electron acceptor 

which is subsequently incubated and reduced intracellularly into 

the soluble gas  dimethylsulphide (DMS) which is released into the 

atmosphere. The gas was  quantified by  gas chromatography 

(Perkin Elmer 8500) using a Hayesep-column (2.0 m; R 1/8, 80-100 

mesh, 160
0
 C,  N2 as carrier gas) and a FID  (220

o
C) as described 

earlier (Alef and Kleiner 1989; Alef and Nannipieri 1995). 

Denitrification as measured via the acetylene-inhibition-method. 

This method can be used to determine either actual denitrification 

under field conditions or potential denitrification under optimized 

laboratory conditions (anaerobiosis, addition of substrates, 

optimum temperatures). Acetylene was used to block the 

conversion from nitrous oxide to dinitrogen, which means that all 

the denitrified nitrogen can be measured as nitrous oxide by gas 

chromatography. Under O2-deficient condition nitrate can be used 

as an alternative electron for denitrification (N2O, N2 emission) by 

many soil bacteria and measured therefore as a potential 

denitrification capacity (PDC, Pell et al., 1998).  
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2.4. Statistics and Dose Response Relationship 

Non-linear regression techniques, analysis of variance (ANOVA) and 

Fisher
’
s least significant difference pair-wise comparison tests were 

applied for describing dose response-relationships (Stephenson et 

al. 2000).   ED10 and ED50 denote the doses of the NI concerned 

causing 10% and 50% inhibition, respectively, of nitritation. The 

highest dose at which no effect can be observed (NOEL= No 

Observed Effect Level) is a safe measure of the critical 

concentration that does not cause adverse effects. Significant 

differences at P < 0.05 level were obtained by using SigmaPlot and 

SigmaStat Software (SPSS Inc). NOEL, ED10 and ED50 were calculated 

by equation (1)  

 

Y = a/ {1 + exp [- (Xt - X0)/b]}                    (1) 

 

 in which  the  response Y equals the maximum response (a) 

divided by 1 + exp [- (Xt - X0)/b]; Xo and Xt  are the log NIs 

doses at the beginning and end of the experiment and b is a 

constant describing the NI-influence (Richter et al. 1996). 

The toxicity index (TI), calculated by dividing NI-

concentrations causing ED50 by the concentrations causing 

ED10 effects, describes the intensity in the decrease of the 

parameter concerned (USEPA 1984).  

 

3. Results and Dicussion 

The dehydrogenase- dimethylsulfoxide reduction activity and 

potential denitrification capacity (DHA, DRA, PDC) in the control 

soils, which have not received NIs, are shown in Tab. 2. These DHA- 

and DRA-estimates are in agreement with data published by others 

having used similar soils and are the basis for the evaluated NI side 

effects on non-target microbial activities (Alef and Kleiner 1989; 



 

 125 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

Casida 1977; von Mersi and Schinner 1991; Friedel et al. 1994; 

Griebler and Slezak 2001; Obbard 2001; Mueller et al. 2002; Makoi 

and Ndakidemi 2008). 

Tab. 2   Dehydrogenase- ,  dimethylsulfoxide reduction 

activity and potential denitrification capacity in soil samples 

from controls, that is soil not treated with the used 

nitrification inhibitors. 

 

 

 

Soil 

type 

 

Dehydroge

nase 

activity
1)

 

(µg  INF g
-1

 

dry soil and 

h
-1

) 

Dimethylsulfo

xide 

reduction 

activity
1)

 

(ng DMS g
-1

 

dry soil and h
-

1
) 

Potential 

denitrification 

capacity 

(µg g
-1

 dry soil 

and 6h
-1

) 

Silty 

clay 

Silt 

Loamy 

sand 

431.6 ± 3.4 

274.2 ± 2.3 

121.0  ± 0.9 

369.8 ± 2,5 

321.1 ± 2.6 

   96.5 ± 1.2 

          3.87 ± 

0,10 

          1,88 ± 

0,126 

           3,96.5 ± 

1.22 

              mean of  5 replicates ;  ± = standard deviation 

 

Generally, there is no clear toxicity difference between each 

nitrification inhibitors, due to NOEL, ED10 and ED50-values (Table 3). 

The use of these inhibitors on the dose of 100 times of the 

recommended dose does not negatively affect the soil 

environment. All three inhibitors affect non target microbial 

activities in sandy soils more effectively than in loamy or clayey 

soils. This is due to the influence of soil clay fraction content that 

plays a role in adsorption mechanism of inhibitors on the clay 

surface (Barth et. al., 2001; 2008).  For the vulnerability (sensitive) 



 

 126 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

level of various non-target microbial activity in the soil, it can be 

sorted that denitrification is more sensitive than dehydrogenase 

and dimethylsulfoxide reduction (PDC> DRA> DHA, Table 2). Based 

on these ecological dose values, it can be concluded that: Firstly, 

the NOEL values of DMPP and ClMP are generally considerably 

lower than that of DCD. Secondly, NOEL-values for all 3 NIs allow to 

rank the soils as clayey soil > loam soil > sandy soil. Apparently, the 

effects of these three NIs on non target microbial activities are 

stronger in the sandy and loam soils than in the clayey soil. This 

may be ascribed to rapid immobilization and inactivation of the NIs 

onto the clay minerals. Finally, ClMP shows stronger side effects on 

soil microbial activity than DMPP or DCD. Among the 3 tested NIs, 

DCD had the smallest effect on the activities of non target microbes 

in the soil.   
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Table 2.The NOEL-, ED10- and ED 50-values (µg NI g
-1

 dry soil) of dehydrogenase activity (DHA), 

dimethylsulfoxide reductase activity (DRA) and potential denitrification capacity (PDC)  as affected by 

the used nitrification inhibitors 

 

   

 

Parameters 

 

Soil 

Type 

 

Ecotoxicological dose value for 

DMPP 

NOEL    ED10       

ED50      Ti 

ClMPP 

NOEL  

ED10        

ED50       Ti 

DCD 

NOEL         

ED10       ED50       

Ti 

i).DHA Silty 

clay  

Silt 

loam  

Loamy 

sand  

Average 

91        133           

371          3 

30         72            

312          4 

25         56            

230          4 

49         87            

304          4 

32          66        

255           

4                     

28          58        

229           

4 

12          33       

147            

4 

24         52        

844            

1754        

6940         4 

550            

1126        

5558         5 

167               

809       4450         

6 

520            
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210            

4 

1230        

5649         5 

ii).DRA Silty 

clay  

Silt 

loam  

Loamy 

sand  

Average  

47      101             

365          4 

11        53              

287         5 

5          44              

266         6 

24        66             

306          5 

27         55        

215            

4 

19         48       

197             

4 

4           15       

133             

9 

17         39       

182             

6 

395             

1083      

4965          5 

296             

1102      

4533          4 

112              

402        

2597         6 

268               

862       4032         

5 

iii) PDC Silty 

clay  

Silt 

loam  

Loamy 

sand  

30        62             

241          4 

17        35             

193          6 

5          17             

150          9 

7           29       

155             

5 

6          12       

105             

13 

366               

761       2438        

3       

299               

646      2049         

3 



 

 129 
 

Average  17        38             

195          6 

2          11         

98             

15 

5          17        

119            

11 

159               

487      1724         

4 

275               

631      2070         

3 

Average Silty 

clay  

Silt 

loam  

Loamy 

sand  

Average  

59        99             

326          4 

19        53             

264          5 

12        39             

215          6 

30        64            

268           5

  

22        50       

208              

4 

18        39       

177              

7        

6          20       

126              

9 

15       36       

170               

6 

535             

1199       

4781        4 

382               

598       4047        

4 

146              

566        

2924        5 

354                

908      3917        

4 

   DMPP is 3,4-dimethylpyrazole phosphate (DMPP); ClMP is 4-chloromethylpyrazole (CIMP); DCD 

is dicyandiamide  
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In Table 3 NOEL-, ED10- and ED50-values (µg g
-1

 dry soil) of DMPP, ClMP and DCD on DHA,DRA and PDC, 

respectively, are compared. The highest NOEL-, ED10- and ED50-values, respectively, of all 3 NIs were 

recorded in the clayey soil. In the loam and sandy soils the level of these ecotoxicological values were 

lower. Apparently, soil texture has considerable influences on the side effect of the tested NIs. This is 

reflected by the toxicity index ranked as in the row clay < loam < sand. 4-chloromethylpyrazole is more 

effective in inhibiting PDC, DHA and DRA, respectively, than DMPP or DCD and PDC seems to be more 

sensitive to increasing NI doses than DRA or DHA.  
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4. Conclusion 

 In conclusion, at the application rates recommended, neither 

DMPP nor ClMP had negative effects on soil microbial activity in 

differently textured soils. Only at concentrations surpassing the 

recommended doses by 25 – 90 times (NOEL-levels, Tab.2), these 

NIs inhibited soil metabolisms. NOEL-values are the highest doses 

at which no effects can be observed and are considered to refer to 

the onset of a possible chronic toxicity. For laboratory experiments 

the average NOEL-values should be devided by 10 in order to 

obtain absolutely safe environmental thresholds. Yet, in this 

context we should have in mind that we are just in the beginning to 

understand the behaviour and activities of soil bacteria, archaea, 

protozoa, fungi, their syntrophy in biofilms, and of other soil 

communities (Benckiser and Bamforth 2010; Bannert et al. 2011). 

In the present cases these thresholds of DMPP and ClMP, 

respectively, are still far below possible hazards caused by the 

substances on soil microbial activity at the recommended field 

application rates. If DMPP and ClMP are compared, the latter 

seems to interfere with general soil metabolism earlier and 

somewhat stronger than the former. Meanwhile, 4-

chloromethylpyrazole has been withdrawn by BASF, Agricultural 

Center “Limburgerhof”, from research and it is not marketed 

because of its weak xenobiotic chemical character through the Cl 

substitution at the heterocyclic N ring. 
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Agrobacterium-mediated genetic transformation of Indonesian Black 
Orchid Coelogyne pandurata has been carried out for both improving 
quality of plant and studying gene function in plants. The aim of this 
experiment is to analyze the function of the KNAT1 (Knotted-like from 
Arabidopsis thaliana1) on in orchid plants system. The T-DNA of a 
disarmed Ti plasmid containing the coding region of a neomycin 
phosphotransferase II gene as a selectable marker and the KNAT1 
gene under the control of the Cauliflower Mosaic Virus (CaMV) 35S 
promoter was introduced into intact protocorms of the Black Orchid. 
The excistence of the transgenes in the genome of transformant 
plants was detected by PCR using universal primer (35SO-NOS) and 
specific gene primers KNAT1(KNAT1F1-R1). In vitro shoots induction 
from the positive transformant explants were conducted on Ѕ NP 
medium with addition of a combination of auxin (NAA, Naphtalene 
Acetic acid) and cytokinin (2-iP, 2-isopenthenyl adenine ) with a ratio 
of 1: 1 (0.15 and 3 μM). The results showed that three positive 
transformants have highly potention of shoot production that each 
produced 14, 43, and 64 shoots, respectively. In vitro culture using leaf 
dsics of the 35S::KNAT1 transgenic Black orchid on hormon-free 
medium also resulted in multishoots production. It suggests that 
multishoot production might be induced by overexpression function of 
the KNAT1 gene in transformant plants. 
 
Keywords: multishoot production, overexpression,  KNAT1 gene, orchid 
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1. Introduction  
Black Orchid (Coelogyne pandurata Lindley) is an endemic 

orchid from Kalimantan. The uniqueness of this orchid is on the 

appearance of the flower, that characterized by black color of 

labellum with green color of sepals-petals and fragranced. Because 

of these characters, people interest to hunt the black orchid in the 

forest. The local government stated that the population of this 

orchid in their original habitat is dramatically decreased, and 

threaten to be extinct.  

To solve this problem, micropropagation will useful for mass 

production of this orchid. Since the needs of orchids are always 

increase by the time for commercial trades, the conservation 

efforts should also be elaborated. Mass propagation through in 

vitro culture will become a good tool for these efforts. But, in 

orchids, there are many obstacles to do tissue culture, due to the 

slow growth rate and the long life cycle of orchid (Arditti and Ernst, 

1993). Recently, we developed an efficient technique for orchid 

micropropagation using genetic engineering through 

Agrobacterium–mediated genetic transformation of Knotted1-like 

Arabidopsis thaliana (KNAT1) gene into genomes of three genera of 

Indonesian orchids, i.e Phalaenopsis amabilis (L.) Blume (Semiarti 

et al., 2007 and 2010a), Vanda tricolor Lindley and Coelogyne 

pandurata Lindley (Semiarti et al., 2010b). Previous studies have 

reported succsessful works on  the use of Agrobacterium for 

genetic transformation in orchids, such as Belarmino and Mii (2000) 

inserted Escherichia coli B-glucuronidase (GUS) gene into 

Phalaenopsis orchids; the insertion of firefly luciferase gene into 

Dendrobium orchids (Chia et al., 1994) and the use of Dendrobium 

Orchid Homeobox1 (DOH1) gene to study the architecture of shoot 

in Dendrobium  (Yu et al, 2001). Our previous results showed that 

he insertion of KNAT1 gene into orchid genome resulted in 
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multishoot formation in P. amabilis and C. pandurata, but not in V. 

tricolor. In P. amabilis, there was 31-90 shoots emerged from one 

protocorm (developing orchid embryo), and in C. pandurata there 

was 4-7 shoots emerged from one transformant’s protocorm 

(Semiarti et al., 2010b). Further phenotypic and molecular analyses 

of the three transformants are carried out and will be discussed in 

this report to understand the function of KNAT1 transgene in black 

orchid. 

 

2. Materials and Methods 
Plant materials and culture condition 

Three independent developing transformants of Black orchids 

(Coelogyne pandurata Lindley) were used as plant materials. Shoot 

tip cultures of 35S::KNAT1 Black orchid transformant plants were 

maintained  on 100 mg. l
-1

 Kanamycin-containing New Phalaenopsis 

(NP) medium  (Islam  et al., 1998).  Half strength of NP medium 

with addition of 150 ml.l
-1

 coconut water  were used as cultivation 

medium. The growth medium was  supplemented with 150 mg.l
-1

 

potato, 150 mg.l
-1

 banana, 150 ml.l
-1

 coconut water, and growth 

regulators auxin (NAA) and cytokinin (isopenthenyl adenin, 2-iP) 

with equal ratio of concentration (1:1, 0.15 and 3 μM). In vitro 

shoots induction from shoot tip of the positive transformant 

explants were incubated at 25°C with 1000 lux continuous light. 

Number of shoots that emerged from each transformant shoot tip 

explant was counted and subjected for phenotypic analyses. 

 

Bacterial Strain and T-DNA Construct  for Genetic Transformation 

Agrobacterium tumefaciens strain LBA 4404 that contain Ti-plasmid 

that harbor 35S::KNAT1 or pGreen vector was used for genetic 

transformation in Black orchid.  Genetic transformation was carried 

out according to the method of Semiarti et al. (2007). The T-DNA of 

a disarmed Ti plasmid contains the coding region of a neomycin 
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phosphotransferase II gene as a selectable marker and the KNAT1 

gene under the control of the Cauliflower Mosaic Virus (CaMV) 35S 

promoter (Fig. 1). The Agrobacterium were overnight cultured at 

30
o
C in Luria Bertani (LB) medium, supplemented with 3 μg/ml 

Tetracycline (against Tet resistant gene in the plasmid outside T-

DNA region). Bacterial cells were collected by centrifugation, LB 

medium was replaced by ½ NP liquid medium to resuspend the 

culture of Agrobacterium. 

 

 

 

 

 

 

 

 

Figure 1. Schematic Structure of T-DNA harbor 35S::KNAT1.  LB, 

Left border; RB, Right Border, 35S: CaMV promoter; KNAT1 gene; 

HPT: Hygromycin phosphotransferase; Tnos: Nos terminal.   

 

DNA analysis by Polymearse Chain Reaction 

Genomic DNA was isolated and purified from leaves of three 

independent 35S::KNAT1 transformants of Black orchid according 

to Semiarti et al. (2007). Genomic DNA was amplified by PCR using 

both universal primer: 35SO(5’ TATCCTTCGCAAGACCCTTC) and 

NOS(5’ GTATAATTGCGGGACTCTAATCA) and KNAT1gene specific 

primers KNAT1F1 (5’ CTTCCTAAAGAAGCACGGCAG) AND KNAT1R1 

(5’ CCAGTGAC-GCTTTCTTTGGTT). PCR was performed with 30 

cycles of 94oCfor 1 min, 60oC for 30 seconds, and 72oC for 90 

seconds. Amplified DNA were sepharated by 0,8 % agarose gel 

electrophoresis and visualized under UV light, then captured by a 

NIKON Cool Pix 5000digital camera system (Nikon corp). 

A 

B 
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3. Results and Discussion 
 

Detection of KNAT1 gene integration into Black Orchid genome  

The shoots that regenerated from shoot tips of pGreen or 

p35S::KNAT1 positive transformants were examined for the 

presence of the KNAT1 gene by PCR amplification of 1,2 kb 

fragment of the KNAT1 cDNA. Four out of seven independent 

transformant lines were positive for the KNAT1 fragment (Fig. 2), 

and the other three transformant were negative, indicating that 

some transformants may be escaped. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2 Detection of KNAT1 gene integration into Black Orchid’s genome 

 

Multishoot Production in 35S::KNAT1 Black orchid plants 

Further analyses of the positive 35S::KNAT1 transformant of Black 

orchids show that eight months old transformants produced 

secondary growth by producing new shoots from the base of its 

shoot (Fig. 3).  Detail phenotypic analyses on the newly produced 

shoot(s), we classified the transformants into three levels of 

severity, i.e. normal, mild and severe shoot production. The normal 

 

1,2 kb 
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type shows that shoot was produced in normal pattern similar to 

that of wild type or non transformant; Mild phenotype if number of 

emerged shoots 16 shoots from one explant; Severe phenotype if 

number of emerged shoots is 64 shoots from one explant (Table 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Multishoots Production and Regenerated plantlets from Shoot Tip Explant 

of 35S::KNAT1 Black Orchid Transformant . Eight months after inoculation of shoot 

tip on culture medium. A. Wild type/Non Transformant; B-G. Transformants ; B. 

Multishoots emerged from one shoot tip; C. Transformant with bulbous; D. 

Transformant with developing roots; E. Transformant with normal phenotype ; F. 

Transformant with multishoots,  mild phenotype; G. Transformant with multishoots, 

severe phenotype. Bars. 1 cm. 
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Table 1. Regenerated plantlets from Shoot Tip Explants of Black Orchid 

Transformants, after 8 month cultivation 

 

Plant Genotype Number of shoots and length of the 

longest leaf of transformant that 

maintained on ½ NP Medium + a 

combination fo NAA: 2-iP 

0:0 0.15: 0.15 3:3 

NS LL 

(c

m) 

NS LL 

(c

m) 

NS LL 

(c

m) 

Wild type/NT 1 4 4 5 2 5 

Transformant #1 10 9 10 9 4 8 

Transformant #2 8 8 16 8 16 7 

Transformant #3 2 7 64 8 10 8 

Note: NS: Number of Shoots; LL; Length of the longest leaf 

 

These phenomena suggest that shoot formation in Black orchid 

transformant was accelerated by the insertion of 35S::KNAT1. It 

seems that the function of KNAT1 gene induces the cells of shoot 

tip explant become more responsive to cytokinine. High number of 

regenerated plants from shoot tips of transformant #3 (64 shoots) 

followed by transformant #2 (16 shoots). In the case of root 

development, regenerated shoots from transformant #2 was faster 

than that of transformant #3 (Fig. 3D). However, rooting in 

regenerated shoot from transformant #1 was the fastest. All 

transformant showed normal shape of shoot, bulbous and leaves 

(Fig. 3A-C).  About the leaf lengths of the regenerated shoots,  it 

seems that the leaf length of transformant  are longer than that of 

wild type or non transforman plants. This suggests that KNAT1 gene 

may involved in cell and organ enlargement through a coordination 

with leaf genes family. As proven by Semiarti et al (2001) that 
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ectopic expression of  KNAT1 gene in Arabisopsis leaf resulted in 

lobed leaves because of the repression of ASYMMETRIC LEAVES2 

gene in leaves.  In plant development, overexpression of  KNAT1 

gene will affect the expression of leaf genes, including genes that 

involved in cell enlargement/expansion.  Lincoln et al. (1994) 

obtained that the expression of maize knotted1 gene family in 

tobacco results in adventitious meristem development on leaves. 

Ectopic expression of KNAT1 (orthologous gene in Arabidopsis) in 

transgenic Arabidopsis transform simple leaf into lobed leaves and 

the leaves became smaller in size (Chuck et al., 1996). It is 

interesting that in orchid system, 35S::KNAT1 may induced  

adventitious meristem at the base of the original /normal shoot, 

that result in multishoots production in many levels (low, mild and 

severe). Each independent  transformant could be subcultured 

independently and grow well with newly produced roots. Such 

character will give good benefit for orchid micropropagation, 

especially for Black orchids. 

 

4. Conclusion 
The Arabidopsis KNAT1 gene induced multishoot formation in 

developing embryo and in shoot tip culture of Black Orchid (C. 

pandurata). The function of KNAT1 gene has stably maintained in 

secondary shoot growth of Black orchid transformant. The 

transformant line #3 is a high potential transformant line to be 

used as explant donor for micropropagation of Black orchids. 
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Vanda tricolor Lindl. var. suavis is an Indonesian wild orchid which 
is now extremely rare in nature due to its habitat destruction. 
Improvement of horticultural traits of this species through genetic 
modification could be valuable. The Objective of this research was 
to investigate the role of ascorbic acid and the pre-culture 
treatment on the Agrobacterium-mediated transformation of 
Vanda tricolor orchid. The T-DNA harbored the KNAT1 gene under 
the control promoter of 35S from Cauliflower Mosaic Virus (35 S 
CaMV promoter) and the NPTII gene, a kanamycin resistant gene 
as selectable marker for transformant selection. This T-DNA was 
constructed in the binary vector PGreen and transfer to the plant 
genome mediated by A. tumefaciens strain LBA4404. Transformed 
candidates were confirmed by PCR that amplified 1200bp KNAT1 
gene fragment using a pair of KNAT1 gene specific primer. Two 
factor of treatments were applied during transformation, i.e. pre-
culture of target transformation and application of ascorbic acid. 
The research investigated that treatment of pre-culture and 
application of ascorbic acid were absolutely required in the 
Agrobacterium-mediated transformation of Vanda tricolor orchid. 
Confirmation by PCR indicated that transgen was integrated in to 
the plant genome.  
Keywords: Vanda tricolor, agrobacterium, pre-culture, ascorbic 
acid. 
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1.  Introduction 

 Indonesia has more than 5000 species of orchid (Irawati, 

2002), one of them is Vanda tricolor Lindl.  This species has been 

reported to be extremely rare in nature due to forrest destruction 

(Gardiner, 2007).  Therefore, attention from researchers through a 

research concerning of this species could be valuable. 

 Researches on Agrobacterium-mediated transformation of 

some orchid species have been successfully done, such as on 

Cymbidium orchid (Chin et al., 2007), Dendrobium nobile (Men et 

al., 2003) , Phalaenopsis hybrids (Chai et al., 2002; Mishiba et al., 

2005), Phalaenopsis amabilis (Semiarti et al., 2007), Vanda hybrid 

(Shresta et al., 2007), and Vanda tricolor Lindl. (Dwiyani et al., 

2011), but none of them reported about the roles of pre-culture 

treatment and ascorbic acid on those Agrobacterium-mediated 

transformation.  

 Alimohamdi dan Bagherieh-Najjar (2009) proposed that 

treatment of explants (target of transformation) before 

innoculation and antinecrotic treatment (such as antioxidant)  may 

increase tranformation efficiency.  In the current research, we 

compared between explants did not pre cultured and precultred 

before innoculation, and also we compared between application of 

ascorbic acid and none, therefore, the roles of pre culture 

treatment and application of ascorbic acid on the Agrobacterium-

mediated transformation can be explored. 

 The Objective of this research was to investigate the effect 

of pre-culture treatment of the target of transformation (before 

inoculation)  and ascorbic acid on the percentage of transformant 

candidates in Agrobacterium-mediated transformation  of V. 

tricolor orchid. 
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2.  Methods 

 Eight week-protocorms of V.tricolor orchid (forma Bali) 

were used as target of transformation.  Three days before 

inoculation, some of these protocorms were pre cultured on New 

Phalaenopsis  medium (Islam et al, 1998) added with 1.5ppm 2,4-D 

and some of them were not (treatment 1).  Ascorbic acid (C6H8O6)  

concentration of 0, 15 and 50 ppm were applied in the step of 

bacterial elimation during transformation (treatment 2). Gene 

transfer was mediated by Agrobacterium tumefaciens. 

 The T-DNA harbored the KNAT1 gene under the control of 

35S  promoter from Cauliflower Mosaic Virus (35 S CaMV 

promoter) and the NPTII gene, a kanamycin resistant gene as 

selectable marker for transformant selection.  This T-DNA was 

constructed in pGreen binary vector and it was transferred to the 

plant genome by A. tumefaciens strain LBA4404.  The T-DNA 

construct was obtained from Dr. Endang Semiarti (Faculty of 

Biology, Gadjah Mada University, Indonesia) as shown in Figure 1. 

 

 
 Protocorms was inoculated with Agrobacterium by 

immersing them for 30 minutes in Agrobacterial suspension which 

consist of 1 part of Agrobacterium culture  and 5 part of liquid New 

Phalaenopsis (NP) media (diluted 5 times).  Tweenty five ppm of 

Acetosyringone (AS) and 20 µl tween were added in this 

suspension.  After that, these  protocorms were airdryed for an 

hour , then cocultivated for 3 days in the solid NP medium added 



 

 147 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

with 1.5 ppm 2,4-D and 25 ppm AS.  Protocorms were then 

immersed in the 1/2  NP liquid medium (without sugar) added with 

50 ppm carbenicillin, and then put on the 50 ml-falcon tube. 

Protocorms (in the falcon tube) were then shaked with shaker for 7 

days in the 1/2 NP liquid media (without sugar) added with ascorbic 

acid (in various concentration) and 50 ppm of carbenicillin.  

Protocorms  were then  moved in to the 1/2 NP solid medium 

added with 5 µM 2-iP,  0,15 µM NAA  and 50 ppm carbenicillin.  

After 7 days in this solid medium, protocorms were cleaned from 

bacteri by immersing them for 60 minutes in the 1/2 NP liquid 

medium (without sugar) added with 200 ppm carbenicillin.  After 

that, protocorms were selected with antibiotic kanamycin by 

planting them in the NP solid media contained 300 ppm kanamycin 

and 50 ppm carbenicillin.  Selection lasted for 5 weeks, and 

subcultured was done every week.  Green protocorms were 

collected as transformant candidates and growed for 5 weeks in 

the NP solid media contained 5 µM 2-iP,  0,15 µM NAA   for shoot 

regeneration.  All solid media was solidified with gellan gum (2,25 

gl
-1

). 

 DNA was isolated (Doyle and doyle,1990) from a little part 

of leaf.  Transformant candidates were confirmed by PCR using a 

pair of KNAT1 gene specific oligonucleotide primer i.e. KNAT1F1 

and KNAT1R1 (Semiarti et al., 2007). 

 

 

3.  Results and Discussion   

 Table 1 shows the percentage of transformant candidates 

(green protocorms) after 5 weeks on the selection medium.   The 

percentage of transformant candidates increased with pre culture 

tratment (compared between 1 and 2 in the same treatment of 

ascorbic acid), indicated that treatment of target transformation 

prior to inoculation (by subculturing them on the new medium ) 
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was absolutely required.   This result was in line with the result of 

preliminary research by Dwiyani et al. (2010)  in V. tricolor orchid 

forma Merapi  and Mishiba et al (2005) in Phalaenopsis orchid.  The 

cell-cycle progression might be induced during pre culture (Mishiba 

et al, 2005), and T-DNA transfer is likely occur in cells with this 

condition (Villemont et al, 1997).  2,4-D in the pre culture medium 

in the current research may cause dedifferentiation and actived 

cells of the protocorms and then made thems more easier to be 

transformed.  Beside that, refreshment of the medium may cause 

protocorms were more healthy and more compatible to be 

transformed.   

 

Tables 1.  The effects of pre culture treatment and accorbic acid on 

the percentage of transformant candidates 

  

1 2 

Concentration of ascorbic acid 
added during transformation 

Concentration of ascorbic acid added 
during transformation 

0 ppm 15 
ppm 

50 ppm 0 ppm 15 ppm 50 ppm 

(1.32±0.009% (7.82±
0.99)
% 

(16.72±2.
27)% 

(5.35±0.0
05)% 

(12.58±2.2
1)% 

(18.49±0.6
5)% 

Notes : 1 = without pre culture treatment; 2= with pre culture 

treatment.  The percentage was average from 3 replication, each  

replication was 500-800protocorms. 

 

 Addition of ascorbic acid increased the percentage of 

transformant candidates. The percentage was higher with the  

increase of concentration of ascorbic acid.  This result was 

consistent and reproducible in both protocorms that were pre 

cultured and were not, indicated that ascorbic acid was required in 

the Agrobacterium-mediated transformation of V. tricolor orchid.  
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Reactive Oxygen Species (ROS) was produced as a results of 

mechanism defence of plant cells caused by bacterial infection (Wu 

et al., 1995; Wojtaszek, 1997).  ROS is very reactive and reacts with 

biomolecul, produced new ROS and caused browning (Dan, 2008).  

The current research found that browning of protocorms was 

caused by bacterial infection and addition of ascorbic acid  can 

prevent plant cells from browning (Figure 2).  Increasing the 

number of protocorms survived after bacterial infection lead to 

increase of transformant candidates survived after selection.  

Therefore, the percentage of transformant candidates was 

increased with the addition of ascorbic acid.   

 

 

 

 

 

 

 

 

 
Figure 2.   Condition of protocorms after 7 days treated with 50 ppm of ascorbic acid 

(B) and not treated (A) 

Barr = 3mm 

 

 Confirmation the transgene by PCR indicated that 

transgene was integrated in to the plant genome as shown in 

Figure 3.   Three samples contained 1200bp of DNA fragment, 

indicated that the transgene was sucsessfully integrated in to the 

plant genome.  

 

 

 

B A 



 

 150 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.  The electrophoregram of DNA amplification of transgene by PCR 

M= DNA marker of “100bp Plus DNA Ladder” from Vivantis. (NL 0403); 1-3 = samples 

of transformant candidates ; 

WT = Wild Type; Yellow arrow shows 1200 bp of DNA fragment of KNAT1 gene. 

 

4.  Conclusion 

 The research concluded that pre culture treatment and 

application of ascorbic acid were absolutely required in the 

Agrobacterium-mediated transformation of Vanda tricolor orchid.  

Confirmation by PCR indicated that transgene was integrated in to 

the plant genome. 
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Flowering locus T (FT) genes family have been reported as the 
important genes to control the transition from vegetative to 
reproductive growth stage in several plant species. An FT- like gene 
has been isolated from wild orchid Phalaenopsis amabilis, 
hereafter named PaFT. To analyze the function of this gene, in this 
research, we have introduced the PaFT gene under the control of 
Ubiquitin strong promoter (Ubi-pro::PaFT) into P. amabilis genome 
through Agrobacterium-mediated transformation. Integration of 
Ubi-pro::PaFT into the P. amabilis genome was analyzed by PCR 
using Ubi Forward and TNos Reverse primers. PCR analysis from 
the transgenic P. amabilis yield an 1170 bp DNA fragmen that 
indicate insertion of Ubi-pro::PaFT fragmen. The frequency of 
transformations was in the ranged from 1.86 to 3.34 percent. 
Molecular analysis on the function of Ubi-pro::PaFT in 
transformant orchid plants is now in progress.  
 
Keywords: flowering gene (PaFT), insertion,  Phalaenopsis amabilis, 
orchid, Agrobacterium tumefaciens  
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1. Introduction 
Orchid is a high aesthetic plant with a high economic 

value. There are more than 5000 species of wild-type orchids in 

Indonesia (Irawati, 2002).  Phalaenopsis amabilis (L.) Blume is a 

very potential orchid that is used as a parental plant to produce 

some hybrid orchids. Flowering of this orchid is very important, in 

which transition from vegetative to reproductive phase is 

important to ensure sexual reproduction.  In term that orchid is 

planted for its flowers, therefore short time waiting for flowering is 

expected.  P. amabilis has a long period of vegetative phase (about 

2 years since the time of seed sowing). It needs advanced 

technologies to accelerate the flowering. Up to now the 

acceleration of orchid flowering is mostly done by manipulating 

environmental conditions, as well as the use of phytohormones, 

but the result is still insufficient. Another approach such as genetic 

engineering is needed to get the appropriate target for flowering. 

Genetic engineering using flowering gene will give benefit 

appropriately to induce early flowering.  

There are about 80 important genes predicted to be 

involved in flowering, the Flowering locus T (FT) is predicted as a 

key gene in the molecular regulation of flowering in Arabidopsis 

(Kobayashi et al., 1999; Kardailsky et al., 1999; Turck et al., 2008). 

FT encodes the formation of a protein that serves as the primary 

signal in flowering (Florigen). Several genes that have similarity 

with FT (FT-like genes) have been identified and characterized from 

various plants, e.g: Heading date 3a (Hd3a) and RFT1 from rice 

(Kojima et al., 2002; Komiya et al. , 2008), Medicago trucantula FT 

(MtFTa1) from Medicago (Laurie et al., 2011), Malus domestica FT 

(MdFT1 and MdFT2) from apple (Kotoda et al., 2010), Picea Abies 

FT (PaFT4 ) from spruce (Gyllenstrand et al., 2007), and Poplar FT 

(FT2) from Poplar (Hsu et al., 2006). Overexpression of FT-like 

genes shorten the periode of juvenile phase of plants and induce 
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early flowering, while mutation of these genes resulted in late 

flowering.  

Recently a FT-like gene has also been isolated from P. 

amabilis namely PaFT by Dr. Seonghoe Jang (Academia Sinica, 

Biotechnology Center in Southern Taiwan, 2010, personal 

communication). This gene has been cloned in pGA plasmid under 

the control of constitutive promoter Ubiquitin (Ubi). 

Overexpression of this FT gene (Ubi-pro::PaFT)  in P. amabilis  was 

carried out using Agrobacterium tumefaciens. Compare to other 

method, the use of  Agrobacterium relatively easy and cheap, 

therefore it has been used in genetic transformation of orchid 

(Zhang et al., 2010; Semiarti et al., 2007; Shrawat and Lorz, 2006; 

Shrestha et al., 2007; Sjahril et al., 2006; Mishiba et al., 2005; Liau 

et al., 2003; Yu et al., 2001; Belarmino and Mii, 2000). The objective 

of this research is to insert Ubi-pro::PaFT fragmen to P. amabilis 

genome through Agrobacterium-mediated transformation to get a 

new orchid cultivar with acceleration of flowering. 

 

2. Methods 
Materials 

The plant materials were 3-6 weeks old P. amabilis protocorms. 

Protocorms are produced by sowing seeds from mature fruit (4 

months after self pollination) on New Phalaenopsis (NP) medium 

that have been modified by addition of 150 ml.L
-1

 coconut water 

and 100    mg.L
-1

 tomato extract (Semiarti et al., 2010).  

 

Plasmid Vectors and Bacterial Strains 

Agrobacterium tumefaciens strain LBA4404 that contains Ubi-

pro::PaFT carrying plasmid  (pGAS102) and empty plasmid  

(pGA3426) is used as the source of gene and control experiment, 

respectively. These clones were obtained from Dr. Soenghoe Jang 

(Academia Sinica, Biotechnology Center in Southern Taiwan).  
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Co-cultivation and Selection 

Agrobacterium-mediated transformation is done according to 

Semiarti et al. (2007) with several modifications. A colony of  both 

Agrobacterium that carry pGA3426 and pGAS102 inoculated in 5 ml 

of liquid LB medium containing 5 mg.L
-1

 Tetracycline and incubated 

at 28
o
C for 2 days. After that, 1 ml of this culture was subcultured 

in 9 ml of new medium containing 50 mg.L
-1

 Acetosyringone and 

incubated overnight. 10ml of  Agrobacterium culture (OD600 = 0.8-

1)  were centrifuged at 5000 rpm for 10 minutes. Bacterial pellets 

then resuspensed with NP medium. Suspension of bacterial culture 

was then diluted with  liquid NP medium at ratio 1: 4 (v / v) and 

used for cocultivation.   

Prior to cocultivation, orchid protocorms were subcultured 

for 4 days in solidified NP medium containing 1 mgl
-1

   2,4-D and 50 

mgl
-1

  acetosyringone. In cocultivation, precultured protocorms 

were collected and immersed in diluted Agrobacterium suspension 

that is supplemented with 2 drops of Tween20 and 50 mgl
-1

 

acetosyringone  in a new sterile petridish for 30 min. These 

protocorms were then transferred onto sterile filter paper to dry 

and cultured  onto solidified NP medium containing 1 mgl
-1   

2,4-D 

and 50 mgl
-1

  acetosyringone.  Elimination of Agrobacterium was 

done by washing protocorms with sterile destilated water for 3 

times and continues with washing medium (no sugar added liquid 

NP medium containing 25 mg.L
-1

 Meropenem). The last washing 

was done 2 days (the medium was changed every day) with 

agitation (100 rpm) . Protocorms were then transferred onto sterile 

filter paper to dry and cultured onto solidified NP medium 

containing 5mM 2-IP, 0.15mM NAA, and 100 mgl
-1

 carbenicillin for 

a week to inhibit Agrobacterium overgrowth. Growing were rinsed 

thoroughly with liquid NP medium containing 25 mg.L
-1

  

Meropenem, then transferred onto medium containing 5mM 2-IP, 

0.15mM NAA, 100 mgl
-1

  carbenicillin and 10 mg.L
-1

  Hygromycin as 
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selection agent for 6 weeks. Subculturing on the same selection 

medium was done every 2 weeks. After selection, protocorm were 

regenerated on solidified NP medium containing 5mM 2-IP, 

0.15mM NAA. 

 

Analysis of the transgene in P. amabilis genome  

Analysis of gene insertions in P. amabilis genome was performed by 

PCR. Genomic DNA was isolated from small cut of protocorms.  

Amplification of Ubi-pro::PaFT DNA fragment from P. amabilis 

genome performed using Ubiquitin (forward: 5'-

TTGTCGATGCTCACCCTG-3 ') and TNos (reverse: 5'-

GATCTAGTAACATAGAT GACACCGCG-3')  primers.  The DNA 

amplification was carried out by PCR using the following conditions: 

5 min at 94
o
C for the first denaturation of DNA; 35 cycles of 1 min 

at 94
o
C for denaturation, 30 sec at 59

o
C for annealing, and 1.5 min 

at 72
o
C for elongation; and 5 min at 72

o
C for Post PCR. Amplified 

DNA was then checked on 1% gel electrophoresis, stained with 

green fluorescence staining (Good View), and visualized with UV-

transilluminator. 

 

3. Results and Discussion 
In this research we use hygromycin containing medium to 

select putative transformant. This selection agent is due to HPT 

gene that is used as selectable marker. Almost all of the 

protocorms are died in 6 weeks after sub-cultured in selection 

medium (Table 1 and Figure 1). All of the non-cocultivated 

protocorms were able to regenerate on medium without 

hygromycin, while only 0.3 % protocorms retain green on 

hygromycin containing medium. We got several putative 

transformantt from cocultivated protocorm with both pGA3426 

and pGA102 (Table 1 and Figure 1). At first (4 weeks after 

selection), most cells of the protocorms were turned into brown 
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and finally died on selection medium, but then (in 2 weeks later) 

small creamy white cell colonies with hygromycin-resistance 

initiated to grow from the browned or dead cell population. These 

cells then grow to be a small greenish yellow protocorm-like bodies 

(PLB) (Figure 2). This result indicates there is only several cells of 

protocorm that their genome were successfully inserted with the 

HPT and PaFT transgene. It is similar to the previous result of 

Agrobacterium-mediated transformation in Phalaenopsis (Sjahril et 

al., 2006). There are 6.7 % putative transformant resulted from 

pGA3426 containing Agrobacterium cocultivated protocorms and 

2.7 % putative transformant resulted from pGAS102 containing 

Agrobacterium cocultivated protocorms. The difference of 

transformation frequency is assumed because of vector (pGA3426) 

has smaller size of the T-DNA. This makes it easier to be inserted in 

the target genome.  

 

Table 1.  Transformation Frequency of pGA3426 and pGAS102 

containing Agrobacterium into protocorms 

 

Treatme
nt  

Hygromy
cin  (10 
mg.L

-1
) 

Replicati
on 

Total 
Protocor
m 

Retainin
g Green 
Protocor
m 

Transfo
rmatio
n 
Freque
ncy     
(%) 

Average of 
Transform
ation 
Frequency  
(%) 

a
 NT 

 
1 
 

- 1 335 335 - - 
 2 327 327 - 

2 + 1 357 1 - 
- 

2 329 1 - 
b
T#1 

 
+ 
 

1 382 25 6.5 
6.7±0.2 

2 411 28 6.8 
c
T#2 

 
+ 1 546 12 2.2 

2.6±0.6 
2 565 17 3.0 
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a
non cocultivated (Wild Type/Non Transformant) protocorms 

b
pGA3426 containing Agrobacterium cocultivated protocorms 

c
pGAS102 containing Agrobacterium cocultivated protocorms 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. The growth of putative transformantt on NP medium with and without 

hygromycin, in 6 weeks after subculture. A, NT protocorms on NP medium without 

hygromycin as positive control. B, NT growth on hygromycin containing medium as 

negative control. C, T#1 growth on hygromycin containing medium. D, T#2 growth 

on hygromycin containing medium. Arrows point to the green protocorm that 

survived growth on Hygromycin containing NP medium. Bar: 6 mm 
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Figure 2. Regenerated small cell colonies forming greenish PLB. Bar: 1 mm 

 

We have analyze Ubi-pro::PaFT fragment insertion in a putative 

transformantt genome from both leaves and roots. There is a 1.11 

kb fragment that indicates Ubi-pro::PaFT inserted in P. amabilis 

orchid genome (Figure 3). This Molecular analysis is still in progress. 

We still analyze transgene integration with other putative 

transformantts and will be continued with trangene expression 

analysis in RNA level.   

 

 

 

 

 

 

 

 

 
Figure 3. Detection of Ubi-pro::PaFT/transgene insertion in orchid transformantt. 

M, molecular marker. 1, Ubi-pro::PaFT insertion analysis from T0. 2, Ubi-pro::PaFT 

insertion analysis from leaf of T2. 3, Ubi-pro::PaFT insertion analysis from root of T2. 

Arrow points to 1.11 kb fragment. 
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4. Conclusion 
 Several putative tranformants have been regenerated 

from both T#1 and T#2 with transformation frequency about 2.7 

and 6.7 %.  Ubi-pro::PaFT insertion analysis from both leaf and root 

of T#2 by PCR yielded 1.11 kb fragment. 
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fermentum from Local Chicken Crop 
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The improper use of antibiotics in poultry farm may have 
detrimental side effects due to possible pathogenic bacterial 
resistance and antibiotics residue left in the edible chicken tissue. 
Providing good bacteria (probiotics) like Lactobacillus sp. may be 
an alternative for antibiotics. The aims of this study are to identify 
and characterize candidate bacteria Lactobacillus sp. (isolate CrE3 
and CrE5) isolated from local chicken crop. Morphological and 
biochemical identification supported that both isolates were 
hetero fermentative Lactobacillus fermentum. Generally, both 
isolates grew optimally in culture conditions: incubation 
temperature of 42 

0
C, with initial pH culture of 5-7. Moreover, 

isolates CrE3 and CrE5 had inhibitory activities against pathogen E. 
coli ATCC 8739. Results of this study suggest that Lactobacillus 
fermentum has a potency to be a probiotic.  
 
Keywords: Characterization, identification, Lactobacillus 
fermentum, local chicken. 
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1. Introduction 
Eggs and meats of chicken are consumed as one of the main 

sources of animal protein by many people in Indonesia. One of the 

most serious threats in the poultry industry is infectious diseases. 

Chicken that had been exposed to infectious pathogens will be a 

potential to spread the disease to the entire poultry farm, which 

could causesevere economic losses. Attempts that try to prevent 

infection by pathogens in chickens are to utilize antibiotics and to 

strengthen the immune system of chicken. The improper use of 

antibiotics in poultry farm may have detrimental side effect due to 

possible pathogenic bacterial resistance and antibiotics residue left 

in the edible chicken tissue.  

One of the factors that affect the chicken immune system 

is the balance of micro flora in its digestive tract. Imbalance of 

micro flora in the gut will lead to the pathogenic microorganisms 

grow and rapidly colonizes the intestine which can cause disease in 

chickens (Gismondo et al., 1999). To overcome these problems, the 

application of probiotics is required to maintain the balance of 

micro flora composition (Herich & Levkut, 2002). Most of the 

probiotic bacteria belong to the lactic acid bacteria. According to 

Fuller (1989), probiotic is a live microbial feed supplement which 

beneficially affects the host animal by improving its intestinal 

microbial balance. Probiotic act antagonistic against pathogen in 

several ways, eg. lowering the pH due to the production of organic 

acids; the ability to secrete a variety of antimicrobial compounds 

such as bacteriocins and H2O2; competing for nutrients and place 

for adhesionin the gut lumen and modulate the immune system of 

chickens (Vesterlund, 2009). Therefore, administration of probiotics 

in chickens has the potential to overcome bacterial pathogens, 

parallel to which it could reduce the usage of antibiotics which are 

commonly applied in the poultry farm. Probiotic bacteria that have 

been widely known belong to most of the group of lactic acid 
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bacteria in particular those from the genus Lactobacillus. Until now, 

the information of Lactobacillus sp. from local chicken crop is still 

very limited in Indonesia. Previously, we isolated candidate bacteria 

Lactobacillus sp. from local chicken crop. In this study, two 

candidates Lactobacillus sp. were identified and tested for ability to 

inhibit bacterial pathogen growth.  

 

2. Methods 
Two candidates Lactobacillus sp. (CrE3 and CrE5) isolated from 

local chicken crop in our previous study were characterized based 

on colony and cell morphology, simple biochemical characters and 

molecular identification.  

Morphological identification: Candidate Lactobacillus sp. CrE3 and 

CrE5 were grown in MRS (deMan, Rogosa and Sharpe) agar 

supplemented with 0.5 % (w/v) CaCO3 were incubated micro 

aerobically at 37 °C for 24 h. Colony morphology of isolates were 

characterized based on color, form, edge, and elevation of single 

colony. Morphology of isolated cells was characterized based on 

Gram-stain reaction and endospore staining (Malachite green).  

Biochemical identification: The basic biochemical characterization 

of Lactobacillus sp. was analyzed by using catalase test, also acid 

and gas production test (from glucose as carbon source). Catalase 

activity test was performed by observing the formation of gas 

bubbles in the wet swab isolate with one drop of 3% H2O2. If isolate 

has catalase enzyme, H2O2 would be broken down into water and 

O2 as seen as gas bubbles. Gas production test was performed by 

observing the formation of gas bubbles in the durham tube placed 

upside down in a liquid culture of isolate (in MRS medium). Acid 

production test was confirmed by measuring the change of pH 

culture medium at the beginning and ending of incubation period 

(24 h). 
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Molecular identification: Molecular identification of two isolates 

was done by comparison of 16S rRNA gene sequences. 16S rRNA 

gene sequences of each isolate (±1.5 Kb) were amplified by colony 

PCR method using 27f and 1492r primers. Result from PCR DNA 

product was then purified and sequenced. Homology search was 

conducted for 16S rRNA gene sequence of each isolate compare 

with data in GenBank NCBI using nucleotide BLAST program.   

Physiologicalcharacterization: Inoculum was prepared by growing 

each isolate in MRS broth medium, which were incubated micro 

aerobically at 37 °C for 24 h. 1 % (v/v) of fresh inoculum was 

inoculated to a sterile MRS broth medium for different treatments. 

For examining the effect of incubation temperature on the growth 

of isolate, cultures were incubated in four different incubation 

temperatures: 25, 37, 42, and 45 °C. For examining the effect of pH 

medium on the growth of isolate, medium cultures were adjusted 

into various pH: 2, 3, 4, 5.5, 6, 6.5, 7 and 8. For all treatments, 

cultures were incubated for 24 h and cell growth was measured by 

OD600. 

Inhibition activity test: Inhibition activity test was conducted 

against E. coli ATCC 8739 using agar well-diffusion method. E. coli 

ATCC 8739 was inoculated into NA medium using pour plate 

method. 50 μl culture or supernatant of each isolate was placed 

into a 6 mm-diameter well. Plates were incubated aerobically at 37 

°C for 24 h. Inhibition zone of isolate is diameter of clear zone 

reduced by well diameter.  
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3. Results and Discussions 
Identification of isolateLactobacillus sp. CrE3 and CrE5 

Colony morphology of both isolates was shown as rounded form, 

white color, entire edge, convex elevation, and shiny surface 

(Figure 1). 

 

 
Figure 1. Colony morphology of Lactobacillus sp. CrE3 and CrE5 

Lactobacillus sp. CrE3 and CrE5 were grown on MRS medium in adition of 

0.5% (w/v) CaCO3 and 

incubated at microaerobic condition at 37 °C for 24 h. 

 

Gram-staining results showed that both isolates were rod-shaped 

Gram-positive bacteria. Cell size of Lactobacillus sp. CrE3 was 1.8 

μm length x 0.9 μm width, while Lactobacillus sp. CrE5 was 2.0 μm 

length x 1.0 μm width. Results of endospore staining of two isolates 

reveals that both isolate were not able to form an endospore. 

Results of the study from cell colony morphology study of two 

isolates support that Lactobacillus sp. CrE3 and CrE5 belong to the 

genus Lactobacillus.   
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Results of catalase test on Lactobacillus sp. CrE3 and CrE5 

showed that Lactobacillus sp. CrE3 and CrE5 had no catalase 

activity. Both isolate showed positive result for gas and acid 

production test (form glucose as carbon source were observed). 

Thus, morphological and biochemical identification examination 

supported that isolate CrE3 and CrE5 were heterofermentative 

Lactobacillus sp.  

To know species name of both isolates, molecular 

identification was done. Colony PCR method was used to amplify 

16S rRNA gene using universal bacteria primers (27f and 1492r). As 

shown in Figure 2, the results of PCR DNA products showed a single 

band of 1.5 Kb of PCR products on agarose gel from Lactobacillus 

sp. CrE3 and CrE5. PCR DNA products were purified and sequenced. 

Results of DNA sequencing were subjected to homology search and 

compared with data in GenBank (National Center of Biotechnology 

Information). Based on the top ten BLAST results, Lactobacillus sp. 

CrE3 and CrE5 were Lactobacillus fermentum.  
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Physiological characterization of Lactobacillus sp. CrE3 and CrE5 

By studying the incubation temperature and pH influence of 

growth, both isolates show optimal growing at 42 °C, however both 

isolate show clear difference when grow at  45 °C. Lactobacillus sp. 

CrE3 unable to grow at an incubation temperature 45 °C while 

Lactobacillus sp. CrE5 can still grow, although not optimal. 

Lactobacillus sp. CrE3 and CrE5 grew optimally at initial pH medium 

of 5 to 7. Both isolates could not grow in initial pH medium of 2, 3 

and alkaline condition (pH 8). However, there was a difference 

between these two isolates. Lactobacillus sp. CrE3 could not grow 

at initial pH medium of 4, while Lactobacillus sp. CrE5 could still 

grow, although not optimal. At this point and also supporting data 

from melecular identification and physiogical characterization that 

the Lactobacillus sp. CrE3 and CrE5 are not identical, and are as two 

different strains of Lactobacilus fermentum.  

 

Inhibition activity of Lactobacillus sp. CrE3 and CrE5 against E. coli 

ATCC 8739 

Stationary cell suspension (24 h) and its supernatant from both 

isolates showed inhibitory activity against the pathogen E. coli 

ATCC 8739 in a agar-well diffusion assay with a similar inhibition 

intensity (Table 1), which is 8.6 mm (suspension) and 9.0 mm 

(supernatant) for Lactobacillus sp. CrE5, and 8.8 mm and 8.8 mm 

for Lactobacillus sp. CrE3, respectively. It is interesting to know 

what kind of microbial compound resposible for the inhibitory 

activity, as it is knownLactobacillus spp. has the ability to 

produceH2O2, lactic acid or bacteriocin (Vesterlund, 2009). 
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Table 1. Inhibition activity test of Lactobacillus sp. CrE3 and CrE5 against E. coli 

ATCC 8739 

 

No. Sample Inhibition zone 

(mm)* 

1 Ampicillin sodium salt 62.5 μg/ml 

(positive control) 

13.0 ± 0.00 

2 MRS liquid medium (negative 

control) 

0.0 ± 0.00 

3 Culture medium of Lactobacillus sp. 

CrE5 

8.6 ± 0.55 

4 Supernatant of Lactobacillus sp. 

CrE5 

9.0 ± 0.00 

5 Culture medium of Lactobacillus sp. 

CrE3 

8.8 ± 0.45 

6 Supernatant of Lactobacillus sp. 

CrE3 

8.8 ± 0.45 

*) Data represents mean ± standard deviation of 5 replicants.  

 

Based on morphological, biochemical and molecular identification 

also physiological characterization performed in this study, 

Lactobacillus sp. CrE3 and CrE5 identified as two different strains of 

Lactobacillus ferementum, hereafter refer as Lactobacillus 

ferementum CrE3 and Lactobacillus fermentum CrE5.  

 

The presence of Lactobacillus fermentum in chicken digestive tract 

thought to contribute the chicken health. Lactobacillus fermentum 

has a wide antimicrobial activity, as in E. coli, Staphylococcus 

aureus, and Salmonella typhimurium (Reque et al., 2000).Thus, 

Lactobacillus fermentum may contribute to chicken health.  

 

 



 

 170 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

4. Conclusions 
Based on morphological, biochemical and molecular identification, 

both candidate Lactobacillus sp. CrE3 and CrE5 isolated from local 

chicken crop identified as Lactobacillus ferementum. Both isolates 

grew optimally at conditions: incubation temperature of 42 °C and 

initial pH medium culture of 5-7. Lactobacillus ferementum CrE3 

and CrE5 had inhibitory activities against pathogen Escherichia coli 

ATCC 8739. 
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The ability to produce high quality and amplifiable DNA is a 
prerequisite for molecular genetics studies to produce distinct 
banding pattern. The objective of present study was to isolate high 
quality DNA of strawberry which was represented a great 
challenge as high accumulation of polysaccharides, polyphenols 
and secondary metabolites inside the leaves. The experiments 
were conducted at Plant Breeding Laboratory of Indonesian Citrus 
and Subtropical Fruits Research Institute. Six sets of DNA isolation 
protocols were tested. Doyle and Doyle (1990), Moyo et al (2008) 
and Lin et al (2001) as a standard protocol together with the 
combination of Lin et al (2001) and Kaufman et al. (1999) with 3 
concentrations of salts were tested. Those DNA derived tested 
protocols were checked the qualities and quantified by 
electrophoresis and spectrophotometers. The 50 ng of each 
sample isolated were amplified using Long Terminal Repeat (LTR) 
retrotransposon primer. Those 3 standard protocols were 
produced poor qualities and quantities of DNA and failed to be 
amplified. While three modified protocols produced higher 
amount of DNA and amplified by LTR primers. The best protocol 
for reducing high accumulation of polysaccharides, polyphenols 
and secondary metabolites in various strawberries varieties was 
STE buffer of Kaufman (1999) with addition of 1500 mM NaCl and 
buffer extract of Lin et al (2001) with addition of 1000 mM NaCl.  
 
Keywords: protocol, isolation, strawberry (Fragaria X Ananassa 
Dutch), DNA 

mailto:adiraf212@yahoo.com
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1. Introduction 
The emergence of molecular markers analyses in genome 

studies has greatly enhanced the speed and efficiency of crop 

improvement and breeding. A prerequisite for taking advantage of 

these methods is the ability to isolate DNA in adequate quality and 

quantity. However, the ability to produce high quality of DNA of 

plant species with high polyphenol and polysaccharide compounds 

becomes a challenge (Do and Adams [1]; Fang et al.[2]. Fragaria 

species is considered to be a ‘difficult’ plant for DNA isolation due 

to its high levels of polysaccharides and polyphenol compounds, 

which present a major contamination problem in the purification of 

plant DNA.   

Basically, a DNA extraction protocol involves lysis of the cell 

wall and membrane by the use of detergents such as SDS or CTAB 

to release the genetic materials in an extraction buffer.  The 

released DNA should be protected from endogenous nuclease.  

EDTA is often included in the extraction buffer to chelate 

magnesium ions, a necessary co-factor for nucleases, for this 

purpose.   

The initial DNA extracts often contain a large amount of RNA, 

protein, polysaccharides, tannins and pigments which may 

interfere with the extracted DNA and difficult to separate.  In their 

oxidized forms, polyphenols covalently bind to DNA giving it a 

brown color and making it useless for most research applications 

(Katterman and Shattuck[3]; Guillemaut and Maréchal-Drouard [4] 

; our observations).  These compounds have also been reported to 

cause difficulty in DNA purification in other plant species.  

Polysaccharides like contaminants are particularly problematic 

(Scott and Playford [5]) and more difficult to remove.  

Polysaccharides can also cause anomalous re-association kinetics 

(Merlo and Kemp ]6]) high viscous solution (Do and Adams[1]).  

Polysaccharides can inhibit the activity of certain DNA modifying 
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enzymes and may interfere in the quantification of nucleic acids by 

spectrophotometric methods (Wilkie et al [7]). The DNA often 

remains in the wells during electrophoresis (Sharma et al [8]) 

Although there are several protocols have been described for 

plants containing high amounts of polyphenols and polysaccharides 

(Lin et al. [9]), Puchoa [10], Sánchez-Henández and Gaytán-Oyarzun 

[11], Wang [12], Souza et al. [13], Maltas et al [14], Borse et al [15] 

and Ghaffari et al. [16]),  the production of high quality and 

amplifiable DNA from strawberry leaves tissue is still difficult.  After 

trying published protocols and failing to obtain DNA that was not 

contaminated with polysaccharides and polyphenolic compounds, 

we have optimized an alternative method that yields high quality 

genomic DNA from fresh leaves of strawberry.  The optimized 

protocol described here is aimed to isolate high quality DNA of 

strawberry which was represented a great challenge as high 

accumulation of polysaccharides, polyphenols and secondary 

metabolites inside the leaves using minipreparation method. 

 

2. Methods  
As a preliminary step, Doyle and Doyle and Doyle [17], Lin et al [9]  

and Borse et al. [15] were used for the DNA isolation.  However, 

the first and second protocols yielded DNA which was brown in 

colour and all of them produce DNA which failed to be amplified. 

Consequently, the Mercado et al., [18]) method with some 

modification was used.  This modified protocol didn’t use liquid 

nitrogen for grinding the tissue and adapted to be minipreparation.   

 

Plant material for DNA isolation.  Young leaves of strawberry were 

used as plant materials.  Samples of young strawberry leaves were 

collected early morning from experimental farm of Tlekung.   
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Solutions.  A washing buffer consisting of 0.25 M D-sorbitol, 30 mM 

Tris (pH 8.0), 50 mM EDTA (pH 8.0), 1.5 M NaCl, 10 mM ascorbic 

acid, 1% PVP – Mr 10,000 (w/v), and 2% β-mercaptoethanol (v/v).  

An extraction buffer consisting of 0.1 M Tris (pH 8) 50 mM EDTA 

(pH 8) 1.0 M NaCl,  2 % CTAB, 0.01 M 2-isomercaptoethanol,.  in 

addition, chloroform : isoamyl alcohol (24:1) (CHISAM), 70% alcohol 

and TE buffer consisting of 1 mM Tris (pH 8.0) and 1 mM EDTA (pH 

8.0) were also needed. 

 

DNA isolation and purification. 50 - 100 mg leaver ground in a 

mortar using 2 ml of cold washing buffer. To eliminate residual 

carbohydrates, potassium acetate was added to a final 

concentration of 0.25 M and the solution was incubated on ice for 

20 min.  The homogenate was centrifuged at 3000 rpm for 10 min 

and discard the supernatant. Repeat the washing step 4 to 5 times 

to take out sticky residues from the precipitant.  The pellet was 

added with 1 ml of extraction buffer and incubated for 30 min at 

60°C.  After incubation, the solution was centrifuged at 12000 rpm 

for 10 min to separate the extracted DNA in the aqueous phase 

from the plant debris to form a pellet. The DNA was then pelleted 

through a standard alcohol precipitation, and resuspended in TE. 

The samples were incubated with RNAse A (10 mg/ml) for 30 min 

with gentle shaking to eliminate RNA, and followed by ethanol 

precipitation. The resulting pellet was washed at least once with 

80% ethanol, air dried and resuspended in 100–500 ml TE 

according to the pellet size.  

 

Measurement of amount and purity of DNA.  DNA concentration 

and purity was determined by electrophoresis on 0.8% agarose gal 

based on the intensities of band when compared with lambda DNA.  

The re-suspended DNA was then diluted in TE buffer to the 

concentration of 50 ng/ul for use.  The DNA obtained was 
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evaluated by performing PCR-based technique using Long Terminal 

Repeat (LTR) retrotransposon primer.   

 

3. Results and Discussion 
 

The secondary metabolites produced by some plants possess 

important properties and are useful in food, pharmaceutical, 

cosmetics and pesticides industries.  Strawberry contains high level 

of phenolic acid, flavonoids and tannnins, especially gallic acid, 

quercetin, and kaempherol (Dyduch and Najda [19]).  The DNA 

isolation of strawberry is difficult due to presence of polyphenol 

and polysaccharides.   

As a preliminary step, Doyle and Doyle and Doyle [17], Lin et al 

[9] and Borse et al. [15] were used for the DNA isolation.  However, 

the first and second protocols yielded DNA which contaminated 

with polysaccharides and polyphenol as shown by very viscous and 

brownish in colour.  Upon electrophoresis, fire type bands were 

obtained confirming the presence of polysaccharides (figure 1) and  

the DNA failed to amplify.  It can be explained that during isolation 

procedure, polysaccharides are found to form complexes with 

nucleic acids forming a gelatinous mass, thereby physically 

inhibiting the DNA from the action of DNA modifying enzymes, e.g. 

restriction enzymes, DNA polymerase, ligase, etc. (Sharma et al., 

[8]).   In the other hand, when the tissue was grinded and the cell 

was broken, phenolic compounds were released and oxidized by 

binding covalently with the total DNA, resulting in browning effect 

and an overall loss of DNA activity (Porebski at al. [20]).  The way to 

remove the phenolic compounds is to prevent their oxidation in the 

initial extraction stage, and then separated them with the total 

DNA.   
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A                                B                                   C 

 
Figure 1.  Electrophoresis of genomic DNA of strawberry obtained by Doyle and 

Doyle (1990) (a), Lin et al (2001) (b) 

and Borse et al (2011) (c) 

 

 

To overcome the problem of contaminant, many researcher 

changes the buffer composition and the isolation of nuclei has been 

added as a prior step.  This point is important when obtaining DNA 

is difficult due to presence of polyphenols and polysaccharides.  In 

present study, the Mercado et al., [18] method with some 

modification was used.  In this method, we developed a protocol in 

which leaves were grinded in washing buffer, making liquid 

nitrogen unnecessary. This modified protocol didn’t use liquid 

nitrogen for grinding the tissue because liquid nitrogen can be 

difficult to procure in remote locations. 

The current protocol yields colorless DNA (figure 2) with 

high purity and less concentration of polyphenol and 

polysaccharides because a large part of inhibitor compounds in the 

first step was eliminated (figure 3).  In present procedure, β-

mercaptoethanol and high concentration of EDTA in the washing 

buffer, made some temporary pores in the cytoplasm membrane, 
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so a noticeable portion of soluble polysaccharides, polyphenols and 

pigments were removed.  These condition have also been found to 

improve DNA quality in other plants (Jabbarzadeh et al., [21]) 

Addition of PVP when tissue grinded may bind to the phenolic 

compounds by forming a complex with hydrogen bonds and may 

help in removal of impurities to some extent (Wang, [12]).  Ascorbic 

acid is powerful antioxidant because it can donate a hydrogen atom 

to form a relatively stable ascorbyl free radical.  Contaminants such 

as polysaccharides and plyphenols are removed by STE buffer 

containing NaCl at high concentration.  In our procedure, the 

combined use of sodium acetate and CHISAM at room temperature 

during precipitation of DNA was found to be efficient in removing 

most of the secondary metabolites and polysaccharides from DNA.  

In other plants, CHISAM is enough to eliminate co-precipitation of 

protein and polysaccharides. 

 

 

 

 

 

 

 

 

 

Figure 2.  Colorless pellet of DNA strawberry obtained by the 

improved protocol 
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Figure 3.  Electrophoresis of genomic DNA of strawberry obtained by the 

improved protocol 

 

PCR performed with DNA from strawberry leaves extracted by the 

improved protocol was successful in producing strong bands for all 

the samples tested for LTR-retrotransposon marker (figure 4).  

Thus, the DNA obtained from strawberry leaves was pure enough 

to be suitable for PCR amplifications.  The difficulty in amplifying 

DNA extracted of strawberry leaves was probably doe to not using 

a suitable protocol for DNA isolation. 

 

 

 

 

 

 

 

 

 

 

Figure 4.  Amplification of LTR-retrotransposon marker from 

strawberry DNA extracted using the improved protocol 
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4. Conclusion 
The current protocol was adequate for DNA isolation of strawberry 

leaves, which was known to be one of complicated species for the 

isolation of DNA, due to the presence of a high polyphenolsand 

polysaccharide.  This method could be useful not only for fragaria 

species but also for other species that have high level of 

polyphenols and polysaccharides contamination during the 

extraction process. 
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Nitrite reduction in fermented sausage (Pepperoni) by lactic acid 
bacteria (LAB): Lactobacillus plantarum 1167, Lactobacillus 
pentosus 3G3 and Pediococcus acidilactici AA5a was studied. P. 
acidilactici AA5a (Treatment 4) showed the most promising result 
as meat starter culture in producing Pepperoni with the lowest 
level of residual nitrite (from 35.40 ± 6.03 to 0.37 ± 0.19 ppm, a 
98.94 ± 0.53% reduction) after 48 hr fermentation. The mean 
residual nitrite in Pepperoni obtained in this study was 0.38 ± 0.02 
ppm which was much lower than the three (3) brands of 
commercial Pepperoni, the residual nitrite content of which ranged 
from 5.41 to 27.44 ppm. Very strong negative correlation between 
per cent nitrite reduction and pH was found, which indicates that 
per cent nitrite reduction increased with decrease in pH value. 
Treatment 2 cooked Pepperoni (Lb. plantarum 1167) was 
significantly more tender and juicy than T3 (L. pentosus 3G3) but 
not with T1 (Control) and T4 (P. acidilactici AA5a), (P=0.01). 
Tartness score was negatively correlated with final pH, r = -0.95. 
General acceptability was influenced by tenderness (r = 0.96) and 
juiciness scores (r = 0.86). Proximate composition and total viable 
counts were unaffected by the treatments. 
 
Keywords: nitrite reduction, fermented sausage (Pepperoni), lactic 
acid bacteria 
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1. Introduction 
 
 Nitrite was used as curing agent to fulfill the basic need to 
preserve food and to produce unique flavor and pink color as the 
main characteristics of cured meat. Curing means addition of nitrite 
and/ or nitrate with salt to a meat product in order to achieve 
preservation. As curing agent, nitrites react with available water in 
meats to form nitrous acid (HNO2) which then dissociate to form 
nitric oxide (NO) that will in turn react with the meat pigment to 
produce the pink color of cured meats. During thermal processing, 
nitrite react with amines and amino acids in meat to form N-
nitrosamines. They are found to have carcinogenic, mutagenic and 
teratogenic properties in experimental animals, a condition which 
possibly has correlation in inducing cancer in humans [1].  

The ability of nitrites to create attractive pink color and 
specific flavor in cured meats and the fact that there is no 
substitutes for it, is the main reason why it is still being used in 
spite of some health problem issues that blame it as cancer 
inducing ingredient. Some countries have their own regulation 
about the level of nitrite in processed foods and in other countries 
nitrite was banned as food additive. The United States regulation 
on the use of nitrite is about 156 ppm sodium or potassium nitrite 
for comminuted products, 625 ppm for dry cured product, while 
the European Union regulated the use of nitrite to 150 ppm for 
most cured meat products [2].     

Minimizing intake of nitrite is often recommended in 
decreasing cancer risk [3]. There are however possible effects in 
the quality of meat products when only small amount of nitrite is 
used as curing agent. Actually, low levels (50-100 ppm) of nitrite as 
curing agent is sufficient to produce the desirable quality of cured 
meats [2]. Thus if low levels of nitrite (40-99 ppm of potassium 
nitrite) is used, it was suggested to inoculate lactic acid bacteria 
(LAB) to provide microbial inhibition [2]. 

One of the most feasible way to reduce nitrite in cured 
meat product is by using bacteria as agents to reduce the nitrite 
through fermentation process. Initially the main reason for the use 
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of bacteria as starter culture in fermented meats is to reduce 
fermentation period by about 15 to 20% [4], by  producing acid to 
render the product safe and to develop the characteristics of 
fermented meat product [3,5]. There are studies on several strains 
of LAB with the specific ability to reduce nitrite in some food stuffs. 
These are Lactobacillus plantarum [6], Lb pentosus, Lb casei and Lb 
brevis [7].  

Cured meat products with low level of nitrite is demanded 
by cured meat consumers. The product should have cured meat 
properties and nitrite residue as low as possible. Hence, this study 
aims to select the best LAB for producing fermented sausage 
(Pepperoni) with low level of residual nitrite while maintaining the 
desirable cured meat characteristics.  
 
2. Methods 

This research was conducted at the Animal Production and 
Product Utilization Division of the Animal and Dairy Sciences 
Cluster, College of Agriculture, University of Philippines Los Baños, 
from April to August 2011. 

The Pepperoni prepared without LAB served as the control 
while the treatments were Pepperoni prepared by inoculation with 
nitrite reducing LAB. The treatments were placed in a completely 
randomized design, with three (3) replications for each treatment. 
The parameters in the study were per cent nitrite reduction, pH 
and total viable count.  

Analysis of variance of data on per cent nitrite reduction, 
pH and total viable count (TVC were done using General Linear 
Model, then Duncan’s Multiple Range Test was used to get the 
differences between the mean effect of treatments if there were 
any significant effects. T-test was done to determine the effect of 
fermentation on pH and TVC of LAB. Simple regression and 
correlation analysis was done between the final pH and per cent 
nitrite reduction. 
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Determination of Rate of Nitrite Reduction by LAB 
The following LAB cultures from BIOTECH – UPLB were 

screened for nitrite reducing activity: Lactobacillus plantarum B5, 
Lb. plantarum 1074, Lb. plantarum 1167, Lb. plantarum 1160, 
Lactobacillus pentosus 3G3, Pediococcus acidilactici AA5a and Pc. 
acidilactici KA 322. To determine the nitrite reduction rate, each 
LAB were grown in sterile MRS broth with 50 ppm NaNO2 for 48 
hours. About 11.5 ml MRS broth with 50 ppm NaNO2 was  prepared 
in 125 ml Erlenmeyer flask, sterilized then cooled to 37 

O
C and 

inoculated with 1 ml of the 48 hour-old broth culture of LAB. The 
inoculated broth were incubated at optimum temperature for each 
LAB then the nitrite level were determined at 0 hour and every 24 
hours thereafter until 48 hours.     
 
Preparation of Pepperoni 

Pepperoni was prepared as follows: minced fresh beef 
(70% lean meat, 30% pork fat) were mixed with the following 
ingredients in g/kg meat mixture: 10 g dextrose, 10 g sugar, 23 g 
salt, 3 g black pepper, 6 g paprika, 2.5 g anise seeds, 2 g cayenne 
pepper, 2 g Accord (chemical binder containing mixed sodium 
phosphate and potassium phosphate) and 2 g Prague powder 
(corresponding to 56.36 ppm sodium nitrite). The one (1) kg meat 
mixture was then divided into 4 treatments: T1=control, without 
LAB, T2=inoculated with Lb. plantarum 1167, T3=inoculated with  
Lb. pentosus 3G3 and T4=inoculated with Pc. acidilactici AA5a. 
Treatments 2, 3, and 4 were inoculated with 1 ml 10

9
 to 10

12
 

cells/ml of corresponding LAB starter culture. The inoculated 
mixtures and control were stuffed in hog casing and incubated at 
38 

O
C for 48 hours then dried at 65.5 

O
C for 2 hours.  

 
Nitrite Determination In Raw Pepperoni 
 Samples were prepared based on the procedure of AOAC 
Official Method 983.18 [8] for meat and meat products. Nitrite 
determination was done at 0 hour and at the end of the 48-hr 
fermentation period. The per cent nitrite reduction was calculated 
as follows: 
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 % nitrite 
reduction  

= 
ppm nitrite at 0 hr - ppm nitrite after 48 hr 

X 100 
ppm nitrite at 0 hr 

 
Total Viable LAB Count (TVC) 
 Total viable count was determined at 0 time and at the 
end of fermentation. The putative LAB count was determined by 
aseptically blending 5 g of sausage in 45 ml sterile saline-peptone 
water (8 g NaCl/l). The mixture was mixed for 1.5 minutes, then 
serial dilutions were prepared [9]. One (1) ml of the appropriate 
dilution was transferred into sterile Petri dishes in duplicate then 
added with MRS agar at 45 

O
C. The diluted sample and agar were 

mixed, then left undisturbed to allow the agar to set. The Petri 
dishes were incubated anaerobically at 37 

O
C for 48 hours after 

which colonies were counted. 
pH 

The pH was determined at 0 hour and at the end of 
fermentation. Five (5) g of sample was diluted with 5 ml of distilled 
water then the pH was read using the pH meter.  
 
3. Results and Discussion 
Nitrite Reduction 

The result of LAB screening for nitrite reducing activity 
showed that all the seven (7) LAB were able to reduce nitrite (Table 
1). Based on per cent nitrite reduction, Lb. plantarum 1167, Pc. 
acidilactici AA5a and Lb. pentosus 3G3 were selected.  

 
Table 1. Nitrite reducing activity of LAB in MRS broth. 
 

SPECIES 
PPM  NITRITE 

% NITRITE 
REDUCTION 

0 Hour 24 
Hours 

48 
Hours 

Lb. plantarum 
B5 

30.69 7.78 5.36 82.53 

Lb. plantarum 
1074  

33.79 11.67 6.25 81.50 

Lb. plantarum 30.54 12.04 5.21 82.94 
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1167 
Lb. plantarum 
1160 

26.28 14.62 4.68 82.19 

Pc. acidilactici 
KA322 

34.05 9.69 5.73 83.17 

Pc. acidilactici 
AA5a 

34.83 7.04 5.80 83.35 

Lb. pentosus 3G3 39.93 5.54 5.01 87.45 

 
 
Inoculation of selected LAB as starter culture for 

Pepperoni was effective in reducing nitrite (Table 2).  Mean per 
cent nitrite reduction ranged from 94.29 ± 2.93 (control) to 98.94

  
± 

0.53 after 48 hr fermentation. Per cent nitrite reduction in 
treatments with LAB were significantly higher (P<0.01) than the 
control. Baka et al. [10] observed nitrite reduction in Greek 
fermented sausage prepared without starter culture and also in 
sausage inoculated with several autochthonous species of Lb. sakei, 
Lb. plantarum and Lb. curvatus.  

 
Table 2. Mean per cent nitrite reduction in Pepperoni samples 

(n=3). 
 

TREATMENT 
PPM NITRITE MEAN PER CENT NITRITE 

REDUCTION** 0 Hour 48 Hours 

T1 (Control) 38.88 ± 8.77 2.37 ± 1.60 94.29 ± 2.93
b
 

T2 (Lb. plantarum 
1167) 

36.14 ± 5.40 0.37 ± 0.09 98.93
  
± 0.37

a
 

T3 (Lb. pentosus 
3G3) 

33.79 ± 4.31 0.40 ± 0.13 98.77
  
± 0.51

a
 

T4 (Pc. acidilactici 
AA5a) 

35.40 ± 6.03 0.37 ± 0.19 98.94
  
± 0.53

a
 

n = Sample size 
**= Highly significant, P<0.01   
Means with the same letters are not significantly different at P< 
0.01 
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The amount of nitrite in meat will be depleted as the 

results of the activity of nitrite and or nitrate reductase produced 
by specific microorganisms such as the genera of staphylococci and 
micrococci via nitrate or nitrite respiration mechanism [11]. Under 
anaerobic condition, nitrite reducer microorganisms such as 
staphylococci use nitrite or nitrate as the final electron acceptor in 
nitrite respiration [12].  

According to Hammes [12], the most efficient nitrite 
reducing microorganisms come from genera staphylococci and 
micrococci, but some LAB such as Lb. plantarum and Pc. 
pentosaceous also perform nitrite reducing activity. Species of Lb. 
pentosus are able to deplete the amount of nitrite in meat through 
fermentation process that produce ammonia. In this mechanism, 
the electrons are not used for energy conservation but to 
regenerate reduction equivalent.  

The reduction of nitrite could also possibly be due to the 
chemical reaction in the meat batter [12]. This reaction depends on 
the interaction of acidic condition with the reducing agent such as 
ascorbate to reduce nitrous acid and produce nitric oxide [13]. 
Honikel [14] reported that about 90% of total nitrite in meat batter 
is depleted by the chemical reaction in meat through reduction of 
nitrite to form nitric oxide.  

Results revealed that the LAB used as inocula along with 
the indigenous microflora in meat were able to reduce nitrite. Lb. 
plantarum 1167 and Lb. pentosus 3G3, which were used as inocula 
for Treatments 2 and 3 were able to reduce nitrite via nitrite 
reductase activity and via the fermentation of nitrite [12]. The 
depletion of nitrite in the Pepperoni inoculated with Pc. acidilactici 
AA5a, which is a non nitrite reductase producer [12], may be due to 
a mechanism where the nitrite in meat batter reacted with meat 
components and the reduction was accelerated due to acidic 
condition in meat. Treatment 4 showed the lowest pH of 5.17 ± 
0.15 (P<0.05, Table 3) after 48 hours fermentation since the genus 
Pediococcus is known as rapid acid producers in meat batter [15].  
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For comparison, the nitrite content of three (3) brands of 
commercial Pepperoni, designated as brands A, B and C were 
determined. Brand A Pepperoni had the highest nitrite content of 
27.44 ppm, while B and C had 14.81 and 5.91 ppm, respectively. All 
of the three (3) brands of commercial Pepperoni contained higher 
residual nitrite than were found in all the Pepperoni samples in this 
study.  

 
Total Viable Count (TVC) 

 
There were no differences in total viable counts at 0 hr 

among treatments. The increase in total viable counts from 0 hr to 
48 hrs of fermentation was significant (P<0.05) for Treatment 2 and 
4, highly significant (P<0.01) for Treatment 1 (control), and not 
significant for Treatment 3. The initial viable LAB count closely 
agreed with those of Baka et al. [10] who found that the initial 
count of several species of Lb. sakei, Lb. plantarum and Lb. curvatus 
was about 5.65 to 6.76 log CFU/g, while the count of the control 
treatment was 4.6 log CFU/g.  

 
Table 3. Effect of fermentation on total viable LAB count (log 

CFU/g) and pH of Pepperoni samples, n=3.  
 

 

TREATMENT 

T1  
(Control) 

T2 
(Lb. plantarum 

1167) 

T3 
(Lb. pentosus 

3G3) 

T4                            
(Pc. 

acidilactici 
AA5a) 

Log 
CFU/g 

0 hour 4.30 ± 0.30
 

5.42 ± 0.31
 

5.42 ± 0.80
 

4.89 ± 0.38
 

48 hours 8.41 ± 0.80
**

 8.35 ± 0.63*
 

8.58 ± 0.56
 ns

 8.36 ± 0.37*
 

pH 
0 hour 5.93 ± 0.25

 
5.90 ± 0.27

 
5.90 ± 0.27

 
5.90 ± 0.27 

48 hours 5.53 ± 0.15
 ns 

 5.23 ± 0.21*
 

5.27 ± 0.15*
 

5.17 ± 0.15*
 

n = Sample size  
ns = not significant 
* = Significant, P<0.05 
**= Highly significant, P<0.01 
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Rantsiou and Cocolin [16] explained that LAB are present 
in even very hygienic meat in low numbers of about 10

2
 to 10

3
 

colony forming units/ g (CFU/g). LAB will be able to multiply from 
their initial number to about 10

7
 to 10

8
 CFU/g after about three 

days of fermentation. The natural casing used in this study can be 
another source of microorganisms found in the fermented 
sausages. Hugas and Monfort [11], explained that the indigenous 
LAB originating from fermented meats are well adapted in the 
meat system. This explains why the viable LAB count of the control 
(Treatment 1) significantly (P<0.01) increased after 48 hrs 
fermentation, faster than Treatments 2 and 4.  

 
pH 

The pH values of fresh Pepperoni batter (0 hr) and after 48 
hrs of fermentation were not significantly different among 
treatments. Significant drop (P<0.05) in pH after 48 hrs 
fermentation were found in inoculated Pepperoni samples while 
the drop in pH in the uninoculated control Pepperoni samples was 
not significant. This indicates the effectiveness of selected LAB as 
starter cultures for sausage acidification. The presence of 
autochthonous LAB with low acidifying ability in meat may 
responsible for the slight drop in pH of control Pepperoni samples 
[17].   

The drop in pH of Pepperoni in this study was caused by 
the production of various kinds of organic acids, mainly lactic acid 
by the LAB [11, 18]. Treatment 4 which was inoculated with Pc. 
acidilactici AA5a had the lowest pH value since this species is 
known for its strong and rapid acidification capacity [19, 15].  

The drop in pH through LAB fermentation to 4.6 to 5.1 is 
expected in fermenting meat product [15]. Acidic environment will 
help to accelerate the reduction of  nitrite to nitrous acid as the 
first step of nitrite reduction [14] since the reactivity of nitrous acid 
or nitrite increases as the pH decreases [20]. This acidic condition 
can be attained by the addition of ascorbate [10] or achieved 
through the fermentation activity of LAB [11, 18].  
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The correlation analysis of final pH and per cent nitrite 
reduction showed that there was a very strong negative correlation 
of the two parameters (Figure 1). This means that per cent nitrite 
reduction increases with decreases in pH value. The same trend 
was reported by Baka et al.[10] using Lb. sakei, Lb. plantarum and 
Lb. curvatus as starter culture for Greek fermented sausage.  

 

 
Figure 1. Relationship between per cent nitrite reduction and pH. 

 
4. Conclusions 
 

Lb. plantarum 1167, Lb. pentosus 3G3 and Pc. acidilactici 
AA5a showed nitrite reduction in Pepperoni ranging from 98.93 ± 
0.53 to 98.77% ± 0.51 reduction which were significantly higher 
than the control (94.29% ± 2.93) or uninoculated sample. Nitrite 
reduction activity in the control Pepperoni (without LAB) indicated 
that there are potential nitrite reducers among autochthonous 
microorganisms in meat. Pc. acidilactici AA5a showed the highest 
nitrite reduction (98.94%

 
± 0.53) and lowest final pH (5.17±0.15) 

among the treatments. Results of this study showed that of the LAB 
tested, Pc. acidilactici AA5a (Treatment 4) was the most suitable to 
use as inoculum for producing Pepperoni with reduced nitrite 
content. Follow up study must be conducted to determine the 
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optimum fermentation conditions for each LAB and to test the 
combinations of LAB in order to overcome some weaknesses of 
single LAB culture as meat starter.  
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Arsenic (As), a ubiquitously occurring toxic metalloid, found in 
ground and surface waters has become a global concern in many 
regions of the world. It has no demonstrated biological function in 
plants but is highly toxic and of major concern with respect to their 
accumulation in soils, in the food-chain or in drinking water. 
Mechanism proposed for As detoxificatin is redution of ASV to ASIII 
and complexation of AsIII with glutathione (GSH) and 
phytochelatins (PCs; the polymers of GSH) followed by 
sequestration of these complexes in vacuoles. Pathways leading to 
As detoxification thus should lead to depletion of sulfhydryl (- SH) 
metabolites. We are using different mutants of Arabidopsis which 
are impaired in glutathione biosynthsis to test their sensitivity 
against As compared to wild-type controls. Our preliminary results 
showed that glutathione deficient mutants were highly sensitive to 
As when applied in the form of sodium arsenate at 100 µM and 200 
µM concentrations. Exposure of glutathione deficient mutants to 
sodium arsenate for 14 days severely afftected the growth as 
indicated by their reduced root length, reduced biomass and paler 
color of the seedlings which were eventually dead after 12 days at 
200 µM conc. compared to their wild-type control. Our results 
strongly suggest that glutathione is one of the major player in As 
detoxification in Arabidopsis. 
 
Keywords: glutathione, arsenic detoxification, arabidopsis 
 
 
 



 

 193 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

1. Introduction  
Arsenic (As) toxicity has become a global concern in many 

regions of the world due to geochemical weathering of rocks and 
microbial and human activities. Its toxicity is associated with skin 
lesions, cancer, and other symptoms. In the environment it forms 
inorganic and organic complexes, but maily it occurs in inorganic 
form as arsenate (AsV) and arsenite (AsIII). Being a phosphate 
analogue, AsV is mainly taken up by the plants via phosphate 
transporters whereas, AsIII is transported in the neutral As(OH)3 
form through aquaglyceroporins [1]. As an analogue of phosphate; 
it can substitute inorganic phosphate in a number of essential 
cellular processes such as ATP synthesis, which impacts on energy 
homeostasis, carbon metabolism and nucleic acid synthesis. This 
can also effect DNA repair and DNA methylation and hence gene 
expression [2]. Whereas, the toxicity of asenite (AsIII) is largely due 
to its high affinity to bind with the sulfhydryl (- SH) groups. Such 
binding disrupt protein structure and protein-protein interactions 
thus in the effect many metabolic processes like fatty acid 
metabolism, glucose uptake and GSH production [3].  

Mechanism involved in As detoxificatin is redution of ASV 
to ASIII and complexation of AsIII with GSH (GSH) and 
phytochelatins (PCs; the polymers of GSH) followed by 
sequestration of these complexes in vacuoles [4]. GSH is a 
tripeptide (Glu-Cys-Gly) synthesized by GSH synthase (GS) and  
gamma-glutamylcysteine synthetase (γ-ECS). Under metal exposure 
overexpression of GS and γ-ECS  leads to hyperaccumulation of PCs. 
PCs are syntherized from GSH by phytochelatin synthase (PCS) with 
the general structure (γ -Glu-Cys)n-Gly where n =2–11 [5]. 
Pathways leading to As detoxification thus lead to depletion of - SH 
metabolites [6] resulting into an induction of sulfate uptake and 
assimilation [7]. 

Sulfur is an essential macronutrient and is present in 
amino acids (cysteine and methionine), vitamins and cofactors 
(biotin and thiamine, CoA, and S-adenosyl methinine), 
oligopeptides (GSH and phytochelatins), and a variety of other 
secondary products (glucosinolates, e.t.c.) [8]. The inorganic form 



 

 194 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

of sulfur is sulfate which in the chloroplasts is reduced and 
assimilates into organic product cysteine. In Arabidopsis under 
normal growth condition cysteine synthesis takes place in cytosol, 
mitochandria and the plastids [9]. The thiol groups (sulfhydryl) of 
cysteine residues play a significant role in various functional 
reactions. In proteins the thiol groups of cysteine maintain protein 
structure by forming disulfide bonds between two cysteine 
residues via oxidation. In glutathion and cysteine the thiol groups 
are often involved in the redox cycle by two thiol _ disulfide 
converstion which is a very versatile interchange for redox control 
and allow plants to mitigate against oxidative stress [10]. 

The present study was conducted on the model plant 
Arabidopsis thaliana. The aim of the present study is to investigate 
the role of GSH in Arsenic detoxification in Arabidopsis. Mutants 
having either highly reduced steady-state levels  of GSH such a cad2 
and pad2 or having normal steady-state levels but highly reduced 
biosynthesis rate for GSH such as sulfite reductase (SiR) mutant, 
sir1-1 [11] have been used to this end. The overproduction of GSH 
is targeted to be achieved via the overexpression of the feed back 
insensitive isoform of the rate liminting enzyme of cysteine 
biosynthesis i.e NtSAT4 to determine whether increased levels of 
GSH confers a physiological advantage in terms of enhanced 
resistance against arsenic toxicity. 
 

2. Method 
Seeds of Arabidopsis thaliana, wild type Columbia (Col-0) 

and mutant line sir1-1 were kindly provided by Prof. Dr. Ruediger 
Hell, Center of Organismal studies (COS), University of Heidelberg, 
Germany. Seeds of cad2 were kindly provided by Prof. Dr. Andreas 
J. Meyer, INRES, University of Bonn, Germany.  

For surface sterilization approximate amount of seeds of 
each line were placed in eppendorf tubes and remaining step were 
performed in sterile air luminar hood. Seeds were soaked for 2 
minutes in 600 µl sterile distilled water and were surface sterilize 
with 600 µl 70% ethanol for 40 seconds. Then seeds were treated 
with 15% bleach (containing 1 drop of tween-20) for 10 minutes. 
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Finally the seeds were washed four times with sterile distilled 
water and dried on sterile filter paper.Seeds of each line will be 
placed on solid half strength Hoagland media for germination. 
Plates were wrapped with Para film and stored at 4

0
 C for 

vernalization treatment for 2 days. After 2 days vernalization period 
at 4

0
 Cº, plates were shifted to growth chamber maintained at 

temperature 22
0
 C with a photoperiod of 16 hrs light and 8 hrs 

dark. The plates were placed in vertical position for 10 days. In this 
period of time seeds germinated into seedlings.  

To study the effect of arsenate, one week old seedlings of 
Col-0, sir1-1, cad2 and pad2 were transferred to plates containing 
sodium arsenate in 0 µM, 100 µM and 200 µM concentrations for 
14 days. In a separate set of experiments seeds were directly plated 
on plates containing 0 µM, 100 µM and 200 µM sodium arsenate. 
For soil culturing seeds of Arabidopsis thaliana Col-0, sir1-1, cad2 
and pad2 lines were directly sown on humid soil in separate pots. 
The pots were kept in the growth chamber at 22

0
 C temperature 

with a photoperiod of 16 hrs light and 8 hrs dark.  
Chlorophyll determination was based on the work of [12] 

about the absorption of light by 80% acetone extracts of 
chlorophyll. Samples were first pottered in liquid nitrogen and then 
extracted for 15 minutes on ice in 700 µl of 80% acetone. Cell 
debris were sedimented by centrifugation at 18,000 x g at 4°C for 
10 min at 4

0 
C and supernatant was transferred to a new 

microcentrifuge tube. The pellet was resuspended in the same 
volume of 80% acetone as before, mixed thoroughly and after 
sedimentation of the cell debris by centrifugation, the supernatant 
was combined with first extraction. In a photometer, the OD of the 
extract (against 80% acetone) will be determined at 645 nm and 
663 nm. Total chlorophyll in mg/l fresh weight was determined 
according to following equation.  
C = Ca + Cb  or C = 20.2 OD645 + 8.02 OD663   
Whereas, C stands for total chlorophyll, Ca means chlorophyll a, and 
Cb represents 
Chlorophyll b. 
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3.  Results and Discussion 
The role of GSH in arsenic detoxification was evaluated by growing 
seeds of Col-0, sir1-1, cad2 and pad2 lines on solidified half 
strength Hoagland media for one week. After that these seedlings 
were shifted to plates containing 0 µM, 100 µM and 200 µM 
concentrations of arsenic in the form of sodium arsenate. Exposure 
of the seedlings to 100 µM and 200 µM concentrations of sodium 
arsenate revealed that cad2 and sir1-1 mutants are highly sensitive 
to arsenate compared to their wild type controls (Col-0) as 
indicated by their paler and ultimately bleached seedlings (Fig. 1). 
The cad2 mutant was found to be highly sensitive to arsenate even 
at 100 µM concentrations of sodium arsenate. At 200 µM 
concentrations of sodium arsenate cad2 and sir1-1 seedlings 
started to turn paler after one week and after 14 days all of the 
cad2 and most of sir1-1 seedlings were completely bleached 
whereas the Col-0 seedlings were still viable although their growth 
was adversily retarted as well. In a separate set of experiment 
seeds of Col-0, sir1-1, and cad2 lines were directly plated on plates 
containing 0 µM, 100 µM and 200 µM sodium arsenate (data not 
shown). These results indicated that cad2 seeds were not able to 
germinate at all even at 100 µM concentration of sodium arsenate 
(data not shown). The germination rate of the sir1-1 seedings was 
severly affected at 100 µM and 200 µM concentration, however 
they were germinating even at 200 M concentration of sodium 
arsenate. The effect of 100 µM and 200 µM concentration of 
arsenate on direct germination and subsequent grwoth was 
significantly smaller compared to wild type control. The soil grown 
Co-0, sir1-1, cad2 lines however did not show any sensitivity even 
at 600 µM sodium arsenate concentration for 4 weeks exposure 
(data not shown). This is apparently due to the PH of the soil (6.7) 
which was equal to neutral (7) at which the phosphate transporters 
must be inactive since phosphate is not usually taken up at neutral 
PH. Since arsenate is an analogue of phosphate [1], the lower 
activity of phosphate transporters therefore results in very low or 
no arsenate uptake by the plants. 
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Fig. 1 Effect of  0, 100 and 200 µM sodium arsenate on root 
length.  
 
 

Exposure of the seven days old seedlings to 100 µM and 
200 µM concentrations of sodium arsenate revealed that the root 
length and total biomass of the cad2 and sir1-1 mutants was 
significantly reduced  by arsenate compared to their wild type 
controls (Fig. 1). The cad2 mutant was found to be highly sensitive 
to arsenate even at 100 µM concentrations of sodium arsenate 
followed by sir1-1. At 200 µM concentrations of sodium arsenate 
the roots of cad2 mutant did not grow at all, whereas the increase 
in root length at this concentration was significantly lower in the 
sir1-1 seedlings compared to Col-0 seedlings. The presence of 100 
µM and 200 µM concentration of sodium arsenate in the the 
growth medium completely inhibited the germination of the cad2 
mutant and hence there was no further increase in the root length 
and biomass of these seeedlings.  

The number of leaves per plants in both sir1-1 and cad2 
mutants were significantly affected by 100 and 200 µM sodium 
selenate compared to Col-0 (Fig. 3A & B). However, like other 
parameters the effect of selenate was more pronounced on cad2 
comapred to sir1-1 such that these mutant were unable to 
transform there cotyledonous leaves to 4 or six leaves stage when 
exposed to 100 and 200 µM sodium selenate. Similarly no 
significant change in the total chlorophyll contents was observed 
for the leaves of treated and untreated soil grown Col-0, sir1-1, and 
cad2 plants (Fig. 3C). This can be attribued to the supposedly lower 
of no uptake of arsenate under neutral PH conditions of the soil 
used in this experiment.  
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Fig. 2 Effect of  0, 100 and 200 µM sodium arsenate on the 
number of leaves and total chlorophyll contents. 
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4. Conclusion 
Our findings suggests that reduced levels of glutathione 

make the plants highly sensitive to arsenate as indicated by the 
increased sensitivity of the glutathione impaired mutants (cad2 and 
sir1-1) towards arsenate treatment in Arabidopsis thaliana. This 
further supports the hypothesis that the tripeptide glutathione 
along with phytochelatins (PCs; the polymers of GSH) play an 
important role in As detoxification. The results shown here are in 
line with the proposed mechanism for As detoxificatin which 
includes the redution of ASV to ASIII and complexation of AsIII with 
GSH (GSH), followed by sequestration of these complexes into 
vacuoles. 
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Traditionally, lactic acid bacteria (LAB) are the basic components of 
probiotics as they best fit the functional requirements by their 
definitions [1]. However, unlike most of lactic acid bacteria, the 
Enterococcus genus is not considered "generally recognized as 
safe" (GRAS) [2]. Determination of virulence traits on enterococci 
as probiotic candidates should be therefore conducted in order to 
confirm their safety. Virulence traits of enterococci include 
adherence to host tisssues by a variety of adhesin, e.g. 
enterococcal surface protein (Esp), aggregation substance (AS), the 
enterococcal endocarditis antigens (EfaAfm or EfaAfs) or adhesion to 
collagen from Enterococcus faecalis (Ace) [3], as well as production 
of cytolysin, DNAse, hyaluronidase and gelatinase [4, 3]. The 
occurrence of genes coding for virulence traits are mostly 
determined by using PCR (polymerase chain reaction) method 
using specific primers.  This paper will review the current molecular 
methods to identify the presence of such virulence genes.  
 
Keywords: lactic acid bacteria, probiotic candidates, virulence traits 
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1. Introduction 
The enterococci are rarely reported to be involved in 

human pathogenesis, except Enterococcus faecium and 
Enterococcus faecalis [5]. Formerly, enterococci were indeed 
considered as organisms of little clinical impact; however, over the 
last two decades enterococci, especially strains belonging to E. 
faecalis and E. faecium, have emerged as important nosocomial 
pathogens in immunocompromised patients and intensive care 
units. Although the enterococci do not possess potent virulence 
factors compared to those found in many other bacteria, they have 
a number of other characteristics such as subtle virulence 
determinants and resistance to antimicrobial agents which may 
contribute to their virulence and make them effective opportunistic 
pathogens [6]. They are considered the second most common 
cause of hospital-acquired infections after Escherichia coli in the 
USA [7].  

E. faecalis causes about 90% of the human enterococcal 
infections and the remaining 10% by E. faecium [8]. Furthermore, 
enterococci constitute about 12% of bacterial pathogens associated 
with septicaemia, and 5 to 15% of cases of bacterial endocarditis 
are caused by enterococci [7]. Safety assessment for enterococci 
remains controversial. While enterococci are considered "positive" 
or useful in cheese technology, isolates of this genus have emerged 
as opportunistic pathogens for humans [2]. 

 
Enterococci 

Thiercelin described enterococci for the first time  in 1899. 
They were thought to be a new Gram-positive diplococcus and 
were ater included in the new genus Enterococcus, proposed by 
Thiercelin and Jouhaud in 1903, with the type species Enterococcus 
proteiformis. Andrewes and Horder [9] renamed Thiercelin’s 
enterococci as Streptococcus faecalis based on their ability to form 
short or long chains. The species epithet ‘faecalis’ was suggested 
because of their close resemblance to strains isolated from the 
human intestine. This explains why the history of enterococci 
cannot be separated from that of the genus Streptococcus [10, 5].  
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Schleifer and Kilpper-Bälz [11] finally described the genus 
Enterococcus using DNA:DNA hybridisation to demonstrate that 
Streptococcus faecalis and Streptococcus faecium were sufficiently 
distinct from other streptococci to warrant their transfer to a 
separate genus. Based on 16S rRNA cataloguing, DNA:DNA and 
DNA: rRNA hybridisation and serological studies with superoxide 
dismutase antisera, the streptococci sensu lato were subdivided 
into three genera: Streptococcus sensu stricto, Enterococcus and 
Lactococcus [12].   

Enterococci belong to the clostridial subdivision of the 
Gram-positive bacteria, together with other genera of LAB [12, 10]. 
Based on the 16S rDNA sequence data, the enterococci form a 
distinct cluster within this subdivision with Vagococcus, 
Tetragenococcus, and Carnobacterium as their closest neighbours 
[10].  
 
Virulence Traits of Enterococci  

To cause infection, enterococci must colonise host tissue, 
resist host specific and unspecific defence mechanisms, and 
produce pathological changes [5]. Virulence traits of enterococci 
include adherence to host tissues by a variety of adhesins, e.g. the 
’enterococcal surface protein’ (Esp), ‘aggregation substance’ (AS), 
the ‘enterococcal endocarditis antigens’ (EfaAfm or EfaAfs from E. 
faecium or E. faecalis, respectively) or ‘adhesin to collagen from E. 
faecalis’ (Ace) [3]. Furthermore, enterococcal virulence is based on 
invasion and abscess formation, resistance to and modulation of 
host defence mechanisms, secretion of toxin such as the plasmid-
encoded cytolysin, as well as secretion of hyaluronidase, and 
gelatinase [4, 3].   

Some enterococci possess a plasmid collection mechanism 
which is based on production of chromosomally encoded ‘sex 
pheromones’. Sex pheromones are small, linear peptides of 7 or 8 
amino acids that are excreted by Enterococcus faecalis strains 
which promote the acquisition of plasmid DNA. When pheromones 
bind to receptors on the cell surface of strains that contain plasmid 
DNA, this signal is transduced and leads to induction of the 
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aggregation substance (AS) gene. When expressed, AS mediates 
the formation of cell clumps by binding to a complementary 
receptor termed ‚binding substance‘ that allows the highly efficient 
transfer of the pheromone plasmid on which the AS gene is 
encoded [13, 14].  The pheromones, however, have not only a role 
in transfer of plasmid DNA, they also serve as chemo-attractive 
substances for human neutrophils and induce inflammation and 
superoxide production [15, 4]. 

Gelatinase is a proteolytic enzyme that acts on 
collagenous material present in tissues [16]. In an animal model, 
the production of gelatinase was shown to increase pathogenicity 
[17], which confirms its role in virulence. Enterococcal lipoteichoic 
acid from the cell wall was shown to induce production of 

interleukin-1, interleukin-6 and TNF- in vitro and may, therefore, 
contribute to local tissue damage [4]. Hyaluronidase is a cell 
surface-associated enzyme which cleaves the mucopolysaccharide 
moiety of connecting tissues or cartilage. This enzyme has been 
implicated to act as ‘spreading factor’ for dissemination of some 
microorganisms [4].  

Virulence of enterococci is strongly enhanced by their 
frequent resistance to commonly used antibiotics, which makes 
them effective opportunists in nosocomial infections [18]. The 
antibiotics against which enterococci show constitutive resistance 

include cephalosporins, -lactams, sulphonamides, and low levels 
of clindamycins and aminoglycosides, while acquired resistances 
are based on acquisition of plasmids and transposons including 
resistance to chloramphenicol, erythromycin, high levels of 

clindamycin and aminoglycosides, tetracycycline, -lactams, 
fluoroquinolons and glycopeptides [19, 5]. Antibiotic resistance 
determinants and/or virulence factors are often located on 
pathogenicity islands or plasmids. Mobile genetic elements thus are 
considered to play a major role in the establishment of problematic 
lineages [20].  
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2. Molecular  Methods to Identify Genes for Virulence Trait  
Identification of virulence genes is mostly conducted with 

PCR method using specific primers as indicated on Table 1 [21]. 
Cobo Molinos et al. [22] investigated the presence of endocarditis- 
and biofilm-associated pilus (ebp) genes by PCR amplification and 
also by colony hybridization [22]. A high percentage of 
Enterococcus faecalis clinical isolates (94.59%) as well as all isolates 
from fruits and vegetables and two of the three isolates from water 
and soil carried ebpA, ebpB and ebpC genes. For E. faecium, PCR 
amplification revealed that over 81.81% of isolates from water and 
soil carried the three genes, compared to the lower incidence 
detected among isolates from vegetables (68.42%) and clinical 
samples (33.33%). 

The genes which encoded virulence factors of enterococci 
(91 isolates) such as aggregation substance (AS), enterococcal 
surface protein (ESP) and hyaluronidase (HYL) (asa1, esp, hyl 
respectively) were studied by molecular methods. This method 
could give hyl gene positivity (p< 0.001) which was found higher in 
E.faecium isolates whereas esp (p= 0.003) and asa1 (p< 0.001) gene 
positivity were higher in E. faecalis isolates. AS and ESP were the 
most frequent virulence factors, with the rates of 26.7% and 25.6%, 
respectively [23].  
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Table 1: Primers and amplification conditions used for PCR 
amplification of enterococcal virulence genes 
                

 
Virulence 
factor 

 
Primer sequences 

PCR 
amplification 
conditions (for 
all 35 
cycles) 

Size of 
amplification 
product 

Esp 5’-TTG CTA ATG CTA 
GTC CAC GAC C-3’ 
(forw) 
5’-GCG TCA ACA CTT 
GCA TTG CCG AA-3’ 
(rev

a
) 

 

94 °C, 1 min; 61 
°C, 
1 min; 72 °C, 1.5 
min 
 

900 bp 
 

Ace 5’-GAA TTG AGC AAA 
AGT TCA ATC G-3’ 
(forw) 
5’-GTC TGT CTT TTC 
ACT TGT TTC-3’ (rev) 
 

94 °C, 1 min; 54 
°C, 
1 min; 72 °C, 1 
min 
 

960 bp 
 

 
a 

forw = forward (sense) primer, rev = reverse (antisense) primer 
 

PCR screenings were also applied for cytolysin genes (cylL, 
cylL(s), cylM, cylB, and cylA), surface adhesin genes (efaA(fs), 
efaA(fm), and esp), the aggregation protein gene (agg), and the 
extracellular metalloendopeptidase gene (gelE) were performed. 
All isolates proved negative for cylL(L), cylM, cylB, and agg genes. 
Both E. faecalis strains were positive for the cell wall-associated 
protein Esp and the cell wall adhesin efaA(fs), whereas the cell wall 
adhesin efaA(fm) was detected in 11 of the 12 E. faecium strains. 
Only one strain possessed the cylL(s) determinant, and another 
possessed the cylA gene [24].  
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A comparative study was carried out among enterococci 
isolated from fruits and vegetable foods, water and soil, and clinical 
samples. Length heterogeneity (LH)-PCR typing with espF-aceF-ccfF 
and espF-ccfF primers was used to determine the occurrence of the 
following virulence genes: cylA, cylB, cylM, esp, ace and the sex 
pheromone gene ccf (as well as cob). This method was able to 
reveal genomic groups that clearly differentiated clinical isolates 
from those of vegetable foods, water and soil (except for two 
clinical isolates). The large differences found in the incidence of 
antibiotic resistance and virulence factors and in the genetic 
fingerprints determined by LH-PCR suggest a clear separation of 
hospital-adapted populations of enterococci from those found in 
open environments [25].  

Cariolato et al. [26] investigated the incidence of potential 
virulence factors  in 38 Enterococcus faecalis and 43 Enterococcus 
faecium strains isolated from dairy products and human samples. 
The presence of the virulence factors agg, ace, esp, gelE, efaA and 
of the vanA and vanB genes was evaluated by PCR. Ent. faecalis 
displayed more virulence determinants than Ent. faecium, with the 
presence of multiple virulence traits. Virulence determinants were 
present in both human and dairy strains.   
 

3. Conclusions 
The use of  Enterococcus strain needs evaluation for the 

presence of all known virulence factors. Such strains should ideally 
harbour no virulence traits and be sensitive to clinically relevant 
antibiotics. Occurence of virulence genes could be satishfactorily 
determined by using PCR method with specific primers.  
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A New Species of Clinostomum (Digenea: 
Clinostomidae) from Climbing Perch (Trichogaster 
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The aim of study is to identify the Clinostomum sp.obtained from 
visceral organs of Climbing perch (Trichogaster trichopterus) in 
Riau, Indonesia. In September 2010, Climbing perch (Trichogaster 
trichopterus)  in Riau, Indonesia were collected, identified and 
examined for Clinostomum  infection. Digenea, encysted 
metacercariae of Clinostomum were excysted with a needle, fixed 
in 10% formalin solution for morphological examination. Some 
samples were fixed with glutaraldehyde for SEM, and with ethanol 
absolute solution for molecular analysis. The result showed that 
the metacercariae of Clinostomum sp. from Riau had a body shaped 
like leaf. The surface of the body had not spinae. The anterior part 
was narrower than posterior. Posterior end was round. Body length 
had size of  347.2 (298.6 to 395.8)  µm, body width of 127.2 (115.7 
to 138.6)  µm. Oral sucker small, terminal and had size of 16.2 
(14,29 to 18,6) µm. Ventral sucker larger  than oral sucker and had  
size of 63,6 µm. Clinostomum sp. has similarities to Clinostomum 
phalacrocorasis based on molecular study.  This research was the 
first investigation of Clinostomum sp. in Climbing perch 
(Trichogaster trichopterus) as second intermediate host found in 
Riau, Indonesia. 
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1. Introduction 
Freshwater fish are a source of high protein for people, 

but often it was reported that the fish are infected with parasites 
(Yooyen et al., 2006). In Thailand, Japan, China and the surrounding 
community, eat raw fish is a popular custom that when a fish is 
infected with zoonotic parasites that can infect humans (Kifune and 
Kousaka,1994). Clinostomum sp. is one of digenea trematode that 
can cause disease in humans. Clinostomidae is the largest family of 
trematodes that can cause disease in fish, which is called 
Clinostomiasis. Infection in humans can cause laryngo-pharyngitis 
and can cause death due to asphyxia in humans (Vianna et al., 
2005). Laryngo-pharyngitis cases occurred the first time in Korea 
(Chung et al., 1995), Iran and Japan (Kifune et al., 2000). As a result 
of this case, the study of morphology and molecular of 
Clinostomum sp. continues to grow. Cases of Clinostomum’ 
infection in humans in Indonesia has never been reported.  

Some freshwater fish has been found as intermediate 
hosts of C. complanatum like Carassius Carassius (Chung et al., 
1995), Cyprinus carpio (Aohagi et al., 1992), Oreochromis nitoticus, 
Cobitis anguillicaudatus (Dias et al., 2006). The average prevalence 
of Clinostomum in tilapia (Oreochromis niloticus) in Arabic is 50.2% 
(Abo Essa, 2000). In Indonesia have discovered the presence of 
Clinostomum’ infection in carp that are cultured in the field in the 
Purwokerto area (Central Java) (Handajani and Samsundari, 2005). 
However, the type and morphology of Clinostomum is unknown. 
Morphological identification of Clinostomum still difficult to 
determine the stucture of Clinostomum. Therefore, molecular 
analysis is needed to support the conventional classification of 
Clinostomum. 

 
2. Materials and Methods 

A total of 105 sepat rawa fishes obtained from Sail river in 
Riau. Fish samples were taken to the laboratory and were identified 
of species based on Saanin (1987). Fish length and weight were 
measured after identification of fish species. Macroscopic 
observations of Clinostomum’infection performed on the entire 
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body. Observations of Clinostomum infections done under the 
dissecting microscope. Metacercariae of Clinostomum sp. removed 
by using a needle, preserved in 10% formalin for morphological 
observation with Semichon's acetocarmine staining and preserved 
with glutaraldehyde for observation of Scanning Electron 
Microscopy (SEM). Some of the samples preserved in absolute 
ethanol for molecular examination by using the Qiagen DNA 
extraction kit. rDNA were amplified using Polymerase Chain 
Reaction based on Kurniasih (1995). Amplification of rDNA using 
the restriction enzyme PstI is to determine the variation of strain. 
The results were collected and stained with silver 8% 
polyacrylamide gel. 

 
3. Result and Discussion 

The metacercariae of Clinostomum sp. in Trichogaster 
trichopterus was found in the visceral organ. Cyst was transparent 
and yellowish. The average of  cyst length was 0.03 mm (0.02 to 
0.04 mm) and width was 0.02 mm (0.01 to 0.03) mm. Body shaped 
like leaf. The surface of the body had not spinae. The anterior part 
is narrower than posterior. Posterior end was round. Body length of 
Clinostomum sp. was 347.2 (298.6 to 395.8) μm, and body width 
was 127.2 (115.7 to 138.6) μm. Oral sucker small, terminal 16.2 
(14.29 to 18.6) μm x 22.9 (17.2 to 28.6) μm, a third of the anterior 
part of the body. Ventral sucker was two times larger than oral 
sucker, size 63.6 (57.2 to 70) x 70.8 (60 to 81.5) μm. According to 
Gustinelli et al., (2010) that the results of morphological 
identification of Clinostomum sp. from Riau has similarities with 
metacercariae of Clinostomum phalacrocorasis and Clinostomum 
cutaneum.  

Identification of Clinostomum in Trichogaster tirchopterus 
from Riau using Scanning Electron Microscope (SEM) showed that 
the topography of the surface of the body was smooth without 
spines. Oral sucker terminal located at the end, elip shaped, thick 
lips and smooth with the grooved bottom. In some places this 
curve has a small sensory papillae. Oral sucker located near the 
ventral sucker (Figure 1A & B). According to Marwan and 
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Mohammed (2003) which states that Clinostomum complanatum 
found in tilapia (Oreochromis niloticus) in Saudi Arabia shows the 
seeds thick, smooth body surface and the cracks are irregular. 

Based on the results of molecular analysis metacercariae 
of Clinostomum sp. from Riau has a different type with 
Clinostomum sp. from Yogyakarta. The results of enzyme digestion 
with PstI (CTGCAG) note that the Clinostomum sp. from Riau has 3 
sides of cutting at 442 bp, 345 bp and 335 bp, whereas the 
Clinostomum sp. from Yogyakarta cuts only one side of the 345 bp 
(Figure 2).  

From the results of morphological examination by SEM 
and compared with results of molecular analysis using the enzymes 
PstI Clinostomum from Riau is known that a new species in 
Trichogaster trichopterus found in Riau, Indonesia. 

  

 
The results of phylogenetic analysis based on maximum 

parsimony suggests that the Clinostomum sp. from Riau is one 
cluster with Clinostomum phalacrocorasis. Nucleotide sequence of 
worm from Yogyakarta is different from the Clinostomum from 
Riau. According to Lin et al., (2007) that the sequence analysis of 
the trematodes digenea of Fasciola hepatica and Fasciola gigantica 
in ITS1 generates an identical sequence and there is no sequence 
variation between theis species. 
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4. Conclusion 

The metacercariae of Clinostomum sp. in Trichogaster 
trichopterus from Riau, Indonesia has body shaped like leaf. Body 
surface was smooth and had not spinae. The results of 
phylogenetic analysis based on maximum parsimony suggests that 
Clinostomum sp. from Riau is one cluster with Clinostomum 
phalacrocorasis. This research was the first record of Clinostomum 
sp. in Climbing perch (Trichogaster trichopterus) as second 
intermediate host found in Riau, Indonesia. 
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Public Health 100 (37) (suppl 3). 
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P 1 

Effect of Putrescine on Callus Proliferation and Somatic 
Embryo Formation of Sugarcane (Saccharum 

officinarum L.) in Temporary Immersion System 
Culture 

 
Imron Riyadi, Hayati Minarsih, Sumaryono 

 
Indonesian Biotechnology Research Institute for Estate Crops 

Jl. Taman Kencana No. 1, Bogor 16151, Indonesia; imron_riyadi@yahoo.co.id 

 
Liquid culture through temporary immersion system (TIS) has been 
used for improving somatic embryogenesis in many different crops. 
An experiment was conducted to determine the effect of 
putrescine, one of the polyamine compounds on proliferation and 
formation of somatic embryos of sugarcane in TIS culture. Callus 
was initiated from immature unfolded leaves of sugarcane clone 
PSJT 941. Embryogenic calli were cultured in a TIS flask containing a 
modified MS liquid medium supplemented with 3% sucrose, 10% 
coconut water and 3 mg/L 2,4-D. Treatments used were 
concentrations of putrescine: 0, 10 and 30 mg/L. Cultures were 
subsequently placed in a dark room for biomass proliferation (stage 
1) and in a light culture room with light intensity at 20 μmol 
photon/m2/sec for embryo formation (stage 2) and temperature at 
26 ºC. Each stage was conducted for 4 weeks. Interval of the 
immersion was adjusted to 24 h with 1 min duration. Observation 
on the callus biomass fresh weight and percentage of somatic 
embryo formation were conducted at the end of each stage. 
Results show that the highest biomass proliferation with 1.33 
g/flask or 27 folds from initial culture (0.05 g/flask) (stage 1) and 
with 6.43 g/flask or 129 folds (stage 2) were achieved in the 
medium added with 10 mg/L putrescine. The highest somatic 
embryo formation of 30% in stage 1 and 80% in stage 2 were also 
achieved in the medium with 10 mg/L putrescine. 
 
Keywords: callus, somatic embryo, putrescine, sugarcane 
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1. Introduction 
 
 Sugarcane (Saccharum officinarum L.) belongs to the grass 
family (Poacea), an economically important seed plant family that 
includes maize, wheat, rice and sorghum and many forage crops. 
The main product of sugarcane is sucrose, which accumulates in 
stalk internodes (Miller & Gilbert, 2012). Sugarcane is one of the 
most important crops in Indonesia.  Sugarcane is commonly 
propagated vegetatively from short segments of stalk, known as 
seed-pieces or setts.  However, for mass propagations in vitro 
culture technique has a better potency to support the production 
of plant materials of sugarcane (Etienne & Berthouly, 2002; 
Winarsih & Sugiyarta, 2008).  

Solid medium is commonly used for callus proliferation 
and somatic embryo induction in sugarcane in vitro culture. 
However, solid medium is considered inefficient in terms of 
somatic embryo production level, labour and space. Temporary 
immersion system (TIS) is based on a short periodic immersion of 
explants in a liquid culture for specific frequency and duration. TIS 
has been applied for in vitro mass propagation of many different 
crops (Etienne & Berthouly, 2002; Riyadi & Sumaryono, 2009).  TIS 
can be used for the production of rapid and uniform somatic 
embryos, germinants and plantlets. 

Polyamines is a useful compound for in vitro culture of 
plants particularly improving the cultures from calli induction untill 
root induction (Ganesan & Jayaban, 2006; Wu et al., 2010).  
Putrescine is one of polyamines which more often used for in vitro 
culture than spermine or spermidine (Wu et al., 2010). Putrescine 
has been applied in the medium for many crops, that includes 
cotton, maize, rice, and citrus. Putrescine influences mass 
multiplication of calli and somatic embryo (El-Shafey et al., 2009), 
shoot multiplication (Ganesan & Jayaban, 2006), as well as root 
enhancement (Wu et al., 2010).   
 An optimum putrescine concentration for in vitro culture is 
important for mass production of somatic embryo. The research is 
conducted to determine the accurate concentration of putrescine 
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for callus proliferation and somatic embryos induction of sugarcane 
through temporary immersion system.  
 
2. Methods 

  
Plant materials and culture conditions 
 The research was conducted at the Laboratory for Plant 
Cell Culture and Micropropagation, the Indonesian Biotechnology 
Research Institute for Estate Crops, Bogor, West Java.  Embryogenic 
calli were used as materials in this research (Fig.1.C). The callus was 
initiated from young spindle leaf of sugarcane PSJT 941 variety 
derived from PPPGI Pasuruan, East Java (Fig. 1.A).  The explants 
were cultured on a MS (Murashige & Skoog, 1962) medium to 
initiate the embryogenic calli. The pH of the medium was adjusted 
to 5.8 before autoclaving at 121 ºC and 1.0 kg/cm

2
 for 20 min.  

Cultures were incubated in the culture room at 26 ºC with dark 
condition in biomass proliferation (stage1) and under cool-white 
fluorescent lamps providing approximately 20 µmol photon/m

2
/s 

over a 12-h photoperiod in somatic embryo formation (stage 2) 
with duration 4 weeks for each stage. 
 
Temporary immersion system cultures 
 Approximately 0.05 g embryogenic calli per flask were 
cultured in MS liquid media in the temporary immersion system 
(TIS) with 170 mL/flask (Fig. 3.A).  The media were supplemented 
with 30 g/L sucrose, 10% v/v coconut water and 3 mg/L 2,4-D.  
Putrescine was added to the media with 3 concentration levels: 0, 
10 and 30 mg/L. 
 The interval of media immersion of TIS cultures were 
adjusted every 24 h with duration 3 min connected to an Autonic 
digital timer (Fig. 1.D).  Culture duration of all cultures were 
adjusted for 4 weeks. Observations were concucted on the rate of 
biomass proliferation and somatic embryo induction.  
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Statistical analysis 
 Data were subjected to two-way analysis of variance test 
(F test).  Differences among treatment means were determined by 
Duncan’s mutiple range test at P = 0.05. 

 

 
 

Figure 1.  Sugarcane culture sequence: (A) A piece of 
explant sources, (B). Initial culture for callus 
induction, (C). Primary callus growth, (D). TIS 
culture of sugarcane callus.  

 
 

3. Results and Discussion 
 

Biomass proliferation 
Embryogenic callus of sugarcane was yellowish-white and 

soft consisted of many small nodular structures.  Embryogenic 
callus started to proliferate at 10 days after cultured. The 
concentration of putrescine at 10 mg/L increase significantely the 
biomass proliferation of embryogenic callus and somatic embryo 
(Fig.2). 

The highest biomass proliferation of 1.33 g/flask or 27 
folds from the initial culture (0.05 g/flask) was achieved in the 
medium added with 10 mg/L putrescine in 4 weeks (stage 1) and 
6.43 g/flask or 129 folds from the initial culture was achieved in the 
medium added with 10 mg/L putrescine in the next 4 weeks (stage 
2).  Biomass proliferation rate of embryogenic callus of sugarcane 
in stage 1 (27 folds) was higher than in stage 2 (5 folds). 
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Figure 2.  Biomass proliferation of embryogenic callus of 

sugarcane in TIS culture after 4 and 8  weeks.   
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Somatic embryo induction 
 The first somatic embryos were appeared at 3 weeks after 
culture in stage 1. Whereas in stage 2, the induction rate of somatic 
embryo was higher than in stage 1 where the embryos appeared 2 
weeks after culture.  Somatic embryo were small in aggregrate or 
cluster of somatic embryos.  The surface of somatic embryos were 
whitish or yellowish-white and opaque (Figure 3.B-D). 

Somatic embryos were produced in all cultures. The 
highest somatic embryo formationa of 30% in stage 1 and 80% in 
stage 2 were achieved in the medium with 10 mg/L putrescine 
(Tabel 1).  Putrescine has been successfully applied in many crops 
for mass multiplication and somatic embyogenesis induction (El-
Shafey et al., 2009; Wu et al.,2010). The somatic embryos could be 
regenerated into plantlets in the following 8 weeks. 
 
Table 1.  Effect of putrescine on somatic embryo induction of 

sugarcane in TIS after 4 and 8 weeks of culture.  
               

Concentration  of 
putrescine (mg/L) 

Number of germinants 

4 weeks 8 weeks 

0 10.0 a 17.5 a 

10 30.0 b 80.0 b 

30 5.0 a* 21.7 a* 

             *) Numbers followed by same letters are not signficantly 
different  
                 according to Duncan’s multiple range test at α = 0.05.  
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Figure 3.  Growth and development of sugarcane culture  in TIS 

during the second 4 weeks (stage 2): (A). Initial 
culture, (B). Putrescine at 0 mg/L, (C). Putrescine at 
10 mg/L, and (D). Putrescine at 30 mg/L.  

 

4. Conclusion 
 

Proliferation of embryogenic callus and induction of 
somatic embryos of sugarcane have been succesfully performed in 
the temporary immersion system (TIS). Putrescine addition 
increased the biomass proliferation dan somatic embryo induction 
of sugarcane in TIS culture.  The highest somatic embryo induction 
was achieved in the medium added with 10 mg/L putrescine.  
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P 2 

Somatic Embryogenesis of Sago Palm (Metroxylon 
sagu Rottb.) in Temporary Immersion System 

 
Masna Maya Sinta, Imron Riyadi, and Sumaryono 

 
Indonesian Biotechnology Research Institute for Estate Crops 

Jl. Taman kencana 1, Bogor, Indonesia 
herculepoirot90@yahoo.com 

 
Tissue culture of sago through somatic embryogenesis has been 
developed by the Indonesian Biotechnology Research Institute for 
Estate Crops.  Liquid culture through temporary immersion system 
(TIS) was used to improve the growth and proliferation of 
embryogenic callus and the maturation and germination of somatic 
embryos of sago palm in vitro.  Callus was initiated from shoot 
apical tissue of young suckers of sago on a solid modified MS 
medium. Application of liquid media in TIS increased fresh weight 
of embryogenic callus by 6.5 fold, while on solid medium increased 
by 5.4 fold after 6 weeks of culture. In addition, somatic embryo 
formation from embryogenic callus was significantly higher in TIS 
than on a solid medium. In somatic embryo maturation stage, the 
duration and interval of liquid immersion affected the fresh weight 
of somatic embryo biomass and the number of advanced stage 
embryos (torpedo, cotyledonary and early germinant). The highest 
biomass increment and number of advanced embryos were 
achieved in TIS with 12 h immersion interval and 3 min duration.  
Sago somatic embryo germination can be conducted in TIS where 
the highest embryo germination was achieved in the medium 
added with 0.05 mg/l GA3 and 2.0 mg/l kinetin.  The germinants 
were then transferred onto solid medium for further plantlet 
growth.  It can be concluded that proliferation of embryogenic 
callus and maturation and germination of somatic embryos of sago 
were better conducted in TIS than those on solid medium.    
Keywords: metroxylon sagu, sago, somatic embryogenesis, 
temporary immersion system, in vitro culture, clonal propagation 
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1. Introduction 
Sago palm (Metroxylon sagu Rottb.), a hardy monocotyledonous, 

grows in swampy, acidic peat soils, submerged and saline soils 

where only few other plants survive
1
. The sago palm grows well in 

humid tropical lowlands, up to an altitude of 700 m with 

temperature above 30 °C and relative air humidity 70%. 

Productivity of 15-25 ton dry starch/ha/year in sago plantation is so 

far the highest productivity among starch-producing crops
2
. The 

trunk contains starch used by the plant as a reserve food for 

flowering and fruiting. Sago starch is a staple food for people in 

eastern parts of Indonesia. In addition, sago starch is also used for 

noodles, white bread, high-fructose syrup, biodegradable filler in 

plastics, stabilizer in pharmaceuticals, animal feed, single cell 

protein, adhesive, bioethanol and many other derivative 

products
2,3

.   

In Indonesia, sago palm spread over several islands such as Papua, 

Maluku, Sulawesi, Kalimantan and Sumatra. Papua is considered 

the center of diversity of sago palm in Indonesia based on cpDNA 

markers
4
. Indonesia has the largest sago area in the world 

consisted of approximately 1 million ha wild sago stands and 

114.000 ha semi-cultivated stands
2
. This palm has not been planted 

commercially in a large area in Indonesia, except one plantation in 

Selat Panjang, Riau. The development of commercial sago 

plantations is hampered by the limited availability of good and 

uniform suckers
5
. Sago palm propagation can be done by seeds and 

suckers. Seed propagation is rare because sago palms are usually 

harvested for their starch just before flowering.    

Tissue culture is a promising alternative method to propagate 

superior sago palm clonally.  The criteria of superior sago palm are 

high-yield starch production, quick bole maturation, high pith 

starch density, thin bark, and white starch
2
.  There is a high 
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variability in starch yield of sago palm in many areas in Indonesia 

from 150 to 700 kg fresh starch per trunk
6
.  If these high-yielding 

genotypes can be clonally propagated through tissue culture, the 

productivity of sago palm will increase significantly
7
. Tissue culture 

of sago has been established through somatic embryogenesis
8,9

. 

Morphological variations in form, size and color of somatic 

embryos were found during its maturation
10

. High morphological 

variation of somatic embryos may inhibit in vitro plant mass 

propagation of sago
9
.   

Temporary immersion system (TIS) has been developed for plant 

micropropagation based on periodic contact between plant 

materials and liquid medium rather than continuous contact.  

Interval and duration of immersion are adjusted according to the 

system developed. This system provides adequate oxygen transfer, 

sufficient mixing, reduced contamination and low cost
11

. TIS has 

been applied for in vitro mass propagation of many plants
12

.  

Research results in oil palm
13,14 

indicated that production frequency 

of somatic embryo from nodular callus in TIS was higher than those 

of in solid medium.  In addition, a better synchronization of somatic 

embryo development was achieved, thereby enabling production 

of more uniform somatic embryos. TIS has been developed at the 

Indonesian Biotechnology Research Institute for Estate Crops for 

somatic embryogenesis of sago especially on proliferation of 

embryogenic callus and maturation and germination of somatic 

embryos
15,16

. 

 

2. Explant Source and Culture Conditions 
Research activities on somatic embryogenesis of sago using TIS 

were conducted at Plant Cell Culture & Micropropagation 

Laboratory, the Indonesian Biotechnology Research Institute for 

Estate Crops, Bogor. Explants used were young suckers of unspined 

variety of sago palm collected from Banjarmasin district, South 
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Kalimantan, Indonesia. Callus was initiated from shoot apical tissue 

of the suckers on a solid modified MS (MMS) medium
8
. Callus was 

emerged after 2 to 4 subcultures of 6 weeks interval.  Early callus 

was subcultured on a solidified-agar medium until embryogenic 

callus was formed.  Proliferation of embryogenic callus and 

maturation and germination of somatic embryos were conducted 

in TIS. All cultures were incubated in the culture room at 26 °C 

under cool-white fluorescent lamps providing light intensity of 20 

µmol/m
2
/s over a 12-h photoperiod.  

 

3. Embryogenic Callus Proliferation 
Embryogenic calli from solid medium (Fig.1a) were placed on three 

different media: solid, liquid and TIS (Fig.1b). All medium containing 

MMS medium supplemented by 10 mg/L 2,4-D, 0.1 mg/L kinetin, 

30 g/L sucrose and 1 g/L activated charcoal, also 2 g/L gelrite for 

solid medium
15

.  For liquid culture, 250 mL Erlenmeyer containing 

50 mL medium were placed on a shaker at 100 rpm. The results 

showed that the application of TIS and liquid culture increased 

fresh weight of embryogenic callus by 6.5 fold and on solid medium 

by 5.4 fold after 6 weeks of culture.  The callus was mostly white 

(Fig.1c).  Callus proliferation was affected by plant growth 

regulators and nutrients in the medium. Liquid medium on TIS 

enable callus to absorb nutrients more efficiently than on a solid 

medium. Absorption occured on all callus surfaces because all parts 

of the callus contacted with the medium when being immersed. It 

is different from solid medium where only some parts of the callus 

contacted directly with the medium. Medium and culture 

environment were found to affect the quality and quantity of 

callus. Continuous immersion makes callus lack of oxygen. TIS gave 

better environmental conditions to the explants in term of better 

aeration. Somatic embryo formation from embryogenic callus was 

significantly higher on TIS than on solid medium. Based on callus 
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fresh weight, 19.7%, 40.5% and 38.4% callus on solid medium, 

liquid culture and TIS, respectively, turned into somatic embryos 

(Table 1).  

 

Table 1. Composition changes of sago embryogenic calli on three 

different systems of in vitro culture over a six-week 

culture period, based on total fresh weight of calli
15

. 

 

Culture System 
Percentage of culture composition (%) 

Embryogenic calli Somatic Embryo 

Agar-solidified medium 80.3 19.7 

Liquid medium 59.5 40.5 

Temporary immersion system 61.6 38.4 

 

 

4. Somatic Embryo Maturation 
Somatic embryos at globular stage were cultured in TIS with 

immersion interval every 3, 6 and 12 h for 1 and 3 min duration, 

and on a solid medium as control. All media consisted of a half-

strength MMS medium supplemented with 0.01 mg/L ABA, 1 mg/L 

kinetin, 0.1 mg/L GA3, 30 g/L sucrose and 1 g/L activated charcoal
16

. 

The cultures were placed in a light culture room for 4 weeks. The 

duration and interval of liquid immersion affected significantly the 

fresh weight of somatic embryo biomass and the number of 

advanced stage embryos (torpedo, cotyledonary and early 

germinant). The highest biomass and number of advanced embryos 

were achieved in TIS with 3 min immersion duration and interval 

every 12 h (Table 2). One minute immersion was not enough for 

medium absorption. Explants had a better aeration at 12 h 

immersion interval of TIS. Although the embryos were cultured in a 

maturation medium, some of the embryos germinated and formed 
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secondary embryogenic callus. Most of the globular somatic 

embryos had yellow color, whereas mature embryos had green and 

red colors (Fig.1d). The longer the immersion interval, the more 

mature embryos were present. 

 

Table 2. Effect of immersion interval and duration on fresh weight 

of somatic embryo biomass of sago palm
16

. 

 

Treatment 
Fresh weight of somatic 

embryo biomass (g) 
Immersion Interval 

(h) 

Immersion 

duration (h) 

12 1 11.9 b* 

 

3 14.6 a 

6 1 7.9 cd 

 

3 9.6 c 

3 1 7.6 d 

 

3 6.8 d 

Solid medium 3.6 e 

 

*) Means in the column followed by the same letters are not 

significantly different according to Duncan’s multiple range test at 

α = 0.05. 

 

5. Somatic Embryo Germination 
A clump of somatic embryos at cotyledonary stage were cultured in 

TIS flask containing a modified MS liquid medium. Treatments used 

were concentration of GA3 at 0; 0.1 and 0.5 mg/L combined with 

kinetin at 0; 0.5; 1 and 2 mg/L. Interval of the immersion was 

adjusted to 12 h with 3 min duration. Observations on the number 

of germinants, biomass fresh weight, and secondary embryo 

formation were conducted after 6 weeks of culture.  The results  
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show that the highest germination rate of somatic embryos at 50 

germinants per flask was achieved in the medium added with 0.5 

mg/L GA3 and 2.0 mg/L kinetin. In this medium, fresh weight of the 

biomass was increased five times in 6 weeks.  During the culture, 

many secondary somatic embryos had been formed (Fig.1e).  

Germination of somatic embryos of sago could be conducted 

satisfactorily in TIS culture. The sago germinants were then 

transferred onto solid medium for further plantlet growth (Fig.1f). 

 
 

Conclusion  

Proliferation of embryogenic callus of sago was better in TIS than 

on solid medium, but more callus has changed into somatic 

embryos. The best maturation treatment of sago palm embryos 

was obtained in TIS with 12 h immersion interval for 3 min duration 

where almost half of the embryos belonged to the advanced 

stages.  Germination frequency of sago somatic embryos in TIS 

containing MMS medium added with 0.5 mg/L GA3 and 2.0 mg/L 

kinetin was better than on a solid medium.  Therefore, temporary 

immersion system was suitable for the proliferation of 
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embryogenic callus and maturation and germination of somatic 

embryos of sago palm. 
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Banana is a fruit that has many nutrients. This fruit has nutrients 
such as vitamin A, vitamin B complex (thiamin, riboflavin, niacin, 
vitamin B6, and folic acid), mineral (potassium, magnesium, 
phosphorus, calcium, and iron), and carbohydrate. The growth of 
bananas through conventional seeds and vegetative reproduction 
requires a long time. Tissue culture is the right solution to 
propagate banana plants in a large amount and results in shoot 
that is identical to its mother plant. The objectives of this research 
were (1) to propagated an amount of bananas mini in vitro culture, 
which is taken from the shoot meristem of the plant, and (2) to 
obtained the concentration of BAP for the growth of the optimum 
bananas mini. The initiation of bananas mini (Musa spp.) was done 
by using MS0 media with 5 ppm BAP. The propagation was done by 
a complete random program with one factor and 5 levels of BAP 
concentration, which were 3 ppm, 4 ppm, 5 ppm, 6 ppm, and 7 
ppm. The result obtained from the propagation of the bananas mini 
shoot showed that the highest mean number of shoots at 4 ppm 
BAP was 6,67 shoots, and the lowest mean number of shoots at 5 
ppm BAP was 1,33 shoots. From this research, it can be concluded 
that the concentration of the optimum BAP for propagating 
bananas mini in vitro culture was 4 ppm.  
 
Keywords: bananas mini, BAP, propagation, in vitro 
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Introduction  
 Banana plant  (Musa sp.) is originated from Southeast Asia 
and is one of the most important fruit in Indonesia. Bananas has 
many nutrients, such as source of vitamins (vitamin A, vitamin C, 
vitamin E, and vitamin B complex), fiber, folic acid, minerals 
(potassium, magnesium, phosphorus, potassium, calcium, and 
iron), and carbohydrates [7]. Bananas are not only consumed as a 
fruit, but also can be used to cure various diseases. Potassium and 
fiber in banana can be used as cardiovascular protection and 
maintaining bone health [1]. Banana fruit contains antioxidants and 
antibacterial which are quite high, so the bananas in great demand 
by the public. Consumer’s needs on increasing banana commodities 
should be followed by an effort to increase production while 
maintaining  the quality of banana [4]. 
 There are many problems in conventional banana 
cultivation, such as the planting time, low quality of plant , not 
appropriate seedling method, and plant pests and diseases control. 
A tissue culture technique is a technique that can support the 
development of banana in Indonesia. Tissue culture can generate 
banana seedlings that are superior, which is identical to mother 
plant, and also resistance to disease [4]. Micropropagation method 
which is a section of tissue culture that able to overcome the 
problem in banana production seedling , due to the short time  (2-6 
weeks) [13].  
 Micropropagation process is initiated from taking explants 
of the mother plant [5]. According many experimental data, 
explants for initiation of banana plants could be generated from 
meristem tissue, such as embryo and pollen [2], male bud [4], buds 
or meristem [13], shoot meristem [9], young suckers [2], [11], and 
shoots [14]. 
 Plant growth regulator is very important in banana 
initiation and propagation [12]. Cytokinin has an important role in 
the propagation, the type of commonly used cytokinin is BAP (6-
benzyl amino purine), which the function to induce the 
morphogenesis, the growth of axillary and the adventitious buds, 
and also the foliar development of shoot tip culture. At higher 
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concentrations, BAP can stimulate the multiplication of shoots or 
meristem. However, if the use of BAP is too high up to 33 ppm, it 
can result in plant mutation  [11]. BAP in the initiation of banana 
meristem is useful for inducing shoots [6]. BAP concentration used 
to generate the optimum shoot, about 7 ppm [14], 9 ppm [2], 12 
ppm [12], 22 ppm [11]. Banana has been propagated in vitro 
culture, such as banana Ambon [3], banana Raja [11], banana 
Rajabulu [2], banana Barangan [11], Dwarf Cavendish [3], banana 
Batu and banana Abaca [2], [5], [12], [7], and [6]. Some banana 
propagations have been done, but banana Mini propagation has 
not been done. 
 
Methods 
 
Sterilization and initiation  of explants 

The plants were washed with detergent and rinsed in 
running water to remove soil particles. Shoot meristem  of the 
plant were cut and sunk in 0.25 gram of both bactericide and 
fungicide in 200 ml of water for 30 minutes, 2.25 g/ml antibiotic 
rifampicin for four hours, 2% of Clorox

®
 bleach for 15 minutes, 1.5% 

of Clorox
®
 bleach for 15 minutes, 1% of Clorox

®
 bleach for 10 

minutes, and 0.1% of HgCl2 for 2 minutes. The explants were then 
rinsed two times with sterile water, and planted into culture 
medium for initiation. There was one medium types for initiation 
and culture medium contained MS salts medium, supplemented 
with sucrose, coconut water, and added  5 mg/L BAP.  
The effect of BAP on shoot propagation  

The explants obtained from the previous stage were 
planted on MS salts medium, supplemented with sucrose, and 
coconut water, and variable concentrations of BAP (3 ppm, 4 ppm, 
5 ppm, 6 ppm, and 7 ppm). The parameter recorded in the 
experiment was the mean number of shoots produced per explant 
on the 12 weeks. 
Experimental design and statistical analysis 

The experimental design on this experiment was 
completely random design with 3 replication per treatment. The 
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mean shoot numbers of plantlet were compared statistically on the 
12 weeks. The data  were analyzed using ANOVA and  the mean 
compared using Duncan’s pairwise comparisons at P=0.05  
  
Results and Discussion  
 
 Initiation and propagation of banana Mini was performed 
by using cytokinin as plant growth regulator in MS0 media, and 5 
ppm of BAP was used for initiation of shoot meristem explants. 
Cytokinin has a role in cell division process known as cytokinesis, 
proliferation of axillary buds, root growth inhibition and induction 
of micro tubers [12]. According to Kalimuthu et al. (2007), shoot 
meristem explants was used as sources for the propagation of 
banana plants. Shoot meristem was often used in commercial 
application in horticulture. An apical meristem can be induced to 
initially produce shoot organs, followed by the formation of root 
system. In meristem cultures, an induction of shoot regeneration 
can be rather easily promoted [10]. 
 In this experiment, propagation was performed on MS0 
media which contents BAP with concentrations, range from 3 ppm, 
4 ppm, 5 ppm, 6 ppm, and 7 ppm. The purpose of using various 
concentration of BAP was in order  to know the effect of BAP 
concentration on the number of banana shoots. BAP has a function 
to induce the growth of axillary and adventitious buds, and foliar 
development of shoot tip culture. Multiplication of shoot or 
meristem can be increased at a higher concentration of BAP [11]. 
 The results of the mean number of banana Mini shoots at 
a concentration of BAP can be seen in Table 1. Propagation in BAP 
concentrations, which were 3 ppm, 4 ppm, 5 ppm, 6 ppm, and 7 
ppm respectively produce the mean number of shoots per 
plantlets, which were 6 shoots, 6.67 shoots, 1.33 shoots, 6 shoots, 
and 6.33 shoots. The number of banana shoots development in 
various BAP concentrations can be seen in Figure 3. 
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Table 1. Effect of BAP addition to the number of banana Mini 
shoots after 12 weeks of culture 
 

Treatment The mean number of shoots  

BAP 3 ppm 6
a 

BAP 4 ppm 6.67
 a

 

BAP 5 ppm 1.33
 a

 

BAP 6 ppm 6
 a

 

BAP 7 ppm 6.33
 a

 

Means followed by the same letter are not significantly different 
(compared using Duncan’s pairwise comparisons at P=0.05) 
 
 
 The propagation result of 4 ppm BAP produced the 
optimal number of shoots with the mean number was 6.67 shoots. 
Results of the development of shoots can be seen in Figures 1 and 
3. The optimal concentration of BAP to propagation of banana 
plants depended on the type of banana explants used and the 
source of explants [10]. On banana Raja Bulu (Musa paradisiacal L.) 
obtained an optimal number of shoots at 12 ppm BAP [12], 
whereas the number of banana Abaca shoots (Musa textillis Nee) 
optimal at 7 ppm BAP [14], and for banana Rahabulu (Musa AAB 
GROUP) at 9 ppm BAP [2], and banana Barangan (Musa acuminata) 
at 22 ppm BAP [11], respectively. 
 The use of BAP with a concentration of 3 ppm, 4 ppm, 5 
ppm, 6 ppm and 7 ppm produced the number of shoots was not 
significantly different because it was found that treatment did not 
differ significantly by Duncan’s test (Table 1). These results were 
supported by Jahari et al. (2011) that the banana shoots number 
which are resulted on the propagation with BAP does not reveal 
significantly different number of shoots when they grow on various 
concentrations BAP. However these results did not distinguish 
significantly based on Duncan's test could also caused due to the 
small number of repetitions. 
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 BAP has an influence on the development of the shoots 
number. However BAP at too high concentration can result in 
mutations and inhibiting plant growth [11]. At higher BAP 
concentration caused the fewer number of shoots as can be seen in 
Figure 2. The propagation result of 5 ppm BAP produced less 
optimal shoot, and the number of shoots on 5 ppm BAP should be 
more than the number of shoots at 6 ppm and 7 ppm. 
 The number of banana shoots was less optimal at 5 ppm 
BAP shown in Figure 1. Early initiation of used 5 ppm BAP can 
induce new shoots, but the treatment at 5 ppm BAP was obtained 
the least number of shoots. Less optimal number of shoots on the 5 
ppm BAP can be due to many factors, endogenous factors and 
exogenous factors. Endogenous factors included genetic influence, 
physiological status of "mother Tissue", and growth condition of 
the "mother Tissue". Exogenous factors included growth regulators 
and nutritional factors [10]. According to Mahmoud et al. (2011), 
light and temperature factor was affecting the propagation of the 
plant. Explants propagated in 5 ppm BAP produced less shoots that 
could be caused by endogenous factors [10] and light [8]. Explants 
on media added 5 ppm BAP got less light compared to the other 
explants. The number of shoots was not optimal which could be 
due to the genetic influence. 
 



 

 237 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

 
  

Figure 2. Development of shoot number from banana Mini at 
various concentrations of BAP 

  
Optimal development number of banana Mini shoots occurs at 
different times (Figure 2). BAP concentration of 3 ppm achieved 
optimal development of the number of shoots at 11 weeks. At 4 
ppm of BAP achieved optimal development number of shoots at 10 
weeks, 5 ppm of BAP achieved optimal development number of 
shoots at 9 weeks, and 6 ppm and 7 ppm were still increasing at 12 
weeks. The optimal development number of banana Mini shoots 
reached at 10 weeks. Optimal development time can be used as a 
time for subculture into new media in regenerating banana Mini 
shoots. Our suggestion is that the banana Mini shoots regeneration 
could be used for seed production. 
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Figure 3. Development of the number of banana Mini shoots at 4 
ppm BAP 

 
Note: A: 0 week; B: 2 weeks; C: 6 weeks: and D: 10 weeks. 
 
 

Development of the optimal shoot number of banana Mini 
at a concentration of 4 ppm BAP was at 10 weeks can be seen in 
Figure 3, and the development curves of shoots number as shown 
in Figure 2. Based on the development curve of the shoot number, 
at 10 weeks is the optimum for development number of banana 
Mini shoots. After 10 weeks bananas Mini did not increase in 
number of shoots anymore. 

 
Conclusion  
 

In this experimental research, banana Mini shoots was 
obtained from shoot meristem explants. The use of different 
concentrations of BAP did not show significant differences in 
number of banana Mini shoots generated. Banana Mini 
propagation at 4 ppm BAP had the highest number of shoots, which 
was 6.67 shoots. The number of banana Mini shoots achieved the 
optimal development at 10 weeks at concentration of 4 ppm BAP. 
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Tacca leontopetaloides (L.) Kuntze belongs to family dioscoreaceae 
is one of tuberous plant useful as alternatives food. This plant 
contains starch (amylose and amylopectin) similar to that of 
potatoes. In addition, this plant also contains secondary 
metabolites potential for diarrhea, dysentery, and anticancer. In 
Indonesia, this plant only grows at restricted coastal areas i.e. in 
Sukabumi, Yogyakarta, Garut and Karimunjawa. The purpose of this 
research was to provide a protocol for rapid micropropagation 
using corms as explants. Seeds of Tacca leontopetaloides were 
germinated on Murashige & Skoog (MS) basal medium solidified 
with 8 g/L agar without addition of plant growth regulators. Corms 
of seedlings grown in this medium were used for micropropagation. 
Cytokinins Benzylaminopurine (BAP) dan kinetin at 0; 0.1; 0.5; 1.0; 
2.0; 4.0; 8.0 mg/L were suplemented on MS medium to obtain the 
best medium for micropropagation. The results showed that the 
best shoot proliferation was achieved on MS medium containing 1 
mg/L Kinetin. On this medium the multiple shoots ranged from 2 to 
15 shoots after 8 weeks in culture. After 12 weeks the multiple 
shoots reached the maximum of 25 shoots. MS medium 
supplemented with 2 mg/L IBA (Indole-3-Butyric Acid) was the best 
for rooting. Tacca planlets were successfully acclimatized in a 
greenhouse. No abnormalities were found in seedlings grown in the 
greenhouse.  
 
Keywords: micropropagation, Tacca leontopetaloides, kinetin, 
benzylaminopurine 
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1. Introduction 
 
Scarcity of food has become a threat to every country since the 
growth explosion of world population. Thomas Robert Malthus in 
1798 has predicted that the world will face a threat because of 
inability to keep pace with population growth in the provision of 
adequate food. Indonesia currently has a population of more than 
240 million people, and mostly consumed rice as their staple food 
daily. Therefore, it takes an effort to reduce dependence on rice as 
staple food commodity. One alternative that can be done is to 
develop on minor tuber crops that are now begin to be abandoned 
by society. Although Indonesia is the third largest producer of tuber 
crops, but its utilization is still very low. One of the minor tubers 
plant that has potentially to be developed is a Tacca 
leontopetaloides. 
 
Polynesian arrowroot (Tacca leontopetaloides (L.) Kuntze Syn. T. 
pnnatifida Forst, T. involucrata Schum and Thonn.) is a species of 
flowering plant from the family Taccaceae. Tacca is the only genus 
in this family, recently separated from the family Dioscoreaceae 
[1,2]. It is naturally distributed from Western Africa through 
Southeast Asia to Northern Australia [3]. Tacca leontopetaloides is 
a perennial herb with a tuberous rhizome, from which a single 
petiole, 60-90 cm long arises, bearing deeply lobed leaf blades 
consisting of three main segments, each further divided in pinnate 
manner; the bladders are about 30 cm across. The inflorescence is 
borne on a long stalk, also arising from the basal tuber, and is 
terminated by a number of small green flowers surrounded by six 
or more bracts. The fruit is an ovoid, smooth, yellowish berry, 
about 3.5 cm long, with six ribs. Two distinct types have been 
reported from the Pacific Islands, one producing a single large 
tuber, the other with a number of smaller (potato-sized) tubers [4]. 
 
The tubers were in the past a staple food in Polynesia, and used as 
a source of starch. In Tahiti they are used to make “poi” (“poke” in 
the Cook Islands), a traditional food consisted of a mixture of fruit 
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pulp and starch, flavored with vanilla and lemon and cooked in an 
oven [4]. The tubers contain 20-30 % of starch which can be easily 
extracted in a pure state and was formerly marketed in Europe and 
used in Philippines for bread making. The amylose content of Tacca 
starch was found to be 22.5%, which is in the same range as the 
amylase content of potato, cassava and some other root starches. 
Physicochemical tests show that properties of Tacca starch are 
similar to those of potato and maize starch [5].  The characteristic 
of Tacca were similar to those of maize starch even though Tacca 
starch was relatively more resistant to compression. This is 
concluded that Tacca starch can be used as pharmaceutical 
excipient comparable to maize starch in tablet formulation [5]. The 
tubers, on the other hand, are generally used to treat stomach 
ailments mainly diarrhea and dysentery in many Polynesian islands 
[6]. Other species of T. chantrieri are known to have cytotoxic 
activity against HL-60 human promyeocytic leukemia cells [7] and T. 
paxiana and T. subflabellata were reported to have anticancer 
activity against HeLa Cells [8,9,10]. 
 
The plant remains a wild and under-utilized in Indonesia, although 
some of the region in Indonesia (Karimunjawa and Cikelet) still 
utilized this plant for emergency food. The seeds of Tacca have 
shown poor germination; vegetative propagation is the most widely 
used method. Since the method of propagation is still conventional, 
we need other methods to propagate the plant for developing 
superior T. leontopetaloides cultivar. Tissue culture is one method 
commontly used as in vitro micropropagation to produce 
transplants all over the season and to provide plantlets for genetic 
manipulation. Therefore, this study was conducted to develop a 
protocol for rapid micropropagaion of T. leontopetaloides. 
 
2. Materials and Methods 
 
Materials 
Seeds materials were used in this experiment were collected from 
Yogyakarta – Indonesia. 
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In vitro seed germination 
The shoot culture was initiated by in vitro seed germination. Before 
surface sterilization, seeds were isolated from mature fruits. The 
seeds were immersed in 5% of detergent for 10 min followed by 3% 
of fungicide (Dithane) for 30 min. The seeds were surface-sterilized 
in 1% of HgCl2 for 5 min and rinsed 3 times with sterile water. The 
sterilized seeds were germinated on the MS medium [11] 
containing 30 g/l of sugar and 8 g/l of agar, medium pH was 
adjusted at 5.8. The seedlings were placed in an incubation room 
under 16h photoperiod, 1400 lux light intensity at 25

0
C. 

 
Shoot Induction and proliferation  
Two months old in vitro seedlings, after the roots and leaves 
removed (corm of seedlings), were taken and the corm were 
isolated and transferred to MS medium containing 30g/l of sucrose 
and 8 g./l of agar, medium pH was 5.8. medium was supplemented 
with 0.1; 0.5; 1.0; and 2.0 mg/l of 6-benzylaminopurine (BAP) or 
0.1; 0.5; 1.0; 2.0; 4.0; and 8.0 mg/l of Kinetin. The corms were 
cultured in an incubation room under 1400 lux light intensity, 16 
photoperiod at 25

0
 C. The experiment had 5 replicates. Number of 

shoots were observed every week up to twelve weeks of culture. 
 
Root Induction 
Planlets grown in the shoot induction medium were separated into 
single corm and transferred to the half strength MS media without 
addition of plant growth regulators or to the full strength of MS 
medium containing 30g/l of sucrose and 8 g./l of agar, 
supplemented with 0.1; 0.5; 1.0; and 2.0 mg/l of Indole-3-Butyric 
Acid (IBA), the medium pH was adjusted at 5.8. Each treatment 
consisted of 20 corms. The number of shoot, roots, and the height 
of shoots were recorded after six weeks of culture. 
 
Stomata density 
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Stomata densities were counted from lower and upper epidermis 
of in vitro plantlet and from Tacca plants grown in the green house 
using nail varnish method. 
 
All data were analyzed by variance analysis (ANOVA), followed by 
Duncan Multiple Range Test (DMRT) at 5% level of probability form 
mean comparison. 
 
3. Results and Discussion 
 
The germination rates of sterile seed were very low. From 6491 
seeds sterilized, only about 100 of them germinated. It means only 
0.02% seeds are germinated. It was assumed that the seeds were 
taken from the filed were in physiologically immature state, this 
causes the seeds have very low viability. From in vitro germination 
observation, it seems that Tacca seeds were polyembryony where 
one seeds could give rise to two or three embryos to form more 
than one plants. Figures 1A-B illustrate the germination of T. 
leontopetaloides seeds on MS medium with no plant growth 
regulators and its shows polyembryony seeds. 
 

 
 
 

Shoot induction and proliferation 
Two month old in vitro seedlings were divided into 9 groups 
consisted of 8 planlets of each. The roots and leaves were removed 
from the corms, then they were subcultured on MS medium 
suplemented with various concentrations of BAP or Kinetin. The 
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results showed that Tacca corm treated with Kinetin had better 
shoot proliferation than those grown in the medium suplemented 
with BAP. The highest shoot proliferation (25 shoots per planlet) 
were obtained in MS medium supplemented with 8 mg/l of Kinetin 
after 12 weeks in culture (Table 1.). However, in this medium the 
shoots were dwarf and abnormal. To enhance the normal growth, 
the shoots were transferred into MS medium supplemented with 
1.0 mg/l of kinetin. In this concentration, shoot proliferation were 
optimum and the culture did not show any abnormalities.  
 
Table 1. The effect of BAP and Kinetin with various concentrations 
on shoot proliferation of T. leontopetaloides corm up to 12 weeks 
in culture. Means ± s.e. within each column, means with different 
letters are significantly different (DMRT) 
 

Treament  with Cytokinin and 
concentration (mg/l) Week 0 Week 4 Week 8 Week 12 

MS (control) 1.14 ± 0.14
a
 3.00 ± 0.73

a
 5.60 ± 1.20

a
 6.40 ± 1.50

a
 

BAP 

0.1 2.33 ± 0.33
b
 3.33 ± 0.88

a
 4.67 ± 0.88

a
 6.00 ± 1.52

a
 

0.5 1.60 ± 0.24
a
 2.80 ± 0.48

a
 4.40 ± 0.74

a
 4.60 ± 0.67

a
 

1.0 1.60 ± 0.24
a
 2.00 ± 0.44

a
 3.20 ± 0.96

a
 3.60 ± 1.38

a
 

2.0 1.00 ± 0.00
a
 1.75 ± 0.47

a
 2.00 ± 0.70

a
 3.00 ± 0.70

a
 

Kinetin 

0.1 2.33 ± 0.33
b
 3.00 ± 0.57

a
 3.00 ± 0.57

a
 4.00 ± 1.00

a
 

0.5 1.00 ± 0.00
a
 2.29 ± 0.83

a
 4.57 ± 0.97

a
 7.83 ± 2.02

a
 

1.0 1.00 ± 0.00
a
 2.00 ± 0.62

a
 6.13 ± 1.76

a
 8.17 ± 3.40

a
 

2.0 1.25 ± 0.25
a
 2.25 ± 0.84

a
 4.25 ± 1.47

a
 6.00 ± 1.57

a
 

 4.0 1.00 ± 0.00
a
 1.50 ± 0.50

a
 3.25 ± 0.63

a
 4.67 ± 0.88

a
 

 8.0 1.25 ± 0.25
a
 4.00 ± 1.47

a
 12.25 ± 6.02

b
 24.67 ± 10.52

b
 

 
 
Characteristics of Tacca plantlets cultured in the medium with 
addition of BAP differed from that of culture grown in Kinetin. 
Tacca shoots treated with BAP were in hyper-hydric, formed callus 
at the base of shoots, and tent to form bulbous-like mass. 
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Meanwhile shoots treated with Kinetin tent to form more vigorous 
shoots with little bulbous and formed no callus-like mass. 
Eventhough BAP and Kinetin were purine-type plant growth 
regulators (PGR), it had different effect on the growth 
characteristic of Tacca shoots. This shoot proliferation 
phenomenon is presented in Figures 2A-D.  
 
Several reports stated that BAP has superior shoot inducing ability 
than kinetin. In Musa sp.[12,13], Morus alba L. [14], and Guava 
[15], BAP had more significant effect compared with kinetin in 
stimulating shoot multiplication. BAP is not easily broken down and 
therefore,  it more persists in the medium. BAP is chemically stable 
cytokinin in tissue culture, whereas most other purine-type 
cytokinins are considered to be chemically unstable [16]. However, 
for Tacca shoot culture, it showed that Kinetin was much more 
effective than BAP to stimulate the multiple shoot inductuin. 
Similar result was obtained in in vitro culture of eucalyptus [17], 
where the continuation use of BAP in eucalyptus culture induce 
multiplied shoot but gave rise stunted and became abscised shoots, 
meanwhile the use of Kinetin gave no abscised shoots. Thus, the 
use of kinetin for shoot induction in Tacca culture were more 
preferable than BAP.  
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Root Induction 
Tacca corms taken from shoot induction medium were subcultured 
into root induction medium. The results showed that Tacca plantlet 
subcultured in 0.5 mg/l of IBA had the highest root number, shoot 
number and shoot height (Table 2). The uses of IBA as root 
stimulant were common in in vitro culture. Various reports on 
successful root initiation using IBA has been reported such as on 
Prosopis sp. [18]  And Magnolia [19].  
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Table 2. The effects of IBA on root induction of T. 
leontopetaloides corm after six weeks in culture. Means ± s.e. 
Within each column, means with different superscript letters are 
significantly different (DMRT)  
 

IBA concentration 
(mg/l)  

Root 
number 

Shoot 
number 

Shoot height 
(cm) 

Half strength of MS 
1.92 ± 
0.65

a
 

3.08 ± 
0.40

a
 2.88 ± 0.31

a
 

0.1 
2.17 ± 
0.44

a
 

3.17 ± 
0.61

a
 3.44 ± 0.28

abc
 

0.5 
3.88 ± 
0.60

b
 

5.25 ± 
0.70

b
 4.28 ± 0.30

c
 

1.0 
3.31 ± 
0.44

ab
 

4.63 ± 
0.48

ab
 3.91 ± 0.39

bc
 

2.0 
3.25 ± 
0.49

ab
 

3.94 ± 
0.63

ab
 3.25 ± 0.27

ab
 

 
Although shoot height and shoot number were not the main 
objective of the root induction experiment, the results showed that 
IBA also had positive influence on shoot number and shoot height 
(Table 2.). This showes that IBA is an auxin functioning to promote 
axial elongation (as in shoots), lateral expansion (as in root 
swelling), and isiodiametric expansion (as in fruit growth). 
 
 
Acclimatization and stomata density 
Tacca planlets with sufficient root system (from IBA treatment) 
were taken out for acclimatization. The agar attached tothe 
medium were gently separated to the root system. The planlets 
were acclimatized in medium containing soil and sand (1:2). After 
one month they were successfully grown in a greenhouse. Figures 
3A-C show T. leontopetaloides in grown in the greenhouse. More 
than 90% of plantlets survived in the greenhouse. 
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Figure 3 A-C.  Tacca leontopetaloides grown in a greenhouse. 
 
 
Stomata density counts were carried out on in vitro culture and T. 
leontopetaloides plants grown in the greenhouse. The results 
showed that there were significant differences between Tacca 
grown in the greenhouse and Tacca grown in vitro. The results also 
showed that PGR also had different effect on the stomata density. 
In vitro Tacca culture subcultured in MS medium, supplemented 
with 0.5 mg/l BAP and supplemented with 0.5 mg/l Kinetin had 
significantly different mean number of stomata density (Figure 4).  
 

B A C 

C 
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Figure 4. Mean of stomata density (stomata number/mm
2
) of T. 

leontopetaloides with standard errors bars. Means bars with 
different letters are significantly different (DMRT) 
 
 
4. Conclusions 
 
The results showed that the best shoot proliferation was achieved 
on MS medium containing 1.0 mg/L of Kinetin. On this medium the 
multiple shoots ranged from 2 to 15 shoots after 8 weeks in 
culture. After 12 weeks the multiple shoots reached the maximum 
of 25 shoots.  MS medium supplemented with 0.5 mg/L of IBA 
(Indole-3-Butyric Acid) was the best for rooting. Tacca planlets 
were successfully acclimatized in a greenhouse. No abnormalities 
were found in plants grown in the greenhouse. 
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P 7 

Micropropagation of Deschampsia klossii Ridley – an 
Endemic Plant species Grows in Subalpine and Alpine 

of New Guinea 
 

Tri Muji Ermayanti, Erwin Al-Haafizh, Andri Fadilah Martin, Ary 
Mandessy, Arief Hermono and Andi Mukhsia 
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Deschampsia klossii Ridley is a tussock grass endemic to New 
Guinea grows at subalpine and alpine zones. In Indonesia this 
species is found to grow in Mount Jaya, Papua. Currently, a large 
number of this species is required to support reclamation program 
at the highland which is only subalpine and apine plant species can 
only grow at this area. Therefore, tissue culture technique is 
beneficial to provide transplants independent of the seasonal 
conditions. Seeds were collected from Grasberg (Papua), they were 
surface-sterilized then germinated on MS medium without addition 
of plant growth regulators. After surface-sterilization, seeds were 
germinated in vitro, then single shoots were grown on MS medium 
containing cytokinins or auxins to stimulate shoots multiplications. 
The results showed that after 8 weeks the multiple shoots formed 
ranged from 2-6 shoots per explants, however, after 12 weeks the 
multiple shoots reached 12.8 shoots on MS without addition of 
plant growth regulators, 15.4 shoots on MS medium suplemented 
with 0.5 mg.l 2,4-D; and those reached 19.0 shoots on MS 
containing 0.5 mg/l kinetin, respectively. After rooting, plantlets 
were ready to acclimatization. This protocol is not only beneficial 
for mass propagation but also for in vitro conservation of endemic 
plant species grown in restricted area.  
 
Keywords: Deschampsia klossii Ridley, micropropagation, Papua, 
subalpine, alpine. 
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1. Introduction  
Deschampsia klossii is one of dominated species grows in subalpine 

and alpine zones in New Guinea. This species for the first time is 

reported by Hitchcock [1]  in 1936 based on the herbarium 

collection in New York Botanical Garden. The specimens were 

collected by Brass in 1933 and 1934 after exploration to Papua of 

the Archbold Expedition. In Papua, D. klossii is found to grow in 

high altitude more than 4200 m above sea level. The species is 

commonly found in an open wet area, often in association with 

other species like Hierochloe redolens and Poa, Festuca and 

Danthonia. According to The Online World Grass Flora 

(http://www.kew.org/data/grasses-db) and Johns et al [2] D. klossii 

is a perennial grass having clumped densely leaves, with culms 

erect at 50–120 cm long, lateral branches lacking, ligule has an 

eciliate membrane with 3–10 mm long, leaf-blades is flat, or 

involute at 10–30 cm long; 1–4 mm wide. Inflorescence is a panicle. 

This plant is reported to have the distribution in Papuasia at the 

subalpine and alpine area. Naturally, this species is propagated by 

seeds. 

Reports on D. klossii is very limited. Tissue culture is an in vitro 

technique to produce transplant for many purposes such as for 

mass propagation, genetic engiineering, study on bioprospecting, 

and conservation of endangered or endemic plants. Tissue culture 

of D. klossii is needed since this plant species grows only in the 

restricted area so that genetic conservation to protect its 

biodiversity is required. Tissue culture of D. antartica was reported 

in 2005 by Cuba et al [3], propagation on D. cespitosa has been 

reported [4], however, there is no reports on the propagation on D. 

klossii. In papua, this species is required to produce in a large 

number in order to reclaim the mining are in the highland. The 

source of the plants is only limited in the surrounding area of the 

http://www.kew.org/data/grasses-db
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mining, so that the conservation of the biodiversity is also needed. 

The aim of this study is to provide a protocol for micropropagation 

by shoot proliferation of D. klossii.  

 2. Materials and Methods 
Collection of seeds 
Seeds of D. klossii were collected from Grasberg area and they 
were used as explants for induction of shoot culture through in 
vitro germination. Mature seeds from the field. The open-dry 
florets containing mature seeds were covered by a plastic bag to 
prevent the dispersion of the seeds. Seeds were then placed inside 
plastic bags before they were germinated aseptically in the 
laboratory. The seeds can be stored at refrigerator at about 3-5

o
C 

before surface sterilization. Before storage, seeds were air-dried 
and placed in paper bags containing fungicide. In this condition, 
seeds can be stored for a long period of time.  

Sterilization of seeds and in vitro seed germination 

Surface sterilization of D. klossii seeds was done by placing the 
mature seeds inside a screen bag, then they were washed with tap 
water containing 1% of liquid detergent and left them in the 
running water for at least 30 min. Seeds were, then, soaked in 1% 
of fungicide for about 30 min, and shaken them periodically, 
followed by surface sterilization using 70% of ethanol for 1 min. 
After rinsing with sterile water, seeds were then soaked in 1% of 
sodium hypochlorite for 20 min, and rinsed with 3 changes of 
sterile distilled water. Seeds were then placed in petri dishes 
containing MS medium [5] solidified with 8 g/l of agar, 
supplemented with 20 g/l of sucrose with no addition of plant 
growth regulators. Each culture tub had 15-20 of seeds. All cultures 
were incubated in a culture room at temperature of 28

 o
C, with 

continuous light.  
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Induction of shoots proliferation 
Shoot multiplication was done by growing single shoot at about 1.0 
cm in length of D. klossii on MS solid medium  containing 20 g/l of 
sucrose, supplemented with cytokinins BAP or kinetin at 
concentrations of 0; 0.1; 0.5; 1.0 and 2.0 mg/l or with the addition 
of auxin 2,4-D at concentrations of 0.1; 0.25; 0.5 and 1.0 mg/l. All 
cultures were incubated in a culture room at temperature of 28

 o
C, 

with continuous light. 
Parameters observed in this experiment were number of shoots 
and number of leaves after 8 weeks in culture. The number of 
shoots was also recorded after 1

st
 and 2

nd
 subcultures. 

 
Root induction 
Rooting was induced by culturing shoots clumps to MS solid 
medium without addition of plant growth regulators. All cultures 
were incubated in a culture room at temperature of 28

 o
C, with 

continuous light. 
 
3. Results and Discussion 
In vitro germination 

Seeds started to germinate after 2-3 week in culture. The 
germination rate was still low (less than 10%), this may due to 
the in vitro condition of the culture room at the laboratory 
which was about 28

o
C. At their own habitat, the seeds need 

low temperature to germinate, so that in vitro germination 
should also be done at low temperature. Some seedlings were 
then moved from MS medium without plant growth regulators 
to medium containing BAP and kinetin to induce multiple 
shoot formation. 

Shoots proliferation with treatment of cytokinins (BAP and 
kinetin) and auxin (2,4-D) 

The results indicated that the addition of BAP at concentration 
at 0.1-2.0 mg/l reduced the height of shoots (Figure 1A). The 
highest shoots was reached in the medium with no addition of 
BAP or kinetin. Leaves of shoots grown in the medium 
containing BAP were ticker than that of shoots grown in the 
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medium without addition of BAP. In the medium without 
addition of growth regulator, the growth was much faster after 
week-4 and still on the exponential growth at week-8. Height 
of shoots cultured in the medium supplemented with kinetin 
was also lower at week-8, however, from week-3 to week-5 
the addition of low conentration of  kinetin (0.1 mg/l) resulted 
in higher shoot height. The growth was slower after week-5 
and reached only 5.93 cm at week-8 (Figure 1B). The addition 
of 0.5 mg/l kinetin gave the shortest shoots. 

 

Addition of BAP at concentrations of 0.1; 1.0 and 2.0 mg/l 
increased total number of leaves. Started on week-3 the 
number of leaves in the medium with addition of BAP 
increased the total number of leaves, higher than that grown 
in the medium without addition of BAP or with addition of 0.5 
mg/l BAP (Figure 2A). Cytokinin BAP at concentration of 2.0 
mg/l gave the highest number of leaves compared to the lower 
concentrations and the medium without BAP. Kinetin also 
enhance growth of D. klossii in terms of number of leaves. At 
low concentration (0.1 mg/l), kinetin increased the number of 
leaves (Figure 2B), however, BAP gave better number of shoots 
compared to kinetin. 
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The addition of both BAP and kinetin at concentration 
of 0.1-2.0 mg/l induced the multiple shoot formation (Figure 
3). Cytokinin BAP at 2.0 mg/l gave the highest shoot numbers 
compared to lower concentraions. The formation of 
adventitious shoots was recorded 3 weeks after culture (Figure 
3A). The effect of kinetin on the multiple shoot formation was 
not as strong as that of BAP. Number of multiple shoots on D. 
klossii treated with kinetin was lower (Figure 3B) than that 
treated with BAP.  

 

Kinetin and BAP are common cytokinin used to enhance 
growth of many plant species grown in vitro. Other type of 
cytokinin such as 2-iP, zeatin and Thidiazuron may also be 
evaluated to find out the best type and concentration of 
cytokinin added to the basal medium for the best shoot 
multiplication on D. klossii. In the medium both without 
addition of growth regulators and supplemented with 
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cytokinins (BAP and kinetin), D. klossii formed roots easily. The 
root formation was recorded after 4 weeks in culture. 

 

Table 1 shows the growth of D. klossii recorded after 8 weeks 
grown in MS medium containing BAP, kinetin and 2,4-D. The 
height of shoots, number of leaves and number of shoots were 
recorded to evaluate the growth. This data was recorded 
regardless to the use of different culture vessels. Data from 
shoots grown both in the culture tubs and in the test tubes 
were collected, combined and calculated for the average and 
their range. The results showed that the maximum height of 
culture treated with BAP was 8.2 cm found on shoots grown in 
MS medium containing 0.5 mg/l BAP. Kinetin gave slightly 
higher shoots with the maximum of 8.5 cm reached by shoots 
grown in medium containing 0.1 mg/l. Significant height was 
recorded from the shoots grown in the medium containing 0.5 
and 1.0 mg/l of 2,4-D which reached 18.0 cm after 8 weels in 
culture. Medium without addition of growth regulator did not 
stimulate the height of D. klossii shoots (Table 1). 

 

Addition of 2,4-D also gave more significant effect on the 
number of leaves and the number of shoots of D. klossii 
compared to the addition of BAP or kinetin or the medium 
without plant growth regulators (Table 2). The maximum 
number of leaves reached 34 in the medium supplemented 
with 0.25 and 0.5 mg/l of 2,4-D. This result was the best 
compared to the other tratments. Addition of BAP only 
reached the maximum of 14 leaves after 8 weeks grown in the 
medium containing 1.0 mg/l. Kinetin gave lower leaves number 
with the maximum of 11 leaves after 8 weeks of culture in the 
medium containing 2.0 mg/l of kinetin. Similar results were 
also found for the number of adventitious shoots. The addition 
of 2,4-D was the best compared to those with treatment of 
BAP and kinetin. The maximum adventitious shoots was found 
on shoots grown in MS medium containing 0.25 mg/l 2,4-D 
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which reached 6 shoots after 8 weeks in culture. In D. 
antartica, 2,4-D was also suitable for the shoot multiplication 
[3]. 

 

Table 1.  Growth of D. klossii after 8 weeks cultured in MS 
medium containing growth regulators BAP, kinetin and 
2,4-D or different composition of vitamins 

 

Plant 
Growth 
regulato
r (mg/l) 

Heigh of 
plantlets (cm) 

Number of 
leaves 

Number of 
shoots 

 Averag
e 

Rang
e 

Averag
e 

Rang
e 

Averag
e 

Rang
e 

BAP       
0.1 4.63 ab 1.0-

6.7 
6.25 
abc 

3-12 1.42 
abc 

1-2 

0.5 4.58 ab 1.0-
8.2 4.89 a 

3-9 
1.22 ab 

1-3 

1.0 3.90 a 2.0-
5.6 

6.83 
abc 

5-11 
1.33 ab 

1-3 

2.0 5.33 
abc 

2.1-
8.0 7.83 c 

4-14 
1.92 c 

1-4 

       
Kinetin       

0.1 5.93 
bcd 

3.0-
8.5 7.17 bc 

5-13 
1.67 bc 

1-3 

0.5 3.83 a 2.5-
5.3 5.67 ab 

5-6 
1.00 a 

- 

1.0 4.91 ab 1.0-
8.3 5.00 a 

3-10 
1.33 ab 

1-2 

2.0 5.25 
abc 

2.6-
7.5 

6.00 
abc 

4-11 
1.08 a 

1-2 

       
2,4-D       
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0.1 10.08 
ef 

6.1-
14.0 

8.00 cd 4-18 1.75 bc 
1-5 

0.25 9.92 e 3.3-
16.3 

15.17f 8-34 2.72 d 
1-6 

0.5 11.91 f 3.8-
18.0 

12.23 e 4-34 2.18 cd 
1-5 

1.0 11.03 f 4.7-
16.5 

13.06 
ef 

6-21 2.39 cd 
1-4 

       
MS + Vit 

MS 
7.03 d 4.7-

8.5 5.17 ab 
3-7 

1.00 a 
- 

MS + Vit 
B5 

6.68 cd 3.2-
8.7 5.17 ab 

3-7 
1.00 a 

- 

Note : - = only single shoot (no multiple shoot) 
 

Growth of shoots at 2
nd

 subculture 

 

Growth of shoots was evaluated after 2
nd

 subculture compared 
with the growth at the 1

st
 subculture. Number of shoots was 

recorded after 8 weeks before all plantlets were subcultured in 
the fresh medium. The medium used in this experiment was 
MS medium containing 0.1; 0.25; 0.5 and 1.0 mg/l 2,4-D which 
was the best medium based on the previous experiments.  

 

The results indicated that at the first subculture number of shoots 

of D. klossii increased from the maximum of 2 shoots to the 

maximum of 6 shoots on the medium containing 0.25 mg/l 2,4-D. 

This increase was much higher at second subculture which reached 

17 shoots at the same medium, and even higher for shoots grown 

in MS medium supplemented with 0.5 mg/l 2,4-D which was 21 

shoots with the average of 15.4 shoots (Table 2). In the medium 

without addition of plant growth regulators, the maximum 

adventitious shoots formed was 26, with the average of 12.8 
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shoots. This result suggested that in the culture room at 

temperature of  26-27
o
C at lowland, D. klossii could be propagated 

to form more shoots, but it needed longer period of time to form 

more adventitious shoots. In the best medium, the maximum 

growth was reached after second subculture, meaning that the 

culture needs 24 weeks to reach 26 shoots initiated from single 

shoot culture. This ability to form multiple shoots is expected to be 

faster in the condition with lower temperature as the habitat of the 

plants is at the high altitude. This species is endemic to subalpine 

and alpine zones, so that lower temperature is comfortable for its 

growth. On micropropagation of kiwi fruit, BAP at 0.5 mg/l was also 

the best for shoot proliferation [6], however, at D. klossii, the auxin 

2,4-D was more effective compared to cytokinins BAP and kinetin. 

 
Table 2. Shoot development of D. klossii in MS medium containing 

2,4-D 
 

Concentration 
of 2,4-D (mg/l) 

Number of shoots 

1
st

 subculture 2
nd

 subculture 
 Average Range Average Range 

0 1 - 12.80 2-26 
0.1 1.75 1-5 8.00 5-13 

0.25 2.72 1-6 8.25 3-17 
0.5 2.18 1-5 15.40 6-21 
1.0 2.39 1-4 8.00 5-13 

Note : - = only single shoot (no multiple 
shoots) 

 
Root formation of D. klossii was formed spontanously in the 
medium used for shoots multiplication. Shoots transferred to MS 
medium with no addition of plant growth regulators were also 
easily formed roots. Some plantlets were then transferred to 
polybags for acclimatization. 
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4. Conclusions 
Micropropagation of D. klossii through shoot proliferation was 
achieved on MS medium containing kinetin, BAP or 2,4-D. The best 
medium for shoot proliferation was MS medium containing 0.5 
mg/l of 2,4-D. Rooting was also formed in this medium. This 
research has proven that subalpine and alpine species could be 
propagated in vitro in the laboratory with temperature of 28 

o
C. 

Acclimatization would be attempted to its own habitat in the 
subalpine and alpine condition to maximize the growth. 
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Effects of Gamma Irradiation and Mutant Morphology 
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Rodent tuber (Typhonium flagelliforme Lodd.) is an Indonesia 
native plant which have high potential as anticancer. Problem 
experienced by rodent tuber in Indonesia is a low genetic variation, 
while the potential use of bioactive compound from rodent tuber is 
very high. Gamma irradiation can be used to increase genetic 
diversity. The objective of this research was to obtain the first 
generation mutants (M1) of rodent tuber resulted from gamma 
irradiation with different morphological diversity from normal 
mother plants. Rodent tuber were irradiated at doses of 0, 10, 20, 
30, 40, and 50 Gy. The percentage of plant death was then 
calculated to determine Lethal Dose (LD) 50. Rodent tuber then re-
irradiated at LD50 dose to obtain M1 mutant. Morphological 
variation was observed after eight weeks of culture. Analysis of 
rodent tuber radiosensitivity resulting LD50 is 25 Gy. M1 mutant 
plantlets obtained as much as 52,08% (25 plantlets). The 
morphological variation occurred in the number of progeny, leaf 
shape, and plant height compared to the normal mother plants. 
The average numbers of progeny produced was 6,04 shoots, curling 

mailto:nestipro@yahoo.com
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leaf by 84%, and plant height by 76%. This study shows that gamma 
irradiation at LD50 dose can generate morphological variation of 
M1 mutant plantlets which are different from normal mother 
plants. 
 
Keywords: Rodent tuber, irradiated mutant, variation, morphology 
 
1. Introduction 

Rodent tuber (Typhonium flagelliforme Lodd.) is a member 
of the Araceae family and classified as a medicinal plant. Rodent 
tuber is a herbal plant that has a wide variety of bioactive 
compounds. Rodent tuber has a high potential as an anticancer. 
Every part of the plant contains anticancer compounds, whether its 
roots, tubers, stems, or leaves [1]. Rodent tuber bioactive 
compounds were reported as alkaloid and flavonoid [2], saponin 
[3], sterol [4], cerebroside and glycoside [5]  

Problems encountered by rodent tuber in Indonesia is a 
low genetic variation [2], while the potential usage of the bioactive 
compunds from rodent tuber is very high. Rodent tuber is 
propagated vegetatively by separating its seedlings or tubers [6]. 
Vegetative propagation will reduce the formation of new 
genotypes. Although rodent tuber produces seed, crossbreeding 
seems rarely to happen, this contributes to low genetic variation of 
rodent tuber [7]. High genetic variation has impacted on the 
diversity and quantity of bioactive compounds. 

Mutation induction is an effective way to increase genetic 
variation [8]. Gamma irradiation is most commonly used and most 
favorable for the induction of mutants. Gamma classified as 
electromagnetic wave because it does not have a mass and charge. 
High energy content in gamma makes gamma have high 
penetration power into the tissue and is able to ionize the atoms in 
its path, and then induce mutation [9]. Gamma irradiation may 
cause changes in physiology and biochemistry [10], and induce 
mutations because it contains a large amount of kinetic energy, 
causing structural changes in chromosomes of plants [11]. 
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Gamma irradiation is a method to obtain improved 
varieties in some food crops [12]. Characterization of germplast is 
an important thing related to the utilization of plant genetic 
resources [13]. With the induction of mutations and 
characterization of rodent tuber morphology mutations as a result 
of irradiation, this research has produced rodent tuber mutants 
with different morphological variation from the normal mother 
plant. 
2. Methods 

The analysis of radiosensitivity of rodent tuber to gamma 
irradiation was performed by using a Cobalt 60 irradiation (

60
 Co) 

and gamma chamber irradiator 4000A at Center for Application of 
Isotope and Radiation Technology, National Nuclear Energy Agency 
at doses of 0, 10, 20, 30, 40, and 50 Gy using single dose irradiation 
method.  Each irradiation dose was repeated 12 times. Culture 
medium used was an optimized culture medium containing MS0, 1 
mg/l NAA, 0,5 mg/l BAP, 30 g/l sucrose, 100 ml/l coconut water, 
and 8 g/l agar. The percentage of death is observed in each 
irradiation dose. 

The determination of Lethal Dose 50 (LD50) was 
performed by processing the data of rodent tuber death 
percentage using DataFot v.8.2 (Oakdale Engineering) software. 
Regression equation was then used to determine the LD50. 

Rodent tuber mutation induction using gamma 
irradiation was performed by using LD50 values previously 
obtained as a reference to the induction of rodent tuber mutants. 
Radiation treatment was performed on total of 76 plantlets (38 
rodent tuber culture bottles containing two plantlets) at the 
irradiation dose around LD50 using a single irradiation method. The 
observation of morphological characters was conducted during the 
preparation of culture until six weeks after irradiation. The 
parameter observed was the average of plant height, number of 
shoots, and number of leaves. The data were then processed using 
SPSS v. 17 software for the analysis of variance and Duncan 
multiple range test. 
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3. Result and Discussion 
The percentage of plantlets survived after irradiation 

decreased with the increase of irradiation dose given. The data are 
shown in Figure 1, where the results obtained by treatment with 
irradiation at the dose of 0, 10, 20, 30, 40, and 50 Gy show the 
rodent tuber LD50 at 25 Gy. LD50 was determined based on 
regression equation y = 0,003x

3
 – 0,2296945x

2
 + 1,8522x + 

99,88769. The higher the dose, the greater are the chances of 
mutation. An effective dose is a dose which causes only 50% 
mortality of the plantlets treated with mutagen [14]. There were no 
deaths at 0 Gy treatment, while the higher irradiation treatment 
than the LD50 value had caused high numbers of plantlets death. 
The irradiation dose above 40 Gy had caused the death of all 
rodent tuber plantlets. 

 

 
 

Figure 1. Regression equation of LD50 
 
On other plants, different irradiation dose was given to 

obtain mutants, depending on the species of the plant. Irradiaton 
to produce Citrus reticulata was conducted at the doses of 20-40 
Gy [15], Mangifera indica at the doses of 10-50 Gy [16], Aphium 
graveolens at the doses of 5-35 Gy [17], and Chrysantemum at the 
doses of 19-25 Gy [18]. Induction mutation become main choice in 
the enchancement of genetic variation when natural genetic 
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variation can not be obtained [19]. Mutations can occur in all parts 
and growth phase of the plant, but the incidence of mutation is 
dominated by part of plants actively growing and dividing 
(meristematic) such as buds [11]. Gene mutations can lead to the 
emergence of different phenotypes from mother plants and can be 
inherited [20]. 

Re-irradiation was performed on 76 rodent tuber plantlets 
to observe morphological changes that occured due to irradiation 
at a dose of around LD50. Two doses were selected for each variety 
of plants : a medium dose that inhibited proliferation by 40% and a 
high dose that inhibited proliferation by 60% [21]. Then, based on a 
radiosensitivity analysis, the irradiation was performed  at 20 and 
25 Gy to effectively induce mutations in rodent tuber plantlets. 

The results of gamma irradiation at 20 and 25 Gy showed 
significant morphological changes from the normal mother 
plantlets (Table 1). The observation at six weeks after irradiation 
showed significant differences between a normal mother plant, 20 
Gy mutant, and 25 Gy mutant, with an average plant height 9,57 
cm, 3,41 cm, and 2,43 cm respectively, the average number of 
shoots produced was 7,85 shoots, 6,03 shoots, and 5 shoots 
respectively, and the average number of leaves was 9,99 leaves, 
4,96 leaves, and 4,46 leaves respectively. This result suggested that 
the changes in rodent tuber morhological character occur due to 
the treatment of gamma irradiation. 
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Table 1. Plant height, number of shoots, and number of leaves 

observed at six weeks after irradiation 

 

Dose 
(Gy) 

Number of 
plantlets 

Plant 
height 

Number of 
shoots 

Number of 
leaves 

0 16 9,57
c
 ± 0,29 7,85

b 
± 0,69 9,99

b 
± 0,33 

20 49 3,41
b 

± 0,24 6,03
a 

± 0,37 4,96
a 

± 0,27 

25 37 2,43
a 

± 0,12 5,00
a 

± 0,42 4,46
a 

± 0,34 

 
Note : Means ± SE of plant height, number of shoots, and number 
of leaves followed by the same letter are significantly different 
(Duncan multiple range test, P = 0,05) 

 
 
Parts of plants that are actively dividing and meristematic 

have a high sensitivity to irradiation. The main targets of irradiation 
are genes. Irradiation ionizes the atoms in tissues by removing 
electrons from atoms. Ionization would damage the bases of DNA 
and becomes mismatched. Chromosome strands can be broken by 
irradiation and change the structure of chromosome in four ways, 
deletion, inversion, duplication, and translocation. The damage to 
the molecular level causes the increase of variation in irradiated 
plants [22].  The sensitivity of plant material after irradiation is 
different in each species of plants, both under in vivo or in vitro 
condition [21]. 

The development graph of rodent tuber plant height after 
gamma irradiation showed a different growth rate between normal 
mother plantlets and mutant plantlets (Figure 2). In normal mother 
plantlets, an increase in plant height occured until six weeks, while 
the mutant plantlets had a decrease in plant height from one to 
three weeks after irradiation, then it was followed by a very slow 
increase until six weeks after irradiation. The higher dose of 
irradiation given caused a decrease of the plant height. These 
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results indicated a significant effect of the irradiation dose given to 
the plant height. 

 
 
Figure 2. Effect of irradiation dose to the development of rodent 

tuber plant height. 
 

 
The development graph of rodent tuber after gamma 

irradiation showed a different growth rate of number of shoots 
(Figure 3) and number of leaves (Figure 4) between normal mother 
plantlets and mutant plantlets. The number of shoots and leaves 
tended to increase from one week after irradiation but six weeks 
after irradiation, the number of shoots and leaves produced was 
different. The normal mother plants produced the highest amount 
of shoots and leaves, followed by 20 Gy and 25 Gy mutant 
respectively. The higher dose of irradiation given caused a decrease 
of the number of shoots and leaves produced with a significant 
difference to the normal mother plants, but it had no significant 
difference between 20 and 25 Gy mutants. These results indicated 
a significant effect of the irradiation dose given to the number of 
shoots  and leaves produced. 
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Figure 3. Effect of irradiation dose to the development of rodent 

tuber number of shoots. 
 
 

 
 
Figure 4. Effect of irradiation dose to the development of rodent 

tuber number of leaves. 
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Gamma irradiation can affect M1 generation in some 
aspects, such as plant mortality, inhibited growth, abnormal 
morphology, and genetic changes [23]. Significant changes in 
rodent tuber morphological character compared to normal mother 
plant showed that gamma irradiation given has produced rodent 
tuber mutants. Observed morphological changes can be caused by 
low endogenous plant growth regulator produced by plantlets, as a 
result of irradiation treatment. Plant growth regulator are known 
to have an important role in the rodent tuber morphology 
abnormalities, especially auxin and cytokine [24]. Figure 5 showed 
observed abnormalities caused by gamma irradiation to rodent 
tuber plantlets six weeks after irradiation. Plantlet mutants of 20 
and 25 Gy mutants had a short height and low number of shoots 
and leaves compared to the normal mother plantlets. 

 

 
Figure 5. Morphology appearance of rodent tuber six weeks after 

irradiation 0 Gy (A), 20 Gy (B), and 25 Gy (C) 
 

4. Conclusion 

 
The analysis of rodent tuber radiosensitivity resulted in LD50 

at 25 Gy. Irradiation at 20 and 25 Gy dose has  produced mutants 
with significant difference in plant height, number of shoots, and 
number of leaves compared to normal mother plantlets. 
Observation at six weeks after irradiation showed significant 
differences between the normal mother plants, 20 Gy mutant, and 
25 Gy mutant with average plant height 9,57 cm, 3,41 cm, and 2,43 
cm respectively, the average number of shoots produced was 7,85 
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shoots, 6,03 shoots, and 5 shoots respectively, and the average 
number of leaves produced was 9,99 leaves, 4,96 leaves, and 4,46 
leaves respectively. This research showed that gamma irradiation 
at 20 and 25 Gy dose can generate morphological variation of 
rodent tuber M1 mutant plantlets which are different from normal 
mother plantlets. 
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Jatropha curcas L. is a potential plant for biodiesel. However, up to 
now, there are lack of high-quality clones and limited research in 
the plant breeding. Therefore, an alternative method is needed 
including the application of biotechnology. This study was aimed to 
induce somatic embryogenesis using different type of explants and 
several concentrations of plant growth regulators, as well as to 
study the development of somatic embryos. Young embryos and 
embryo axis from immature and mature fruit were used as explants 
for induction of somatic embryos. Explants were cultured on solid 
MS medium containing 3% of sucrose, suplemented with 0; 0.5; 
1.0; 1.5; 2.0; 2.5; 3.0; 4.0 or 5.0 mgL-1 of picloram or 0; 0.5; 1.0; 
1.5; 2.0 or 2.5 mg L-1 of 2,4-D. The results showed that embryo axis 
explants from mature fruit produced somatic embryos at globular, 
heart, torpedo and cotyledonary stages 6 weeks after culture 
(WAC) in the medium containing 2.5 mg/l of picloram, whereas in 
medium containing 3, 4, or and 5 mg/l of picloram, the somatic 
embryos were found after more than 7 WAC. Proliferation and 
maturation were achieved on both solid and liquid MS medium 
without growth regulators and in liquid MS with the addition of 2.5 
mg L-1 of picloram.  
 
Keywords: somatic embryogenesis, picloram, embryo axis, mature 
fruit, 2.4-D. 
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1. Introduction 

Jatropha curcas L. is a source of non edible biofuel which can grow 
in marginal land. This plant produces seeds with high oil content 
and having high quality of oil which can be used as biodiesel [1]. 
Jatropha biodiesel contains more oxygen, with a high cetane and 
can improve the quality of combustion, clean and environmentally 
friendly. 
 
The efforts in developing vegetable oils, especially castor oil as an 
alternative energy is very promising, but this still have a lot of 
obstacles. The main constrain is the low productivity, non uniform 
of fruit ripening and oil content in seeds were varied [2]. Therefore, 
some methods to increase productivity and oil content of seeds 
through the application of plant biotechnology is needed. Research 
in J. curcas micropropagation has been done using various methods 
of regeneration, explants and plant growth regulators [3]. 
However, the rate of propagation is still low, so it is less applicable. 
It would require new technologies in tissue culture that make it 
possible to obtain more and uniform seeds, as well as higher 
frequency in plant regeneration via somatic embryogenesis [4]. 
 
Various reports in somatic embryogenesis of J. curcas showed that 
the formation of somatic embryos can be formed from various 
explants induced by growth regulators, either single or in 
combinations. Several methods using different explants and growth 
regulators produced direct and indirect somatic embryos. 
Embryogenic callus formation could reach high in percentage, but 
its regeneration into planlets are limited, so that in fact the 
application of somatic embryogenesis has not effective and 
efficient enough [4-7]. 
 
The use of meristematic explants generally produces higher 
formation of somatic embryos. The explants can be of leaves, 
hipocotyl, cotyledons, immature zygotic embryos, immature and 
mature embryo axis. Successful in the induction of somatic 
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embryos of different types of explants have been reported in many 
plant species, such as Jatropha using leaf explants [4], embryonic 
axis and cotyledons [7], potato leaf explants [8], peanuts with 
embryonic axis and leaf explants [9], Sorghum with immature 
zygotic embryo explants [10], citrus with explants of leaves, stems, 
cotyledons, and mature zygotic embryos [11], coffee leaf explants 
[12], and many others. 
 
Somatic embryogenesis is a choice of in vitro propagation. The 
successful in somatic embryogenesis depends on mainly the type of 
explants and growth regulators. Therefore, it is important to study 
J. curcas regeneration in vitro via somatic embryogenesis 
concerned in various types of explants and the concentration of 
growth regulators in the induction medium supported by 
morphological and anatomical studies on the structure and 
development of somatic embryo. This was the aim of this research. 

 
2.  Materials and Methods 
 
2.1 Plant material  
 
Jatropha curcas L. fruits Dompu genotype were collected from 
Surfactant and Bioenergy Research Center, Bogor Agriculture 
University (SBRC IPB) Jatropha  Garden, located at Indocement 
Tunggal Tbk PT, Cibinong. Immature embryo explants (0.7-1 cm 
long), immature embryo axis (0.3-0.5 cm) and embryo axis of 
mature fruit were used as explants. 

 
2.2 Sterilization of explants 
 
The immature fruits were first thoroughly washed with 5% of 
detergent solution, then they were dipped in 2% of sodium 
hypochlorite solution for 30 min and rinsed three times with 
sterilized distilled water. The sterile fruits were then opened in the 
laminar air flow cabinet, the explants are isolated and grown in the 
induction medium. 
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2.3. Induction of somatic embryogenesis 
 
Intact immature embryo explants (0.7-1 cm long), immature 
embryo axis (0.3-0.5 cm) and embryo axis of mature fruit were 
cultured on MS medium with the addition of 3% of sucrose, 
picloram at 0, 0.5: 1.0, 1.5, 2.0 and 2.5 mgL

-1
 and 2 ,4-D at 0, 0.5: 

1.0, 1.5, 2.0 and 2.5 mgL
-1

. Cultures were maintained in the dark 
room at 26±2 ºC for 8 weeks. Based on best result of the first 
treatment, second treatment was arranged with mature embryo 
axis grown on solid MS medium with the addition of 3% of sucrose 
and picloram at 2.5: 3.0: 4.0 and 5.0 mgL

-1
. After week 6 and 8 the 

development of explants to form callus or somatic embryos was 
recorded. 

 
2.4 Proliferation and maturation somatic embryo.  
 
Embryogenic callus grown on MS medium supplemented with 2.5 
mgL

-1
 of picloram were subcultured to solid MS medium without 

PGRs with the addition of Gamborg B5 vitamins solidified with 2.5 
mgL

-1
 of pytagel and MS liquid medium with addition of 0 or 2.5 

mgL
-1

 of picloram. The development of embryogenic callus to form 
mature embryos was recorded. 

 
2.5 Histological examination 
 
Microscopic observation of callus was only applied on calluses 
which were considered to be embryogenic and on each stage of 
somatic embryo formation using paraffin method (Sass, 1951) with 
a longitudinal incision and fast green as dye. 
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3. Results and Discussion 
 
3.1 Induction of somatic embryogenesis  
 
Addition of picloram and 2.4-D to the medium induced callus on all 
three different type of explants of Jatropha. Analysis of variance 
showed that there was an interaction effect of picloram and 2.4-D 
concentrations on the growth of the callus. Mature embryo axis 
explant gave the highest callus growth both at 6 and 8 weeks in 
culture (Table 1). 
 
 

Table 1. Influence of auxin on callus growth score from various 

explant at 6 and 8 WAC 

PGR 

Concentration 

(mgL
-1

) 

Callus Growth Score 

immature embryo 

axis 
immature embryo  mature embryo axis  

 6 WAC 
8 WAC 

6 WAC 
8 

WAC 
6 WAC 

8 WAC 

0 1.0
a
 1.0

a
 1.0

a
 1.0

a
 1

a
 1.0

a
 

Picloram 0.5 4.1
hij

 4.8
ghi

 3.1
cde

 3.9
de

 4.2
ij
 5.0

i
 

Picloram 1.0 3.9
fghi

 4.8
ghi

 3.4
def

 4.1
ef

 4.0
ghi

 5.0
i
 

Picloram 1.5 4.1
hij

 4.9
hi

 3.6
efgh

 4.4
fg

 4.6
jk

 5.0
i
 

Picloram 2.0 4.1
hij

 4.9
hi

 3.3
cde

 3.6
cd

 4.4
ijk

 5.0
i
 

Picloram 2.5 4.6
jk

 4.9
hi

 3.9
fghi

 4.5
fgh

 4.6
l
 5.0

i
 

2.4-D 0.5 4.8
k
 5.0

i
 2.5

b
 3.3

bc
 4.0

ghi
 5.0

i
 

2.4-D 1.0 4.1
hij

 4.9
hi

 2.8
bc

 3.0
b
 4.2

ij
 5.0

i
 

2.4-D 1.5 3.5
defg

 4.4
fg

 3.1
cde

 3.4
bc

 4.4
ijk

 5.0
i
 

2.4-D 2.0 3.5
defg

 4.4
fg

 3.0
cd

 3.5
cd

 4.3
ijk

 5.0
i
 

2.4-D 2.5 3.9
fghi

 4.9
hi

 2.5
b
 3.3

bc
 4.2

ij
 5.0

i
 

Means having the same letter in the same coloumn are not 
significantly different according to Duncan’s multiple range test 
(P<0.05) 
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Picloram and 2.4-D formed compact callus on immature embryo 
axis and immature embryo explants, meanwhile on mature embryo 
axis explant they formed compact and friable calli (Table 2). The 
growth rate of intact immature embryo explant was slower than 
other explants types. This was due to the lack of wounding on 
intact immature embryo explants, so it made slower response to its 
environmental change. Wounded explants had faster effect to their 
responses to PGR added in the culture medium. This led to inter 
and intracellular change in the explant tissue, stimulated the cells 
becoming more active to form callus [13]. 
 
Table 2. Influence of auxin on callus morphology and number of 

somatic embryo formed on various explant 
 

Kind of 

explant 
PGR Callus morphology 

Number of explant 

producing somatic 

embryo (%) 

immature 

embryo 

axis 

Picloram 0 No callus formed 0 

Picloram 0.5 Compact, brownish  0 

Picloram 1.0 Compact, brownish  0 

Picloram 1.5 Compact brownish  0 

Picloram 2.0 Compact, white 0 

Picloram 2.5 Compact, white 0 

2.4-D 0.5 Compact, white 0 

2.4-D 1.0 Compact, white 0 

2.4-D 1.5 Compact, brownish 0 

2.4-D 2.0 Compact, brownish 0 

2.4-D 2.5 Compact, brownish 0 

immature 

embryo 

Picloram 0 No callus formed 0 

Picloram 0.5 Compact, brownish 0 

Picloram 1.0 Compact, brownish  0 
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Picloram 1.5 Compact, brownish  0 

Picloram 2.0 Compact, brownish  0 

Picloram 2.5 Compact, white  0 

2.4-D 0.5 Compact, brownish  0 

2.4-D 1.0 Compact, brownish  0 

2.4-D 1.5 Friable, brownish  0 

2.4-D 2.0 Friable, brownish  0 

2.4-D 2.5 Friable, brownish  0 

mature 

embryo 

axis 

Picloram 0 No callus formed 0 

Picloram 0.5 
Compact, friable, 

brownish   

0 

Picloram 1.0 
Compact, friable, 

brownish  

0 

Picloram 1.5 
Compact, friable, 

brownish  

0 

Picloram 2.0 
Compact, friable, 

brownish  

0 

Picloram 2.5 

Compact, friable, 

brownish and 

embryogenic 

10 

2.4-D 0.5 
Compact, friable, 

brownish   

0 

2.4-D 1.0 
Compact, friable, 

brownish  

0 

2.4-D 1.5 
Compact, friable, 

brownish  

0 

2.4-D 2.0 
Compact, friable, 

brownish  

0 

2.4-D 2.5 
Compact, friable, 

brownish  

0 
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Somatic embryos were formed on mature embryo axis explant on 
MS medium containing 2.5 mgL

-1 
of picloram at 6 and 8 weeks after 

culture (WAC) with percentage of explant producing embryo was 
10%. At 8 WAC 2 embryos at globular stage and 5 embryos at 
cotiledonary stage were found. Mature embryo axis explants 
cultured on MS medium supplemented with 2.4-D did not form 
embriogenic callus nor somatic embryo. Formation of somatic 
embryo is not only depending on auxin and nutrients in the culture 
medium, but also endogenuous factors such as hormone, protein 
and gene expression [14]. 
 
Formation of somatic embryos from mature embryo axis explant on 
medium supplemented with 2.5 mgL

-1
 of picloram, showed the 

presence of cells or tissue sensitivity to the type of auxin (picloram 
or 2.4-D), which resulted in a potential difference of the cells of 
mature embryo axis explants in response to picloram or 2.4 -D to 
induce somatic embryos. Picloram could activate the signal 
transduction so that the cell can make a re-arrangement of gene 
expression and induces cell division to develop callus or somatic 
embryos. Interaction and balance between endogenous PGRs and 
exogenous PGRs will determine the direction of the development 
of a culture. The addition of auxin in the medium will change the 
ratio of endogenous PGRs which later became determinant for the 
growth and morphogenesis of the explants [15]. The results 
showed that induction of somatic embryos in J. curcas required 
auxin (picloram) at 2.5 mgL

-1
, this meant that picloram played an 

important role in the formation of somatic embryogenesis of J. 
curcas.  
 
With increasing concentrations of picloram from 2.5 to 5.0 mgL

-1
, 

somatic embryos could also be formed and the efficiency of 
somatic embryo formation was 11%. Table 3 shows the percentage 
of explants producing somatic embryos between 5.6 and 16.7%. 
Although the percentage of somatic embryo formation was not 
significantly different, medium containing 5.0 mgL

-1
 of picloram 

produced the highest percentage of the embryo formation. 
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Somatic embryos emerged on medium with 2.5 mgL
-1

 of picloram 
at 6 WAC. Direct somatic embryo formation occurred on medium 
supplemented with 3.0 mgL

-1
 of picloram and indirect somatic 

embryo formation was found in the medium containing 2.5 and 4.0 
mgL

-1
 of picloram. In the medium containing 5.0 mgL

-1
 of picloram, 

somatic embryos were formed directly and indirectly (Figure 1). 
 
 
 
Table 3. Effect of picloram on callus growth scores, the number of 

somatic embryos, period of somatic embryos 
emergence and callus morphology of mature embryo 
axis explants of J. curcas 

 

Picloram 
concentra
tion(mg/l) 

Number of explants and  
Embryogenesis Type 

The number 
of explants 

forming 
somatic 

embryos (%) 

Average 
time of 
somatic 
embryo 

emergence 

Callus 
morphology 

Direct Indirect 

2.5 0 2 11.1
a
 6 Friable,  white 

yellowish and 

embryogenic 

3.0 1 0 5.6
a 

8 Friable, white 

yellowish and 

embryogenic  

4.0 0 2 11.1
a 

7 Friable, white 

yellowish and 

embryogenic 

5.0 2 1 16.7
a 

7.7 Friable, white 

yellowish and 

embryogenic 

Mmeans having the same letter in the same coloumn are not 
significantly different according to Duncan’s multiple range test 
(P<0.05) 
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The results showed that somatic embryo formation on Jatropha 
occured without a callus phase (direct embryogenesis) or via callus 
phase (indirect embryogenesis). In the indirect embryogenesis, 
callus cells had ability to form somatic embryos, but in fact only 
some them developed into somatic embryos. This was due to the 
competition between embryogenic cells to develop into somatic 
embryos. In general, the formation of somatic embryos, both 
directly and indirectly, could be induced from various types of 
explants selected from a particular genotype with the addition of 
PGRs (auxin and cytokinin) or without PGRs. The addition of PGRs 
to the culture medium could be added separately or in combination 
with others. 
 
Direct somatic embryo formation occurred on MS medium 
containing 3.0 mgL

-1
 of picloram at 8 WAC and the formation of 

indirect somatic embryos was formed in medium supplemented 
with 2.5 mgL

-1
 of picloram at 6 WAC and 4.0 mgL

-1
 of picloram at 7-

8 WAC. On the medium containing 5.0 mgL
-1

 of picloram the 
formation of direct and indirect somatic embryos found  on 7-8 
WAC. Embryogenesis in J. curcas can be formed directly from 
cotyledon explants on MS medium containing 1.5; 2.0 and 2.5 mgL

-1
 

of BAP [6], indirect embryogenesis from leaf explants was found on 
the medium with addition of 2.0 mgL

-1
 kinetin [4], and with mature 

embryo axis and cotyledons explants was achieved on the medium 
containing 1 mgL

-1
 of picloram [7]. This suggests that formation of 

somatic embryos in J. curcas can be formed from various ekspants, 
induced by single PGRs both auxin or cytokinin. The formation of 
somatic embryos is influenced not only by culture conditions such 
as balance of endogenous and exogenous PGRs, osmotic 
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conditions, and changes in pH, but also by the genotype, type of 
tissues and developmental stages of explants [16]. 

 
3.2 Proliferation and maturation of somatic embryo 
Embryogenic callus formed in MS medium containing 2.5 mgL

-1
 of 

picloram were subcultured to solid MS medium without PGRs with 
the addition of Gamborg B5 vitamins and solidified with 2.5 mgL

-1
 

of pytagel. In the second WAC the callus formed somatic embryos 
at globular, heart and torpedo stage. Furthermore they developed 
to form the cotyledonary stage and germinated with primary roots 
to form complete plantlets. The number of somatic embryos 
formed at 4 WAC were 20 of globular, 23 of heart shape, 30 of 
torpedo stage, 14 of cotyledonary phase and 4 cotyledons with 
primary roots. 
 
Proembrio culture formed on solid MS medium without PGR 
underwent proliferation and maturation (Figure 2). It was 
characterized by the increase of proembryogenic masses and 
further developed to form globular somatic embryo. Embryogenic 
cells developed into small embryos with dense cytoplasm, large 
nucleus, small vacuola, high starch grains contents, increased in 
metabolic activity and RNA synthesis [17,18].  
 
Generally, the addition of exogenous auxin in low concentration 
could encourage the proliferation of proembryogenic mass, 
whereas the provision of high auxin inhibited further development 
of somatic embryos. This could be due to exogenous auxin would 
negate the polarity of endogenous auxin causing the disturbance of 
endogenous auxin gradients by exogenous auxin diffusion into 
somatic embryo cells. However, the removal or reduction of the 
concentrations of auxin will promote the development of somatic 
embryos, sometimes the presence of auxin and cytokinin can 
promote germination [19]. The involvement of endogenous and 
exogenous hormones in vitro culture medium may affect 
development ofsomatic embryo [20]. 
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Embryogenic callus proliferated and developed into somatic 
embryos on liquid MS medium containing 2.5 mgL

-1
 of picloram 

(Figure 3). The addition of picloram could effectively induce 
somatic embryos. This because picloram was able to induce 
somatic cells and embryogenic callus to form somatic embryos. On 
MS medium containing 2.0 and 4.0 mgL

-1
 of picloram enhanced the 

proliferation of embryogenic callus of Carnation (Dianthus 
caryophyllus) up to 40% after 4 weeks in culture [21]. The use of 
appropriate type and concentrations of PGRs suitable to the 
explant physiology and plant species will affect the success of the 
proliferation of embryogenic callus and development of somatic 
embryos. Every species of  plants and different type of tissues have 
different responses to the effects of exogenous PGRs. 
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Conclusions 
In Jatropha, somatic embryos was obtained from the mature 
embryonic axis explants cultured on solid MS medium containing 
picloram at 2.5; 3.0; 4.0 and 5.0 mgL

-1
. Somatic embryogenesis 

occurred directly and indirectly. Proliferation of embryogenic callus 
and maturation of somatic embryos was performed on solid MS 
medium without PGRs, and on the liquid MS without and with 
addition of 2.5 mgL

-1
 of picloram, 3% of sucrose and Gamborg B5 

vitamins. 
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Comparative Analysis on Genetic Variation Between 
Parents and Its F1 Hybrids on Jatropha curcas L. Using 

Random Amplified Polymorphic DNA Markers 
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This study is to obtain the informations of parents character and its  
crossing F1 hybrids of Jatropha curcas L. by RAPD molecular 
markers. Research carried out by using Jatropha curcas L. parents 
namely SP-16, SP-38, HS-49, IP2M, IP-1A, IP-2A and its F1-hybrid 
from those parents crossing. Research conducted at the Laboratory 
of Moleculer Biotechnology, Center for Biotechnology 
Development, University of Muhammadiyah Malang. The 
molecular analysis showed that the number and position of DNA 
bands that obtained from RAPD PCR amplification of F1-hybrid 
plants Jatropha curcas L. were combinations of each pair of parents 
that used in crossing or similar and/or part of DNA bands from one 
of parents 
. 
Keywords : Jatrophacurcas L., RAPD, hybrids, PCR 
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INTRODUCTION 

 

The development of PCR techniques in the field of 

molecular biology, occurs rapidly after the discovery of the genome 

of a multiple  folding  technique 

at several different loci using arbitrary primer, known  as RAPD 

(Welsh and  McClelland 1990).   RAPD technique has better 

resolution than RFLP   analysis  in terms of kinship  between 

genotypes (dos Santos  et al., 1994) and is able to generate an 

unlimited number of characters that are very helpful in the analysis 

of plant genetic  diversity  is unknown background genome 

(Liu and  Furnier, 1993). The use  of  RAPD  always showed higher  

diversity  than  alozim  and  RFLP,  thus strongly support the 

efforts of analysis of genetic  diversity,  especially if the background 

genome is not known  (Liu and  Furnier,  1993).  RAPD 

method using ten primer base is often used for the study of kinship, 

identification of varieties (CIMMYT, 1998), genetic mapping,  

analysis of the DNA structure of organisms  and  fingerprinting 

an individual organism. RAPD technique using random  and 

specific primers  have been shown to be used  as molecular marker 

for important agronomic characters. Use of RAPD molecular 

markers are widely used to construct  kinship some 

individuals within the species and among 

species. This kinship can be used as a reference in plant breeding 

to obtain a high diversity of a cross  (Maftuchah, 2001). 

The use of DNA markers can aid in the selection of elders  
crossing that has a high genetic differences 
 (Correa, 1999). Selection process is very  important in plant 
breeding activities. Purpose of the selection process  is to  improve 
the proportion of the desired character  on the plant population. 
 Various  selection methods have been developed, among 
others, the selection at the  gametophyte and  sporophytes 
 (Ottaviano and Sari-Gorla, 1993), in vitro selection   (Wenzel and 
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Foroughi-Webr,  1993) as well as the selection at the molecular 
level  (Aus  and Morino-Gonzales, 1993). Through the use 
of molecular markers is expected  accuracy of the selection 
process can be improved  and the efficiency of selection 
(Jianhua etal., 1996). RAPD technique has been  used  to  help 
improve the efficiency of early selection  in a variety of annual 
plants (Grattapaglia et al., 1992). The use of molecular markers to 
help the selection of elders crossing that has a high genetic 
 differences (Correa,  1999).  This study aims to compare the 
character of elders and F1  hybrids from crosses  Jatropha 
 curcas L. based on RAPD molecular markers. 

 

MATERIALS AND METHODS 
Molecular analysis of F1 plants 
Molecular analysis carried out by using a sample of elders Jatropha 

curcas L, namely: SP-16, SP-38, HS-49, IP-2M, IP-1A,,IP-2A, IP-1P 

and F1 hybrids result of its cross.  RAPD molecular analysis carried 

out on F1 plants using  RAPD  primers, each  measuring  ten bases 

(OPA-9, OPA-13,  OPA-18 primer). PCR  reaction composition and 

temperature of the PCR reaction as obtained  from the results of 

preliminary studies  (Maftuchah  and Zainudin, 2006). F1 plant 

genomic DNA was isolated from young leaves of plants J. curcas. 

The procedure  of isolation and purification of genomic  DNA from 

leaves of  Jatropha  plants  held by the methods  Sambrook (1989) 

which was modified by using  extraction buffer  sodium dudocyl  

sulfate  (Zainudin and Maftuchah, 2006).  After purification of 

isolated DNA,, then the calculated concentration with a 

spectrophotometer. Subsequently,  the DNA  was dissolved with TE 

and stored in a temperature  40
0
C. Genomic DNA is then detected 

through  electrophoresis  on 1% agarose gell with a voltage 

of 100 V for 60 minutes. Gell then performed a photo 

shoot with Polaroid film. In the next 

activity, genomic DNA was used as  template in PCR reactions.  



 

 291 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

Total volume of PCR reaction was used as much as  25 l,  solution 

consisting of taq DNA polymerase and  10X Taq polymerase 

 buffer (100 mM Tris-Cl, pH 8.3; 500 mM KCl; 15 mM MgCl2 ; 0.01% 

gelatin); dNTP’S mix (dGTP, dATP, dTTP dan dCTP)  (Pharmacia);  

dH2O and 30 ng of genomic DNA amplification of DNA  results in  

the  subsequent  PCR  detected by electrophoresis 1%.agarose gell  

 

RESULTS AND DISCUSSION 

Figure 1 shows the sprouts and seedlings from 

crosses J.curcas F1 which   used as a molecular analysis. Figure 2 

 shows  DNA fingerprinting  J.curcas SP16, SP-38  and  F1 from 

crosses  (SP16XSP38) using primers OPA9. 

 

 

 

 

 

 

 

 

Picture 1. Sprouts and seedlings from crosses J.curcas F1 

 

 The results of PCR  analysis  showed  SP-16 produce 

a single DNA band (1200  bp size), SP-38 produced 3 DNA bands  

(1200, 700 and 300 bp size). DNA  bands that appeared on the F1 is 

a combination or a cross section of the elders (SP-16 and SP-38). 
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Selection is a key activity in the process of plant breeding.  

Purpose of the selection process is to improve the proportion 

of the desired character on the plant population. Various selection 

methods have been developed, among others, the selection at 

the gametophyte and  sporophytes, the in-vitro  selection  

and selection at the molecular level. Through the use of molecular 

markers is expected accuracy of the selection process can be 

improved and the efficiency of selection. The use of molecular 

markers to help the selection of elders  crossing that has a 

high genetic differences. 
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DNA fingerprinting J.curcas L HS-49, SP-38 and the results 

of a cross between (HS49 X SP38) by using primer OPA-9 shown in 

Figure 3.  While  DNA fingerprinting J.curcas L. HS-49, IP-

2M and from crosses between    HS49 X IP2M using primers OPA-9 

shown in Figure 4.Figure 4 shows  that the amplification  of HS-

49 produce 4 DNA bands (200.300, 600  and 1200 bp size). The 

amplification IP-2M produced single  DNA band  (300 bp). F1 results 

of its cross produces four DNA bands similar to the HS -

49 sized (200.300, 600 and 1200 bp). 
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The selection of elders crossing and selection of seedlings from 

crosses often only carried out using morphological characters, but 

the  method of selection based on morphological characters 

generally take a long time and the characters that appear are the 

interaction of genetic and environmental influences (Jianhua 

et al.,1996). Molecular genetic  approach using DNA markers 

successfully establish  molecular markers that can detect genes and 

specific traits, the evaluation of  diversity,  kinship and the 

evolution at the genetic level (Hoon -Lim  et al., 1999). 
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Jatropha curcas DNA fingerprinting IP-1A, IP-2A and F1 (IP-

1AxIP-2A) amplification results using primers OPA9 shown by 

Figure 5.  IP-1A amplification  using OPA9  primers generate 3 DNA  

band  (1200, 700 and 300 bp. –sized).  IP2A amplification  using 

primers   OPA9  generate 5 DNA bands (1200, 700, 500, 400 and 

300 bp sized). While crosses both measuring DNA produced 

three bands (1200, 700 and 300 bp size) DNA finger 

printing J.curcas SP16, SP38 and F1 from   crosses  (SP16 X 

SP38 )using primer  OPA13 shown in Figure 6.  While DNA 

amplification using the primer  OPA 18 as shown in Figure 7.  

RAPD analysis requires only small amounts of DNA, so that 

it is appropriate for the species of woody plants. The resulting DNA 

banding pattern in RAPD technique is very consistent for most 

primary and this technique has been used on various crops (Schnell 

et al., 1995). In a plant breeding program, required the 

identification 

of both morphological and molecular characters to test the 

genotypic diversity of clones to be selected for the elders crossing 

(Schnell et al., 1995). 

In the analysis of diversity using RAPD level of consistency 

of the appearance of a character in a 

specific PCR conditions are very important so that 

the optimum reaction conditions for each type of organism a 

distinct possibility and  must be determined first. The amount 

of primer needed depends  on the purpose or type of information 

desired.  Halden et al., (1994) reported  the increasing number 

of primers used the lower value of the coefficient of variability  

is obtained. However, the RAPD analysis of DNA bands appearing at 

times  inconsistent  annealling used if the temperature is too high, 

 repetitive  DNA  segments  often double, nucleotide 

sequence homology at the DNA bands  with  the same mobility on 
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the gel is not known and is dominant  (Talbert et al ., 1994 and 

Thormann et al., 1994). 

 

CONCLUSION 

  

The results of molecular analysis using RAPD showed that 

the number  and  position of DNA bands obtained from RAPD PCR 

amplification of F1 hybrid plants Jatropha curcas Linn. is a 

combination of DNA bands from  each parent  pair or similar 

and / or are part of one DNA band one elder. Primer OPA-9, OPA-

13 and  OPA-18 according to the PCR-RAPD plant Jatropha curcas 
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P 12 
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Peroxidase is one of oxidoreductase classes that catalyzes oxidation 
reaction of aromatic compounds such as phenol, hydroquinone, 
hydroquinone amine with adding hydrogen peroxide as oxidator. 
To find alternative source of peroxidase, we used Indonesian plant 
such as sawi putih and pokcoy, they are family of  horseradish 
(Brassicaceae). The purpose of this research is to know the effect of 
pH on peroxidase activity which was isolated from pakcoy (Brassica 
rapa convar. Chinensis) and sawi putih (Brassica rapa convar. 
Pekinensis). Activity test was conducted with using hydrogen 
peroxide as substrate and guaiacol as hydrogen donor. This 
research showed highest specific activity value of pakcoy is 14.58 
U/mg at pH 6  and 3.744 U/mg for sawi putih at pH 6. 
 
Keywords: peroxsidase, Brassica rapa convar. Pekinensis),   
(Brassica rapa convar. Chinensis) 
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Introduction 

Peroxidase is group of oxidoreductase that catalyzes 

oxidation reaction of organic compounds by peroxide
1
. The 

function of peroxidase in medical is essential for component of 

clinic diagnostic reagent. Furthermore, peroxidase is used in the 

laboratory for waste treatment that caontain of phenol, for syntesis 

of aromatic compounds, and to remove peroxidae from toxic 

material, industrial waste, etc
2
. 

Commercially, production of peroxidase is done by 

extraction process of root of horseradish plant  that grown in 

temperate countries relatively cool, as agricultural weeds and 

difficult to obtain. Therefore, it is necessary to develop applications 

of peroxidase enzyme that derived from Indonesian native plants. 

Production of peroxidase enzyme is done by isolating the 

local plants that the family of horseradish (Brassicaceae), there is 

kailan (Brassica oleraceae var. alboglabra) and sawi putih (Brassica 

rapa var. Pekinensis). The advantage of using these raw material is 

there can be easily to obtain in traditional market and relatively 

cheap. Kailan and sawi putih that is used in these work, can be seen 

in Figure 1.   

                                          
                               A                                                                 B 

Figure.1. A. Kailan      B. 

Sawi putih 

                    (Brassica oleraceae var. alboglabra)         (Brassica rapa 

var. Pekinensis)    
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 The aim of these research was to find the source of 

peroxidase enzyme from local plants and determined the activity 

and spesific activity of these enzyme. Isolation of these enzyme is 

done by using various buffer pH and to the enzyme product is 

determined optimum pH.  

 

Materials and Methods 

Materials 

Phosphate buffer, acetate buffer, aquadest, H2O2, guaiacol. Kailan 

(Brassica oleraceae var. alboglabra) and sawi putih (Brassica rapa 

var. Pekinensis) is obtained from traditional market in Serpong, 

Tangerang Selatan. 

 

Preparation of crude enzyme from kailan and sawi pahit 

Stem of kailan and sawi putih is cut into pieces, then is mixed with 

buffer pH 4, 5, 6, 7, 8 using blender. After that, the mixture was 

filtered and the supernatant which is obtained was crude enzyme. 

To these crude enzyme is determined the activity and protein 

content. 

 

Peroxidase activity assay 

Besed on that of bergmeyer in which the rate of decomposition of 

hydrogen peroxide by peroxidase, with guaiacol as hydrogen 

donor, is determined by measuring the rate of colour development 

sprctrophotometrically at 436 nm and at 25
o
C (Bergmeyer H.U. 

1974). 

                                      peroxidase 

4 Guaiacol  +  H2O2      Tetraguaiacol + 8 H2O 

 

 

 



 

 301 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

 

Determination of protein (Lowry Method) 

Determination of protein content was conducted by using the 

Lowry method and bovine serum albumin (BSA) as standard (Lowry, 

O.H. et al. 1951). 

 

Result and Discussion 

Kailan and sawi putih have peroxidase activity. The activity 

and spesific activity of kailan is higher than sawi putih. The activity 

and spesific activity of crude enzyme from  kailan at different buffer 

pH can be seen in Table 1.  

Table 1. Activity of crude enzyme from kailan which is isolated at 

various of buffer pH 

Buffer pH Activity (Unit/ml) 

 

 

Protein (mg/ml) 

  

4 

5 

6 

7 

8 

2.788 

3.066 

2.433 

3.802 

3.226 

 

 

 

0.243 

0.604 

0.167 

0.323 

0.423 

  

The highest peroxidase activity was crude enzyme pH 7 

with the activity value of 3.802 U/ml and protein content 0.323 

mg/ml. There are many kind of protein in the crude enzyme, 

not only peroxidase but also another protein contained in 

kailan. Protein content in crude enzyme pH 6 is higher than pH 

7, therefore the specific activity of crude enzyme pH 6 (14.577 

U/mg) is higher than pH 7 (11.782 U/mg). Figure 2 illustrates 

the specific activity of crude enzyme from kailan which is 

isolated at various buffer pH. 
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    Figure 2. Spesific activity of crude enzyme from kailan at 

various buffer pH. 

Furthermore, to the crude enzyme pH 6 is determined 

optimum pH by using variable buffer pH 4, 5, 6, 7 and 8 at the 

enzymatic reaction. The result of spesific activity from these 

assay can be seen in figure 3. Optimum pH of these enzyme was 

pH 6 with the spesific activity value of 37.076 U/mg. Specific 

activity of pH 7 and 8 is tend to decrease, because of 

denaturation protein of these enzyme.  

 
Figure 3. Optimum pH of crude enzyme from kailan 
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Table 2. Activity of crude enzyme from sawi putih at various of 

buffer pH 

Buffer pH 

 

Activity (Unit/ml) 

 

 

Protein (mg/ml) 

 

 

4 

5 

6 

7 

8 

1.572 

0.758 

1.096 

1.153 

1.118 

 

 

 

0.480 

0.408 

0.293 

0.332 

0.112 

  The activity of crude enzyme from sawi putih which is 
isolated at various of buffer pH can be seen in Table 2. Crude 
enzyme of sawi putih has the highest activity at pH 4 (1.572 U/ml) 
and protein content 0.480 mg/ml. Protein content in crude enzyme 
pH 6 is the lowest, therefore the spesific activity is the highest 
(3.744 U/mg) than another crude enzyme. Specific activity of crude 
enzyme from sawi putih can be seen in Figure 4.   

 
Figure 4. Spesific activity of crude enzyme from sawi putih at 

various buffer pH. 

To the crude enzyme pH 6, then is determined the 

optimum pH. The result can be seen in figure 5. Optimum pH of 
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U/mg. Specific activity of pH 7 and 8 is tend to decrease, 

because of denaturation protein of these enzyme.  

 

 
Figure 5. Optimum pH of crude enzyme from sawi putih 

 

Peroxidase enzyme activity is affected by pH (acidity). 

Enzyme is protein that the structure can be changed by the pH. 

Upper the optimum pH, the protein enzyme will be damaged and 

then, the enzyme is inactivated. 

  

Conclusions 

1. The activity and spesific activity of crude enzyme from 
kailan is higher than sawi putih. 

2. Optimum pH of crude enzyme pH 6 from kailan and sawi 
putih was pH 6. 
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Peroxidases are enzymes that are widely distributed in the plant 
kingdom and can be found in vacuoles, tonoplast, plasmalemma 
and inside and outside the cell wall. The purpose of this research is 
to isolate peroxidase enzyme from Brassica juncea (L.) Czem. The 
isolation was performed by extracting Brassica juncea using buffer 
solution at pH 4, 5, 6, 7, 8. The activity of enzyme is determined 
based on the Bregmeyer in which the rate of decomposition of 
hydrogen peroxide by peroxidase, with guaiacol as hydrogen 
donor. Further, the rate of colour development is determined 
spectrophotometrically at 436 nm. The result of this research 
showed that the peroxidase, which is isolated at pH 7 and 8, had 
the  highest activity. The specific activity was 14,59 U/mg protein at 
pH 7 and  13,58 U/mg protein at pH 8. 
 
Keywords: peroxidase, Brassica juncea, buffer 
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1. Introduction 

Peroxidases (EC. 1.11.1.7) are haem proteins and contain 
iron (III) protoporphyrin IX as the prosthetic group. They have a 
molecular weight ranging from 30,000 to 150,000 Da. These are a 
group of oxidoreductases that catalyse the oxidation of a wide 
variety organic and inorganic substrates, using H2O2 or other 
peroxides. Peroxidase activity has been identified in plants, 
microorganisms and animals, where peroxidases play important 
roles. In plants they participate in the lignification process and in 
the mechanism of defence in physically damaged or infected 
tissues [1]. 

Currently, the major source of commercially available 
peroxidase is roots of horseradish (Armoracia rusticana) (HRP) [2]. 
However, the discovery of peroxidase from another plant sources 
are needed to get peroxidases with different specificity. In the 
present study, we isolate peroxidase from Brassica juncea.     

Sawi pahit (Brassica juncea (L.) Czern) belongs to the 
Cruciferae (Brassicaceae) plant family, commonly known as the 
mustard family. The name crucifer is derived from the shape of the 
flowers that have four diagonally opposed petals in the form of a 
cross [3]. Brassica juncea is high content in vitamin A (β-carotene), 
vitamin C and minerals (calcium, magnesium, iron, natrium, and 
potassium). Composition of nutrition per 100 g of leaf is 24 calories, 
91.8 g H2O, 2.4 g protein, 0.4 g fat, 4.3 g total carbohydrate, 1.0 g 
fiber, 1.1 g ash, 160 mg Ca, 48 mg P, 2.7 mg Fe, 24 mg Na, 297 mg 
K, 1825 mg β-carotene equivalent, 0.06 mg thiamine, 0.14 mg 
riboflavin, 0.8 mg niacin, and 73 mg ascorbic acid [4]. 

 The aim of this research was to study the effect of 
different pH buffer solution which is used to isolate peroxidase 
from Brassica juncea. The isolation was performed by extracting 
Brassica juncea using buffer solution at pH 4, 5, 6, 7, 8. The activity 
of enzyme is determined based on the Bregmeyer in which the rate 
of decomposition of hydrogen peroxide by peroxidase, with 
guaiacol as hydrogen donor. The rate of colour development is 
determined spectrophotometrically at 436 nm. To the crude 
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enzyme, is biochemically characterized  include optimum pH and 
stability of enzyme to temperature.      

 
2. Methods 
 
Materials 
Phosphate buffer pH 6, 7, 8 (KH2PO4, K2HPO4), guaiacol, hydrogen 
peroxide, Na2CO3, NaOH, CuSO4.5H2O, sodium potassium tartrate, 
Folin-Ciocalteau reagent, acetate buffer pH 4 and 5 (acetic acid, 
sodium acetate). Sawi pahit is obtained from traditional market in 
Serpong, Tangerang Selatan. 
Extraction of peroxidase crude enzyme 
100 g of Brassica juncea stem was homogenized in 100 ml of 
phosphate buffer (pH 7.0). The homogenate was centrifuged at 
8,000 rpm for 15 minutes at 4

o
C. Supernatant which is obtained, 

was crude enzyme and then is determined the activity and specific 
activity. Extraction of peroxidase with different pH 4, 5, 6, and 8 is 
performed by the same method.    
Enzyme activity assay 
The activity of the enzyme was monitored by spectrometric 
measurements of the oxidation products of guaiacol at 436 nm. 
The reaction was performed at 25

o
C in 3 ml of reaction mixture 

containing 0.1 M potassium phosphate buffer pH 7.0, 0.018 M 
guaiacol, 5% hydrogen peroxide, and crude enzyme of peroxidase. 
One unit is defined as the amount of enzyme which catalyses the 
conversion of one micromole of hydrogen peroxide per minute at 
25

o
C [5].  

Determination of optimum pH of crude enzyme 
The optimum pH of peroxidase crude enzyme is determined by 
using different pH buffer (4, 5, 6, 7, 8) at enzyme activity assay. 
Effect of temperature to the stability of crude enzyme  
The effects of temperature on peroxidase activity of crude enzyme 
were studied over temperature ranging from room temperature to 
60

o
C. Crude enzyme were incubated on these temperature for 30 

minutes, and then the activity was determined. 
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3. Results and Discussion 
 

Effect of buffer pH on extraction of peroxidase from sawi pahit 
Sawi pahit (Brassica juncea (L.) Czern) belongs to the 

Cruciferae (Brassicaceae) plant family which can be used as source 
of peroxidase enzyme. The extraction of peroxidase is performed 
using buffer solution with different pH 4, 5, 6, 7, 8. The result of 
peroxidase activity from various crude enzyme of peroxidase which 
is isolated at different pH buffer, can be seen in Figure 1.  

 

 
 

Figure 1.  Peroxidase activity of crude enzyme from Brassica juncea 
which is isolated at differnt pH buffer. 

 
 

Crude enzyme of pH 4 and 5 have the highest peroxidase 
activity with the activity value of 3.49 U/ml and 3.25 U/ml, followed 
by crude enzyme of pH 7, 8 and 6 with the activity value of 1.68 
U/ml, 1.52 U/mL and 1.42 U/ml, respectively. Peroxide activity was 
high at pH 4 and 5, these indicated that at these pH, more 
peroxidase which is extracted than another pH and when we 
isolated these enzyme from sawi pahit, we should take at these pH.      
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Detemination of optimum pH of crude enzyme 
Enzyme activity is influenced by pH. Enzyme has optimum 

activity at the optimum pH. Determination of optimum pH is 
performed  by assaying the activity of crude enzyme in different 
buffer pH (4, 5, 6, 7, 8). Figure 2 illustrates, that optimum pH of 
crude enzyme was pH 5 with the activity value of 1.03 U/ml. The 
activity is tend to decrease with the increase of buffer pH. 
 

 
 

Figure 2.  Optimum pH of Peroxidase from crude enzyme of 
Brassica juncea. 

 
Effect of temperature to enzyme stability  

Enzyme activity is affected by temperature. The activity of 
enzyme was optimum at optimum temperature. Every enzyme has 
different optimum temperature. Determination of optimum 
temperature is performed by incubating crude enzyme for 30 
minutes, at various temperature. In Figure 3, we can see that 
optimum temperature of crude enzyme which is isolated at buffer 
pH 6 was 4

o
C with the activity value of 1.82 U/ml. The activity is 

tend to decrease until 0.09 U/ml at 60
o
C.  
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Figure 3.Optimum temperature of peroxidase from crude enzyme 

of Brassica juncea which is isolated at buffer pH 6. 

 
 
Figure 4. Optimum temperature of peroxidase from crude enzyme 
of Brassica juncea which is isolated at buffer pH 7. 
 
 

Figure 4, illustrates the optimum temperature of crude 
enzyme which is isolated at buffer pH 7. Optimum temperature 
was 4

o
C with the activity value of 0.82 U/ml. The activity is tend to 

decrease until 0.04 U/ml at 60
o
C. Temperature affects enzyme 
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activity because it changes the tree-dimensional structure of the 
enzyme. After temperature is increased above optimum, the 
protein of enzyme is denatured, the conformation is altered 
irreversibly, and the polypeptide chain cannot refold. At this point, 
the enzyme is completely inactivated [6].       
 
4. Conclusions 

1. The highest peroxidase activity from sawi pahit was crude 
enzyme which is isolated at buffer pH 4 and 5 with the 
activity value of 3.49 U/ml and 3.25 U/ml.  

2. Optimum pH of crude enzyme was pH 5 and optimum 
temperature was 4

o
C.  
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Wood chemical characteristic affect the suitability of wood for various 
purposes or  utilities. Selection of superior tree genetic resources would 
support the supply of industrial wood demand. In order to  characterize 

wood chemical content, cellulose, hemicellulose and lignin content were 
analyzed in four plants of 1 year old A. mangium  germinated from seeds 
of grafted mangium trees grown in pot containing soil which compared 

with one individual of non grafted plant as a control .  Plant No. 4 namely 

M4 possesed  a unique wood chemical content. M4 containing lower lignin 
and hemicelluloses than  the others. This plant was also possessed better 
wood chemical characteristic in terms of cellulose content. Methyllation 

analysis was also carried out to identify the dominant type of  sugar 

linkage of hemicelluloses.  In order to propagate the selected M4 plant  an 
efficient regeneration protocol through in vitro multiplication was 
developed. Nodal segments containing axillary  buds were cultured on 
Murashige medium and Skoog (MS) medium supplemented with various 
concentration of  NAA, BAP, IBA and kinetin for shoot proliferation. MS 
containing 3 mg/l BAP and 0.1 mg/l NAA was the most effective medium 
for shoot multiplication (4-14 shoots/explants) of this specific explants 
source.  Regenerated shoots were then subjected on rooting medium (half 
strength MS without hormone) and acclimatized. The survival rate of 
transferred plantlets to natural condition was 70%. Developed mass 
propagation technique of plants containing higher cellulose or lower lignin 
and hemicelluloses would significantly contribute to wood-based industry 
development. 
 
Keywords: Acaciamangium, cellulose, hemicelluloses, lignin, methyllation 
analysis, in vitro propagation.  
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Introduction 
Wood, a product of plant secondary growth, is one of the 

most world’s important renewable natural resources  that has high 
economic values. The wood production is not as faster as the 
growth increase of the wood demand. There is any gap between 
the demand and wood production. To compensate for the ever 
increasing wood demand and to reduce pressure on native forest, 
more wood of higher quality will need to be produced a less land 
by planting highly productive trees. Tree improvement program 
through identification of the  tree that exhibited superior growth 
performance and wood quality could support the wood raw 
material supply.  

Wood is a polymeric composite whose biological and 
technical properties are mainly determined by the chemical 
composition of the cell wall. Wood cell walls are made up primarily 
of cellulose, hemicelluloses (polyoses) and lignin. The tensile 
strength of wood fibres is primarily determined by cellulose and 
hemicelluloses and hemicelluloses, while lignin mediates adhesion 
between the fibres. Cellulose, the major wood component, makes 
up approximately half of both softwoods and hardwoods. Besides 
solid wood, wood-based products such as paper products (various 
types of paper, cardboard) and board materials (particle, fibre, 
strand boards) are of industrial importance. 

Wood formation occurring during the secondary phase of 
plant development. Wood is manufactured by a succession of five 
major steps, including cell division, cell expansion (elongation and 
radial enlargement), cell wall thickening (involving cellulose, cell 
wall proteins, and lignin biosynthesis and deposition, programmed 
cell death, and Heart Wood Formation (Nieminen et al., 2004). 
Walls component of all dicots and some monocots are constitute 
by  cellulose, hemicellulose and lignin. Hemicelluloses are 
instrumental in the formation of the cellulose fibril network, and 
genetic alteration of hemicelluloses can both disrupt or enhance 
cellulose formation. Xyloglucan are major component of cellulose 
beside cellulose, where they bridge paracrystalline cellulose 
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microfibrils by surface adsorption and chain intercalation 
(Baumann, et al., 2007). 

Wood quality concept can be generally defined as a 
measure of the characteristics of wood that influences properties 
of products made from.  The suitability of wood for a variety of 
purposes is influenced by several factors including density, 
uniformity, proportion of heartwood, fiber length, occurrence of 
juvenile or reaction wood (or both), cellular composition, presence 
of knots, grain orientation, and chemical composition. The 
important characters in wood to be used for one product are often 
different from those for another product. In one case, their quality 
could be measured in terms of density, uniformity of growth rings, 
and percent of knot-free wood, whereas in another instance, 
properties such as proportion of latewood, cellulose yield, and the 
fiber-to-vessel ratio may be primary quality indices.  

Traditionally, high quality tropical hardwoods have been 
produced from natural forests, while plantations concentrate on 
the mass production of industrial roundwood. The genetic 
improvement of tropical timber species has concentrated on 
species for the latter market. With the decline of natural timber 
stocks in many tropical countries, plantation production of native 
hardwoods will be needed to sustain the supply of quality wood. 
The identification and domestication of native timber species may 
provide alternative species for industrial wood production that are 
better adapted to the local environment and provide a wider range 
of quality hardwoods to broaden the forestry production base. 

The leguminous trees are one of the most significant 
component of forest vegetation due to their economic and 
ecological importance A. mangium Wild is a tropical species 
capable of colonizing difficult sites. Its important attributes include 
rapid early growth, good wood quality (for pulp, sawn timber, and 
fuel wood), and tolerance of range of soil types and pH. As  a good 
characteristic of A. mangium growth, it is selected as one of  the 
industrial Timber Estate (HTI) commodities to promotes the 
production of raw material for wood- based industry.  A. mangium 
is  a fast-growing tree, relatively short-lived (30-50 years) tree, 



 

 316 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

adapted to a wide range of acidic (pH 4.5-6.5) soils in moist tropical 
lowlands. This species has capability to colonizing infertile sites. It 
grows well not only in cleared forest sites but also in degraded 
sites, such as weedy Imperata grasslands and mining sites. 
Important attributes of A. mangium include rapid early growth, 
good wood quality (for pulp, timber and fuel), and tolerance of a 
range of soil types and pH.  

Micro propagation is one of the innovative methods of 
asexual propagation that has proved to be effective for in vitro 
propagation of crop, medicinal and aromatic plants and tree 
species. In general, the woody plants are difficult to regenerate 
under in vitro conditions but some success was achieved in a few 
leguminous tree species. In vitro regeneration protocols have been 
standardized earlier in some leguminous tree  species of A. 
mangium (Xie and Hong, 2001), Dalbergia (Bari et al., 2008), A. 
nilotica (Dabhai et al., 2010),  A. sinuate (Vengadasan et al, 2003), 
A. chundra  (Rout et al., 2008) and  A. Senegal (Khalafalla et al., 
2008).  

Methylation analysis is a valuable and powerful tool for 
linkage analysis complex mixtures of wood polysaccharides. 
Structural analysis of complex carbohydrates by methylation has 
been greatly advanced by application of gas chromatography-mass 
spectrometry. The protocol of  methylation analysis consist of  
hydrolysis, reduction, acetylation and gas chromatography. 
Methylation analysis of complex sugars provides information on 
the substitution position of their glycosidic linkages (Guilherme et 
al., 2005). This method colud be applied  to determine the 
structure of different wood polysaccharides, and those isolated for 
this purpose included (arabino)glucuronoxylans, (galacto) 
glucomannans, (arabino) galactans, pectins, xyloglucans and 
arabinans (Laine et al., 2002).  

This study was aimed to analysis the chemical content of five 
A. mangium plants derived from seeds of grafted plants. This paper 
also describes a successful protocol on in vitro propagation of 
selected A.mangium plant that possessed  a unique wood chemical 
content. 
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Materials and Methods 
 
Wood chemical content analysis 
Plant materials 

Plants sources of A. mangium were grown in the Germ 
Plasm Garden at the Research Centre for Biotechnology, 
Indonesian Institute of Sciences. The  13-year-old mangium trees 
(16–20 m tall) were grafted by the grafting method consisting of 
peeling the branch skin, removing the cambium, and covering it 
with wet kadaka fi bers and plastic wrap. It took about 3 months to 
obtain rooting in the plastic wrap. The branch produced root were 
then grown in a 1 : 1 mixture of soil and sand in a  greenhouse. 
After 1 year, the grafted seedlings produced flower buds. Flower 
buds formed on  the grafted seedlings after 1 year (Fig. 1). These 
flower buds  formed in the pods over the next 25 to 30 weeks. 
Mature seeds were germinated and grown in a 1 : 1 mixture of soil 
and sand in a  greenhouse. 5 of 35 grown plants that possessed 
high level of growth response were subjected to wood chemical 
content analysis. 
 
Preparation of woody meal 

Stem woods of 1-year-old mangium grown in green house 
were cut into small pieces. Pieces of stem wood were stripped of 
their bark and dried in an oven at 70°C for 16 h, then milled into a 
powder using a ball mill (MM400; Retsch, Haan, Germany) at 15 rps 
for 30 min. The meal samples were used for wood chemical 
content  
 
Wall analysis 

A wood meal were successively extracted four times with 
10 mM sodium phosphate buffer (pH 7.0) and three times with 24% 
KOH containing 0.1% NaBH4 at less than 45°C for 3 h in an 
ultrasonic bath. Noncellulosic polysaccharides were determined 
using 24% KOH extracts and the phenol/sulfuric acid method.9 
Xyloglucan was determined by the iodine/sodium sulfate Method 
(Kooiman, 1960). Hemicelluloses were successively extracted three 
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times from the xylem of 6-month-old plants with 24% KOH 
containing 0.1% NaBH4. The insoluble wall residue (cellulose 
fraction) was washed twice with water and solubilized with ice-cold 
72% sulfuric acid. Cellulose was determined in the solubilized 
fraction by the phenol/sulfuric acid method.(Dubois et al., 1956).  
The alkali-soluble fraction was neutralized, dialyzed, and freeze-
dried for methylation analysis. Partially methylated alditol acetates 
were analyzed using an Agilent gas chromatography-mass 
spectrometer apparatus with a glass capillary column (DB-225, 0.25 
mm i.d. × 15 m) (Hayashi, 1989). Each alditol acetate was identified 
by its retention time and mass spectrum. Lignin content was 
determined by the Klason method (Kirk and Obst, 1988). 
 
In vitro propagation 
Plant materials and sterilization  

Nodal segments containing axillary  buds of selected A. 
mangium were used as an explants sources. Explants were washed 
with commercial detergent under tap water and rinsed under 
running water for about 45 min following surface sterilization  by  
soaking in  4% dithane for  2 hours and 2% agrept for 1 hour and 
70% alcohol for 1 min.    The explants were further sterilized with 
0.1%HgCl2 for 5 min and washed with sterile distilled water  five 
times and then cultured on MS solid medium (Murashige and 
skoog, 1962) supplemented with various concentration of  NAA, 
BAP, IBA and kinetin for shoot proliferation. The cultures were 
incubated at a temperature of 25±2ºC, 16 hrs (1000 lux). 

 
Results and Discussion 
 
Wood chemical content  

The mangium seedlings derived from grafted plants (Fig. 1), 
like their mother trees, produced flowers according to the normal 
process of flowering development, in which flower buds form first, 
followed by inflorescences, immature seeds, and mature seeds (Fig. 
2). Plants can be divided into two main reproductive categories 
self-pollinating and cross-pollinating. A. mangium is grouped as 
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cross-pollinating palnt. Cross-Pollinating Plants (“crossers”): 
transfer pollen from the anther of one plant to the stigma of 
another plant. This process is usually accomplished naturally by 
wind and insects or can also be accomplished manually by hand-
pollination. To prevent varieties from crossing, seed producers 
must use some means of isolation (cages, distance isolation, time 
isolation, or hand pollination) during periods when pollination can 
occur. On the contrary, in this experiment the seed produced 
through developing flower without flower or seed isolation allowed 
producing rogue plant or  “off-type” which different from its 
mother tree. The off type plant probably possesses undesirable or 
better character  than the mother tree.  

Chemical wood content including lignin, cellulose and 
hemicelluloses and methyllation analysis  of five mangium derived 
from grafted plants of  13 years old mangium tree was presented in 
Table 1. M4 plant contained highest cellulose content (58%) and 
lowest level in term of lignin and hemicellulose content (18.95 and 
17.83% respectively) among  other tested plant.   Wasrin and 
Siregar (2006) reported the range of cellulose, lignin and 
hemicelluloses content of 7 years old mangium collected from 
Queensland, Papua New Guinea and East Indonesia were 45.72 -
60.29%, 21.98 – 24.54% and 23.26 – 29.58% respectively.  

The proportion of wood weight composed of cellulose, 
lignin, hemicelluloses, and extractable compounds significantly 
affect pulp yields. Consumption of cooking liquor, a chemical 
solution containing lignin-dissolving compounds used in chemical 
pulping of wood, and the potential for bleaching are also affected. 
Generally, it is desirable to obtain the largest possible fraction of 
cellulose coupled with minimal fractions of lignin and extractives.  

The level of hemicelluloses of plant tested was ranging from 
17.83% - 29.25%, in which 2- or 4-linked xylose was the 
predominant sugar component (6.45 -10.75). The proportion of 
4,6-linked glucose on the xyloglucan backbone was  ranging from 
0.01 – 0.35% and M1 plant was the lowest one. M4 plant contained 
less hemicelluloses (17.83%) than the other plant. Its hemicelluluse 
content include large quantities of xylan due to 2- or 4-linked 
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xylose and  β-glucan due 4-linked glucosyl. A previous study about 
wood chemical content and methyllation analysis of 13 years old 
mangium stand showed that cellulose, lignin and hemicellululose 
content was 59.7%, 21.2% and 20.1% respectively (Kaida et al., 
2009).Those study also indicated that the predominant sugar 
component was 4-linked xylose, on account of the xylan.  

Wood Chemical property  attribute of plant No 4 in term of 
high cellulose content and low lignin and hemicelluloses content 
indicated that the plant has high potency to develop the  superior 
tree germ plasm to supply wood based industry material. 
 

   

 
Figure 1. Rooting branch of grafted plant of 13 years old A. 

mangium tree 
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Figure 2. Flower and seed development of flowering mangium 

plant derived from grafted plant. 
 
Table 1. Chemical content of Acacia  mangium and methylation 

Analysis of  
A. mangium stem. 

 

Composition 
mg/100 mg 

 

Plant code. 

M1 M2 M3 M4 M5 

Cellulose 40.88 35.14 28.09 58.15 28.26 

Lignin 22.18 21.04 24.55 18.95 24.02 

Matrix polysaccharides 
(hemicelluloses) 

 29.25 27.05 22.84 17.83 22.44 

Xylosyl      terminal 0.09 0.13 0.06 0.08 0.16 

             2 or 4-linked 8.19 10.75 6.54 6.45 14.8 

Galactosyl 2-linked 0.57 0.42 0.49 0.33 0.65 

Glucosyl    4-linked 1.19 0.35 1.53 3.41 1.85 

               4,6-linked 0.01 0.35 0.08 0.17 0.03 
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Shoot multiplication and root formation 
Nodal segments containing axyllary bud of mangium showed 

shoot formation in the 3  medium tested (A, B, C) except for 
medium D (MS 0.5 mg / l NAA) (Table 2). The initial  shoot 
formation   appeared after 2 weeks (Fig. 3A) and , further shoot 
multiplication occurred after transfer the initial shoot on the same 
medium and cultured for 4 weeks (Fig 3B, 2C). The range of 
different number of shoots induced were the 2-5, 2-7 and 2-14 
respectively in media A, B, and C. According to the highest range of 
shoot number the medium C (MS containing 3 mg/l BAP and 
0.1mg/l NAA) indicated the most suitable medium for shoot 
multiplication. The increase  of  BAP concentration (1mg/l) to be  3 
mg/l  with the presence of NAA (0.1 mg/l) in medium C was able to  
increase the shoots number range from 2-7 (in media C) to 2-14.  
The similar result also showed in previous study about the effect of 
BAP and NAA on shoot formation of nodal segment containing 
axyllary bud of 7 years old A. mangium, in which the MS medium 
containing 3 mg / l BAP and 0.1 mg / l NAA  was optimum growth 
regulator combination and concentration for shoot multiplication 
(Xie and Hong, 2001). The shoots was further cultured on medium 
C  until 8 weeks for shoot elongation. The higher concentration of 
NAA seemingly showed  positive effect on the increase of shoots 
number, in which medium D containing lower NAA concentration 
was not able to produced shoot.  Shoot multiplication of of nodal 
explant culture of A. nilotica also affected by higher concentration 
of NAA in the presense of kinetin (Dhabbai et al., 2010). 

Rooting induction is an important step for in vitro plant 
propagation. Excised shoots were then cultured  on MS medium 
containing  two different types of auxin (IBA and combination of 
IBA and IAA)  and half strength MS medium without hormone for 
appropriate root development.The roots could be induced on 
rooting medium A, C and D (Table 3). The best response of shoot 
formation occurred on media D (1/2MS) with a range of number of 
roots  4-10 (Fig 3D). Root induction was  strengthened within 2 
weeks of culture. The planlet were then acclimatized (Fig 3E) and 
hardened  further in soil media (Fig 3F). 



 

 323 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

Table 2. Effect of media composition on shoot and root production 
of axyllary buds of selected A. mangium (M4). 

Medium types Shoot 
respons 

Shoot number 

A:  (MS + 2 mg/l NAA + 0.1 
mg/l Kinetin)  

+ 2-5 

B: MS + 2 mg/l BAP + 0.1 mg/l 
NAA 

+ 2-7 

C: MS + 3 mg/l BAP + 0.1 mg/l 
NAA 

+    2-14 

D: MS + 0.5 mg/l NAA - - 

 
Table 3. Effect of media composition on root production of selected 

A. mangium (M4) induced shoot on medium C  (MS + 3 
mg/l BAP + 0.1 mg/l NAA). 

Root induction 

Medium types Shoot respons Root number 

A: MS + 0.5 IBA + 1-2 

B: MS + 1 IBA - - 

C: MS + 1 IBA + 0.5 
NAA 

+ 1-3 

D: ½ MS + 4-10 
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Figure 3. In vitro propagation of unique wood composition of 

mangium plant. 
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Conclusion 

The promising superior mangium (M4) plant was achieved 
by selection of A. mangium seedling derived from grafted mangium 
plant.  Those plant possessed better wood chemical property based 
on cellululose, lignin and hemicelluloses content comparing  to the 
other plant tested. Adventitious shoot regeneration of M4 plant 
was achieved through the induction of shoot bud from nodal 
segment  explants. Multiplied shoot buds were induced using 3.0 
mg/l BAP in the presense of 0.1 mg/l NAA. A half  strength MS 
medium  without hormone was the most suitable medium to 
effective root formation. This in vitro regeneration method  offered 
the efficient process of shoot propagation of superior plant. 
Combination of A. mangium breeding through selection of seedling 
derived from  grafted plant and in vitro propagation would support 
the required superior tree supply   for wood based industry. 
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Carboxylase from Oil Palm (Elaeis guineensis) in 

Escherichia coli 
 

Asmini Budiani, Djoko Santoso R Basily, Nikolau 
 

Indonesian Biotechnology Research Institute for Estate Crops 
Jl. Taman Kencana No. 1, Bogor, Indonesia 

annyb@indo.net.id 

 
Acetyl-CoA Carboxylase subunit biotin carboxylase is one of the key  
enzymes in palm oil biosynthesis pathway. Therefore the 
availability of gene encoding this enzyme might be usefull for 
genetic engineering to improve palm oil productivity and quality. 
The 3’-cDNA and 5’-cDNA ends of the gene encoding biotin 
carboxylase subunit of heteromeric-ACCase (BC-htACCase) had 
been isolated by RACE-PCR and the full-length gene had been 
successfully cloned into E. coli previously. This paper reports a 
research work to examine the expression of the cloned gene in 
Escherichia coli. Recombinant plasmid containing full-length cDNA 
of BC-htACCase was isolated from recombinant E. coli and used as a 
DNA template to amplify the full-length cDNA of BC-htACCase using 
specific primers. The amplified product of about 2 kb was then 
ligated into pTcrHis-TOPO expression vector and subsequently 
transferred to E. coli XL-1 Blue. The SDS-PAGE profile of the 
extracted protein showed that recombinant E.coli produced 
significantly more protein of about 43.2 kDa compared to the 
native E. coli, indicated that the cloned full-length gene can be 
expressed in E. coli.  
 
Keywords: ACCase, biotin carboxylase, expression, oil palm, RACE-
PCR,  
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1. Introduction 
 

Sambiloto (Andrographis paniculata (Burm.f.) Wallich Ex Ness) is 

also called “King Bitter” is an annual herbaceous plant that comes 

from Peninsular India and Sri Langka (Lattoo et al. 2006, Mishra et 

al. 2007; Jarukamjorn & Nemoto, 2008). These plants grow 

naturally in Southeast Asia (India and Srilanka), Pakistan and 

Indonesia, but extensively cultivated in China and Thailand, eastern 

and western of India, and Mauritius (Mishra et al. 2007). 

Subramanian et al. (2012) said that sambiloto is a bitter plant with 

a sweet future. Eventhough  sambiloto is not originally from 

Indonesia but this plant became the pre-eminent national and 

prospective for developed in Indonesia.  

Lattoo et al (2006) report that sambiloto is hermaphroditic, self-

compatible, habitual inbreeder and obligate autonomous selfing in 

the species. These reasons affected of the low of genetic variation 

of sambiloto. Research generated by Pandey and Mandal (2010) 

found that no variation of sambiloto genotype at the phenotypic 

level from 5 different location in India. Wijarat et al (2012) also 

reinforce this research that could not detect genetic variation in 58 

sambiloto accessions from Thailand were evaluated by SSR, AFLP 

and RAPD markers. On the other site the level of active compound 

of sambiloto, namely andrographolide, without any treatment 

were very low too. Many researcher reported that the level of 

andrographolide between 0.1-2% (Sabu et. al 2001, Raina et al. 

2007, Sharma, et al. 2009). 

Improvement of quality of the plants is one strategy that can be 

used to increase the genetic diversity and improve the content of 

the active compounds in medicinal plants. Mutation breeding is a 

breeding technique that creates variability in the mutated 

population through heritable changes in the genotypic and 

phenotypic utilized for effective selection of particular trait (Tah et 
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al. 2008). Induced mutation is the easier method to creating 

genetic variability compared with other breeding method (Minn et 

al. 2008). Mutation by using ionizing irradiation is one of the most 

widely used for generate mutant. Gamma rays is a mutagen that 

has a high energy irradiation that can cause damage to the covalet 

bonding or hydrogen bonding molecules/biomolecules in cells that 

result in damage to chromosomes, genes and ends on cell death 

(Xiang et al. 2002). The biological effect of gamma-rays is based on 

the interaction with atoms or molecules in the cell, particularly 

water, to produce free radicals (Borzouie et al. 2010). These 

radicals can damage or modify important components of plant cells 

and have been reported to affect differentially the morphology, 

anatomy, biochemistry and physiology of plants include changes in 

the plant cellular structure and metabolism depending on the 

radiation dose. 

 Gene mutation without phenotypic expression usually 

unrecognized. To recognized gene mutation in mutants various 

methods had been application to detect the effect of mutagen in 

plants. Different methods are available to investigate the effect of 

mutagens on plants. In medicinal plants the change of characters 

mutant could be detected in morphology, physiology, molecular 

and phytochemical level. However, molecular marker was directly 

compared genotype changes in DNA level (Erdem & Oldacay, 2004). 

Molecular marker is defined as a specific segment of DNA that is 

representative of the difference in the level of the genome 

(Agarwal et al. 2008). Ideal molecular markers are stable and 

detectable of all plant tissue regardless of growth, differentiation 

and defense status (Abd El-Twab & Zahran. 2010). Inter-simple 

Sequence Repeat or ISSR (Zietkiewicz et al. 1994) is a molecular 

marker system which allows detecting polymorphisms in inter-

microsatellite loci without previous knowledge of a DNA sequence. 

ISSR is informative regarding numerous loci and are suitable to 
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discriminate closely related genotype variants with simple and 

quick PCR-based method.  

The aim of this research was to find out changes in mutant 

characters of sambiloto plants that irradiated with gamma rays on 

molecular character.  

 

2. Materials and Methods  
 

Materials. Materials used for this research was sambiloto seeds 

from Kanigoro Karanganyar accession were obtained from 

Research Institute for Medicinal and Aromatic Plants.  

 

Irradiation treatments. For the exposure of gamma radiation on the 

seeds, 
60

Co has been used. Seeds of sambiloto in clean plastic were 

irradiated in Cobalt 60 Gamma Chamber machine at National 

Nuclear Energy Agency with dose treatment were: 0, 10, 20, 30, 40, 

50, 60, 70, 80, 90, 100, 125, 150, 175, 200, 225, 250, 275 and 300 

Gy. After irradiation seeds were planting in pot trays and 

germination for 6 weeks. Seeds germination viability of each 

treatment was calculated to determine the LD50 value with 

CurveExpert 1.3 software. 

 

Plantation and subculture. After 8 week of planting, shoot from 

M1V0 generation were cut approximately 10 cm to subculture 

again until obtained M1V2 generation with ex vitro propagation 

method.  

 

Extraction of DNA genom. Total genomic DNA of sambiloto in M1V2 

generation was isolated using a method of CTAB modification. 

Fresh leaves (200 mg) were ground with mortar and pestle add by 

extraction buffer. DNA pellet obtained was dried, then add 200 ul 

TE buffer and kept at freezer (-20
o
C) for subsequent use. DNA 
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quality was checked visually using electrophoresis machine on 0,8% 

agarose at 100 volt for 30 minutes. DNA bands are exposed by UV-

ray illuminator and documented using GELDOC. Nanodrop machine 

was used to determine the isolated DNA quantity. 

 

Amplification of DNA using ISSR primer. Ten primers of ISSR marker 

were used to amplifying genomic DNA of sambiloto mutant. ISSR 

primers used were: SBLT2 {(AG)8T}, SBLT3 {(AG)8C}, SBLT5 

{(GA)8C}, SBLT8 {(CT)8G}, SBLT13 {(GAA)6}, SBLT14 {(GACA)4}, 

SBLT15 {(GA)8}, SBLT17 {(TG)8G}, SBLT18 {(CCCT)4} and SBLT19 

{(GATA)2(GACA)2}. ISSR amplification was carried out with 10 

primers using 200-300 ng of genomic DNA. PCR reactions were 

consisted of DNA template (1 ul DNA genome extract added by 

DNA free water), 1.5 mM MgCl2, 0.2 mM ISSR primer, 0.2 mM 

dNTP, 1x PCR buffer, 1 U Taq DNA polymerase (dream taq-

fermentas) and add free DNA/RNAse water up to total volume of 

20 ul. Amplification condition were initial as following: Pre-PCR 

heating at 94
o
C for 5 minutes, subsequent step was 40 cycles 

consisting of denaturation at 94
o
C for 45 seconds, annealing at 

50
o
C up to 58

o
C for 45 seconds and extension at 72

o
C for 2 minutes. 

After 40 cycles finished, post-PCR extension was at 72
o
C for 5 

minutes. Modification of annealing temperature of the PCR was 

conducted to optimize the ISSR primer reaction.  

 

Visualisation of amplified DNA: Amplified DNA products were 

analyzed through electrophoresis on 1.5% agarose gel containing 

1xTBE (tris borate EDTA) and syber safe to stain the DNA. Gel 

running at 100 volts for 30 minutes and DNA bands were exposed 

under UV illuminator and documented using GELDOC. 
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Molecular analysis: Polymorphic products from ISSR analyses were 

scored qualitatively for presence or absence of the amplified 

products for each primer. If a products was present of bands it was 

designated as 1, but if absent of bands it was designated as 0. The 

cluster analysis have done using NTSYS software version 2.02 and 

Dice similarity coefficient was utilized to generate dendrogram by 

means of Unweighted Pair Group Method of Arithmetic Means 

(UPGMA) employing the SAHN (Sequential, Agglomerative, 

Hierarchical and Nested Clustering) from NTSYS program. The 

dendrogram obtained was used to evaluate the genetic distance of 

mutants compared with control. 

 

3. Result and Discussion 
 

The effect of irradiation on seeds germination and LD50 

Sensitivity of irradiation on sambiloto seeds can be seen from 

germination of seeds in the range of irradiation doses as compared 

to control. The result for irradiation sensitivity based on survival 

percentage of irradiated and control seeds demonstrated that 

significant reduction in survival percentage was observed with 

increasing gamma dosage. Dhakshanamoorthy et al. (2011) states 

that the decrease in germination at higher doses of the mutagens 

may be attributed to disturbances at cellular level (caused either at 

physiological or physical level) including chromosomal damages. 

Base of germination rate, CurveExpert 1.3 analysis was obtained 

LD50 from the seeds of irradiation with dose at 180 Gy (Fig. 1). In 

this study the fuction of the Gaussian model was the best model to 

describe the population mortality of sambiloto with r = 0.954. 
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Fig 1. Curve of Gaussian model from germination rate of 

sambiloto after irradiation 

 

ISSR analysis of sambiloto mutants in M1V2 generation 

 The PCR amplification using 10 primers of ISSR gave rise to 

reproducible amplification products. ISSR primers produced 

different numbers of DNA bands, depending upon their simple 

sequence repeat motifs. The result showed that 31 mutants based 

on different morphology were observed in M1V2 generation. These 

31 mutants and 1 control were then analysis using ISSR molecular 

marker.  

Molecular analysis showed that genomic DNA of sambiloto mutants 

produced multiple bands using 10 primers of ISSR. Of 10 primers, 9 

primers were amplifying the genomic DNA and 1 primer could not 

amplified. Based on electroforegram, 5 primers, i. e.: SBLT2, SBLT3, 

SBLT13, SBLT15 and SBLT18 can distinguish changes in the DNA 

profiles of mutants compared with control and 4 primers, i.e.: 

SBLT5, SBLT8, SBLT14 and SBLT19 shows the same number and size 

bands with control. The total number of amplifield DNA bands 

yields was 1450 bands, out of which 152 bands (10.48%) were 

polymorphic and 1298 (89.52%) were monomorphic. Fragments 

ranged in size from 1000-8000 bp (Table 1). The number of 

fragments produced by various ISSR primers ranged from 2-12 with 

S = 7.12167613

r = 0.95458304

Dosis (Gy)

D
a

y
a

 h
id

u
p

 (
%

)

0.0 55.0 110.0 165.0 220.0 275.0 330.010.27

23.07

35.87

48.67

61.47

74.27

87.07

y=78.4*exp((-(-22.14-x)^2)/(2*171.3^2)) 
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an average of 161 bands per primer. The largest number of bands 

was identified in primer SBLT3 and SBLT18 (11 bands) and the 

smallest in primers SBLT15 (1 bands).  

 The qualitative data from electroforegram showed that 

there were 3 types of DNA profiles of sambiloto mutant amplified 

by 10 primers of ISSR. The first type was DNA profile of mutants 

with the same DNA bands with wild type. It can be seen in 4 

primers were used, i.e. : SBLT5, SBLT…., SBLT14 and SBLT19. DNA 

profile with this type was monomorphic. The second type was DNA 

profile with reduced DNA bands compared with wild type plant. 

These type showed in 5 primers, i.e. : SBLT2, SBLT3, SBLT13, dan 

SBLT15. While the third type was DNA profile that had additional 

bands compared with wild type.  In this research primer of SBLT18 

having this profile. The second and third type of DNA profiles were 

namely as polymorphic bands. Copra (2005) states that 

polymorphism of amplified bands is caused by: (i) base 

substitutions or deletion in the priming sites, (ii) insertions that 

render priming sites too distant to support amplification or (iii) 

insertions or deletions that change the size of the amplified 

fragment . Appearance of new bands in this research can be 

explained as results of different DNA structure (breaks, 

transpositions, deletion, etc). The polymorphism revealed by ISSR 

due to deletion and/ or addition may be cause by variation in DNA 

binding patterns by gamma rays. 
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Tabel 1. Total jumlah pita, ukuran pita dan jumlah pita polimorfik 

pada 10 primer ISSR 

 

N

o 
Primer 

Sequence of 

Primer 
Tm 

Total 

numb

er of 

bands 

Num

ber 

of  

polim

orphi

sme 

band

s 

% 

polim

orphi

sme 

Size of 

bands 

(bp) 

1 SBLT 2 (AG)8T 52 262 28 11 2000-

5000 

2 SBLT 3 (AG)8C 50 119 41 34 2000-

4000 

3 SBLT 5 (GA)8C 53 96 0 0 2000-

3500 

4 SBLT 8 (CT)8G 52 96 0 0 1500-

3500 

5 SBLT 13 (GAA)6 50 328 24 7 1000-

3500 

6 SBLT 14 (GACA)4 50 128 0 0 2000-

4000 

7 SBLT 15 (GA)8 50 309 43 14 1500-

8000 

8 SBLT 17 (TG)8G 52 0 0 0 0 

9 SBLT 18 (CCCT)4 51 48 16 33 3500-

5000 

10 SBLT 19 (GATA)2(GACA)

2 

51 64 0 0 1000-

1500 

Total 1450 152 10,48  
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Based on these polymorphic bands, a similarity coefficient matrix 

was calculated and a similarity dendrogram was obtained using a 

UPGMA cluster analysis (Fig. 2). A cophenetic correlation of r = 0.89 

was obtained, which indicates a good fit between the original 

similarity matrix and the resulting clustering analysis (Rohlf 1997). 

On the basis of the similarity dendrogram, from 32 irradiated 

sambiloto plants could be classified into six major clusters at a Nei’s 

genetic distance with each group divided into sub-clusters. This 

grouping tendency does not refer to a single character or single 

dose only, but spreads on each character and the dose. Jaccard’s 

similarity coefficient showed genetic distance of sambiloto ranged 

from 0.79 to 1.00. Furthest genetic distance obtained in the DK300, 

DG275 and DG70 compared with controls (DN). These coefficient 

similarities showed that sambiloto, even though treatment with 

gamma rays mutagen, has genetic variation still remains low. 

 
 

Fig. 2. Dendogram constructed based on UPGMA model calculated from genetic 

distance of 32 irradiated sambiloto by ISSR marker 

 

The genetic alterations produced by ionizing radiation due to 

ionization end excitations of the DNA molecule. There are two 

effects of ionizing irradiation on the heredity material: gene 

mutations and chromosome breaks (Atak et al. 2004). Irradiation 

by this physical mutagenic agent leads DNA break formation via 

Koefisien Kemiripan

0.79 0.84 0.89 0.95 1.00
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direct and indirect detrimental effects. In direct interactions the 

radiation energy is transferred to the targets and in indirect 

interactions energy is absorbed by the water present in the 

external medium. After hydrolysis of water, seconder messenger 

molecules affect the biomolecules (Esnault et al. 2010). They react 

with most of the biomolecules including DNA and scavenger 

electrons from them. The oxidation of  biomolecules by the radicles 

damage their structure and biological activity. By the way, genetic 

alterations occur on the DNA molecules. This is the cause of 

mutations depend on radiation (Selvi et al. 2007). 

 

 

 

 

 

 

 

 

Fig. 3. DNA profile of irradiated sambiloto with ISSR molecular 

marker in SBLT18 primer 

According to Dhakshanamoorthy et al. (2011), the disappearance of 

normal bands (loss of bands) maybe related to  the occurrence of  

DNA damage (e.g. single and double-strand breaks, modified bases, 

abasic sits, oxidized bases, bulky adducts), DNA-protein cross links, 

point mutation and/or complex chromosomal rearrangements 

induced by gamma radiation. While the addition of the DNA bands 

may reveal a change on some oligonucleotide priming sites due to 

mutations (new annealing event), large deletions (bringing to 

preexisting annealing site closer) and homologous recombination. 

Atienzar et al (2006) reported that mutations can only be 

responsible for the appearance of new bands if they occur at same 

locus in a sufficient number of cells to be amplified by PCR. The 
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new bands could be attributed to mutation, while the 

disappearance of bands could be attributed to DNA damage. 

 

4. Conclussion 
CurveExpert 1.3 analysis was obtained LD50 from the seeds of 

irradiation with dose at 180 Gy. Of 32 irradiated sambiloto with 10 

primers use, 9 primers were amplifying the genomic DNA and 1 

primer could not amplified. The total number of amplifield DNA 

bands yields was 1450 bands, out of which 152 bands (10.48%) 

were polymorphic. Genetic distance of sambiloto ranged from 0.79 

to 1.00 showed that sambiloto, even though treatment with 

gamma rays mutagen, has genetic variation still remains low. 
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Being  the third most important source of calories in the tropics, after rice and 
maize, cassava with its low rate current propagation limits its extension and 
production targeted. An innovative ratooning technique was applied for rapid 
propagation of improved cassava through irradiation grown in the field. In 
order to know the effectiveness of this new technique, the yield and the root 
morphological variation of MLG-10248 cassava plants which derived from 
irradiated seeds were analyzed and compared following three cycles of 
ratooning. The source of seven (7) seeds was obtained from Indonesian 
Legumes and Tuber Crops Research Institute, Malang and planted at 
Experimental Station of Biotechnology Research Centre, Indonesian Institute of 
Sciences (LIPI). Results showed that from these different source seeds, 
individual plants Nos. 3, 4, 6,7 had the same colour of outer roots i.e light-
brown while those outer roots of Nos. 1, 2, 5 showed dark-brown in colour. 
Morphological characteristic of cassava plants in the second ratooning cycle 
also showed that two individual plants (i.e individual No. 2 Clone 1 and 
individual No. 5 Clone 1) grew faster and showed early generative phase than 
those of the other numbers. Result from physiological parameters of their yield 
showed that the height mean decreased in the third ratooning cycle when it 
was compared to that obtained from ratooning cycles 1 and 2. While the 
number of roots was the same among those of three ratooningcycles with 
range between 1-3 roots. The lowest fresh weight and starch weight mean 
from the yield of individual No. 4. These results suggest that ratooning was 
recommended as a new innovative tehnique for rapid propagation of cassava. 
The effetiveness of ratooning related to stable yield of cassava was suggested 
only until two ratooning cycles. More variation related to compound content 
will be explored in the future. 
 
Keywords: cassava, ratooning, MLG-10248, morphology and yield variation, 
irradiated plants 
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Introduction 

As the third most important source of calories in the tropics, 

after rice and maize, cassava (Manihot esculenta Crantz) needs 

to be paid attention especially its low rate current propagation 

which limits its extension and production targeted. According to 

Aerni (2006) it is predicted that the total production of cassava in 

the world from all current production level will be projected to 

around 168 milion tons by the year of 2020. The majority of 

production is in Africa where 99.1 million tones were yielded while 

51.5 million tones were in Asia and 33.2 million tones in Latin 

America and the Caribbean (FAO, 2005). In Indonesia, cassava 

which is mostly grown in marginal land becomes one of production 

target to support food diversification programme. 

Cassava is vegetatively propagated through stem cutting 

and sexual reproduction. However, those conventional methods 

have limitations associated with the production and utilization of 

the crop. The important advances to improve the higher yielding 

cassava have been obtained recent years by combining 

conventional breeding with mutation induction (Collin and Dix, 

1990). These techniques which either employing physical such as 

the application of ionizing radiation or chemical mutagens has been 

applied in other crops such as rice (Gao et al. 1992), and sugar beet 

(Alikamanoglu, 2002). By such treatments, new clones can be 

expectedly produced as new sources of variation to increase plant 

genetic quality (Van Harten, 1998). Despite these advanced 

methods obtained in breeding efforts, the most important 

constraint for farmer to widespread the improved cassava varieties 

in the field is the low rate of current field propagation, the lack of 

planting material and the desired quality characteristic in larger 

quantities. Therefore, the use of an innovative rapid multiplication 
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of the improved cassava varieties is one of solution to help this 

limitation. 

Ratooning is one of innovative rapid multiplication of 

cassava by cutting the stem before the time of harvesting without 

significantly effecting their root deteriorisation (N’Zue et al, 2006). 

N’Zue et al. (2006) also reported that by applyng this technique, 

the quantity of cuttings was the highest, moreover, the rates of loss 

in yield and dry matter of tuberous roots were low and were 

estimated at less than 3.5%. Therefore, the objectives of the 

research was to investigate the effectiveness of ratooning 

technique toward the yield variation and the root morphology of 

MLG-10248 cassava plants which derived from irradiated seeds. 

 

MATERIALS AND METHODS 

 

Plant materials 

Seven seeds of MLG-10248 cassava exposed with gamma 

ray irradiation treatments at dosages of 20 krad were obtained 

from Indonesian Legumes and Tuber Crops Research Institute, 

Malang. Those seeds were then planted at Experimental Field 

Station of Research Centre for Biotechnology, Indonesian 

Institute of Sciences (LIPI) using ratooning technique from 

2007 to 2010.  

 

Ratooning technique 

Methods of applied ratooning were modified ratooning 

technique developed by N’Zue et al. (2006). Ratooning was 

conducted by cutting cassava stem less than 10 cm or 3-5 axilar 

nodes before their time of harvesting and let them recovered 

which was signed by regrowth of that cassava stem. Stakes of 

cassava were then planted in plastic bag containing planting media 
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with composition of mix soil and biofertilizer 2:1 in green house. 

After two months in plastic bag, stakes were trasferred in the field. 

Ratooning was conducted for three cycles. The first ratooning 

cycle was conducted when the plants were grown for 15 

months olds after planting. The second and third ratooning 

cycles were then conducted when plants showed regrowth at 

5-6 month olds after previous ratooning. Plants were 

harvested at 10 month olds after each ratooning cycle for 

further study.  

 

Root morphology, growth and yield observation 

Before harvesting, plant height of cassava was measured 

from the base to the shoot of all cassava plant numbers. The roots 

were harvested, weighted and counted to calculate their average 

weight. The morphological character of roots was also recorded i.e 

the colour of outer roots, flesh root and the other unique 

characteristic. Starch staining to determine the precence or 

absence of amylose was visualised by iodine staining of cross 

sections of the root slice with a diluted (2:1 in water) Lugol’s 

solution (L2:KI). The stained starch from the tuberous roots were 

then visualised by scoring their stained colour zone and colour 

intensity. Native cassava starch extraction was carried out using the 

method of Numfor and Walter (1996) while Starch Extraction Rate 

on fresh weight basis was calculated as follows: Starch extraction 

(%) on fresh weight basis = (weight of starch/weight of sampled 

fresh roots) x 100%. Those growth parameters of plants were 

analyzed and compared following three (3) ratooning cycles. 

Harvesting and data analysis 

 Plants were harvested at 10 month olds after each 

ratooning cycle. They were then measured for their number of 

roots, fresh weight and starch content. All tuberous roots per plant 
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number were weighed and total yield was recorded. Starch was 

extracted from the fresh roots after weighing. Extraction rate was 

on fresh weight basis by selecting roots weighed more than 1000 

gram per individual/clone number.The analysis of yield data was 

conducted by comparing the average of three ratooning cycles 

yield data. The morphological analysis of outer skin roots, flesh 

roots and the other unique characteristic were conducted by 

descriptive analysis.  

 

Result And Discussion 

 

Root and Plant morphology 

The yield of seven (7) MLG-10248 cassava plants derived 

from irradiated seeds which were harvested at 10 month olds after 

ratooning cycles showed variations in outer skin roots and flesh 

roots (Table 1 and Figure 1). From these seeds, individual plants 

Nos. 3, 4, 6,7 had the same colour of outer roots i.e light-brown 

while those outer roots of Nos. 1, 2, 5 showed dark-brown in 

colour. While the flesh colour showed the difference between 

individuals i.e. individual plants Nos 1,2,5,7 mostly had yellow and 

that of other numbers was white in colour (Table 1 and Figure 2). In 

the first ratooning cycle, the starch content analysis using the 

iodine test applied in cortext root slices of all plant numbers 

showed that the colour zone of those number roots possesed 

within of 30 to 90% of whole part of root slices (Table 1). 

Furthermore, most of colour intensity of these slices showed blue 

to dark blue (Table 1) except No I clone 14 which was purple 

(Figure 3). It indicated that the amylose content of starch roots No 

1 clone 14 tend to be lower than that of other numbers. This 

finding was consistent and in line with the result of Ben et al. 

(2007) who reported that of the iodine test, the colour granule of 

amylose fraction showed a blue and blue-purple for amylopectin 
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fraction, while the cassava starch applied with iodine gave dark-

purple. 

 

 

 

Table 1. Root morphology of  irradiated  “MLG-10248” cassava  

derived from seeds 

Individual 

plants 

Outer 

Skin colour 

Flesh 

calour 

Root slices staining 

Colour zone (%) Colour 

intensity 

1 Dark brown Yellow 

50-90 Blue-dark 

blue 

2 Dark brown yellow 

50-90 Blue-dark 

blue 

3 Light brown white 

50-90 Blue-dark 

blue 

4 Light brown white 

50-90 Blue-dark 

blue 

5 Dark brown yellow 

50-90 Blue-dark 

blue 

6 Light brown white 

50-90 Blue-dark 

blue 

7 Light brown yellow 

50-90 Blue-dark 

blue 
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Figure 1 . Morphological of calour outer roots of irradiated MLG-

10248 cassava seeds 

a)Individual plant No 1- dark brown b) individual plant 

No 2-dark brown c) Individual plant No. 3-light brown d) 

Individual plant No. 4-light brown e) Individual plant 

No.5-dark brown f) Individual plant No.6-light brown g) 

Individual plant No.7- light brown 

a b c d 

f e g 
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Figure 2 . Morphological of flesh colour of irradiated MLG-10248 

cassava seeds  

a) Individual plant No 1- yellow b) individual plant No 2-

yellow c) Individual plant No. 3-white d) Individual plant 

No.5-white f) Individual plant No.6-white g) Individual 

plant No.7- yellow 

 
 

Figure 3. Variation of colour zone and intensity of root slices in 

individual plant No.1 

a b c 

d e f 

b c d a 
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a)Clone 8: >90% colour zone, dark blue b) Clone 20: 50-

75% colour zone, blue c) Clone 14: 25-50% colour zone, 

light purple d) clone 7: 50-75% colour zone, dark blue 

 

Growth characteristic of cassava plants in the second 

ratooning cycle also showed that two individual plants (i.e 

individual No. 2 Clone 1 and individual No. 5 Clone 1) grew faster 

and showed early generative phase than those of other numbers 

(Figure 5). These growth phase characteristic was also indicated by 

the appearance of their flower branch as compared to none of that 

of other numbers.  

  

  

Figure  5. Morphological characteristic of cassava seeds in 

the second ratooning cycle. a-b). Fruit and 

flowers of cassava plant No 2 clone 1. c-d) Fruit 

and flowers of cassava plant No 5 clone 1. 

 

a b 

c d 
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Yield Variation from three ratooning cycles 

 

Seven (7) irradiated cassava plants resulted from three 

ratooning cycles which were harvested at 10 month olds were 

evaluated based on their growth and  yield parameters i.e the plant 

height, number of roots, fresh root weight and extracted starch 

content (Table 2). Results showed that the average plant height 

was different among individual/clones in three ratooning cycles. 

The decreased plant height was obtained in the third ratooning 

cycle when it was compared to that obtained from ratooning cycles 

1 and 2. In the first ratooning cycle, the lowest plant height was 

obtained from the yield of individual No. 4. On the other hand, 

from three ratooning cycles, cassava plants Nos 1,2,5 showed a 

trend of lower average plant height and less survival rate in the 

third ratooning cycle. Therefore, the yield evaluation of these 

plants in the third ratooning cycle could not be evaluated. There 

was in indication that the plant ability to grow normally was 

affected by higher frequencies of ratooning which shown by 

smaller diameter of their stem, dense nodul segments and many 

branches in the third ratooning as compared to those in the first 

and second ratooning cycles. This finding was in accordance with 

Osei et.al (2009) who reported that the health of stakes cassava 

(disease free) and the number of nodes per stem cutting are 

essential factors for ensuring quality of planting material in order to 

provide high yield. Result also showed that the number of roots 

was the same among those of three ratooning cycles with range 

between 1-3 roots (Table 2). In the first ratooning, the individual 

No.4 showed that there was no root produced as compared to 

other numbers. Therefore, the other yield parameters of individual 

plant No.4 i.e fresh root weight and extracted starch content was 

not analyzed in the first ratooning cycle. In addition, result 

following two ratooning cycles showed that the fresh weight of 
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individual No. 4 was the lowest of all plant numbers. Based on 

starch extraction rate of fresh roots, the content was ranged from 

22.4 to 28.4% in the first ratooning cycle while that in second 

ratooning cycle ranged from 22.9 to 36.0% and that in the third 

ratooning cycle ranged from 6.9 to 27.3%. This phenomenon 

indicated that  high quality stakes provided in the second ratooning 

cycle played an important role in producing good yield and high 

starch content. According to Benesi et al. (2008) the starch content 

not only depends on the planting location and the harvest time but 

also the quality of cultivar stakes. Based on the growth and yield 

variation resulted from three ratooning cycles, it could be drawn 

that the effetiveness of ratooning related to better yield of cassava  

seems to be limited up to two ratooning cycles. 

 

 

Table 2. The growth and yield variation of irradiated MLG-

10248 cassava  following three ratooning cycles. 

Indi

vid

ual 

nu

mb

ers 

Average Plant Height 

(cm) per-cycle of 

ratooning 

Average 

Number of 

roots 

per-cycle of 

ratooning 

Fresh Weight 

(gram) 

per-cycle of 

ratooning 

Extracted 

starch 

content(%) 

per-cycle of 

ratooning 

 1 2 3 1 2 3 1 2 3 1 2 3 

1 

119.1 

101.3

3 

dead 

2 2 

dead 347

.22 

330

.00 

dead 24

.8 

22

.9 

dead 

2 187.5

0 

158.8

0 

dead 

2 3 

dead 176

.47 

391

.67 

dead 28

.4 

22

.9 

dead 

3 126.4

9 90.25 109 2 2 2 

273

.08 

235

.71 400 

22

.4 

36

.0 18.3 

4 

89.64 

113.0

0 65.7 0 3 1 

0.0

0 

200

.00 100 

0.

00 

29

.0 6.9 
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5 153.2

5 90.00 dead 3 2 dead 

332

.14 

283

.33 dead 

23

.8 

26

.4 dead 

6 193.5

0 

112.6

7 86 3 2 2 

422

.41 

333

.33 150 

25

.9 

35

.1 27.3 

7 162.8

3 

125.3

3 132.5 2 3 2 

243

.33 

400

.00 300.0 

24

.3 

27

.1 17.8 

 

Conclusions 

 

The yield of  MLG-10248 cassava plants derived from 

irradiated seeds which were compared following three (3) 

ratooning cycles showed root morphology variations in terms of 

outer skin roots and flesh roots as well as fresh weight and starch 

content. Certain clones showed superiority which will be developed 

further such as that in the second ratooning cycle i.e. two individual 

plants (i.e individual No. 2 Clone 1 and individual No. 5 Clone 1) 

which grew faster and that of higher yield than those of the other 

numbers. There was an indication that the height mean decreased 

in the third ratooning cycle, the number of roots tend to be stable, 

the fresh weight mean varied with the lowest was from  No. 4, the 

starch content average increased in the second ratooning. The 

highest starch extraction rate was obtained in the second ratooning 

cycle (22.9 to 36.0%) following with those in the first ratooning 

cycle (22.4 to 28.4% ). Although it requires more in depth research, 

ratooning related to stable yield of cassava seems to be effective 

only until two ratooning cycles. The findings could be applied for 

propagating limited initial superior clones for further development.  
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This study was to investigate the changes of morphological, 
macroscopic and microscopic structure on betung bamboo fiber 
during pretreatment of single culture of white-rot fungi. Fresh, and 
bark less 2 years old betung bamboo (Dendrocalamus asper) chips, 
1.6 cm in length were inoculated by 10% of white-rot fungi 
inoculums stock for 30 and 45 days in room temperature. There 
were three kinds of these fungi i.e Trametes versicolor, Pleurotus 
ostreatus and Phanerochaete chrysosporium. After the incubation 
period was finished the chips were separated by maceration 
process to analyze the fiber dimension and its derivative fiber. The 
fibers were then observed the macroscopic and microscopic 
structure by microscope. The fiber dimension of bamboo was 
affected by the white-rot fungi types, and the incubation time, and 
its derivative fiber also showed these phenomenon. There is a 
difference degradation pattern caused by these pretreatment 
based on the microscopic and macroscopic images.  
 
Keywords: morphological fiber and its derivative, microscopic and 
macroscopic structure, betung bamboo, white-rot fungi 
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1. Introduction 
Bamboo belongs to the family of grasses and it is the most 

widely used non wood lignocellulose for the production of 
paperboards and papers and feedstock of textile, food, 
methane, lactic acid, construction, reinforcing fiber, biomass 
energy like bio-ethanol 

1,2,3,4,5
. Bamboo produces cellulose 2-6 

times more than pine does
6
 (Herliyana et al. 2005). Its biomass 

increased by 10-30% daily, while wood biomass increased by 
2.5% daily. Bamboo can be harvested after 4 years, while we 
have to wait for 8-20 years to harvest fast growing trees

6
. Based 

on fibre morphology and physical and chemical properties, 
betung and yellow bamboos were better raw materials than 
tali, andong, ampel and black bamboo to be utilized for pulp 
and paper

7
. 

Basically, the lignocellulose materials are complex polymer 
which consisting of homo-polymer of cellulose, branch polymer 
of hemicelluloses and hetero-polymer of lignin. Biological 
pretreatment is one of the kind approach pretreatment used to 
convert the materials to any application. White rot fungi are the 
most effective basidiomycetes of this pretreatment

8,9
 to remove 

lignin from plant cell
10,11

. These fungi secrete the ligninolysis 
enzymes to penetrate

12
 and to distribute the enzyme on the 

substrat
13

. However, many of these fungi have the ability to not 
only depolymerize and metabolize lignin but also to degrade 
cellulose and hemicelluloses

14
. Base on this reason, the 

selection of white rot fungi that have high delignification 
selectivity is important step. 

Biological pretreatment using white rot fungi on the 
lignocellulosic materials are widely range utilization like bio-
energy, feed, enzymatic hydrolysis, biobleaching, pulp and 
paper, enzim production etc

15
. Liquid inoculums of single 

culture of white rot fungi (Trametes versicolor, Phanerochaete 
chrysosporium and Pleurotus ostreatus ) were applied on non 
wood materials like betung bamboo for biopulping 
process

16,17,18,11
, bagasse

19,20
, rice straw for for bioethanol 

process
21

 as well. Investigation of effect of white rot fungi 
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pretreatment on the pulp and paper properties, hydrolysis 
performance etc was reported in the previous research. 
However, there is lack information on the effect of these fungi 
pretreatment on the anatomical structure of lignocellulose 
materials especially on betung bamboo. This research is to 
determine  the changes of fiber, vessel dimension and its 
derivative of  betung bamboo after  three kinds of white rot 
fungi pretreatment. 

 
2. Methods 

Sample Preparation  
Fresh, barkless 2 years old bamboo betung 

(Dendrocalamus asper (Schult.f.)), from Nanggewer,  Cibinong 
was cut using a hammermil to obtain ± 1.6 cm bamboo chips in 
length. The chips were then stored in a refrigerator to avoid 
microorganism contaminant. They were then kept for 24 hours 
at room temperature continued by sterilization in an autoclave 
for 45 minutes at 121

0
C before fungi application. 

Inoculum Stock Preparation 
  Trametes versicolor, Phanerochaete chrysosporium and 

Pleurotus ostreatus inoculum cultured on Malt Extract Agar 
(MEA) Slant (10.65 grms MEA was diluted in 300 ml aquadest) 
for 7-14 days. Five ml of the JIS Broth medium was injected in 
each slants, and the fungi was then scratched by ose. The 
suspension was then poured into 95 ml of JIS Broth medium (3 g 
KH2PO4, 2 g MgSO4.7H2O, 25 g glucose, 5 g pepton, and 10 g 
malt extract were added into 1 L aquadest) and incubated 
stationery for 7-8 days. A 10 grams of corn steep liquor was 
then poured into 100 ml of inoculum. The inoculum was then 
homogenized by a high speed waring blender 2 twice each for 
20 seconds.  The solution obtained was used as inoculum stock. 
      Fiber Dimension Measuring  
 To measure the fiber and vessel dimension, the bamboo 
chips were separated with maceration process based on 
Tappi

22
. Fiber and vessel dimension were measured under 

microscope observation. Fiber dimension was included fiber 
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length, lumen and fiber diameter, cell wall thickness as well. 
While the length and diameter vessel were measurement of 
vessel. The measurement of this parameter was performed 30 
times to calculate the average value. Fiber dimension data was 
used to calculate the fiber dimension derivative consisted of 
runkell ratio, felting power, muhlsteph ratio, coefficient of 
rigidity, and flexibility ratio. 

 
3. Results and Discussion 

Fiber dimension and its derivative is one of important 
lignocellulose properties used to predict the pulp properties 
resulted.The fiber length of bamboo pretreated by T.versicolor 
(TV) for 45 days was the highest data; meanwhile the 
P.chrysosporium (PC) pretreatment for 30 days affected the 
lowest in fiber length (Table 1). This all fiber length dimension 
after white rot pretreatment is included in the long fiber. This 
fiber will support the better formation of fiber bond in the 
paper forming process. The long fiber also affects paper 
strength, pulp handling, and the surface smoothness of paper. 
Compared to the untreated bamboo, all fibers decreased 
caused by the fungi hyphae penetration in to cell wall structure 
of bamboo. Enzyme secreted by these fungi effected changes of 
anatomical performance of plant cell. Both of the fiber and 
lumen diameters of fungi pretreatment were wider. However 
the cell wall thickness of bamboo was thinner. The thin cell wall 
will affect to form soft fiber to provide the broader surface area 
for fiber bonding. The decreasing of cell wall thickness has been 
predicted caused by the enzyme activity to depolymerize the 
lignin structure of bamboo cell wall. Anatomical structure of 
bamboo consists of fiber and vessel with each proportion. 
Bamboo which contains the high fiber proportion is preferable 
to utilize for any application effectively. The vessel length was 
shorter than the fiber’s, but the vessel diameter was since in 
versa. 
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Table 1. The Fiber and Vessel Dimension  

 
 The fiber derivative of fungi pretreatment was shown in 
Table 2. All treatment caused positive effect in decreasing of 
Runkel ratio, coefficient of rigidity and flexibility ratio.  The 
significant decreasing in Runkel ratio affected by both of the 
thinner cell wall and wider cell diameter. This condition will 
form sheet pulp formation which the high tensile index.  Based 
on this data, bamboo pretreated by PC for 45 days incubation, 
TV and PC for 30 days incubation have the best properties. 
 
 
 
 
 
 
 
 
 
 
 
 

White Rot 
Fungi 
Treatment 

Incubation 
Period 
(Days) 

Fiber Dimension Vessel Dimension 

Fiber 
Length 
(μm) 

Fiber 
Diame
ter 
(μm) 

Lumen 
Diamete
r (μm) 

Cell wall 
Thicknes
s (μm) 

 Vessel 
Length 
(μm) 

Vessel 
Diamate
r (μm) 

Pleorotus 
ostreatus 

30 3.955,36 31,31 26,67 2,32 868,06 183,66 

45 3.641,25 31,76 27,15 2,30 935,85 186,56 

Trametes 
versicolor 

30 4.184,21 29,94 25,60 2,17 936,46 171,44 

45 3.867,58 29,70 25,02 2,34 915,85 248,85 

Phanerochaete 
chrysosporium 

30 3.251,49 29,90 25,76 2,07 945,62 197,25 

45 4.081,09 29,78 25,25 2,26 960,27 169,46 

Without Fungi7 0  4.693    25    7       9   -    - 
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Table 2. The Fiber Derivative  
 

White Rot Fungi 
Treatment 

Incubation 
Period (Days) 

The Fiber Derivative 

Felting 
Power 

Muhlsteph 
ratio 

Flexibility 
ratio 

Runkel 
ratio 

Coefici
ent of 
rigidity 

Pleorotus ostreatus 30 117.17 232.00 0.85 0.18 0.07 

45 113.83 230.40 0.85 0.17 0.07 

Trametes versicolor 30 156.89 216.80 0.85 0.17 0.07 

45 131.26 233.60 0.84 0.19 0.08 

Phanerochaete 
chrysosporium 

30 108.43 207.20 0.86 0.17 0.07 

45 129.20 226.40 0.84 0.19 0.08 

Without Fungi7 0   190.85    90.85 0.30 2.31 0.35 

  
 Flexibility ratio is the comparison between lumen 
diameter to fiber diameter, where PC pretreatment for 30 days 
indicated as the highest value. This pretreatment has the most 
wide lumen and the small diameter. The high flexibility ratio 
producted the paper which has a good breaking length, unrigid 
properties, high tensile strength.  
 The comparison of cell wall thickness and fiber diameter is 
coefficient of rigidity. This coeficient was expected to have a 
negative correlation with tensile strength of paper. Almost of 
pretreatment exhibited the lower coeficient of rigidity. There is 
a sharp decline in this value compared to untreated bamboo. It 
can be understand caused by a better performance of cell wall 
thickness and fiber diameter of bamboo pretreated by three 
kind fungi. The longer of incubation time tended decline in this 
value caused by more intensive of depolymerization of lignin 
structure. Unrigid fibers provide a good fiber bonding quality in 
formation of paper sheet.  
 The ratio of lumen diameter to fiber diameter can be 
defined as felting power/slenderness. The higher  slenderness, 
the greater  of fiber to form a good fiber bonding

23
. The highest 
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felting power value was bamboo pretreated by P.crysosporium 
for 45 days, but this value is lower than untreated bamboo’s. 
The fiber of the treated bamboo had loose arrangement to 
produce a relatively lower tear index.    
 An sharp increasing of  muhlsteph ratio happened in all of 
fiber pretreated with fungi, however the longer incubation time 
tended to decrease this value in all kind of fungi pretreatment. 
The lower muhlsteph ratio, the lower folding power of pulp 
sheet

23 
caused the dissatisfactory paper quality.  

 
 Table 3. Fiber Proportion per mm-2 

 

N
o 

Base Area 
Fiber Proportion 

Interseluler Channel 
and Metaxylem 
Proportion 

Pharenchyma Proportion 

Value % Value % Value % 

1 

1.000.000 

324.393,65 32,44 - - 675.606,35 67,56 

2 248.555,69 24,86 28.935,51 2,89 722.508,80 72,25 

3 365.810,88 36,58 48.174,06 4,82 586.015,06 58,60 

4 275.724,20 27,57 - - 724.275,80 63,27 

5 367.253,13 36,73 - - 632.746,87 63,27 

6 329.013,47 32,90 9.550,39 0,96 661.436,14 66,14 

Average 318.458,50 31,85 14.443,33 1,44 667.098,17 65,18 

 
Bamboo was dominated with pharencyma recapitulated on 
Table 3 (the fiber proportion based on 1.000.000 mm-2 area). 
The average of fiber, intercellular channel and metaxylem, and  
pharencyma proportion are 31.85%, 1.44%, and 65.18% 
respectively. The high pharencyma proportion tended to 
produce the lower pulp yield caused by the only fiber that can 
be converted to be cellulose to form paper sheet.   
 This below figure showed the macroscopic and 
microscopic images of bamboo under white rot fungi treatment. 
The image indicated a degradation pattern caused by fungi 
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activity in substrate (A-F). The fungi secreted the hyphae to 
penetrate on to cell wall via surface of bamboo. Macroscopic 
vascular bundle of untreated bamboo can be seen in Image H. 
This bundle has function as food and water channel. 
 

 

 
  
 
Figure 1. Macroscopic image of bamboo pretreated by P. 
chrysosporium (PC 30 days (A), PC 45 days (B), Pleorotus 
ostreatus (PO 30 days (C), PO 45 days (D)), Trametes versicolor 
(TV 30 days (E), TV 45 days (F)), untreated bamboo (G), 
vascular bundle (H)  
   
   
 
 
 
 
 

C  
F 

C 

F 



 

 361 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

 
 

 

<< Back to table of contents 

 
 
 
 
 
 
The maceration process caused the bundle fiber of cell wall 
separated to be single fiber (Figure 2). Pharenchyma cell had 
shorter fiber with wider diameter (image D). The fungi 
degradation affected the damage in single fiber mainly in 
bamboo pretreated by T.versicolor for 45 days (F). 
 

4. Conclusion 
The fiber dimension of bamboo was affected by the white-rot 
fungi types, and the incubation time, and its derivative fiber 
also showed these phenomenon. Both of the fiber and lumen 
diameters of fungi pretreatment were wider compared to 
untreated ones. All pretreatment caused positive effect in 
decreasing of Runkel ratio, coefficient of rigidity and flexibility 
ratio. Bamboos have a higher pharencyma proportion that 
tended to produce the lower pulp yield. There is no significant 
difference degradation pattern caused by fungi activity in all 
substrates based on the macroscopic images. Microscopic 
image of bamboo pretreated by T.versicolor for 45 days showed 
a intensive fiber damage compared the others. 

Figure 2. Microscopic image of bamboo pretreated by P. 

chrysosporium (PC 30 days (A), PC 45 days (B), Pleorotus 

ostreatus (PO 30 days (C), PO 45 days (D)), Trametes 

versicolor (TV 30 days (E), TV 45 days (F)) 
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Soilborne Phytophthora species are the pathogen that causing 
several disease on citrus in Indonesia. The pathogen can infect all 
part of citrus plant, rotting and gumosis on citrus rootstock, 
damping off, leaf necrosis and fruit rotting. The objective of this 
research was to known variability of Phytophthora sp. causing 
citrus crown rot disease. The research was carried out at 
Phytopathology Laboratory, Indonesian Citrus and Subtropical Fruit 
Research Institute (ICSFRI). Variability analysis based on PCR using 
ITS (Internal Transcribed Spacer) primer. In the research, 21 
cultures of Phytophthora were isolated from infected citrus 
rootstock at citrus centre production (Banyuwangi, Jember, 
Ponorogo, Blitar dan Tulungagung), 2 culture isolates from non 
citrus centre production (Kraton-Pasuruan and Tlekung-Batu) and 1 
culture isolate from infected apple rootstock. The result showed 
that several isolates from Banyuwangi, Jember, Ponorogo, Blitar 
dan Tulungagung have similarity coefficient 100%, that isolates 
with Banyuwangi-2 isolate have similarity 82%. Ponorogo isolates 
number 3,4,5 have similarity coefficient 100%. That isolates with 
other 21 isolates have smallest similarity, i.e. 28%. These data 
suggest that frequent outbreaks of Phytophthora crown rot in 
various citrus growing centres is probably resulted from other 
factors rather than from different genetic structure, such as 
climatic condition, resistance of citrus rootstock and plant 
maintenance.  
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Keywords: Phytophthora, genetic variability, rot diseases, ITS. 
Introduction 

Phytophthora cause the  most serious soilborne disease of citrus in 

Indonesia. The pathogen can infect on all part of citrus, cause root 

rot, foot rot and gummosis on rootstock, damping off, leaf necrosis 

and fruit rot. The phytopthora disease distribution in Indonesia  

fairly evenly and  that is cause highest mortality  after 

huanglongbing and diplodia disease. Phytophthora sp. isolate have 

genetic variability.  Several molecular approach used for oomycetes 

identification such as  isozyme analysis, Restriction Fragment 

Length Polymorphism (RFLP), Randomly Amplified Polymorphic DNA 

(RAPDs), Single-Strand-Confirmation Polymorphism of r DNA, and 

PCR of Internal Transcribed Spacer (ITS) (Foster et al., 1995, 

Ristaino et al., 1998, Kong et al., 2003, Cooke et al., 2000). This 

system of  ITS-based Phytophthora identification  has more 

advantages compared to other methods since the ITS region of  

rDNA is well characterized, rDNA evolve  in a neutral manner at a 

rate which often approximates to the rate of speciation, and it has 

proven successful in distinguishing fungal taxa (Bruns et al., 1991; 

Lee and Taylor, 1992). These ITS regions are highly variable and can 

be used to distinguish and relate closely related organisms such as 

different species in the same genus. Recently, a molecular 

phylogeny of Phytophthora and related oomycetes was 

constructed based on the ITS sequences of rDNA (Cooke et al., 

2000).  Lee and Taylor (1992) published the ITS1 and ITS2 

sequences of the tropical Phytophthora species P. palmivora, P. 

megakarya, P. capsici, P. citrophthora and P. cinnamomi and 

showed excellent resolution at the species level. According to 

Ippolito et al. (2004)  effectiveness in the identification of  P. 

nicotianae and  P. citrophthora from citrus roots and soil between 

the molecular analysis uses traditional methods of isolation on 

selective media were compared using molecular procedures with 
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DNA extraction and amplification showed  the same results, 

although the traditional method requires a lot of time and 

expertise to identify both types of Phytophthora. At Texas,  22 

isolate  have been characterized using molecular methods, 

Polymerase Chain Reaction (PCR) with Ph2 and ITS4 primers 

resulted in a 700 base pair (bp) fragmen. This fragment was 

sequenced and a similarity search at GenBank showed 100%  

identity with P. nicotianae (Kunta et al., 2007). Genetic diversity 

among 16 isolates of P. palmivora obtained from diseased coconut 

plants showing nut fall disease were characterized by Random 

Amplified Polymorphic DNA (RAPD) using nine primers were highly 

different at 40.6 percent (Mutulo et al., 2007). On P. 

parasitica through this genomic approach and clustering analyses 

out of a total of 13,285 available in the P.  parasitica database, a 

group of 4,567 clusters was formed, comprising 2,649 singlets and 

1,918 contigs. Out of a total of 4,567 possible genes, only 2,651 

clusters were categorized; among them, only 4.3% shared 

sequence similarities with pathogenicity factors and defense (Rosa 

et al., 2007). The objective of this research was to known variability 

of  Phytophthora sp. causing citrus crown rot disease using 

Polymerase Chain Reaction. 

 

Matterials and  Methods 

 

Isolation and DNA Extraction 

Isolation  of pathogen used baiting  technique (Erwin  and Ribeiro, 

1996) with lemons  and apple fruit to isolate the fungus from soil, 

root and infected  bark samples from citrus plantation in Indonesia 

i.e. Banyuwangi, Jember, Ponorogo, Blitar and Tulungagung 

districts, total 21 isolates on plates contain V8 medium. These 

plates were incubated at room temperature in the dark for a week. 

The colonies showing morphological characteristics of 
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Phytophthora were observed under a microscope. For DNA 

extraction, the fungus was grown at 24ºC in a 10 ml water culture. 

Similarity analysis based on PCR technique with universal primer 

(White et al., 1990). DNA extraction use Goodwin et al. (1992) 

modified. Phytophthora  sp. isolate, 6-10 days was transferred  to 

V8 liquid medium in erlenmeyer. The miselium was harvested after 

7-10 days, and filtered through Whatman No. 1 paper, then stored 

in eppendorf tubes. Then, mycelium crushed in liquid nitrogen and 

transferred to test tubes that had been  given 1 ml of buffer 

solution (1.4 M NaCl, 20 mM EDTA, 100 mM Tris-HCl (pH 8.0), 2% 

(w / v) CTAB, 1% ß-mercaptoethanol). Having crushed the mixture 

shaken until homogeneous and incubated at 65 ° C for 30 minutes. 

RNAse (10 ml) was added, shaken and  then incubated for 1 h at 37 

° C. After the chloroform and isoamil (24:1) was added with the 

same volume, shaken and centrifuged at 11. 000 rpm for 10 

minutes. The liquid phase was transferred to new tubes and then 

added to 1000 µl chloroform, shaken and centrifuged  at 11. 000 

rpm  for 10 minutes. Supernatant was removed and transferred to 

new tubes and added  1000 µl cold isopropanol and shaken, then 

centrifuged at  11.000 rpm for 10 minutes. Solution was discarded, 

DNA pellet then added with 200 ml TE (1x), shaken gently and 

incubated for one hour at 37 ° C. Then added 0.1 volume of sodium 

acetate and 2.5 volumes of absolute ethanol and centrifuged at 

14.000 rpm for 10 minutes. DNA pellet was washed with 500 ml 

70% ethanol and centrifuged at 12. 000  rpm at 4 °C for 5 minutes. 

Ethanol was removed and the pellets were dissolved in 100 µl TE at 

room temperature and stored at -20° C. 

 

DNA Amplification 

Extracted DNA was amplified by PCR based on modified method of 

Trout et al. (1997) using the universal primers ITS 2, ITS 3, ITS4 and 

ITS 5. The primer pair of ITS 2 (5'-GCT GCG TTC TTC ATC GAT GC-'3), 
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ITS 3 (5'-GCA TCG ATG AAG AAC GCA GC- '3), ITS 4 (5'-

TCCTCCGCTTATTGATATGC -3 ') and  ITS 5 ( 

5'GGAAGTAAAAGTCGTA-ACAAG-3') (White et al., 1990). 

Amplification was performed in 25 ml containing of: 10x PCR Buffer 

1X (2.5μl), 0.4 μM Primer ITS4 (1μl), 0.4 μM Primer ITS5 (1 ml), 

MMR 10 ml, 50 ng of DNA samples (2 ml), and ddH20 (7μl). The 

same composition made for the pair of ITS 5 and ITS 2,  ITS 3 and 

ITS 4. DNA amplification using thermo cycler machine (Biometra) 

with the following  thermal profile amplification, according to Trout 

et al., (1997) modified : initial denaturation at 94°C for 180 

seconds, followed by 40 repeated cycles of melting, annealing and 

extention of DNA at 94°C for 60 seconds, 55°C for 60 seconds, 72°C 

for 120 seconds, respectively. In the last cycle, the extention step 

was increased to 10 min. The PCR product were analysed by 

electroforesis on agarose gel 1%, contain 10 mg/ml 

ethidiumbromide. Gel were documented by biodoc gel (Biometra). 

 

Scoring and Dendogram Analysis 

Scoring is based on the presence of DNA bands in each isolate. DNA 

bands formed from the results of molecular analysis that is 

considered as a character that represents a DNA locus. Then, DNA 

profiles are translated into binary data based on the presence of 

the band (1) and no DNA bands (0) to build a similarity matrix. 

Grouping of isolates on the UPGMA dendogram was calculated by 

using the program NTSys SHAN-PC version 2.10. 

 

Results and Discussion 

 

Phytophthora isolates that used for analysis origin from crown rot 

disease at the centre of citrus plantation  (Table 1). Phytophthora 

isolate that used as comparison isolates origin from apple stem rot 

disease. 
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Tabel 1. Origin of Phytophthora sp. isolates used in testing 

No. Origin of isolates Host Number of 

isolates 

1. Banyuwangi  Citrus 3 

2. Jember Citrus 4 

3. Ponorogo Citrus 5 

4. Tulungagung Citrus 4 

5. Tlekung Citrus 2 

6. Kraton Citrus 1 

7. Banaran Apple 1 

The results of electrophoresis showed that the genetic variability of 

Phytophthora sp. in citrus plantation is extremely wide. (Fig 1, Fig 2 

and Fig 3). 
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Genetic similarity among all isolates of Phytophthora was based on 

the amplified fragments generated with the 3 pairs primer, which 

was show in a dendrogram (Fig. 4). 
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Figure 4. Dendrogram  showing  the relationship among  23 

Phytophthora isolates  from  citrus and 1 isolate Phytophthora from 

apel  using 3 pairs primer ITS  (Internal Transcribed Spacer)   

 Origin of  isolate : BWI (Banyuwangi); TLK (Tlekung);  JBR 

(Jember); PNG (Ponorogo);  

 TLG (Tulungagung); BLTR (Blitar); BNR (Banaran); KRT 

(Keraton) 

 

Dendogram show that some isolates from Banyuwangi, Jember, 

Ponorogo, Blitar and Tulungagung have 100% similarity coefficient, 

that isolates with Banyuwangi 2 isolate has approximately 82% 

similarity.  Ponorogo isolates number 3,4,5 have 100% similarity 

coefficient. These isolates with 21 other isolates have the smallest 

similarity (28%). Isolate that origin from apple stem rot have 78% 

compare to 6 isolates from citrus crown rot disease. According to 

Kunta et al. (2007) P. nicotianae is the most prevalent species in 
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Texas citrus plantation. In Brazil P. parasitica is pathogen that cause 

gummosis on citrus (Rosa et al., 2007). Base on this species, some 

researchers have concluded that these two names were being 

applied to a single species, the name of P. nicotianae earlier than P. 

parasitica. 

 

Conclusion 

 

Genetic variability of Phytophthora sp. in citrus plantation is 

extremely wide. 

Phytophthora crown probably resulted from other factors rather 

than from different genetic structure. 
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Indonesia local buffalo (Bubalus bubalis) is a germplasm and a 
livestock that giving a high contribution for supply national flesh. 
Identification and mapping of genetic potency should be conducted 
to solve this problem especially for conservation of local buffalo in 
Indonesia. West Nusa Tenggara province is one area that has the 
largest population of buffalo in Indonesia. The aims of this research 
are to determine genotype variation based on microsatellite 
marker of local buffalo in Central Lombok. The results of this 
research are (1) there is genetic variation in two populations of 
Central Lombok buffalo which includes the frequency of alleles, 
heterozygosity, and Polymorphism Information Content , (2) the 
allele frequencies of four microsatellite loci of HEL09, INRA023, 
INRA032, and ILSTS005 on the second populations higher than the 
first buffalo population of Central Lombok, which ranged from 0.14 
to 0.86, while for the first population ranged from 0.19 to 0.81, (3) 
The value of average heterozygosity observed at four microsatellite 
loci of HEL09, INRA023, INRA032, and ILSTS005 the first population 
is higher than the second population, are 78.12%, while for the 
second population are 59.52%, (4) the highest value of the PIC 
(Polymorphism Information Content) in both population obtained 
from INRA032 of 0.38, thus, the most informative microsatellite loci 
to describe genetic diversity in both populations of Central Lombok 
buffalo is locus INRA032. 
 
Keywords: Bubalus bubalis, microsatellite loci, population, 
polymorphism 
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Introduction 

Most of buffalo in Indonesia is a buffalo mud buffalo. The mud 

buffalo (Bubalus bubalis) has considerable variation in body weight 

and skin color, so that the buffalo is known by various names such 

as buffalo Java, Aceh, Toraja, Kalang and Moa (Triwulaningsih, 

2008). 

West Nusa Tenggara province is one area that has the largest 

population of buffaloes in Indonesia (Hilmiati, 2008). The most 

buffalo population in Lombok Island is in Central Lombok regency 

with 18 525 buffaloes in 2008 (Disnak NTB, 2010). Central Lombok 

district is the largest supplier of buffaloes in West Nusa Tenggara 

Province of Lombok region, apart from other areas such as 

Sumbawa and Bima. 

 The potential of buffaloes in West Nusa Tenggara region, especially 

in Central Lombok, is supported by the resources of land that still 

allows for the development of buffaloes and bio-physical 

advantages possessed by the buffalo itself. Buffalo has a high 

adaptability to spread widely not only in Borneo and Sumatra, but 

also Java, Sulawesi, even Nusa Tenggara (Winarto, 2010). 

 

According Hilmiati (2008), bio-physical advantages possessed by 

the buffalo are able to survive well on dry land, and water buffalo 

has a high enough capacity to cope with pressures and changes in 

extreme environments. Central Lombok potential in general is very 

possible be used as the buffaloes that supports the development of 

this area as the largest supplier of buffaloes in West Nusa Tenggara 

region of Lombok. This potential is supported by the availability of 

environmental carrying capacity and social and cultural conditions 

in Central Lombok. Land in West Nusa Tenggara is capable of 

supporting approximately 2.6 million livestock units for both large 

and small livestock (Hilmiati, 2008), including a buffalo ranch in 

Central Lombok. Social and cultural conditions in some 
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communities support the development of a buffalo ranch. At 

certain ceremonies, the buffalo is an important livestock should 

always be available. Utilization of buffaloes in Central Lombok, in 

addition to meeting the needs of local meat to regional needs, 

especially in West Nusa Tenggara are increasing. Data from the 

Central Bureau of Statistics of Central Lombok in 2008 showed as 

many as 2403 buffaloes have been availabled for consumption 

needs. In addition, the use of buffaloes in the NTB is also used for 

the export to East Timor which was started in 2001 by exporting as 

many as 2485 (MOA, 2007).  

Central Lombok is an area in Lombok Island has the largest buffalo 

population in West Nusa Tenggara, and is the largest supplier for its 

region. Quality and buffalo population in Central Lombok, is feared 

to be gradually decreased due to the continuous exploitation 

carried out as for consumption and sale, while there has been no 

effort to preserve the local buffalo germplasm. In conservation and 

breeding of local buffalo, it is necessary to identify genetic 

variation. Genetic variation is one key to optimal management of 

genetic resources. This genetic variation is needed in the business 

of breeding, because of the presence of genetic variation may be 

possible to form the new nation's breed through the selection and 

mating systems. This is important because it can be used as a 

material consideration for outbreeding by using a male buffalo 

from other regions. To identify genetic variations can use genetic 

markers. Is the expression of genetic markers in individuals who are 

seen by the eye or detectable by a specific tool that shows a certain 

genotype of an individual (Semagn et al, 2006). 

DNA microsatellite is a part with 2 to 6 base pairs of short tandem 

repeated. It located and found in the genomes of all living 

organisms, have a high polymorphism, namely the number of 

repeats varies between individuals (Renwick et al, 2001). 

Microsatellite stability is widely accepted as a good size for the 
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genome (Lee et al, 2008). The microsatellite markers used for 

mapping the genome, and for the investigation of genetic diversity 

due to the nature polimorfisms very high, and has a way of 

inheritance and codominant. (Navani et al, 2001). This study used 

microsatellite markers to identify genetic variation in local buffalo 

(Bubalus bubalis) in Central Lombok. 

 

Material and Methods 

DNA samples 

Blood samples from 15 local Buffalo from two areas (Central 

Lombok and South Lombok) were collected and preserved in EDTA 

solution/powder.  Blood samples were taken from farmers. DNA 

was isolated from the whole blood using standard SDS/proteinase K 

methods and phenol/chloroform extractions to get a genome DNA 

(Sambrook et al, 1989). This study used four microsatellite primer 

chosen at random is HEL09, INRA 023, INRA 032, and 005 ILSTS. 

Characteristics of primers used are listed in Table 1. 

 

Table 1 The character of primer and amplification parameter for 

four markers 

Locus  Sequence T annealing 

HEL09 

F 5’-CCC ATT CAG TCT TCA GAG GT-

3’ 

R 5’-CAC ATC CAT GTT CTC ACC AC-

3’ 

56
0
C 

INRA023 

F 5’-GAG TAG AGC TAC AAG ATA 

AAC TTA-3’ 

R 5’-TAA  CTA CAG GGT GTT AGA 

TGA ACT C-3’ 

56
0
C 

INRA032 

F 5’-AAA CTG TAT TCT CTA ATA GCT 

AC-3’ 

R 5’-GCA AGA CAT ATC TCC ATT CCT 

57
0
C 
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TT-3’ 

ILSTS005 

F 5’-GGA AGC AAT GAA ATC TAT 

AGC C-3’ 

R 5’-TGT TCT GTG AGT TTG TAA GC-

3’ 

58
0
C 

 

PCR product of DNA separation process carried out by using 

polyacrylamide gel electrophoresis followed by silver staining 

(silver staining). Tape positioning or DNA alleles on polyacrylamide 

gel was done manually. The size and number of alleles that appear 

on the gel is determined based on the assumption that all DNA 

bands with the same migration rate is homologous (Leung et al, 

1993). Allele that appears throughout recorded according to size, 

then based on allele size was determined using the allele 

frequencies, heterozygosity. Calculation of the frequency of alleles 

and heterozygosity values was calculated by Genepop software 

version 3.1. 

 

Result and Discussion 

a. Allele frequencies 
Based on the number of alleles and allele sizes at each 

microsatellite locus in two populations of buffalo in Lombok, then 

performed the calculation of the frequency of alleles at each 

microsatellite locus of each of these populations. The calculation of 

the frequency of alleles at each locus is accomplished using the 

Genepop Ver 3.1. The analysis of each locus microsatellite allele 

frequencies at two local buffalo population of Central Lombok, is 

presented in Table 2 below. 
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Table 2    Allele frequencies of microsatelite loci from the two 

populations (Central dan South Lombok) 

Lokus Alel (base 

pair) 

Population 1 Population 2 

HEL09 
150 bp 

155 bp 

0,81 

0,19 

0,86 

0,14 

INRA023 
200 bp 

280 bp 

0,62 

0,38 

0,67 

0,33 

INRA032 
160 bp 

210 bp 

0,50 

0,50 

0,50 

0,50 

ILSTS005 
190 bp 

210 bp 

0,50 

0,50 

0,79 

0,21 

 

Table 2 is showed that the values of allele frequency obtained four 

microsatellite loci in the first population ranged from 0.19 to 0.81, 

whereas the second population allele frequency values ranged 

from 0.14 to 0.86. The next allele frequency values used to 

calculate the expected heterozygosity.  

b. Heterozygosity 
The calculation of the value of each locus microsatellite of allele 

frequencies used to calculate the value of expected heterozygosity, 

whereas the values of observed heterozygosity obtained from 

observations of heterozygous individuals. The  calculation of 

heterozygosity values (observed heterozygosity and expected 

heterozygosity) at each microsatellite locus of the two populations 

can be seen in Table 3 below. 
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Table 3    Heterozygosity of each mikrosatelite loci in two 

populations of local buffalo in Lomob Island (South and Central 

Lombok) 

Locus 

Population 1 Population 2 

Obs. Het* Expc. 

Het** 

Obs. Het Expc. Het 

HEL09 37,50% 35,17% 28,57% 28,09% 

INRA023 75,00% 53,85% 66,66% 53,06% 

INRA032 100% 57,14% 100% 58,33% 

ILSTS005 100% 57,14% 42,86% 38,71% 

Rata-rata 78,12% 50,83% 59,52% 44,55% 

Note: 

*Observed Heterozygosity 

**Expected Heterozygosity 

 

Table 3 shows the variation of heterozygosity values in both 

populations. In the first population, the highest value obtained 

from the observed heterozygosity locus INRA032 and ILSTS005 is 

100%, the lowest value on HEL09 locus is 37.50%, while the highest 

value obtained from the expected heterozygosity and ILSTS005 

INRA032 locus that is equal to 57.14%, the lowest value on HEL09 

locus of 35.17%. In the second population, the highest value 

obtained from the observed heterozygosity locus INRA 032 is equal 

to 100%, the lowest value obtained from HEL09 locus of 28.57%, 

while the expected heterozygosity for the highest value obtained 

from the locus INRA032 with a value of 58.33%, the value HEL09 

locus obtained from the lowest to a value of 28.09%. 

 

Based on the average of heterozygosity, the observed 

heterozygosity highest value obtained from the first population 

that is  78.12%, while the second population of 59.52%. Further to 

the expected heterozygosity, the highest value obtained from the 
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first population that is equal to 50.83%, while for the second 

population of 44.55%. Overall, heterozygosity values (observed 

heterozygosity and expected heterozygosity) in the first population 

is higher than in the two populations.This is supported from the 

calculated value of heterozygosity from both the local buffalo 

population that the Central Lombok populatioan more polymorphic 

and has more heterozygote than the South Lombok population. 

 

From these results, the value of the frequency of alleles in both 

populations that Lombok buffalo is higher than the frequency of 

alleles in a population of buffalo Blitar, Banyuwangi, Tana Toraja, 

and West Lombok ranging from 0.14 to 0.86. Differences in 

distribution and allele frequencies showed that factors such as 

genetic drift and mutations have different effects in determining 

the structure of the individual genes (Ciofi and Bruford, 1999). 

 

Conclusion 

Based on the value of the frequency of alleles and heterozigosity 

showe that the buffalo populations in Lombok hasis higher 

variation than in other population of buffalo for example in Blitar, 

Banyuwangi, Tana Toraja, and West Lombok population 
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Agricultural Crop Protection Through Biorational 
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Botanicals & their formulation as biotech inputs is  gaining importance 
in pest management  under IPM., due to adverse effect of orthodox 
pesticides. Our research output  as biorational is very promising. 
Furano-Coumarins from Selinum tenuifolium, isolated, characterized  
by extraction of  roots with  petrol and benzene followed by 
chromatography, resulted  Xanthotoxol & 8-geranyl-oxy psoralen, 
structures was confirmed by spectral and chemical properties. These 
chemicals found effective against  Helminthospo-rium oryzae, 
pathogenic fungi for paddy. Number of Flavonoids  isolated, 
Characterized by spectroscopic analysis, synthesized, from Flemingia 
Chapper(Papiolionaceae),compound obtained were found highly 
inhibitor for fungicidal activity against five plant pa-thogenic fungi 
and,flemichapparin-A, Tetrahydro flemichapparin-A & 2,4-dihydroxy 
chalcone showed MIC as 25-30mg/ml.Uncinatone from Clerodendron 
siphonenthus, Verbenaceae, after chromato-graphy &  preparative TLC 
yielded Uncinatone,  mp 214-16 by spec-troscopic analysis and 
pectolinarigenin, characterized as diter-pene hydroquinone  Both 
these  found to be feeding inhibitor against S. oryme  The threshold 
concentration are found to be 8.3 & 9.9. A Potent Rotenoid from 
Tephrosia candida, Leguminosae), isolated by extraction, 
chromatography & Prep TLC and characterized as (6-hydroxy-6a, 12a-
dehydrorotenone). These are  found to be rote-noid insecticide against 
larvae of Spodoptera litura, as Amorpholone. Rotenone was most 
active  (LDs = 0.16 pg/g) followed by amorpholone (0.31 pg/g) and 
rotenonone ( 0.68 pglg), while dehy-drorotenone, inactive. In recent 
times commercially active biocides as biotech inputs from plant & 
microorganisms under IPM has been developed. 

Keywords: Selinum tenuifolium, Spodoptera litura, rotenone 
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Introduction: 
Since intensification of agriculture is a strategy to generate 
additional food, it is expected that year round cropping will 
encourage more pests (insects, disease pathogens, nematodes, 
weeds, rodents, birds, etc.) in the future.  Because of favorable 
growth and multiplication conditions offered by a tropical country 
like India

3
, pests assume serious proportions throughout the year.  

It is, therefore, not surprising that losses due to pests are far 
greater in the tropics and semi-tropics than in the temperate 
regions of the world . It is estimated that around 36% of the 
attainable, agricultural output is lost due to various pests.Pest 
management is, therefore, a powerful strategy that can 
handsomely contribute to enhancement in crop productivity

4
.  

Nevertheless, pest control with heavy dependence on treatment 
with insecticides and pesticides is fought with dangers because of 
their residues & harmful effect on environment and well being of 
man and animal. The present day pest control chemical must be 
environmentally benign one & should be biodegradable, capable of 
reducing the damage level and safe to fishes, bees, pollinators and 
other non-target organisms4.Biotechnological Inputs viz; Botanicals 
& microorganisms based chemicals , biocontrol agents & their 
formulation as biorational is gradually gaining importance in 
Agricultural crop pest management  under IPM worldwide, due to 
adverse effect of orthodox pesticides

5
. There is good acceptance of  

these technologies  since  Biovillage & organic farming  concept in 
Eastern & North eastern state is practiced,  but regular supply of 
these  inputs is meager  due to lack of researches, that may help 
the growers. In recent times many commercially active biocides as 
biorational under IPM has been developed, the lead molecule of 
those from plant & microorganisms, some of these  are in use

6
.our 

research group developed some  botanicals viz; Furano-Coumarins , 
Flavonoids , Uncinatone-diterpene hydroquinone &Amorpholone-
rotenoids insecticide from different plant of various families, being 
isolated & Characterized. 
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Experimental: 
Furo-Coumarins:The air dried and milled roots of 
Selinumtenuifolium(Umbelliferae,1 kg) were successively 
continuously extracted with light petrol and C6H6 for 20 hr, A 
crystalline solid mixed with a brown oil separated out from the 
petrol extract and as filtered (ST-l, yield 80 g) The conc light petrol 
and C6H6  extracts were separately worked up. The light petrol 
concentrate (12 g) dissolved in C6H6 (50 ml) was chromatographed 
over silica gel (250 g), the column being eluted with solvents of 
increasing polarity using light petrol,C6H6 and CHCl3 in different 
proportions. Light petrol –C6H6 (8 2) eluates furnished a pale yellow 
solid(compound A, yield, 0 2 g). Light petrol-C6H6 (1 1) fractions 
yielded another crop of ST-l (yield, 0 2 g). C6H6eluates provided yet 
another crystalline compound (compound B, yield, 0 3 g). 
Chromatography of the C6H6 extract (4 g) over silica gel (100 g) and 
elution of the chromatogram in a similar way as that followed for 
light petrol extract afforded the compound ST-linlightpetrol -C6H6(1 
1) fractions (yield, 0 5 g). Benzene eluates provided further quantity 
of compound B while C6H6-CHCI, fractions gave yet another 
crystalline component (compound C, yield, 1 g) The purification & 
characterization of the fraction A, B and C yielded couple of pure 
coumarins including Xanthotoxol& 8-geranyloxy psoralen was 
done as per standard methods of spectroscopic  analysis(IR, UV,MS 
& NMR)

7
. 

The BioefficacyTest  forcoumarins for inhibition of germination of 
spores was performed against H. oryzae, rice pathogen. 
 
Flavonoids: The air dried & milled aerial plant part of 
Flemingiachapper (1kg) Leguiminosae was exhaustively extracted 
with petrol followed by benzene. The extract was concentrated and 
chromatographed over silica gel with solvent of increasing polarity. 
C6H6eluate afforded a red colored oily mass along with solid which 
was further purified by rechromatography over silica gel .Elution 
with petrol- C6H6  (1:1) followed by mixture solvent of increasing 
polarity up to ChCl3 furnished first an red colored solid crystallized 
from petrol-benzene mixture as red needles designated as 
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Femichapparin-A,  followed by other flavonoids viz,  yellow 
crystalline compound marked as 2 ,4- dihydroxychalcone and  
orange colored crystalline compound designated as Femichapparin. 
The structure of these compound are characterized by spectral 
analysis (UV, IR, MS & NMR) followed by synthesis & 
Transformation

8
,. Couple of Transformation products were also  

producedviz, dihydroflemichapparin, tetrahydroflemichapparin-A, 
2

’
 ,4

’
- dihydroxydihydro chalcone,7-hydroxyflavanone, were also 

subjected to biological assay for antifungal activity. 
Biological assay: Sensitivity of flavonoids compounds isolated & 
Transformed as antifungal agents were tested for  spore 
germination, germ tube growth & growth & Sporulation against 3 
plant pathogenic fungi, viz; H. oryzae,A. solani& C. lunata. of 
agricultural importance. 
Uncinatone:   The petroleum ether extract of 
Clerodendronsiphonenthus, Verbenaceae was subjected to silica 
gel column chromatography following elution successively with 
petroleum ether (fraction l), petroleum ether-benzene (1:l)  
(fraction 2), benzene (fraction 3), and benzene: ethyl acetate (9:l) 
(fraction 4). After  concentration of fractions, oily residues were 
obtained , subjected to  preparative thin-layer chromatography  on  
silica gel G at thickness of 0.25 mm and eluted with benzene :ethyl 
acetate (9:l). Initial feeding inhibitory test was performed with 
these fractions. Fraction 2 after rechromatographedover silica gel. 
& Elution with PE-C6H6 (1:l) afforded an orange yellow solid, 
purified by preparative TLC  on silica gel (Rf0.65) by elution with 
benzene-ethyl acetate(9:l).A compound crystallized from PE-CHCl3  

as orange yellow needles, mp 214-16
0
C, that  analyzed for C20H22O4 

(4M + 326).A negative Shinoda test for flavone coupled with the UV 
absorption maxima [A,(EtOH) 222, 284, 300, 340, 384 nm] 
indicated the compound to be a diterpene hydroquinone (Burnell 
et ai.,1972). The structure was  further confirmed by NMR data & 
as comparison with  reported for diterpene hydroquinone 
(uncinatone, I,[ 7,1l-dihydroxy-3,4,9,1lb-tetramethyl-
l,8,9,11btetrahydrophenanthro [3,2-b]furan-6(2H)-one) occurring 
only in Clerodendronuncinatum(Dorsaz et ai., 1985

)11
. 
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Antifeedant Test. The insect used was the adult rice weevil, 
Sitophilusoryzae(Linn.), which was reared on 
wheat grains. The sample solutions of desired concentrations(w/v) 
were made by dissolving the crude petroleum ether extract, its 
constituent fractions, and pure compounds in chloroform. The 
sample solution (0.34 ml of each concentration) was applied to 20 
selected sound grains of wheat in a small glass vial. After 
application of  samples  to the grains sufficient time (3 h) was 
allowed for evaporation of the solvent. Into each glass vial 
containing 20 grains were placed 10 freshly emerged mixed sex (5 
;5  )adults of S. oryzae. For controls, grains were treated with 
respective solvents only

11
. To determine the feeding inhibitory 

activity, five replications of each concentration were used and 
observations were made after 24h on the number of grains 
damaged in both sample- and solvent-treated glass vials with  
those of control. 
 
Amorpholone: The air-dried stems and leaves (2.5 kg) of Tephrosia 
candida, Leguiminosae chopped and milled powder was extracted 
with petroleum ether(60-80 O C ) in a Soxhlet apparatus  followed 
by methanol extraction. The concentrated MeOH extract was then 
mixed with water for liquid-liquid partitioning successively with 
benzene, ethyl acetate, and butanol. The petroleum ether extract 
of T. candida was subjected to silica gel column chromatography  
followed by elution with solvents and mixtures of solvents of 
increasing polarity (petroleum ether, C6H6, EtOAc, MeOH). From 
the benzene eluates dehydrorotenone (11) was isolated and 
identified by direct comparison with an authentic sample (Roy et 
al., 1986). The C6H6,&/Et-OAc(9:1)eluates  provided light yellow 
crystals of amorpholone(III), crystallized from EtOH (mp 263

0
C).  

was then subjected to UV, IR, MS, and PMR spectral analyses for its 
characterization

12
. 
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Bioassay. The polyphagus insect, S. litura F., larvae were raised on 
Corchorus capsularis leaves at 24 (min) to 34

0
C (max)and75-85% 

relative humidity. Freshly molted fourth-instar larvae of average 
body weight 4.95 g were selected from the stock culture, starved 
for 12 h, and used individually for the assay of insecticidal activity. 
Appropriate solutions (in EtOH) of each of the crude extracts and 
pure compounds were prepared so that topical application of 
4microL of each solution incorporated 0.8,0.4,0.2, and 0.08 
microgram of the actual product per gram of body weight of each 
test larva. Sixty individuals of the test larvae were treated 
separately with each dose of each of the extracts and compounds 
tested with one set of individuals serving as untreated control. All 
of the larvae were provided with adequate food to avoid 
starvation. The percentage mortality was noted at different time 
intervals, and the final result (after 120 h) was subjected to Probit 
analysis (Finney, 1971 for computation of regression equations, 
LD50 values (in micrograms per gram of body weight) and fiducial 
limits to the LD50 values with 95 % fiducial probability

12
. 

 
Results & Discussion: 
Furo coumarins :The structure activity relationships of the 
furocoumarins isolated from S.  tenuifoliumagainst H.  
oryzaesuggested

9
 that imperatorin and 8- geranyloxy sporalen 

having side chains at 8-position possessed some effects in 
increasing fungitoxicity. Alkoxy (Xanthotoxin) and hydroxyl 
(Xantholoxol) groups at C-8 position also showed fungi toxic 
activity. However, no significant effects were observed by 
furocoumarins having alkoxy and prenyloxy side chains at C-
5position. Furthermore, fungi toxicity decreased when C-8 
prenyloxy side chain was oxygenated or the double bond of the 
samewashydrated ( Heraclenin and Heraclenol) Xanthotoxol& 8-
geranyloxypsoralen  found  to be most effective in the germination 
inhibition test against H. oryzae. 
Flavonoids:The test results revealed

10
 that three compounds viz; 

Flemichapparin-A, Tetrahydroflemichapparin-A and 2’,4’ 
dihdroxydihydro  chalcone were found to be highly successful 
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inhibitor of all the test fungi. The spore germination of the fungi, 
H.oryzae, A. solani&C.lunata were inhibited respectively by the 
compounds. All the compounds save 2

’
,4

’
dihydroxydihydrochalcone 

showed some inhibitory activity against 3 test fungi. Three 
Compounds were found to be highly potent growth inhibitors of all 
the test fungi. Two compounds showed some anti sporulant activity 
against H.oryzae. The MIC for 2

’
,4

’
dihydroxydihydrochalcone 

,Tetrahydro flemichapparin A were found to be 25ug/ml & that for 
Fellemichapparin-A was 30ug/ml. The high antifungal activity of 
these three coumpounds at such a low concentration is very 
promising. 
Uncinatone : The results revealed 

11
 that the sample-treated grains 

were not consumed at either 2.5% or 5%, while 8.33% food 
damage was observed in control-treated grains. Apparently, the 
petroleum ether extract contained substances having feeding 
inhibitory activity. Further, the fraction that eluted with petroleum 
ether (fraction 1) was of oily consistency and had absolute 
antifeeding activity only at 5%. Fraction 2 having three spots on TLC 
and exhibited strong feeding deterrent property at 2.5% and 
5%.Fraction 3 showed two main spots and gave absolute 
antifeeding activity at 5%, while fraction 4 displayed one main spot 
and possessed strong feeding inhibitory activity at both the 
concentrations. Since fractions 2 and 4 had strong feeding 
deterrent activity at 2.5% and 5%  chemical investigations were 
pursued only with these fractions. To determine the threshold 
concentration of feeding deterrent property, serial chloroform 
dilutions of pure uncinatone  was tested with adult S. oryzae. The 
feeding ratios (the damaged food ofthe sample-treated grains 
expressed as a percentage of the control-treated grains) for  the 
compounds varied from0 to 20%, indicating the strong feeding 
inhibitory activity against the adult S. oryzaeat concentrations of 
250 and 500 ppm. At 100 and 50 ppm the feeding ratios were 25-
41.61% for uncinatone (I), thus showing slight antifeeding activity. 
The threshold concentrations, as calculated by plotting feeding 
ratio against log of concentration, was found to be 147.75  ppm for 
uncinatone 
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Amorpholone: The petroleum ether extract and the different 
fractions of the methanolic extract of the stems and leaves of 
Tephrosia candida along with some pure rotenone derivatives, viz., 
amorpholone (1111, dehydrorotenone(11) (naturally obtained), 
and rotenonone (IV), a synthetic analogue of amorpholone, were 
tested for their insecticidal activity against the larvae of 
SpodopteralituraF. (armyworm), taking pure rotenone as the 
reference insecticide. Among the different pure compounds 
&crude extracts tested, petroleum ether showed the highest 
activity (LDm= 0.38 pg/g of body weight) and rotenone  was the 
most active of the pure compounds (LDs = 0.16 pg/g) followed by 
amorpholone LDs 0.31 pg/g) and rotenonone(LDs0.68 pglg), while 
dehydrorotenone was found to be completely inactive

12
. 

Natural products also continued to be an increasingly a useful 
source for the discovery of bioactive lead compounds. The 
discovery of couple of remarkable pest control molecule 

13
viz: 

Synthetic Pyrethroids, Carbamates, cartap, rotenoidsetc  are some 
of the examples since last many years. In recent time many of them 
are further developed most of them are very much befitted in crop 
protection under IPM. 
 NaturalSynthetic  

 Strobilurin  group                          Azoxystrobin 
 Strobilurin-A                                  Kresoxim-methyl    

PyrrolinitrinOudemansin 
 Antimycin A                                  Cyazofamid 
 Dimefluazole                                   ,, 

 
 

Conclusion: 
The natural resistance of plants to herbivorous insects can often be 
explained by the presence of specific metabolites that acts as 
toxins or as behavior modifying chemicals, which is the  genesis of 
present day biorational chemicals for present day agricultural crop 
protection, Botanicals &biopesticides are the examples

15,16
.The 

structure activity relationships of the furocoumarins isolated from 
S.  tenuifoliumagainst H.  oryzaesuggested that imperatorin and 8- 
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geranyloxysporalen having side chains at 8-position possessed 
some effects in increasing fungitoxicity.Out of thecouple of 
compuunds tested sofar,Xantotoxol& 8-geranyloxypsoralen  found  
to be most effective in the germination inhibition test against H. 
oryzae.Flavonoids isolated from Flemingiachapper-Leguminosae& 
their transformed productswerefound to show broad spectrum 
action but few of them are specific in activity against 3 plant 
pathogenic fungi, viz; H. oryzae, A. solani& C. lunata. of agricultural 
importance.Uncinatone, a diterpene hydroquinone  isolated first 
time from Clerodendronsiphonenthus( Fam.Verbenaceae),  were 
found to be inhibitor of adult Sitohilusoryzae.&Amorpholone  from 
Tephrosia candida (fam. Leguminosae), Characterized as (6-
hydroxy-6a, 12a-dehydrorotenone). The results revealed  that the 
sample-treated grains were not consumed at either 2.5% or 5%, 
while 8.33% food damage was observed in control-treated grains. 
Apparently, the petroleum ether extract contained substances 
having feeding inhibitory activity, comfirmed the constituent is 
Uncinatone. Among the different pure compounds &crude extracts  
from T. Candida, tested, petroleum ether showed the highest 
activity (LDm= 0.38 pg/g of body weight) and rotenone  was the 
most active of the pure compounds (LDs = 0.16 pg/g) followed by 
amorpholone LDs 0.31 pg/g) and rotenonone(LDs 0.68 pg/g), while 
dehydrorotenonewas found to be completely inactive. The present 
day vision  for ecofriendly benign pest control chemicals as crop 
protection agent be compatible in IPM have been coming out 
either from Plant or microorganism sources

14
. Our researches  

objectives are also pin pointed to that target which are now under 
progress for proper formulation & commercialization. 
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Besides of high content of COD/BOD, Palm Oil Mill Effluent (POME) 
is also potential for nutrient source for microalgae growth. 
Reducing COD/BOD in pond aerobic system could not reduce its 
level to allowable limit, and therefore another additional waste 
treatment method is required. Treatment by using wild algae is 
relatively cheap and not require chemical for its treatment. Wild 
algae which is wildly grow in nature is able to consume nutrient as 
well as BOD in their site. With this concept, we evaluate this algae 
for reducing waste component in POME and then us the filtrate for 
another algae growth. Chlorella is one of high potential for 
biodiesel since it has hih lipid content (20-30%). The objective of 
the research is to determine growth rate and biomass productivity 
in Chlorella Sp cultured in treated POME by using wild alga. 
Chlorella Sp was cultured in 20%, 50%, 70% POME using urea 
concentration 0.1gr/L (low nitrogen source) and 1gr/l (high 
nitrogen source) at flask disk, pH 6.8-7.2; aerated using aquarium 
pump and fluorescence lamp 3000-6000 lux as light. The biomass 
was measured using spectrophotometer Optima Sp-300 OD at 680 
wavelength in 15 days  At end of cultivation, Chlorella sp was 
filtered and measured as dry weight. Result indicated that Chlorella 
sp at 50% POME 1gr/L urea showed higher specific growth rate 
(0.066/day). Factor affecting growth rate of microalgae is CNP ratio, 
POME concentration, and urea concentration  
Keywords: Wild algae, POME, Bioenergy, microalgae, COD  
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1. Introduction 
 
Indonesia has been considered as the largest producer of coconut 
palm oil(CPO) in the world which contributes 44% of world’s shared 
demand (Rupani, et al. 2010). The Indonesian’s CPO production 
tends to increase and it will reach 5.22% per annum as predicted 
for 2014 (Table 1).  This amount of production lead to produce 
enormous amount of palm oil mill effluent (POME). POME is a 
liquid waste produced by CPO processing and it is estimated for 1 
ton of fresh fruit bunch (FFB) can be converted to 0.2 ton CPO, 
while 0.66 ton will be released as palm oil mill effluent (POME). 

 
Table 1. Commodities of Indonesia agriculture 2010-2014 

(Deptan,2009) 
 

Commodities 
Year Growth 

/annum 2011 2012 2013 

Coconut Palm 24.429 25.046 27.046 5.22% 

Rubber 2.711 2.741 2.771 1.10% 

Coconut 3.290 3.317 3.348 0.86% 

  
Almost of POME in Indonesia is treated by using open 

anaerobic ponds to reduce COD and BOD contents. The raw POME 
from palm mill has high COD level (50000 mg/L) and BOD level 
(25000 mg/L), while the anaerobic pond is only able to reduce up 
its level to 1400 mg/L and 700 mg/L for COD and BOD, respectively. 
The characteristic of POME before and after treatment by using 
anaerobic pond is listed in Table 2. From the composition, it is 
noted that POME still high content of nutrient such as COD, 
Nitrogen and Phosphor with C:N:P of 15:7:1 . These nutrients are 
highly potential for nutrient of microalgae growth especially to 
support the photosynthetic reaction and to produce biomass. The 
biomass which depends on composition can be converted to other 
valuable products such as lipid for biofuel, protein for feed 
supplement or carbohydrate for bioethanol.  
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Table 2. POME and POME effluent from pond digestion 

Parameter* POME POME effluent 

pH 3.91-4.9 4-6 

COD 50000 1400 

BOD 25000 700 

TSS 49233.57 700 

Total N 1494.66 456 

NH3
-
N 50.42 34.2 

PO4
-
P 315.36 68.4 

*all in ppm except pH.(Habib et al, 1998, 2003) 
 
One of application of microalgae biomass is bioenergy such 

biofuel and bioethanol. Biofuel can be obtained from microalgae 
species with high lipid content while bioethanol from 
carbohydrates. Since, the need of renewable energy in Indonesia 
can not be avoided because within 15 years, the oil reserve will be 
diminished; the exploring of new renewable energy resources is a 
vital. Microalgae can be considered as the one while POME which 
has high COD is also potential as biogas sources. To be used as 
nutrient of microalgae, POME must have low BOD contents. 
Treatment POME with ponding system doesn’t reduce BOD to 
allowable limit, therefore another addition treatment is required.  

Wild algae is an algae species that wildly grow in the nature 
without any supply external nutrient. This algae can reduce the 
BOD and other nutrient (N and P) for their growth. Therefore, this 
research is aimed to utilize wild algae type to reduce BOD/COD in 
POME such that treated POME is possible for another algae 
medium. 

  
2. Material and Methodology 
2.1.   POME Medium  

Medium for cultivation is POME collected from PTPN VII 
Lampung.  The additional nutrient was added such as NaHCO3, 
urea, TSP and NPK to enhance ratio of C:N:P the requirement of N,P 
an K for photosynthetic.  
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2.2. Algae culture 
Wild algae was obtained from pond area in PTPN VII Lampung 

and Bioprocess Laboratory, Diponegoro University.The wild algae 
were identified for their species at Bioprocess Laboratory. Chlorella 
sp and Spirulina were collected from BBPAP Jepara and cultivated 
in modified medium 40ppm urea, 30ppm TSP, 10ppm ZA, 1ppm 
FeCl3 and 25 μg/l vitamin B12.  
2.3. Experimental set up 

The experiment was done in two bioreactors under batch 
operation (Figure 1). The first reactor was used to cultivate wild 
algae in POME medium for 7-10 days and after separation of 
biomass, the filtrate was used as medium for second bioreactor 
which was containing Spirulina and Chlorella.  

 The Chlorella and Spirulina were cultivated in different POME 
concentration (20%, 50%, and 70% ) and different urea 
concentration (0.1gr/l, and 1gr/l). Light intensity was maintained in 
3000 lux, pH 6.8-7.2, 28

0
C temperature, and aerated using air pump 

to mix the medium in 2 L flask disk glass. The biomass 
concentration was measured by using spectrophotometer. 

 
Figure 1. Experimental set up for two stage algae biomass 

production 
2.4. Measurement 

Medium was measured daily using spectrophotometer Optima 
sp-300 at 680nm wavelength for 15 days. Optical density was 
plotted in biomass to make regression between optical density 
and biomass. Specific growth rate was calculated using equation 
from exponential growth (Eq 1). 

POME

Biomass

Wild algae reactor

filtration

Algae ponds
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  (1) 
Biomass was harvested in the end of cultivation. Biomass was dried 
at 55

0
C tray dryer for 2 hours. Biomass productivity (X) (mg/l/d) 

was calculated using biomass produced divided by cultivation time. 
 
3. Result and Discussion 
3.1. Wild algae 

The wild algae was grown wildly in an open tank, without 
addition of external nutrients.  The most  species appeared in the 
culture were Chlorella and Scenedesmus. The growth of wild algae 
was evaluated under POME medium  (Table 3) 

 
Table 3.Growth rate and biomass obtained from wild algae 

Dilution µ 
(1/day) 

OD 
max 

0 0,055 0,167 

 
Table 3 shows that the  wild algae grow well in POME medium. 
Chlorella and Scenedesmus have been recognized as 
microalgae that produce lipid content between 20-30%.  
 

3.2. Biomass vs Optical density for algae 
The relationship between biomass (dry weight) and OD 

(optical density) for Chlorella is shown in Figure 2. 
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Figure 2. Correlation between OD and Dry Mass Chlorella sp 

cultivated in POME at 680nm 
Figure 2 shows that the linear correlation between biomass and 
Optical density was found. It was confirmed that OD 1 = 1.22 g/L . 
This is slightly different with the one obtained by Puangbut & 
Leesing (2012) with y = 1.5343x, (R

2
= 0.977). The specific growth 

rate was determined by Eq 1 and the result is depicted in Table 1. 
The result indicates that 50% POME and 1gr/l urea has highest 
specific growth rate (μ) than other variables. 
 

Table 4. Specific growth rate (day 
-1

) Chlorella sp in different 
POME and addition of urea concentration 

Urea POME concentration 

20% 50% 70% 

0.1gr/l 0.036 0.057 0.058 

1gr/l 0.020 0.066 0.059 

The result (Table 4)shows that Chlorella sp in this experiment has 
lower growth rate compared to the one obtained by Putri, et al., 
2011 (μ =0.084/da). 
3.3. Effect of C:N:P in nutrient 
A theoretical of carbon, nitrogen and phosphor in POME was 
obtained from Habib, et al (1998, 2003) for 20%, 50%, and 70% 
concentration. 
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Table 5. Concentration carbon, nitrogen, and phosphate in POME 
in different concentration 

 POME  

20% 50% 70% 

Carbon(ppm) 1591 4017 5622.4 

Nitrogen (ppm) 245 600 837 

Phosphor(ppm) 34.2 85.3 119.1 

 
High specific growth rate was found in 50% POME 1gr/l urea, 
followed by 70% POME 1gr/l urea are shown in Table 3. The CNP 
ratio in medium limits microalgae growth rate (Edwards et al., 
1980) with recommended ratio of 56:9:1. According to equation of 
POME after adding urea, CNP ratio has changed (Table 6): 
 

Table 6 CNP ratio in POME after additional urea 

Urea CNP ratio POME 

20% 50% 70% 

0.1gr/l 46.5:8.5:1 47.09:7.5:1 47.2:7.4:1 

1gr/l 46.5:20.6:1 47.09:12 :1 47.2:10:1 

 
 For 70% POME and 1gr/l additional urea showed that it is 
closest to recommended CNP ratio according to Edwards et al., 
(1980) i.e 56:9:1  of weight ratio. However, high specific growth 
rate was found in 50% POME 1gr/l.  
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Figure 3. Growth phase Chlorella sp at 1gr/l (a) and 0.1 
gr/L (b) urea in different POME concentration 

 
Figure 4. Comparison growth phase Chlorella sp in different 

medium 
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Habib et al (2003) informed that higher POME concentration 
influences dark brown color in medium which may fromm tannic 
acid (Phalakornkule et al.,2010). Tannic acid can inhibit shading in 
light intensity and photosynthetic reaction.   As compared to 50% 
POME (1gr/l urea), it has higher nitrogen ratio, but Chlorella still 
grow in higher specific growth rate. Lower tannic acid in 50% POME 
influence growth of microalgae, although nitrogen source is high 
but Chlorella still can tolerance to it. However Chlorella sp has 
lower specific growth rate in POME 20% although the medium has 
lower tannic acid and has more light intensity. This lower growth 
rate is caused by high nitrogen content. The nitrogen can be a toxic 
if it can not be utilized to form biomass. 
 Putri et al (2011) investigated several microalgae growth in 
diluted POME (250mg/l COD) and found that Chlorella sorokiniana  
has higher specific growth rate than other microalgae (Chlorella 
vulgaris, Chlorella pyrenoidosa, Botrycoccus sudeticus, Tetraselmis 
sp). The results in Specific growth rate were 0.099/day, 0.084/day, 
0.048/day, 0.083/day and 0.065/day, respectively. In the research, 
diluted POME could have lower tannic acid, so it did not inhibit 
photosynthetic reaction. Compared by biomass production, the 
result showed that highest biomass can reached in 8.0 mg/l/day. In 
this experiment, highest biomass was reached in 58.4 mg/l/day. 
POME concentration may limit in biomass forming, due to high 
carbon, nitrogen, and phosphor source.   
 According to this research, higher urea concentration also 
influences in specific growth rate of Chlorella sp.  Urea influences in 
Chlorella `s growth (El Sayed et al., 2011) and the concentration 
also influences in biomass production (Choochote et al., 2010, 
Mandalam & Palsson, 1998). Wijanarko (2011) in his research also 
studied influences urea as nitrogen source and conclude that urea 
has potential nutrient for Chlorella than nitrate. It also can increase 
growth rate and biomass productivity. The biomass forming 
Chlorella vulgaris based the research is: 
CH3.3N0.203O0.322P0.041 + 1.11 H2O + HCO

3-
+ 0.041 H2PO

4-
 + 0.203 NO3- 

3.3N0.203O0.322P0.041 + 2.03 O2 
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Wijanarko (2011) also reported that high urea concentration that 
exceed in medium could inhibit growth rate caused by toxicity. 
 
4. Conclusion  
 Cultivation of Chlorella sp was done in different POME 
concentration after wild algae treatment and different additional 
urea concentration. Highest specific growth rate and biomass 
productivity are recorded at 50% POME and 1gr/l urea. Factor 
affecting growth rate of microalgae is CNP ratio, POME 
concentration, and urea concentration.  
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Lignocellulose is an abundant amount of organic components and 
the main source of sugar produced from the fermentation by 
lingocellulose degradation by cellulase. Midrib of palm oil which is 
one of lignocellulosic – containing plant will be used as a substrate 
in this study. In this study, it will be degraded by Pleurotus 
ostreatus and given a different treatment that uses varying 
composition and source of nutrients for miselium growth. Types of 
nutrients used in this study were rice bran and corn. The results of 
this study indicate the content of the initial palm midrib is 60.56% 
lignin, 16% cellulose and 17.73% hemicellulose. After giving a 
treatment, the best degradation is using rice brain 0.6 gram and 0.4 
gram of CaCO3. The results are 22.01% for lignin and 32.74% for 
cellulose. 
 
Keywords: nutrition, palm oil midrib, lignin, Pleurotusostreatus 
 

  



 

 409 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

1. Introduction  
 
Lignocellulose is an abundant amount of organic component and 
consists of three polymers, namely cellulose (35% - 50%), 
hemicellulose (20% - 35%) and lignin (10% - 25%) (Saha, 2004). This 
component is a major source of sugar produced from the 
fermentation, chemicals, liquid fuels, carbon and energy source 
with the events of lignocellulose degradation by cellulase. In the 
process of degradation, the substrate must go through several 
stages including the delignification and Depolymerization. 
Lignocellulose is commonly found in various types of agricultural 
waste from rice straw, corn weevil, leather nuts - nuts to palm oil. 
Waste - lignocellulosic waste can then be used as a product 
obtained through a different process - different as bioethanol 
produced via saccharification and fermentation processes 
simultaneously, organic fertilizer produced through humifikasi, 
biodiesel is produced through a transesterification reaction, and so 
forth. 
 
Palm trees that became one of lignocellulose containing plant is a 
plant commonly used in industry to produce cooking oils, industrial 
oils and fuels (biodiesel). Indonesia is a country and exporter of 
palm oil products after Malaysia's largest derivatives up to 32.64% 
of world exports (Departemen Pertanian). In Indonesia, palm oil 
production was increasing every year ie in 2004 the national 
production of palm oil as much as 10.83 million tons, but in 2009 
had increased to 20.7 million tonnes as well as crop acreage rose 
from 5.28 million hectares (ha ) to 7.51 million ha and productivity 
of 2.83 tons to 3.56 tons / ha (matanews.com.2010). 
 
Heavy use of oil palm plantations caused so much waste is 
generated which can still be used. Midrib of palm oil (MCC) is one 
kind of waste of oil palm plants produced abundant amounts of 
palm oil is a plant with a capacity of 60 tons of munitions / hr of 
waste can produce 100 tons / day. As for the pelepahnya itself, the 
production of stem bark as much as 22 per tree per year in which 



 

 410 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

the weight of approximately 2.2 kg of meat midrib and midrib palm 
biomass reached as much as 6.3 tonnes per ha per year (Ministry of 
Agriculture). Midrib of palm oil has a composition 14,8% lignin; 
62,3% α-Cellulose; 24,2% Hemicellulose; 1,8% Extractive; 11,672 
Cellulose (dry ton) (Goh et al., 2010). 
 
The number of palm midrib lignin content which is large enough, 
which is about 14.8%, making it difficult to use cellulose for further 
processing. This is because the content of lignin in the midrib of 
palm oil which can complicate the action of the enzyme binds to 
cellulose, thus cellulose hydrolysis process can not run. So to 
overcome these problems needed a way to eliminate the bond 
formed between lignin and cellulose. There are several ways that 
can be taken to eliminate such commitments, one of which is using 
the assistance of microorganisms through a process 
biodelignifikasi. 
 
Several types of microorganisms that can be used is a white rot 
fungi and chocolate rot fungi derived from the class 
Basidiomycetes, rot fungi class software originating from 
Ascomycetes and blue stain fungi. Fungus to be used this time is a 
fungus Pleurotus ostreatus, which is one species of fungus from the 
white rot Basidiomycetes classes. Fungal species used as yeast is 
easily found in Indonesia and the costs necessary to get it less 
expensive than other types of white rot fungi. In the process of 
weathering of oil palm midrib, fungal mycelium takes nutrients that 
support the growth of which is the source of carbon derived from 
carbohydrate, nitrogen in ammonium, and calcium (Ca) to 
neutralize the oxalic acid released by the mycelium (Redaksi 
Agromedia, 2009).  
 
In general, there are two formulas that are often used as culture 
media after the fungus grown on PDA medium, namely corn media 
and sawdust media. Media corn is a mixture of corn, dextrose, and 
gips. While the formula using a mixture of sawdust, calcium 
carbonate, calcium sulfate, and seeds - grains. For wood dust 
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formula, type of substrate is included as a source of carbohydrate 
in the weathering process, there are a variety of combinations of 
materials used as substrate mycelium. Therefore in this study will 
be carried out differences in the composition and type of nutrients 
are added to determine the most optimum nutrition to enable the 
fungus to rotten the midrib of palm oil in a short time and produce 
large amounts of cellulose. 
 
1. Methods 

 
1.1. Sample Preparation 
Midrib of palm oil was mashed until it has the uniform size (0,250 
mm), and then it was dried using oven on 105

0
C until the size didn’t 

change and saved in a dry place.  
 
1.2. Preculture Pleurotus ostreatus (F0) 
Making 500 ml medium (Potato Dextrose Agar) PDA 100% then 
moving Basidiospora of Pleurotus ostreatus to that medium. The 
incubation was done on 25

0
C for 5 days until 10 days. 

 
1.3. Pleurotus ostreatus Breeding (F1) 
Preparing growth medium for F1 with corn 2 ons and CaCO3 5 
grams then sterilized in autoclave on 121

0
C, the pressure 1,1 atm 

for an hour. Adding the seed (F0) into the bottle, close it tightly and 
incubate it for 2 weeks.  
 
1.4. Cultivation Pleurotus ostreatus in Sample 
The media for Pleurotus ostreatus growth are corn, husk, CaCO3 
and midrib of palm oil powder. Before added corn as additional 
nutrition, midrib of palm oil powder should be composted with 
adding husk,  CaCO3, and water then saved it for 2 days. Sterilized 
for 8 hours then inoculating F1 into medium and saving it in 
incubator. On this step, variation of sources and composition of 
nutrition were done with these compositions : 
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A1 = husk 0,4gr, CaCO3 0,4gr 
A2 =  corn 10gr, husk 0,4gr, CaCO3 0,4gr 
A3 = corn 15gr, husk 0,4gr, CaCO3 0,4gr 
A4 = corn 20gr, husk 0,4gr, CaCO3 0,4gr 
A5 = corn 25gr, husk 0,4gr, CaCO3 0,4gr 
 
B1 = husk 0,2gr, CaCO3 0,4gr 
B2 = husk 0,3gr, CaCO3 0,4gr 
B3 = husk 0,4gr, CaCO3 0,4gr 
B4 = husk 0,5gr, CaCO3 0,4gr 
B5 = husk 0,6gr, CaCO3 0,4gr 
 
1.5. Lignin and Cellulose Analysis 
Lignin and cellulose were analyzed using chesson method which is 
one g (a) dry sample was added 150 mL H2O. It was refluxed on 
100

o
C on water bath for an hour. The result was filtered, the 

residue was washed with hot water (300 mL). The residue was 
dried with oven until it has the constant weight, and then it was 
weighed (b). The residue was added 150 mL H2SO4 1 N then 
refluxing it on water bath for an hour on 100

o
C. The result was 

filtered until neutral (300 mL) and dried (c). Dry residue was added 
10 mL H2SO4 72% and immersed on 28

0
C for 4 hours. It was added 

150 mL H2SO4 1 N and refluxed on water bath for an hour on 
cooling back. The residue was filtered and washed with H2O to 
neutral (400 mL) then heated with oven on  105

o
C and weigh the 

result (d) 
Knowing content of lignin and cellulose, counted with this equation 
: 
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2. Results and Discussion 
 
Lignin Analysis in Midrib of Palm Oil Powder 
Midrib of palm oil is one of waste lignocelluloses which have 
three compositions, there are lignin, cellulose, and 
hemicelluloses. One of the three compositions, namely cellulose 
can be used as source of sugar with fermentation but it must be 
accompanied by removing the lignin. Removing lignin will be 
done with growing Pleurotus ostreatus to midrib of palm oil. 
Before giving that treatment, the first content of midrib of palm 
oil are cellulose 16%, lignin 60,56%, and 17,73% hemicellulose. 
After the treatment was given, the content of lignin on midrib of 
palm oil which was analyzed using chesson method, the results 
are  

 

 
 
Figure 1 Graphic of Relationship Between Content of Lignin 
Through The Time With The Variation of Composition Are Husk 
and Corn 
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Figure 2 Graphic of Relationship Between Content of Lignin 
Through The Time With The Variation of Composition Is Husk 
 
The fungi which was used is Pleurotus ostreatus that previously 
been carried out nursery F1 for 3 weeks. After that, it was moved 
to media which was mixed with midrib of palm oil, husk and corn or 
husk only. The reason of decreasing content of lignin is the 
existence of oxidation process from mycelium of Pleurotus 
ostreatus that come into wood’s pores and then produced enzymes 
for degrading lignin as LiP, MnP, laccase and cellulase, xylanase, 
hemicellulase (Hattaka., 1994) which can reduce the content of 
methoxy, phenolic, and alyfatic lignin, break the aromatic ring and 
make the new group of carbonil (Kirk dan Farrell., 1987; Hatakka., 
2001). From that oxidation process, carbon dioxide was produced. 
LiP and MnP will work continuously for degrading lignin.  
 
First, LiP will oxidize lignin non phenolic, where MnP will produce 
Mn

3+
 which has the function to make oxidation process happened 

in phenolic or lignin non - phenolic (Sánchez, 2008). Next, laccase 
which is the blue copper will accelerate the electron oxidation both 
in the phenolic and the substrate. The third enzyme would then 
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lead to a radical increase in aromatic compounds. The best 
composition for the highest lignin degradation by the husk is 0.6 
grams and 0.4 grams of CaCO3 in which the lignin content is not 
degraded as much as 22.01%. 
 
As for the levels of cellulose were analyzed by the same method to 
be : 

 
Figure 3 Graphic of Relationship Between Content of Cellulose 
Through The Time With The Variation of Composition Are Husk 
and Corn 
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Figure 4 Graphic of Relationship Between Content of Cellulose 
Through The Time With The Variation of Composition Is Husk 
 

Increasing this content of cellulose happened because the bond 
between lignin and cellulose (lignocelluloses bond) had been cut 
and lignin had been degraded to the final of content of cellulose 
increase. From the ten of variation, The promising composition 
for lignin weathering process, the largest producer of cellulose 
is using husk 0,6 gram and CaCO3 0,4 gram which is the last 
content of lignin is 22,01% and for the content of cellulose is 
32,74%. 

 
3. Conclusion 

 
The promising composition for lignin weathering process, the 
largest producer of cellulose and the most economist without 
contamination is using husk 0,6 gram and CaCO3 0,4 gram which 
is the last content of lignin is 22,01% and for the content of 
cellulose is 32,74%. 
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O 32 

Immobilization of Lipase in Membrane Microreactor 
for Transesterification of CPO to Methyl Ester 
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The study of microreactor in the field of biotechnology and 
chemical engineering has become very popular. In this study, 
biocatalytic membrane microreactor was developed for continuous 
transesterification reaction for methyl ester production by utilizing 
membrane pores as a microreactor. As a support media, 
membrane pores were coated with lipase from Pseudomonas sp by 
adsorption continued by passing nitrogen through membrane 
surfaces for pressure driven ultrafiltration. With this simple 
immobilization methode the amount of lipase in PES membrane 
approaced  3.8 – 5.3 g/m2 with adsorption time taken was 24 hours 
and the initial concentration of enzyme of 50 mg/ml. PES 
membranes with immobilized lipase on its surfaces were used as a 
microreactor for transesterification studies. This transesterification 
reaction was carried out by passing solution of CPO and methanol 
through membrane pores. 
 
Keywords:immobilization, lipase, membrane microreactor, 
transesterification, CPO  
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1. Introduction 
Water hyacinth (Eichhornia crassipes (Martius) Solms-

Laubach) is a troublesome weed in several rivers, dams and other 

water reservoirs in Indonesia. It is not distributed widely in 

Indonesia, but it becomes a very important weed when emerged 

and developed in several locations (Waterhouse, 1994). It is a 

persistent weed and its population will grow very fast in freshwater 

habitat (Rao, 2000).  

Water hyacinth control has been succesfully undertaken 

using the combination of diquat, amine and 2,4-D (Wright and 

Purcell, 1995), however the negative effects of using herbicides 

such as the risk of deoxygenating, dangerous to non target 

organisms, and reducing water qualities prevent the use of these 

chemicals especially in water reservoir. Mechanical control can only 

work well on a narrow area, while in large areas is often inefficient 

due to the requirement of large number of human reources. 

Therefore, control using a combination of various methods such as 

herbicide use in low doses, physical control, and biological control 

(biocontrol) needs to be applied. 

Biocontrol of weeds, especially using plant pathogenic 

fungi, recently received serious attention from researchers in 

developed countries, because in addition to being able to control 

weeds as effective as chemical control, it has very small negative 

impacts on the environment. Biological weed control will become 

more important method to suppress water hyacinth since this 

weed is difficult to control mechanically or chemically. Biological 

weed control (weed biocontrol) is the use of natural enemies (living 

organisms) other than humans to reduce the population of weeds 

(Watson, 1991). 
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Compared with the use of insects to control weeds, the 

use of plant pathogens is relatively new, where serious attention to 

utilize these pathogens took place in the last 2-3 decades 

(Templeton and Trujjilo, 1991). Among the plant pathogens used to 

control weeds, fungi are the most studied and used, because they: 

1) are most commonly found in plants, 2) are very destructive, 3) 

can be produced in large quantities, and 4) can be formulated 

(Smith , 1982), and 5) can penetrate the plant directly 

(Charudattan, 1985). Several plant pathogenic fungi have been 

produced commercially including Collego, Devine, and Lu Boa 

(Templeton, 1992), and BIOMAL (Auld, 1997 ). 

Development and application of weed biocontrol agents 

can be undertaken through three approaches, namely: 1) classical 

approach, which is the importation and release of natural 

pathogenic enemies that attack target (usually introduced) weeds 

(Watson, 1991). In this approach, the pathogens are left to grow 

and evolve based on their innate abilities after being applied (Fauzi, 

1998); 2) bioherbicide approach, where the pathogens being used 

were obtained from the areas of weed infestation and formulated 

into herbicides and then applied to the target weed in the same 

manner as chemical herbicides (Templeton et al., 1979), and 3) 

augmentation approach, where the pathogens being used are also 

obtained from the weed infestation, but cannot be formulated 

since the pathogens are obligate parasites, and they are applied by 

releasing spores at the most conducive condition for disease 

development (Charudattan, 1985; Phatak, et al., 1983). 

Pathogenic fungihave good prospects to be developed as 

biocontrol agents, because they can cause severe damage to the 

weeds (Evans, 1995). The use of pathogenic fungi to control water 

hyacinth is still in the stage of research and development in several 

countries. Some pathogenic fungi that have the potential to be 

applied as a biological control agent of water hyacinth include 
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Uredo eichorniaeapplied using classical approach, Acremonium 

zonatum,Alternaria eichorniae, Cercospora piaropi, Myrothecium 

roridum and Rhizoctonia solani that can be applied with 

bioherbicide approach are proved to be highly virulent and capable 

of controlling water hyacinth. In addition, other pathogenic fungi 

such as Bipolaris sp., Drechslera sp and Fusarium sp. are promising 

fungi to be applied as bioherbicide to control the weed, but need 

further study to confirm their usefulness (Charudattan, 2001). 

Some pathogenic fungi are found to attack water hyacinth 

naturally in Batujai Dam in Central Lombok, and can cause damage 

to the weed (Personal observation). Those fungi include Fusarium 

sp., Curvularia sp., Drechslera sp. and Cercospora sp. (Wayanti, 

2003). Therefore, this study aimed to evaluate the potential of this 

local Fusarium sp. as a biological control agent of water hyacinth, 

which is difficult to control either by chemical or mechanical 

means. 

 

2. MethodS 
The experiments were undertaken in a glasshouse and 

Laboratory of Microbiology Faculty of Agriculture, University of 

Mataram from September to December 2009. 

Isolation of the fungus – Infected weeds were obtained 

from the Batujai dam in the District of Praya, Central Lombok, West 

Nusa Tenggara where the population of water hyacinth is high and 

always available throughout the year. Fungi isolated from the 

infected leaves by cutting the leaves with a size of approximately 1 

cm
2
. The pieces were then surface sterilized by soaking them in 0.1 

N solution of sublimate for one minute and then rinsed with sterile 

water. After dried on sterile filter paper, leaf pieces were placed 

asepticallyon the surface of Potato Dextrose Agar (PDA) medium in 

Petri dishes. Fusarium sp. was separated from other fungi that 
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grow on the medium, and then grown on slant agar media to be 

stored as a stock culture for the entire study. 

Preparation of the plant, spore and inoculation – theplants 

being inoculated were healthy water hyacinth. Weeds were grown 

in buckets filled with water and then added soil as much as 100 

grams, which is roughly as high as 20 cm from the bottom of the 

bucket. Spores were propagated by Seedling Culture Methods, 

where the fungus were grown in culture (PDA), then the mycelia 

were brushed using an artist paint brush to stimulate the formation 

of spores. The culture was then added with 10 ml of sterile distilled 

water. To stimulate sporulation, the media were incubated for 24 

hours (12 hours light and 12 hours dark). Before inoculation, spore 

suspension was prepared. Spores were mixed with sterile distilled 

water to obtain the concentration of 30 x 10
5
spores/ml. The 

solution was then added with 2 drops of Primakol ®. 

The experimental treatment - Immediately after 

inoculation, the plants in the bucket were covered with black 

plastic bags that have previously been moistened with water to 

provide high-humidity environments. Inoculation was conducted in 

the morning and evening to expose the weeds that have been 

inoculated to a hot temperature (inoculation in the morning) and 

cool temperatures (inoculation in the afternoon). The plastic bags 

were opened after 0, 3, 6, 9, or 12 hours (to provide high humidity 

with different periods of time), and then the buckets were 

arranged on a bench in a greenhouse. 

The factorial experiments were designed according to 

Randomized Completely Design (CRD). The factors consisted of 

wetness duration and time of application. Wetness duration 

treatments consisted of 0, 3, 6, 9, or 12 hours applied either in the 

morning or in the afternoon. Parameters observed include the 

incubation period, disease intensity and the growth and 

development of water hyacinth. The disease intensity was 
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determined by measuring leaf area infected, which was observed 

for 30 days with an interval of 5 days. Disease progression was 

analyzed based on the area under the disease curve (AUDPC) of a 

graph formed by the disease intensity observation over time. The 

formula used to calculate AUDPC is as follows: 

         
       

 
      

   
       ..................... (1) 

In which nis the number of assessment time, tis the time at which 

the assessments are made, and Yis the disease intensity at each 

time t (Campbell and Madden, 1990). Water hyacinth growth being 

observed was the number of new individuals formed. Data 

obtained were analyzed by using analysis of variance (Steel and 

Torrie, 1981), and if there is any difference between the variation 

in the treatments or their combination, the analysin was continued 

by LSD test at the 5 percent significant difference. 

For testing the host specificity of the fungus, several important 

crops such as paddy, corn, soybeans, peanuts, and mung beans at 

the age of one month were inoculated with Fusarium sp. at the 

spore density of 35 x 10
5
 spores/ml. Immediately after inoculation, 

the plants were covered with moisten black plastic bags in the 

same manner as in the previous experiment and incubated for 24 

hours at room temperature. After that, the pots were arranged on 

benches in the greenhouse. The reaction of the plants after 

inoculation was observed and the intensity of the disease that 

occurs in crop plants is estimated. The reaction of plants is given 

scores ranging from 0 (immune / resistant) to 4 (very sensitive, with 

the intensity of disease greater than 50%). Observations were 

targetted to the appearance of symptoms, the intensity of the 

disease, the formation of mycelia and spores on plant tissue. 

Observation on the formation of mycelia and spores on the plant 

tissue was undertaken according to staining technique developed 

by Fernando et al. (1993). The results of the oobservations were 
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analyzed quantitatively and qualitatively to indicatewhether or not 

this local Fusarium sp. could infect important crops being tested. 

 

3. Results and Discussion 
Local Fusarium sp. isolated from the infected water hyacinth in 

the Batujai Dam, Central Lombok is pathogenic to the weed. 

Temperature and wetness duration affect the disease intensity 

caused by Fusarium sp. on water hyacinth. Temperature as 

indicated by the inoculation treatment at different times (morning 

and afternoon) show the planst (and the spores of the fungus) 

were exposed to temperatureimmediately after inoculation. 

Inoculation in the morningwill cause the plants to be exposed to 

hot (high)temperatures at noon immediately after inoculation, 

whereas inoculation in the afternoon will cause the plants to be 

exposed to cold (low)night temperatures immediately after 

inoculation. 

 Temperature affects the disease progression of Fusarium 

sp. on water hyacinth, where there is a tendency that the higher 

the temperature the faster the disease progressed. It can be seen 

from the AUDPC of the disease occurred on water hyacinth 

inoculated in the morning (exposed to high temperature), which 

tend to be higher than the value of AUDPC of disease occurred in 

water hyacinth inoculated in the afternoon (exposed to low 

temperature) (Fig. 1). This is in contrast with those reported in 

parthenium weed in Australia (Fauzi et al., 1999), as well as on 

purple nutsedges (Fauzi, 2009) infected by a rust fungus that the 

disease caused by the rust fungus progressed faster when exposed 

to low temperature.  
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Figure 1. Disease progression of Fusarium sp on water hyacinth as indicated by the 

AUDPC values when exposed to different wetness duration and temperature 

immediately after inoculation. 

 

Figure 1 shows that the disease progression of Fusarium sp on 

water hyacinth was influenced by the temperature condition 

immediately after inoculation. When the weed (and Fusarium 

spores on the weed) was exposed to low temperatures, the disease 

occured on the weed progressed slower compared with the disease 

occured on the weed that was exposed to high temperature. 

Several studies on the temperature need of Fusarium sp showed 

similar results with this study. For example, low temperatures will 

cause chickpea plant cultivar Ayala to be more resistant to 

Fusarium oxysporum f.sp. ciceris, whereas higher temperatures will 

cause the plant cultivar to be very sensitive to this fungus (Landa et 

al., 2006). The same result was reported by Scott et al., (2010), that 

to avoid damage of lettuce by Fusarium oxysporum f.sp. lactuce at 

higher temperatures, it is recommended to avoid planting sensitive 

cultivars, because at high temperature this fungus can grow and 

develop well. 
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As reported by Fauzi et al., (1999), Fauzi (2009) and 

Murdan &Fauzi (2007) that the progression of the disease occurring 

in the weeds caused by the rust fungus is strongly influenced by 

temperature and high humidity (long wetness duration), where the 

fungus rust will grow rapidly at low temperature and on a longer 

wetness duration (12 hours). In the experiments with Fusarium sp. 

reported in this study showed that the progression of the disease 

was also affected by temperature and wetness duration. At low 

temperature, the role of wetness duration was very important in 

determining disease progression, where it showed that the longer 

the duration of wetness the higher the insentisty of the disease 

occured (Figure 2). However, at high temperatures, the role of 

wetness duration is not so specify, where all wetness duration 

treatments did not affect significantly to the development of the 

disease, although there is a tendency that longer wetness duration 

will trigger the disease development. 

Temperature and wetness duration did not affect 

significantly the incubation period of the fungus on water hyacinth. 

This suggested that whether during low temperature or high 

temperature, and whether under short or long wetness 

duration,Fusarium sp. posses high virulence to water hyacinth 

(Figure 3). The high virulence of Fusarium sp suggests that this 

fungus has excellent potential to be developed as a biological 

control agent of water hyacinth. Its independence on a long 

wetness duration also shows its excellent potential as a biological 

control agent, because the fungus is able to overcome a major 

obstacle in developing fungi as biological control agents of weeds 

that is long duration of wetness (Auld and Morin, 1995). 
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Figure 3. The incubation period of disease caused by Fusarium sp. on water 

hyacinth weed exposed to a low temperature and high temperature, on several 

wetness duration. 

 

The number of daughter plants formed was not affected by 

wetness duration after inoculation, either at low or high 

temperature. However, there is a tendency that water hyacinth 

exposed to high temperatures immediately after inoculation 

produced less number of daughter plants than by those exposed to 

low temperature (Table 1). This is probably caused by high intensity 

and progression of disease occured in water hyacinth exposed to 

high temperatures immediately after application of the fungus. This 

high disease intensity caused the death of water hyacinth, so that 

the number of daughter plant formed and remained was fewer. 
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Table 1.The number of water hyacinth daugther plants after being inoculate with 

Fusarium sp. at different temperature and wetness duration 

 

Wetness 

duration 

(hours) 

Number of water hyacinth daughter plants after 

being inoculated in 

the afternoon the morning 

0 15,75 10,50 

3 22,25   9,50 

6 20,25 10,50 

9 21,50 10,75 

12 18,25 10,25 

LSD 0,05 NS NS 

 

Fusarium sp. collected from diseased tissues of water hyacinth was 

tested its reaction to several crop plants commonly cultivated 

around the place where the weed becomes problem. The crop 

plants being tested were paddy, corn, soybean, peanut and mung 

bean. The results showed that the fungus could not produce any 

symptoms in all crops tested (Table 2). 

 

Table 2. Responsese of crop plants to Fusarium sp inoculation. 

Crops Disease severity 

index 

Explanation 

Paddy 0 No symptom 

Corn 0 No symptom 

Soybean 0 No symptom 

Peanut 0 No symptom 

Mung bean 0 No symptom 
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Table 3 shows that the disease severity index of of the crop plants 

inoculated with Fusarium sp is 0 (no symptoms), meaning that all 

the crop plant being tested were immune to Fusarium sp infection. 

To see if the fungus can penetrate and colonize the leaf tissues of 

crop plants, the leaves that had been inoculated with Fusarium sp. 

were stained according to Fernando et al. (1994). Microscopic 

observations showed that the leaf tissues of crop plants did not 

reveal any hyphae and spores. So it can be said that this fungus has 

a very specific host, which infect only water hyacinth. This indicates 

that the Fusarium sp. is safe to be used as a biological control agent 

of water hyacinth, so that this fungus is very potential to be 

developed a biological control agent of the weed. 

  

4. Conclusion 
Fusarium sp. isolated from water hyacinth grown in Batujai dam is 

able to cause disease better at high temperatures and not 

dependent on wetness duration when applied in the morning. It 

cannot infect crop plants such as paddy, corn, soybeans, peanuts 

and mung beans, thereby it is safe to be used as a biological control 

agent of water hyacinth. 
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Mercury is one of the most toxic heavy metals in environment. 
Pongkor village are frequently polluted with high concentrations of 
mercury due to activity of gold mining. Mercury resistant bacteria can 
be isolated from various sources contaminated mercury and can be 
developed as bioremediation agents in this area. The purpose of the 
research were to isolate mercury resistant bacteria and to characterize 
some of the highly resistant bacteria. Mercury resistant bacteria were 
isolated from soil and sediment of Pongkor Village gold mining on 
medium containing appropriate concentration of HgCl2. Resistance of 
the isolates to HgCl2 was determined based on the evaluation of 
Minimum Inhibitory Concentration. Bacterial isolates were tested for 
the presence of plasmids using alkaline lysate method with slight 
modification. Bacterial isolates were characterized based on 16SrDNA 
gene. Two highly mercury resistant bacteria have been isolated and 
were designated as P1 and P2 (MIC = 575 ppm HgCl2). Based on 
16SrDNA gene sequence analysis, P1 and P2 isolates showed 99% 
similarity to Brevundimonas sp. The size of the plasmid was 
approximately 1.500 bp. Adding 250 ppm HgCl2 on the medium affect 
morphological change of the colony to black color might due to 
survival mechanism of bacteria by accumulation.  

 
Keywords: Isolation, mercury, resistant, bacteria, Brevundimonas 
sp. 
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1. Introduction 
Mercury contamination is one of the serious 

environmental pollution that has negative impact on human 

health. Mercury and its compounds are highly toxic to living 

cells because of their strong affinity for the thiol groups of 

proteins [1]. Mercury is potentially concentrated through the 

food chain and if consumed by humans for long term can cause 

adverse effects to human health, such as effecting  nervous 

system, damage of brain permanently which cause tremor, 

damage the lungs, kidney, skin, eye irritation, reduction of 

memory, hearing or eyesight, fetal defects and even death [2]. 

Bioremediation strategies, using microorganisms with metal-

binding ability, have been proposed as an attractive 

alternative, because this is effective and are less expensive and 

more efficient than physicochemical methods of removing 

heavy metals. 

Mercury resistant bacteria can be isolated from various 

sources contaminated mercury, such as soil. Bacteria in 

contaminated environments have developed resistance to 

mercury and are playing a major role in natural 

decontamination [1]. Resistance system is encoded genetically 

by the genes of the mer operon which allows bacteria to 

detoxify Hg
2+

 into less toxic mercury compound Hg
0
 by 

enzymatic reduction [3]. Some of mercury resistant bacteria 

develop resistance mechanism by expression of 

metallothionein and polyphosphates which are heavy metal 

scavenging molecule in bacteria that can increase heavy metal 

resistance and accumulation [4].  

Mercury resistant bacteria have been found in a wide 

range of Gram negative and Gram positive isolated from 

different environments [5]. Mercury resistant bacteria have 

specific resistance gene which are encoded by mer operon 
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(mer R,T,P, and mer A), usually located on plasmids and 

chromosomes [6]. Plasmids are extrachromosomal genetic 

elements thatcan range in size from several hundred base pairs 

toseveral thousand kilobases. Plasmid-encoded genes 

represent a pool of mobileDNA that contributes significantly to 

the adaptation ofnatural microbial communities [7]. The 

purpose of the research was to isolate mercury resistant 

bacteria from gold mining in Pongkor Village, Bogor and to 

characterize some of the highly resistant bacteria based on 

16SrDNA gene. ThepresenceofplasmidDNA in bacterial isolates 

were also examined. 

 

2. MethodS 
Bacterial strains and growth medium. Mercury resistant 

bacteria were isolated from soil and sediment of Pongkor 

village gold mining, Bogor, West Java. Bacterial isolates were 

grown in  Luria Bertani (LB) agar containing the following (per 

liter) : tryptone : 10g, yeast extract 5 g, NaCl 10 g, glucose 0,1 

g, and pure agar 0.15 g. Stock of HgCl2 (50.000 ppm) was added 

to autoclaved media.  

 

Isolation and selection mercury resistant bacteria. Soil 

and sediment of Pongkor village gold mining were serially 

diluted and inoculated into Luria Bertani broth then incubated 

at 37ºC. Samples (100µl) were spreaded in LB agar medium 

supplemented with various concentration of HgCl2and 

incubated at 37ºC. Bacterial isolates have been grown then 

were purified in LB agar containing with appropriate 

concentration of HgCl2. The morphological colony of 

bacterialisolates were observed including the form, colour, 

margin, and elevation of the colonies. The morphological cells 
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and Gram staining result were alsoobserved using a light 

microscope CarlZeiss. 

 

Minimum Inhibitory Concentration (MIC) of heavy metals 

of the isolate.  Maximum resistance of the isolates against 

increasing concentrations of HgCl2 on LB agar weredetermined 

by streak plate method until the strains unable to give colonies 

on the agar plates.The initial concentration added in medium 

was 25 ppm HgCl2. The stock solution of 50.000 ppm was 

prepared in distilled water and sterilized by autoclaving at 

121ºC, 15 psi for 15 minutes. The growing colonies at a given 

concentration were subsequently transferred to the next 

higher concentration. Minimum inhibitory concentration (MIC) 

was determined after 48 hours of incubation at 37ºC [8]. 

 

Plasmid DNA isolation.  Plasmid DNA isolation was done 
by using alkaline lysate method with slight modification [9]. 
Bacterial colony were inoculated into 5 ml LB medium 
containing appropriate concentration of mercury and was 
incubated overnight at 37ºC. Overnight culture was transferred 
into a microfuge tube and was centrifugated at 13.000 rpm for 
5 minutes. Bacterial pellets were resuspended in 100 µl of 
solution I which contained 25 mM Tris-HCl, 10 mM EDTA, 50 
mM glucose and 10 µl of 2 mg/ml lisozim, and then were 
incubated on ice for 30 minutes. After incubation, 200 µlof 
solution II ( 2N NaOH and 10% SDS) was added and then 
incubated on ice for 10 min.  A 150 µl 7.5 M potasium acetat 
solution was added to the tube and then  incubated on ice for 
60 min. Purification of proteins was done by adding phenol, 
followed with phenol CIAA and CIAA. Precipitation of DNA was 
done by adding Na acetate 3M pH 4.8 and ethanol absolute. 
Washing of the DNA was done by adding ethanol 70%. The 
DNA plasmid was analysed by electrophoresis on a 1.5% (w/v) 
agarose gel in TAE buffer with ethidium bromide (0.5 μg/ml).  
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Amplification of 16s rDNA gene.  Pure culture of bacterial 

isolates were grown overnight in LB broth medium. The 

isolation of genomic DNA was done by method of spooling 

with a glass rod [10]. The 16S rDNA genes were amplified by 

using the universal bacterial 16S rDNA primers. The PCR 

reaction mixture contained  10x PCR buffer 35mM MgCl2, 

dNTPs 1 mM, 10 pmol/µl forwardprimer: 5’-TGG CTC AGA ACG 

AAC GCT GGC GGC-3’ and reverse: 5’-TAC CTT GTT ACG ACT 

TCA CCC CAG TC-3’, 0.5 IU/µl Taq DNA polymerase, ddH2O,and 

1µl DNA. The PCR reaction was performed as follows :pre-

denaturation 95
o
C for 3 minutes, denaturation 94

o
C for 1 

minutes, primer annealing 60
o
C for 1 minutes and extension 

72
o
C for 2 minutes, final extension 72

o
C for 3 minutes. The PCR 

product was analysed by electrophoresis on a 1.5% (w/v) 

agarose gel in TAE buffer. The 16S rDNA sequence was 

compared against the GenBank database using the NCBI Blast 

program (http://blast.ncbi.nlm.nih.gov/). Based on the scoring 

index the most similar sequences were aligned with the 

sequences of other representative bacterial 16S rDNA regions 

by using ClustalX software. Further phylogenetic analysis was 

performed by using software MEGA5. Based on the 

phylogenetic tree, similarity index was generated and 

compared with known sequences. 16S rDNA sequences of the 

isolates has been deposited in GenBank. 

 

3. Results and Discussion 
Two highly mercury resistant bacteria have been isolated 

and were designated as HgP1 and HgP2. The nucleotide 

sequence of HgP1 and HgP2 have been deposited in the NCBI 

nucleotide sequence data base (Gene Bank) under the 

accession number of JX009135 and JX009136, respectively.  

http://blast.ncbi.nlm.nih.gov/
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Bacterial isolates demonstrated high resistance to HgCl2 

with MIC of 575 ppm. This level ofresistance was seven times 

higher than mercuryresistancebacteriathatwas previously 

reported. Pseudomonas putida was isolated from wastewater 

Iran and Pseudomonas aeruginosa was isolated from soil 

sample surrounding Hunan Zhuzhou Smelter, China exhibited 

resistance to HgCl2 with MIC  of  80 ppm [11] and  60 ppm [12], 

respectively. Meanwhile,Escherichia coli was isolated from 

water sample of Yamuna river, India,also demonstrated 

resistance to HgCl2 with MIC of 30 ppm [1].   

The ability isolates HgP1 and HgP2 to grow in the presence 

of highly HgCl2 would be helpful in the waste water treatment 

where microorganisms are directly involved in the 

decomposition of organic matter in biological processes for 

waste water teratment, because often the inhibitory effect of 

heavy metals is a common phenomenon that occurs in the 

biological treatment of waste water and sewage [13]. Bacteria 

with highly resistance to heavy metals develop various 

resistance meshanism. These mechanisms could be utilized for 

detoxification and removal of heavy metals from polluted 

environment.   

Isolates HgP1 and HgP2were Gram negative and rod-

shaped. The characteristics of HgP1 colony were yellow color, 

translucent, irregular form, undulate margins, and raised 

elevation. Isolate HgP2 had white colorcolony, meanwhile the 

other colony characteristics were similar with isolate HgP1. The 

addition of 250 ppm HgCl2 in the medium affected 

morphological appearance of isolate HgP1 to black color. The 

cells of isolate HgP1 also formed a darker color aggregates that 

precipitated after centrifugation when 100 ppm of HgCl2was 

added in LB broth (figure 1). These effects were not observed 

in this isolate in medium without mercury added. The 
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morphological change of the colony to black color in isolate 

HgP1 might due to survival mechanism of bacteria to mercury.  

This result is similar with what has been demonstrated in 

transgenic bacteria-resistant mercury [4].It has been reported 

that transgenic bacteria expressing metallothionein and 

polyphosphate kinase demonstrated cell aggregation, 

precipitation and darker color when the cells were grown in 

high mercury concentrations. It is possible that these effects 

were dependent on high mercury resistance and accumulation 

by transgenic bacteria due to the presence of metallothionein. 

Metallothionein are cystein rich, low molecular weight metal-

binding proteins encoded by the mt genes that can sequester 

metal ions in a biologically inactive form. Metallothionein 

protect bacteria against the harmfull effects of mercury and 

can provide mercury bioremediation capabilities to the 

transgenic bacteria. The clumping and precipitation 

characteristics of the bacteria can be applied to the 

developement of a simple sifting mechanism to recover cells 

that have accumulated high mercury concentrations [4]. 
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The morphological change of colony was not observed in 

isolate HgP2. It might be due to the difference ofmercury 

mechanisms between the two isolates. It is possible that 

isolate HgP2 develop the other mercury mechanism not by 

accumulation but by enzimaticreduction. The most bacterial 

resistance to Hg
2+

 is known to occur by transport of Hg
2+

 into 

the cytoplasm of bacterial cells and subsequent enzymatic 

reduction of toxic Hg
2+

 to less toxic and volatile Hg
0
. Elemental 

Hg
0
 is gaseous at ambient conditions and evaporates away 

from the bacterial cells and its microenvironment [1].  

 

The 16S rDNA genes of bacterial isolates have been 

amplified (figure 2). Comparative analysis of the sequences 

with already available database showed that bacterial isolates 

were closed to the members of genus Brevundimonas species. 

The highest sequence similarities of bacterial isolates indicated 

that isolates HgP1 and HgP2 were closely related to 

Brevundimonas sp. (99%) and Brevundimonas diminuta(98%), 

respectively. Thisresults indicated that bacterial isolates were 

ofnovel species of the genus of Brevundimonas sp. 
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The phylogenetic tree based on 16s rDNA gene was 

constructed to determine the relationship of the bacterial 

isolates with Brevundimonassp., Pseudomonas putida and 

Ralstonia sp.as mercury resistance bacteria. Phylogeny based 

on MEGA5 software clearly indicated that HgP1 and HgP2 still 

had kinship with genus Brevundimonas (figure 3). 

 

 
Figure 3. Phylogenetic tree of isolate HgP1 and HgP2 with their kinship 

constructed using neighbour joining method. 

Note: Phylogenetic tree derived from 16s rDNA was constructed using 

the software MEGA5. 
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Plasmid DNA profile of isolates HgP1 and HgP2 showed 

that the plasmid migrated at a position approximately 1.500 bp 

(figure 4). Plasmids are dominant in bacteria that resistant to 

heavy metals. Bacteria demonstrate resistance to heavy metals 

by genes present on their plasmids suggests the exertion of 

selective pressure on such bacteria through contamination 

with heavy metals in their environment. The elevated rate of 

resistance to metals reflects an adaptive response to the 

presence of toxic elements in different environments such as 

water, sewage, rivers, and estuaries. Plasmids alsoassist to 

bacteria to acquire tolerance and resistancemechanisms 

against heavy metals or other toxic substancesin the pollutant 

environment [7]. Presence of plasmid in isolates HgP1 and 

HgP2 can be used in environmental biotechnology as 

bioremediation agent by transforming the plasmid from 

resistant bacteria to sensitive organism so the resistance 

mechanism could be brought together in a single bacterial 

cells. Plasmid is also used as a vector, where the gene for 

merucry resistance is cloned and allow to express sensitive cell 

that could be applied in the contaminated area [7]. Genetic 

engineering can be used to integrate genes into bacteria to 

enhance mercury resistance and accumulation [4]. 
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Figure 4. Plasmid DNA profile of isolates HgP1 and HgP2 

Note: A= 1 kb marker Fermentas; B= HgP1 plasmid; C= HgP2 plasmid; D= 

1 kb marker Biolabs. 

 

4. Conclusion 
 

Isolation and selection of mercury resistant bacteria from 

soil and sediment in Pongkor Village resulted in two highly 

mercury resistant bacteria with MIC of 575 ppm HgCl2and were 

designated as HgP1 and HgP2 under the accession number of 

JX009135 and JX009136, respectively. Bacterial isolates have 

plasmid DNA migrating at a position approximately 1.500 bp. 

Based on 16SrDNA gene sequence analysis, isolates HgP1 and 

HgP2 showed 99% and 98% similarity toBrevundimonas sp. and 

Brevundimonas diminuta, respectively indicated that these 

bacterial isolates were ofnovel species of the genus of 

Brevundimonassp. The additionof 250 ppm HgCl2in the 

medium affected morphologicalchange of the colony to black 

color. It might be due to survival mechanism of bacteria by 

accumulation. These cellular changes could potentially be used 

as markers to determine the progress and extent of the 

bioremediation process by the accumulation of mercury. It is 

possible that the highly resistance of isolates HgP1 and HgP2 to 
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mercury develop a resistance mechanism by accumulation or 

enzymatic reduction sothat it can be applied as bioremediation 

agentsto remove mercurials from contaminated sites. More 

studies are needed to further measure the potency of 

bacterialisolates to accumulate or to reduce of toxic Hg
2+ 

to 

less toxic and volatile Hg
0
. 
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Heavy metals are the elements that have relatively high density 
and are toxic at low concentration. The concentration of heavy 
metals and other waste substances is increasing due to rapid 
industrialization. To control pollution biotechnology is being 
applied in many fields. Biosorption is one of the processes of 
biotechnology. Biosorption is commonly refers to the passive 
binding of metal ions or radioactive elements by dead mass. These 
biosorbents posses metal-sequestering property and can be used 
to decrease the concentration of heavy metal ions in solution from 
ppm to ppb level. The study was conducted on the isolate of highly 
tolerate specie Aspergillus flavus of Lahore. Biosorption capacity of 
Aspergillus flavus was checked against metal i.e Cu. A. flavus was 
produced on the rotary shaker washed, dried and sieved. The 
biomass was introduced into the Erlenmeyer flask of 100ml 
volume, to study the effect of pH, initial metal concentration, 
different copper concentration, metal adsorption and adsorption 
period. The samples were analyzed using atomic absorption 
spectroscopy at 249.9 nm. The adsorption data of A. flavus was 
fitted to Langmuir model. The results show that the operation 
temperature of 22 and pH 6 is suitable for biosorption, using 
inactive fungi. It was also found that after maximum adsorption 
equilibrium maintains after specific period of time.  
 
Keywords : biosorption, heavy metals, dead fungal, biomass 
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Introduction 

Soil is a crucial component of rural and urban environments, and in 

both places land management is the key to soil quality. Excessive 

accumulation of heavy metal in soils is toxic to humans and other 

animals. Exposure to heavy metals is normally chronic (exposure 

over a longer period of time) and due to food chain transfers. 

Contamination of agricultural soil with heavy metals is a major 

problem on industrial and defense related sites all over the world 

[1]. The main sources of contamination are originated by human 

actions like metal manufacture and mining industries with storage, 

disposal and transportation problems [2]. Heavy metals get 

accumulated into soils and plants and could have a negative 

influence on physiological activities of plants (e.g. photosynthesis, 

gaseous exchange, and nutrient absorption), and these activities 

determines the reductions in plant growth, dry matter 

accumulation and yield [3].  

 

As heavy metal pollution is a serious environmental problem with 

severe health effects, its remediation is essential. The physical and 

chemical methods of remediation are time taking and expensive, 

hence a biological approach provides an alternative solution of the 

problem. Microbes are naturally capable of degrading wastes and 

have a capability to survive under stress conditions. They can be 

utilized for the remediation of heavy metals.  

 

Bioremediation is a technique that uses living organisms in order to 

degrade or transform contaminants into their less toxic forms [4]. It 

is dependent on the existence of microorganisms with capacity to 

enzymatically attack the compounds. Depending on the location of 

site these strategies can be applied both to in situ and ex situ. In 

case of in situ it is the treatment done in the site of the 

contamination and in ex situ there is a removal of soil or water to 
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subsequent treatment [4]. There is a wide variety of techniques 

that have been developed in the past years [5].   

 

In recent years, applying biotechnology in the control and removal 

of metal pollution has been paid much attention and because of its 

potential application, it gradually becomes a very hot topic in the 

field of metal pollution control. Biosorption is alternative process, 

which utilizes various certain natural materials of biological origin, 

including bacteria, fungi, yeast, algae, etc. These materials are 

called as biosorbents and possess metal-sequestering property 

which can be used to decrease the concentration of heavy metal 

ions in solution from ppm to ppb level. It is an ideal candidate for 

the treatment of high volume and low concentration complex 

wastewaters as it can effectively sequester dissolved metal ions out 

of dilute complex solutions with high efficiency [6].  Recently, from 

the family of fungi, several filamentous fungi (FF) species are found 

to be useful for biological treatment of the sludge (settling, 

dewatering, organic compound degradation) under controlled 

operating conditions [7, 8, 9]. Fungi that belong to the genera 

Rhizopus and Penicillium have already been studied as potential 

biomass for the removal of heavy metals from aqueous solutions 

[10, 11]. But Aspergillus niger, which finds application in a variety of 

industrial fermentation processes, cannot be used for the removal 

of heavy metals such as lead, cadmium, copper and nickel from 

aqueous solutions. It was demonstrated [12] that A.niger was able 

to effectively remove uranium ions [13] and Aspergillus oryzae can 

remove cadmium and copper ions from aqueous solutions.  

 

In the present study Aspergillus flavus in an inactive form was used 

to examine their adsorption capacity. Copper, an important 

environmental pollutant was used as a test metal in the form 

copper sulphate (CuSO4.5H2O) which is to be absorbed by micro-
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organisms. The present study was carried out on the isolated 

filamentous fungi Aspergillus flavus from the contaminated 

agricultural areas of Hudiara Drain ,Lahore. Lahore is a famous 

because of industrial activities also because of leather tanning 

industries. All of these industries are emitting vapours, fumes and 

dust and also discharging waste water loaded with dangerous 

deadly chemicals. As we know biosorption is a technique of 

removal of substances from solution by biological material and this 

technique is particularly economical, competitive from 

environmental applications in detoxifying effluents and the 

possibility of metal recovery from the polluted soil is more. The 

research will help in developing awareness among the people 

about metal toxicity and will guide people about biosorption which 

is eco-friendly and economical technology. The present study aim 

was to check the potential of the fungus for heavy metals 

utilization as nutrient and to check if this fungus could survive at 

elevated metal concentration.  

 

Methods 

The main objectives of the present study were to analyze 

biosorption of filamentous fungi (Aspergillus flavus) against copper 

and to study the biosorption at different pH (4, 6, 9), temperature 

(22˚C, 30˚C, & 37˚C) and copper concentrations (200, 400, 600, 

1000ppm) against the adsorption capacity of absorbent. For 

present study fungal isolate of highly tolerant specie of Lahore was 

taken from the laboratory of Environmental Mycology and 

Ecotoxicology, FatimaJinnahWomenUniversity, Rawalpindi. Culture 

was introduced from slant bottles to PDA plates and fungal biomass 

was prepared for further biosorption experiment. 
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Preparation of fungal adsorbent 

The Fungal biomass was prepared in Potato Dextrose Broth (PD 

broth). To prepare 100 ml of the PD broth 30 ml of potato broth 

and 2 gm of glucose was added in conical flask and were filled up 

to100 ml by distilled water. Flask was closed with cotton plug and 

aluminum foil and autoclaved for 30 minutes. After that the flask 

was open in laminar flow and fungus was introduced in it. The 

flasks were agitated on a rotatory shaker for 3-4 days at 150rpm 

and at 30˚C. After 3-4 days thick bed of fungal biomass was 

developed which was further used for biosorption experiments. 

 

Filtration of biomass 

The biomass was filtered in order to separate the biomass from 

media. The biomass was separated from media by using conical 

flask, funnel and filter paper. The filter was fit into the funnel that 

open into the conical flask. Through the process of filtration the 

biomass was remained on the filter paper and the media was 

poured into the conical flask. The biomass on the filter paper was 

then dried by the process of drying. 

 

Drying of biomass 

The filtered biomass was then dried on hot plate in order to absorb 

the moisture content at temperature of 120˚C for about 3-4 days. 

The dried biomass was then grinded in a grinder in order to convert 

it into a powder form. 

 

Preparation of stock solution and metal biosorption experiment 

Stock solution (1000 mg\Lit) of copper sulphate (CuSO4) was 

prepared in deionized water using the salts. Metal solutions of 

400ppm, 600ppm, 1000ppm and 1400 of copper was prepared to 

study the effect of different copper concentrations on adsorption 
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capacity of fungi  The pH of metal solution was adjusted to 6 by 

using 1% HCL or 5% NaOH. 

 

After metal solution preparation 1 gm of fungal biomass were 

suspended in 100 ml of metal solution in 250 ml conical flask. The 

flasks were agitated on a rotatory shaker for 4 hours at 150rpm at 

30˚C. The initial pH of the metal solutions was adjusted on the basis 

of review of literature [14, 15]. After each experiment, the mixture 

was filtered through Whatt man filter paper No.1 and the filtrate 

was analyzed for metal concentration by flame atomic absorption 

spectrophotometer. The samples were stored in test tubes and 

were analyzed further in atomic absorption spectrophotometer 

and different parameters like pH, temperature, effect of different 

concentrations of metal and initial concentration of metal were 

studied. 

 

Effect of pH on fungal biomass adsorption: In order to check the 

effect of pH on adsorption capacity, Aspergillusflavus (1 gm 

each)was conditioned at different pH ranges i.e 4, 6, & 9, with time 

interval of 20 hours on rotary shaker. 

 

Effect of temperature on fungal biomass adsorption: In order to 

check the effect of temperature on adsorption capacity A.flavus 

(1gm each) were conditioned at three different temperatures 

ranges (22˚C, 30˚C, & 37˚C) with the time interval of 20 hours on 

rotary shaker. 

 

Effect of different concentrations of metal on adsorption: In order 

to check the effect of different copper concentrations on 

adsorption three solutions 200, 400, & 600 ppm of selected 

solution i.e 1000ppm were conditioned on rotary shaker with the 

sample of A.niger (1 gm each) with the time interval of 20 hours. 
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Effect of initial metal ion concentration of metal on copper: The 

metal solutions of varying concentrations of 200, 600, 1000 and 

1400 were used to examine the effect of initial metal ion in solution 

on adsorption capacity of fungi with the time interval of 20 

minutes. 

The mechanism of metal uptake by fungal cells and the attachment 

of the metal ions on the cells surface may include physical 

adsorption (biosorption), ion-exchange, or chemisorption. The of 

heavy metals ion by inactive cell of fungi were analysed by the 

adsorption isotherms 

 

Langmiur models:- qe =  bQmCeq     (Langmiur isotherm)    

                               1+bCeq 

Where: qe= specific metal adsorbed (mg adsorbed /mg adsorbent), 

b = Langmuir isotherm constant (1/mg), Qm = Maximum metal 

adsorbed (mg adsorbed /mg adsorbent), Ceq = equilibrium 

concentration of adsorbate (mg/1)   

 

Results and Discussion 

At pH 4 of the medium, the metal uptake percentage of the Cu also 

decreased after a specific period of time. After the period of 20 

hours equilibrium maintained and metal uptake was 77%. At pH 6 

the biosorption of the metal increased. After the period of 20 hours 

the equilibrium maintained but the metal uptake was about 85%. 

The figure shows that by maintaining the process pH 6 for A. flavus 

the biosorption efficiency was increased from 80% to 85%. By 

further increasing the pH upto 9 biosorption also increased, and 

equilibrium maintained after the period of 40 hours. This shows 

that the biosorbent also adsorbed the metal in the basic conditions 

instead of acidic conditions. Biosorption was more at pH 9 as 

compared to 6 and uptake increased from 90 to 98% (Figure 1). 
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In recent years, research for heavy metals focused in new 

technologies rather than conventional methods which are 

expensive and inefficient [14, 15, 16]. In biosorption analysis, it has 

been commonly observed that pH value of metal solution can be 

strongly influenced by metal uptake intensity of biosorbents 

indicating that the process is governed by an ion-exchange method 

[17, 18]. At a low pH, the adsorption of the metal was    low and 

can be  

 

 

 
 

 Langmuir isotherm at pH 4. 
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Langmuir isotherm at pH 6 
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Figure 1. Effect of pH (4, 6, 9) on biosorption of Cu (mg/L) by A.flavus and 

Langmuir isotherms. 
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on the biomass. The increase in level of adsorption by biomass with 

increasing pH could be due to combined effects of less ionic 

competition, and decrease in solubility of Cu at higher pH values.  

Padmavathy et al. 2003 [19] used deactivated protonated yeast as 

biosorbents to adsorb Pb and found that the adsorption capacity 

was pH dependent. It was observed that adsorption was more in 

basic conditions. In the present study when the pH was adjusted (4) 

below from the original value (6), there w as a decrease in the 

adsorption capacity of the metal and when the pH was increased, 

then there was an increase in adsorption capacity of the metal. 

Several researchers have also investigated the effect of pH on 

biosorption of heavy metals by using different biomass and found 

similar results with the present study. Say et al. [20] investigated 

the biosorption of Pb and Cu ions by filamentous fungus 

Phanerochaete chrysosporium and studied the optimum pH for 

biosorption as 7.0. According to present investigation, there was 

better adsorption in basic condition as in acidic condition. Han et al. 

[21] found the optimum pH for Pb and Cd uptake as 6.0 for 

pretreated fungal 
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Langmuir isotherm (200ppm) 
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Langmuir isotherm (600ppm) 

 
Langmuir isotherm (1000ppm) 
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Langmuir isotherm (1400ppm) 

Figure 2.Effect of copper concentration (mg/L) on adsorption time using 

A.flavus and Langmuir isotherms. 

 

biomass. They used cereal chaff as a biosorbent for Pb and Cu 

adsorption and found that there was an increase in the Pb uptake 

when the pH of the medium  was increased and had a optimum 

value arranging from pH 5.0–6.0, but the maximum pH for Cu  and 

Pb uptake was  9.0. Kapoor and Viraraghavan, [22] and Kapoor et 

al., [23] performed experiments with raw and pretreated A.niger to 

determine the effectiveness of the biomass for removal of lead, 

cadmium, copper and nickel. They showed that the various 

functional groups in the cell wall of A.niger are responsible for 

biosorption. They also investigate biosorption of lead at different 

pH. Their results showed that adsorption was maximum in basic 

conditions and the pH was an important parameter affecting the 

biosorption of heavy metals.  
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By increasing initial copper concentration in solution decreases the 

adsorption period and reduces the equilibrium time. By using 

200ppm copper in solution takes 15 min to equilibrate and 37% of 

the copper is adsorbed and with 1400ppm in solution takes 5 min 

to equilibrate and 31% of the Cu adsorbed. This may be explained 

by the reason that by increasing the copper strength in solution, 

the free sites of the fungi are occupied by metal ions much faster 

than when the solution is dilute (Figure 2). 
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Langmuir isotherm (22˚C) 

 
Langmuir isotherm (30˚C) 
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Langmuir isotherm (37˚C) 

Figure3. Effect of temperature on biosorption of copper (mg/L) using 

A.flavus and Langmuir isotherms 

 

Figure  3 shows that by increasing the process temperature more 

than 22 ˚C, the percentage of copper removal is decreased. At 22˚C 

the copper uptake is about 40%. By increasing the process 

temperature further to 37˚C, the biosorbed copper percentage 

decreases to 11% under the same conditions. Dursun, [24] stated 

the effect of temperature on biosorption of Cu and Pb by beer 

yeast as a biosorbent. It was found that an effect of temperature 

on biosorption of copper and lead ions by beer yeast was different. 

Their results showed that when the temperature was raised from 

the experimental temperature range, the adsorptive quantity for 

lead was decreasing, so the process of lead is exothermic. In the 

present study when the temperature was increased (37 ◦C) from 

the original value (22 ◦C) similarly, there was a decrease in the 

adsorption of metal uptake. Increasing the medium temperature 

decreases the copper percentage removal although the reaction 
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rate increases and it is also possible that the temperature of 

medium increases, denaturation also increases. Sari et al., [25] 

studied the effect of temperature on the removal efficiency of the 

pollutant from aqueous solution and the biosorption of Pb and Cd 

ions as a function of the temperature was investigated. The 

biosorption percentage decreased from 97% to 88% for Pb and 

from 95% to 86% for Cd, when the temperature was increased 

from 20 to 50 °C for the equilibrium time of 20 hrs. These results 

indicated the exothermic nature of Pb and Cd by biosorption of 

A.rubescen biomass. A decrease in the biosorption of Pb and Cd 

ions with the rise in temperature may be due to increasing 

tendency to desorbs metal ions from the interface to the solution.  
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 Langmuir isotherm (200ppm) 
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Langmuir isotherm (600ppm) 

 

Langmuir isotherm (400ppm) 

Figure 4.Effect of initial concentration of copper on biosorption of 

A.flavus and Langmuir isotherms. 

Effect of different copper concentration 200, 400 and 600ppm on 

biosorption of A.flavus is shown in Figure 4. The temperature was 

maintained at about 30˚C.The batch was carried out for more than 

50 hr and sample was collected at every 20 hr of interval for copper 

estimation. The figure shows that by increasing the initial 

concentration of metal in solution the uptake of the metal 

decreases. At 200ppm the equilibrium maintains after the time 

period of 30 hr. and the metal uptake is 52%. At 400ppm 

equilibrium maintains after the time period of 20hr and metal 

uptake is about 48% and 600ppm equilibrate after the time period 

of 10hr and the metal uptake is about 36%. 

In the present study adsorption is also dependent on concentration 

factor. According to investigation there was a decrease in the 

adsorption period and also reduces the equilibrium time with an 
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increase in initial metal concentration of solution. Pakshirajan and 

Swaminathan, [26] studied the biosorption of Pb, Cu and Cd by 

 

 

Figure 5. Effect of shaker rotation on adsorption of copper by inactive 

A.flavus and Langmuir isotherm (metal adsorption) 



 

 465 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

 

 

Figure 6.Effect of time on adsorption of copper using inactive A. flavus 

Langmuir isotherm (adsorption period). 

Phanerochaete chrysosporium in tannery metal mixtures. Their 

results revealed that an increase in lead and cadmium 

concentration helped in their better adsorption by the fungus, but 

an increase in initial copper concentration slightly diminished its 

removal. In the present study maximum adsorption was observed 
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at the initial metal concentration of 200 ppm before the 

equilibrium maintains by keeping the time difference of 20 hrs and 

at 1400 ppm the adsorption was quite low before the equilibrium 

maintains. Volesky and Holan, [11] studied the biosorption of lead 

and chromium by using waste fungal biomass issued from 

fermentation industry and their results showed that adsorption 

was more at initial metal concentration. This may be explained by 

the reason that by increasing the copper strength in solution, the 

free sites of the fungi are occupied by metal ions much faster than 

when the solution is dilute. Selatnia et al.[27] reported that 

Streptomyces rimosus biomass treated with NaOH had potential as 

adsorbents to remove lead from solution. Kapoor and 

Viraraghavan, [28] reported that Aspergillus niger was capable of 

removing heavy metals such as lead, cadmium and copper from 

aqueous solutions. In another research, they suggested that 

carboxylate and amine groups are important in metal ion 

biosorption on A.niger biomass. Waste beer yeast, a by-product 

from brewing industry can be used as feeding stuff. Some 

researches have focused on utilization of the waste beer yeast to 

remove heavy metals from solution. Kapoor et al. (1999) found 8hr 

equilibrium biosorption time in their lead, cadmium, copper and 

nickel binding kinetics studies by using fungus. Tsezos and Volesky, 

[29] studied uranium biosorption by Rhizopus arrhizus and 

equilibrium was attained after 10 hr. An increase in metal sorption 

could be due to an increase in electrostatic interactions involving 

binding sites that had lower affinity for metal ions.  

Figure 5 shows the adsorption of copper solution of 1000 ppm 

using A.flavus at pH 6 and operating temperature of 30˚C using the 

orbital shaker at 150 rpm. The system reached at equilibrium 

within 20 min. Before the equilibrium the metal uptake is about 

84%.  
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Figure 6 shows that by increasing processing period approximately 

more than 20 min has no effect on the adsorption extent of the 

copper removal by A.flavus using copper concentration of 

1000ppm strength.  

In present study the adsorption of copper by A.flavus is reasonably 

fast and there was an effect of adsorption period on the metal 

uptake. It has been reported that biosorption needs a few min to 

reach 90% of the total metal adsorption. Fourest and Roux [30] 

reported that in 20 min more than 90% of zinc and nickel was 

adsorbed by R.arrhizus at pH 5-6 and 6.5-7, respectively. In present 

study more than 80% uptake of copper was achieved in 10 min. 

According to previous researches and the present study, it is 

estimated that this data is appropriate for environmental studies. 

The biosorption is an efficient process to remove contamination in 

environment. Ability of Aspergillus flavus to adsorb metal ions with 

excellent mechanical properties provides an opportunity to utilize 

such organisms for number of purposes for the remediation of 

waste from particular source. 
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Textile dyes are causing tremendous damages to aquatic 
ecosystems and warrants urgent consideration for the dye removal. 
Azo dyes widely used in textile industries are the major 
contributors of environmental pollution. Studies have revealed that 
azo dyes cause toxic, genotoxic, mutagenic and carcinogenic effects 
to aquatic organism as well as animals.  Physical and chemical 
methods can be used for removal of dyes from waste waters, but 
are expensive and create secondary pollution problems resulting 
from the accumulation and concentration of dyes Microbial 
systems are a comparatively cost effective and ecofriendly method. 
In present study, an innovative approach of use of agriculturally 
important non pathogenic Rhizobium sp. has been used for dye 
degradation studies. Of the various isolates screened TUR 2 showed 
the highest decolorization ability and was chosen for further 
studies. It was able to efficiently decolourize dye concentrations 
upto 150mg/l. Induction of oxidative and reductive enzymes, Lignin 
peroxidase and Azoreductase respectively indicated their role in 
dye degradation. Analytical studies using UV-VIS Spectroscopy, 
HPLC and FTIR confirmed the biodegradation of DB71. A possible 
pathway for the biodegradtion of DB71 has been proposed on the 
basis of the metabolites obtained in GC-MS analysis. Phytotoxicity 
studies showed that the biodegraded products were non toxic. 
Hence this Rhizobium isolate can be exploited for its 
bioremediation ability of toxic textile dyes. 
Keywords : biodegradation, textile dyes, soil bacteria, Rhizobium 
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1. INTRODUCTION 
Today the increasing urbanization and industrialization has bought 

along with it increasing pollution problems. One such industry 

which has expanded its roots is the dyeing industry. Though they 

have contributed to the economy worldwide they are also one of 

the major generators of waste. During processing, large amount of 

dyes are directly lost into the waste water depending on the dye 

application class[1]. Most of these dyes are harmful to the 

environment. Azo dyes are one major class of dyes which are 

aromatic compounds with one or more (-N=N-) groups and 

represent about 70% of the overall synthetic dyes produced. 

Studied have shown the toxic and carcinogenic nature of azo dyes. 

[2,3] So, removal of these hazardous materials in one of the major 

concerns faced. Though many physical and chemical methods can 

be used for removal of dyes from waste waters they have their 

limitations of expense and generation of secondary waste[4,5,6].. 

Hence use of biological methods i.e bioremediation is the prime 

focus today.  

Bioremediation intends to use living systems for pollution 

treatment. Of all the living systems microorganism are the most 

preferred and widely used ones due to their cost efficiency and 

ease of use. There have been many reports of microbial dye 

degradation which have used bacteria fungi and algae as well for 

dye degradation studies[7].. But features of fast growth and easy 

adaptability have taken bacteria to the forefront. 

In the present study bacterium of the genera Rhizobium 

will be used for the study of biodegradation of a most commonly 

used triazo dye Direct Blue 71. Rhizobium is a well known 

biofertilizer widely used in agriculture. These organisms have public 

acceptance for use in field to increase soil fertility. If such organism 

could degrade dyes, then they could also a play role as 

bioremediators too. 
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2. METHODS 
1. Isolation of Rhizobium: Rhizobium was isolated from root 

nodules of Sesbania sesban. 

2. Screening for the most efficient strain:  All the isolates obtained 

were screened for their ability to decolorize DB71(30mgL
-1

) 

3. Efficiency of Dye Decolorization under Static and Shaking 

conditions: The dye decolorizing ability of selected isolate was 

compared under static and shaker conditions (30mgL
-1

) 

4. Decolourization Study at different concentrations: The selected 

strain wastested for its ability to decolorize DB71 at concentrations 

from 30 mgL
-1 

to 150 mgL
-1 

7. Enzymatic Analysis: Some enzymes are found to be involved in 

biodegradation of dye , enzyme assays could tell the role of 

enzymes in dye degradation. 

6. Confirmation of Biodegradation: In order to confirm that the 

decolourization was due to biodegradation of  DB71 UV Vis spectral 

analysis, HPLC, FTIR analysis were done. GC- MS analysis was done 

to identify the metabolites formed during biodegradation. 

7. Phytotoxicity studies: To analyse the non toxic nature of the 

metabolites formed after biodegradation of DB71 phytotoxicity 

studies were done using Phaseolus mungo L. and Triticum aestivum 

L. 

3. RESULTS AND DISCUSSION  
Around 12 bacterial isolates were obtained from nodules 

of Sesbania sesban. All the strains were found to be effective in 

decolourization of the dye with an average of < 75% dye 

decolourization. However TUR2 was found to be the most efficient 

showing 95% decolourization in 168 h and was used for further dye 

degradation studies. Though there have been many reports of 

bacterial dye degradation, this  is the first report of the use of 

nonpathogenic, nitrogen fixing soil bacteria Rhizobium for dye 

degradation . 
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Decolourization studies under static and shaker conditions 

showed that around 95% decolourization was obtained under 

static, which is more efficient in comparison to 10% decolourization 

under shaker. Decolourization of of azo dyes depends on the 

reduction od azo bonds which is inhibited in presence of oxygen[8]. 

This could probably be the reason for such high decolorization 

under static as compared to shaker conditions. The inhibitory 

effects of the dyes are seen at higher concentrations with a 

decrease in rate of decolorization with increasing concentration of 

DB71. Decolourization studies using different concentrations 

showed that the isolated could decolorize 150 mg L 
-1

 with an 

efficiency of  88% . 

Various intracellular and extracellular enzymes were also 

assayed. Two enzymes Viz lignin peroxidase and azoreductase 

showed around 2.5 fold and 3 fold induction in their activities 

respectively. This suggests that probably these enzymes might play 

a role in biodegradation of the dye. Studies have shown 

azoreductase and lignin peroxidase as one of the major enzymes in 

dye degradation[9,10] 

In order to prove biodegradation of the dye, various 

analytical studies like UV - Vis  spectrum, HPLC, FTIR, GC-MS were 

also done. 

UV - Vis spectral analysis of the supernatant at different 

time intervals showed a decrease in peak at 585nm and complete 

disappearance of peak after 120 h.The HPLC chromatogram of the 

DB71 gave a single peak, whereas the degradation products 

extracted after 120 h gave two major peaks and one minor peak. 

The FTIR spectrum showed the absence of  bands located 

within the range 1610 – 1630 cm
-1

 which were due to azo linkages -

N=N- on aromatic structures. The decrease in peak in UV Vis 

spectrum, the loss of the single peak and production of multiple 

peaks in HPLC and the absence of azo linkage bands in FTIR 
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confirmed the biodegradation of DB71 using Rhizobium sp. 

TUR2.GC-MS analysis showed the presence of two metabolites viz 

Sodium 3, 7 – diaminonaphthalene-2-sulfonate and naphthalene - 2 

- sulfonic acid. Further with the help of this a possible 

biodegradation pathway was also proposed. 

Phytotoxicity study was done to access the toxicity of 

DB71 and its degraded meatbolites.  revealed that DB71 treated 

plants had significantly reduced plumule and radical length thus 

proving to be toxic to both the plants tested The metabolite 

treated plants did not show any significant change in plumule and 

radical length and were found to be non toxic 

 

4. CONCLUSION 
The results indicate that Rhizobium have the potential to degrade 

Textile dye DB71. This work could lay a foundation stone for more 

intensive work especially on the enzymes and genes involved in dye 

degradation. This organism can also be tested for its ability to 

degrade other dyes.  Pilot scale studies are needed to extend its 

application industrially. 

 

REFERENCES 
[1] R.Ganesh , G.D.Boardman , D.Michelsen,Water Res 28 (1994) 1367 
[2] N.Puvaneswari , J.Muthukrishnan , and P.Gunasekaran , Indian J Exp Biol 

44(2006) 618. 
[3] S.Sharma , P. Singh, R. Swami , K.Sharma , Bull Environ Contam Toxicol 83(2009) 

29 
[4] S.H.Lin, C.F.Peng, Water Res 28(1994)277. 
[5] S.H.Lin, C.F.Peng, Water Res 30(1996) 587. 
[6] T.Robinson , G.McMullan , R.Marchant , P.Nigam. Bioresour Technol 

77(2001)247 
[7] P. Verma, D.Madamwar, J Microbiol Biotechnol 19(2003) 615. 
[8] J.S.Chang , Y.C.Lin, Biotechnol Lett  23(2001)631 
[9]  E.Franciscon, A. Zille, F.F.Garboggini, I.S. Silva, A.C.Paulo , L.R.Durrant, Process 

Biochem. 55(2009) 446. 
[10] P.J. Collins, J.A.Field, P.Teunissen, A.D.W.Dobson, Appl. Environ. Microbiol 

63(1997) 2543. 



 

 474 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

O 49 

Degradation of Asphalt by Newly Isolated 
Pestalotiopsis sp. in Artificially Contaminated 

Environments 
 

Dede Heri Yuli Yanto
1,2

 Sanro Tachibana
3
, Kazutaka Itoh

3
,  

 
1The United Graduate School of Agricultural Sciences, Ehime University, 3-5-7 

Tarumi, Matsuyama, Ehime 790-8566, Japan; 2Research and Development Unit for 
Biomaterials, Indonesian Institute of Sciences (LIPI), Jl. Raya Bogor, Km. 46, Cibinong, 
Bogor 16911, Indonesia; 3Department of Applied Bioscience, Faculty of Agriculture, 

Ehime University, 3-5-7 Tarumi, Matsuyama, Ehime  
790-8566, Japan; 

dede_heriyuliyanto@yahoo.com 

 
A new asphalt-degrading fungus was isolated and identified as an 
endophytic fungus, Pestalotiopsis sp. NG007 based on DNA 
sequence analysis and morphological characteristics. The strain 
grew the most actively on asphalt-contaminated Petri-dish agar 
media and was capable of degrading asphalt in an artificially 
contaminated liquid medium (LM) at pH 4.5, a saline condition 
liquid medium (SLM) at pH 8.2, and soil. Degradation yield of 
asphalt under SLM (78.5%) was higher than that of LM (43.4%) 
which is due to the higher degradation of aliphatic and aromatic 
fractions under SLM. In artificially contaminated soil, application of 
a pre-grown strain in wood meal or liquid culture degraded 56.6 or 
52.0% asphalt for 30 days, respectively. Initial concentration of 
asphalt affected the degradation yield by strain. That is, the higher 
the concentration, the lower the degradation yield.  Although both 
dioxygenases and ligninolytic enzymes were detected during  
biodegradation, 1,2-dioxygenase might play an important role in  
initiating degradation. The results suggest that Pestalotiopsis sp. 
may have a high potential for bioremediation of asphalt and 
petroleum  hydrocarbon contaminated environments. 
 
Keywords: degradation, asphalt, Pestalotiopsis sp., artificial, 
contaminated, environments 
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1. Introduction 
Environmental contamination caused by recalcitrant 

aromatic compounds such as polycyclic aromatic hydrocarbon 
(PAH) and other constituents (aliphatic, phenolics, oxidation 
products from nitrogen and sulfur, and asphaltane) of crude oil and 
asphalt has became a serious problem of human being health and 
environment. These chemicals often introduced into the 
environment through contamination by crude oil spilled to soil, 
sediment and marine environment. The evidences for diffuse 
contamination of river sediments by road asphalt particles were 
also reported [1]. Some PAHs undergo the aqueous leaching 
process from asphalt road in concentration above 0.1 ng/l, 
especially for the PAHs with 4 rings or less [2]. In addition, 
deterioration of asphalt pavement as an anthropogenic factor, 
contributed to the entry of some hazardous materials such as 
aliphatic hydrocarbons and PAHs into the environment [3]. These 
incidents have been considered as a principal cause of the high 
asphalt or crude oil contamination in the environments.  

Biodegradation plays an important role to reduce the 
effect of these recalcitrant compounds. However, the fate of these 
compounds under normal conditions is very slow, thus it is 
necessary to find best technique to enhance the degradation. 
Bioremediation of asphalt by using fungi screened from nature 
highly expected to be a better approach to become the best 
alternative for reducing or degrading the toxic compounds in 
asphalt-contaminated site in comparison with other remediation 
technique. This type bioremediation, based on the biological 
mineralization of organic contaminants, is also a promising 
technology for the simultaneous removal of many organic 
compounds from contaminated systems. The advantages use of 
fungi specifically white-rot fungi over the use of indigenous 
bacteria living in PAH-contaminated soil is that the extracellular 
enzymes directly attack the PAH, whereas PAH-degrading bacteria 
have only intracellular enzymes. Furthermore, fungi are able to 
degrade high molecular weight PAH (4 and more rings), whereas 
most bacterial PAH degradation is limited to low molecular weight 
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PAH. Bioremediation of contaminated soil by fungi is also 
comparable better than the chemical/physical remediation 
technique because fungi bioremediation technique applicable to be 
used for degradation pollutants dealing with widespread pollution 
involving low concentrated pollutants (in situ and ex situ soil 
treatment), whereas chemical and physical remediation technique 
is not well recognized for this goal. Moreover, chemical and 
physical remediation technique can only apply in small area which 
concentrated pollutants. The expensive cost needed provided for 
the disadvantage of this technique which is the contaminated soil 
must be sent to institutions capable of treating pollutants.   
  Although the content of crude oil and asphalt little bit the 
same (they contain aliphatics, aromatics, resin and asphaltene), the 
exact composition of these materials is different. The different 
composition influenced what type of fungus can attack the 
compound. Therefore, although many microorganisms, particularly 
fungus have already been reported as crude oil degrader, the effort 
to find potential fungus in biodegradation of asphalt is important to 
be conducted. In this study, new evidence for Pestalotiopsis sp. 
NG007 as a bioremediation agent of asphalt in artificially 
contaminated environment is described.  
 
2. Methods 
 Asphalt was obtained from Taiyo Petroleum Co. Ltd 
(Japan). The asphalt sample consists of aliphatic (31.8%), aromatic 
(44.2%), asphaltene (14.1%) and NSO fraction (9.9%). Agar, malt 
extract, glucose, silica gel C-200, polypeptone, hexadecane (C16H34) 
and others solvents was purchased from Wako. Co. Ltd (Japan). 
Artificial sea water powder was obtained from Delphis (Japan). 

Isolation of asphalt-degrading fungus.Seventy-two fungi 
isolated from mushrooms and rotted wood were collected from 
several places in Ehime Prefecture, Japan. These fungi were tested 
based on their growth capability on asphalt contained malt extract 
agar medium at pH 4.5 (MEA) and asphalt contained malt extract 
agar under saline condition at pH 8.2 (SMEA). MEA was composed 
(in g/L distillated water): malt extract (20), glucose (20), 
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polypeptone (1), agar (20) and chloramphenicol (3). The pH of 
medium was adjusted to 4.5 and autoclaved at 121

o
C for 20 min for 

sterilization.  After sterilization, the liquid medium was poured into 
sterile Petri-dish and allowed to cool. The amount of 20, 300 and 
600 mg asphalt dissolved in dichloromethane (DCM) to 1, 2 and 2 
ml, respectively was added to top layer of the medium to final 
concentration of asphalt 1000, 15000 and 30000 mg/L. After DCM 
evaporated, a slice of each collected fungus was placed on the top 
layer of asphalt and incubated in the dark condition at 25

o
C. The 

growth of the fungus was observed every day for 7 days. The 
mycelia growth rate was calculated by divided the mycelia growth 
(cm) per day. SMEA was prepared by the same composition above 
with addition of artificial sea water powder (35 ppt) and by 
adjusted the pH to 8.2. The best growing fungi were maintained on 
malt extract agar medium (20 g/L malt extract, 20 g/L glucose, 1 g/L 
polypeptone, and 20 g/Lagar) in a disposable plastic Petri-disk at 
4

o
C prior to use. 

Comparison of asphalt biodegradation in liquid medium at 
pH 4.5 and saline condition liquid medium at pH 8.2. The best five 
strains (NG007, D413, D17, IG03 and IG05), selected based on their 
growth ability on asphalt contained Petri-dish agar medium were 
further investigated on their capability to degrade asphalt in malt 
extract liquid medium at pH 4.5 (LM) or under saline condition at 
pH 8.2 (SLM). LM was prepared in Erlenmeyer-flask containing 20 
mL of liquid medium consists of (in g/L distillated water): malt 
extract (20), glucose (20), and polypeptone (1). The pH of the 
medium was adjusted to 4.5. SLM was prepared by the same 
composition described above with addition of artificial sea water 
powder (35 ppt) and adjusted the pH to 8.2. LM or SLM was 
autoclaved at 121

o
C for 20 min for sterilization. After sterilization 

and allow to cool, three 5-mm disks of each strains, obtained by 
punching out with a cork-borer from the maintained agar medium 
were inoculated into the flask and were pre-cultured in the dark 
condition at 25

o
C for 7 days. After pre-cultured for 7 days, 20 mg of 

asphalt dissolved in dichloromethane (1 mL) was subjected to the 
flask culture to final concentration of 1000 mg/L. The cultures were 



 

 478 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

incubated in the dark condition at 25
o
C for 15 and 30 days. By using 

parallel experiment, the enzyme activities involved during asphalt 
biodegradation were determined. After the fixed time, the cultured 
was harvested, centrifuged at 5000 rpm for 10 min, and filtered. 
Supernatant was used for determination of enzyme activities. 

Asphalt biodegradation in soil by strain NG007. -
Experiment was conducted by using two types of pre-grown 
condition: liquid culture (LC) or wood meal (WM). Strain NG007 
was pre-grown in Erlenmeyer-flask containing 20 mL of liquid 
medium composed of (in g/L distillated water): malt extract (20), 
glucose (20), and polypeptone (1). The pH of the medium was 
adjusted to 4.5. Liquid medium was autoclaved at 121

o
C for 20 min 

for sterilization. After sterilization and allow to cool, three 5-mm 
disks of each strains obtained by punching out with a cork-borer 
from the maintained-agar medium were inoculated into a flask 
containing 20 mL of liquid medium. The strains were pre-grown in 
the dark condition at 25

o
C for 7 days. Experiment was conducted in 

artificially contaminated soil and performed in autoclave-able 
plastic box containing soil (30 g) plus growth nutrients for fungi: 
glucose (3 g), shitake nutrient (4.5), and distillated water (10 mL). 
Soil mixture was autoclaved at 121

o
C for 3 h. The reason is to make 

sure that none of nature microflora remained in the soil. After 
autoclaved and allowed to cool, 30 or 450 mg of asphalt dissolved 
in dichloromethane to 1 or 5 mL to final concentration of 1000 and 
15000 mg/kg soil, respectively was transferred to the soil medium 
and allowed the solvent to evaporate for 3 h. The pre-grown 
NG007 in LC prepared before was sterilely transferred (conducted 
in clean bench) into homogenizer apparatus. Strain was 
homogenized at 5000 rpm for 10 min. Three milliliter of the strain 
was subjected to the artificial asphalt contaminated soil and 
incubated in the dark condition at 25

o
C for 15 and 30 days. 

Separately, NG007 was pre-grown in WM composed of wood meal 
(100 g), glucose (10 g), shitake nutrient (15 g), and distillated water 
(60% w/w) for 1 month. Three g of pre-grown strain was sterilely 
transferred to the artificial asphalt contaminated soil and incubated 
in the dark condition at 25

o
C for 15 and 30 days. By using parallel 
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experiment, enzyme activities involved during asphalt 
biodegradation by fungal consortium were determined. After 15 
and 30 days, 5 gram of treated soil were harvested and 
homogenized at 5000 rpm for 10 min using 30 mL of distillated 
water. After filtration, filtrate was used for determination of 
enzyme activities. 

Chemical analysis of asphalt degradation. Degradation of 
asphalt (aliphatic, aromatic, NSO and asphaltene fractions) was 
analyzed by the modified method of Mishra et al. [4]. Remained 
asphalt was extracted by n-hexane, dichloromethane and 
chloroform with volume 100 mL of each solvent. The remained 
asphalt was analyzed using gravimetric method. The n-hexane was 
used to separate asphaltene from asphalt. The remained asphalt 
was diluted with a 100-fold excess of hexane. The precipitate was 
filtered off, placed in a Whatman filter paper, and washed with 
hexane to separate hydrocarbons and resins. The n-hexane 
insoluble fraction which is remained in filter paper consists of 
asphaltenes. The asphaltenes were washed out from the filter 
paper with dichloromethane. The weight of asphaltene was 
analyzed by gravimetric method. The n-hexane soluble fraction was 
further separated to obtain aliphatic, aromatic and NSO fractions 
by purification on a silica gel (C-200) column chromatography 
eluted with 100 mLn-hexane, 100 mL toluene and 200 mL of 
chloroform : methanol (1:1 (v/v)). The aliphatic and aromatic 
fractions were analyzed by gas chromatography (GC-FID Shimadzu 
2014), with a TC-5 capillary column (length: 30 m, i.d: 0.24 mm). 
The carrier gas was Helium delivered at a constant flow rate of 1.5 
mL/min with a column pressure of 100 kPa and interface 
temperature of 280

o
C. The temperature program was started at 

60
o
C, increased at 10

o
C/min to 280

o
C and maintained at 280

o
C for 

10 min. The injection volume was 2 μL and the injector 
temperature was maintained at 280

o
C. Aliphatic and aromatic 

compounds were analyzed using the Kovats retention index system 
[5] and reconfirmed by GCMS Shimadzu using NIST library analysis. 

Enzyme activities assay. After incubated for 15 and 30 
days, the enzyme activities were assayed by UV-Vis 
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spectrophotometer Shimadzu UV-1600. Catechol 1,2-Dioxygenase 
(C12O) activity was assayed by the method described by Nakazawa 
and Atsushi [6]. Catechol 2,3-Dioxygenase (C23O) activity was 
assayed by the method described by M. Nozaki [7]. Laccase activity 
was measured according to Leonowicz and Grzywnowics [8]. 
Manganese peroxidase (MnP) was determined as described by 
Wariishi et al [9]. Lignin peroxidase (LiP) was determined by 
oxidation of veratryl alcohol to veratryl aldehyde at 375 nm (ɛ375nm 
= 44000 M

-1
 cm

-1
).  

Identification of strain NG007. The best asphalt-degrading 
fungus, strain NG007 was identified by molecular DNA analysis. 
Genomic DNA was extracted from culture as described by Da Silva, 
et al [10]. The 28S rDNA D1/D2 were amplified with primers NL-1m 
(5’-GCA TAT CAA TAA GCG GAG GAA AAG-3’) and NL-4m (5’-GGT 
CCG TGT TTC AAG ACG-3’) [11]. Sequences were compared with 
ITS-rRNA sequence data from the public GenBank 
(http://www.ncbi.nem.nih.gov), DDBJ and EMBL. The identification 
of strain NG007 was conducted by Techno Suruga Laboratory Co., 
Ltd., Shizuoka, Japan. 
 
3. Results and Discussion 

Screening and isolation asphalt degrading fungi. Out of 
seventy-two collected fungi from different place at Ehime 
Prefecture-Japan, ten fungi were detected grew well on asphalt 
containing malt extract agar at pH 4.5 (MEA) and saline condition 
(35 ppt) malt extract agar at pH 8.2 (SMEA) which named as 
NG007, D413, D17, D23, D36, D07, D24, D412, IG03 and IG05. In 
MEA containing asphalt, the fungi differed significantly in the mean 
mycelia growth (mean of three condition 0, 1000 and 15000 ppm of 
asphalt for the first 5 days growth) in the order NG007 > D413 > 
D17 > D23 > IG03 > IG05 > D36 > D07 > D24 > D412 (Table 1). The 
fastest growing fungi, NG007 had a mean mycelia growth of 1.45 
cm/day whilst that of slowest growing fungi, D412 was 0.24 
cm/day. Increasing concentration of asphalt from 0, 1000 to 15000 
mg/L had a marked influence on mycelia growth rate of the fungi. 
For the pooled mean of the ten fungi, mycelia growth rate was 
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decreased with increasing of asphalt concentration. The decrease 
in the pooled mean growth rate was slight at concentration of 1000 
mg/L, but it was substantial (1.7 fold) at 15000 mg/L. 

In SMEA containing asphalt, the fungi differed significantly 
in the mean mycelia growth in the order NG007 > IG03 > D413 > 
D17 > IG05 > D23 > D24 > D36 > D07 > D412 (Table 1). The fastest 
growing fungi, NG007 fungus had a mean mycelia growth of 1.22 
cm/day whilst that of slowest growing fungi D412 was 0.01 cm/day. 
The mycelia growth rates of all tested fungi were highly influenced 
by the salinity. The mycelia growth rates in SMEA were generally 
lower than in MEA at pH 4.5 (the exception for IG03 and IG05). 
Based on the growth ability, the best five fungi (NG007, IG03, D413, 
D17 and IG05) were selected for further investigation on asphalt 
biodegradation in liquid medium at pH 4.5 or saline condition at pH 
8.2  
 
 
Table 1. Mycelia growth rate of several fungi in asphalt contained 

MEA at pH 4.5 or MEA under saline condition at pH 8.2 
 

Strains 

Mycelia growth rate (cm/day) Mean 
myceliagrowth 
rate(cm/day) 

No asphalt 1000 mg/L 15000 
mg/L 

NG007 
D413 
D17 
D23 
IG03 
IG05 
D36 
D07 
D24 
D412 
Mean 

1.59(1.56) 
1.40(1.29) 
1.38(1.19) 
0.88(1.02) 
1.22(1.48) 
0.99(1.41) 
0.71(0.09) 
0.63(0.05) 
0.41(0.46) 
0.31(0.04) 
0.95(0.83) 

1.50(1.38) 
1.41(1.13) 
1.39 (1.02) 
0.91 (0.82) 
0.84 (1.24) 
0.74(0.96) 
0.63(0.04) 
0.41(0) 
0.34(0.34) 
0.21(0) 
0.84(0.67) 

1.25(0.73) 
1.13(0.52) 
0.84 (0.68) 
0.62(0.45) 
0.11(0.66) 
0.39(0.49) 
0.49(0) 
0.25(0) 
0.23(0) 
0.19(0) 
0.55(0.35) 

1.45(1.22) 
1.31(0.98) 
1.20(0.96) 
0.80(0.76) 
0.72(1.33) 
0.71 (0.95) 
0.61(0.04) 
0.43(0.02) 
0.33(0.27) 
0.24(0.01) 
0.78(0.68) 
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Comparison of asphalt biodegradation in liquid medium at 

pH 4.5 (LM) and saline condition liquid medium at pH 8.2 (SLM). 
When fungi were incubated in LM and SLM containing asphalt with 
concentration of 1000 mg/L, all five fungi degraded all fractions 
during incubation.Biodegradation rate differed significantly in LM 
and SLM. Results showed that biodegradation rates of asphalt in 
SLM were higher than in LM for all fungi (Fig.1). The highest 
biodegradation yield was discovered by strain NG007 in SLM 
medium of 74.7 + 4.4 and 78.5 + 6.2% for 15 and 30 days, 
respectively. The high biodegradation of asphalt in SLM caused by 
the high biodegradation of aliphatic and aromatic fractions 
compared than that of in LM, while biodegradation of asphaltene 
and NSO fractions was not significantly different in both medium. 
In addition, for 30 days incubation, a large biodegradation in LM 
only occurred for aliphatic and aromatic fractions, whilst of 
asphaltene and NSO fractions was slightly biodegraded. The 
difficulty of biodegradation of asphaltene and NSO fractions might 
be due to the complexity of their chemical structures. GC 
chromatogram of aliphatic and aromatic degradation by strain 
NG007 was shown in Fig.2 and 3. 
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Figure 1. Degradation of asphalt by best five fungi in liquid 

medium at pH 4.5 (   ) and saline condition atpH 8.2 (---) 
(a) Pestalotiopsis sp. NG007 (filled circle), D17 (open 
square), D413 (cross), IG03 (open triangle), IG05 (open 
diamond). Degradation of asphalt fractions for 15 (b) and 
30 d (c) in liquid medium at pH 4.5 (open bar), and saline 
condition at pH 8.2 (filled bar) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

(a) 0 d (b) 0 d 

(b) 15 d (a) 15 d 

(a) 30 d (b) 30 d 
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Figure2. Chromatogram of aliphatic fraction determined by GC-

FID Shimadzu 2014 after is treated by strain NG007 in (a) 
liquid medium at pH 4.5 (LM) and (b) saline condition 
liquid medium at pH 8.2 (SLM). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Chromatogram of aromatic fraction determined by GC-

FID Shimadzu 2014 after is treated by strain NG007 in 
(a) liquid medium at pH 4.5 (LM) and (b) saline 
condition liquid medium at pH8.2 (SLM). 

 
In order to further understand what kind of enzymes 

responsible in biodegradation of asphalt by the strains, the enzyme 
activities of each fungus were assayed during biodegradation. 
Results showed that, although ligninolytic enzymes such as laccase 
(Lac), manganese peroxidase (MnP), and lignin peroxidase (LiP) 
were detected during biodegradation, their activities were very low 
compared with non-ligninolytic enzyme such as catechol 1,2-
dioxygenase (C12O). In addition, when the fungi incubated under 
SLM, C12O activity were higher compare than that of in LM (Fig.4). 

(a) 0 d 

(a) 30 d 

(b) 15 d 

(b) 30 d 

(b) 0 d 

(a) 15 d 
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It is evidence that the increasing of biodegradation of asphalt in 
SLM was seemly proportional with the increasing of C12O activity. 

 
 
  
 
 
  
 
 
 
  
 
Figure 4.Profile of cathecol 1,2-dioxygenase activities produced by 

fungi screened from nature in ME at pH 4.5 or saline 
condition at pH 8.2. (a. NG007, b. IG05, c. IG03, d. D17 
and e. D413), spectra were compared with 1) blank 
(catechol) and 2) measuredat five minutes after reaction 
with supernatant enzymes.  

 
Biodegradation of asphalt in soil by strain NG007.The  

strain NG007 then selected for further investigation on 
biodegradation of asphalt in artificially asphalt contaminated soil. 
Fig. 5 shows that biodegradation of asphalt by strain NG007 pre-
grown in wood meal (WM) was not significantly different with 
using liquid culture (LC), but generally higher than that of in LM. 
The higher biodegradation of asphalt in soil (WM or LC) may caused 
by the composition of nutrients, soil condition such as pH, and 
water content. In this research, shitake (15% w/w of soil) and 
glucose (10% w/w of soil) were used as nutrients with water 
content was maintained at 30%. In addition, soil pH during 
biodegradation was 5.6-5.7. 
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Figure 5. Degradation of asphalt in artificially 

contaminated soil by Pestalotiopsis sp. 

NG007 pre-grown in (a) liquid culture 

and (b) wood meal. Control (open circle), 

asphalt 1000 mg/kg soil (filled circle), and 

15000 mg/kg soil (open diamond). 

Incubation time (d) 

 

Identification of strain NG007. According to the molecular DNA 
analysis and morphological characteristic, NG007 fungus was 
similar (100%) with Pestalotiopsis sp.Strain NG007 rapidly grows on 
PDA medium with the white to gray-brown color, and wool-like 
colony formation in the bottom of the plates. After 1 week of the 
growth, the formation of black conidia on the plate was observed. 
The observation under microscope from the place of the black 
conidia formed on agar medium showed that conidial layer was 
formed in parallel position of the stratified conidiophores. The 
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simplest of conidia appear 3 yellowish-brown cells in the central of 
conidia with 2 colorless cells at both ends. In addition, the forming 
a single thread attached from the base was observed in the 
formation of a conidia. The conidia of Pestalotiopsis species are 
usually fusiform, 5 celled, with three brown to fuliginous median 
cells and hyaline end cells, and with two or more apical appendages 
arising from the apical cell [12]. 
 
4. Conclusion  
  
 Pestalotiopsis sp. NG007 grew the most actively on 
asphalt-contaminated Petri-dish agar media and was capable of 
degrading asphalt in an artificially contaminated liquid medium 
(LM) at pH 4.5, a saline condition liquid medium (SLM) at pH 8.2, 
and soil. The results suggest that Pestalotiopsis sp. NG007 may 
have a high potential for bioremediation of asphalt and petroleum 
hydrocarbon contaminated environments. 
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Oil trapped in rock pores an oil well can be produced by,  lowering 
the oil-water surface tension. One way to lower the surface  
tension of oil-water is the process of Microbial Enhanced Oil 
Recovery  to produce bio-surfactant. This study aims to determine 
the formation of  bio-surfactant in several wells (P-02 and P-03) by 
observing changes in  the surface tension of oil-water. Inoculation 
in both wells were made  in anaerobic conditions. Population of 
microbes, nutrients and pH and  its influence on the surface tension 
changes were observed in the period  0-72 hours. Decline in the oil-
water surface tension was observed for wells P-02 at 72 that was 
equal to 23.7%. As for the P-03 wells at 24 it was equal to 39.5%. 
Observations indicate the formation of salts of organic acids and  
inorganic electronics afterward for both wells, rendering increase in  
the surface tension. Because of differences in the characteristics of  
the two wells, there was no obvious relationship between various  
parameters that were observed. The acidity of the two wells was 
sufficient to support microbial activity in the range pH 6.7 to 7.8 
scale. Nutritional changes did not show any significant changes in 
surface tension. P-02 wells microbes consumed more sulfate and 
phosphate. While the P-03 wells, microbes consumed more 
nitrogen  
 
Keywords: oil-water surface, tension change, microbial, oil recovery 
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1. Introduction 
Petroleum is a strategic commodity that has been playing an 

important role in the economy of Indonesia. It is still the main 

energy source for transport and industrial activites. The 

conventional technology in oil mining still leave significant amount 

of residual oil in the well which has very high economic value. 

Besides, there has been also concerns on abandon oil wells in 

Indonesia, which number reach 7000 wells. Abandoned oil wells 

are wells that remove more water than oil formation. The oil is 

trapped in rock pores due to high oil-water surface tension.  

Oil-water surface tension can be decreased by using 

surfactant.Biological process can produce biosurfactant that may 

reduce oil-water surface tension (biosurfactant), lower viscosity 

(biosolven, biogas, biodegradation), scrape the rock pores that 

contain oil (bioacid).  

Biosurfactants reduce surface tension and interfacial tension in 

both aqueous and hydrocarbon mixtures. Low toxicity, high 

biodegradability and ecological acceptability are among the main 

characteristics of these surface active materials {1-4]. These 

favorable features make-biosurfactants potential alternatives of 

chemically synthesized surfactants in a variety of applications [2].  

The purpose of this study was to observe changes in the oil-water 

interfacial tension at the Well P-02 and P-03 in Java, to know the 

influence of microbial activity by observing the population, 

nutrients, and pH of the oil-water interfacial tension, and observed 

the possibility of formation of biosurfactant at Wells P -02 and P-

03. 
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2. Method 
Formation water and oil were obtained from wells in Sumatra (P-02 

and P-03). Medium M-4 was prepared which contain no carbon 

source. Together with molasses, the mixtures then were 

innoculated with a bactetrial consortium and incubated for 3 days. 

Activity tests were done by calculating the population (Plate 

Count), and by measuring the nutrient concentration. Nitrogen was 

determined with Kjeldhal. Phosphate and sulphate content were 

determined by spectrophotometer (Baush and Lomb Spectronic 

type 20) at λ 650 nm and 420 nm, respectively. Sulfuric acid 

solution of bismuth, ammonium molybdate and naphthol sulfonic 

acids in the sample was used prior to Phosphate measurement. For 

sulphate, soliution of 24% NaCl, glycerin, and crystal BaCl2.2H2O 

were added. Kruss processor tensiometer K12 type was used for 

surface tension analysis. For biosurfactant analysis, FTIR methode 

was used. The solution was previously centrifuged at 3000 rpm, 

and 20 minutes. Then HCl 10 N was added until pH 2 and stored at 

40 
o
C overnight. The precipitate was dried at 450 

o
C, and was 

extracted with chloroform-methanol solution (2:1 v / v) for 8 hours, 

after which it was extracted with methanol for 10 hours. Solution 

was then centrifuged for 10 minutes at 13000rpm. It was then 

filtered with 0.22 μm Millipore membrane before FTIR analysis. 

 

3. Results and Discussion 
Nutrient concentration relates to populatioon as tehe former is 

needed for microbial growth and activities. We used molasses from 

a sugar industry in Java, which contained sucrose, glucose, fructose, 

and phospholipid in small amount. 
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a. Nitrogen, Phosphate and Sulphur concentrations 
Nitrogen content in culture of well P-02 and  P-03 decreased (Tabel 

1) followed by the increase in population (not shown). At 72th hour 

the experiments were stopped as no more population growth were 

observed for both well cultures. The probable reasons behind this 

population pause was due to the formation of ammonia after 3 

days and depleation of oxygen. For both cultures, phosphate and 

sulphate reduction was also followed by population reduction. 

However, microbes from well P-02 consumed more phosphate and 

sulphate for its activiteies while the ones from P-03 

 

Table 1. Nitrogen content  

Ho
ur 

 Well P-02
  

Well P-03 

 [N] 
(mg/
ml) 

N 
reduc
tion 
(%) 

Popula
tion 
(10

3
 

cells/
ml) 

[N] 
(mg/
ml) 

N 
reduc
tion 
(%) 

Popula
tion 
(10

3
 

cells/
ml) 

0 1.62 - 27,5 0.35 - 68,8 

24 0.99 38.89 10 n.d. - 20,3 

48 0.59 63.58 30 0.30 14.29 16,5 

72 0.69 57.41 20 0.31 11.43 0,2 
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Figure 1. (a) Phosphat and (b) Sulphate (c) pH curves at P-02 and P-03 well 

cultures. 

 

During experiments, ph showed base profile. However, slight 

reduction in pH was shown probably as biosurfactant was produced 

in small amounts. However, pH reduction was no more than 7.5%. 

For biosurfactant the common pH for optimum growth is between 

7-9 [4]. The initial pH of both cultures was between 8-8.5 in this 

case. This means that both wells are good for biosurfactant 

production and no need for pH adjustment.  
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Surface tension of Oil-water 

Reduction of interfacial surface tension of more than 20% was 

observed in both well cuktures (fugure 1d). Formation of 

biosurfactan, organic acids, alcohols, and other metabolites might 

have reduced the surface tension as shown in first day of 

experiments. Those products might follow the following metabolim 

pathway [4]:  

 

n-alkane primary alcohol  aldehyde + carboxylic acid 

carboxylic acid fatty acids and asetyl Co-enzyme A + CO2 

 

Diol can be formed when the aromatic hydrocarbon was presence 

according to the following reaction: 

 

Aromatic hydrocarbon  diol cathecol  di acid (cis, cis-

muconic acid) 

 

Biosurfactant is actually a product of secondary metabolites such as 

lipopeptide[3] that contained carboxylic acid and amino acids. 

Organic salts such as organic acids, organic and inorganic 

electrolites, glicerin, diol etc, might be formed in the presence of 

minerals, such as sodium, potasium, and magnesium in the 

formation water. These minerals might  react with the priary 

metabolites and the product would have increased the surface 

tension.  
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b. FTIR analysis 
The formation of substances that influence the moderation of 

surface tension was analyzed by FTIR. After prepartion with 

methanol solvent. This solvent is seen at the following wave 

number: 3565-3370, 3300-2920, 2950-2790, 1495-1435, 1130-1113 

and 1035-1005 cm
-1

. Therfore, the analyasis was focused on other 

wave length.  

The group of aliphatic, carboxylic acids, and amino acids compunds 

were observed. At well P-02 and P-03 the aliphatic groups were 

seen in all measurments. POH was observed at 24 and 72 hours at 

P-02 but not at P-03. Carboxylic acids were shown at 0, 24, and 48 

hour in both well cultures. While the amino acid group was only 

observed at 24 hour at P-03.  

The amino acid and carboxylic acid group existence was mostly due 

to the presence of biosurfactant formation. However, the 

carboxylic acids might also relate to the presence of organic salts, 

which could increase the surface tension. POH is also an inorganic 

electrolites whice could have increased the surface tension. 

4. Conclusion 
The microbes from well P-02 consumed more phosphate and 

sulphate for its activiteies while the ones from P-03 . The pH of 

both wells supported the growth of biosurfactant microorganisms. 

The M-4 has significantly reduced surface tension although 

moderation of surface tension was also observed due formation of 

salt organics and POH from FTIR analysis. 
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Sri Lanka is home to a population of 20 million from which 
approximately 75% of population lives in the rural areas where the 
main occupation is agriculture. Today 1.2 million households in Sri 
Lanka are still not connected to power grid. Using traditional 
methods with fuel wood for energy is becoming increasingly 
expensive and scarce in some areas. Also it creates harmful 
substances and gas emissions. Today the LP gas market prizes are 
increasing drastically thus not affordable for many low income 
communities. Hence there is a need to look for an alternative fuel. 
One of the main objectives at present has been to promote biogas 
as a mainstream off-grid energy technology in Sri Lanka. Biogas 
technology was first introduced to Sri Lanka in 1970s mainly on a 
research basis and since then it has improved very slowly unlike the 
case in neighboring countries like India. The state sector 
involvement was seen as on promotional or testing basis and 
surveys show that biogas systems introduced during and early 
1990s have been mostly abandoned. However the late surveys 
have shown that the majority of bio gas units introduced in latter 
part 1990s are still functioning satisfactorily. Therefore it would be 
important to know appropriate methods for household and public 
use in this context. What are the successes/failures of such 
systems? This paper will look into such matters, their advantages as 
against to conventional methods and explore the improvements to 
the system efficiency. 
 
Keywords: biogas technology, alternative fuel, system efficiency 
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1. Introduction 
The Energy demand in Sri Lanka has increased 

exponentially in the past few years. The Power presently generated 
by hydro, diesel-fired thermal plants and coal-fired plants, in near 
future will be hardly sufficient to cope up with the growing energy 
requirements and for continued energy supply without power 
interruptions. Sri Lanka currently fulfils the half of the country’s 
energy capacity by using thermal or coal plants and other half is 
generated by large scale type hydro power systems. The 
construction of new hydro plants also will not possible with the 
natural resources in the future. Sri Lanka itself does not possess 
fossil fuel and coal as an energy source, thus it is to be depended 
on the export by using foreign exchange.  

Sri Lanka is home to a population of 20 million from which 
approximately 75% of population lives in the rural areas where 
34.5% from total population of the country is living with 
agriculture, forestry and fishery (Department of Census and 
Statistics Sri Lanka). Today 1.2 million households which is about 
4.5 million peoplein Sri Lanka are still not connected to power grid. 
Using traditional methods such as fuel wood is the most common 
way of fulfilling their energy requirements and Sri Lanka census 
shows that except Colombo and Gampaha districts, average of 88% 
households in all other districts, use firewood for cooking 
(Department of Census and Statistics Sri Lanka). The use of 
firewood creates harmful substances and gas emissions as well as 
makes their living much harder with their occupational 
involvements. Today the LP gas market prizes are increasing 
drastically thus not affordable for many rural farming communities 
as well as low income communities in urban centres.  

Hence there is a need to look for an alternative source of 
energy. It’s vital to assess the need of using environmentally 
friendly renewable energy as the most suitable energy source to its 
maximum capacity to cater for the above communities. 

In this context, the energy created out of biomass has 
gained some momentum in Sri Lanka, but not in large and industrial 
scale. It still needs further research and development studies to 
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ascertain its suitability to Sri Lanka’s climatic, social and economic 
conditions. One of the main objectives at present has been to 
promote biogas as a mainstream off-grid energy technology in Sri 
Lanka. One important aspect with this regard would be to review 
current systems of bio-gas technology in Sri Lanka with its past 
experience and to consider further recommendations for future 
use.  
 
Bio Gas technology  

Bio gas is produced as a result of a simple bio technology, 
exploiting naturally existing anaerobic bacteria. It is the harnessing 
and accelerating of a naturally existing biotechnology process for 
our benefit (Weerasinghe, 2010). 

There are two types of biogas reactors in use in Sri Lanka, 
the “Dry Batch System” and the “Continuous System”. Batch plants 
are filled completely and then emptied completely after a fixed 
retention time. Each design and each fermentation material is 
suitable for batch filling and large gasholders or a number of 
digesters are required for uniform gas supply from batch plants 
(Sasse, L, 1988).  

Continuous plants are filled and emptied regularly-
normally daily. Each design is suitable for continuous operation, but 
the feed material must be flowable and uniform. Continuous plants 
are emptied automatically through the overflow. “Continuous 
System” which is the widely used system currently in Sri Lanka 
needs to be fed on a daily basis so these are usually sited next to 
cattle sheds to ensure a constant supply of dung. In many rural and 
suburban agricultural areas, cow manure and biogas fuel 
technology provides a free of charge, sustainable source of power 
all year round while producing a useful fertilizer which helps to 
provide a better income for farmers. Cow dung mixed with water is 
placed into fermentation pits where it is broken down by natural 
bacteria, releasing methane. 
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In urban areas, it is seen that overripe or rotten fruits, non 
edible seeds or fruits, green leaves, leftover food or other kitchen 
waste are successfully used as feedstock. All feed materials consist 
to a great extent of carbon (C) and also contain nitrogen (N). The C 
and N ratio affects gas production. C/N ratios of 20:1 to 30:1 are 
particularly favorable. Mixtures of nitrogen-rich feed material (e.g., 
poultry manure) and carbon-rich feed material (e.g., rice husks) 
give high gas production. 

The produced gas collected and stored in a tank and 
utilized it to generate energy for cooking, and lighting. The rich 
organic waste produced as a byproduct of this process is dried and 
used as fertilizer in farming. Both fertilizer and fuel wood are 
increasingly expensive in the country and biogas has a potentially 
important future. In urban and sub-urban areas it may be used to 
manage organic waste. 
 
Development of Bio-gas technology in Sri Lanka  

Biogas technology was first introduced to Sri Lanka in 
1970s mainly on research basis and since then it has improved very 
slowly, unlike the case in neighboring countries like India where 
this industry has grown and expanded. In Sri Lanka, since its 
introduction by Department of Agriculture, the state sector 
involvement was seen as on promotional or testing basis. 

At present the widely constructed bio gas plants in Sri 
Lanka are Chinese, Indian (continuous) and Batch types 
(Weerasinghe, 2010). The basic differences of the Indian and 
Chinese type digesters are associated with the difference 
technologies adopted for gas collection. An appropriate threeB 
type (Biomass Base Biogas) introduced by the Indian Scientists 
(Chanakya,2008) is now under the experimentation in University of 
Ruhuna and two other sites in Kandy and NERD center in Ja-ela.  

Until late 1990’s cow dung and straw were the main feed 
stock for bio-gas units. “Batch type” biogas generator system 
introduced by the NERD centre received a silver medal in an 
international exhibition for environmentally friendly innovative 
processes (24E Salon International des inventiona, Geneva, 
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1996).This system is being used for bio-gasification of rice straw for 
household energy needs in rural areas in Sri Lanka. In this system 
the digestion period is six months which is also the paddy cropping 
cycle. The concept is to obtain straw from one crop, digest it for six 
months and take out the digested material to be used as fertilizer 
for the next crop. Though the popularization of this technology 
among people was very slow in the initial stages, at present it has 
gained popularity among rural communities as an environmental 
friendly energy generation technology to meet the rural energy 
while meeting their fertilizer needs. With this technology many 
equipments and fixtures such as bio gas mantle lamps, gas cookers 
etc are available in the common market. 

University of Moratuwa, University of Ruhuna, NERD 
center and private sector organizations such as Practical Actions- 
South Asia, Energy Forum, are some stakeholders engage in 
Research and development programs, on adoption of Bio Gas 
Technology in Sri Lanka. In the year 2009, Sri Lanka Biogas 
Association was established, and quality standards for small and 
medium type bio gas plants were set out by the association, in 
collaboration with Sri Lankan Institute of Standards. 
 
Recent local initiations 

Recently private sector, communities with NGO’s 
assistance and local individuals have involved with improvements 
to the current bio-gas plant systems in Sri Lanka. In year 2009, a Sri 
Lankan inventor has come up with an invention perfected through 
trial and error that can be used either in urban or rural areas. 
According to the inventor it is more sophisticated but economical 
than the normal biogas unit. This unit uses household garbage 
including waste food as feedstock rather than dung/manure. The 
inventor says the starchy or sugary feedstock used for this unit can 
include waste grain flour, spoilt grain, overripe or misshaped fruit, 
non edible seeds or fruits, green leaves, leftover food, or other 
kitchen waste. It is reported (Daily News paper) that only about 
two kilograms of raw material to obtain a daily supply of biogas for 
household through this new system. Once the raw material is 
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transferred into the system, it takes only three days for the 
anaerobic reaction to be completed as opposed to 40 days with the 
conventional system (Media Centre for National development of Sri 
Lanka). The unit is so compact that it resembles a small refrigerator 
whereas a normal biogas unit occupies about four cubic metres 
space in a kitchen. 

This system includes a large tank, a pipe through which the 
raw material and initially the bacterial culture can be transferred to 
the system, an outflow tract through which liquid compost can be 
obtained as a byproduct and a gas holder on top of the tank with a 
pipe through which gas can be extracted. This pipe can be 
connected to a cooker to obtain an energy efficient clear blue 
flame. The new system will be a great saving and substitute for LP 
gas and firewood and kerosene which release carbon dioxide to the 
atmosphere. This biogas plant can be used in hotels, hospitals, 
schools, wildlife park bungalows and security forces and police 
camps and quarters as well. 

Several other private groups and NGO’s also have involved 
in the bio-gas sector in varying levels. The first biogas unit in Galle 
in Karapitiya Hospital was implemented by HELP-O which 
implements biogas programs in community level with a Community 
Based approach in first time in Sri Lanka with the assistance 
through New Zeeland Government and United Nations 
Development Program (UNDP) as a join program with Central 
Environment Authority (CEA) of Sri Lanka since 2004. 
 
The key goals of this program; 
1. Construction of 15 Biogas units in Galle City Area and decrease 
the waste 
2. Decrease the Methane gas emission to air 
3. Decrease the Environment Pollution 
4. Introduce alternative energy to Energy problem 
5. Conducted awareness programs and increase the knowledge of 
grass root level people. 
6. Added a value to waste and waste became a valuable resource 
7. Decrease the irregular waste dumping 
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8. Reduce the waste generation amount of the city 
9. Public Private Participation to waste management program 
10. Public involvement to Recycling process and waste 
management 
11. Reduced the LP Gas usage and fire wood 
12. Established an Environment Fund to sustainability of program 
 
During the past many hotels and Companies paid interests to this 
environment friendly process and tried to implement many 
programs. Some units established in medium scale hotels (50 
rooms) which collects 150 KG per day is used as feed stock for a 
Biogas unit with a capacity of 15 cubic meter which can produce 
3.758 cubic meter of gas.  

The recent government initiations on this sector include 
the establishment of bio-gas system by Sri Lanka Navy on the 
theme of “Let’s contribute to conserve the environment through 
the alternative power generation”, was declared open on 25th April 
2012. The twin unit, which consists of 55 m3 capacity, is recognized 
by the Central Environmental Authority as the most successful bio 
gas unit in the Northern area.  
 
Findings and observations 

According to the survey conducted in latter part of 1990’s 
by the University of Moratuwa and University of Ruhuna in Sri 
Lanka with Intermediate Technology Development Group (ITDG) on 
the current status of bio-gas plant systems introduced 25 years ago 
in the country, it is observed that nearly 60% of the units installed 
during1990s have been abandoned due to poor maintenance 
systems and some situations due to technical failures, and usage.  
However the late surveys have shown that the majority of bio gas 
units introduced in latter part 1990s are still functioning 
satisfactorily.   

The Information Technology Service on Line’s (ITSL) study 
"Integrating Energy and Environmental Management through 
Biogas – A Country Review" discovers that the functioning rate is as 
low as 28.5%. The success rate, that is including plants which have 
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been given up due to arrival of grid supply, remains at 33% from 
nearly 5000 biogas units constructed in the country. A study carried 
out 2003 by Intermediate Technology Development Group (ITDG) it 
was revealed that 76% units constructed in association with ITDG 
from a sample of 350 spread 5 out of 9 provinces were still in the 
operating condition.  

A workshop held in May 1999, conducted at the Faculty of 
Agriculture, University of Ruhuna along with ITDG, and Energy 
Forum where scientists from UK, China, India, Bangladesh Nepal 
and Vietnam with Sri Lankan scientists, development Agencies, and 
technologists helped to identify the opportunities available in Sri 
Lanka to expand small scale bio gas digesters as sustainable option 
to compensate rural energy and fertilizer demand (Weerasinghe, 
2010). The Program involved with experimenting with the 
deficiencies of existing Batch models and tested for different 
methods which are appropriate for different locations in the 
country. It also supported to formulate a training module on Bio 
Gas at University level, Module for skilled labour training. 
 
After the tsunami in 2004, Bio-gas projects were introduced to poor 
communities by way of conducting a community adoption and 
technology demonstration program in down south of Sri Lanka and 
demonstrated that the small land of about 6 perch may not be a 
constraint to construct a small scale biogas plant to meet home 
energy needs of a village family of about 8 persons while managing 
the land for home gardening activities as well (Weerasinghe, K.D., 
Wijetunga, 2008). Another finding reveals that gas liberation from 
market garbage in batch type digesters using vegetable refuses is 
much higher than compared to unit dry mass of straw or cow dung 
(Pathiranage, 2001) 

It is observed that the continuous reactor system can only 
be used in certain limited areas as cattle in the dry zone generally 
roam and therefore not many large cattle sheds are existed. The 
alternative system is a locally developed digester type named “Sri 
Lankan Dry Batch System”. This system primarily uses straw which 
is extensively available in the dry zone areas of Sri Lanka where 
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paddy cultivation is done. Bio-gas technology which can produce 
energy and electricity as well as organic fertilizer therefore has the 
potential to become an integral part of agricultural society. 
Therefore instead of using dung as seen in Chinese and Indian 
models, the system introduced by the National Engineering 
Research and Development Centre (NERD) using solid material, 
mostly straw is recognized as a more useful and preferable system 
for the paddy cultivators.  

The by-products have a very high bio fertilizer value, which 
help to reduce the fertilizer budget significantly. As revealed by the 
researches and surveys, 10 tons of digested straw can replace the 
entire fertilizer demand of one hectare of paddy field.  As such, if 
the average landholding of a farmer is 0.25 ha, his entire fertilizer 
demand could be met with two digesters of 1 ton capacity. 
Moreover, with current trends, rice grown with bio (organic) 
fertilizer can fetch a high price in the market. The findings also 
reveal that the slurry of the bio–gas unit diluted with water and is 
sprayed on green chilies, thus the plant is protected from leaf 
disease. Leaves of plants grown on soil applied with slurry have 
shown greater resilience. 
 
The use of bio-gas is now expanded and seen under five key 
dimensions; 

1. Alternative and renewable source of energy (Lighting, 
cooking, water pumping, heating) 

2. In put into agriculture (Bio-gas sludge and slurry used as a 
fertilizer, pesticide, weedicide, soil conditioner) 

3. Value addition for dairy and paddy farmers - Small scale 
dairy farming industry is greatly threatened due to the 
very low buying prices of cow’s fresh milk (pay less than 
price of mineral water) and those farmers can earn an 
extra income by selling bio-gas and its byproducts. 

4. Livelihood improvement- The bio- gas owners engage with 
home gardening activities, for instance growing vegetable 
or running a nursery mainly using bio-gas fertilizer. The 
women who were previously spent lot of time in 
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searching, collection and preparing fire wood for cooking 
are now having extra leisure time (31% less cooking time) 
to involve with such activities.  

5. Environmental sanitation, hygiene, and social status - For 
example turning to gas cooking improves the living 
environment of the house as opposed to the kitchen 
smoke with harmful gasses inside the house created due 
to the use of firewood. The household cleanness and living 
style of cooking and illumination will also influence on 
their social status and recognition. 

 
The above results are only from the household type bio-gas 
operations. However there is a greater potential that this system to 
be used on large scale and commercial purpose in Sri Lankan cities. 
The problem of solid waste collection and management is one of 
the most challenging issues in the Colombo Metropolitan Area 
(CMA) and in other major cities such as Dehiwala-Mt. Lavinia, 
Moratuwa, Kandy, Galle, etc.  Even in remote areas, solid waste is 
dumped in protected sites and has become a serious health and 
visual issue. Colombo municipal area produces about 750 metric 
tons daily and the figure for the whole metropolitan area is about 
1,000 – 1,100 metric tons per day. Hence the implementation of 
bio-gas technology in urban areas would help to solve such 
problems.   

In 2006, University of Rununa, German Cultural Centre, 
Bavarian Institute of Technology, German Alumni Association of Sri 
Lanka and several individual expertise in the Bio-gas field worked 
on a project on establishment of an industrial type bio-gas energy 
generating plant with the assistance of some local entrepreneurs 
joining with a German investor group. This study mainly focused on 
use of animal farm waste mostly from chicken farms as well as 
agriculture farm rest (in Ambewela) as feedstock material. The 
project is yet to be realized.    
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It is understandable that bio-gas technology in Sri Lanka yet 
requires conducting studies and surveys on its sustainability in large 
scale and commercial level in market garbage, community based 
programs, and municipal waste. The methods of storing gas and 
production data are also areas to be further worked on. One of the 
issues is that currently there is a lack of funding mechanisms to 
promote bio-gas technology in Sri Lanka and various provisions for 
subsidies and state sector leadership would be important for this. 
With its gradual development, it is also notable that currently a 
number of institutions such as universities, NERD, ITDG, Energy 
Forum, provincial councils, Government Ministries have taken the 
initiation of establishing standards and codes required in this 
technology sector to create confidence among the decision makers.  
 
Conclusion 

It would be important to explore what experience we have 
made in this field and what directions can be recommended. In this, 
there are legally binding international regulations we need to abide 
by. Many developed countries have already gone into the policy 
level of implementing renewable methods of energy production 
and enjoy the benefits today. Sri Lanka still need to look to the 
future and formulate policies to use the renewable energy as a 
clean technology and develop technologies based on them to 
supply its people in the rural as well as in the urban areas with 
cheaper andcleaner energy. 
 
Based on the information and findings outlined above, it is 
summarized that bio-gas technology is promoted as a; 

1. Successful model to private sector for waste management 
2. Profitable investment for private sector (can sell the gas 

productions, and byproducts) 
3. Sustainable solution to energy problem (generally it reuses 

the waste) 
4. Easily implementable system (small scale) by private 

sector (individuals, community groups, companies) 
5. System that can reduce the Methane gas emission to air   
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6. Good solution for municipal waste management 
7. Way of increasing the living standards of rural and urban 

poor 
 
Sri Lanka as an agricultural country, biogas technology perfectly 
blends with its culture and society. However, the success of 
promoting any technology depends on careful planning, 
management, implementation, training and monitoring.  In this 
context, bio-gas technology in Sri Lanka should be made efficient 
considering following strategies; 

1. Introducing the suitable type of technology considering 
the socio-economic context of each area 

2. Playing the lead role by the state sector in researching, 
developing and popularization of this technology 

3. Formulating required policies, standards, and codes on the 
use of this technology by relevant authorities 

4. Working out funding mechanisms and tax concessions by 
the State      

5. State should interfere on buying the produced energy 
from the industrial type bio-gas energy producers 

6. Training the people to work introducing technical 
knowhow in the projects 

Such recommendations would be important in making this 
technology an effective method to meet the energy requirements, 
for social uplift, and economic development of urban and rural 
poor of the country. Bio-gas technology protects the environment 
and improves the hygiene and working conditions of the people. “A 
biogas plant improves life in the country”. (Sasse, L, 1988) 
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The potential use of food waste on hydrolysis and biomethanation 
was evaluated in a 40m3 capacity plug flow type biogas reactor 
known as Lanka tunnel biogas reactor model with the presence of a 
multi functional hydraulic chamber as a special feature of. The 
start- up strategy was accomplished by adding acclimatized 
mesophilic bacteria as the seed sludge from successfully 
functioning plug flow type biogas reactor of the same model over 
two years. 400L of seed sludge was fed in to the biogas reactor 
after seasoning 10 tons of food waste for 45 days.. Semi continuous 
feeding pattern was practiced thereafter with wet weight basis 
organic loading rate (OLR) 8.25- 10.80 kg/m3/day. Biogas burning 
was started 5 days after seed sludge feeding. Continuous 24 hrs 
biogas burning was started after 84 days of initial input feeding. 
Average pH value of inlet and outlet of the digester was 6.2. The 
average biogas production was 57.6%  which is an above average 
biogas production  comparing with other continuous, semi 
continuous, and batch type biogas digesters of 25 -32%. Major 
process limitation was identified as the limitation of OLR due to the 
high lipid content of food waste and followed by high long chain 
fatty acids formation inside the digester. Further studies based on 
experimental and theoretical investigations are needed to optimize 
the reactor operation. Practical experiences and operating data 
obtained could be used to promote and develop large scale biogas 
reactor technology in Sri Lanka. 
 
Keywords:biogas, food waste, plug flow, biogas 
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1. Introduction 
Food wastes are generating in large quantities all over the 

world. Management and disposal of food wastes is one of the 
major issues in the whole world and it creates serious 
environmental problems due to its high biodegradability. Dumping 
of food waste on land leads to land pollution releases odorous 
compounds such as VFA s which affect public health and disturbs 
environmental beauty. Millions of tons of organic waste disposed 
of in landfills emit heaps of green house gases such as methane, 
carbon dioxide, sulphur dioxide; hydrogen sulphide etc. Directly 
lead to air pollution. The effect of methane atom on ozone layer 
depletion is 27 times greater than that of carbon dioxide atom and 
methane heavily contributes also to global warming. Dispose of 
solid and effluents of food waste pollute inland water bodies 
causing eutrofication, increases biological oxygen demand (BOD) 
and chemical oxygen demand (COD) in rivers, lakes and water 
streams. Sri Lanka is a biodiversity hotspot and indigenous flora and 
fauna species are highly threatened by the malpractices of organic 
waste disposal. Organic pollutants greatly affect general public by 
means of land water and air pollution posing a severe threat to 
human health.  

On the other hand world population increases at a reduced 
but still significant rate causing the demand for food and energy  
also to increase. Energy crisis is considered as one of  the major 
problems faced by the mankind today. Economy and technologies 
today largely depend on non renewable resources to meet their 
energy needs. Predicted estimates for the utilization rate of energy 
resources show that coal deposits will deplete within the next 150-
200 years and the petroleum deposits in the next few decades. 
Beside this, the damage being caused to the environment by these 
fuels is a matter of great concern all over the world. Therefore now 
world is moving towards alternative appropriate energy sources, 
which could be sustainable and could generate clean energy. 

The root cause of urban garbage dumping is non-penetration 
of  disciplinary organic solid waste recycling methods at waste 
generating points both at  domestic and industry levels. Industrial 



 

 512 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

scale efficient anaerobic digesters are one of the most appropriate 
technologies to manipulate this problem for the developing 
countries since it gives biogas (clean bio energy) and bio fertilizer 
which is an efficient soil amendment consisting of plant nutrients at 
zero cost.  

Based on Anaerobic Digestion Model No 1 (ADM 1) proposed 
by Batstone et al., (2002), anaerobic digestion is a biological 
process by which a wide variety of organic molecules can be 
metabolized in to CH4(g) and CO2(g) in the absence of O2(g) ; 
major four phases are hydrolysis, acidogenesis, acetogenesis and 
methanogenesis. Plug flow type anaerobic reactors (pfrs)could be 
more efficient in digesting kitchen and garden waste comparing 
with other conventional models. 

Fats and oils used as substrates or co – substrates for 
anaerobic digestion process constitutes an important factor due to 
the higher methane yield under favorable temperature, pressure 
and pH conditions.     Although lipid rich food wastes are 
theoretically considered as a better substrate to obtain methane  in 
anaerobic digestion, in practice it is often hampers the production. 
(Angelidaki et al., 1992). Therefore to understand such anomalies 
between theoretical values and practical observations empirical 
research has a greater value to optimize reactor operations.    

This research study was initiated as an outcome of the pilot 
scale 40m

3
 biogas unit which was set up at Kotalaweal Defence 

University (KDU) premises with the objective of using biogas as an 
alternative energy source using   canteen food wastes. The 
generated biogas as  replaces LPG delivering economic benefits.  
 

2. Materials and Methods 
The reactor type is known as Lanka tunnel model which 

has been designed according to the plug flow principle consisting of 
inlet, outlet, tunnel shape digester and its special feature is the 
presence of multi functional hydraulic chamber. The capacity of the 
biogas digester was 40m

3
 which was determined  based on  wet 

weight basis organic loading rate (OLR) of 8.25- 10.08kg/m
3
/day. 

Initially, 400L of innoculum was fed in to the biogas reactor which 
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was collected from successfully functioning plug flow type biogas 
reactor of the same model. 

The research was conducted as an empirical research and 
batch experiments were done. The reactor was operated 
continuously in mesophilic condition at 26-27

0
C for 6 months. Semi 

continuous digester feeding was proceeded. Input feeding was 
carried out daily, twice a day at selected times of 9.00a.m and 
3.30p.m. Input feed stock contained 1: 1 ratio of water and food 
waste disposed from the cadet mess at Kotelawela Defence 
University. Organic loading rate (OLR) was managed in the range of 
8.75- 10kg/m

3
/day wet weight basis. Organic loading rate (OLR) 

was calculated using the following equation.  
    OLR    = QS/V 
Whereas OLR is organic loading rate (kg/Day/m

3
), Q is 

digester input feeding rate (m
3
/Day), S is substrate concentration 

and V is volume of the digester. Daily pH monitoring was preceded 
before and after 10 minutes of each feeding of the effluents in both 
inlet and outlet of the digester using PINPOINT –P1model pH 
meter. Biogas pressure was measured by water displacement 
method using simple mano- meter. Biogas pressure was monitored 
twice a day at selected times at 8.50a.m and 3.20p.m. before 
feeding. Incremental biogas volume was measured using G 2.5 B 
Chinese model biogas flow meter.  
 

3. Results and Discussion 
Biogas pressure (kPa), organic loading rate and the biogas burning 
pattern for 15 weeks after feeding is shown in fig. 1.  
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Fig.01:Relationship between biogas pressure, organic loading rate 
and biogas burning for 15 weeks after feeding 

 
Organic loading rate (OLR) was adjusted according to the biogas 
burning pattern and biogas pressure.  Biogas burning was started 
after 49 days of feeding. Continuous 24 hrs biogas burning was 
started after 84 days of feeding. (Fig.01). Favorable organic loading 
rate was 8.25 – 10.08kg/m

3
/day during the optimum gas 

production period.  
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Fig.02:Relationship between organic loading rate, methane 

percentage with weeks after feeding 
 
The average methane percentage is 67% during the biogas burning 
period  (Fig 02). The average pH of the reactor was varied from 3.0 
to 6.5.  Burning of biogas was started when average pH value was 
adjusted to 6.2 (Fig 03). 
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Fig.03: Average pH value fluctuation in inlet and outlet 
Biogas burning pattern was observed as a sigmoid curve and the 
burning rate reached its maximum of burning over 24 Hrs, during 
the observed period.  Average biogas volume was 15.81m

3
/day 

from reactor volume of 40m
3
. The average biogas production rate 

was 0.96m
3
/hr, measured using G2.5 B Chinese Model biogas flow 

meter. 
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Fig.04:  Biogas burning pattern for number of days (A) and number 

of weeks (B) 
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4. Conclusion 
It could be concluded that the percentage of 39.53% from reactor 
volume is an above average biogas production comparing with 
other continuous, semi continuous, and batch type biogas digesters 
in Sri Lanka. Evidence from this study suggests the need for 
extended field experiments to study the effect of organic loading 
rate (OLR) and pH of inlet and outlet to optimize medium and large 
scale reactor operations. In-depth microbiological analysis is also 
needed to study the effect of acclimation process. Further studies 
based on experimental and theoretical investigations are needed to 
optimize the reactor operation.  
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Cultures for inducing embryogenic tissue were inoculated in 

darkness at 25 ± 2
0
C for 3-4 weeks. The number of explants forming 

calli was scored after 4 weeks of culture. Callus formation 

frequency was calculated in the form of the percentage of leaf 

explants forming calli, i.e: 

 

Callus formation rate (%) = Number of callus/incubated explants x 

100 

 

RESULTS AND DISCUSSION 

Effect of glutamine on somatic embryogenic callus induction 

 Amino acids have been found critical to induce somatic 

embryogenesis in plant tissue culture medium. The addition of 

amino acids specifically glutamine stimulated callus growth from 

cassava leaf lobes. This stimulation suggested that organic nitrogen 

was a growth-limiting factor in cassava cultures. The inclusion of 

glutamine decreased the culture lag phase, which indicated that 

glutamine was much more readily available than inorganic 

nitrogen. According to AboEl-Nil (1989), callus growth started two 

week earlier on media with glutamine, and after eight weeks of 

incubation, more cultures had visible callus than other amino acids 

(asparagines, arginine, serine, glycine, and alanine).  Glutamine 

plays an important role in nitrogen assimilation as it is an 

intermediate in the transfer of ammonia into amino acids (Ageel ., 

et al., 2011).  

 Observations of three-week old cultures revealed that the 

highest number of somatic embryogenic callus was obtained from 

explants on medium containing glutamine. A combination of CuSO4 

and Picloram without glutamine did not produce embryogenic 

callus. While, the addition of glutamine to the embryogenic callus 

medium for culturing Roti and Adira 4 was able to induce callus at 

54.4 and 54.9% respectively, (Table 1). The superiority of this 
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medium, however, needs to be tested on other genotypes. This 

result is in agreement with  Finer et al. (1989) who successfully 

used a medium containing glutamine to initiate embryogenic callus 

of eastern white pine. Vickery et al. (2011) reported that under 

these circumstances the glutamine content of beet root tissue 

rapidly increased. Shanjani (2003) concluded that callus production 

on Juniperus excels increased by supplementation of basal medium 

with 100 mg/L glutamine. 

 

Table 1. The effects of glutamine on the somatic embryogenic 

callus induction of cassava  

 

Genotyp

e of 

cassava 

Media 

Explants 

producing 

callus (%) 

Explants 

producing 

embryogenic 

callus (%) 

Roti MS + 5µM CuSO4 + 

10 mg/L Picloram 
98.2 0 

 MS + 10 µM CuSO4 + 

10 mg/L Picloram 
85.8 0 

 MS + 2 µM CuSO4 + 

18 mg/L Picloram +  1 

mM Glutamine 

98.0 54.4 

    

Adira 4 MS + 5µM CuSO4 + 

10 mg/L Picloram 
100 0 

 MS + 10 µM CuSO4 + 

10 mg/L Picloram 
100 0 

 MS + 2 µM CuSO4 + 

18 mg/L Picloram +  1 

mM Glutamine 

100 54.9 
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 Embryogenic callus of Roti and Adira 4 was observed at 

day 21 from leaf lobes cultured on  on MS 4% + 2 µM CuSO4 + 18 

mg/L Picloram +  1 mM Glutamine which indicated by the 

formation of compact, shiny and yellowish callus (figure 1). On 

other media tested, such as MS supplemented with  5 µM or 10 µM 

CuSO4and 10 mg/L Picloram, only friable unorganized callus was 

obtained. Rineksane et al. (2012) reported that the effect of 

glutamine in MS medium on the induction of somatic embryos, 

texture and color of calli was improved and became more friable 

and yellow.  The supply of some amino acids including glutamine in 

the medium results in the increase of nitrate reductase activity in 

the cells and the increased nitrate reductase activity makes it 

possible to utilize nitrate, and results in the formation of some 

somatic embryos. 

 

 
 

Figure 1.  Somatic embryogenic callus Roti (A) and Adira 4 

(B) in MS supplemented with glutamine. 

 

   

Effect of type of explant on somatic embryogenic callus induction 

 The type of explant plays an important role with regard to 

the induction of somatic embryogenesis in cassava. Vasil (1982) 

A B 
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demonstrated that somatic embryogenesis of some cereals was 

localized in the juvenile region. Ali et al. (2007) reported that leaf 

explant exhibited high frequency of embryo induction. 

 The result concerning  explants producing embryogenic 

callus is presented in Table 2. As observed when comparing the 

effects of size range of leaf lobe study, there was a strong 

correlation between size range of leaf lobe and the percentage of 

embryogenic callus. Result showed that leaf lobes in 1-3 mm size 

range of both genotypes produced somatic embryos at a higher 

percentage (up to 88.2% of that of “Roti” and 89.3% of Adira 4) on 

medium supplemented with glutamine than those in size range of  

3-5 and >5 mm (25-50%). The superiority of smaller leaf lobes 

which indicating younger stage on higher production of 

embryogenic callus of cassava has also been proven in genotypes 

Iding and Gebang (Sudarmonowati et al.2009) 

  

Table 2.  Effects of size range of leaf lobes on cassava somatic 

embryogenic callus induction 

Genotype of 

cassava 

Size range of 

explants 

(mm) 

Explants 

producing 

callus (%) 

Explants 

producing 

embryogenic 

callus (%) 

Roti 1 – 3 94.1 88.2 

 3 -5 100 50 

 > 5 100 25 

 

Adira 4 1 – 3 100 89.3 

 3 -5 100 40.3 

 > 5 100 35 
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CONCLUSION 

 Embryogenic callus induction in cassava genotype Roti and 

improved variety Adira 4 was strongly affected by organic nitrogen, 

especially glutamine in addition to MS medium with CuSO4 and 

Picloram. Leaf lobes in 1-3 mm size range of both  “Roti” and Adira 

4 produced somatic embryos at a higher percentage on medium 

supplemented with glutamine than of 3-5 and >5 mm in size. The 

use of glutamine is, therefore, beneficially for both inducing 

embryogenic callus and somatic embryos regardless cassava 

genotypes tested. The results was also in line with results on other 

genotypes in other countries i.e. TME 596 in Nigeria, Agua Morna, 

Amansa Burro, Mata Fome, Milagrosa in Brazil, Nanzhi 188 in China 

and M. Col 22 in Netehrland. 
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One of the largest lignocellulosic biomass in tropic countries is 
sugarcane bagasse that can be used as alternative raw material for 
bioethanol production. Three stages for the conversion are 
pretreatment, hydrolysis of cellulose and fermentation of sugars 
into ethanol. The aim of this research is to study the effects of 
sugarcane bagasse amount and microwave-heating time on 
hydrolysis of sugarcane bagasse pretreated with two mixed white 
rot fungi under microwave irradiation for its reducing sugar and 
hydroxymethylfurfural production. White-rot fungi are the most 
effective basidiomycetes for biological pretreatment of 
lignocellulosic materials. In this research, the sugarcane bagasse 
was pretreated with 10% (w/v) of two mixed white-rot fungi 
(Trametes versicolor and Phanerochaete chrysosporium). Hydrolysis 
of the pretreated sugarcane bagasse was helped by 50% power of 
microwave. The research showed that the higher amount of 
pretreated sugarcane bagasse, the more reducing sugar and 
hydroxymethylfurfural produced. The reducing sugar production 
decrease when the sugarcane bagasse was hydrolyzed over 12,5 
minutes. 

Keywords: Sugarcane bagasse, Trametes versicolor, Phanerochaete 
chrysosporium, sulfuric acid, reducing sugar, microwave heating 
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1. Introduction 

Bioethanol production from lignocellulosic biomass has attracted 

much interest all over the world in recent years because of limited 

of fossil oil and environmental pollutions. It is desirable to use 

cheaper and more abundant substrates for large-scale production 

of bioethanol for its economic feasibility. One of the largest 

lignocellulosic biomass in tropic countries is sugarcane bagasse, the 

fibrous residue left after extracting the juice from sugarcane in the 

sugar production process. Sugarcane bagasse is produced in large 

quantities by the sugar and alcohol industries in Indonesia, Brazil, 

India, Cuba, China, México, and Colombia. In general, 1 ton of 

sugarcane generates 280 kg of bagasse, and 5.4 x 10
8
 dry tons of 

sugarcane are processed annually throughout the world [1]. 

Sugarcane bagasse contain approximately 50% cellulose and 25% 

each of hemicellulose and lignin [2]. The cellulose component in 

these materials can be converted to ethanol in a two-step process 

where the cellulose is first converted to glucose sugars by 

hydrolysis and then the resulting sugars is converted to ethanol by 

fermentation. However, because of the close association of 

cellulose and hemicellulose with lignin in the plant cell wall, 

pretreatment is necessary to make these carbohydrates available 

for enzymatic hydrolysis and fermentation [3]. Several methods 

have been developed to remove lignin from lignocellulosic biomass, 

including physical, chemical, physico-chemical and biological 

pretreatment. Biological pretreatment is environment-friendly and 

can be carried out under mild conditions, consumes low energy, 

and requires simple procedures and equipments [4]. For biological 

pretreatment of lignocellulosic, white-rot fungi are the most 

effective basidiomycetes [5]. It is reviewed that recent studies have 

shown that Aspergillus terreus, Trichoderma spp, Cyathus 

stercoreus, Lentinus squarrosulus, Lentinus edodes, Trametes 

pubescens, Pleurotus spp, Penicillium camemberti, Phanerochaete 
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chrysosporium grown at 25-35°C for 3-22 days resulted to 45-75% 

and 65-80% holocellulose and lignin degradation, respectively [6]. 

After the pretreatment process, the reducing sugar can be obtained 

by hydrolizing the cellulosic biomass and fermentating the sugars 

into bioethanol. The most commonly applied methods are acid 

hydrolysis or enzymatic hydrolysis. In addition, there are some 

other hydrolysis methods in which no chemicals or enzymes are 

applied. For instance, lignocellulose may be hydrolyzed by gamma-

ray or electron-beam irradiation, or microwave irradiation [7]. In 

microwave-heating processes, materials containing dielectrics are 

heated by converting microwave irradiation through molecular 

interactions in electromagnetic fields , that is, the electromagnetic 

energy is converted into thermal energy through dielectric heating. 

Moreover, the electromagnetic field used in microwaves may 

create non-thermal effects that also accelerate the destruction of 

crystal structures [8]. The objective of this research was to study 

the effects of sugarcane bagasse amount and microwave-heating 

time on hydrolysis of sugarcane bagasse pretreated with two mixed 

white-rot fungi (Trametes versicolor and Phanerochaete 

chrysosporium) under microwave irradiation for reducing sugar and 

hydroxymethylfurfural production. 

 

2. Experimental 

Sugarcane bagasse used in this research was obtained from sugar 

plant in Magetan, East Java-Indonesia. Two species of white-rot 

fungi, which were Trametes versicolor and Phanerochaete 

chrysosporium, were used in this study for biological pretreatment 

of sugarcane bagasse.  

For preparation of inoculum fungi, both white-rot species were 

cultured on Potato Dextrose Agar (PDA) slant and incubated for 7 

days. JIS-medium broth was prepared by mixing 3 g KH2PO4, 2 mg 

MgSO4.7H2O, 25 g glucose, 5 g peptone and 10 g malt extract in 1 
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liter of distillate water. After the 7 days of growing the white-rot 

species, the mycelium from each slant was molted and diluted with 

5 ml of JIS-medium broth which was added before in the slant tube. 

The suspension was then poured into 95 ml JIS broth media and 

incubated stationery for 10 days. After the 10-days incubation, 

each inoculum was then homogenized using waring blender with 

high speed (2 x 20 sec). The Trametesversicolor and Phanerochaete 

chrysosporium's inoculum was mixed with 1:1 ratio. This mixed 

inoculum was then used for biological pretreatment. 

As biological pretreatment substrate, the sugarcane bagasse was 

milled, followed by screening process to get particles with the size 

40-60 mesh. The screened sugarcane bagasse were added by 

nutrient media (1:3 ratio) and autoclaved for 20 minutes. The 

nutrient media was JIS medium broth. About 200 g (dry weight) of 

the autoclaved mixture were put in heat resistant plastic bag and 

added by 10% (v/w) of working inoculum and incubated at ± 27°C 

for 2 weeks. Pretreated sugarcane bagasse were weighed to 

analyze weight loss, also the lignin, α-cellulose, and hemicellulose 

content after biological pretreatment [9]. The wet autoclaved 

mixture was used for dilute sulfuric acid hydrolysis under 

microwave irradiation. 

A commercial microwave oven (SHARP Model R-360J(S), 2450 MHz) 

was used in this research. The oven's power could be adjusted to 

50%. The concentration of sulfuric acid for hydrolysis was 1% (v/v). 

Prior to the hydrolysis experiments, the pretreated sugarcane 

bagasse was mixed in dilute sulfuric acid solution for 20 minutes. 

The mixture was then heated by microwave irradiation and then 

cooled as soon as possible. The variables were pretreated 

sugarcane bagasse amount and microwave-heating time. This 

single factor experiment involved five levels of concentration 

pretreated sugarcane bagasse amount based on total weight (1%, 

2%, 3%, 4%, and 5%) and seven levels of microwave heating time (0 
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min; 2,5 min; 5 min; 7,5 min; 10 min; 12,5 min, and 15 min).  After 

hydrolysis reaction the soluble fraction was filtered for 

measurement of its reducing sugar and hydroxymethylfurfural 

(HMF). The total reducing sugar was quantitatively determined by 

using Nelson-Somogyi method. HMF was analyzed by using SNI 01-

3545-2004 based on AOAC Official Method 980.23-1999. 

 

3. Results and Discussion 

The major of principal components of the raw sugarcane bagasse 

(before biological pretreatment) which was used in this research 

were carbohydrate fraction and lignin. The carbohydrate fraction of 

the raw sugarcane bagasse was 69,65% of the total biomass, which 

consist of 40,98% α-cellulose and 28,67% hemicellulose. The α-

cellulose is a polymer of glucose which can be used as a sugar 

source for ethanol production. The lignin content of the raw 

bagasse was 29,27% which is in range of the previously reported of 

sugarcane bagasse's lignin content [1]. 

The biological pretreatment was done by mixing two species of 

white-rot fungi, P. chrysosporium and T. versicolor, for 

delignification of sugarcane bagasse. These fungi were selected 

because of their effective degradation of lignin (10, 11, 12). The 

percentage loss of sugarcane bagasse's component was calculated 

after the two mixed white-rot fungi pretreatment (Figure 1).  
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Figure 1. The percentage loss of sugarcane bagasse’s component after 

two mixed P. chrysosporium and T. versicolor pretreatment for 2 weeks 

 

The growth of two mixed fungi resulted in dry weight loss of 

sugarcane bagasse. The dry weight loss of sugarcane bagasse after 

two weeks incubation was 12,94%. Taniguchi et al. [1] reported 

P.chrysosporium and T. versicolor pretreatment decomposed nearly 

30% of another biomass lignocellulose (rice straw) for 24 days 

incubation. The two mixed of P. chrysosporium and T. versicolor in 

this research decomposed sugarcane bagasse lower than 30% 

because of shorter time of incubation and different chemical 

composition of the substrate. Shorter incubation time of fungal 

pretreatment could reduce the dry weight loss of biomass [14]. 

Single culture of P. chrysosporium or T. versicolor was not able to 

remove the lignin component alone in the lignocellulose biomass 

[12]. However, the most promising fungus is the one that could 

selectively removal the lignin content than the cellulose. The two 

mixed of P. chrysosporium and T. versicolor in this research have a 

promising combination. They together degraded 16,78% of lignin, 

11,88% of α-ellulose and 19,92% of hemicellulose content of 
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sugarcane bagasse after 2 weeks incubation. Anita et al. [11] 

reported another two mixed fungi, Trametes versicolor and 

Pleurotus ostreatus, degraded 17,21% of lignin, 26,94% of α-

cellulose, and 48,45% of hemicellulose content of sugarcane 

bagasse after 4 weeks incubation. 

The hydrolysis reaction of pretreated sugarcane bagasse (PSB) was 

helped by microwave irradiation. El-Zawawy et al. [3] reported that 

acid hydrolysis in microwave for 10 minutes results in a higher 

glucose concentration compared to that carried out for 2 hours in 

the traditional method. It caused by microwave fields usually 

affecting hydrogen-bonding networks which may lead to an 

increase in the rate of breakage of the cellulosic structure [14]. 

Figure 2 showed the effect of PSB concentration on reducing sugar 

production by dilute sulfuric acid hydrolysis assisted by microwave 

irradiation for 5 minutes. The PSB concentration had significant 

effect based on analysis of variance (p<0,05). Below 4% of PSB 

concentration, the reducing sugar increased with the increasing 

amount of PSB. When 4% of PSB was hydrolyzed, 2,66 mg/ml of 

reducing sugar was produced in 5 minutes. However, when the 

amount of PSB exceeded 4%, the rate of reaction only increased 

little. PSB concentration of 5% producing the reducing sugar of 

2,96%. Increasing PSB concentration over 4% did not significantly 

affect the reducing sugar production. It was proved by grouping 

information from Fisher’s Least Significant Difference that showed 

differences between each level concentration were significant 

except between 4% and 5%.  
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Figure 2. Reducing sugar versus pretreated sugarcane bagasse (PSB) concentration. 

The hydrolysis reaction catalyzed by dilute sulfuric acid under 50% power of 

microwave for 5 minutes. 

 

The PSB concentration also had significant effect to production of 

HMF (p<0,05). The more PSB concentration, the more HMF 

production (Figure 3). The HMF production was started over 1% of 

PSB concentration. HMF is a well known by-product formed in acid 

hydrolysis of lignocellulosic materials. It is formed from hexoses in 

acid catalyzed processes. HMF and furfural are the most important 

inhibitors during fermentation of dilute-acid hydrolyzates, 

therefore lower amounts of HMF are desirable in the hydrolysates 

[15]. The highest HMF production (0,76 mg/100 g) was occurred 

when 5% of PSB was hydrolyzed. 
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Figure 3. HMF versus pretreated sugarcane bagasse (PSB) concentration. The 

hydrolysis reaction catalyzed by dilute sulfuric acid under 50% power of 

microwave for 5 minutes. 

 

Figure 4 showed the effect of microwave heating time on reducing 

sugar production by hydrolyzing 3% of PSB in dilute sulfuric acid. 

The reducing sugar production can be divided into three phases. At 

the first phase, 0,19 mg/ml of reducing sugar was produced within 

2,5 minutes. At the second phase, the rate of cellulose hydrolysis 

was speed up from 2,5 to 12,5 minutes and the highest reducing 

sugar was 7,27 mg/ml. In the third one, the reducing sugar 

production was decreased over 12,5 minutes of heating under 

microwave irradiation. So, microwave heating time had significant 

effect on reducing sugar production FFA conversion (p<0.05), but 

increasing microwave heating time over 12,5 minutes did not 

recommended because of further decomposotion of reducing 

sugar.  
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Figure 4. Reducing sugar versus microwave heating time. The hydrolysis reaction 

of 3% of PSB was catalyzed by dilute sulfuric acid under 50% power of microwave. 

 

Figure 5 showed the significant effect of microwave heating time 

on HMF production by hydrolyzing 3% of PSB in dilute sulfuric acid 

media (p<0,05). The longer the heating time, the more 

decomposition of reducing sugar become HMF. The highest HMF 

occurred when hydrolysis of PSB was conducted for 15 minutes. 
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Figure 5. HMF versus microwave heating time. The hydrolysis reaction of 3% of 

PSB was catalyzed by dilute sulfuric acid under 50% power of microwave. 

 

4. Conclusion 

The two mixed P. chrysosporium and T. versicolor pretreatment of 

sugarcane bagasse could selectively removal the lignin content 

than the cellulose. This research also showed that the pretreated 

sugarcane bagasse concentration and microwave heating time had 

significant effect on reducing sugar and HMF production during 

hydrolysis reaction. The recommended pretreated sugarcane 

bagasse amount for hydrolysis was 4% and the microwave heating 

time could not over than 12,5 minutes. 
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Sugarcane bagasse is a potential renewable biomass resources for 
ethanol production, since it is cheap, readily available, and has a 
high cellulose content. The purpose of this research was to 
investigate the effect of biological pretreatment using mixed 
culture of white-rot fungi Phanerochaete chrysosporium and 
Trametes versicolor of sugarcane bagasse on the  amount of sugars 
produced after microbiological saccharification of the sugarcane 
bagasse. Sugarcane bagasse was pretreated using 10 % (w/v) of 
inoculums white-rot fungi P. chrysosporium and T. versicolor  then 
incubated for 2 weeks. Chemical analysis was done to determine 
the weight loss, lignin, and alphacellulose content before and after 
pretreatment. The bioconversion of pretreated sugarcane bagasse 
into sugar using fungi Trichoderma viride and Aspergillus niger was 
carried out in submerge cultivation. A. niger and T. viride at 10 % 
(v/v) inoculum, respectively, was inoculated in cultivation medium 
containing 2 g/L pretreated sugarcane bagasse (dry basis) 
supplemented with nutrient medium,  pH 4,5.  After cultivation at 
room temperature with shaking speed 120 rpm for 96 hours, the 
reducing sugar was analyzed. The result showed that 2-week 
incubation of mixed culture of  P. crysosporium and T. versicolor 
gave the changes in chemichal composition sugarcane bagasse, 
with considerable number of lignin degradation (16,78 %) and 
minimum loss of cellulose (11,88 %) and hemicelluloses loss (16,92 
%). After microbiological saccharification for 96 hours, the highest 
reducing sugar,  9,563 µg/ml and  15,867 µg/ml, were obtained 
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after microbiological saccharification using T. viride and A. niger, 
respectively after 72 hours cultivation on pretreated sugarcane 
bagasse. 
 

Keywords: pretreatment, sugarcane bagasse, reducing sugar, 

white-rot fungi, microbiological saccharificataion  
 
1. Introduction 

Ethanol can be produced through fermentation of 
lignocellulosic biomass such as sugarcane baggase, oil palm empty 
fruit bunch, frond oil palm, corn cob,  rice straw, and etc.  
Lignocellulosic biomass is composed by cellulose, hemicellulose, 
lignin, and small amount of extractives. Cellulose predominate in 
the cellular wall region and lignin is distributed through all 
structure, especially in middle lamella.  Conversion lignocellulosic 
biomass to bioethanol required some process such as 
pretreatment, cellulose hydrolysis, sugar fermentation to ethanol, 
and purification ethanol [1,2]. 

Sugarcane bagasse is one of  renewable biomass resources 
that potential for ethanol production, since it is cheap, readily  
available, and has a high cellulose content. There is as much as 
2,991 juta ton/year sugarcane bagasse can be produced from 
sugarcane factories in Indonesia. This great amount of sugarcane 
bagasse  potentially can produce ethanol as much as 614,827 
kL/year [2].  

Production of ethanol from lignocellulosic biomass like 
sugarcane bagasse is achieved through hydrolysis of cellulose in the 
lignocellulosic biomass to produce reducing sugars which are then 
fermented to ethanol. Hydrolysis can be catalyzed by acids,  
cellulolytic enzyme or microbiological saccharification. Since 
enzymatic hydrolysis and microbiological saccharification have 
several advantages than acid hydrolysis, that are a promising 
method for saccharification lignocellulosic biomass.  For 
microbiological saccharification,  microbes of spesific 
characteristics are  required [3,4].  
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Filamentous fungi, Aspergillus niger and Trichoderma viride 
were known as producers of cell-wall degrading system. These 
microorganism consist of three classes of enzyme, i.e. 
endoglucanases, exoglucanases, and β-glucosidase. These classes of 
enzyme was necessary to degrade cellulosa. Genus of Trichoderma 
produce relatively large quantities of  endo-ß-glucanase and exo-ß-
glucanase, but only low levels of ß-glucosidase, while those of the 
genus Aspergillus produce relatively large quantities of endo-ß-
glucanase and ß-glucosidase with low levels of exo-ß- in 
lignocellulosic biomass [5]. 

Unfortunately, since lignin hinders the access of cellulolytic 
enzyme from microorganism, it is necessary to decomposed the 
network of lignin. Conversion of  lignocellulosic biomass needs 
pretreatment in order to separate lignin from cellulose.  Several 
methods have been introduced for pretreatment of lignocellulosic 
biomass. These methods are classified into physical pretreatment, 
physico-chemical pretreatment, chemical pretreatment, and 
biological pretreatment.  The most promising microorganism for 
biological pretreatment are white-rot fungi. White-rot fungi are the 
most effective basidiomycetes for pretreatment of lignocellulosic 
biomass. Recent studies have shown that Lentinus edodes, 
Trametes pubescen, Pleurotus spp, Phanerochaete chrysosporium 

grown at 25-35C for 3-22 days resulted to 45-75% and 65-85% 
holocellulose and lignin degradation, respectively [6]. 

The purpose of this research was to investigate the effect of 
biological pretreatment using mixed culture of white-rot fungi 
Phanerochaete chrysosporium and Trametes versicolor of 
sugarcane bagasse on the amount of sugars produced after 
microbiological saccharification of the sugarcane bagasse. 

 
2. Methods 

Biomass materials 
Sugarcane bagasse was collected from Magetan sugar 

factory. Sugarcane bagasse were milled and screened (40—60 
mesh). The milled sugarcane bagasse were added nutrient 
media (Japan Industrial Standard (JIS) media) with substrate –
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media comparison 1:3 (w/v) and mixed. The mixture were 
autoclaved for 20 minutes and used for biological 
pretreatment.  

 
Analysis of biomass components 

Analysis was carried out on the content of extractives, 
lignin, α-cellulose, and hemicellulose of sugarcane bagasse 
before and after biological pretreatment. The analysis was 
done according to Mokushitsu kagaku jiken manual [7]. 

 
Microorganism, medium, and culture condition for biological 
pretreatment 

White-rot fungi Phanerochaete chrysosporium and 
Trametes versicolor  were used for biological pretreatment of 
sugar-cane bagasse. The fungi P. chrysosporium and T. 
versicolor  were cultured on Potato Dextrose Agar (PDA) slant 
for ± 7 days. Five mililiter of JIS broth media was injected in 
each slant, and the fungi then scratced by ose.  The 
suspension was then poured into 95 ml JIS broth media (3 g 
KH2PO4, 2 g MgSO4.7H2O, 25 g glukosa, 5 g peptone, and 10 g 
malt extract  were added into 1000 ml aquades) and 
incubated stationery for 10 days.  At the end of incubation 
time, each inoculum was then homogenized by a high speed 
waring blender twice each for 20 second.  

The sugarcane bagasse that have been mixed with nutrien 
media (200 g of oven dried weight) were put into heat 
resistant plastic bag and injected by 10 % (v/w) of 
Phanerochaete chrysosporium and Trametes versicolor  
mixture inoculum with comparison 1:1. The sugarcane 

bagasse were then incubated at ± 27C (incubator 
temperature) for 2 weeks. After the time incubation finished, 
pretreated sugarcane bagasse were weighed for the analysis 
of weight loss. Then, partially samples were dried for analysis 
chemical content of extractives, lignin, α-cellulose, 
hemicellulose of sugarcane bagasse after biological 



 

 542 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

pretreatment and the remaining samples (wet samples) were 
used for hydrolysis. 

 
Microorganism, medium, and culture condition for 
conversion sugarcane bagasse 

Fungi Aspergillus niger and Trichoderma viride were 
culture on PDA slant agar for ± 7 days. Five mililiter of 
subculture media was injected in each slant, and then the 
fungi scratced by ose. The suspension was then poured into 
95 ml subculture media ((g/L) : 0.2 KH2PO4, 0.04 CaCl2.H2SO4, 

0.03 MgSO4.7H2O, 0.14 (NH4)2S04, 0.03 urea, 0.2 pepton, 0.1 
glukosa (mg/L): 0.5 FeSO4.7H2O, 0.16 MnSO4.H2O, 0.14 
ZnSO4.7H2O) and incubated on 120 rpm incubator shaker at 
room temperature for ± 7 days. Then, 10 % (v/v) inoculum A. 
niger and T. viride                     (10

6
 spore/ml) from subculture 

media were inoculated on 50 ml cultivation media for 
conversion sugarcane bagasse to glucose, adjusted initial pH 
to 4,5.  

The composition of cultivation media as the same as the 
subculture media, except that peptone was eliminate and 
glucose was replace with 2 g/L pretreated sugarcane bagasse. 
The cultivation media was then shaken continuously on an 
incubator shaker at 120 rpm and room temperature for ± 24, 
48, 72, and 96 hours. The cultivation media in each interval of 
time incubation was filtered through filter paper. The 
supernatant was used for analysis of reducing sugar. 

 
Analysis of reducing sugar 

The reducing sugar obtained from conversion process was 
analyzed according to Nelson-Somogyi method [8]. 

 
 
 
 
 
 



 

 543 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

3. Results and Discussion 
The major chemical composition of sugarcane bagasse 

used on these study was shown on Table 1. 
 
Table. 1. Chemical composition of sugarcane bagasse before 
pretreatment. 

 
 
 
 
 
 
 
 

a
Composition percentages are on  dry-weight basis 

 
 After pretreatment using mixed culture of white-rot fungi 
Phanerochaete chrysosporium and Trametes versicolor for 2 weeks 
incubation, there was a changes both the weight and chemical 
composition of sugarcane bagasse (Figure 1). Weight loss can be 
caused by the loss of chemical component of sugarcane bagasse 
such as extractive, lignin, cellulose, and hemicellulose as the result 
of pretreatment process. 
 Extractive loss of sugarcane bagasse after pretreatment 
was about 13,43%. Extractive are compounds that dissolved in 
organic solvents. Extractive on lignocellulosic biomass generally 
composed of  terpene, lignans, flavanoid, fatty acid, alcohol, 
steroid, hydrocarbon, and other aromatic compounds [9]. All these 
compounds are degraded by the fungi, resulting in decreased level 
of extractive of sugarcane bagasse. 

Lignin, α-celullosa, and hemicellulose also degraded in 
pretreatment process using white-rot fungi. The result showed that 
the maximum degradation of  lignin with minimal losses of 
cellulose of sugarcane bagasse after pretreatment using mixed 
culture of white –rot fungi were 16,78 % and 11,88 %, respectively. 
The best biological pretreatment was the treatment which the 

Component Percentage (%)
a 

Extractive 1.77 

Lignin 29.27 

α-celullosa 40.98 

Hemicelullosa 28.67 



 

 544 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

results showed a high lignin degradation but with minimal losses of 
cellulose. (α-cellulose will be used as a source of sugar in the 
fermentation process of ethanol).  

Previous research reported that  the highest lignin 
degradation with minimal losess of cellulose were 17, 21 % and 26, 
94% , respectively, obtained  after 4 weeks biological pretreatment 
using mixed culture Trametes versicolor and Pleurotus ostreatus 
[10]. This previous results was different from the results of the 
present study. It is caused by  the differences of species fungi that 
was used and the length of time incubation on pretreatment 
process. The different species of fungi that was used causes the 
different pattern on chemical component losses. It may be due to 
the differences in the enzyme produced by each fungi and also 
related to the interactions that occur among fungi. Fungi that 
interact synergistically will produce enzymes to degrade  the same 
substrate in order to obtain the selective degradation process. The 
fungi  in a synergistic interaction will cooperate to produce 
enzymes for degrading substrate [11]. 

As with mix cultures, incubation period should have been 
reduced to prevent significant loss of cellulose and hemicellulose. 
Furthermore, with shorter incubation period, this biological 
pretreatment process will be more interesting and feasible for the 
industry.  

Hemicellulose loss on sugarcane bagasse was about 
16,92% after pretreatment. Hemicellulose component of sugarcane 
baggase can contribute to ethanol yield if using microorganism 
such as Zymomonas mobilis on the fermentation process. That 
microorganism can metabolize hexose sugars (from cellulose) and 
pentose sugars (from hemicellulose) into ethanol [12]. Therefore, 
the lower loss of hemicellulose component on pretreated biomass 
is an advantages on biological pretreatment process. 
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Figure 1. The loss of chemichal component of sugarcane 
bagasse after pretreatment using white-rot fungi  
                Phanerochaete crysosporium and Trametes versicolor 
for 2 weeks incubation 
 

 The result of microbiological saccharification using 
Trichoderma viride on pretreated and unpretreated sugarcane 
bagasse was showed in Figure 2. The reducing sugar on pretreated 
sugarcane bagasse was higher than without pretreatment.  It may 
be caused by pretreatment process that make some changes on 
chemical structure and composition of  sugarcane bagasse.  
Pretreatment of lignocellulosic biomass is the most important step 
required to remove lignin and disrupt the crystallinity of 
carbohydrate fraction without losing too much of structural sugars 
[13]. The reducing sugar increased significantly after 72 hours of 
incubation. The highest reducing sugar after T.viride microbiological 
saccharification was 9,563 µg/ml at 72 hours incubation. 
 



 

 546 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

 
Figure 2. Reducing sugar at various time incubation 

hydrolysed by Trichoderma viride 
 

 Figure 3 represent the result of microbiological 
saccharification using Aspergillus niger on pretreated and 
unpretreated sugarcane bagasse. Similar with T. viride 
saccharification, the reducing sugar after A. niger saccharification 
on pretreated sugarcane bagasse was higher than without 
pretreatment. It may be  caused by biological pretreatment 
process. Pretreatment is required to alter the structures of 
cellulosic biomass to make more accessible to the enzymes that 
convert the carbohydrate polymers into fermentable sugars and to 
cellulase producing microorganism [14]. T. viride and A. niger were 
microorganism that could produce cellulase enzyme [5]. The 
reducing sugar increased significantly after 72 hours of incubation. 
The highest reducing sugar after A.niger microbiological 
saccharification was    15,867 µg/ml at 72 hours incubation. 
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Figure 3. Reducing sugar at various time incubation 

hydrolysed by Aspergillus niger 
 

 The reducing sugar in this research was too low .  Other  
research showed that the maximum reducing sugar obtained after  
A. niger saccharification on 45% (w/v) cassava  waste  for 72 hours 

at 200 rpm shaking flask and 30C temperature incubation was 
44,91 g/L [15]. The result was different with this research.  It may 
be caused by the biomass that was used or by the condition of 
saccharification  process.  

 This research need some improvement for the future.  For 
optimization microbiological saccharification, there  are many 
factors that affect conversion  lignosellulosic  biomass into 
fermentable sugar including substrate concentration, inoculum 
size, and environmental parameter such as temperature, pH as well 
as composition of nutrient media for cultivation. 
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4. Conclusion 
Biological pretreatment using mixed culture white-rot 

fungi Phanerochaete chrysosporium and Trametes versicolor 
showed that the maximum degradation of  lignin with minimal 
losses of cellulose of sugarcane bagasse were 16,78 % and 11,88 %, 
respectively, obtained after two weeks incubation.  Biological 
pretreatment of sugarcane bagasse affected the reducing sugar 
obtained after microbiological saccharification of sugarcane 
bagasse. The reducing sugar after Trichoderma viride  and 
Aspergillus niger saccharification on pretreated sugarcane bagasse 
was higher than without pretreatment.  The reducing sugar of 
pretreated sugarcane bagasse were 9,563 µg/ml and 15,867 µg/ml 
obtained after T. viride  and A. niger  saccharification at 72 hour 
incubation, respectively. The microbiological saccharification still 
need some improvement for the future research. Optimization 
microbiological saccharification process including substrate 
concentration, inoculum size, and environmental parameter such 
as temperature, pH as well as composition of nutrient media for 
cultivation were needed for increasing the reducing sugar yield. 
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Oil palm empty fruit bunch (OPEFB) as agricultural waste that fairly 
abundant availability are raw materials that can be utilized for 
enzymatic conversion to fermentable sugars. However, one of the 
main challenges for the production of ethanol from lignocellulose is 
the development of an efficient pretreatment process in order to 
break up the formation of a lignin-hemicellulose matrix structure of 
the biomass. The effects of biological pretreatment on the OPEFB 
was evaluated after exposure to 10% from substrate of two pure 
cultures white rot fungi Phanerochaete chrysosporium (PC) and 
Trametes versicolor (TV). After four weeks, total lignin loss of 
pretreatment with PC and TV was 27.29% and 25.46%. In this 
research was to evaluate the potential pretreatment OPEFB of 
mixed culture two white root fungi PC and TV on different 
concentrations (5%, 10%, and 15% w/v), using substrate to 
inoculum ratio of 1:2. After incubated for four weeks, the samples 
heated in autoclave for 30 minutes and washed with water, then 
hydrolyzed with Meisellase from Trichoderma viride. Cellulase 
enzyme loading was 8 Filter Paper Units/g substrate. Enzymatic 
hydrolysis was performed in 0.05 M sodium citrate buffer (pH 4.5) 
at 45 °C on a waterbath shaker for 24-72 h. Result from this 
preliminary study can indentify optimal conditions on mixed culture 
biological pretreatment OPEFB based on lignin loss and sugar yields 
from enzymatic hydrolysis. 
 
Keywords: oil palm empty fruit bunch, cellulase, 
Phanerochaetechrysosporium, Trametesversicolor.  
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1. Introduction 

The search for alternative energy sources fuel oil is currently 
the world's attention related to declining availability of energy 
resources of petroleum fuels. Indonesia has given serious attention 
to this alternative energy source with the Government Regulation 
of Republic of Indonesia number 5 of 2006 concerning National 
Energy Policy to develop alternative energy sources as a substitute 
for petroleum fuels. Therefore, many studies that led to the 
utilization of energy derived from renewable sources, one of them 
is biomass as raw material for bioethanol. 

Lignocellulosic materials is an interesting raw material for 
bioethanol production especially from forestry and agricultural 
waste products such as oil palm empty fruit bunch (OPEFB). 
Indonesia has become the world’s biggest palm oil producer. 
Indonesian palm oil industry generates approximately 15.2 x 10

6
 t 

per year of solid wastes such as oil palm empty fruit bunches, fiber 
and fruit shell [1]. Abundant sources of oil palm based biomass 
provide an impetus for the sustainable generation of bioethanol 
[2].  

Lignocellulosic materials contains cellulose (20–35%), 
hemicellulose (20–35%), lignin (10–35%), and other components 
[3]. Lignocellulosic materials is resistant to degradation and offer 
hydrolytic stability, which is mainly due to cross linking between 
polysaccharides (cellulose and hemicellulose) and lignin via ester 
and ether linkages. Cellulose and hemicellulose are densely packed 
by layers of lignin, that offer protect in against enzymatic hydrolysis 
[4].  

Studies about lignocellulosic materials, especially those 
concerning lignin biodegradation in the material have been 
conducted for many years either through microbiology or 
chemistry and biochemistry approaches.  

Basidiomycetes, which cause white rot decay, are able to 
degrade lignin in lignocellulosic materials. These fungi are called 
white-rot fungi [5], produces a family of enzymes called ligninases, 
that have extensive biodegrative properties[6]. The biological 
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pretreatment appears to be a promising technique and has very 
evident advantages, including low energy input, mild 
environmental conditions, and environmentally friendly[7,8] 

White-rot fungi pretreatment on rice straw and bagasse has 
showed positive results on delignification of the materials [9,10]. 
Other studies on bamboo and wood also could reduce 
lignocellucellulose recalcitrance to enzymatic hydrolysis [8, 11]. 

 

 
 
Figure 1. The goals of biological pretreatment on lignocellulose in 
schematic [12] 
 

There is some possibility when some fungi to live and grow 
near each other in lignocellulosic materials or other 
microenvironments. These fungi may display antagonistic or 
synergistic interactions to degrade the same substrate i.e. cellulose 
[13]. The effects of co-culturing two white rot fungi on biopulping 
betung bamboo (Dendrocalamus asper) has been studied and 
showed positive results when using T. versicolor and P. 
crysosoporium for 30 days incubation [14]. 

The aim of this study was to investigate the effects of co-
culturing two white rot fungi T. versicolor and P. crysosoporium for 
pretreatment of OPEFB fiber based on yield of reducing sugars 
from enzymatic hydrolysis. 
 
 
 



 

 553 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

2. Materials and Methods 
Except as mentioned, all chemicals were obtained from 

Merck. 
Raw Material. OPEFB fiber was collected from an Oil Palm 

Plantations in Sukabumi, West Java, Indonesia. The dried OPEFB 
fiber was grounded using ring flaker, hammer mill and disc mill, and 
sieved to get 40-60 mesh powder. Chemical composition of OPEFB 
fiber was analyzed Mokushitsu Kagaku Jiken Manual [15]. 

Inoculum Stock Preparation. Pc and Tv were obtained from 
Research Center for Chemistry, Indonesian Institute of Sciences. Pc 
and Tv were cultured separately in Malt Extract Agar (MEA) Slant 
(per 250 ml of distilled water contained 8.875 g MEA (Difco) and 
0.125 g Chloramphenicol (Indofarma)) for 7 days. Each mycelium 
was molted and diluted in 5 ml of the JIS (Japan Industrial Standart) 
Nutrient Broth medium (per liter of distilled water contained: 3 g 
KH2PO4; 2 g MgSO4.7H2O; 2 g glucose-monohydrate; 5 g Bacto-
pepton (Difco); and 10 g Malt Extract (Difco)). The suspension was 
then poured into 95 ml of JIS Nutrient Broth medium and incubated 
stationery at 27 ºC for 10 days. The inoculums were then 
homogenized by a high speed waring blender for 2 x 20 seconds.  
The mixed inoculum was then called inoculum stocks. 

OPEFB Fiber Pretreatment with White-rot Fungi. The 
biological pretreatments with co-culturing of Pc and Tv were 
carried out in glass jar. OPEFB fiber was weighted ca. 30 g and 
added with 60 ml JIS Nutrient Broth medium, then  sterilized (121 
ºC; 1 atm) for 20 minutes and aseptically inoculated with inoculum 
stocks of Pc and Tv loading for 5, 10, and 15% (v/w) based on the 
weight of OPEFB fiber. Cultures were maintained statically at 27 °C 
for 2 and 4 weeks, then heated using autoclave (121 ºC; 1 atm) for 
20 minutes and washed with flowing water for removing mycelium 
covering the OPEFB fiber. All the cultures were grown in 
quadruplicate. Non-inoculated OPEFB fiber was used as control. 

Enzymatic hydrolysis. The pretreated OPEFB fiber was 
hydrolyzed with a commercial cellulase preparation, Meisellase 
from Trichoderma viride (Meiji Seika Co., Ltd., 224 FPU/g, β-
glucosidase activity 264 IU/g). Cellulase enzyme loading was 20 
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Filter Paper Units (FPU)/g substrate. The substrate concentration 
was 1% (w/v) and enzymatic hydrolysis was performed in 0.05 M 
sodium citrate buffer (pH 4.8) at 45 °C on a waterbath shaker 
(Memmert WNB 14, Germany) for 48 h. Reducing Sugar analysis 
was measured using Somogyi-Nelson method [16]. 
 
3. Results and Discussion 

Chemical Composition of OPEFB Fiber. OPEFB fiber is 
essentially composed of cellulose, hemicelluloses, lignin, and 
extractives. Table 1 presents major chemical compositions of 
OPEFB, it showed that the holocellulose content (carbohydrate 
fraction) of OPEFB fiber was 70.72 % of the total biomass, which 
consist of 44.22 % alpha-cellulose and 26.50 % hemicellulose. The 
major component of OPEFB fiber was alpha-cellulose, is composed 
of linear chains of D-glucose linked by ß-1,4-glycosidic bonds with 
the degree of polymerization 10,000 in native wood, therefore its 
very potential to utilize this lignocellulosic material as a sugar 
source for bioethanol production. Unlike cellulose, hemicelluloses 
have lower degree of polimerization (50-300) which is any of 
several heteropolysaccharides. surrounds cellulose microfibrils. The 
lignin content of OPEFB fiber was 17.54%, is comparable to those 
reported [17, 18]. Lignin can be thought of as the glue that holds 
the cellulose and hemicellulose together. 

 
Table 1. Chemical Composition of Initial OPEFB Fiber 

Component Content (%)
a 

Reference 

Content (%) 
[17] 

Content (%) 
[18] 

Ash 1.04 ± 0.09 0.7 3.8 

Extractive 2.48 ± 0.04
b 

0.9 2.8 

Acid Insoluble Lignin 17.54 ± 0.37 17.2 17.6 

Holocellulose 70.72 ± 0.56 70.0 86.3 

      Alpha-cellulose 44.22 ± 5.61 42.7 - 

      Hemicellulose 26.50 ± 5.61 - - 
a
Composition percentages are w/w on dry-weight basis 

b
Value is expressed as ethanol-benzene soluble extractives 
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Effect of Biological Pretreatment on Weight Loss of OPEFB 
Fiber. The biological pretreatments with co-culturing Pc and Tv 
caused weight loss of OPEFB fiber. The effects of pretreatment 
began to degrade within two weeks of incubation. There are two 
modes of action when white-rot fungi degrade lignin, namely 
selective and non-selective decays.  The selective white-rot fungi 
were thought to remove lignin and hemicellulose preferentially, 
depends on the lignocellulosic material and cultivation time, while 
the cellulose fraction was essentially unaffected. The non-selective 
white-rot fungi degraded approximately equal amounts of all 
fractions of lignocellulose [12]. Otjen et al. [19] reported that 
chemical analysis showed large losses of lignin without much 
cellulose loss for wood block pretreated with Pc, meanwhile 
pretreated with Tv caused a nonselective attack of all cell wall 
components [20]. 

Figure 2 showed that OPEFB fiber decay increased in weight 
loss when increasing incubation time and inoculum loading. Weight 
loss of OPEFB fiber decayed with co-culturing Pc and Tv when using 
15% of inoculum loading for 2 and 4 weeks were 14.42 and 18.12%, 
respectively. Meanwhile, the lowest weight loss of OPEFB fiber 
decayed with co-culturing Pc and Tv when using 5% of inoculum 
loading were 7.56% for 2 weeks and 14.03% for 4 weeks of 
incubation. Additional studies are required to clarify the 
component losses in more specific for the interactions between  
white rot fungi and their selectivity. Zhu et al. [21] reported that 
lignin loss of corn stover was up to 34.8% after 21 days 
pretreatment with Tv, hemicellulose also degraded up to 21.9%. In 
wheat straw reported that up to 30% loss of total lignin within 
three weeks of biopretreatment by Pc [22]. 

Related to lignin degradation, white-rot fungi face major 
challenges associated with lignin structure, such as the lignin 
polymer is large, comprised of inter-unit carboncarbon and ether 
bonds, and stereo-irregular. Therefore, ligninolytic systems must be 
extracellular, degradation mechanism must be oxidative rather 
than hydrolytic, and ligninolytic agents must be much less specific 
than degradative enzymes [12]. 
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Figure 2. Effect of inoculum loading to weight loss of OPEFB fiber 
pretreated with co-culturing of Pc and Tv for 2 ( ) and 4 ( ) weeks 
compared with nonpretreated control ( ). 
 

 Effect of Biological Pretreatment on Sugar Yield after 
enzymatic saccharification. As expected, OPEFB fiber without 
pretreated were more resistance to enzymatic hydrolysis compare 
with the OPEFB fiber pretreated. Figure 3 showed that when 
decayed OPEFB fiber was hydrolyzed, saccharification yields of the 
OPEFB fiber increased with increasing incubation time of 
pretreatments.  Saccharification of OPEFB decayed with co-
culturing Pc and Tv using 10% of inoculum loading was much higher 
than the other two, but there was no significant difference 
between them. Nutrien concentration in the culture medium an 
important role in the production and activity of ligninolytic 
enzymes [12], so if the concentration of inoculum loading is to 
higher may affect in competition for nutrient supplementation. 
After 2 and 4 weeks of incubation, yield of reducing sugars based 
on the weight of decayed OPEFB fiber with co-culturing Pc and Tv 
using 10% of inoculum loading were 14.42% and 16.32%, 
respectively. White-rot fungi resulted irregular holes on the surface 
of biomass [23], indicates that biological pretreatment increases 
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the porosity and surface area of the substrate [12], therefore  its 
leading to a higher saccharification ratio.  

 

 
 

 
Figure 3. Effect of pretreatment on yield of reducing sugars after 
enzymatic saccharification for 48 hours. Values are expressed as 
yield of reducing sugars based on the weight of decayed ( ) and 
original ( ) OPEFB fiber.  
4. Conclusion 
 

In general, the biological pretreatments with co-culturing Pc 
and Tv caused weight loss of OPEFB fiber. Although we did not 
obtain the component losses in more specific for the interactions 
between  white rot fungi and their selectivity. OPEFB fiber decay 
increased in weight loss when increasing incubation time and 
inoculum loading. The highest weight loss was 18.12% after 4 week 
pretreatment using 15% inoculums loading. In enzymatic 
saccharification, showed that when decayed OPEFB fiber was 
hydrolyzed, saccharification yields of the OPEFB fiber increased 
with increasing incubation time of pretreatments. Yield of reducing 
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sugars based on the weight of decayed OPEFB fiber with co-
culturing Pc and Tv using 10% of inoculum loading for 4 weeks 
incubation was 16.32%.  
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Solid waste of seaweed as a by-product from the agar extraction 
process contains large amount of cellulosic materials. The technical 
feasibility of seaweed waste utilization as a resource of renewable 
energy was investigated in this paper. The production of 
fermentable sugars (glucose) from seaweed waste was studied by 
dilute sulfuric acid pretreatment and further enzymatic hydrolysis. 
Dilute sulfuric acid pretreatment was conducted by using sulfuric 
acid at concentration of 0, 0.5, 1.0, and 1.5 %(w/v) for 0.5, 1.0 and 
1.5 h respectively at 121

o
C. Fermentation of pre-treated seaweed 

waste was carried out in shake flask with 1% of substrate at 30
o
C 

and agitation of 150 rpm in shaking incubator. The system of 
enzymatic hydrolysis employing of cellulase enzyme produced by 
native bacterial isolate recovered from seaweed. Results showed 
that seaweed solid waste might be a potential bioenergy resource, 
containing high content of cellulose and hemicelluloses which are 
ready to be converted into fermentable sugars.It indicates that 
cellulose in seaweed processing wastes is easily hydrolyzed to 
produce glucose. Solid seaweed waste shows excellent prospects as 
a potential feedstock for the production of bioethanol as an 
alternative energy sources in the future.  
 
Keywords: solid seaweed waste, cellulase, scid hydrolysis. 
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1. Introduction 

High demands for energy and concerns about global climate 

changes have led to the resurgence of biofuels.  Biofuels are liquid 

or gaseous fuels made from plants and residues such as agricultural 

crops, municipal wastes and agricultural or forestry by-products 

(Balat, 2009). The largest producer of fuel ethanol is the U.S.A., 

followed by Brazil, taking corn and sugarcane juice as feedstocks, 

respectively (Sanchez and Cordona, 2007). Fuel ethanol can be 

produced from plants containing sugar, starch and lignocellulose. 

Ethanol produced from materials containing sugar and starch is 

regarded as the first generation of bioethanol. The majority of the 

current bioethanol in the world is the first generation. However, 

many problems including food security and land substitution are 

brought up with the increasing demand for the first generation of 

bioethanol. 

The second generation of bioethanol uses cellulosic wastes as 

feedstock because of its relative abundance and low cost. It was 

concluded that the use of by-products might ease the pressure on 

land area requirement considerably and it should not be neglected 

in assessing the impacts of biofuel provision worldwide (Ozdemir 

et.al., 2009). The materials investigated for the conversion of 

second generation bioethanol at present are extensive and most of 

them come from the land-derived resource: crop residues like agri-

food wastes from fresh and processed vegetables (del Campo et.al., 

2006), wheat straw (Saha et.al., 2005), corn stover (Suurs and 

Hekkert, 2009), while marine-derived resources has not been 

extensively studied.   

Energy production from biomass has emerged as one of the more 

attractive and promising alternatives to fossil fuels. The use of 

enzymatic hydrolysis to convert cellulose and hemicellulose into 

fermentable sugars has been studied extensively, in view of its 

great potential for application in improving economic feasibility of 
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bioethanol production . Biotechnological applications require large 

quantities of low-cost enzymes. An appropriate approach to this 

requirement is the utilization of the energy potential of 

lignocellulosic wastes .  

 

In this study, seaweed waste as a by-product in agar industry which 

containing high cellulose and a low hemicellulose and lignin 

content was used. It has the potential for the conversion into 

bioethanol in the future along with micro and macro algae. A 

feasible way of bioethanol production from solid seaweed waste 

was to use the method of dilute acid pretreatment followed by 

semi-continuous saccharification and fermentation. The application 

of marine- derived cellulosic biomass can avoid the conflicts 

between human food consumption and the occupation of 

cultivated land. The optimal conditions of dilute acid pretreatment 

for high efficiency ethanol production were studied in this paper. 

 

2. Materials and methods 

 

2.1. Raw material and yeasts preparation  

The raw material, seaweed solid waste was collected from small 

scale agar industry in Pameungpeuk, District of Garut, West Java.  

The type of seaweed was informed as Gracillaria sp. which paper 

agar was the main product.  The solid agar waste was milled and 

screened through 20-80 meshes and dried at 40
o
 C prior to 

pretreatment. The milled raw material was stored in desiccators at 

room temperature until being further processed. The bacterial 

strain used in this experiment was a native bacteria recovered from 

agar waste coded as SGS 2069. The medium used in the experiment 

containing (per 100 ml) 0.02 g of MgSO4
.
7H2O; 0.03 g NH4NO3; 0.05 

g K2HPO4; 0.1 g KH2PO4; 0.002 g FeSO4
.
7H2O; 0.004 g CaCl2

.
2H2O; 

0.2 g yeast extract, and 1% of pre-treated agar waste.  (dalam 100 
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ml). in which the concentrations of nutrients in g/L were: glucose, 

20; yeast extract, 0.5; urea, 1; Na2HPO4, 0.5; KH2PO4, 2.5; MgSO4, 

1; (NH4)2SO4,1; FeSO4, 0.001. The Erlenmeyer flasks were 

incubated in a rotary shaker at 30
o
C and 150 rpm for 7 days. 

 

2.2. Dilute acid pretreatment and enzymatic hydrolysis 

The dilute acid pretreatment of solid seaweed waste was optimized 

at 121
o
C for different sulfuric acid concentrations (0, 0.1, 0.2, 0.5, 

and 1.0%, w/v) and different time (0.5, 1.0 and 1.5 h), respectively. 

After pretreatment, the acid insoluble residue was collected by 

filtration and subsequently was washed thoroughly with hot water, 

weighed and analyzed for carbohydrate content. The filtrate was 

analyzed for the contents of glucose and total reducing sugar.  

 

3. Results 

 

3.1. Pretreatment and enzymatic hydrolysis 

The concentration of dilute acid was the dominant factor for the 

pretreatment. As shown in Figure 1, the cellulose content of 

treated seaweed waste increasing  in line with concentration of 

acid concentration. In contrast, lignin content was decreased as the 

concentration of acid was increasing.  However, the glucose lose in 

washing liquid was showed by the seaweed waste treated with 

1.5% of acid. The maximum glucose lost was 0.7 mg/ml at the 1.5% 

of acid concentration.    
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Figure 1.  The cellulose and lignin content of untreated and acid pre-treated 

seaweed waste at various concentration 

 
Figure 2.  The concentration of glucose in washing liquid of acid treated seaweed 

waste. 

 

3.2 Fermentation process 

3.2.1 Growth of isolate SGS 2609 

 Growth  bacterial isolate in the medium containing pre-

treated seaweed waste was measured by reading the optical 
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density of medium at 600 nm. Growth of isolate was measured up 

to 7 days of fermention.  The results can be seen in Figure 3.  

 
Figure 3.  Growth profile of isolate SGS 2609 in medium containing pre-treated solid 

seaweed waste. 

 

The growth of isolate in medium containing pre-treated substrate 

was better compared to the using of carboxy methyl cellulose. A 

better growth was showed by isolate in medium containing pre-

treated substrate with 0.5-1.5 % sulfuric acid.  Growth of isolate 

was poor at higher concentration of sulfuric acid. Higher acid 

concentration might hasten the degradation of cellulose and 

release soluble sugars from the pretreated samples which led to 

the loss of glucose yield which in turn put the isolate in worse 

condition for growth. 

3.2.2. Cellulase activity 

The cellulase activity during fermentation was shown in the Figure 

4.   
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Figure 4. The activity of cellulase produced by isolate in the medium containing 

various treated substrate. 

 

 The activity of cellulase enzyme was showed in the medium 

containing seaweed waste pre-treated with 0.5% sulfuric acid at 

day 4, however the activity was decreased after day 6 of 

fermentation.  It is possibly that the cellulase enzyme was 

degraded.   
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4. Discussion 

The challenge of the research that takes lignocellulosic materials 

for the generation of bioethanol is the low conversion of cellulose 

and hemicellulose, because of the presence of lignin. Various 

technologies for ethanol producing from lignocellulosic material 

conversion processes mainly focused on the pretreat- 

ment, especially the remotion of lignin, which improves the 

efficiency of cellulolytic enzymes (Fischer et.al., 2008). The purpose 

of pretreatments is to break down the crystalline structure of 

cellulose, to hydrolyze much of the hemicellulose, and to solubilize 

or disrupt the lignin (Laser et.al., 2002). The pretreatment methods 

are either physical or chemical, while some incorporate both 

effects. Numbers of pretreatments such as microbial pretreatment 

(Shi et.al., 2009), dilute acid pretreatment (Saha et.al., 2005), liquid 

hot water pretreatment (Perez et.al., 2008), and alkaline wet 

oxidation (Klinke et.al., 2002),  have been used to improve the 

saccharification of the feedstocks. Of these methods, dilute acid 

pretreatment followed by enzymatic saccharification has been the 

most popular one (Gupta et.al., 2009).  The dilute acid can 

effectively solubilize hemicellulose into monomeric sugars and 

soluble oligomers, thus improving cellulose conversion (Sun and 

Cheng, 2005).  The investigation on the feasibility of bioethanol 

conversion from algae as a cellulose-based resource could be taken 

by using the same technique with terrestrial biomass. 

 

However, because of the high content of hemicellulose and the 

presence of lignin in terrestrial biomass, pretreatment was usually 

performed under extreme conditions: high temperature (165-

210
o
C), high concentration of chemical solvents or long time (4 

weeks). It was reported that the maximum cellulose recovery of 

wheat straw was 92% under hydrothermal pretreatment conditions 

at 195
o
 C for 6-12 min followed by enzymatic hydrolysis (Petersen 
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et.al., 2009). The dilute acid pretreatment usually needs high 

temperature (160-220
o
C) fitted with lower acid dose (0-2.0%) for 

the terrestrial biomass. Contrarily, the temperature can be lower 

(121
o
 C) when fitted with higher acid levels. In early studies the 

maximum saccharification value (36.3 g sugar/100 g raw material) 

was obtained when olive tree biomasswas pretreated at 180
o
C with 

1.0% sulfuric acid, representing 75% of all sugars in the rawmaterial  

(Cara et.al., 2008) Even though pretreatments above all are 

effective and the high conversion of cellulose from terrestrial plants 

was obtained, the pretreatment for reduction in the crystallinity of 

cellulose, removal of lignin and hemicellulose postponed treatment 

time, increased energy consumption and production cost. 

On the other hand, at higher severe pretreatment conditions, the 

glucose released from cellulose may convert further to 

hydroxymethyl furfural (HMF) which is a kind of fermentation 

inhibitor. Steam pretreatment includes a risk on production of 

furfural, HMF, and soluble phenolic compounds, which can inhibit 

the ethanol fermentation .  Strong acid pretreatment is for the 

ethanol production not attractive, because soluble lignin 

compounds are often inhibition for the process (Hendriks and 

Zeeman, 2009). In this research, since the pretreatment of seaweed 

waste was performed at lower temperature (121
o
C) with low-

concentration sulfuric acid (0.5-2%), there are little inhibitors 

formed in the hydrolysates. The differences of chemical 

composition and spatial structure between land-derived and 

marine-derived biomassmight explain why little inhibitors are 

produced from acid pretreatment.  
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Conclusion 

The use of marine origin resources such as seaweed waste as an 

alternative energy source needs to be more attention in the future.  

It is more abundant than land base lignocellulosic material, so it has 

a wider possibilities to be used fossil fuel substitution. The one 

important step is how to convert unfermentable lignocellulosic 

material into fermentable sugar. This can be achieved by using 

cellulase enzyme. The dilute acid for treatment of seaweed solid 

waste can be used to improve the digestibility of seaweed waste 

for the production of cellulose enzyme. Low acid concentration 

(0.5-1.5%) for pre-tratment of seaweed waste give a better results 

in growth of bacterial isolate, but for the enzyme activity pre-

treatment with 0.5% of sulfuric acid give the highest value.  
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Acinetobacter sp. IrC1 is a copper-resistant bacteria isolated from 
activated sludges of Rungkut Industrial Estate in Surabaya. The 
bacterial isolate has a high resistance to copper by accumulating 
copper outside of the cytoplasm as a resistance mechanism. CopA 
is a periplasmic protein which has a function in copper 
accumulation and develops blue colonies in medium containing 
high levels of CuSO4. The aim of the study was to isolate copA gene 
from plasmid Acinetobacter sp. IrC1. copA primer was designed 
based on homology method to find conserved region among 
several copA genes of genus Acinetobacter from the GenBank. copA 
gene was amplified from plasmid and was sequenced to find the 
similarities of copA nucleotide sequences of Acinetobacter sp. IrC1 
with the other Acinetobacter strains and Pseudomonas syringae pv. 
tomato previously studied. As a result,  the amplification of  copA 
gene from Acinetobacter sp. IrC1 showed an obvious single band 
around 1.8 kb. The alignment of 1.2 kb nucleotide base pairs from 
this copA gene revealed that there was an 89% similarity to copA 
gene in Acinetobacter calcoaceticus PHEA-2. copA gene, which has 
been successfully isolated in plasmid, indicated that copper-
resistance determinant of Acinetobacter sp.  
 

mailto:w.irawati3@gmail.com
mailto:amandarusli@aol.com
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IrC1 encoded in plasmid. These studies suggested that 
Acinetobacter sp. IrC1 has similar copper-resistance mechanism 
with Pseudomonas syringae pv. tomato that was facilitated through 
sequestration copper by CopA protein.  It is possible that these 
results give more information about copper-resistant mechanism in 
this bacteria so that it can be used for copper bioremediation 
agents. 
 
Keywords : gene-isolation, CopA, resistance, copper, Acinetobacter 
sp. IrC1 
 
1. Introduction 

Copper is an essential micronutrient for most living 
organisms and the requirements of the microorganisms are usually 
satisfied by very low concentrations of the metal. Copper can cause 
several toxic effects above a treshold concentration. The majority 
of copper contamination incidents in Indonesia happen in the 
riverside areas and those incidents have not been handled properly 
[1]. Bioremediation possesses a potential to handle the 
contamination of heavy metals, such as copper, that involves the 
utilizations of microorganisms to detoxify and degrade the 
contaminants present in the environment [2]. 

Copper-resistant bacteria can be isolated from various 
sources contaminated to copper and can be developed as 
bioremediation agents in those area. Acinetobacter sp. IrC1 is the 
highly copper-resistant bacteria isolated from Rungkut Industrial 
Estate in Surabaya [3]. This bacterial isolate showed resistance to 
copper by accumulating the copper inside the cell up to 123.71 mg 
per gram dry cells weight. The ability of the bacterial isolate to 
accumulate copper is higher than the ability of the other 
bioaccumulator bacteria, such as Pseudomonas sp., Xanthomonas 
sp., and Escherichia coli [4]. 

The previous study demonstrated that plasmid curing of 
Acinetobacter sp. IrC1 decreased the resistance of Acinetobacter 
sp. IrC1 against copper by two-fold. This result indicated that the 
resistance of the bacteria was encoded by a gene located in the 
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plasmid [5]. The aim of the study was to isolate copA gene in the 
plasmid of Acinetobacter sp. IrC1 that is responsible in the copper-
accumulation process. This copA gene isolation is expected to 
widen the knowledge and to increase the usage of bacteria as 
copper bioremediation agents. 

 
2. Methods 

Bacterial Strain, Growth, and Culture Condition. 
Acinetobacter sp. IrC1 was isolated from activated sludges localized 
at Rungkut Industrial Estate in Surabaya with accession number of 
JX009133. Acinetobacter sp. IrC1 was grown in a Standard Basal 
Salts (SBS) medium (1.5 g/l K2HPO4, 0.5 g/l KH2PO4: 0.2 g/l MgSO4, 
0.5 g/l (NH4)2SO4; 0.5 g/l yeast extract) and was incubated at 37°C 
in a shaker (175 rpm). The medium was supplemented with 5 mM 
CuSO4.5H2O to induce the expression of CopA gene. Growth was 
monitored by measuring optical density at 600 nm. 

Bioinformatic Studies to Design copA Primer.  Nucleotide 
sequences of copper-resistant genes, which is copA gene, was 
collected from 5 Acinetobacter species from the GenBank database 
(http://www.ncbi.nlm.nih.gov/genbank/) (Table 1.). copA gene was 
aligned using the ClustalW algorithm (BioEdit) (downloaded from 
http://www.mbio.ncsu.edu/bioedit/bioedit.html) to identify the 
conserved region and to design the primer. The primer candidates 
are selected and then compared to copA gene sequences from 
Acinetobacter species by using the BLAST algorithm (Basic Local 
Alignment Search Tool) (http://blast.ncbi.nlm.nih.gov/Blast.cgi). 
The selected primer candidates was synthesized in 1st BASE Pti. 
Ltd. (41 Science Park Road, Singapore). 

Plasmid DNA Isolation. Plasmid DNA isolation was done by 
using alkaline lysis method with slight modifications [6] and was 
used as template DNA for PCR reactions. A single colony of 
Acinetobacter sp. IrC1 was grown overnight until it reached the late 
log phase (OD = ±2) with adequate aeration. The well-grown 
bacterial culture was transferred into a microfuge tube and was 
centrifugated at 13.000 rpm for 5 minutes. Bacterial pellets were 
resuspended in 100 µl of solution I which contained 25 mM Tris-

http://www.ncbi.nlm.nih.gov/genbank/
http://www.mbio.ncsu.edu/bioedit/bioedit.html
http://blast.ncbi.nlm.nih.gov/Blast.cgi
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HCl, 10 mM EDTA, 50 mM glucose, and 10 µl of 2 mg/ml lysozyme, 
and then were incubated on ice for 30 minutes. After incubation, 
200 µl of solution II (2N NaOH and 10% SDS) was added and then 
incubated on ice for 10 min.  A 150 µl 7.5 M potasium acetate 
solution was added to the tube and then incubated on ice for 60 
min. Purification of proteins was done by adding phenol, followed 
with phenol CIAA and CIAA. Precipitation of DNA was done by 
adding natrium acetate 3M pH 4.8 and ethanol absolute. Washing 
of the DNA was done by adding ethanol 70%. The plasmid was 
dissolved in 15 μL TE buffer pH 8.0 (100 mM Tris and 10 mM EDTA) 
and stored at -20°C The DNA plasmid was analysed by 
electrophoresis on a 1% (w/v) agarose gel in TAE buffer with 
ethidium bromide (0.5 μg/ml). 

copA Gene Amplification. Amplification of the copA gene 
was accomplished by thermocycler with 1x PCR buffer with 4.5 mM 
MgCl2, 200 μM each dNTP's (Promega), Taq polymerase 1U/μL 
(Promega), 0.1 μM primer FCopA (5’-TAG AGC AGA TGG CAA TGA 
ATC GCC CAT-3’) and RCopA (5’-AGT TGG AAG AGG GGG ATG AAG 
CTG TTA TTC-3’), 1 μL template DNA, and ddH2O to a final volume 
of 60 μL. PCRs were performed with 10’ initial denaturation at 
95°C, 35 cycles of 1’ denaturation at 95°C; 1’ annealing at 64°C, 
1.5’; and 1’ extension at 72°C, 2’ final extension at 72°C, and 
storage at 4°C. copA gene were analysed by 1% agarose gel 
electrophoresis by comparison with lambda DNA/hindIII and 1kb 
markers. The copA gene was analysed by electrophoresis on a 1% 
(w/v) agarose gel in TAE buffer with ethidium bromide (0.5 μg/ml). 

copA Gene Sequencing. The PCR products were purified 
with QIAquick Gel Extraction kit (Qiagen, Valencia, CA). Sequencing 
was performed by using the BigDye

®
 Terminator v3.1 cycle 

sequencing kit chemistry and Applied Biosystem sequencer (1st 
BASE Pti. Ltd, Singapore). The sequencing results were analyzed to 
find the similarities among the 5 selected Acinetobacter species for 
primer design and P. syringae pv. tomato. 
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Phylogenetic Tree Analysis. Phylogenetic tree was made by 
using neighbor-joining tree analysis with 6 copA genes complete 
sequences (>1.800 bp). A consensus tree was generated using 
MEGA 5.1 software (Molecular Evolutionary Genetics Analysis) 
(downloaded from www.megasoftware.net). Hydrophobicity of 
copA protein was analyzed using SOSUI (http://bp.nuap.nagoya-
u.ac.jp/sosui/).  

 
3. Results and Discussion 

Table 1 shows 5 species of Acinetobacter used in primer 
design that can be accessed from GenBank. Those five species were 
chosen randomly but all of those species had the lowest extreme 
value. The alignment result from several sequences of bases 
showed that there were several conserved regions from 1.800-
2.000 bp from copA gene that was owned by those species and 
could be used in primer design. Primer selection was done based 
on the result of BLAST to check the compatibility of primer 
candidates with the Acinetobacter species. The length of base pairs, 
the composition of nucleotide base pairs, annealing temperature, 
and the possibility of hairpin formation are other parameters that 
must be considered to support primer selection. The length of 
primer FARcopA and RARcopA was 27 and 30 base pair respectively. 
Those primers were designed to amplify around 1.670 basepairs of 
copA gene. The melting of  primer FARcopA and RARcopA was 48.1% 
and 43.3% respectively.  

 
 
 
 
 
 
 
 
 
 
 

http://www.megasoftware.net/
http://bp.nuap.nagoya-u.ac.jp/sosui/
http://bp.nuap.nagoya-u.ac.jp/sosui/
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Table 1. copA gene sequences used for the design of PCR primers. 
 

Organisms Forward Sequences Reverse Sequences 

Acinetobacter 
baumanii AYE

[7]
 

5’-
TAGAGCAGATGGCAATG
AAT CGCCCA-3’ 

5’-
TGAATAACAGCCTCATCCC
C CTCTTCAAAC-3’ 

Acinetobacter 
radioresistens SK82

[8]
 

5’-
TACTGTAAATGGTAAATT
CG TTGCACC-3’ 

5’-
GGGAAAACGATAACCACT
CT ACTCACAG-3’ 

Acinetobacter sp. RUH 
2642

[9]
 

5’-
TAGAGCAAATGGCAATG
GAT AGCCCA-3’ 

5’-
CGAATAACAGCATCATCAC
C TTCCTCAAAC-3’ 

Acinetobacter johnsonii 
SH 046

[9]
 

5’-
TAAAGCAGGTGGCAATG
AAT AGCCCA-3’ 

5’-
CGGATAACGGCCTCATCAC
C TTCTTCAAAT-3’ 

Acinetobacter 
haemolyticus ATCC 
19194

[10]
 

5’-
TACTGTAAATGGTAAATT
CG TTGCGCC-3’ 

5’-
GGGAAAACAGTTACAACTT
T ACTTACTG-3’ 

 
 The amplification of copA gene in the plasmid showed the 
presence of single band DNA (Figure 1) with approximately 1.8 kb 
similar to the length of copA gene in the other species of 
Acinetobacter that varies around 1.3-2.5 kb, with a mean value of 
1.8 kb, such as in Acinetobacter sp. ATCC 27244 (1.3 kb) [11], 
Acinetobacter sp. RUH 2632 (1.8 kb) [9], Acinetobacter johnsonii SH 
046 (1.85 kb) [9], Acinetobacter haemolyticus ATCC 19194 (1.85 kb) 
[10], Acinetobacter baumanii AYE (1.9 kb) [7], Acinetobacter 
radioresistens SK82 (1.9 kb) [8], and Acinetobacter sp. ADP1 (2.5 
kb) [12]. All of those copA genes reside in the chromosome but 
Zhan et al. (2011) mentioned that there were some certain genes 
on Acinetobacter calcoaceticus PHEA-2; one of them was gene 
which encoded copper resistance that came from horizontal gene 
transfer [13]. copA genes from the other species, namely 
Pseudomonas syringae pv. tomato [5], Serratia marcescens R478 
[14] and Ralstonia solanacearum PSI07 [15], are expressed in the 
plasmid and all of them are 1.8 kb in length. copA gene, which has 
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been successfully isolated in plasmid, indicated that copper-
resistance determinant of Acinetobacter sp. IrC1 encoded in 
plasmid.   
 

 
 
Figure 1. Plasmid and PCR product of Acinetobacter sp. IrC1. 
Note : 1: Acinetobacter sp. IrC1 plasmid, 2: copA gene of 
Acinetobacter sp. IrC1 dan M: lambda DNA/hindIII marker 
(Promega). Arrows indicate the presence of plasmid (red) and copA 
gene (yellow). 
 
 
 The well known copper-resistant strains of Pseudomonas 
syringae pv. tomato are able to accumulate copper and develop 
blue colonies on copper-containing medium. Molecular analysis of 
the copper-resistance nature on Pseudomonas syringae pv. tomato 
revealed an operon located in the plasmid, namely structural gene 
copA, copB, copC, and copD as well as regulator gene copR and 
copS. Each protein functioned specifically but CopA protein was 
apparently the most responsible protein in the resistance of P. 
syringae pv. tomato which was marked by the alteration in the 
color of the colonies into blue in high concentration of copper 
similar to Acinetobacter sp. IrC1. These studies indicated that the 
two species have the same copper-resistance mechanism which 
was facilitated through sequestration of copper by CopA protein. 
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CopA protein mediate sequestration of copper in periplasm could 
prevent the entry of the toxic copper ions into the cytoplasm [3, 5]. 

The results of sequencing analysis of nucleotide bases of the 
copA genes in the Acinetobacter sp. IrC1 plasmid along the 1.2 kb 
showed an 89% similarity to copA genes in Acinetobacter 
calcoaceticus PHEA-2 that was isolated from industrial waste 
treatment center in China [13]. CopA in Acinetobacter species and 
the other species such as Pseudomonas syringae pv. tomato [5], 
Xanthomonas campestris pv. campestris [16], Cupriadivus 
metallidurans CH34 [17],  and Ralstonia solanacearum [18] has a 
function in copper-resistance mechanism  by accumulating copper 
in the periplasm membrane. Nucleotide base composition of the 
Acinetobacter sp. IrC1 CopA gene is as follows: A (26.1%), T (31.9%), 
G (18.8%), and C (23.2%), thus G + C content reaches 42%. The 
nucleotide bases composition of Acinetobacter sp. IrC1 and other 
Acinetobacter species used in designing primers showed no 
significant differences. 

Based on sequence-similarity analysis of nucleotide bases of 
the copA gene and the relationship towards some Acinetobacter 
species, it is clear there is a close kinship among the copA gene in 
one taxon that is maintained (Figure 2). copA gene dendogram 
analysis results indicated that Acinetobacter sp. IrC1 was 
monophyleticly related with Acinetobacter sp. RUH2624, 
Acinetobacter johnsonii SH046, and Acinetobacter baumannii AYE. 

 

 
Figure 2. Phylogenetic tree of copA gene from Acinetobacter 
species and genetic relationship with copA gene from 
Pseudomonas syringae pv. tomato. 
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The previous study revealed that the accumulation of 
copper resulted in blue colony of both Acinetobacter sp. IrC1 dan P. 
syringae pv. tomato [3, 5]. The Cu

2+
 could possibly binds with 

certain amino acids. The percentage of  amino acids in 
Acinetobacter sp. IrC1 dan P. syringae pv. tomato was shown on 
Figure 3. CopA protein of  P. syringae pv. tomato showed high 
content of glycine (10.34%), aspartate (7.55%), and leucine (7.55%) 
whereas Acinetobacter sp. IrC1 showed high content of leucine 
(11.23%) and arginine (7.12%). Protein analysis using SOSUI 
indicated that the amino acid sequence of CopA protein was a 
soluble protein. 

 

 
 

Figure 3. Composition of CopA amino acid between Acinetobacter 
sp. IrC1 and Pseudomonas syringae pv. tomato. Note: (  ) 
Pseudomonas syringae pv. tomato, and  (  ) Acinetobacter sp. 
IrC1. 
 
4. Conclusions  

copA gene from Acinetobacter sp. IrC1 have been 
successfully isolated in plasmid. Amplification of Acinetobacter sp. 
IrC1 copA gene yields a 1.8 kb specific band. It was indicated that 
the  copper-resistant property in Acinetobacter sp. IrC1 was carried 
by the plasmid. The results of the copA gene base-sequencing along 
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the 1.2 kb showed the presence of a gene with an 89% similarity to 
the copA gene from Acinetobacter calcoaceticus PHEA-2. The 
phylogenetic tree data showed a close evolutionary relationship 
among Acinetobacter sp. IrC1 copA genes with Acinetobacter sp. 
RUH2624, Acinetobacter johnsonii SH046, and Acinetobacter 
baumannii AYE. copA gene, which has been successfully isolated in 
plasmid, indicated that copper-resistance determinant of 
Acinetobacter sp. IrC1 encoded in plasmid. These studies suggested 
that Acinetobacter sp. IrC1 has similar copper-resistance 
mechanism with Pseudomonas syringae pv. tomato that was 
facilitated through sequestration copper by CopA protein.   
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Chlorella vulgaris Buitenzorg (C. v. Buitenzorg) is one of microalgae 
that have potential as biodiesel raw material because of its 
productivity and lipid content is big enough. However, productivity 
and lipid content in C. v. Buitenzorg influenced by its growth 
conditions. Culture of C. v. Buitenzorg is performed in Benneck and 
Walne medium under conditions of elevated and reduced nitrogen 
content by using water from the reverse osmosis process and 
ground water as a solvent medium and the nitrogen source comes 
from NaNO3. Type of water and medium gives effect on the growth 
and content of C. v. Buitenzorg because each water and medium 
has different contents. The contents in water and medium may 
have a positive or negative effect for growth of C. v. Buitenzorg 
such as may affect the immune system so it can inhibit growth and 
degrade its essential content or may be an additiional source of 
nutrients that can help the growth and enhance the essential 
content of C. v. Buitenzorg. Nitrogen is one of macronutrients and 
at the condition lack of nitrogen may cause accumulation of organic 
carbon and some oils. Generally, nitrogen will be easily absobed as 
ammonium ion. So, nitrate ion has to be changed into ammonium 
and the reaction takes NADH in the reaction. From this study, we 
expect to obtain the optimal nitrogen content, type of medium, 
and the type of water is for the lipid accumulation to make 
biodiesel from microalgae can be more economically valuable. 
 
Keywords: biodiesel, Chlorellavulgaris, nitrogen 
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1. Introduction 
Indonesia is rich of natural resources. One of the natural resource 

of Indonesia is microalgae. One of the microalgae  in Indonesia is 

Chlorella vulgaris . Chlorella vulgaris is a microalgae that has 

a lot due to the utilization because of its lipids, carbohydrates, and 

protein contain is big enough. The average carbohydrate content of 

Chlorella vulgari  was approximately 23,20%, the average protein 

content is 55,00%, and had an average lipid content of 10,.2% [1]. 

Meanwhile, Chlorella vulgaris has a lipid productivity of 11,2 to 

40,0 mg/dm3/day [2]. Lipid content and lipid productivity in 

Chlorella vulgaris is affected by the conditions of growth. 

Meanwhile, the growth of Chlorella vulgaris is influenced by factors 

such as culture media/nutrients, lighting, pH, aeration/mixing, 

temperature, and salinity [3]. Nitrogen is a macronutrient that is 

required for the growth of Chlorella vulgaris [4]. But, nitrogen is 

one of limiting factor in some of microalgae’s growth.  

 

Nitrogen can be absorbed by microalgae which is in the form of 

nitrate ion and ammonium ion [5]. However, the most easily 

absorbed is the ammonium ion. Therefore, the nitrate ions are 

usually first converted into ammonium ions. But the reaction to 

these changes can increase the acidity in the culture medium. 

Other reactions which may occur in the conversion of nitrate to 

ammonium nitrate is to convert into nitrites. This requires a 

conversion reaction requires NADH which needed in the formation 

of lipid. Once converted to nitrite, the next step is convert nitrite to 

ammonium.  
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When the nitrogen contained in the medium much the more 

nitrogen is converted to nitrite and the less lipid formed because 

NADH is needed. Conversely, the less nitrogen is converted to 

nitrite and a growing number of lipids that are formed due to the 

less NADH is needed. When the content of nitrogen in the medium 

reduced the lipid content of microalgae will increase [6, 7, 8, 9, 10, 

11, 12]. Through a decrease in nitrogen content, we expected lipid 

content of Chlorella vulgaris can be increased. The aim of use of 

ground water is to make microalgae as a biodiesel feedstock 

becomes more economical valueable. 

 

2. Methods 
Microalga used is C. V. Buitenzorg obtained from the Freshwater 

Fisheries Research Center Depok cultured using the Walne 

medium. Walne medium is then made into three conditions by 

varying the nitrogen content of NaNO3 content. The first condition 

is the normal concentration of NaNO3 (0,1 g/L). The second 

condition is 0,075 g/L and the third condition is 0,05 g/L. 

Microalgae are cultivated in a photobioreactor which has a volume 

of 18 dm
3
. Operating conditions on the cultivation of which is the 

temperature (T) is set at 29
o
C, Pressure (P) is set at 1 atm, the 

superficial velocity used was 10 L/min and the concentration of CO2 

in (yCO2 in) by 5%. Photobioreactor given continuous illumination  

at a light intensity of 5000 lux. Series of research equipment can be 

seen in Figure 1 below. 
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Figure 1. Series of Research Equipment 

 

 

 
 

 

Data taken in this study include OD600 (optical density measured 

using a spectrophotometer at a wavelength of 600nm), the 

concentration of CO2 out (yCO2 out) using GC-TCD (Gas 

Chromatography – Conductivitty Thermal Detector), pH using a pH 

meter, and light intensity is measured out at the back 

photobioreactor using a lux meter. C. V. Buitenzorgused to have 

the initial density of 0,2 to 0,3. Before used, C. V. Buitenzorg has 

previously entered a period of pre-culture in order to eliminate the 

lag-phase by dissolving C. V. Buitenzorg in Walne medium and air 

flow without CO2 for 48 to 72 hours with light intensity between 

2000 and 3000 lux. Retrieval of data on the growth profile of C. 

vulgaris done every 6 hours to 204 hours. 
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3. Results and Discussion 
Differences in the formation of biomass C. V. Buitenzorg in 

concentrations varying NaNO3 can be seen on the graph below. 

 

Figure 2. Comparison of Total Biomass C. V. Buitenzorg 

 

 
 

 

Based on the picture, shows that the concentration of NaNO3 at 0,1 

g/L has highest biomass concentration which is equal to 1,2510 

g/dm
3 

and concentration of NaNO3 at 0,05 g/L has  the lowest 

biomass concentration which is equal to 0,636432 g/dm
3
 at the 

higest point. That is because microalgae have a limited ability to 

produce nitrogen storage. Nitrogen compounds are easily absorbed 

by the microalgae are generally shaped NH
4 +

 ion. At NaNO3, 

nitrogen compounds in the form of NO
3-

 ion and can not be 

absorbed. Therefore, the NO
3-

 ions are usually first converted into 

NH
4+

. Formation reaction of NO
3-

 to NH
4+

 can cause a decrease in 

pH. Decrease in pH can interfere with the growth of C. V. 

Buitenzorg. The more content of NO3
-
 ions to be converted to 
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NH4
+
ions caused the greater decrease in pH that occurs, and 

disruption of growth will also be greater. 

 

The amount of biomass formed may affect CO2 fixation rate of C. V. 

Buitenzorg. Comparison of CO2 fixation rate can be seen in the 

picture below 

 

Figure 3.  Comparison of Fixation Rate of CO2 from C. V. 

Buitenzorg in Walne Medium: 
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q CO2 is the rate of CO2 gas that is transferred in a medium volume 

due to the activity of biological life within a certain time unit. Based 

on the picture, walne medium with NaNO3 concentration of 0.1 g/L 

has the lowest rate of fixation. This was due to at that 

concentration, biomass formed is high enough so that the 

availability of dissolved CO2 in each biomass consumption is also 

less. 

 

4. Conclusion 
The conclusion to be drawn from the profile above  the growth rate 

is one of the nutrients nitrogen is the effect on growth rate and 

biomass formation of C. V. Buitenzorg. The greater the 

concentration of NO3
-
 ion in the medium may cause the amount of 

disruption to the growth due to a growing number of NO3- ions to 

be converted into NH4
+
 caused a greater decrease in pH. The next 

conclusion is that the concentration of  NaNO3 formation of 

biomass yield and growth rate of C. V. Buitenzorg is the most 

optimum of 0,1 g/L. On the otherhand, the most optimum CO2 

fixation is gained when the concentration NaNO3 is 0,05 g/L. 
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The treatment of toxic and heavy metal contaminants from aqueous 
waste stream is one of the most important environmental issues faced 
by every country today. The present laboratory scale project deals with 
the bioremediation of chromium recognized as a human carcinogen. 
The main sources of chromium in the waste water streams are the 
paint industry, alloy manufacturing units, glass industry, electroplating 
effluents and many other sources. Removal of heavy metals from 
metal-bearing wastewater is usually achieved by physico-chemical 
processes, which may be ineffective or extremely expensive for the 
recovery of metal from dilute solutions. Bioremediation is currently 
gaining considerable importance as an economically alternative 
technology for the treatment of heavy metal waste. The present work 
delineates the use of Kluyveromyces fragilis biomass, a by-product of 
ethanol fermentation of whey, as an economical biosorbent for the 
bioremediation of chromium. A 50 mg/ml cell suspension could 
remove about 72% of the metal from a 100 mg/L solution in 60 min. at 
pH 1-1.5. Viability of the cells was not essential for metal uptake and 
heat killed cells showed similar uptake capacity as the live cells. 
Permeabilization of the cells showed no significant effect on chromium 
uptake. The equilibrium of the process fitted the Langmuir isotherm 
with a specific uptake of 150 mg chromium /g dry cell mass. The 
approach of using K. fragilis will not only help in the bioremediation of 
whey but the yeast biomass by-product obtained can serve as an 
alternative economical biomass for the bioremediation of heavy 
metals. 
 
Keywords:bioremediation, contaminants, Kluyveromycesfragilis 

 
 



 

 590 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

1. Introduction 
Heavy metals are stable and are persistent environmental 

contaminants. They have a tendency to accumulate in the soil, sea 

water, fresh water and sediments due to their high dispersion from 

where they enter into food chain. Being toxic they have adverse 

effect on the environment and human health [1]. Bioremediation is 

currently gaining considerable importance as an alternative 

technology for the treatment of heavy metal waste and also for use 

in conjugation with the existing methods. A variety of microbial 

systems have been investigated for this purpose [2]. Chromium 

finds its way to water bodies through waste water from the paint 

industry, alloy (stainless steel) manufacturing units, glass industry, 

electroplating effluents, tanning industry and many other sources. 

The major source of chromium in aquatic systems is domestic 

waste water effluents [3]. Metal ions are usually removed from 

waste solutions by chemical methods: precipitation, electro 

deposition and sedimentation [4]. Biosorption on microbial cells as 

adsorbents is considered to be a cost effective method for the 

removal of metals from wastes. It is a passive immobilization of 

metals by biomass. Mechanisms of cell surface sorption are 

independent of cell metabolism and are based upon 

physicochemical interactions between metal and functional groups 

of the cell wall [5]. Various biological materials that have been 

investigated include bacteria, fungi, yeast and algae. Biosorption of 

heavy metals by these organisms differ qualitatively and 

quantitatively depending upon the species used, the origin of the 

biomass and its pretreatment [6].  

The success of this technology in addition to the biosorptive 

capacity of the biosorbent has been found mainly to depend on the 

low cost of production of the biomass. Emphasis has been normally 

laid on using economical biomass byproducts of fermentation 

industry. Cheese whey represents an important environmental 
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problem because of high volumes produced and its high organic 

matter contentexhibiting a BOD of 40000-60000 ppm [7]. It is also a 

rich source of lactose as well as other nutrients. The yeast 

Kluyveromyces marxianus is known to utilize the lactose present in 

whey and ferment it to ethanol with concomitant production of the 

biomass byproduct [8].In view of this, studies were undertaken to 

explore the use of K marxianus biomass obtained as a byproduct of 

whey fermentation as an economical biosorbent for removal of 

chromium (VI). 

 

2. Experimental 
Kluyveromyces fragilis (NCIM 3217) strain was procured from 

National Chemical Laboratories, Pune, India and was maintained on 

agar slants as described earlier [9]. Potassium dichromate (K2Cr2O7) 

and N-Cetyl-N,N,N-trimethyl ammonium bromide (CTAB) were 

purchased from Merck. Media constituents were purchased from 

Difco Laboratories, Mich., U.S.A.; Lactose AR grade from SRL (India); 

Whey was prepared from fresh cow milk as described earlier [10]. 

 

Starter culture was prepared in a medium (pH 5.5) containing 

lactose 2 %, ammonium sulphate 0.5 %, yeast extract 0.1 % and 

K2HPO4 0.5%. Whey (50 ml) was inoculated with 10 % (v/v) of 

starter culture and incubated on a rotary shaker at 100 rpm. At 

various time intervals, samples were drawn from flask and assayed 

for biomass and ethanol concentration. Ethanol was measured 

using Potassium Dichromate (K2Cr2O7) method. Potassium 

dichromate reagent (10 ml) was added to 1 ml of whey (1:10 

diluted) and was incubated for 30 min at RT. After incubation, 

distilled water (100 ml) and 4 ml of potassium iodide (25 %) was 

added in each flask. Solution was titrated against 0.1 N sodium 

thiosulfate with starch (1 %) as an indicator. Biomass obtained was 

used for heavy metal uptake studies. The amount of cells used in 
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these studies has been indicated in terms of wet weight of packed 

cells obtained after centrifugation. 

 

Stock solution of chromium (VI) was prepared by dissolving 0.282 g 

of K2Cr2O7 in1L of distilled water for uptake studies. The required 

concentrations of Chromium (VI) were prepared on appropriate 

dilution of the stock solutions and were used for further 

experimental purposes. Biosorption studies were carried out in a 

batch process.  Yeast cells (50 mg /ml) were incubated on a rotary 

shaker with 20 ml of an aqueous solution of Cr (VI), pH adjusted to 

1.5 with 6 N H2SO4.  At a known interval of time, sample (1 ml) was 

withdrawn and was immediately centrifuged at 5000 g for 3 min.  

The concentration of Cr (VI) in the supernatant was determined 

spectrophotometrically at 540 nm using diphenylcarbazide reagent 

[11]. 

 

To study the effect of pretreatment on the heavy metal uptake 

different treatments were given to Kluyveromyces fragilis cells. The 

cells were heat killed using different techniques. a) Drying in the 

oven for 20 h at 60
o
C; b) autoclaving at 15 lbs, 121

o
C for 20 min; c) 

incubating in a boiling water bath for 60 min and d) by acetone 

drying (acetone was added to the cells and was then evaporated at 

room temperature).  The cells were then dried in the oven at 60
o
C 

for 2 h. Permeabilization of the cells was carried out as described 

earlier [12,13]. (a) Freezing and thawing was carried out by rapidly 

freezing the yeast cell suspension in acetone/solid CO2 and thawing 

under running tap water.  The process was repeated three times. 

(b) Yeast cells (1 g) suspended in ice-cold buffer (5ml) were mixed 

with 5 ml of cold toluene for 15 min with intermittent stirring. The 

cells were sedimented by centrifugation and were washed three 

times with ice-cold buffer.(c) Cells (1g) were suspended in 10 ml of 

0.1% (w/v) CTAB in potassium phosphate buffer (50 mM, pH 6.8) 
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for 15 min at 27
o
C. The cells were recovered by centrifugation and 

washed as above. The extent of permeabilization was monitored by 

assaying the intracellular -galactosidase activity of the cells using 

o-nitrophenyl--D-galactopyranoside as the substrate [14]. All data 

represents the mean of three independent experiments.  

 

3. Results and Discussion 
 

Whey is a cheap source of nutrient medium  and K. fragilis cells 

grown on whey not only results in good biomass but also exhibits 

better metal uptake capacity than the synthetic media (data not 

shown), the whey grown cells were used for Cr (VI) uptake studies. 

Physiological state or the cell age also often influences the metal 

uptake capacities.Cr (VI) removal by the cells harvested at various 

stages of growth is shown in Figure 1. Even though the cells 

harvested from the log phase of growth could take up considerable 

amount of Cr (VI), maximum uptake was seen with the cell biomass 

obtained in the stationary phase. Varying response towards 

optimal metal uptake by cells harvested at various stages of growth 

has been reported. In Citrobacter spp. cadmium uptake occurred in 

the middle of exponential phase of growth [15] and copper and 

cadmium uptake by Zoogleae ramigera was maximal with a late 

exponential phase biomass [16]. Cr (VI) uptake by Thiobacillus 

ferrooxidans was found to be good with cells corresponding to the 

middle of exponential phase [17].  
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Figure 1. effect of cell age on Cr(VI) uptake 

 

The kinetics of Cr (VI) removal is shown in the Figure 2. The removal 

of Cr (VI) was found to be rapid. Thus a 50 mg/ml cell suspension 

could remove about 72% of the metal from a 100 mg/L solution in 

60 min.  

 
Figure 2. Kinetics of Cr (VI) uptake 

 

To study the effect of pH on biosorption, the biomass was 

incubated with aqueous Cr (VI) solution adjusted to the required 

pH using H2SO4.  The biosorption of Cr (VI) was found to depend on 

the pH of the metal solution. Biosorption capacity was found to 

decrease with increase in the pH, maximum adsorption being 

observed at pH 1-1.5 (Fig. 3).  Similar trend towards varying pH for 
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Cr (VI) uptake have been reported for a variety of microbial 

biomass including the yeast Saccharomyces cerevisiae  [18].  

 

 
Figure 3. Effect of pH on Cr(VI) uptake 

 

 

Heat killed cells showed similar uptake capacity as the live cells. 

Permeabilization of the cells also did not significantly alter the 

biosorption capacity of the cells. Intact cells which are known to be 

impermeable to small ions and substrates can be permeabilized 

using organic solvents, detergents or by physical damage. The 

effect of permeabilization of K.fragilis is shown in Figure 4.  

Permeabilization of the cells was not found to significantly affect 

the metal uptake potential of the cells (Fig. 4). These studies 

indicate that the biosorption process seen in this case is mainly due 

to the surface characteristics of the cells and the internal 

macromolecular cell constituents may not play a major role. Three 

different techniques for the permeabilization were selected in 

order to rule out any artifacts.  Thus the organic solvent toluene 

used is known to permeabilize the cells by extraction of a 

considerable amount of the lipids.  The cells permeabilized with 

toluene in spite of the removal of lipids from the cells were not 

found to affect the metal uptake capacity, which also show that 

lipids may not play an important role in metal uptake. Unlike 

toluene, CTAB permeabilizes the cells without extracting large 
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amounts of lipids and freezing and thawing is known only to cause 

mild physical damage to the membrane [12, 13]. 

 
Figure 4. Effect of pretreatment on Cr(VI) uptake 

 

 Equilibrium adsorption experiments were carried out with 50 

mg/ml of the biomass in Erlenmeyer flasks containing 20 ml of 

Cr(VI) solution in the concentration range of 200 mg/L to 2500 

mg/L.  The flasks were agitated at 150 rpm at 25
o
C for 24 h to reach 

equilibrium.  The uptake (q) for construction of the isotherm was 

calculated using the equation    (Ci – Ceq ) x V/M  where Ci is the 

initial metal concentration, Ceq is the equilibrium metal 

concentration, M is the mass of biomass in g and V is the volume of 

metal solution in litre.The experimental data fits the Langmuir 

isotherm (Fig. 5) showing maximum uptake (q) = 125 mg/ g dry 

weight of cells. 

 
Figure 5. Langmuir isotherm for Cr(VI) uptake by K. fragilis (1/Ceq 

and 1/q is expressed as L/mg and g/mg respectively) 
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4. Conclusions  
The above studies indicate that the yeast K.fragilis can serve as a 

useful biomass for the bioremediation of Cr (VI). The approach of 

using K. fragilis will not only help in the bioremediation of whey but 

the yeast biomass by-product obtained can serve as an alternative 

economical biomass for the bioremediation of heavy metals. 
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Nitrous oxide (N2O) which is emitted from various industrial 
process and agricultural activities is one of several gases that gives 
highest contribution in global warming and also categorized as a 
dangerous gas. Emission of N2O gives 300 times greater effect than 
CO2 in causing global warming. Removal of N2O could be achieved 
by biofilter technology that is more effective and efficient in 
controlling air emission than other chemical and physical gas 
processing. Activated natural zeolite of Lampung was utilized as 
filter media because of its high porosity. Nitrifying bacteria that 
were involved are Nitrobacter winogradskyi Winslow et al which 
function was to oxidize N2O into harmless gas. This research aims 
to study the effect of bacteria culture addition in biofiltration and 
determine the optimum operation condition by adjusting initial pH 
of media to pH 4, 5, 6, 7, and 8. Biofilter was operated for 24 hours 
with gas concentration was 15000 ppm N2O in air and gas flow rate 
was maintained at 88 cc/minute. Analytical methods used in this 
study are GC, TPC, and SEM. The maximum removal efficiency 
obtained was 89.91%, achieved at initial pH 7. Furthermore, 
inoculation bacteria into filter media yield 73.25% higher of 
removal efficiency than the one without inoculation.  
 
Keywords: biofilter, Initial pH, natural zeolite, nitrous oxide, 
Nitrobacterwinogradskyi 
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1. Introduction 

Dinitrogen monoxide (N2O) or known as laughing gas is the fourth 

greatest green house gasin atmosphere after CO2, CH4, andH2O. 

This is caused by its properties which hard to be degraded in 

atmosphere, eventhough in small concentration. Emision of N2O 

gas has 320 times greater effect of heat absorbing than CO2 

incontributing to global warming [1].  

Biofilter is a very effective technology in controlling air emission 

using microorganism to omit gas contamination and turn it into 

harmless substance. This technology also supports microorganism 

growth inside porous media [2]. Biofilter is not only less operational 

cost but also an eco-friendly technology, and do not generate any 

residual substances. The benefit of biofilter compared to other 

methods are low investment cost, stable if operated in relative long 

time, and has high degradation of pollutant gas [3]. Moreover, 

biofilter has pollutant removal efficiency above 90% [4]. 

When N2O go through filter media, gas will be absorbed by biofilm 

layer and degraded by bacteria culture which live inside that layer 

[5]; therefore, selection of filter media is very important in biofilter 

system design. Natural zeolite is one of abundant natural 

resources. Zeolite has high porosity for easy air flow, extensive 

surface area for biofilm attachment, high moisture holding 

capacity, diverse nutrient content, and very slow degradation rate; 

therefore, it should provide suitable physical and environmental 

conditions for the growth of bacteria [6]. Efficiency of biofilter 

technology also depends on microorganism that is used to degrade 

the pollutant gas. Selection of microorganism must be adjusted 

with contaminant that will be reduced. Nitrobacter winogradskyi is 

nitrifying bacteria which great in many metabolism activity and 

tolerant in environmental changing [7]. Using this bacteria, N2O gas 

would be oxidized into harmless gas, N2.  
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The purpose of this research is to determine the optimum initial pH 

of media in N2O biofiltration using activated natural zeolite as filter 

media that have been inoculated by bacteria culture, Nitrobacter 

winogradsky Winslow et al. Optimum pH was observed because it 

is one of the important parameters in determining performance of 

biofilter by creating suitable condition for life of bacteria [8]. 

 

2. Methods 

2.1. Inoculum Preparation 

Nitrobacter winogradsky Winslow et al. was cultured in three 

different types of media; broth, agar, and synthetic media, 

respectively. This purpose is to optimize acclimatization phase of 

bacteria culture before applied in biofiltration system. Below is 

composition of synthetic media that was used. 

 

Table 1. Composition of Synthetic Media for Culture of 

Nitrobacter winogradsky Winslow et al. [9] 

 

Component of Media 

NaNO2 1 g 

NaCl 0.3 g 

K2HPO4 0.5 g 

MgSO4.7H2O 0.5 g 

MnSO4.nH2O 0.002 g 

Fe2(SO4)3 0.005 g 

Aquades 1 L 

  

The initial pH of media was adjusted to pH 4, 5, 6, 7, and 8 by 

adding 1M HCl or NaOH until the desire pH was obtained.  
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2.2. Zeolite Activation 

Zeolite activation process was done by removing water content and 

alumina from natural zeolite of Lampung using calcination by oven 

and treatment by 3% HF. The goal of zeolite activation is to expand 

its size of pores by removing contaminant in order to increase 

absorbsion ability [10]. Before activated, zeolite were screened to 

get homogenous size of filter media. Then, activated natural zeolite 

would be inoculated by bacteria which have been cultured in 

synthetic media.  

 

2.3. Biofilter Experiment 

Gas was circulated through filter media, which is natural zeolite of 

Lampung that have been inoculated. Then N2O will be absorbed by 

biofilm layer and degraded by bacteria culture which live inside 

that layer [5]. Biofilter was operated for 24 hours with gas 

concentration was 15,000 ppm N2O in air and gas flow rate was 

maintained at 88 cc/minute. Data were taken for every hour at 

earlier six hours, also at 23
rd

 and 24
th

 hour. Figure 1 shows 

schematic diagram of biofilter process. 
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Figure 1. Schematic diagram of biofilter process [5] 

 

2.4. Analytical Method 

Gas concentration at the upper and bottom of biofilter column will 

be analyzed using Gas Chromatography (GC) to determine removal 

efficiency of N2O. Amount of microorganisms are counted using 

Total Plate Count (TPC)method to analyze population of bacteria. 

Morphological change of filter media due to bacteria culture 

growth was examined by Scanning Electron Microscopy (SEM). 

 

3. Result and Discussion 

3.1. Effect of Initial pH of Media 

Variation of initial pH of filter media aims to determine one of 

optimum operation condition parameter. It was adjusted from pH 4 

until 8. This represents range of pH which Nitrobacter winogradsky 

Winslow et al. can live [7].  

Curve at figure 2 shows the relation between variation of initial pH 

of media to removal efficiency of  N2O in biofilter column for 24 

hours. At 1
st

 until 3
rd

 hour of operation, highest removal efficiency 

were achieved by pH 4 and 5, which reached 23,12% and 34,85% 

respectively at 2
nd

 hour.  Meanwhile, pH 6, 7, and 8 only could 
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achieve 10% at the same time. The low of pollutant removal 

efficiency at the earlier hours caused by acclimatization phase of 

bacteria in biofilter system [11]. Variation of pH 7 dan 8 started to 

increase removal efficiency at t = 4 hour until t = 6 hour, which pH 7 

got highest value than others at t = 5 and t = 6. At 23
rd

 and 24
th

 

hour, highest removal efficiency still achieved by pH 7, which 

reached 94,73% at t = 24. Therefore, pH 7 is the optimum pH for 

this biofilter system. Pollutant removal efficiency yields by 

adsorption and biodegradation activity on biofilm of filter media. 

Biodegradation level is related to microorganism activity which 

depends on availability of surface for gas exchange on biofilm [12]. 
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Figure 2. Effect of initial pH media to nitrous oxide removal efficiency, with 

variation of initial pH media as follow: () pH 8, () pH 7,( ) pH 6, () pH 5, () 

pH 4, () without inoculation of microorganism 
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Moreover, adsorption process of filter media that did not 

inoculated by bacteria had lowest increase of pollutant removal 

ability than others until t = 5 and relatively stable until t = 24. This is 

because removal efficiency only influenced by adsorption ability of 

filter media. Figure 3. shows that inoculation of bacteria into filter 

media had increase the average value of removal efficiency up to 

32.03% at variation of pH 7 compared to system without 

inoculation of bacteria. 
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Figure 3. Average of nitrous oxide removal efficiency for 24 hours at various initial 

pH of media 

 

Based on table 2, it is seen that after biofiltration, the number of 

microorganism calculated by TPC method is decreased. This is 

because bacteria need more addition of nutrition for their growth 

Without 

Inoculation 

Variation of Initial pH Media 
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[13] since zeolite does not consist of much nutrition as compost do. 

Furthermore, nutrition in this system was only provided since in the 

preparation process, when bacteria was cultured in synthetic 

media. This result was confirmed by visual test, SEM in Figure 4. 

 

Table 2. Total Plate Count Test Result Before and After 

Biofiltration 

 

  
Variation of Initial pH Media 

pH = 8 pH = 7 pH = 6 pH = 5 pH = 4 

Before 

Biofiltration 

3,06x10
1

3
 

2,5x10
14

 3,1x10
13

 7x10
14

 11x10
14

 

After 

Biofiltration 
2x10

9
 20x10

11
 15x10

11
 2x10

9
 1,4x10

10
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Figure 4. Biofilm morphology on zeolite surface using SEM: (a) before inoculation, 

(b) before biofiltration, (c) after biofiltration 

 

SEM shows that biofilm was created at sample before biofiltration 

that could be seen at the picture by the thick layer formed on the 

surface of zeolite. This biofilm could be seen clearer at sample after 

biofiltration. This means, longer operation time will create thicker 

biofilm layer. Nevertheless, greater biofilm thickness formed is not 

followed by increasing of population of microbe after biofiltration.  

 

4. Conclusion 

In conclusion, the optimum initial pH of media for growth of 

Nitrobacter winogradskyi Winslow et al. is at pH 7, where removal 

efficiency reached 94.73%. Moreover, inoculation of bacteria into 

activated natural zeolite give higher average of removal efficiency, 

about 32.03% higher than system without inoculation. After 

biofiltration, the number of microorganism is decreased. Hence, 

system need more addition of nutrition for bacteria growth. 
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Electrical energy demand in Indonesia has sparked a growing range 
of research done in the direction of innovative technologies that 
are more effective, efficientand environmentally friendly to 
produce electrical energy. One of the alternativetechnologies that 
could be developed is a Microbial Fuel Cell (MFC) based on the 
principle of bioelektrokimia by utilizing microorganisms to break 
down the substrate to produce electrical energy. The current study 
focused on the utilization of food industry waste as a substrate in a 
dual chamber MFC system is equipped with electron exchange 
membrane. Susbtrat variations include pure foodindustry wastes, 
food industry wastes and glucose with a ratio of 1:1 and food 
industry wastes and activated sludge in the ratio 7:1. Food industry 
waste utilization is expected to reduce operating costs MFC system, 
but also to make electricity-producing MFC a technology that is 
economical, environmentally friendly and sustainable. 
 
Keywords: bioelektrokimia, electricity-producing,  microbial fuel 
cell.  
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1. Introduction 
Energy is a very basic requirement for human survival. The 
percentage of energy use in Indonesia is equivalent to the use of 
energy in the world that are increasing with the rapid growth of 
population, economic and technological development. Therefore, 
the availability of energy has become a very fundamental basis of 
discussion in almost all circles at the moment. Based energy 
sources, electricity is a form of energy is most practical to use but 
electrical energy demand in Indonesia is estimated to be increasing 
continuously by 4.6% and will reach a three-fold by 2030. If this 
condition is not following by increasing the energy production, 
Indonesia will have an energy crisis shortly. However, the use of 
crude oil as an energy source is still dominating, which is reaching 
50.66% 

1
. In contrary, the reverse of crude oil in Indonesia is only 

about 3.7 billion barrels and is predicted to be depleted within 24 
years 

2
. Therefore, it is necessary to develop an alternative 

sustainable energy source. 
Microbial Fuel Cell (MFC) is one of the alternative technologies 
which could be potential to be developed. MFC uses 
microorganisms to generate electricity from organic compounds as 
well as an inorganic one. According to Barua 

3
, bacteria are capable 

of generating electrical energy. Many studies have been conducted 
in order to improve MFC’s performance in generating electrical 
energy. Additionally, MFC optimizations were also investigated in 
terms of MFC reactor configurations, type of electrolyte solutions, 
and electrode materials 

4
.  

Glucose is a common substrate used in this MFC system. However, 
recent research directed to find a substrate that is more 
economical and available continuously. Use of wastewater as a 
substrate is one of the alternatives 

4
. Food industry wastes, which 

contain large amounts of carbohydrates, protein, and fat, can cause 
environmental problems, because it creates a bad odor, and are 
heavy pollution in the waters when the discharge was not given 
proper treatment. High organic matter content can be used in the 
MFC system as a carbon source in microbial metabolism. This study 
focused on developing technology MFC using industrial waste in 
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the form of food substrate, namely soy-based industrial waste. The 
use of waste as a substrate is expected to make the MFC as 
electricity-producing technology is more economical, 
environmentally friendly and sustainable. 
In this study, performance optimization of dual- chambered MFCs 
were conducted using tempe waste as food industry waste. The 
effects of substrate variations and incubation time of substrate 
were examined in order to reach the maximum value of electrical 
energy.   
 
2. Methods 
 
We designed MFC reactor, which is contain of two compartments, 
anode and cathode compartment. These two compartments were 
separated by a membrane called Proton Exchange Membrane 
Nafion 117

® 

 

 
 
Figure1. Dual Chamber MFC Scheme 
 

Tempe wastes as substrate in the experiment were made from 
soybean boiled water. Substrates were incubated at 37 ⁰C for a 
day, a week, and a month. For the MFC experiments, the materials 
and equipment were obtained from the Laboratory of Bioprocess, 
Universitas Indonesia. The voltage cell was measured using a Digital 
Multimeter (Sanwa Electric Instrument co., Ltd cd 771), while the 
current was measured using an Analog Microampere (Yokogawa 
Electric Works. Ltd, type 2011b9000em class 1.0, Singapore).   
 
 



 

 612 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

3. Results and discussion 
 
Effect of time incubation variations of substrate 
 
The MFCs were tested at three different time incubation values of 
pure waste as substrate, which are one day, one week, and one 
month.  
 

 
 
Figure 2. Current cell with 1 day and 1 week incubation substrate 
 

 
 
Figure 3. Voltage cell with 1 day and 1 week incubation substrate 
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Figure 4. Power cell with 1 day and 1 week incubation substrate 
 
Waste which was incubated for one week produces electric current 
and voltage are much higher than the waste that was incubated for 
1 day only. In addition, for the waste were incubated for 1 week, an 
increase in electrical current and voltage generated at the third and 
fourth hour then in the next hour, there is a decrease in the value 
of current and voltage. These results indicate that the incubation 
period affects the number of microbes that live in the waste. In the 
waste were incubated for 1 week, the number of microbes that 
grow much more, so that a higher metabolic activity and ultimately 
produce more electrical energy. In this study the highest energy 
generated at 0.0015 mW. These results were obtained after 4 
hours of running using wastes in the form of substrate were 
incubated for 1 week. 
 
Effect of substrate variations 
 
The MFCs were tested at two different substrates, which are pure 
waste and glucose-added waste with ratio 1:1. 
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Figure 5. Current cell with pure waste and glucose-added waste 
substrate 
 

 

 

Figure 6. Voltage cell with pure waste and glucose-added waste 
substrate 
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Figure 7. Power cell with pure waste and glucose-added waste 
substrate 
 
As seen on the Figure 5, glucose-added waste produced more 
current than pure waste MFC system, but on the Figure 6 and 7, 
the voltage and power cell for glucose-added were decreasing as 
the time went on. This perhaps was caused by the decreasing 
amount of microorganism in the waste. The amount of 
microorganism decreased as the volume of waste reduced, this 
made the lack of organic degradation for electricity, even though 
glucose as the nutrition of microorganism was provided, the 
microorganism cannot degrade the organic molecule for a quick 
certain time. 
 

4. Conclusion 
 
Soybean waste as food industry waste has tremendous potential to 
be used as substrates in the MFC. The length of the incubation 
period affects the amount and activity of microbes, which in turn 
have an effect on electrical energy generated. The addition of 
glucose did not increase the electrical energy produced because 
the amount of microorganism decreased as the volume of waste 

0 

0,0005 

0,001 

0,0015 

0,002 

0,0025 

0,003 

0 5 10 15 20 

P
o

w
e

r 
( 

m
W

 )
 

Time ( Hours ) 

Pure Waste 

Waste : Glucose ( 1 : 1 ) 



 

 616 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

reduced and the organic degradation of microorganism to produce 
electricity was also decreasing. 
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Although yeast Saccharomyces cerevisiae is an excellent eukaryotic 
model organism, however, to use S.cerevisiae cell as a model 
organism screening drugs is rare. In this research, we used S. 
cerevisiae to screen antiproliferative properties of mengkudu or 
noni fruit (Morinda citrifolia). The results showed that 3% w/v 
extract of mengkudu, but not pare and sukun extracts was capable 
to inhibit growth of S. cerevisiae effectively. This inhibited 
phenotypes was confirmed by measuring growth rate of cells in 
cultures treated with various concentrastions of extracts. 
Morphologycal analysis using differential interference contrast 
(DIC) microscopy showed that S. cerevisiae wild type strain FY833 
cells was accumulated in the unbudded cells, and further analysis 
using Fluorescence Activated Cell Sorting (FACS) analysis exhibited 
that proliferation of cells run unproperly because of cells are 
arrested in G1 phase, indicating that G1 to S phase transition 
progression of S. cerevisiae cell cycle was inhibited in the presence 
of mengkudu extract. 
 
Keywords: Saccharomyces cerevisiae, mengkudu, anticancer 
antiproliferative  
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1. Introduction 
At least 5,596 genes encoding protein of yeast Saccharomyces 

cerevisiae has been completely sequenced (Otero et al, 2010).  

Therefore, the budding yeast S.cerevisiae is being widely used as a 

model for investigating fundamental celluler mechanisms relevant 

to all living organisms.  The biochemical and physiological functions 

of higher eukaryotic genes could be studied from S.cerevisiae genes 

function based on their functional analogies (Foury, 1997).   Some 

advantages using S.cerevisiae are simple to culture in large 

quantities, and the cell cycle can be easily manipulated both 

genetically and physiologically.    

The budding yeast S.cerevisiae is great help in understanding 

the celluler function of disease.  Many crucial proteins in human 

were iniatially discovered by studying their homologs in yeast.  

Many of disease mechanism are affected by genetic and epigenetic 

alterations in cancer such as cell cycle progression, DNA replication 

and segregation, maintenance of genomic integrity and stress 

responses. Therefore, yeast emerges as an attractive model for 

anticancer drug research (Menacho-Marquez and Murguia, 2007). 

The cell cycle is a series of events involving the growth, replication, 

and division of a eukaryotic cell.  Replication of DNA occurs in a 

specific part of the interphase called S phase.  S phase is preceded 

by a gap 1 phase (G1) during which the cell is preparing for DNA 

synthesis and is followed by a gap 2 (G2) during the cell prepares 

for mitosis (M).  In normal cell, transition progression of cell cycle in 

each G1, S, G2, and M phases is regulated tightly (Vermeulen et al, 

2003; Alberghina et al, 2010).  In cancer, there are fundamental 

alterations in the genetic control of cell division, resulting in an 

uncontrolled cell proliferation.  There is defect in a regulation of 

the cell cycle. Key regulatory proteins of cell cycle progression are 

cyclins and cyclin dependent kinases (CDK).  S.cerevisiae is powerful 

tool for investigating the molecular regulation of cell cycle control. 
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In this research, our goals are to check whether traditional 

medicinal plant mengkudu or noni fruit (Morinda citrifolia) 

(Bangun, AP, 2002) affect the growth progression of S.cerevisiae 

which indicating as antiproliferative and anticancer drug, and to 

use an excellent model organism, a normal cell S.cerevisiae wild 

type strain FY833 as preclinical assay for antiproliferative.   To my 

knowledge, publications using of normal cell budding yeast 

S.cerevisiae as anticancer drug discovery for identification and 

characterization of traditional medicinal plant is rare.  

The results showed that 3% w/v extract of mengkudu was 

capable to inhibit growth of S.cerevisiae effectively.  Furthermore, 

based upon morphologycal analysis showed that higher 

concentration of mengkudu extract was added, higher percentage 

of unbudded cells.  Consistent with this result, Fluorescence 

Activated Cell Sorting (FACS) analysis also showed that in the 

presence of 3% (w/v) mengkudu extract S.cerevisiae wild type 

strain FY833 cells was accumulated in the unbudded cells, 

indicating that the cell cycle growth progression of S.cerevisiae was 

inhibited in G1 to S phase.  Cells with enlarge of nuclear were also 

observed in the presence of that mengkudu extract.  Taken 

together, these results indicated that S.cerevisiae is a promising 

tool for studying identification of antiproliferative character of 

traditional medicinal plant candidate.  

 

2. Experimental  
Extraction using methanol 

 Mengkudu (M.citrifolia) dried sample (25 g) was extracted by 

soxletation method using methanol solvent.  The extract is 

concentrated using rotary evaporator under vacuum at room 

temperature to obtain a final residue for further assay. 
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Spot assay experiment 

S.cerevisiae strains BY5209 (= FY833) (Winston et al, 1995) with 

genotype MATa ura3-52 his3-Δ200 leu2Δ1 lys2Δ202 trp1Δ63  cells 

grown in YPAD medium (consists of 1% bacto yeast extract, 2% 

bacto pepton, 2% dextrose, 40 mg/100 ml media adenine sulphate) 

to mid logarithmic phase, suspensions containing equal cell-

numbers were prepared on the basis of OD660 and ten-fold serial 

dilutions were spotted onto YPAD plates supplemented with 3% 

w/v of mengkudu methanol extract that were incubated for one to 

two days.  

 

Growth curve 

 Fresh media (YPAD, YPAD with 3% w/v mengkudu 

methanol extract) was added overnight culture to a cell density of 

OD660 0.1.  Cultures of S.cerevisiae were grown at 30
o
C and 145 

rpm.  Cell growth were measured as OD660 every 2 hours until reach 

or stationary phase.    

 

Morphology observation 

Cells grown in YPAD and YPAD with 3% w/v mengkudu methanol 

extract) to an OD660 = 1.0 were concentrated twenty-fold in 

sterilezed water. Then immediately analyzed with a fluorescence 

microscope (BX61-34-FL-I-D, Olympus) using a BF and DAPI filter 

(Olympus), CCD camera (CCD-Exi, Molecular Devices) and 

MetaMorph version 6.1 software (Molecular Devices). 

 

Synchronization of cell cycle 

Cells grown in YPAD to mid logarithmic phase were arrested in G1 

phase by exposure to 2 g/ml -factor (Sigma) for three to four 

hours, after which cells were washed five times with YPAD and 

transferred into fresh medium without and with methanol extract 
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3% (w/v) mengkudu extract.  At least 500 cells were counted to 

determine the percentage of budded cells. 

 

FACS (Fluorescent-Activated Cell Sorting) analysis (Haase and Lew, 

1997). 

An 0.25 ml aliquot of yeast cells (OD660 = 1.0) grown in YPAD broth 

without and with methanol extract 3% (w/v) mengkudu extract was 

harvested by centrifugation, and, after being resuspended by 

gentle vortexing, fixed with cold ethanol (-20
o
C) for at least 12 

hours.  Washed twice with 0.2 M Tris-HCl pH 7.5, and sonicated 

with minimum output (set the level “1”) for 5 second (2 second x 2 

times) with interval. Cells were harvested by centrifugation for 5 

min at 15,000 rpm and resuspend in 100µl of Rnase solution (1 

mg/ml RnaseA in 0.2 M Tris-HCl pH 7.5) at 30
o
C for 3-4h.  Cells were 

pelleted and resuspended in the dark with 300 l of 0.2 M Tris-HCl 

(pH 7.5) with 100 g/ml propidium iodide on ice, added 400 µl of 

0.2 M Tris-HCl pH 7.5, chill on ice until measuring DNA contents. 

Filter suspension cell used 5 ml polystyrene round bottom tube 

within cell stainer cap, then subjected to FACS analysis (Epix XL, 

Beckman Coulter)  

 

3. Results and Discussion 
 

Mengkudu extract indicates antiproliferative 

 Traditional medicinal plant candidate sample (mengkudu, 

pare, and sukun) were successfully extracted by soxletation using 

methanol solvent.  Antiproliferative character initially was tested 

sensitivity of cells for samples extract by spot analysis in both YPAD 

agar media and YPAD broth media with various concentrations 0% - 

5%(w/v) mengkudu extracts.  Eventhough in the presence 5% (w/v) 

concentration of pare extract and sukun extract, S.cerevisiae cells 

could grow as well as in the absence of those extracts (Figure is not 
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shown).  Opposite with above result, in the presence of mengkudu 

extract, in YPAD agar medium, cells are clearly  sensitive phenotype 

in the presence of 4%(w/v) mengkudu extract.  While using YPD 

broth medium, growth curve of S.cerevisiae cells showed cells 

capability to grow, the result indicated that the growth is weaker 

from 0% to 3% (w/v) mengkudu extract-present, and from in the 

presence of 3% to 5% (w/v) cells capability to grow is completly no 

growth (Figure 1 and Figure 2). 

 

 
Figure 1.  Spot analysis of S.cerevisiae for mengkudu, pare, and sukun extract.   In 

the presence of 4%(w/v) of mengkudu the cells are sensitive. 

 

 

The growth of cells especially in presence of mengkudu extract, 

exponential phase of growth was not clear in the higher 

concentration of extract, indicating that inhibited growth of cells 

was occured, indicating that mengkudu extract had 

antiproliferative for S.cerevisiae cells.  Wang and Su (2001) 

described that mengkudu has broad therapeutic effects including 

anticancer activity, in both clinical practice and laboratory animal 

models, although the mechanism for these effects remains unclear.  

But, hypothesis mentioned that mengkudu possesses a cancer 
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preventive effect at the initial stage of carcinogenesis, this 

hyphotesis was studying furthermore.  

  

 
Figure 2. Growth curve S.cerevisiae in various concentrations (0-5% w/v) of  

mengkudu extract In Figure a shows in the presence of mengkudu extract 0-3%(w/v) 

growth of cells is slower, while 3-5%(w/v) growth almost stopped. 

 

 

Unbudded cells are more than budded cells  

 Since in previous result showed that mengkudu extract but 

not pare or sukun extracts could inhibit the growth of  S.cerevisiae 

cells, we observed form of cells in cultures when cells have been 

incubated for 4 hours with iniatially optical density cells (OD660) 0.1.  

At least 500 cells were observed their form, and catagorized into 

two groups, budded cell and unbudded cell.  Result showed that 

higher concentration of mengkudu extract, more unbudded cells 

for, indicating higher mengkudu extract could prevent cells forming 

a budding (Figure 3).  Unbudded cell form indicated that cells are in 

the G1 phase, while  budded cell with short spindle form indicated 

that cells are in the S+G2 phase, and budded cell with long spindle 

indicated that cells are in the M phase (Nakashima et al, 2008). 
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Figure 3.  Comparison of budded cells percentage and unbudded cells percentage.  

In the presence of mengkudu extract induced inhibited growth of budding. At least 

500 cells grown to mid log phase were checked.  Blue bar indicates unbudded cells 

form, and red bar indicates budded cells form. 

 

 

FACS analysis revealed that G1 to S transision was arrested 

 To confirm the inhibited growth of S.cerevisiae cells was 

treated with mengkudu extract, we conducted FACS (fluorescence 

activated cell sorting) analysis.  

FACS analysis is one of the most useful tools to study cell cycle 

progression in budding yeast by monitoring their DNA content 

(Qaddouri et al, 2009).   
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Figure 4.  FACS analysis. 3%(w/v) mengkudu extract unbudded cells (1C) inhibited G1 

to S progression. 1C, one DNA copy;  2C, two DNA copies. 

 

First, S.cerevisiae cells were arrested using the mating pheromone 

alpha (α) factor to get synchronized cells in G1 phase (Futcher, 

1999).   Effect of mengkudu extracts to the S.cerevsiae cell cycle 

were observed after 90 minute release into broth media containing 

each of those extracts.   In the presence of mengkudu extract as in 

Figure 4b S.cerevisiae cells were arrested in G1 phase, indicated 

that progression transition of G1 to S is not run properly. This make 

proliferation or increasion of cell number of S.cerevisiae cells are 

stopped.   

 

Enlarge nuclear of cells  

Observation of S.cerevisiae cells using fluorecence with DAPI (4',6-

diamino-2-phenylindole) staining and differential interference 

contrast (DIC) microscopy was carried out to monitor not only cell 

cycle progression but also to monitor morphological cell whether 

extracts induced cell alteration.  The result showed that cells 

treated with mengkudu having an enlarge nuclear compared to 

cells untreated (Figure 5).  Some chemicals such as CaCl2 causing 
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fragmented vacuolar cell (Hermansyah et al, 2009; 2010) or cells 

treated with Lyc, a plant-derived natural alkaloid product showing 

cells typically had a fragmented nucleus (Qaddouri et al, 2009). 

 

 
Figure 5.  Comparison of morpholical cells, cells were grown in YPAD without and 

with mengkudu extract.  Figure shows enlarged nuclear in cells treated with 

mengkudu extract.    Bar 1µm. 

 

 

4. Conclussions 
This research exhibits usage of budding yeast S.cerevisae as a useful 

model oragnism to discover an anticancer drug and identification 

the antiproliferative properties of tradional medicinal plants 

candidate.  Growth of S.cerevisiae cells was clearly inhibited in the 

presence of mengkudu extract.  FACS analysis revealed that 

inhibited growth of S.cerevisiae cells which treated with mengkudu 

because of arrested G1 phase.  
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Pediatric urinary tract infection is a frequently encountered illness 
among children. The work was conducted to determine the 
bacterial pathogens involved in pediatric UTIs, and to determine 
the changes in antimicrobial susceptibility pattern from 2009 
through 2010 to 2011 in the local area. E.coli is the predominant 
isolated pathogen from both sexes (53.0%), followed by Proteus 
spp. (16.8%) and Klebsiella sp. (15.3%) and others (14.7%). 
Moreover, E. coli occurred significantly more frequently in females 
(60.5%) to males (39.4%). The results of antimicrobial 
susceptibility(S) testing indicated that E. coli showed the lowest 
percentage of susceptibility(S) towards tetracycline (14.4%), 
followed by ampicillin (32.5%) and highest percentage of S towards 
nitrofurantoin (100%). S of other uropathogens were also found to 
be low towards tetracycline, ampicillin, cephalexin, co-trimoxazole. 
Resistance were low against aminoglycosides and ceftazidime. 
Moreover, susceptibility of E. coli towards tetracycline decreased 
from 14.4% to 13.0% during the second year of study to a further 
11.0% in the third year of study. Antibiotic susceptibility was seen 
to fall among other uropathogens for most of the antibiotics. In 
conclusion, nitrofurantoin, aminoglycosides and ceftazidime are  
good treatment options while Tetracycline, ampicillin are’t good. 
Although, the reduction in percentage S is low during the study 
period, it is of great significance in the long term.   
 
Keywords: pediatric urinary tract infections, drug susceptibility  
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1. Introduction 
Pediatric Urinary tract infections (UTIs) are a frequently 

encountered illness among infants and children. Urinary tract 

infections are second only to infections of the upper respiratory 

tract as infectious disorders for which medical intervention is 

sought [1]. Furthermore, they are also amongst the most common 

infections described in outpatients setting [2].The leading 

pathogens of UTI are Gram negative enteric bacilli, especially 

Escherichia coli, Klebsiella spp. and Proteus spp. [3], though 

Enterococcus spp., yeasts and Staphylococcus aureus have emerged 

as prominent agents in recent years [4], many of them resistant to 

multiple antibiotics [4]. Pediatric UTI, if not diagnosed early and 

treated adequately may result into permanent renal damage and 

chronic kidney disease (CKD) [5, 6]. Antibiotic therapy is generally 

initiated immediately and empirically even before bacteriological 

culture results are available [7]. There is a growing concern about 

the increasing antimicrobial resistance of the causative organisms 

of UTIs worldwide [8]. Henceforth, knowledge of the local antibiotic 

susceptibility patterns (ASP) is important in order to guide the 

pediatrician’s choice of the most appropriate empirical antibiotic 

therapy.  The aim of this work was to investigate the bacterial 

pathogens involved in pediatric urinary tract infections (UTIs) in a 

tertiary general hospital in West Bengal, India over a 33-month 

period (1/2009 to 9/2011), with particular emphasis on their ASP. 

The work also provides an insight into the differences in frequency 

and magnitude of uropathogens among different age group and 

gender. 
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2. Materials and Methods 
A midstream fresh urine sample was taken from children and 

samples were tested through urinalysis by dipstick screening test 

and microscopic examination for both WBCs and bacteria. This was 

followed by the samples being cultured on chromogenic  culture 

media. Isolates were identified by Gram staining and other 

biochemical tests. A specimen was considered positive for UTI if a 

single organism was cultured at a concentration of ≥10
5
 cfu/ml. 

Antibacterial susceptibility testing was done by the Kirby Bauer 

method following the Clinical and Laboratory Standard Institute 

guidelines. Data management and statistical analysis were 

performed using SPSS software. 

 

3. Results and Discussion 
The overall prevalence of UTI was found to be 196/300 (65.3%). 

Among the Gram negative bacteria, Escherichia coli had been the 

predominant uropathogen 104/196 (53.0%), followed by Proteus 

spp. 33/196 (16.8%), Klebsiella sp. 30/196 (15.3%). Another study 

[9], showed similar distribution of urinary isolates with E. coli 

accounting for highest number of UTIs, followed by Proteus spp., 

Klebsiella spp. and others. The UTI causing Gram positive bacteria 

were few in number. Enterococcus sp. was the predominant 

uropathogen (5.6%), followed by CoNS (4.0%) and Staphylococcus 

aureus (2.5%). The numbers of patients were less in the neonatal 

period and there had been a rise in the number of cases with the 

increase in age. E. coli occurred predominantly in the age group 24-

59 months. Grouping to two age groups (< or > 12 months) were 

done for pathogens with lesser number of isolates.  Moreover, E. 

coli occurred significantly more frequently in females (60.5%) to 

males (39.4%) (Table 1). 
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Table 1.  Responsible uropathogens by age and sex. Grouping to two age groups (< 

or > 12 months) were done for uropathogens with lesser number of isolates 

 

Escherichia coli Males Females Total 

<12 months 12 09 21 

12-23 months 10 08 18 

24-59 months 13 33 46 

60-120 months 06 13 19 

Proteus spp.    

<12 months 08 07 15 

>12 months 04 14 18 

Klebsiella sp.      

<12 months 06 04 10 

>12 months 06 14 20 

Enterococcus sp.    

<12 months 02 01 03 

>12 months 02 06 08 

S. aureus    

<12 months 0 01 01 

>12 months 02 02 04 

Others    

<12 months 03 01 04 

>12 months 03 05 08 

Total 79 117 196 

 

 

Among the Gram negative uropathogens, as can be seen from 

Table 2, E. coli exhibited the highest percentage of resistance 

against tetracycline (85.6), followed by ampicillin (67.5) and highest 

sensitivity towards nitrofurantoin (100%). Degree of resistance of E. 

coli against co-trimoxazole and ciprofloxacin were also high with 
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66.2% and 64.0%. The degree of susceptibility of E. coli towards 

gentamicin, amikacin and third generation cephalosporin- 

ceftazidime were 94.5%, 88.2% and 73.0% respectively. A study in 

Greece showed a similar finding to the present study, where E. coli 

showed high degree of susceptibility towards amikacin (97.7%), 

gentamicin (92.1%), ceftazidime (96.0%) and nitrofurantoin (95.6%) 

[9]. E. coli showed high degree of resistance towards cephalexin 

(65.3%), a first generation cephalosporin, indicative of resistance to 

other cephalosporins like cephalothin, cephapirin, cephradine, 

cefaclor and cefadroxil. Klebsiella sp. showed the highest 

percentage of resistance against tetracycline (80.8), followed by 

ciprofloxacin (76.0) and cent percent sensitivity towards 

nitrofurantoin. The rates of sensitivity of Klebsiella sp. towards 

aminoglycosides like gentamicin (96.0%) and amikacin (85.0%) 

were high. Similar high susceptibility of Klebsiella spp. towards 

gentamicin (94.9%) and amikacin (100%) were reported by Elpis et 

al [9]. Analogous to Klebsiella sp., Proteus spp. displayed the 

highest degree of resistance against tetracycline (77.6%), while 

displaying 100% susceptibility towards imipenem. Elpis at al [9], 

reported high susceptibility of Proteus spp. towards imipenem 

(87.9%). Among the Gram positive bacteria, Staphylococcus aureus 

showed cent percent susceptibility towards nitrofurantoin and 

highest percentage of resistance against ampicillin (79.0), followed 

by ciprofloxacin (76.5). 

 
Table 2. Percentage of antibacterial sensitivity and resistance in Gram negative 

uropathogens 

 

Antibiotic 

Escherichia coli Klebsiella sp. Proteus spp. 

Sensit

ivity% 

Resista

nce% 

Sensitivit

y% 

Resista

nce% 

Sensitiv

ity% 

Resista

nce% 

Ampicillin                   32.5 67.5 29.7 70.3 30.0 70.0 

Amikacin 88.2 11.8 85.0 15.0 83.9 16.1 
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Cephalexin 34.7 65.3 25.3 74.7 37.0 63.0 

Ceftazidime 73.0 27.0 74.9 25.1 75.0 25.0 

Ciprofloxacin 36.0 64.0 24.0 76.0 26.5 73.5 

Co-

trimoxazole 

33.8 66.2 31.2 68.8 27.2 72.8 

Gentamicin 94.5 5.5 96.0 4.0 96.1 3.9 

Nitrofurantoi

n 

100 0 100 0 NT - 

Tetracycline 14.4 85.6 19.2 80.8 22.4 77.6 

Imipenem NT - NT - 100 0 

NT-Not tested 

 

 

4. Conclusion 
The overall prevalence of UTI was found to be 196/300 (65.3%). 

Among the Gram negative bacteria, Escherichia coli had been the 

predominant uropathogen 104/196 (53.0%), followed by Proteus 

spp. 33/196 (16.8%), Klebsiella sp. 30/196 (15.3%). The UTI causing 

Gram positive bacteria were few in number. The numbers of 

patients were less in the neonatal period and there had been a rise 

in the number of cases with the increase in age. It is noteworthy 

that E. coli occurred significantly more frequently in females 

(60.5%) to males (39.4%). There was predominance of E. coli in the 

age group of 24-59 months.  

The result of the present work indicates a high incidence of 

microbial resistance against tetracycline. High rates of resistance 

were also observed against ampicillin, cephalexin, ciprofloxacin and 

co-trimoxazole, consequently, not making them good choices for 

pediatric UTI chemoprophylaxis. Regarding the parenteral 

aminoglycosides, low levels of resistance were seen against 

gentamicin and amikacin, making them good treatment options for 

pediatric UTI. Ceftazidime showed an acceptable level of activity 
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against most of the microorganisms, making it a good 

chemotherapeutic. The antibacterial agent with the highest level of 

activity against most of the uropathogens was nitrofurantoin, 

making it an excellent choice for treatment of pediatric UTI. 

Nitrofurantoin is also noteworthy not just in terms of greater 

activity, but also in terms of economy and ease of administration. 

Nitrofurantoin was found to be effective, plausibly because it is not 

used in other infections, which is in accordance with other studies 

[9]. It is quite alarming to note that the UTI pathogens were 

resistant to most routine antibiotics that were tested. Since the ASP 

varies with time and geographical location, empiric antibacterial 

therapy of infections should be based on a local experience of 

susceptibility and resistance profile. 
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Human Milk Fat Substitute (HMFS) was synthesized by selective 
interesterification of ethyl oleate (EO) with tripalmitate (PPP). This 
reaction catalyzed by suspended and immobilized Porcine 
Pancreatic Lipase (PPL) which has sn-1, 3 regiospecificity. HMFS 
desirable to synthesize in this research was 1, 3-dioleoyl-2-
palmitoyl glycerol (OPO). The objective of this research is to 
compare the activity of suspended and immobilized PPL in HMFS 
synthesize. Besides, the optimum conditions of interesterification 
were investigated. Reaction time and substrate mole ratio were 
investigated in the range 0h to 12h and 1:4 to 1:6. However, 
temperature reaction was kept constant at 550C. The result 
showed that enzyme loading achieved by this method was 92.64%. 
In interesterification catalyzed by suspended PPL, at range 0-3h, 
OPO content increased, but, after that, decreased with reaction 
time. However, the higher of substrate mole ratio produced the 
higher of OPO content. In this reaction, the optimum conditions 
were 3h reaction time and 1:6 substrate mole ratios with 13.86% 
OPO content achieved. While, in interesterification catalyzed by 
immobilized PPL, the OPO content increased with reaction time 
and substrate mole ratio. The optimum conditions for this reaction 
were 12h reaction time and 1:6 substrate mole ratios with 5.67% 
OPO content acquired. 
 
Keywords : Human Milk Fat Substitute, selective interesterification, 
ethyl oleate, tripalmitate, PPL 
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1. Introduction  

Human milk is the perfect food for infants because it has 

the most complete nutritional composition and ideal for their 

growth and development. Therefore, international guidelines 

recommend exclusive breastfeeding for the first six months of 

infants. However, there are special cases when mothers have to 

replace human milk with infant formula milk.  

Human Milk Fat (HMF) is the largest source of energy for 

infants. Triacylglyserol (TAG) in HMF has a unique structure, 60-

70% palmitic acid (16:0) located at the sn-2 position and stearic 

acid (18:0), oleic acid (18:1) and linoleic acid (18:2 ) located in sn-1, 

3 position [1]. In digestion process, TAG is hydrolyzed becomes 2-

monoasilgliserol (2-MAG) and free fatty acids by pancreatic lipase 

in  intestine. Then, 2-MAG absorbed by intestine [2]. If free fatty 

acids released from sn-1 and sn-3 are saturated fatty acids (eg. 

palmitic acid), they will form insoluble soap complex between 

saturated fatty acids with minerals, like calcium and magnesium, in 

lumen [3]. Insoluble soap will be wasted through stool and causing 

constipation [4]. Unfortunately, infant formula milk which is now 

being used as a substitute for human milk, contain lots of saturated 

fatty acids at sn-1, 3 positions [3]. 

Location of palmitic acid at sn-2 of triglyceride in human 

milk increases the absorption of palmitic acid (16:0) and 18:0, 18:1 

or 18:2 in intestines and minimizes wastage of calcium through the 

feces [3]. Human Milk Fat Substitute (HMFS) has been developed to 

resemble the composition and structure of the HMF triacylglycerol. 

HMFS synthesized from palm oil and lard or from vegetable oil and 

mix tripalmitate [1]. 

Lipase has been used as biocatalyst in production of fat-

specific derivative products including HMFS and other essential 

nutrients via hydrolysis, esterification and interesterification [2]. To 

synthesize HMFS, the interesterification reaction needs lipase sn-1, 
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3 selective as biocatalyst. Porcine pancreatic lipase (PPL) is lipase 

whose sn-1, 3 regiospecificity. PPL sold in market, but with 

expensive price. To lower production costs, lipase should be 

reusable without reducing its productivity. Immobilization of lipase 

is an important approach that can be used as a method to improve 

the stability of operation, activity and selectivity of lipase to 

operate in harsh environmental conditions and also provides an 

easy separation from the reaction mixture [5]. On the other hand, 

the use of immobilized lipase necessary considering 

interesterification conducted in this study should take place at 

temperature above the optimum temperature for lipase. 

The study about HMFS synthesis involving lipase 

immobilization method has been not satisfied. Therefore, in this 

research, lipase was immobilized by entrapment method on 

activated carbon. Then, the immobilized lipase was used in 

selective interesterification to synthesize HMFS using ethyl oleate 

and trypalmitate as substrates. The objective of this study is to 

determine the optimal operating conditions (time, temperature 

and substrate mole ratio) to synthesize HMFS using PPL 

immobilized through selective interesterification. 

  

2. Materials and Methods 

2.1. Materials 

Porcine pancreatic lipase (PPL) enzyme in powder form with 

hydrolytic activity of 200 U / g, ethyl oleate (EO), and tripalmitate 

(PPP) were purchased from Sigma – Aldrich
TM

 Inc., St. Louis, MO, 

USA. NaF was purchased from Merck KGaA, Damstadt, German. 

Activated carbon purchased from Bratachem Co., Bogor, Indonesia. 
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2.2. Lipase Entrapment  

10 ml PPL (0,1gr/ml) was added to 0.5 ml NaF 0.5M and activated 

carbon in Erlenmeyer flask. They were mixed at 200 rpm for 15 

minutes. The mix of PPL, NaF and activated carbon was left sealed 

at room temperature for 24 hours. Then, it was incubated in 37
0
C 

for 48 hours. PPL immobilized was filtered by vacuum filtration. 

Then biocatalyst dried again at 37
0
C for 48 hours. Biocatalyst stored 

at 4
0
C until used.  

 

2.3. HMFS Synthesis 

Tripalmitate and ethyl oleate with varying mole ratios (1:4: 1:5, 1:6) 

were mixed in Erlenmeyer flasks (250 ml) with screw cap. Then the 

biocatalyst (immobilized PPL) was added into the mixture.  The 

amount of biocatalyst added was 10% of total weight of substrate, 

1.01; 1.27, and 1.52 g for substrate mole ratio of 1:4, 1:5, and 1:6. 

The solution was reacted in shaking water bath at 200 rpm with the 

varying reaction time conditions, i.e. 3, 7.5 and 12 hours. 

Biocatalyst was filtered from the product of reaction by using filter 

paper.  The reaction mechanism is shown in Figure 1. 

 
Figure 1. Selective Interesterification Reaction to Synthesize HMFS 
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2.4. Analysis  

2.4.1. Enzyme Loading Calculation 

 

The enzyme loading was calculated by this equation : 

 

 (1) 

 

where m0 is initial enzyme mass and mt is enzyme mass in time 

specific. The concentration of enzyme was determined by Lowry 

method. 

 

2.4.1. HMFS Quantification   

In the interesterification, the bond of palmitic acid in sn-1, 3 of 

tripalmitate will be cut and substitute with oleic acid (from ethyl 

oleate) by PPL whose sn-1,3 regiospecificity to form HMFS (main 

product) and ethyl palmitate (side product) (Figure 1). Therefore 

the concentration of HMFS can be determined from ethyl palmitate 

concentration.  

In this research, the product was treated thus the palmitic acid 

separated from ethyl palmitate. The concentration of palmitic acid 

was determined by High Performance Liquid Chromatography 

(HPLC). The HMFS yield was calculated by following equation :  

 (2) 

where [P] is palmitic acid concentration and [PPP] is tripalmitate 

concentration. 
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3. Results and Discussions 

3.1. Lipase Immobilized 

 

PPL was immobilized by entrapment method in activated carbon. 

Because the interesterification reaction should be taken place at 

temperature above the optimal temperature for lipase [6], so the 

enzyme immobilization is an important step to do before reaction. 

Enzyme loading achieved by this method is 92.64%. This high 

percentage value indicates that PPL successfully entrapped in 

activated carbon. This event is due to the activated carbon has 

many pores allowing enzyme entrapped in it [7]. Furthermore, 

addition NaF solution into activated carbon, make the pore size 

larger [8]. Therefore, the space to trap PPL becomes larger thus 

more PPL entrapped. 

 

3.2. HMFS Produced 

HMFS was synthesized by enzymatic interesterification reaction 

using tripalmitate and ethyl oleate as the substrates and catalyzed 

by PPL immobilized. This reaction should be taken place at 

temperature above 55
0
C (above the optimal temperature for 

lipase) because the substrates could not be mixed at the lower 

temperature than it.  

 

3.2.1. Reaction Time Effect 

The relationship of time to HMFS yield is shown in Fig. 2. At 

reaction time between 0 and 3 hours, the longer reaction time, 

produce the higher HMFS yield. But, after that, HMFS yield 

decrease with reaction time. The highest HMFS yield (5.67%) was 

achieved when used 12 hours reaction time. Therefore, the 

optimum reaction time to be used to synthesized HMFS yield is 12 

hours. 
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In addition, the HMFS yield increases with reaction time is caused 

by  

 yield OPO increases with increasing reaction time used. This 

happens because the activated carbon used as support for PPL 

entrapped has a high thermal stability [8-10]. 

 
Figure. 2. Reaction Time Effect to HMFS Yield (550C; 1PPP: 6EO) 

 

3.2.3.Substrate Mole Ratio Effect 

The effect of substrate mole ratio to HMFS yield is shown in Figure 

3. HMFS yield increased with substrate mole ratio. This is because 

the increasing of substrate mole ratio causing the reaction 

equilibrium shifts to product side. Furthermore, the increasing 

substrate mole ratio causing the viscosity of reaction mixture 

decreases, thus, reaction rate becomes higher [9-10]. The highest 

HMFS yield (3.12%) was achieved when 1PPP: 6EO substrate mole 

ratio was used. Therefore, the optimum substrate mole ratio to 

synthesize HMFS is 1:6. 
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Figure 3. Substrate Mole Ratio Effect to HMFS Yield (550C; 7.5h) 

 

4. Conclusion 

In conclusion, high percentage of enzyme loading can be achieved 

by entrapment method. While, the optimum reaction time and 

substrate mole ratio are 12 hours and 1PPP:6EO, respectively. 
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One of the plastic base material, widely used in the plastics industry 
in various countries, is a 2-ME. Effect of 2-ME on human health and 
the environment depends on the number, duration and frequency 
of exposure. Recently, the incidence of brain damage tends to 
increase. In the last decade has been widely reported negative 
effects of chemicals polluting the environment. 2-ME and its 
metabolites in the body can damage cells and tissues. The body can 
be exposed by 2-ME through the air, water and soil. This 
coumpound was injected intraperitoneally with a dose of 7,5 
mmol/kg bw at gestation days 10. Protein concentration was 
measured by BCA nanodrops 2000 and the Smart Kit Cat No. 21071 
Japan. the results showed that the treatment of brain group GD-14 
showed a higher proliferative activity compared with controls. 
While the treatment of brain at GD-18 showed that the GFAP 
protein only expresed in the outer layer of the cortex zone and 
treatment of brain group GD-14 showed a higher proliferative 
activity compared with controls. From the results of western blot 
showed that the protein vimentin and GFAP were detected in both 
treatment groups and control. Generally it can be concluded that 
the protein vimentin is very necessary during the period of fetal 
brain development, especially for healing wounds caused by 
compounds 2-ME. 
 
Keywords: GFAP, brain, vimentin protein, plastic, 2-
Methoxyethanol 
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1. Introduction 
Plastic is commonly used for a variety of human activities. One 

of the chemicals that are added in the manufacture 

of plastics to increase flexibility, transparancy and resistence are 

the phthalate esters.This compound are multifunctional chemicals 

that are used in a variety of consumer products including cosmetic 

and personal care products. Phthalates are used in large quantities 

as softeners in may plastic product, paint, glue, putty, 

pharmaceutical product (enteric coating of oral pills, viscosity 

control agents, surfactans and stabilizers),and medical divice 

(surgical vynil gloves, bloods bags, tube and dialysis  eqiupments), 

cosmetics (Agency for Toxic Substances and Disease Registry 2001, 

2002; Schettler 2006). In Sweden, about 5000-6000 tons of 

phthalates are used per year. Typically, phthalates are not 

chemically bound to the product matrix and may thus migrate and 

permit  extensive exposure. People may be exposure in the work 

enviroment, via food plastic containers and via inhalation of waste 

domestic enviroment (Wormuth et al., 2006). Dermal exposure via 

clothes and cosmetics may also occur. Small population group my 

be exposed via medical equipment. Globally, more 18 billion 

pounds of ester phthalates are used annually and toxicity of these 

chemicals occurs through ingestin, inhalation, injection intravenous 

and dermal exposure on a daily basis (Adibi et al., 2008). 

Once a pregnant woment is exposed, phthalates can cross the 

placenta and enter fetal circulation (Mose et al., 2007). Phthalates 

have been detected in physiologically relevant compartement 

within pregnant woment and the developing fetus, such as 

maternal urine (Adibi et al.,2003; swan et al., 2005), cord blood 

(Latini et al., 2003), meconium (Kato et al., 2006), placenta ( mose 

et al., 2007) and amniotic fluid (Silva et al., 2004b).   

In the body, phthalates can undergo phase oxidation, phase 

glucoronidation metabolism. Based on report before that 



 

 649 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

concentrations of phthalates metabolism in urine. In general, 

concentration of urinary metabolites were found in women than in 

men (Koch et al., 2004; Silva et al., 2004a). The toxicologic  profile 

of phthalates  and perhaps a higher prevalence of exposure among 

women suggest that pregnant women, fetuses and newborn could 

be highly sensitive risk groups. Phthalates adversely affect the male 

reproductive system in animals. Phthalates monoester 

contamination of human breast milk had any influence on the 

postnatal surge of reproductive hormones in newborn boys as a 

sign of testiclar dysgenesis (Main et al., 2006).  

Methoxyacetic acid (MAA, CH3CH2COOH) is primary of ester 

phthalates.  Results of research from Brown et al (1984) and Miller 

et al (1982), that administration of MAA in rat resulted in their 

physical, reproductive, skeletal, and hematopoietic abnormalities 

and it was shown to be a proximal teratogenic metabolite of 2-

methoxy-ethanol (Bagchi and Waxman, 2008; Brown et al., 

1984).Toxicity of MAA has been  shown to be mediated by multiple 

signaling pathways including oxidative stress, apoptosis, 

upregulation of heat shock protein and deregulation of kinases, 

inhibition of histon (Brown et al., 1984). The primary metabolite of 

ethylene glocol monomethyl  ether is MAA, a short-chain fatty acid 

that inhibits histone deacetylase activity and alters gene expression 

and viability cells (Henley et al., 2009). Bagchi et al., 2010, have 

founded  that  a total of 3912 genes responsive to 5mM  MAA 

treatment were identified, 1629 of which were also responsive at 1 

mM MAA. The early MAA-responsive genes include 106 genes 

involved in transcriptional regulation, whereas many of the gen 

responding to MAA at later time points  encode membrane 

proteins that contribute to cell adhesion and membran signaling. 

These MAA-induced perturbations of cellular and biological 

functions may help elucidate the signaling pathways perturbed by 
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this enviromental toxicant and explain its mechanism of action at 

the gene level. 

Methoxyethanol (ME synonymous  with  Ethylene glicol 

monomethyl  ether, is second metabolite of ester phthalates, an 

important organic solvent in paint, printing ink, thinners and 

photoresist, causes significant hematologic and central nervous 

system disturbances following occupational exposure (Hardin, 

1983). The teratogenic effect of 2-ME have been attributed to its 

primary metabolite, Methoxyacetic acid (MAA), which is catalyzed 

by alcohol dehydrogenase and aldehyde dehydrogenase in rat 

dam’s liver (Cheever et al., 2001). MAA and 2-ME have similar 

biological activities in mice, therefore their dose-response 

characteristics for producing development toxicity are nearly 

indistinguishable (Sleet et al., 1988)  

ME, is also known topotentially cause abnormalities, for 

examples excencephaly  (Darmanto  et al., 1998). The brain is an 

important  organ, because  The process of brain formation involves 

cell proliferation,  cell migration and interactions, cell adhesion, 

differentiation and  morphogenesis. The mechanisms are 

involves extracellular  matrix  proteins.The pattern 

of expression depends on tissue differentiation and temporary. 

Disruption of the extracellular proteins expression, may cause 

impaired  cell interaction mechanism,   which  may ultimately 

disrupt the development process. 

Based the research we've done on  embryos,  at gestation 

days (GD) 10,  showed that brain of mice have been expressed 

extracellular  protein, fibronectin, tenascin, vimentin, 

 neurofilament and neural  cell adhesion molecule.Vimentin gen 

was expressed  very high  compared to others (Irnidayanti  et al. 

2011).This data was supported  by the results of previous studies, 

in the brains of embryonic mice treated GD-12 days, from 

dams were given  2-ME at GD-10, showed vimentin  gene 
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expression level is very high too (Irnidayanti  et al.,  2010). 

Therefore, we suspect that the protein  extracellular vimentin 

 played a role in the process of brain development, especially in the 

process of neurogenesis. Vimentin is  intermediate filament 

components of astroglial cells in matrix, which is found in variety of 

different kinds of cells, including fibroblasts, specifically expressed 

in glial cells. At early development stages of central nervous system 

(CNS), protein of  intermediate  filament of  immature astrocytes is 

composed of vimentin. In embryonic brain tissue, vimentin is 

detectable as  early as embryonic days 11 the earliest stage and 

located in radial fibers, include the neural tube, in ventricular cells 

(Oudega and Marani,1991), then around  birth, a switch from 

vimentin to GFAP take place. Vimentin disappears and is 

progressively replaced by GFAP in differentiated astrocglial cells 

that transiently coexpress the two protein. In the fetal mouse 

central nerve system, GFAP expression has been first detected at 

GD-18 in some cell processes (Galou et al.,1996). After birth, there 

is a dramatic increase in GFAP level when it become the main 

intermediete filament of mature astrocytes in the adult. 

Astrocytes is composed of major importance for normal 

functioning of CNS.The role of the astrocytes in neuroprotection or 

in healing and recovery in various CNS pathologies remains mostly 

unclear (Wilhelmsson et al., 2004). Gene expression of  vimentin 

from Vimentin from embryonic brain control GD-10 until 12, was 

decrease  and  there is an increase in vimentin gene 

expression after treatment, this suggest  that  vimentin secreted 

by astroglial ,  apparently also influence  there covery  process 

of the CNS. Thus we want to know Changes of GFAP and Vimentin  

protein  expression  in brain Due to the plastic base 

material, Methoxyethanol during the period of brain development,  

at GD-11 until to 18 by protein electroforesis and western blot 

analysis.  



 

 652 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

 

2. Material And Methods 
Experimental Animals  

Mus musculus (Swiss webster)  mice were used as experimental, 

from  Animal House and toxicology laboratories University of 

Indonesia. Rearing the animals was done in a room at 23-27
o
C and 

83%  humidity. Food and water were given ad libitum. When 

female mice achieved their sexual maturity (10-12 weeks old), they 

were mated with a male (1:1). A vagina plug detected the following 

morning was defined as day 0 of gestation day (Rugh, 1968).  

 

Material,dosage and Sample Collection 

2-ME in liquid form (Product Number: 285467) was produced 

by Wako Pure Chemical Industries, Ltd. Japan. 2-ME diluted with 

sterilized distilled water was administered by peritoneally injection 

at a dose of 7,5 mmol/kg body weight on the mice pregnant at GD-

10. The Control mice were only given steril distilled water with the 

same dose. 

All mice dams were killed by anastesy and perfution at GD-

11
th

,12
th

,13
th

, 14
th

,15
th

, 16
th

, 17
th

, and  18
th

. The pregnant mice 

were cut opened, next  uterus was taken and  put in falcon tube 

containing  buffer solution. Uterus were opened,  embrio was taken 

and brain were isolated, under stereo microscope and were stored 

at -20
o
C until final analysis. 

 

 Protein Precipitation  

Brains sample were put in eppendorf tube, and kept in box 

which containing dry ice. Protein precipitation of brain fetuses 

ware  used  cellytic
tm

 M Cell Lysis (Sigma C2978), dan destroyed  

with a pellet pastle and homogenized at 4
o
C. Cellular debris was 

separated by centrifugation at 11.000 rpm, 4
o
C for 15 minute. The 

finally, extract proteins  was obtained. Supernatans were isolated. 
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Measurement of Protein Concentration  

This calculation is done with BCA Smart Kit Cat No. 21 071 

Japan. Kit consists  of solution A, solution B and solution of BSA 2 

mg/ml. BSA standard solution  required for calibration 

of the instrument nanaodrops, in order to obtain  the graph 

straight. Preparation of BSA solution made by adding  stock 

solution of BSA and  aquadest,  with increasing concentration. The 

next step before measuring the protein content is to make 

the solution of the WS (working solution). Ways of making this 

solution is by adding solution A  and solution B with a ratio of 50:1. 

Pipette 5 µl of each standard or protein sample replicate into a 

micoplate well, and then added 100 µl of the working solution to 

each well and mix plate throughly on the plate. Cover plate and 

incubated at 37ºC for 30 minute, final step the microplate sample 

were cooled at temperatre room, and then measure absorban level 

with nanodrops 2000 by Termo. 

 

One-dimensional  Electrophoresis SDS 

Polyacrylamide gel consisting of "separating gel" 10% and 

“stacking  gel" solution. Protein  added to a solution of the sample 

buffer, containing 2-mercaptoethanol and loading  dye.  Protein 

mixture  heated in a water bath at a temperature of  99º C for 5 

minutes. Marker protein SeeBlue plus-2 prestained 

standard product Invitrogen cat no. LC5925,  as much as 15 μl. 

Control positif ware used A10 cell lysate sc-3806 lot. K1810 as 

vimentin protein and mouse brain extract sc-2253 lot D2011 as 

GFAP protein. At each  subsequent  wells  inserted  25 µL of 

protein sample, with concentration 300 µg/µl.  Electrode buffer 

solution filled into the space above and below  each gel as much as 

300 ml, until the instrument is  immersed.To remove  air bubbles  

used syringes. Then electrophoresis  equipment connected with the 
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"power supply" a large voltage is 90 mA  for three hour.Proteins 

were electrophoresed in accordance to instruction manual from 

invitrogen.Electroforesis  was stopped, if the protein have reached 

 until the "tracking dye" on bottom "separating  gel". Gel results of 

electrophoresis removed from the tool carefully and ready to be 

transferred to a membrane nitrocelulose. 

 

Western Blot 

To detect the membrane using a kit iBlot Gel Transfer Stacks 

Nitrocellulose, Mini Lot No. NM03111-02 by invitrogen.  These kit 

consits of, iBlot
  

Anode stack bottom mini, iBlot katode stack top 

mini, iBlot disposable sponge. Non-specific antibody binding to the 

membran nitrocellulose was blocked with 1x TBST 5% non fat dry 

milk at room temperature or incubated overnight at 4
o
C. The blot 

was then incubated using an antibody againts, mouse monoclonal 

GFAP sc 33673 lot.A2510 and Vimentin sc 32322 lot. E1011 at 

diluted 1: 200 as  the primary antibody. Antigen-antibody reaction  

was detected by anti IgG goat anti mouse F(ab’)2-HRP 1:1000 as  the 

secondary antibody. Protein were stained with AEC solution. Before 

staining, the proteins ware stained with Ponceau solution to detect 

protein bands and  aquadest to clearing appear.  Blot membrane 

was pink-red colored with AEC solution.   

 

3. Results 
From Table 1, shows that  total protein concentration  in control 

and treated embryos. This concentration were calculated by nano 

drops 2000 and BCA kit.  From Figure 1, shows that 

the vimentin protein expression in the brains of control mice 

embryos, began at  gestational day 11
th

 to 13
th

, and whereas on day 

14
th

 of gestation until to18
th

, vimentin protein is not expressed. 

Vimentin protein expression in the brains of 

embryonic mice treatment groups at gestation age 11
th

 to 18
th
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days are listed in figure 2. Vimentin protein bands in the treated 

group, have began to be expressed at gestation 12
th

 days  to 

18 days, although the protein is very thin bands. While at gestation 

days 11
th

, vimentin protein did not expressed.  

 
      Table 1. Measurement result of total content protein of fetus brain mice control 

at gestation days  11 to 18 with BCA Kit and Nanodrops 2000 

 
 

Observation of Gfap  protein bands on brain embrio mice at 

gestation days 11 to 18 were list in figure 3. Expression protein 

Gfap in embrio brain mice of control was began on gestation days 

15 to 18. While the expression of GFAP protein at  gestation 

age to 11
th 

 to 14
th

, in the control group, did not expressed. 

In Figure 4, showed That  at gestation days 11
th 

 to 18
th

, showed 

didn’t appear expression of GFAP protein. If the 

comparison between protein expressionof both vimentin and GFAP

 in the control group and treatment, it appears that 

the protein vimentin is expressed at gestation days 11
th 

 to 13
th

. 

then be replaced by GFAP, which can be seen on the expression 

of GFAP in figure 3. Expression begins at gestation days 15
th.

. The 

Band protein gfap at gestation days 14
th 

 did not appear. 
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Figure 1. Western blotting with the Vimentin antibody. Arrow indicates Vimentin  

protein expression (57 kDa) of brain control embryo mice at gestation days 11 to 18. 

 

 

 
 
Figure 2. Western blotting with the Vimentin antibody. Arrow indicates Vimentin  

protein expression (57 kDa) of brain treatment embryo mice at gestation days 11 to 

18. 

 

 
 

Figure  3. Western blotting with the GFAP antibody. Arrow indicates GFAP  protein 

expression (50 kDa) of brain control embryo mice at gestation days 11 to 18. 
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Figure 4. Western blotting with the Gfap antibody. Arrow indicates Vimentin  

protein expression (50 kDa) of brain treatment embryo mice at gestation days 11 to 

18. 

 

 

4. Discussion 
In the research has been done indicates that the protein 

vimentin in embryonic brain control group, began to be expressed 

at gestation days 11
th

 to 13
th

 (Figure  1). This suggests that the 

protein vimentin is necessary for the proliferation of cells 

neuroepitelium. Because in proliferation stage, neural epithelial 

cells are  expressing   vimentin protein (Sheppard et al., 1995) and 

in the brain tissue, vimentin can be detected on embryo at 

gestation days 11
th

, an early  stage of mitotic. Vimentin  

protein found in radial fibers  of the neural  tube,  particularly 

in ventricular cells of brain that are dividing (Schnitzer et al,  1981). 

Cell proliferation is the earliest processes in brain development, 

which occurs at gestation days 10
th 

up to 12
th

 days  and at gestation 

days 13
th

, entering the phase of organogenesis  (Rugh, 1968). This 

data supported by Stagaard and Møllgard (2004), who said that the 

neuroepitelium cells from human embryos and fetal brain 4 -16 

weeks of age, showed positive for vimentin protein. In embryos 

aged 4–6 weeks, vimentin-reactivity was seen in all neuroepithelial 

cells, including those which exhibited mitotic figures. It is suggested 

that all neuroepithelial cells in vivo differentiate to a stage where 

they express vimentin, and that vimentin may have a functional 

role in cellular movements and during the interkinetic nuclear 
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migration. We conclude that the vimentin protein was first 

expressed at embryonic age 11
th

 to 13
th

 days and this stages, cells 

in ventricular zone still proliferate.  

Vimentin is a marker for a distinct cell lineage during early 

CNS development. Vimentin protein expression in the brain of 

embryos treated with 2-methoxyethanol show a change. Changes 

in protein expression of vimentin, was on going at gestation days 

18 
th

.
 
While in the control group, expressed vimentin protein only  

up to 13 days.  It is estimated that the administration of 2-

methoxyethanol at gestation days 10 
th,

, affecting the protein 

expression of vimentin. At gestation 10 
th 

to 13 
th

, the cells 

neuroepitellim on ventricular zone  were still active to proliferate, 

so that the cells are actively proliferating, express vimentin protein. 

Furthermore, cells  will enter the phase of organogenesis, which 

took place after the embryo was 13 days, in which cells will develop 

into nerve cells and glial. Glial cells play a role to guide the nerve 

cells in the lamination process. Therefore, administration of  2-

methoxyethanol at gestation days 10 
th

, can interfere vimentin 

protein expression in embryonic brain, which is being proliferating. 

So embryonic brain development which should occur at late 

gestation days 13
th

, do not take a places, because  the proliferation 

process was still continue until  at gestation days 18 hari. This 

evidence is based on western blot analysis in Figure 2.We suspect 

that  at gestation days 13
th

 is the point of the healing process 

occurs. Nerve cells of the newly formed directed to place 

the injured, the place where nerve cells participate in the process 

of repair and healing  function . After the healing process, which 

occurs at gestation days 14
th

, vimentin protein expression in the 

treated group still have expressed. It  is  because  the cells are still 

in stages of preparation of proliferation.The expression of vimentin 

 protein brain embryonic in treatment groups, associated with the 
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role of vimentin in the process of cell proliferation of new nerve 

cells. 

Vimentin is found in the embryonic  stage, the immature 

glial cells and Tissue damage. In injuries of the nervous  system, 

astrocytes will be reactive (Stagaard  and  Mollgard,  

2004). Reactive astrocytes, is influenced by the presence of 

 vimentin, so the brain is injured, showed high expression of 

vimentin. Presumably that the cells try to repair damaged tissues 

through mechanisms dedifferensiasi, so that the cells are in stage 

proliferasasi. These data are supported by the Moon  (2004) that 

vimentin is required in the repair of injured brain tissue through 

the migration of  active cells and the formation of scar tissue. It can 

be concluded that changes in protein expression levels 

of vimentin is more caused   by  toxic  compounds, 2-

methoxyethanol. 

The expression of protien Gfap,  is began at gestation days 

15
th  

(figure 3). In mice, rats  and humans, increased expression 

of GFAP  in astrocytes  occurs gradually through 

life (Lawrence et al., 2000).  Gfap as intermediate filament showed 

be expressed on astrocytes  cells in late gestation  (Dudprey and 

Paulin, 1993).  In mice, GFAP was first expressed in the embryonic 

brain ventricles at gestation days 16
th

. The results 

of the immunohistochemical  studies  showed that 

GFAP protein was first detected in embryonic brain at gestation 

days 14
th

 and on the spinal cord at gestation days 16
th

. Based on 

these data, we conclude that the expression of GFAP protein in the 

brains of embryonic mice mus musculus (Swiss webster) of control 

group , beginning at gestation days 15
th

. Although the ratio 

of vimentin to GFAP during development and diffrerentiation on 

glial  cells,  may be changing, but the expression of vimentin  

expressed  earlier  than GFAP (Schnitzer et al.,  1981 and Herpes 

 et al.,1986). Astrocyte cells  in the healthy central nervous system, 
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 still express  GFAP protein, or GFAP was expressing  but very  low. 

Vimentin disappears and is progressively replaced by GFAP in 

differentiated astroglial cells that transiently coexpress the two 

protein. 

In treated group, Gfap protein on brain embryo at gestation 

days 11
th

 to 18
th 

were expressed. We suggest that there is a 

relationship with expression of  vimentin protein   on treatment 

group. After the healing process, which occurs at gestation days 

14
th

, vimentin protein expression in the treated group still have 

expressed. this is caused by the cells are  still in stages of 

proliferation preparation. In the fetal  brain treatment group were 

given 2-methoxyethanol,  causing  astrocytes  are  responsive. 

If there is damage to brain tissue, the cells that are  responsive 

to tissue damage is cell astrocytes. Progressively,  reactive 

astrocytes will change gene expression and cellular changes. These 

cells have a physiological role in brain function. Through the release 

of  neuro  trophic  factors in  astrocyte-neuron path, is a way to 

maintain  homeostasis of the central nervous system (Brahmachari  

et al., 2006) Recently has been demonstrated that astrocytes 

 are cells , which in the brain has a immunocompetent (Dong  and  

Benveniste,2001; in  Brahmachari  et al.,  2006). After the  

activated, astrocytes cells  secrete various  neurotoxic 

 substances and increases the level of expression of GFAP (Eng 

et al., 1994; in Brahmachari et al., 2006). It is clear that expression 

of GFAP protein in the treated group, obviously caused by the 

compound  2-Methoxyethanol. This situation caused astrocytes 

become   reactive and express  neurotrofic factors,  and then  

secrete  GFAP. However, expression of GFAP is very dependent on 

the level of reactive astrocytes damage. GFAP protein 

expression began to increase after birth. In the research that have 

been done shows that the GFAP and Vimentin is always 

expressed together. This suggests, proteinVimentin is very 
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necessary for tissue repair and healing processes of the brain that 

were damaged as a result of 2-methoxyethanol.  

 

5. Conclusion 
Protein vimentin in embryonic brain control group, began to 

be expressed at gestation days 11
th

 to 13
th

, and in embryonic brain 

treatment, began to be expressed at gestation days 12
th

 up to 18
th

.  

Therefore, we assume that vimentin protein expression changes 

caused by treatment of compound 2-methoxyetanol. 

Vimentin protein expression was always earlier than GFAP protein  

expression in both control and treatment groups. In the research 

that have been done shows that the GFAP and Vimentin is always 

expressed together.   

Protein Gfap in embryonic brain control group, began to be 

expressed at gestation days 15
th

 to 18
th

, and in embryonic brain 

treatment, began to be expressed at gestation days 11
th

 up to 18
th

.  

Therefore, we assume that Gfap protein expression changes caused 

by treatment of compound 2-methoxyetanol. 
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One of the approach to identify the best solution in the decision of 
a problem is by optimization, whose important element in the 
objective function optimization problems is influenced by a number 
of variables. These variables can be independent and also 
interdependent. The productivity of an optimized process can be 
achieved by identifying and controlling various factors that 
determine the activity of the process. In general, the optimization 
process is a step of minimization of costs or the use of raw 
materials and maximizes yield or efficiency of production 
processes. Response Surface Methodology (RSM) is a collection of 
mathematical techniques and statistics to establish an empirical 
model. The purpose of this method is to optimize the outcome or 
the response (output variable) is influenced by a number of free 
variables (input variables). Several series of treatments tested (run) 
and variation performed on the input variable will be the factors 
that influence changes in the response (output). 
In this paper, the study aims to obtain optimum operating 
conditions in the production of cellulase by RSM using Bacillus sp. 
BPPT CC RK 2. This optimization used a natural substrate that is 
widely available in Indonesia and inexpensive. The research process 
was conducted four stages, namely: (1) the manufacture and the 
selection of medium composition and enzyme production (2) 
fermentation (3) the use of RSM using a software design expert in 
determining the optimum point of cellulase (4) and test the activity 
of enzyme. The results showed that the isolates Bacillus sp. CC 

mailto:mgozan@che.ui.ac.id
mailto:agung.marssada@gmail.com
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BPPT optimum RK 2 produce cellulase for 12 hours in media with 
concentrations of rice bran 50% (w / v), and coconut water 
concentration of 20% (v / v). 
 
Keywords: cellulase, optimization, Respons surface methodology, 
Bacillus sp 
 
Introduction 
Enzyme is a protein which functions as a catalyze, fastening a 
reaction process without consumed in an organic chemical 
reaction. Use of enzyme in degrading polymer has been practiced 
in numerous kinds of industries and other sectors. A spesific 
enzyme that is used to degrade cellulose is cellulase enyme. 
Enzymatic process in hydrolizing cellulose is a better and more 
beneficial way because the surrounding condition for enzyme’s 
activity could be controlled to produce hydrolysates which contain 
glucose. There are three kinds of cellulase which form cellulase 
complex. The first one is endocellulase, which breaks internal bond 
in order to cut crystalline structure in cellulose and open 
polysaccharide chain. Exocellulase is enzyme that breaks 2-4 unit 
from the end of chain produced by endocellulase and generates 
tetrasaccharide or disaccharide. Cellobiase or beta-glukosidase is 
enzyme that hydrolize exocellulase’s product to monosaccharide 
[1-5]. 
 
To aim optimalized process, one of the method used is Response 
Surface Methodology, RSM. This method is a technique of solving 
problem in finding optimal condition of an operation using 
mathematics and statistics in a form of model analyzing the 
problem. This method consists of a group of statistic technique to 
build empirical model and exploit model 2 of an experiment 
involving k factors, which are x1, x2,..., xk, where k factors are 
labelled as independent variables, predictors, or control variables, 
and produce Y, where Y is a dependent variable, or response 
variable. All of these variables could be measured and known that Y 
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is response from x1, x2,..., xk, then it is said that Y is a function of x1, 
x2,..., xk, and generally written in form of  
 

                        
 
This function is called as response surface [6-7].  
 
 
 
Methods 
The nurturing medium used is liquid Luria Bertani (LB) (pH 7,0) with 
composition of 10 g of peptone, 5g of yeast extract (as nitrogen 
source), and 5g of NaCl. LB is added with 1 % CMC (as carbon 
source). Medium is dissolved with aquadest according to the 
desired production volume. In this experiment, production volume 
is 50 ml. Then, medium is sterilized in autoclave at 121

o
C and 

pressure 1,2 atm within 15 minutes. Then, 1-2  ose of Bacillus sp  
isolate is innoculated  into LB medium obliquely and incubated at 
37

o
c for 24 hours. This isolate is used as culture stock.. 

 
Starter medium is made with inocullating 1-2 ose of Bacillus sp. 
BPPT CC RK 2 isolate into sterile LB medium (10% of production 
media), then is incubated at 37

o
C for 6 hours. The agitation done 

along fermentation is in 150 rpm. Enzyme production is done by 
inoculating starter medium into production medium, then 
incubated at 37

o
C for 24 hours. The agitation along fermentation is 

in 150 rpm. 
 
After 24 hours, enzyme is harvested by centrifuging with agitation 
of 6000 rpm using High Speed Refrigerated Centrifuge Himac 
CR21G and rotor R10A2 for 15 minutes at 4

o
C. Then, supernatant is 

separated as crude enzyme fraction. The crude enzyme then is 
analyzed on the bases of protein concentration and enzyme 
activity. 
 
First, preparing 900 µL CMC 1 % dissolved in 0,05 M phospate 
buffer pH 7,0. Each test tube which will be tested is filled upto 1 ml 
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of mixed solution of 900 µL glukosa + 100 µL enzyme for sampling, 
while for controlling, enzyme is added after DNS is poured in. After 
that, incubating them for 30 minutes at 50

o
C, then add 1ml DNS for 

each test tube. All the test tube then is heated in water bath for 5 
minutes so that reaction of glucose and DNS occurs. Test tube then 
is cooled and shaken so that it is mixed completely. Absorbance of 
each solution then is measured at 540nm (Yin, Huang, & Lin, 2010). 
which the result is in U/ml, where 1 unit (U) is defined as the 
amount of enzyme that releases 1 μmol reduced glucose from CMC 
per minute at 50

0
C and pH 7. 

 
Enzyme protein concentration is determined with modified Lowry 
method [8]. This condition is produced by phospate buffer saline 
(PBS). One liter of PBS consists of 8 g NaCl; 0,2 g KCl; 1,44 g KH2PO4 
and 0,24 g Na2HPO4. PBS solution is adjusted into pH 7,4 by adding 
NaOH or HCl. Besides, reagent Lowry is produced, consisting of 
three kinds of solutions (A, B dan C). One liter of solution A consists 
of 20 g Na2CO3 and 0,4 g NaOH, one liter of solution B consists of 
10g CuSO4, and one liter of solution C consists of 2g NaKC4H4O6. 
Production of reagent Lowry is done by mixing those three 
solutions with ratio of volume A : B : C is 98 : 1 : 1.  
 
Results and Discussion 
 
Table 2 explains Analysis of Variance (ANOVA) from the experiment 
done, where the four factors subjected to optimizing process, 
which are carbon source (A), nitrogen source (B), pH (C), and 
temperature (D), show linkage between each other through 
quadratic model suggested to be used. 
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Tabel 2. ANOVA Model Orde 2 RSM 
 

Source 
Std. R-

Squared 

Adjusted Predicted 
Precision 

Model 

Dev. R-Squared R-Squared Suggested 

Model 181.819 14 12.98709804 91.61873895 < 0.0001 Significant 

  A-Carbon 51.771 1 51.7711033 365.2242543 < 0.0001   

  B-Nitrogen 7.851 1 7.851417715 55.38858547 < 0.0001   

  C-pH 7.415 1 7.415158337 52.3109515 < 0.0001   

  D-temperature 3.273 1 3.273874218 23.09586224 0.0002   

  AB 1.275 1 1.275497198 8.998118316 0.0090   

  AC 1.793 1 1.793696092 12.65380252 0.0029   

  AD 3.732 1 3.732815354 26.33350686 0.0001   

  BC 6.067 1 6.067764856 42.80563391 < 0.0001   

  BD 15.259 1 15.2593908 107.6488479 < 0.0001   

  CD 0.058 1 0.058493699 0.412649457 0.5303   

  A^2 9.682 1 9.682793073 68.30820002 < 0.0001   

  B^2 19.528 1 19.52801493 137.7622696 < 0.0001   

  C^2 17.128 1 17.12864476 120.8356807 < 0.0001   

  D^2 38.687 1 38.68717607 272.9224245 < 0.0001   

Residual 2.126 15 0.141751548       

Lack of Fit 1.914 10 0.191441054 4.518045793 0.0549 
not 
significant 

Pure Error 0.211 5 0.042372535       

Total Cor 183.945 29         

 
 

This table shows that value of calculated F is 91,61873895 
indicating significant model of cellulase production. If the value of P 
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(Prob > F) less than 0,05; then it is significantly influencing. 
According to the data, it is known that concentration of rice bran, 
concentration of coconut water, pH, and temperature show 
significant impact to cellulase production with equation obtained 
using design expert is: 
 
 
 

Yi= -18,51-2,08X1-1,52X2+11,17X3+2,12X4+1,13.10
-2

X1X2–
0,07X1X3+1,93.10

-2
 X1X4+0,12X2X3–3,9.10

-

2
X2X4–0,01X3X4+2,38.10

-2
X1

2
–3,38.10

-2
X2

2
-

0,79X3
2
 – 0,05X4

2 
 (2) 

 

Where:  X1 = Carbon source (rice bran) 
X2 = Nitrogen source (coconut 

water) 
X3 = pH 
X4 = temperature 

 
 
Table 3. Accuracy Value of Experiment 
 

Std. Dev. 0.376499067 R-Squared 0.9884408 

Mean 5.350309394 Adj R-Squared 0.9776521 

C.V. % 7.036958792 Pred R-Squared 0.9383944 

Precision 11.33208696 Adeq Precision 42.004837 

 
 
According to ANOVA test on Table 10, coefficient of determination 
value R

2
=0,988, which shows that 98,8% of sample variables on 

cellulase production are influenced by independent variables. 
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Figure 6. Response Surface Methodology Relationship of Carbon 
Source (Rice Bran) and Nitrogen Source (Water Coconut) in 3 
Dimensions and 2 Dimensions 
 
 
Experiment using response surface methodology obtains result 
with optimum condition of fermentation for highest cellulase 
activity achieved at concentration of rice bran 50, concentration of 
water coconut 20%, pH 7, and production temperature at 37

o
C. 

Under this condition, value of activity is obtained at 12,23 U/mL. 
On the model portrayal above, range of activity value concentrated 
on the center of the figure ranging from 6 to 8 U/mL with center 
point of 7,31 U/mL while optimum point is at the most upper point 
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of the graph. This point is the value of alpha plus 1 from Central 
Composite Design (CCD). 
 
During observation of enzyme activity for each 3 hours in 24 hours, 
enzyme activity is obtained increasing until fermentation time of 12 
hours and at the 15th hour, enzyme activity begins to decrease 
(Figure 7). The data of result of optimizing time is shown at the 

figure below :  
 
Figure 7. Relationship of Production Time and Activity and Protein 
Concentration given Cellulase 
 
 
At the peak of cellulase activity, bacteria secrete cellulase enzyme 
maximumly to outer surrounding. Highest cellulase activity occurs 
at 12th hour with cellulase activity is 13,25 U/mL and protein 
concentration 17,05 mg/mL shown at Figure 7. The occurence of 
fast production process at the 12th hour is caused of feed back 
inhibition received by enzyme, thus it inhibits cellulas activity 
through quite concentrate amount of substrate at the succeeding 
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hours after highest phage at 12th hour, thus bacteria are in 
saturated phage faster in producing cellulase. At optimizing 
cellulase production, protein concentration is increased as 
production time goes. This is caused by growing bacteria to 
stationery phage, producing a lot of protein instead of cellulase. In 
general, cellulolytic microorganism from bacteria group has faster 
growth level, thus time used for enzyme production is shortened. 
Beside of optimum condition determination, observation on other 
parameter (amount of cells) is also done in each 3 hours for 24 
hours. Below is graph of relationship between production time and 
amount of cells. 
 

 
 
Figure 8. Amount of Cells to Time 
 
 
On the graph, the amount of bacteria is shown increasing since the 
0th hour of incubation, where on the condition of 24 hours, 
bacteria do not reach stationery phage yet, while for amount of 
bacteria contained in control reaches stationery phage and 
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decreases at the last hour. This occurs because bacteria do not get 
proper nutrition at growing phage and not the bacteria used in 
experiment. Bacteria involved might be contaminating bacteria 
which are result of not hygiene procedure, shown by less amount 
of bacteria in control. 
 
  
 
 
Conclusion 
Based on the result of experiment and discussion, then it is 
concluded as below : 

1. Optimizing cellulase production process from Bacillus 
sp.BPPT CC RK 2 is obtaine by substrate composition of 50 
% (b/v) rice bran (carbon source) and 20 % (v/v) coconut 
water(nitrogen source) in modified medium with enzyme 
activity of 12,23 U/mL.  

2. Optimum time for producing cellulase from Bacillus 
sp.BPPT CC RK 2 is obtained at 12th hour with activity of 
13,25 U/mL and amount of bacteria is 1.24 x 10

9
 cells/ml. 
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Roti is one of the most farmer preferred cassava local genotype in 
Indonesia regarding its good taste. Embryogenic callus induction of 
Roti is critical to be established for many purposes such as plant 
propagation and genetic engineering. The research was conducted 
in Laboratory of Plant Molecular Genetic and Biosynthetic Pathway 
Alteration,  Research Centre for Biotechnology, Indonesian Institute 
of Sciences (LIPI). The methods were divided into shoots induction 
from cuttings grown in the green house and embryogenic callus 
induction by using leaf lobes as initial explants. The  media 
formulation used for callus induction were (1) MS 4% + 5µM CuSO4 
+ 10 mg/L Picloram, (2) MS 4% + 10 µM CuSO4 + 10 mg/L Picloram, 
and (3) MS 4% + 2 µM CuSO4 + 18 mg/L Picloram +  1 mM 
Glutamine.  Callus could be produced from explants on all media 
following  three to four weeks induction. However, only that 
cultured on media containing glutamine could produce 
embryogenic callus. The optimum medium for embryogenic callus 
production of  Roti was MS 4% + 2 µM CUSO4 + 18 mg/L Picloram + 
1 mM Glutamine, with 88.2% efficiency. Embryogenic callus 
obtained is currently being used as materials for genetic 
transformation. The procedure established for “Roti” would open 
up the improvement of  local genotype especially that preferred by 
farmers, industries and other users after improve for wider uses. 

 
Keywords: cassava,embryogenic callus,  genotype, induction “Roti”, 
glutamin 
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INTRODUCTION 

 Cassava is used as a basic food staple for human 

consumption, starch source, and also for animal feed. It is mainly 

consumed as boiled flour obtained by processing the root. The 

roots are very rich in carbohydrates, mainly starch (about 80% dry 

weigh). They also contain vitamin C, beta-carotene, calcium, 

potassium, and food fibers, but are very low in protein (0.5-1.5% 

fresh weigh) and fat (about 0.17%). The leaves are consumed less 

than tubers and have a large amount of protein (about 7% fresh 

weight). In tropical countries, cassava is the fourth most important 

crop as a source of calories for human consumption. Roti is one of 

the most farmer preferred cassava local genotype in Java 

especially, its good taste. The future demand for fresh cassava may 

depend on improved storage methods, but the markets for cassava 

as a substitute for cereal flours in bakery products and as energy 

source in animal feed rations are likely to expand. 

 Recent progress in genetic manipulation of plant cell has 

opened new possibilities in crop improvement. A more recent and 

stable way is through tissue culture especially somatic 

embryogenesis in which crop species can be improved  without 

interfering with a large portion of genome and without introducing 

alien or exogenous genetic material and also able to develop 

control strategies against pest and disseasea affecting many 

agronomic crops (Lacock & Botha, 2000, Deo, et al. 2010). Plant 

tissue culture technique can potentially overcome all limitations of 

traditional approaches to cassava. Also, it provides innovative 

technique for the development of crop varieties having desirable 

traits. These technique requires less time, less expensive and 

require less space than conventional breeding methods.  

 Somatic embryogenesis is one of the in vitro techniques 

for propagating plants. Also it enables large numbers of plantlets to 

be produced within a short span of time. Besides adaptable to 
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large-scale production of plants, somatic embryos can also be used 

for biotechnological applications such as gene transfer. Athmaram 

et al. (2006) reported that the transgenic somatic embryos carrying 

BTVP2 gene comprising neutralizing epitopes for expression in 

peanut had been obtained to develop subunit vaccine in plant 

system for efficient control of Bluetongue disease. Another 

advantage of somatic embryogenesis is used as a cloning technique 

for rapid and exponential multiplication of particular genotypes 

(plant hybrids or male sterile plants). Embryogenic callus induction 

of Roti is critical to be established for many purposes such as plant 

propagation and genetic engineering. Maintenance of an 

embryogenic state may require exogenous auxin, or in the absence 

of exogenous plant growth regulators. 

 Exogenously added amino acids play an important role in 

plant tissue culture. Specific media components involving amino 

acids have been found to play an important role on tissue culture 

systems of certain species (Benson, 2000). Amino acids have been 

used as organic nitrogen source in in vitro cultures of several 

species as maize, pineapple, date palm  and other monocots to 

enhance somatic embryogenesis (Claparols et al., 1993; Hamasaki 

et al., 2005, El Sharabasy et al., 2012). Amino acids, notably proline 

and its analogs such as alanine, glutamine, lysine, and serine have 

also been reported to increase the frequency of somatic 

embryogenesis (Saidon, 2008). Glutamine is one of the most 

abundant amino acids in plant tissue culture used for various 

purposes, such as induction embryogenic callus (Das and Mandal, 

2010), induction of the formation and proliferation of shoots (Patil 

et al., 2009).  

 In this report, the effect of glutamine in embryogenic 

callus induction of cassava is discussed. 
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MATERIALS AN METHODS 

  

Plant Material and Sterilization 

 Stem segments about 5 cm long (1-2 books), containing 

axillary buds, were cut from stock plants of Roti and Adira 4 as a 

control. The stock plants were maintained in a shaded place and 

planted in sand medium in the gree house of Research Centre for 

Biotechnlogy. Shoots taken from 2 weeks old micro cutting. Axillary 

buds were washed with commercial detergent under tap water and 

rinsed under running water for about 45 min and used as explants 

to initiate in vitro shoot cultures. They were then surface sterilized 

by 70% ethanol for 5 min on a shaker and 0.1% mercuric chloride 

for 3 min under aseptic conditions. These steps were followed by 

two and three rinses respectively with sterile distilled water in a 

laminar air-flow cabinet and were transferred to sterile Petri dishes 

having filter paper for drying. Lastly, the explants were cultured on 

MS solid medium (Murashige and skoog, 1962). The cultures were 

incubated at a temperature of 25±2ºC, 16 hrs (1000 lux).  All tissue 

culture work was conducted at laboratory of Plant Molecular 

Genetic and Biosynthetic Pathway Alteration,  Research Centre for 

Biotechnology, Indonesian Institute of Sciences (LIPI). 

 

Somatic Embryogenic Callus Induction 

 In vitro leaf lobse (1 - > 5 mm size range) obtained from 

the in vitro shoot cultures served as explant sources for callus 

induction. Leaf lobe taken from the following cultivars : Roti and 

Adira 4. Leaf explants were cultured with abaxial surface in contact 

with the callus induction medium, the MS basal medium 

(Murashige and Skoog, 1962) contanining various concentration of 

CuSO4 and Picloram: (1) MS 4% + 5µM CuSO4 + 10 mg/L Picloram, 

(2) MS 4% + 10 µM CuSO4 + 10 mg/L Picloram, and (3) MS 4% + 2 

µM CuSO4 + 18 mg/L Picloram +  1 mM Glutamine.  All media were 



 

 680 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

supplemented with sucrose 40 g/l, and 0.8% micro agar. The pH of 

the medium was adjusted to 5.8, prior to addition of agar and 

autoclaving at 121°C, 1.2 kg cm
2
 pressure for 20 minutes.   

 Explants were cultured in 100 × 15 mm sterile Petri plates 

containing 20 ml medium.  
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P 45 
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diahdhianawaty@yahoo.com 

 
Annona muricata and Averhoa bilimbi commonly used to decrease 
cholesterol blood level. Annona has sugar level higher than 
Averhoa. The sugar can be metabolized to product cholesterol. The 
objective of this research is to compare of preventive effectiveness 
of them. Each group has 5 mice. The groups are 5: negative control 
did not receive anything, other groups are called positive control, 
reference, Annona and Averhoa groups ate meal rich fat and 0,26 
mg propylthiouracil and then were received: 20 mg tragacanth; 
0.026 mg simvastatin; 1.03 g Annona juice and 0.12 g Averhoa juice 
for 20 g body weight respectively, in 30 days. The blood cholesterol 
levels were measured by enzymatic method. The results for 
negative control and the other groups are: 131.1; 158.5; 124.3; 
160.8 and 129,7 mg/dL respectively. Statistically analysis between 
averhoa and reference groups is not significant. Both of them   are 
significant to positive control group. In conclusion, Averhoa juice in 
concentration 0.12 g/20g BW is effective to prevent the increasing 
of cholesterol blood level, P (0.01), and Annona juice in 
concentration 1.03 g/20g BW is not effective.  
 
Keyword: Annona muricata, Averhoa bilimbi, cholesterol blood 
level, hypercholesterolemia 
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INTRODUCTION 

The life style contributes to the many problems in health, e.g. blood 

hypercholesterol level. 

Indonesian people in health care of blood cholesterol level have the 

new trend, to prevent of blood hypercholesterol level is drinking 

fruit juice. Two fruits are known to decrease of blood cholesterol 

levels Annona muricata and Averhoa bilimbi. Both of them have the 

differences sugar level, annona rich with fructose and glucose and 

on the contrary of Averhoa.  

All food will be metabolized to product the compounds which the 

body needed. 

The glycolytic pathway begins with the simple sugar glucose and 

leads to pyruvate and eventually the Kreb's cycle. Dietary 

carbohydrates include a variety of sugars that are funneled into 

glycolysis to supply energy, including other monosaccharides, 

disaccharides, and polysaccharides like starch. Fructose is an 

abundant monosaccharide in fruit, and is also found along with 

glucose in the common disaccharide sucrose. Glucose and fructose 

can be metabolized to product cholesterol.
1
  

 

Annona muricata and Averhoa bilimbi fruits commonly used to 

decrease cholesterol blood level. They have difference sugar levels 

and in the human body were known that the sugar can be 

metabolized to product cholesterol. Therefore the sugar level is a 

problem in the using of Annona to prevent of hypercholesterol of 

blood level. Averhoa bilimbi rich of acid, ate a lot of Averhoa is 

danger for stomach therefore the preventive activity and the safety 

dosage for stomach have to test. 
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MATERIAL AND METHODS 

Ethics :  

Komisi Etik Penelitian Fakultas Kedokteran  - UK Maranatha -  R.S. 

Immanuel  

No. 6/KEP FK UKM-RSI/II/2011  

Material : 25 male mice Swiss Webster strain (from Bandung 

institute of Technology), body weight: 16 -20 g divided in 5 groups. 

Annona muricata cultivated at Bandung, length: 18 – 20 cm, : 12 

– 13 cm, weight: 0.9 – 1.2 Kg. Averhoa bilimbi at Bandung, length: 6 

– 8 cm, : 2,5 – 3,5 cm, weight: 18 – 24 g. Harvested  on 1
st

 March 

2011. Tragacanth, Simvastatin (Hexpharm Jaya), Diet meal: (2940 g 

wheat, 1620 g corn, 480 dry fish, 420 mung bean, 240 g palm oil, 

500 g sheep fat, 5.6 g multi vitamins, 1.400 ml water).  

Cholesterol reagent (St.Reagensia) 

Equipment :  Spectronic 20 Genesis 

Preparation :  

1. PTU  

 The dosage for people = 100 mg/day. 

    The dosage for mice (BW 20 g) = 0.0026  100 mg = 0,26 mg/20 

g BW 

2. Simvastatin as reference : 

    The dosage for people 10 mg/day, for mice = 0.0026 10 mg = 

0.026 mg/20 g BW 

3. Solution of positive control = 20 mg of tragacanth/20 g BW  

4. Averhoa bilimbi extract 

    The commonly using for people is 60 g Averhoa fresh fruit.  

    For mice = 0.0026  60 g = 0.156 g Averhoa fresh fruit 

    3,523 g of Averhoa fresh fruit produces 2,658 g liquid extract.  

    The dosage for mice (BW 20 g) = 
       

       
  2658 g liquid extract = 

0.1177 g = 0.12 g/20g BW  
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5. Annona muricata  extract 

    2,000 g of Averhoa fresh fruit produces 1,287.5 g or 1,250 ml 

liquid extract  

    The dosage for mice (BW 20 g) = 
    

         
  1,287.5 g liquid 

extract = 1.03 g/20g BW 

 

Method design: 

 
 

RESULT 

After 30 days all mice were terminated and the blood cholesterol 

levels were measured by Cholesterol reagent (St.Reagensia) at 

wavelength 546 nm. The result showed at the Table 1. 

 

 

 

 

 

 

Group 5 

(Averhoa 

bilimbi) 

 

0.12 g/20g BW 

Averhoa bilimbi juice 
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        Table 1. Blood cholesterol levels of the negative control, the 

positive control, reference,  

                      Annona muricata and Averhoa bilimbi groups 

 

The results of blood cholesterol for the negative control, the 

control positive, reference, Annona and Averhoa groups are: 131.1; 

158.5; 124.3; 160.8 and 129,7 mg/dL  respectively.  

Statistically analysis between: negative control and positive control 

are significant P(0.05); negative control and reference are not 

significant; positive control and reference are significant P(0.01); 

positive control and Annona juice are not significant; positive 

control and Averhoa juice are significant P(0.01); reference and 

Averhoa juice are not significant. 

 

CONCLUSION 

Conclusion, Averhoa bilimbi juices in concentration 0.12 g/20g BW 

is effective to prevent the increasing of cholesterol blood level, but 

on the contrary of Annona muricata in concentration 1.03 g/20g 

BW is not effective to prevent the increasing of cholesterol blood 

level. 

 

 

No. of 
mice 

Blood cholesterol level of the groups of mice 
( mg/dL) 

Negative 
Control  

Positive 
Control  

Reference Annona 
muricata 

Averhoa 
bilimbi 

1    114.5 156.7 107.9 128.8 116.3 

2 122.2 160 117 146.5 131.2 

3 130 169.7 131.6 171.6 123.8 

4 134.8 165.5 144.2 175.8 134.4 

5 164.1 140.6 120.9 181.4 142.7 

Average 133.1 158.5 124.3 160.8 129.7 
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Turmeric and garlic have been known to have antibiabetes effect. 
Therefore, both can be used as an alternative therapy in the 
treatment of diabetes. However, their mechanism of action in 
lowering blood glucose level is still unknown. In this study, we 
investigated the effect of turmeric and garlic extract and its 
combination on blood glucose level and improvement of pancreatic 
damage in alloxan induced diabetes mice compared to 
glibenclamide. Turmeric extract, garlic extract, its combination, and 
glibenclamide were given for 21 days. Then, blood glucose levels 
were measured and mice were sacrificed and pancreas were 
isolated for immunohistochemical analysis. The results showed a 
significant difference of blood glucose levels between control group 
with treatment group. Adminstration of turmeric extract, garlic 
extract and its combination can lower blood glucose levels 
significantly. Immunohistochemical analysis of pancreas showed a 
darker color intensity in the group that given garlic extract 
compared with the control group. While the group given turmeric 
extract, combination of garlic and turmeric extract and 
glibenclamide showed minor change compared with the control 
group. In conclusion turmeric extract, garlic extract and its 
combination can lower blood glucose levels. Garlic extract could 
repair damage of pancreas caused by the induction of alloxan, 
while turmeric extract and its combination showed a minor 
improvement.  
 
Keywords: turmeric, garlic, blood glucose level, diabetes mice, 
immunohistochemistry, pancrea 
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1. Introduction  
Diabetes is a disease characterized by abnormal glucose 

metabolism, a risk of developing microvascular complications 

specific to diabetes and a markedly increased risk of developing 

macrovascular complications [1]. The incidence of diabetes, 

particularly type 2 diabetes, is increasing at an alarming rate. 

Worldwide, about 124 million people had diabetes by1997; by 

2010, this number is estimated to reach 221 million. Because of the 

large number of severe pathologies complicating the clinical course 

of diabetes, one can easily speculate on the huge economic and 

psychosocial impact of diabetes across age groups and 

geographical regions. [2]  

The development of diabetes mellitus is closely related to the 

development of insulin resistance. However, insulin resistance 

alone can not fully explain the occurrence of hyperglycemia, 

because the failure of beta cell function plays an important role in 

the pathogenesis of diabetes mellitus. It is proved that the insulin 

secretion decreased progressively when blood glucose rises. In 

general, the loss of first phase insulin showed beta cell damage. 

Therefore, increasing insulin secretion does effective treatment of 

diabetes mellitus. Sulfonylurea (SU) is included among drugs that 

increase insulin secretion. In general, guideline such as IDF 1999, 

ADA 2004 and the European national guidelines recommend SU as 

the first choice of mono therapy and as combination therapy with 

other anti diabetic drugs. Second generation SU a safer but carry 

the same efficacy, these drugs have been used for several years [3]. 

However, current guideline recommend Metformin as the first 

choice for DM [26].   

The usage of plants, plant extracts or plant derived pure chemicals 

to treat disease become a therapeutic modality which has stood 

the test of time [4]. Turmeric and garlic have been known to have 

antidiabetic effects in preclinical studies [5-11]. Clinical trial of 
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activity of a combination of turmeric and garlic as antidiabetic 

against type-2 diabetes patients with dyslipidemia have also been 

conducted [12]. However, the action mechanism of turmeric and 

garlic extract as antidiabetic still unclear. 

 

Immunohistochemistry (IHC) is a technical inspection carried out in 

several veterinary laboratories to establish the diagnosis and for 

research purposes. IHC is a reliable technique for diagnosis as well 

as for research of infectious diseases and cancer in animals. The 

basis of the IHC is very simple and involves three disciplines 

namely: immunology, histology and chemistry. The basic concept of 

the IHC is reacting antigen (Ag) on the tissue with specific 

antibodies (Ab). Binding of antigen with antibody is shown by 

histochemical color reaction that can be viewed with a microscope 

under normal or ultraviolet light. Although the concept is simple, 

the IHC method becomes more complex with the desire to improve 

the sensitivity and inspection specification. Previous studies used 

immunohistochemical analysis to detect insulin [13,14].  

In the present study the effect of turmeric, garlic extract and their 

combination on blood glucose levels in alloxan induced diabetes 

mice were evaluated. In addition, immunohistochemical analysis of 

the pancreas of mice was also done to determine its action 

mechanism. 

 

2. Materials and Methods 
This research was conducted at the Laboratory of Pharmacology, 

School of Pharmacy, ITB from April to June 2010. The Ethics 

Committee of Hasan Sadikin Hospital, Bandung, approved all 

procedures. 

 

Fresh bulbi of garlic and fresh turmeric rhizomes were collected 

from Manoko Plantation in Lembang, Bandung, Indonesia. The 



 

 690 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

plants were identified by The Life Science School of Bandung 

Institute of Technology. Garlic and turmeric hexanic extract, ethyl 

acetate extract, and ethanolic extracts were obtained from Allium 

sativum bulbi and Curcuma domestica rhizomes by extraction 

triplet with three volume of hexane, ethyl acetate and ethanol, 

respectively, and filtration and evaporation of solvent with rotary 

evaporator (Buchi Rotavavor R-124, Buchi Waterbath R-480) at 

60°C for 6 hours. An ethyl acetate extract from the residue of 

hexane extraction and an ethanol extract from the residue of ethyl 

acetate extraction were also obtained using the same. Our previous 

study showed ethyl acetate extract has better hypoglycemic 

activity therefore in this study we used ethyl acetate extract.   

Sixty male mice of Swiss-Webster strain, six to eight weeks old and 

weighed between 25-30 g were used in this study. Mice were 

divided into six groups, each consisting of ten mice. Before 

treatment, mice were adapted for one week in a cage with room 

temperature (± 25ºC) and given access to food and drink. 

Alloxan (Sigma, St. Louis, MO, USA), dissolved in 0.9% sodium 

chloride, was injected intravenously in mice with a single dose of 50 

mg/kg body weight. Normal mice were injected with 0.9% sodium 

chloride in parallel with the treated mice. Diabetes examined 72 

hours after injection of alloxan. Blood samples were obtained from 

tail vein and blood glucose levels were checked by using 

glucometer (Life Scan, One Touch Ultra, Melitas, CA). After 72 

hours, fasting blood glucose levels were checked, mice that have a 

fasting blood glucose levels <145 mg/dL excluded from the study 

and the remainder is divided into five groups: control group, group 

given a dose of 50 mg/ kg body weight of turmeric extract orally, 

group given a dose of 50 mg/kg body weight of garlic extract orally, 

group given a combination of turmeric and garlic extract with each 

dose of 25 mg/kg body weight orally, and group given a dose of 

glibenclamide 0.65 mg/kg body weight orally. Control and normal 
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group were given a solution of carboxy methyl cellulose 0.5% 

orally. 

Immunohistochemical analysis 

The pancreas was cut from paraffin blocks with a microtome (5 m) 

and placed on an object glass which was coated by poly-L-lysin 

10%. Immunohistochemistry performed to localize insulin and 

glucagon in the pancreas. Pieces were rehydrated with graded 

ethanol (100%, 95% and 80%), and washed with deionized water 

before soaked in 1% hydrogen peroxide to inhibit endogenous 

peroxidase activity for 5 minutes. Then washed and soaked in PBS 

(Phosphatte Buffer Saline) for 2 minutes, then soaked in 5% BSA 

(Bovine Serum Albumin) in PBS to reduce non specific bond. Object 

glass were soaked for 2 hours with primary antibody (guinea pig 

polyclonal to insulin or glucagons, Abcam - ab7842 1:50 dilution) in 

goat serum (50 l for each object glass). Wash and soak with PBS 

for 2 minutes. Biotinylated goat antiguinea pig Immunoglobulin-G 

(Santa-Cruz - sc2440, 1:100 dilution) diluted with the same buffer 

and left for 30 minutes over an object glass, then washed and 

soaked with PBS for 2 minutes. Pieces were immersed in HRP 

(Horseradish Peroxidase) streptavidin complex for 30 minutes, then 

washed and soaked with PBS for 2 minutes, immersed in the HRP-

substrate for 7 minutes, and washed with deion water. Pieces were 

stained with haematoxylin, dehydrated in graded ethanol (80%, 

95%, 100%), then cleaned with xylol 1 and xylol 2 and covered with 

glass cover. IHC analysis based on the color intensity and the size of 

islet of Langerhans. Darker color intensity showed increasing of 

insulin secretion and the larger size showed improvement of the α 

or β cells.  

 

 

3. Result and Discussion 
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The pancreas consists of two major tissue types, namely the acini, 

which secrete digestive juices and the islets of Langerhans, which 

secrete insulin and glucagon. Insulin synthesis and secretion is 

stimulated by glucose, which stimulates the β cell to take up 

extracellular calcium. The cation appears to trigger a contractile 

mechanism, whereby the microtubules participate in the 

movement of insulin containing granule towards the cell 

membrane, where granule fuse and the granule contents are 

released into the extracellular space by exocytosis. Meanwhile,  

Glucagon is rapidly secreted when plasma glucose concentrations 

fall, and secretion is inhibited when glucose concentrations rise 

[15]. 

 According to The United Kingdom Prospective Diabetes Study 

(UKPDS) the main cause of progression of type-2 diabetes mellitus 

is due to β cell failure. Therefore, the most effective way to control 

blood glucose level is by preventing the failure of β cell function. In 

this present study we investigated the effect of turmeric extract, 

garlic extract and its combination on β cells repaired [16].   

Result in this study showed that after 21 days of treatment the 

group receiving turmeric extract, garlic extract and combination 

have a lower blood glucose levels compared to control group ( Fig. 

1). After treated with turmeric extract, garlic extract, its 

combination, and glibenclamide for 21 days, blood glucose level 

decreased significantly by 101.86 ± 38.31, 119.50 ± 46.25, 140.57 ± 

26.89, and 143.5 ± 30.31 mg/dL respectively. Results of this study 

support previous research that showed antidiabetic effects of 

turmeric and garlic extract [5-11].  



 

 693 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

 
Figure 1. Blood glucose level of turmeric extract, garlic extract, glibenclamide, 

control and diabetic control group   before and after 21 days treatment.  * p < 0.05 

vs before treatment 

There are increasing of body weight significantly after 

administration of garlic extract, combination of turmeric and garlic 

extract, control and normal group (Fig. 2). However increasing of 

body weight in turmeric extract group was not significant. It 

showed that turmeric extract prevents body weight gain, but both 

of them known to have antihyperlipidemic effect [21,27]. 
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Figure 2. Body weight of turmeric extract, garlic extract, glibenclamide, control and 

diabetic control group before and after 21 days treatment. * p < 0.05 vs before 

treatment 

 

Diabetes were inducted by using alloxan. Alloxan and its reduction, 

namely dialurat acid, initiated a redox cycle with superoxide radical 

formation. These radicals dysmutated into hydrogen peroxide. 

After that, a highly reactive hydroxyl radicals is formed by Fenton 

reaction. The work of reactive oxygen species (ROS) with a massive 

increase in calcium sitosolik concentration cause a rapid 

destruction of beta cells [17,18]. From this experiment, it can be 

observe there were damaged of both β and α cells that caused by 

alloxan (Fig. 3B and 4B).  
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F  

                          
Figure 3 Result of insulin immunohistochemical analysis of mice pancreas for all 

groups. (A) normal group, (B) alloxan induced diabetic mice group or control 

group, (C) group that received garlic extract dose of 50 mg/kg of body weight, (D) 

group that received turmeric extract dose of 50 mg/kg of body weight, (E) group 

that received a combination of turmeric and garlic extract each dose of 25 mg/kg 

of body weight, and (F) group that received glibenclamide 0.65 mg/kg of body 

weight. 

 

At the end of the study, the pancreas of mice was isolated for IHC 

analysis. IHC analysis of insulin and glucagon of normal group 

showed in Fig. 3A and Fig.4A. IHC analysis of  insulin on pancreatic 

mice that were given garlic extract (Fig. 3C) showed darker color 

intensity and larger size compared to control group (Fig.3B). This 

indicated that garlic extract was able to repair β cells damage 

caused by alloxan. The size of pancreas of turmeric extract group 

also larger compared to control group, however the color intensity 

were almost the same with that of control group. The analyzes of 

glucagon immunohistochemistry in mice pancreas showed that the 

color intensity and the size of islet of garlic extract group  (Fig. 4C) 

also showed darker color  intensity and larger compared to control 

group (Fig. 4B). It was suggested that garlic extract ameliorate 

destruction of α-cell.  
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E  

F  
Figure 4. Result of glucagon immunohistochemical analysis of mice pancreas for all 

groups. (A) normal group, (B) alloxan induced diabetic mice group or control 

group, (C) group that received garlic extract dose of 50 mg/kg of body weight, (D) 

group that received turmeric extract dose of 50 mg/kg of body weight, and (E) 

group that received a combination of turmeric and garlic extract each dose of 25 

mg/kg of body weight, and (F) group that received glibenclamide 0.65 mg/kg of 

body weight. 

 

IHC analysis of insulin on pancreatic mice that were given 

glibenclamide showed darker color intensity but the size were 

almost the same with that of control group (Fig 3F). It was 

suggested that glibenclamide only increased insulin secretion but 

not improved β cells damage. Glibenclamide not showed 

improvement of α cells damage (Fig. 4F). 

This study demonstrated that garlic extract could repair alloxan 

induced pancreas damage (Table 1). Results of this study supported 

previous study that found that garlic and its active compound, S-

allyl cysteine sulphoxide, significantly stimulated in vitro insulin 

secretion from β cells [19,20]. This indicated that garlic acted as an 

antioxidant that can reduce oxidative stress induced by alloxan. 
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Decrease in oxidative stress could decrease insulin resistance and 

inhibited β cell damage caused by free radicals and glucose toxicity. 

Garlic carries antioxidant activity which plays an important role in 

antidiabetes effects [21-23].  

Although turmeric extract and combination of turmeric and garlic 

extract significantly lowered blood glucose levels, but the IHC 

analysis of insulin in the turmeric extract group (Fig. 3D) and 

combination of turmeric and garlic extract group (Fig. 3E) only 

showed a minor  improvement of the pancreas. Meanwhile IHC 

analysis of glucagon in the turmeric extract not showed any 

improvement (Fig. 4D), however combination of turmeric and garlic 

extract group showed improvement of the α cells pancreas (Fig. 

4E).  

Garlic extract showed good improvement on β cells, meanwhile 

turmeric extract, combination of turmeric and garlic extract and 

glibenclamide showed moderate improvement. Combination of 

turmeric and garlic extract showed good improvement on α cells 

(Table 1).  

Previous study demonstrated that curcumin, active compound of 

turmeric, inhibits reactive oxygen species (ROS) generation and 

corresponding islet damage and dysfunction [24]. Turmeric extract 

could not ameliorates islet damage to the same way as the 

curcumin did. The possible explanantion for this is due to the 

concentration of curcumin in turmeric extract, which is only 3-4% 

[25]. Another possibility is that the turmeric extract has a different 

action mechanism as antidiabetes. Action mechanism of 

combination ot turmeric and garlic extract as antidiabetic still 

unclear, in this study combination of turmeric and garlic extract 

only showed α cells improvement. However clinical studies showed 

that combination of turmeric and garlic extract have 

antihyperglycemic effect [12].  
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Table1. Result of IHC analysis for improvement of pancreatic 

langerhans islet in all treatment group 

Groups 

Stage of improvement  

beta cells alpha cells 

Turmeric extract 2 3 

Garlic extract 1 2 

Combination of turmeric and garlic extract 2 1 

Glibenclamide 2 3 

Control 3 3 

 

4. Conclusion 
Turmeric extract, garlic extract and its combination carry 

antidiabetic effects. Garlic extract repair the pancreas damage, but 

turmeric extract and combination of turmeric and garlic extract 

showed only minor improvement. 
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Fucoidan is sulfat polysaccharide extracted from brown seaweed. 
Fucoidan extract by using 0,1N HCl, to separate the other 
compound from fucoidan, added CaCl2. The anticoagulant activity 
of crude fucoidan was determined by activated partial 
thromboplastin time (APTT) and thrombin time (TT) using normal 
human plasma, as control using fucoidan commercial from brown 
seaweed Fucus vesiculosus. The results moleculer weight of crude 
fucoidan 6.969 Dalton and fucoidan commercial 70.100 Dalton. 
Based on APTT dan TT test, shown on anticoagulant activity 
fucoidan commercial better than crude fucoidan from brown 
seaweed Sargassum sp. Moleculer weight and sulfate contain were 
related with activity fucoidan as anticoagulant.  
 
Keywords: fucoidan, brown seaweed, L-fucose, anticoagulant, 
Sargassum 
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1. Introduction 
Fucoidan or sulfated fucan, a cell-wall matrix 

polysaccharide in brown seaweed and some echinoderms, is 

dominantly composed of α-l-fucose and ester sulfate, including 

minor amounts of d-Gal, d-Man, d-Xyl, d-Glc, d-GlcA and acetic 

acid. Most investigations of the biological activity of fucoidans have 

been focused on fucoidans from brown algae such as Fucus 

vesiculosus and Ecklonia kurome. The fucoidans from brown 

seaweed mediate a variety of significant biological effects on 

mammalian cells. Fucoidans have been extensively investigated 

because of their various biological activities as an anticoagulant 

(Chevolot et al., 1999; Doane and Whistler, 1963; Nagumo and 

Nishino, 1991), antitumor (Itoh et al., 1993), antiviral agent (Baba 

et al., 1988; Ponce et al., 2003) and inhibitor of Helicobacter pylori 

infection (Shibata et al., 2003), and these activities differ according 

to linkage pattern, content of ester sulfate, sugar component and 

molecular weight (Berteau and Mulloy, 2003). The interactions 

between their structure and biological activities to understand and 

elucidate the structure of fucoidans  from the brown seaweed has 

been identified using 2D-NMR or electrospray ionization mass 

spectrometry (ESI-MS) techniques (Chevolot et al., 1999; Bilan et 

al., 2004;; Daniel et al., 2007), although there is structural diversity.  

Kill scientists (1913) marine brown algae have investigated blood 

anticoagulant properties. Heparin is usually the drug of the the 

choise as anticoagulant especially for prevention of 

thromboembolic disorders, but recently using for long time give 

bad-side effect. Therefore, as alternative source as anticoagulant 

and seaweed polysaccharides to develop better and safe drugs and 

low side effects (Athucorala, 2006). The aim of this study 

preliminary Sargassum sp seaweed for their potential anticoagulant 

activities.  
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2. Materials and Method 
2.1. Materials  

Brown seaweed Sargassum crassifolium used in this study was 

obtained from Binuangeun, Banten. The collected seaweed was 

washed with tap water and air-dried in an oven at 40 ℃ until dry. 

The dried seaweed was then powdered using a grinder.  

 

2.2. Extraction 

Briefly, The milled algal biomass (50 g) was treated at room 

temperature with a 4:2:1 MeOH–CHCl3–H2O mixture to remove 

coloured matter, washed with acetone. Dried seaweed  was 

suspended in 0.1 M HCl (500 ml) and stirred at room temperature 

for 6 h. The suspension was filtered with a suction filter, and the 

filtrate was then neutralized with 0.5 M NaOH. The neutralized 

solution was concentrated and precipitated by the addition of 2 

volumes of ethanol. The precipitate, crude fucoidan, was dried in 

vacuo The fucoidan purified (100 mg) was applied to the DEAE-

Sephadex A-25 column (Cl- form, i. d.; 2.5(h; 250 mm) and eluted 

with water followed by a liner gradient of 0 →3.5 M NaCl at a flow 

rate of 0.5 ml/min. Fractions of 10 ml were collected, and total 

carbohydrate contents were estimated using phenol (Dubois et al., 

1956). 

 

2.3. Measurement of molecular weight 
Molecular weights were determined by high performance gel 

permeation chromatography. The column (TSK Gel G5000 PW, 

Japan)  and the mobile phase was water  at a flow rate of 0.5 

mL/min. The samples were dissolved in 0.1 mol/L water to reach a 

final concentration of 0.5% (w/v) and the sample solution was 

filtered through 0.45 lm filter membrane before injection (20 µL). 

Detection was at 35 
o
C with a refractive index detector (Agilent 

1100 Series). Column calibration was performed with standard 
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pullulan (Mw: P5, P10, P20, P50, P100, P200 and P400 kDa, 

respectively. Calculation of the molecular weights of samples was 

carried out using method least square. 

 

2.4.  Blood coagulation assay 
All coagulation assays were performed with a coagulometer. 

Activated partial thromboplastin time (APTT) clotting assay by the 

method Zoysa et al, 2008. Donor human plasma normal healty 

without amounts thrombosit. Human plasma samples (90 µL) were 

mixed with 10 µL of solution different amounts of fucoidan. Added 

pathromtin  SL (100 µL)  in mixed fucoidan and incubated 37 
o
C for 

2 minutes. Pre warmed CaCl2 0.25 M was then added and the APTT 

was recorded as the time for clot formation in coagulometer. 

Thrombin time (TT) assay was performed as follows. Citrated 

normal human plasma (90 µL) was mixed with of a solution of 

fucoidan and incubated at 37 
o
C for 2 minutes. Then 200 µL of TT 

assay reagent pre warmed was added and clotting time was 

recorded. 

 

3. Result and Discussion 
3.1. Result extraction 

A polysaccharide was extracted from the brown seaweed 

Sargassum sp in weak acid and purified by ion-exchange. For the 

first step of purification with DEAE, freeze dried polysaccharide 

sample (200 g) was applied to the column. The elution profile of 

polysaccharide on DEAE Sephadex showed a single distinct peak at 

fractions Fr1–Fr5  from the phenol-H2SO4 assay absorbance at 490 

nm. From 200 g dry alga fronds were obtained 4 g of crude 

fucoidan. As shown in Figure 1, the crude fucoidan were 

fractionated into entirely separated five peaks (Fr-1, Fr-2, Fr-3, Fr-4 

and Fr-5). The yields of these polysaccharide fractions were 1.8 g 

Fr-1, Fr-2, Fr-3, Fr-4 and Fr-5 respectively. Fractionation of the 
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crude fucoidan by a DEAE-Sephadex A-25 column. Column size; 2.5 

x 25 cm. Each fraction contains 10 mL of eluate, 0,5 mL of which 

was used for determination of total carbohydrate content 

(Figure1).  

 

Fraction NaCl Concentration (M) Carbohydrate(%) 

F1 0.5 – 1.0 65.3 

F2 1.0 - 1.5 78.3 

F3 1.5 - 2.5 68.2 

F4 2.5 – 3.0 71.1 

F5 3.0 - 3.5 61.0 

 
Figure  1. Total carbohydrate content each fraction 

 

3.2. Molecule Weight 

The results of moleculer weight of crude fucoidan obtained using 

pullulan standars consisting of P10, P20, P50, P100, P200, 

P400 and P800. Molecule weight pullulan standards were 

obtained through their respective retention times, using the 

formula leastquare method (Figure 2) of the obtained 

molecular weight of each pullulan standard. 
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Figure 2. Result of determination molecule weight 

 

Based on the same method is also the molecular weight of the 

obtained fucoidan and commercial standards. Result of molecular 

weight crude fucoidan is 6.96 kDalton and fucoidan commercial 

(Fucus vesiculosus) 7:01 kDalton. Based on these results a nominal 

molecular weight differences are not significant. But it condition 

has not shown that the composition of the constituent 

monosaccharides are the same. 

 

3.3. Anticoagulant Activity 
Determination of fucoidan as anticoagulant in the two methods is 

carried out through the test APTT (activated partial thromboplastin 

time) and TT (thrombin time). Based on tests using on five 

anticoagulants donor of blood human plasma anticoagulant assay 

results obtained by the APPT as shown in Figure 3. At this 

anticoagulant assay using comparative testing of commercial 

fucoidan and heparin (sigma).   
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Figure 3. Result of activity anticoagulant (APTT) 

 

Based on APTT values obtained the highest score on a product of 

commercial fucoidan (Fucus vesiculosis) compare to crude fucoidan 

and heparin (sigma) of all the variations of concentration. On the 

addition concentration of fucoidan crude product did not deliver a 

significant increase in APTT values, the same is on heparin (Sigma), 

the different with commercial fucoidan, each additional APTT each 

additional concentration to give significant value. This suggests that 

the very high sensitivity of commercial fucoidan. 
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Figure 4. Result of activity anticoagulant (TT) 

 

Anticoagulant test results shown from the trend value of TT is also 

obtained the same results as the previous value of APTT. Where the 

TT value of commercial fucoidan is still higher compared to crude 

fucoidan and heparin (Sigma). When compared to the TT of heparin 

(Sigma), the TT values slightly higher crude fucoidan. APTT and TT 

assay is a test of the anticoagulant pathway of blood clotting seen 

from the terms of the intrinsic pathway. In the intrinsic pathway of 

blood coagulation factors that contribute is a clotting factor XII, 

prekalikren, kininogen, XI, IX, VII, X, V, prothrombin and fibrinogen. 

The principle of APTT examination is needed to measure the length 

of time in seconds for fibrin formation when added to the plasma 

reagens activator and partial thromboplastin and calcium ions at a 

temperature of 37 
o
C (Rahayu, 2009).  

In the fucoidan which a role in blood clotting is the sulfate 

content bound to monosaccharides that can activate antithrombin 

III (AT-III) so as to speed the work to activate antithrombin III AT-II 

work inactivate enzymes in blood clotting. In this case the 

possibility of sulfate content of crude fucoidan was lower than 

fucoidan commercial, so that the blood clotting time is shorter. 
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High fucoidan purification needs to be done to increase levels of 

anticoagulant activity with higher content of sulfate. 

 

4. Conclusion 
The results moleculer weight of crude fucoidan 6.96 kDalton and 

fucoidan commercial 7.01 kDalton. Based on APTT dan TT test, 

shown on anticoagulant activity fucoidan commercial better than 

crude fucoidan from brown seaweed Sargassum sp and a little bit 

higher than heparin (sigma). Moleculer weight and sulfate contain 

were related with activity fucoidan as anticoagulant so using 

purification fucoidan to higher activity. 
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Antigen of the invasive blood stage of malaria parasite, merozoite, 
has been proposed as a vaccine target. In this study, we 
determined the protein profiles of blood stage Plasmodium berghei 
of ANKA strain post gamma irradiation. Parasited bloods obtained 
from various percentage of parasite density, doses (125, 150 and 
175 Gy) and dose rates (380.2 and 640.4 Gy/hour) of gamma ray 
for irradiation and species of rodent parasites were separated on 
10% SDS-PAGE gels under reducing conditions after boiled for 5 
minutes. We found that protein profile of infected blood was 
different from uninfected blood with higher number of bands in 
infected samples indicating some exported proteins to the host 
cells for pathology in parasited erythrocyte. Higher dose and dose 
rate of irradiation resulted in more protein bands on acrylamide 
gel. Based on further analysis 150 Gy and 380 Gy/hour was the 
most appropriate dose and dose rate to develop vaccine candidate. 
Protein concentration that was analyzed by Lowry method was 
decreased with increasing of irradiation dose. Protein profile of P. 
berghei was different with those of other species of rodent 
plasmodia. It is concluded that profile of protein was dependent on 
the percentage of parasitemia i.e. depended on the composition of 
parasite’s life cycle stages, and dose and dose rate of irradiation. 
Protein profile was also affected by some technical factors that will 
be discussed furthermore in the paper. 
 
Keywords: Plasmodium berghei, gamma ray, vacine 
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1. Introduction 

 

Malaria remains the most prevalent devastating parasitic disease 

worldwide. With the widespread development of drug resistance in 

the parasite, vaccination is considered to be an approach that will 

complement other strategies for prevention and control of the 

disease in future [1]. It has become well established that protective 

immune responses to the parasite are directed at stage-specific 

antigens. Proteins expressed at different stages of the life cycle of 

Plasmodium sp. are likely to be involved in the generation of 

natural immunity to malaria and a number of these proteins have 

been highlighted as candidates for a subunit vaccine [2]. Vaccines 

that mimic the antigenicity of infectious organisms may ultimately 

prove to be the most effective strategy for achieving protective 

immune responses [3,4]. Injection with radiation-attenuated 

parasites induces sterile immunity and protects >90% of human 

recipients for more than 10 months [5]. Studies in animal models 

also demonstrate that intravenous injection of mice with 

attenuated Plasmodium berghei induces sterile immunity to 

challenge with viable parasites [6,7].  

Since clinical symptoms of malaria manifest only during the blood 

stage, a vaccine against this stage of the parasite life cycle would 

prevent or reduce severity and complications of the disease, and 

perhaps eliminate malaria if sterile immunity could be achieved. 

Much attention has therefore been given to parasite molecules 

that interact with the host cells during red blood cell (RBC) invasion 

as potential targets of host immune responses. A number of 

proteins have been identified on the merozoite surface or in the 

apical organelles that play a role in RBC invasion and are thought to 

be targets of immunity [8]. Merozoites, which are the extracellular 

developmental form of the parasite that invade erythrocytes, 

expose on their surface a protein complex, which is the processed 
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product of a 190-200 kDa precursor known as merozoite surface 

protein-1 (MSP-1) [9]. One of cell components affecting parasite 

virulence factors is proteins. These proteins are also can be used as 

candidate of malaria vaccine [10,11]. 

Irradiation produces some chemical changes, which, although 

lethal to living organisms like malaria parasites, lead to the 

production of small amounts of radiolytic products [12]. They are 

formed from biopolymers like the proteins and are the result of 

reactions with hydroxyl radicals and hydrated electrons generated 

from water molecules by gamma rays. Free radicals may cause 

breaks in the protein chains or changes in their secondary or 

tertiary structure, resulting in modifications of their 

physicochemical properties such as fragmentation, crosslinking and 

aggregation [13]. However, the knowledge on the alteration of 

protein profile of parasites after irradiation is still limited and it is 

needed to study the vaccine efficacy. These changes can be 

confirmed by sodium dodecyl sulphate-polyacrylamide gel 

electrophoresis (SDS-PAGE). 

 

 

2. Materials and Methods 

Parasites and mouse. Plasmodium berghei (strain Antwerpen-

Kasapa, ANKA) infected mouse bloods were received from Eijkman 

Institute for Molecular Biology, Indonesian Ministry of Research 

and Technology and National Institute of Health Research and 

Development, Indonesian Ministry of Health. Male Swiss-Webster 

mice (6–8 weeks old) were purchased from National Institute of 

Health Research and Development, Indonesian Ministry of Health 

and were housed at the Biomedical Laboratory of The Center for 

Technology of Radiation Safety and Metrology, National Nuclear 

Energy Agency of Indonesia (BATAN) animal facility and handled 

according to institutional guidelines. All procedures were reviewed 
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and approved by the Animal Care and Use Committee National 

Institute of Health Research and Development, the Indonesian 

Ministry of Health. 

Infection of mouse. Mice were intraperitoneally (IP) injected with 

about 1 x 10
6
/ml P. berghei parasitized blood and control mice 

were sham injected with uninfected blood. Each batch consisted of 

equal numbers of infected and control mice. Parasitemia was 

monitored by Giemsa-stained blood smears using light microscopy. 

Parasitemia and survival of mice were evaluated. Mice were 

sacrificed at days post-infection to harvest blood, liver and spleen 

for further analysis.  

 

Irradiation of blood stage parasites. Infected bloods of mouse with 

20-25% parasitemia were irradiated in vivo within a gamma 

irradiator (Cobalt-60 of IRPASENA) of the Center for Application of 

Isotope and Radiation, BATAN to a dose of 0, 125, 150 and 175 Gy 

at a low dose rate (380.0 Gy/hour) and high dose rate (640.0 

Gy/hour). Radiation dose was calculated from the machine specific 

estimate of 1505 Rads per minute. 

 

Parasitemia monitoring. Parasitemia in mice from each infected 

group were monitored daily by conventional Giemsa staining 

starting on day 3 after infection. Thin blood films were prepared by 

tail bleeding, air dried, and methanol fixed before staining. Staining 

was done with a 10% Giemsa solution for 10 minutes at room 

temperature. Slides were evaluated at a 1000× magnification (oil-

immersion) using a Nikon E200 Eclipse microscope by reading 20 

fields per slide.  

 

SDS-PAGE electrophoresis. SDS-PAGE was performed according to 

the method of Laemmli, 1970 [14] and Theisen [15]. It was carried 

out on Bio-Rad gels composed of stacking gel (5% w/v) using 1.0 M 
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Tris-glycine buffer containing 0.4% SDS at pH 6.8 and resolving gel 

(12%, w/v) using 1.5 M Tris-glycine buffer containing 0.4% SDS at 

pH 8.8. Protein sample was dissolved in phosphate buffer (5 

mg/ml) and mixed with a solubilization buffer Tris-HCl 6.22 mμ (pH 

6.8) which contains 2% (w/v) SDS, 50% glycerol, a pinch of 

bromophenol blue and reduced with 0.9 mμ 2-mercaptoethanol in 

boiling water for 3 min. Protein sample was loaded onto each well 

and electrophoresis (Bio-Rad Laboratories, Hercules, CA) was 

conducted at constant current of 100 volts for 90 minutes by a Bio-

Rad electrophoresis constant power supply unit. After 

electrophoresis, gels were stained with Commassie-250 blue 

solution for one night after being treated with fixing solution 

(methanol-acetic acid-H2O-p-formaldehyde) for 1 hour and 

photographed with Gel-doc imaging system (Bio-rad).  

 

Determination of protein concentration with Lowry methods.  

After irradiated with gamma rays, the content of protein was 

determined according to Lowry methods [16]. The blood sample 

was digested by dissolving it in acetone (1:1) and sonicated for 15 

minutes. Five milliliter of Lowry solution I was added into 1 ml of 

sample and let stand for 10 minutes and followed by the addition 

of Lowry solution II and incubated in room temperature for 30 

minutes. After that it read with spectrophotometer at wave length 

of 700 nm. 

 

3. Results and discussion 

Results of experiment showed that on SDS-PAGE gels, there were a 

difference in the protein profile between control blood (uninfected 

blood) and infected blood. Based on analysis with Geldoc-Image 

software it was known that infected blood contained more bands 

of protein compared to uninfected blood that showing parasites 

protein inside the blood or indicating some exported proteins to 
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the host cells for pathology in parasited erythrocyte (Figure 1). 

Irradiation caused the alteration of protein profile in infected blood 

but there was no significant difference among irradiation doses of 

125, 150 and 175 Gy where several new bands appeared after 

irradiation. Irradiation with 150 Gy altered protein profiles where 

the 15 kDa protein was not appeared but there was no different 

protein profiles found at higher dose (175 and 200 Gy). 

There was a difference in protein profiles between species of 

rodent Plasmodium examined. Profile of protein in blood was 

depended on the percentage of parasite in red blood cells 

(parasitemia) and depends on irradiation dose rate. This protein 

can be used as vaccine candidate by determining molecular weight 

and extract them with blotting method. Profile of protein is 

influenced by several factors such the stability of electrical voltage 

used during electrophoresis and condition of the samples itself and 

SDS gels.  

 

                         

                                 

 

 

 

 

 

 

 

 
Figure 1. Profile of protein in blood of mouse infected with P. berghei post 

irradiation. Std : broad range standard marker with numbers showing molecular 

weight of 22, 31, 45, 66 and 97 kDa. K-1 : non infected blood. 
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Higher dose and dose rate of irradiation resulted in more protein 

bands on acrylamide gel. Based on further analysis 150 Gy and 380 

Gy/hour was the most appropriate dose and dose rate to develop 

vaccine candidate (Figure 2). Results of experiment on the protein 

profile post irradiation of low and high dose rates showed that new 

bands with the size of 77 and 105 kiloDalton (kDa) were observed 

after irradiation with higher dose rate for doses of 150 dan 175 Gy. 

It was predicted that merozoite surface protein-1 (MSP-1) with size 

of 26 kDa (p26) was detected for all samples. The results showed 

that protein concentration was decreased by increasing of 

irradiation dose, the highest concentration is 315 mg/ml for 0 Gy 

and the lowest concentration is 215 mg/ml for 200 Gy. 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 2. Protein prifile of mouse blood infected with P. berghei post gamma 

irradiation of doses 125, 150 dan 175 Gy at low (125L, 150L dan 175L) and high 

(125H, 150H, 175H) dose rates. Std : standard marker. 

 

Protein profile of P. berghei was different with those of other 

species of rodent plasmodia. There were some protein bands seen 

in SDS page of P. yoelii (35, 36 and 60 kDa) (Figure 3) that was not 

found in P. berghei. 
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Figure 3. Profile of protein of P. yoelii (a rodent parasite) post gamma irradiation. 

M : standard marker; Row  1 : 0 Gy, 2 : 125 Gy, 3 : 150 Gy and 4 : 175 Gy. Notes : 

kDa is unit of molecular weight of protein. Protein of 35, 36 dan 60 kDa were 

predicted as merozoite surface protein (MSP) of P. yoelii. 

 

  Protein concentration was analyzed according to 

procedures of Lowry method. Irradiation with different doses on P. 

berghei of erythrocytic stadium showed the alteration of total 

protein concentration (Figure 4). Concentration of protein was 

decreased according to the increase of irradiation dose. 

Concentration of total protein for dose of 150 Gy was 435 mg/ml 

and for dose of 200 Gy was 315 mg/ml. It was predicted that 

irradiation caused the splitting of protein (peptide) bonds. 

Statistical analysis showed that there was an influence on the 

protein concentration. 
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Figure 4. Concentrations of protein of P. berghei of erythrocitic stadium post 

gamma irradiation. 

 

Profile of protein was dependent on the percentage of parasitemia 

i.e. depended on the composition of parasite’s life cycle stages 

(data not provided). 

In developing countries malaria is currently believed to be the third 

most common cause of death among children, after deaths from 

respiratory infections and diarrheal diseases. It means that malaria 

is the one of the most important parasite diseases in the world. The 

research and development of cost-effective deployable vaccine will 

be needed to facilitate eradication of malaria [17]. However, the 

number of vaccine against protozoan diseases, malaria, is still 

limited. Despite this there is the belief that a vaccine against 

malaria is both practical and possible [18]. In developing a vaccine 

that could be used against malaria, we have attempted to produce 

explore the protein profile of irradiated blood of mouse that 

subjected to SDS-PAGE under reducing conditions. 

The alteration of intensity (concentration) of protein may be 

caused by the damage that induced by radiation such as gamma 
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rays, either its structure or its peptide bonds. The structural 

alteration can be caused by denaturation or degradation of protein 

or DNA alteration. This DNA alteration may cause the increase in 

synthesis of certain protein or the production of new protein. 

Denatured protein would have two possibility impacts, the 

development of peptide bonds and the breakage of protein into 

smaller pieces without molecular development. These two 

denaturations are depends on molecular condition. First, it 

occurred in polypeptide bonds, while the second is occurred in 

molecular parts that bind to secondary bond. The degradation of 

protein may cause its function as protein and structural 

degradation may resulted from the lost of side group [19]. 

A critical focus of vaccine development process has been to 

determine the minimum dose of radiation that adequately 

attenuates all parasites, and thus ensures that the vaccine will not 

cause malaria [20]. Thus the dose of radiation used to attenuate 

plasmodium is the most crucial factor. To determine the dose of 

gamma-irradiation which will produce attenuated parasites without 

affecting the pre-erythocytic and erythrocyte stabilities is the 

ultimate goal of many studies on irradiation vaccine. When dosed 

adequately, the parasite survives and remains infectious to the 

hepatocyte. However, LS development terminates during early 

hepatocyte infection [21]. The safety and efficacy of irradiated 

parasites is dependent on a precise irradiation dose; too little 

irradiation allows the parasite to complete liver stage development 

and cause blood-stage infection, too much irradiation completely 

inactivates the parasites, and inactivated parasites do not induce 

significant protection. 
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4. Conclusion 

 

Results showed that profile of protein was different among 

infected and non infected samples, and irradiated and non 

irradiated samples of blood stage protein, and depended on the 

rate of irradiation used to attenuate parasites as well the 

percentage of parasitemia. Protein concentration was depended on 

the irradiation dose of gamma rays used to attenuate the parasites. 
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Re-exporting process of degraded materials from the lumen of 
lysosomes into cytosol involves lysosomal transmembrane proteins 
whose defect may lead to mild to severe diseases. Due to the 
difficulty in the study of transmembrane proteins, our current 
knowledge in transmembrane proteins, especially in organelle 
transmembrane proteins are still limited. Disrupted in renal 
carcinoma 2 (DIRC2), has been recently identified as a constituent 
of lysosomal transmembrane protein. Structurally, the protein 
belongs to a member of major facilitator superfamily (MFS), a large 
group of secondary tranporter proteins with diverse substrates and 
characterized by the presence of, but not limited to, twelve 
transmembrane spanning domains. DIRC2 shows an intriguing 
property that it is fragmented into two nearly equal fragments in 
the lysosomal fraction of mammalian cells. This study represents 
the first report of MFS protein internal fragmentation, and a 
question raised therefore whether the proteolysis lead to 
degradation or maturation event. Since both fragments were 
observed in variety of tissues in enormous stability, with exception 
in cells lacking of cathepsin L, fragmentation of DIRC2 may be 
regarded as maturation or modification event, instead of a pathway 
to lysosomal degradation. Whereas the transported substrate by 
DIRC2 is not known, results shown that DIRC2 in full length form is 
likely an electrogenic transporter protein of lysosomes. 
 
Keywords: transembrane protein, renal carsinoma, lysosome 
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1. Introduction  

The DIRC2 gene was originally reported in the study of 

renal carcinoma as this gene spans the breakpoint of a 

chromosomal translocation observed in a rare cases of familial 

renal cancer in Dutch-Turkish population. DIRC2 gene is expressed 

in various tissues, including kidney. DIRC2 encodes a predicted 

protein of 478 amino acids with a high homology to the feline 

leukemia virus subgroup C receptor ( FLVCR)
[1]

. FLVCR involves in 

the transport of free heme out of cytoplasm, which is other ways 

toxic for the cells. DIRC2 shows also similarity to various putative 

transporters of major facilitator superfamily (MFS) transporter 

proteins. Transcript of the DIRC2 shows a high homology (80%) to 

the transcripts from different species, including monkey, pig, dog 

and mouse. A significant degree of homology (30-45%) of human 

DIRC2 to different proteins from Leishmania major and Arabidopsis 

thaliana has also emphasized the conservation of this protein
[1]

.  

DIRC2 protein is suggested to have 12 transmembrane 

spanning domains, which is the basic feature of MFS transporter 

protein. It has also a conserved MFS-specific signature sequence 

which lays between transmembrane domain 2 and 3 
[1]

. DIRC2 is 

one of putative novel lysosomal membrane proteins identified in a 

recent proteomics study of lysosomes purified from human 

placenta
[2]

. Bioinformatic analysis of this DIRC2 suggests that it has 

one glycosylation site and several phosphorylation sites. Apart from 

this genetic description of DIRC2, there is currently no further 

report about the biochemical and molecular aspects of DIRC2.  

An immediate finding which build the basis of this study is 

the fact that DIRC2 is endogenously and heterogenously expressed 

as fragmented form. Based on the fragmentation pattern, the two 

asymmetric fragments are, nevertheles, not expected to be the 



 

 726 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

result of convensional processing of either terminal region. Hence, 

it is of interest to reveal the uncommon property of this protein.  

 

 

 

 

 

 

 

 

 

2. Methods 

C-terminally myc-tagged human DIRC2 was expressed in HeLa cells. 

Lysate was subjected to Percoll
TM

 fractionation and each fractions 

were blotted against a line of organelle markers as well as tested 

for their alkaline phosphatase and beta-hexosaminidase activity. 

Intracellular fate of DIRC2 was also investigated by using organelle 

markers and tested by immunofluorescence (not shown). To 

investigate a possible role of lysosomal proteases in the processing 

of DIRC2, DIRC2 gene was expressed in MEF (murine embryonic 

fibroblast) cells deficient in single of double lysosomal proteases.   

 

Figure 1. Predicted topology of DIRC2 protein generated by the TMHMM transmembrane protein predictor. 

DIRC2 consists of twelve transmembrane domain. A dileucine motif is located close to N-terminus and 

putative glycosylation site is predicted on Asn-209. 
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3. Results and Discussion   

By using several biochemical assays, it can be shown that DIRC2 

colocalizes to lysosomes. Figure 2 shows that DIRC2 colocalizes in 

the same fractions with lysosomal membrane markers (B), namely: 

lysosomal associated membrane protein 2 (LAMP2), cathepsin D 

(CtsD) and beta-glucocerebrosidase (GC). It coincidently appears 

at the same fraction with lysosomal enzyme beta-hexosaminidase 

activity peak (A). A dileucine motif, known to account for lysosomal 

localization for many lysosomal membrane proteins, found close to 

the N-terminus of DIRC2 (Figure 1) also supports lysosomal fate of 

DIRC2, independent of whether or not its glycosylation site is used 

(data not shown). 

Expression of DIRC2 in several cathepsin deficient MEF cells 

showed that DIRC2 is fragmented in all cell lines (appeared as full 

length protein bands of c.a. 55 kDa and fragmented form of 28 

kDa), except for that expressed in MEF cell deficient if cathepsin L. 

This finding underlies the critical role of cathepsin L in the 

processing of DIRC2 protein. This result does not necessarily imply 

that cathepsin L directly involve in the processing of DIRC2. 

Cathepsin L has never been reported to directly cleave internal 

region of transmembrane protein. It can, however, be involved in 

the processing of DIRC2 through activation of other, unknown, 

proteases. Hence, a detailed study to address this matter is 

demanded in order to elucidate the property of this protein.  

An even more significant question is whether the processing of 

DIRC2 lead to degradation or maturation/modification even.  A 

similar situation for a member of MFS transporter protein, Lac Y, 

has been tested by Weinglass and Kaback who had shown for the 

first time that an Escherichia coli transporter protein can be 

expressed as two discontinous fragments while retaining its 
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transport activity
[3]

. This observation can be understood by the fact 

that the two fragments may establish interactions through their 

side chains.  

In an initial characterization of DIRC2 function by expression of a 

dileucine mutant of DIRC2 at the plasma membrane of Xenopus 

oocytes and testing its ability to take up metabolites, it was found 

that DIRC2 may act as an electrogenic transporter
[4]

. In this 

scenario, DIRC2 may partly function to withstand lysosomal cationic 

substances (Figure 4). Upon identification of the substrate(s) of full 

length form of DIRC2, it is of interest to analyze the influence of 

proteolytic processing on the function of DIRC2. A possible 

interaction between the DIRC2 fragments and the relevance its 

function could also provide valuable information in order to have a 

more comprehensive description of this transporter protein. 
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Figure 2. Percoll fractionation of overexpressed DIRC2. Fragmented form of DIRC2 is colocalized in the 

same fraction as lysosomal markers LAMP2, CtsD, GC. (LAMP2: lysosomal associated membrane 

protein 2, PDI: protein disulfide isomerase, CtsD: cathepsin D, GC: beta glucocerebrosidase) 

Figure 3. DIRC2 is not fragmented in cathepsin L deficient cell. This underlies the role of cathepsin L 

in the processing of DIRC2. 
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4. Conclusion   

It was shown in this study that DIRC2 is a lysosomal membrane 

protein which is in agreement with bioinformatic analysisof the 

protein. It is subjected to proteolytic processing within the 

lysosomes which leads to fragmentation of DIRC2 into two 

asymmetric fragments. Cathepsin L was shown to play a role in the 

processing of DIRC2. However, it is not clear whether cathepsin L 

directly cleaves DIRC2 or indirectly cleaves DIRC2 through 

activation of another protease(s). It is also not clear whether the 

processing lead to degradation or maturation pathways. 

Maturation pathway is no excluded since fragmentation of 

transporter protein of MFS group may retain its activity
[3]

. The 

actual substrate of DIRC2 is yet to be investigated.  

 

Figure 4. A model proposed for the property of DIRC2 protein. Anion transport from lumen of 

lysosome is based on electrogenic transport property proposed by Savalas et al[4]. 
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The use of antibiotics as growth promoters in poultry has been 
serious food safety issues. Lactobacillussphas been used as 
probiotics and might be applied as an alternative strategy to 
replace the use of antibiotics in animal feed.  Recently, we isolated 
Lactobacillussp isolates CrF8 and CrF75 from local chicken crop.  
Therefore, this study was conducted to identify and characterize 
both isolates of  Lactobacillus sp.  Results of morphological and 
biochemical identification on isolatesCrF8 and CrF75showed that 
both isolates were Lactobacillus plantarum. Physiological 
characterization showed that both isolates CrF8 and CrF75 had an 
optimum temperature at 37 °C, and grew well in initial media pH 
range 5-9. Inhibitory effects ofisolates CrF8 and CrF75 onE. coli 
were observed in well diffusion method. 

 
Keywords: characterization, identification, L. plantarum, local 
chicken. 
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1. Introduction 
 

Health problems caused by pathogenic infection have been a major 

concern in chicken farm. Infectious diseases of chicken inside 

digestive tract have captured serious attention in the chicken 

industry due to the possibility of decreasing productivity, higher 

mortality rate, and which also could cause related to food safety 

(Patterson & Burkholder, 2003). It is therefore necessary for the 

industry to have a strategy to prevent the pathogenic bacteria 

outbreak, particularly the ones that could infect the 

gastrointestinal tract of chicken such as Escherichia coli, 

Campylobacter sp. and Salmonella sp (Raja et al., 2009).  

In order to prevent disease outbreak farmers are usually adding 

antibiotics into chicken feed mixture. The purpose of adding 

antibiotics is to kill or to inhibit the growth of pathogenic bacteria 

in chicken digestive tract. However, improper and excessive use of 

antibiotics could lead to the development of pathogen resistant 

strain (Lee et al., 2008). As consequence, higher dose of antibiotics 

than normally effective to kill the pathogen is needed, and which 

would left behind higher drug residue over time in the meat 

product that will be consumed by people. The problem will become 

more serious if the antibiotic resistant pathogen could succesfully 

transmitted to human through consuming the contaminated meat, 

or direct contact to the chicken, given that the same resistant strain 

in chicken could complicate the antibiotic treatment in human. to 

improve the quality of meat product and also the human helath 

itself, it is therefore needed to look for an alternative solution to 

overcome the infection diseases in chicken gastrointestinal tract 

which is harmless to human.  

Probiotics could be a good alternative solution for excessive usage 

of antibiotics. Probiotics are feed supplements containing live 

microorganisms that give benefits on the host by improving the 
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balance of microflora in the digestive tract (Fuller, 1989). An 

example of the microorganisms that has been widely used as 

probiotics comes from the genus Lactobacillus. Administration of 

probiotics like Lactobacillus in chicken can inhibit growth of 

pathogenic bacteria (Raja et al., 2009). Screening candidate of 

probiotics bacteria would be better if it is derived from chicken 

digestive tract so that it can better adapt easier to its original 

environment where it comes from, when applied to chicken. Local 

chicken is considered as good sources for probiotics screening due 

to its relatively good resistant property againts disease and stress, 

which means that its growth and productivity are not easily 

disrupted. This resistance property in chicken could be explained 

due to the presence of probiotics in its digestive tract. A digestive 

organ that contains a large amount of Lactobacillus sp. bacteria in 

chicken is crop (Fuller, 2001). For this reason, the current report 

was screened Lactobacillus sp. from crop of local chicken to find 

potential probiotics candidate which could be expected to 

contribute to good chicken farming.  

 

2. Methods 
Isolation: Crop samples from local chicken were cut into small 

pieces and put into test tubes containing 4 ml of autoclaved MRS 

broth medium. Samples were incubated at 37 
o
C for 60 min under 

microaerobic condition and then inoculated into MRS agar medium 

supplemented with 0.5% (w/v) CaCO3 and Rogosa Agar medium. 

Isolates were then selected based on their ability to inhibit growth 

of E. coli.  

Bioassay:  Inhibitory activity test was carried out by the agar well 

diffusion method. Bacterial isolates were grown in MRS broth 

medium for 24 hours at 37 
o
C.  Culture of E. coli ATCC 8739 was 

inoculated into Nutrient Broth medium. Nutrient agar wells with 
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diameter of 6 mm were prepared. 50 µl of each isolate culture and 

supernatant were put into agar wells.  

Morphological Characterization: Morphological study which was 

done includes colony and cell morphology. Colony morphology 

comprises of colony characteristics such as size, color, shape, edge, 

elevation, and the surface of the colony, while cell morphology 

comprises of Gram staining and endospore staining.  

Biochemical Characterization: Basic biochemical characterization 

which was conducted comprises not only catalase, but also 

production of acid and gas from isolated bacteria. Capability of 

isolates to produce catalase enzyme was tested with 3% H2O2. Gas 

and acid production test were conducted by observing the 

formation of gas bubbles in Durham tube which was placed upside-

down in broth culture isolate and measuring the decrease in pH of 

culture medium at initial and final point of incubation.  

Molecular Characterization: Molecular identification was 

conducted to identify bacterial isolates into species stage.  The 

selected method for molecular identification was done by 

sequencing 16S rRNA gene. Sequencing results were analyzed and 

the homology search was performed to determine the species of 

isolates.  

Physiological characteristics: Physiological characteristics from 

isolates were analyzed based on the effect of incubation 

temperature and initial pH of culture medium  for bacterial isolates 

growth.  Previously, the initial culture of bacterial isolates were 

grown in 2 ml MRS broth medium for 24 hours at 37
o
C in 

microaerobic condition. To analyze the effect of incubation 

temperature for bacterial growth,  1% of culture was inoculated 

into 2 ml of other MRS broth medium and incubated at various 

temperatures, specifically at 25, 37, 42, and 55 
o
C for 24 hours at 

microaerobic condition.  Then, to analyze the effect of initial pH of 

culture medium bacterial isolates growth, 1% of culture was 
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inoculated into 2 ml of MRS broth medium with different pH, such 

as 2, 3, 4, 5, 5.5, 6, 6.5, 7, 8, 9 at 37 
o
C for 24 hours under 

microaerobic condition. The growth of cells was measured using 

spectrophotometer at wavelength 600 nm.   

 

3. Results and Discussions 
In this study, Lactobacillus sp bacteria have been isolated from local 

chicken crop. Local chicken is preferred as isolates sources due to 

its relatively better resistant property to pathogenic diseases and 

stress so its growth and productivity are not easily disrupted. Local 

chicken resistant ability to the diseases probably due to the 

presence of probiotic bacteria, one of them is Lactobacillus sp. 

which can produce antibacterial compounds and enhance the 

immune system in chickens. Isolation of Lactobacillus sp. was 

performed in local chicken crop because it contains large amounts 

of Lactobacillus sp (Fuller, 2001).   

Isolation Lactobacillus sp. from local chicken crop 

The number of isolated bacteria growing on MRS and Rogosa 

medium (total 10 plates) were 6.272 colonies. After screening on 

acids producing capacity, there were 332 colonies only left. It was 

done by taking the bacteria colonies which produce clear zone 

around them when grown on MRS Agar medium supplemented 

with CaCO3. Then, only 34 isolates were further analyzed by gram 

staining and its antimicrobial activity (E. coli). From those isolates, 

there are only two Lactobacillus sp. candidates, designated as 

CrF75 and CrF8 were selected and further analyzed as they 

possesed largeest inhibition zone against pathogenic bacteria E. 

coli.  

 

Inhibition activity test against pathogen bacteria 

The purpose of inhibitory activity test against pathogen bacteria is 

to observe the ability of Lactobacillus sp. to inhibit the growth of 
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pathogenic bacteria. In this study, E. coli ATCC 8739 was used as 

pathogenic bacteria. Based on the results of inhibitory activity 

examination, supernatant and cell suspension of CrF75 had the 

same diameter of inhibition zone against E. coli.  Supernatant and 

cell suspension of CrF8 had diameter of inhibition zone that were 

also not statistically different (P>0,05) against E. coli (Table 1). It 

showed that the resistant mechanism of CrF75 and CrF8 isolate 

were through the release to its environment of certain antibacterial 

compound from the cell.  

 

Table 1. Diameter of inhibition  isolate CrF75 and CrF8 against E. 

coli 

 

Sample 

 

Diameter of Inhibition 

(mm) 
Ampicillin sodium salt 62,5 µl/ml 19,0 ± 0,00 
MRS Broth Medium 0,0 ± 0,00 
 

Isolate CrF75 

cell suspension  13,0 ± 0,00 
Supernatant 13,0 ± 0,00 

Isolate CrF8 cell suspension 12,2 ± 0,45 
Supernatant 12,0 ± 0,00 

Diameter of inhibition by CrF75 and CrF8 against E. coli was 

obtained by well diffusion method in Nutrient Agar medium at 37 
o
C for 24 hours under aerobic condition. Diameters of inhibition 

zone above were presented in average form ± standard deviation 

of five repetitions. OD600nm for CrF75 was 2,762 ± 0,050  and 

2,748 ± 0,03 for CrF8.  

Morphological Identification of Isolate CrF75 and CrF8 

After the screening stage (isolation and bioassay), CrF75 and CrF8 

isolates were identified morphologically. Usually, morphological 

identification is done as the first step in identifying an unknown 

species of bacteria. Performed morphological characterization in 
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this study includes the morphology of colony, the morphology of 

cell, and the endospore staining.  

 
 

Figure 1. The morphology of colony from CrF75 and CrF8 isolate 

Both isolates were grown on MRS Agar Medium supplemented with 0.5% CaCO3 

and 

1.5% pure agar. Incubation temprature was 37oC under microaerobic condition for 

24 hours. 

A: CrF75; B: CrF8. 

 

Based on the direct microscopic observation, both isolates have 

similar colony appearence and form ,such as creamy white, circular 

shaped, round edges, convex, and smooth surface. Both colonies 

have a diameter of about 1-2 mm.  
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Gram staining was performed to prove that the isolates have a rod-

shaped form and Gram-positive as the characteristics of 

Lactobacillus sp. Results from Gram-staining reveal that CrF75 and 

CrF8 are Gram-positive rod-shaped bacteria. CrF75 has a shape of 

slightly bended rod-shaped form, while CrF8 has a straight rod-

shaped form. The cell formation of both isolates are as separated 

individual cell and do not form as a string.  

The average cell size of CrF75 is about 2.51µm in length and width 

about 1.04 µm, whereas the average CrF8 cell size is about 2.26 µm 

in length and width 0.91 µm. The length and width of both isolates 

statistically have significant different (P<0.05). 

Result of endospore staining showed that both isolates do not 

produce endospore. Thus, results from the morphological 

identification indicates that the two isolates can be classified to the 

genus Lactobacillus.  

Biochemical Identification of Isolate CrF75 and CrF8 

The basic biochemical identification performed including catalase 

test, gas and acid production test. Catalase test revealed that both 

isolates do not produce catalase enzyme. The pH measurement on 

isolates culture that has been incubated for 24 hours exhibited that 

both isolates produce acid. The final pH of both culture suspension 

could reach value of 3.8. Whereas, gas production test using 

dextrose as substrate revealed that both isolates belong to 

homofermentative group microorganism. The basic biochemical 

test results supported that both isolates are Lactobacillus sp.  
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Molecular identification from CrF75 and CrF8  

 
Figure 2. Result of 16S rRNA gene amplification from CrF75 and CrF8. 

 

Amplification of 16S rRNA gene from both isolates was done by 27F and 1492R 

primers. PCR product were separated in 0.8% agarose; 100 volt; for 30 min. (M) 1 

kb ladder; 

(A) PCR product of CrF75; (B) PCR product of CrF8. 

 

Amplification 16S rRNA gene of both isolates used colony PCR with 

27F and 1492R primers produced single band in size 1.5 kb. This 

result proved that PCR products are 16S rRNA gene fragments. 

Result from sequencing for both 16S rRNA gene isolates revealed 

that both isolates have 100% (identical) similarity with Lactobacillus 

plantarum.  

 

Physiological characteristic of CrF75 and CrF8 cell 

Physiological characteristic was used to obtain data on CrF75 and 

CrF8 response to incubation temperature and initial pH of culture 
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medium. These characteristics can also be used to distinguish strain 

of bacteria.  

 

 

Isolate CrF75 and CrF8 had the same responses to various 

incubation temperatures. In general, Isolate CrF75 and CrF8 could 

growth well at temperature between 25-42 
o
C with the optimum 

growth at 37 
o
C. Both isolates could not grow at 55 

o
C. Based on 

this test revealed both isolates are as microaerophilic 

microorganism.  

CrF75 and CrF8 cell could growth optimally in culture medium at a 

wide range of initial pH,  specifically between 5 until 9, however 

they could not growth well at pH below 3. The reason of resistance 

to alkaline pH could be presumed that L. plantarum has 33 alkaline-

responsive proteins as had been identified by Lee et al. (2001).  

The role of L. plantarum on the health of chickens 

Information about L. plantarum in chicken gastrointestinal tract is 

rarely reported. However, some studies have demonstrated the 

role of L. plantarum in chicken health.  Based on the research 

conducted by Murry et al. (2004) showed that L. plantarum is able 

to utilize carbohydrates in broiler chicken feed and produces lactic 

acid and acetic acid, and also is able to lower the pH milieu that 

could inhibit the growth of E. coli. Moreover, Vandeplas et al. 

(2009) reported that administration of feed combination containing 

L. plantarum and xylanase in chicks which have been infected with 

Salmonella typhimurium showed increasing growth and decreasing 

S. typhimurium concentration in chicken fecal.  
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4. Conclusions  
In this study, two Lactobacillus sp isolates were obtained, 

designated as CrF75 and CrF8, which have the ability to inhibit 

growth of pathogenic bacteria E. coli. Morphological and 

biochemical identification of two isolates supported that CrF75 and 

CrF8 cell belong to the genus Lactobacillus. Thus, molecular 

identification revealed that CrF75 and CrF8 cell are Lactobacillus 

plantarum. The optimum growth temperature of both isolates is 37 
o
C with optimum initial pH of culture medium 5-9. The presence of 

L. plantarum on local chicken thought to have a role and related to 

chicken health.  
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Eugenol is a phenolic compound which is known have anti-cancer, 
anti-oxidant, and anti-bacterial activity. Eugenol dimmer was 
synthesized from eugenol with using peroxidase as biocatalyst and 
adding hydrogen peroxide as oxidator. This enzyme was isolated 
from plant Brassica rapa var. parachinensis L. The purpose of this 
research is to increase the activity of the dimmer from the 
monomer, in this case eugenol compound. Eugenol dimmer was 
successfully synthesized with yield 3.25%. Antibacterial activity of 
eugenol dimmer was conducted on the bacteria Staphylococcus 
aureus, Bacillus subtilis, Escherichia coli, and Pseudomonas 
aeruginosa. The results showed  that the activity dimmer is higher 
than the monomer. 
 
Keywords: Bacillus subtilis, Escherichia coli, eugenol, 
Staphylococcus aureus, Pseudomonas aeruginosa, Brassica rapa 
var. parachinensis L 
 

 
Introduction 

The development of an infectious disease is caused by bacteria, 

antibiotic use increases. Traditional drugs are widely used as an 

antibacterial in Indonesia is eugenol. Eugenol is classified as volatile 

oil. Eugenol is widely used as a drug for the treatment of 

toothache, liniment, cough medicine, and as an antibacterial 
2,3,4

. 
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To enhance the antibacterial activity, the dimerization process is 

conducted by merging two monomers into dieugenol. These results 

prove that the dimer compounds have a high antibacterial activity 

than the monomer compound 
5
. This dimerization process used the 

enzyme peroxidase as biocatalyst. Peroxidase enzyme can be 

isolated from plants and are known to be rich in plant horseradish 

peroxidase enzyme 
6
. Horseradish plants used in this study were 

green cabbage (Brassica var few. Parachinensis L.) The indication 

of eugenol has antibacterial activity, we need to do a study to 

determine the antibacterial activity of eugenol and eugenol 

dimmer. The antibacterial activity assay was used bacteria 

Staphylococcus aureus and Bacillus subtilis is a Gram-positive (+) 

and Escherichia coli and Pseudomonas aeruginosa is a gram-

negative (-) 
7
. 

   Bacteria S. aureus is classified as normal flora of human 

skin and mucus membranes. Bacteria E. coli is normal flora of the 

digestive tract. Bacteria P. aeruginosa is a major pathogen in the 

group that cause wound infections. Bacteria B. subtilis can cause 

disease in humans with impaired immune function, such as 

meningitis or gastro enteritis akut
7, 8

. 

This research aims to produce a new compound that was 

synthesized from eugenol by using peroxidase enzyme from plant 

mustard greens as a catalyst, and the identification of compounds 

are formed by NMR and LC-MS. Product obtained was also tested 

its antibacterial activity against Staphylococcus aureus, Bacillus 

subtilis, Escherichia coli, and Pseudomonas aeruginosa. 

 

Materials And Methods 

Materials and tools 

Starting material used was 98% Eugenol is obtained from the 

Chemical Research Center and conducted research at the Research 
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Center for Chemistry, Indonesian Institute of Sciences, Serpong, 

Banten. 

Equipments used in this research were glass tools, Buchi 

Rotavapor, micro pipettes (SOCOREX), tweezers, and the paper disk 

6 mm. 

The materials used were phosfat Buffer, 5% H2O2, HCl 5%, hexane, 

ethyl acetate, methanol, distilled water, DMSO (dimethyl 

sulfoxide), nutrient agar and standard media Streptomycin 

Synthesis of Dimer Eugenol 

A total of  250 g pieces of fresh ingredients with crushed green 

cabbage in a blender phosfat buffer solution in the cold (0-5 ° C). 

Homogenate was then filtered. The filtrate obtained was then 

centrifuged to separate the molecules at the enzyme crude extract 

from cell debris. 

A total of 100 mL of the peroxidase enzyme was reacted with 10 mL 

of eugenol and H2O2 was added 10 mL of 5%, then  was reacted for 

15 min at 27
0
C, after 15 minutes was added 10 ml of HCl 5%, then 

transferred in a separating funnel was added ethyl acetate solvent. 

Ethyl acetate phase obtained was brown and separated in the 

water phase, the extract obtained was concentrated by  vaporize 

obtained and weighed. 

 TLC and column chromatography techniques to separate the 

components of the compounds contained in the fraction of ethyl 

acetate, using a developer solvent n-hexane: ethyl acetate made 

various comparisons are appropriate. Results of column 

chromatography were analyzed further by using NMR 

instrumentation and LC-MS. 

Antibacterial Activity Test 

This antibacterial activity testing used disc diffusion method. A total 

of 100μl inoculum of bacteria was introduced into the test which 

has a sterile petri dish. Nutrient was then added to 15-20 ml at a 

temperature of 45
o
C with a homogenized and allowed to solidify at 
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room temperature. On the surface of the agar medium had 

solidified discs were placed a solution containing a sample of 10μl. 

DMSO as a negative control and positive control Streptomycin with 

an equal volume of samples tested., then were incubated at 37 ° C 

for 24 hours. Clear the area around the hole diameter is measured 

 

 

RESULTS AND DISCUSSION 

Synthesis of Eugenol Dimmer  

In chemistry, the dimmer is a chemical compound that is composed 

of two identical or similar molecules and bound together. 

Dimerization of eugenol is the process of combining the two 

monomers of eugenol in the presence of peroxidase enzyme to 

produce dieugenol 
5
. 

OH

OCH3

OH

OCH3

+

OH

OCH3

OH

H3CO

 



 

 747 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

Eugenol                     Eugenol                                        Dieugenol 

In this research used a source of green cabbage as peroxidase 

enzymes. Peroxidase enzymes are biocatalyst for the 

polymerization reaction of phenolic compounds. Eugenol is the 

substrate and H2O2 is a strong oxidizing agent and as hydrogen 

acceptor for substrate. This reaction products was obtained reddish 

brown oil, then the separation of new compounds with silica gel 

column chromatography to separate mixture compounds, using the 

eluent n-hexane: ethyl acetate (8: 2), and obtained a whitish brown 

needle crystals. Furthermore, to know the chemical structure of the 

bioactive compounds are obtained, measured by using NMR 

instrumentation and LC-MS. From the analysis of NMR and LC-MS 

successfully identified the compound was formed which is a 

dimmer of eugenol. The resulting product eugenol dimmer has a 

yield of 3.25%. 

This compound was confirmed by MS and NMR. Mass Spectra 

showed that eugenol dimer has molecular weight 326, but eugenol 

monomer is 164. This means eugenol dimer has formed. 
13

C NMR 

spectra exhibited oxidative coupling between carbon -carbon at 

chemical shift 126 ppm and also eugenol dimer has four protons at 

benzene ring that has showed by 
1
H NMR  at chemical shift 6.7 ppm 

which eugenol monomer  is three protons at  benzene ring. 
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Antibacterial Activity Testing 

Antibacterial activity test was conducted to determine how potential 

activity against the bacteria Staphylococcus aureus, Bacillus subtilis, 

Escherichia coli, and Pseudomonas aeruginosa. Streptomycin was used as a 

positive control in the antibacterial test because streptomycin is a broad-

spectrum antibacterial agents or to kill a wide range of bacteria, thus giving 

the area a good barrier against gram negative and gram positive. DMSO 

was used as solvent as well as the negative control samples. DMSO can 

dissolve polar compounds and non-polar and does not provide resistance 

against bacterial test. From the results of testing the antibacterial activity 

against Staphylococcus aureus, Bacillus subtilis, Escherichia coli, and 

Pseudomonas aeruginosa, indicating that the eugenol dimmer has the 

highest activity compared to eugenol (Table 1).). 

Table 1: Data Observation of broad zones of inhibition of bacterial. 

No. samples 
concentration 

(%) 

Wide inhibitory zone sample (cm
2
) 

E.coli 

P. 

aerug

inosa 

S.aureus B.subtilis 

1 Kontrol 

1 2.857 3.870 3.517 3.517 

0.5 2.551 3.179 3.179 2.551 

0.25 2.261 2.551 2.261 2.261 

0.125 1.986 2.261 1.484 1.986 

2 eugenol 

10 0.848 0.353 0.848 0.353 

5 0.667 0.220 0.667 0.102 

2.5 0.502 0.102 0.502 0 

1.25 0.502 0.102 0.502 0 

3 
dimer 

eugenol 

10 1.256 0.502 1.256 0.502 

5 1.044 0.353 1.044 0.220 

2.5 0.667 0.220 0.667 0.102 
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1.25 0.667 0.220 0.667 0 

 From the results of testing the antibacterial activity of 

eugenol dimer is known that can inhibit the bacteria E. Coli and the 

bacterium S. aureus bacteria larger than B. Subtilis and P. 

aeruginosa (Fig. 1). 

 
Figure 1: Histogram of Antibacterial Activity from Eugenol and Eugenol Dimmer. 

 

Conclusion 

From the research results can be concluded that eugenol dimmer 

can be synthesized using peroxidase enzyme from plant mustard 

greens. Analysis of NMR and LC-MS  were successfully identified,  

the compound was formed which is a dimmer of eugenol.  The 

resulting product eugenol dimmer has a yield of 3.25%. 

From the test results indicated that the antibacterial activity of 

dimmer eugenol is more active than eugenol. Dimmer eugenol had 

activity against bacterial pathogens of the gram positive and gram 
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negative bacteria such as S. aureus, B. subtilis, E. coli, and P. 

aeruginosa.  
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Lovastatin was produced by Aspergillus terreus recombinant in 
solid state fermentation (SSF) using wheat brand as the solid 
substrate. Solid state fermentation condition was moisture content 
of 60% in 28oC for 10 days. The lovastatin productivity of A. terreus 
recombinant was 4,496 µg/g dry substrate, which is 138 % hingher 
than the parental strain (1,893 µg/g dry substrate) or 238 % of the 
parental strain at 28oC for 10 days.  
 
Keywords: Lovastatin, SSF, wheat brand, Aspergillus terreus 
 

1. Introduction 
Solid state fermentation is defined as the cultivation of 

microorganisms on moist solid supports, either on inert carriers or 

on insoluble substrates as source nutrients in absence of flowing 

water
1
. The applications of SSF are used for production bulk 

chemicals (organic acid, such as: citric, lactic, acetic, malic, gluconic, 

propionic, and fumaric acids), enzymes (lipases, ligninolytic 

enzymes, cellulolitic enzymes, xylanase, endo-polygalacturonase, 

pectinase, proteases,), secondary metabolites (neomycin, 

tetracycline, rifamycin-B, penicillin, oxytetracycline, giberellic acid, 

and cephamycin C), and composting or protein-enrichment (a. 

composting from horse, cattle, or chicken manures b. composting 

from agro-industrial, such as rice-brand, saw, and wheat; SSF of 

agro-industrial, such as sugarcane baggage and fruit wastes for 

poultry and cattle feed)
1,2

. 
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The lovastatin production by liquid submerged fermentation (SmF) 

using A. terreus in industrial scale was begun in1980
3
.  Recently, 

solid-state fermentation is rapidly becoming an alternative 

industrial production system for lovastatin production because SSF 

is more economical than SmF (less energy and cheaply substrates)
4
. 

Solid-state fermentation (SSF) is defined as the cultivation of 

microorganism on moist solid materials in the absence of free-

flowing water
1
. The SSF processes advantages compared with 

submerged fermentation (SmF) are the substrate costs little and 

widely available; the water and energy consumptions are less than 

that in SmF process, whereas the product yield is generally higher
4
. 

Some years ago, Biocon India Ltd. started what was going to 

become a very successful industrial-scale production of lovastatin 

(and other secondary metabolites) by SSF
5
. Later, the United States 

Food and Drug Administration (US FDA) approved SSF for 

generating clinical drugs of fungal origin
5
. 

 

Lovastatin is a secondary metabolite that is produced by fungi, has 

efficacy as antihypercholesterolemia. The mechanism of lovastatin 

is the competitive inhibition of the enzyme hydroxymethylglutaryl 

coenzyme A (HMG-CoA) reductase that catalyzes the reduction of 

HMG-CoA to mevalonate during synthesis cholesterol
6
.  There are 

some fungi that are used for lovastatin production by SSF, such as 

A. terreus
7,8,9,10,11,12

, Monascus purpureus
7
, P. Funiculosum

7
, and  A. 

fischeri
13

. 
 

In recently years, some research reported conditions of SSF were 

moisture from 50 to 70% for 7- 11 days at 28 -30 
o 

C. In this 

research, solid state fermentation condition was moisture content 

of 70% in 28
o
C for 10 days. The aim of this research was to compare 
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lovastatin production in SSF between the wild type and 

recombinant A. terreus. 

 

 

2. Materials and Methods 
Microorganism 

A. terreus recombinat was procured from the culture collection 

Biotech Center BPPT. The strain was maintened on Czapex-dox 

Agar containing pyritiamine. 

Inoculum Preparation 

A. terreus recombinant is tested for lovastatin productivity using 

SSF. Isolate of A. terreus recombinant on Czapex-dox agar 

containing pyrithiamine  plate at 28
o
C for aged 7 days was 

inoculated in seed medium contained 0.5% corn steep liquor, 4% 

tomato paste, 1% oat flour, 1% glucose, and 1% trace element 

(0.16% MnSO4, 0.34% ZnSO4.7H2O, 0.2% CoCl2.6H2O, 0.5% 

FeSO4.7H2O) at 28
o
C for 3 days with 200 rpm.   

Solid State Fermentation 

10% A. terreus recombinant from seed medium was inoculated in 

wheat brand sterile with the moisture content of 70% in 28
o
C for 

10 days. Then 0.1 g of the SSF substrate is dried at 40
o
C until weight 

constant. 

UV spectrophotometry Analysis  

Samples were extracted with butyl acetate for 30 minutes by 

extractor. Then the butyl acetate phase was filtered and 

concentrated to about 15%, washed 10% volume sodium 

bicarbonate 2.5% 2 times. Butyl acetate phase is separated and 

washed twice with 10% volume water. Butyl acetate phase was 

incubated at 10 ° C temperature for 10 hours, concentrated to 

dryness, and solved in methanol. Sample was diluted 500 times. As 

standard Concentration of lovastatin in methanol was 10 µg mL
-1

. 
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Then standard of lovastatin and sample were scanned between 220 

and 250 nm. 

Massa Spectrophotometry Analysis 

Molecular weight of lovastatin was determined by Liquid 

Chromatography Mass Spectrometer (Waters), system ESI 

(Electrospray Ionisation), capillary voltage 2700 V, sample cone 

voltage 60 V, positive mode, desolvation temperature 300
 o

 C, 

source temperature 120
 o

 C, desolvation gas 500 L h
-1

, and cone gas 

10 L h
-1

. 

Analysis HPLC 

Lovastatin was quantified as its β-hydroxy acid form. The standard 

of lovastatin lactone form was suspended in 0.1M NaOH and 

heated at 50ºC for one hour in a shaking water bath. Subsequently, 

the suspension was adjusted to pH 7.7 with 1 M HCl, filtered 

through 0.45μm filter. 0.1 g sample was extracted by 10 ml 

acetonitrile in extractor for 30 minutes. Concentration of lovastatin 

in sample was determined by HPLC (Waters) with UV detector at 

235 nm and symmetry Waters C18 column, 2 solvents (solvent A 

(acetonitrile)  and solvent B (0.1% phosphoric acid) with A:B = 

65:35, and flow rate 1 ml minute
-1

.  

 

3. Results and Discussion 
Some studies used solid medium extracted sweet sorghum pulp

8
, 

black gram husk
13

, soybean cake particle
9
, rice

9
, corn particle

9
, 

wheat bran
9,11,12

, rice husk
9
, paddy straw

12
, rice bran

12
, shorgum 

grain
12

. The wheat bran is used as SSF medium because A. terreus 

produced high lovastatin in wheat bran.  

 

The studies of SSF for the lovastatin production have been 

conducted, such as parameters (temperature, humidity, pH, 

incubation time, and particle size) and medium of fermentation. 

The SSF conditions to produce lovastatin were a moisture (%) 75
8
, 
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50-60
9
, 70

11
, 40

12
, 60

13
, 65

14
; pH 6.2

8
, 5

13
, 5.5

9,14
; incubated for 

7
8,13,14

, 10
11

, 15
12

 days,  and temperature (
o 

C) 30
4,14

, 28
9,10

, room 

temperature
12

.  The SSF conditions for lovastatin production are 

moisture from 40 to 55%, pH from 5 to 6.2, the time of 

fermentation from 7 to 15 days, and temperature 28 -30 
o 

C. In this 

study, we used the SSF condition from Pansuriya R C et al (moisture 

70%, incubated for 10 days in 28
o
C) because this conditions are the 

result of optimization using response surface method. 

 

                                                           

 
 

 
Figure 1. The UV spectrum of lovastatin (A) standard of lovastatin 100 ppm (B) 

sample of lovastatin in methanol 
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The characterization of lovasatin was the analysis of the ultra violet 

spectrum from 220 to 250 nm. The standard and sample were the 

same. They had 3 peaks and the profiles of ultraviolet spectrum 

were similar (Figure 1.). The analysis of mass spectrum showed 

similar of molecular weight m/z 405.2 (M+H)
+ 

(Figure 2.), and 

retention time from standard and sample using HPLC showed the 

standard and the sample had almost the same, retention time of 

standard at 3.07 minutes and sample at 3.07 (Figure 3.). 

 
Figure 2. The Mass spectrum of (A) lovastatin standard and (B) lovastatin sample 

 

 
Figure 3. HPLC curve of (A) lovastatin standard 100 ppm (B) lovastatin sample 

The isolate of A. terreus is used in this research because this fungal 

can produce lovastatin higher than other filamentous fungi
2,3,5

.  

Several studies showed that the lovastatin productivity in SSF were  

2000 
10

, 1458 
11

, 982.3 
12

, 1110 
13

, and 1772 µg g
-1

 dry substrate of 

wheat brand
 14

. The parental strain of A. terreus that used in this 

study produced 1893 µg g
-1

 dry substrate of wheat brand, while  A. 

terreus recombinat was 138% hinger than the parental strain or or 

238 % of the parental strain at 28
o
C for 10 days because A. terreus 

recombinant had copies of lovE gene (regulator gen for lovastatin 

biosynthesis) from pTRLI plasmid. 

 

 

 

 

[M

+H

]+ 

[M

+H

]+ 

% 

Intensit

y 

% 

Intensit

y 



 

 758 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

4. Conclusion 
The SSF at 28

o
C for 10 days with 70% of mouitere using wheat bran 

as substarte resulted the lovastatin productivity of A. terreus 

recombinant was 4,496 µg/g dry substrate and the parental strain 

was1,893 µg/g dry substrate. 
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Lead(Pb)intoxication incidence in the world increased in line with 
increasing fuel consumption for transportation and industrial 
usage.Lead intoxication may cause organ failure, including renal 
failure which indicated by decreasing GFR(Glomerulus Filtration 
Rate).Lead serum level is well known influenced by polymorphism 
of Delta ALAD (Amino Levulinic Acid Dehydratase)gene; ALAD 1-1, 
ALAD 1-2 and ALAD 2-2.Delta ALAD-gene encodes ALAD enzyme 
which used for heme synthesis. The aim of this study was to find 
relationship between blood lead concentration and GFR for each 
kind of polymorphism of Delta ALAD gene. Seventy two participants 
from gas station workers in Banyumas participated for this 
research.Data was taken in November 2011-December 2011.Each 
participant’s blood was taken to examine the polymorphism of 
Delta ALAD gene by PCR-RFLP method, lead serum using Atomic 
Absorbent Spectrophotometer, and Creatinin serum using 
Spectrophotometer. GFR was measured by Cockcroft and Gault 
Formula. Proportion of each ALAD 1-1, 1-2, and 2-2 were 92,7%, 
7,3% and 0% respectively. Lead serum were 15,84 ppb in 
homozygous 1-1, and 20,79 ppb in heterozygous.GFR in the 
participants varied from 54,97 until 219,86 with average in 
117,47.There was no any relationship (p=0,67) between Pb serum 
and GFR.This study also could not find any correlations in each of 
Delta ALAD genotypes. There was no any relationship between lead 
serum level and GFR. 
 
Keywords: delta ALAD genotypes, PCR-RFLP, Lead(Pb)intoxication 
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1. Background 
Heavy metal intoxication associated with increased industrialization 
and the use of fuel oil (Scwartz, 2007). One of the most heavy 
metal intoxication is potentially Plumbum (Pb). 17% of housing in 
America Pb polluted by epidemiological data (Jacobs, 2002). 
Proportion of people in China who have Pb levels above the 
threshold after the screening of 53.7% (Ye, 2006). Santi (2001) 
estimates that no less than 17,000 liters of fuel oil into the exhaust 
fumes burning in Indonesia. 
Elevated levels of Pb in the blood causing such disruption bebagai 
cardiovascular disorders, gastrointestinal, hemolimpatik, urinary 
system, immune system, reproductive system, cancer and cognitive 
impairment (Adnan, 2001; Hirose et al .., 2004; Agency of Toxic 
Substances and Disease Registry, , 2007). Pb is also affected by the 
enzyme aminolevulinic acid dehydratase (ALAD) in the biosynthesis 
of heme (Palar, 1994). ALAD enzyme produced by the cell through 
the central process. dogma. Pb can bind to sulfhydryl groups of 
cysteine, an amino group of lysine, and tyrosine hydroxyl groups of 
the enzyme ALAD (Kosnet, 2004). 
Δ-ALAD gene Brazilians genes whose function is to produce the 
enzyme ALAD. Δ-ALAD gene have some form of polymorphism. 
Form of δ-ALAD gene polymorphism among others ALAD 1-1, ALAD 
1-2 and ALAD 2-2 (Wetmurr, 1991; Kamel, 2003; Schwartz BS, 
2007). Another study states that there is a δ-ALAD gene 
polymorphism with blood Pb levels of intoxication. The results of 
these studies contain genes that people who have a homozygous 
ALAD-2 tended to have higher lead levels than ALAD allele-1 
(Hopkins, 2008). Pb can cause multiple organ intoxication. One 
organ can be affected is the kidney. Weaver (2003) found a rise in 
serum creatinine levels in individuals with an ALAD-2 gene as a 
result of the increase in blood Pb levels (Palar, 1994). Pb levels are 
high or above normal can lead to decreased kidney function and 
the occurrence of aminoaciduria (Palar, 1994). Intranuclear 
inclusion bodies can also be found in human cells with high levels 
of Pb peritubuler above normal (Palar, 1994). 
Form of δ-ALAD gene polymorphism also affects the performance 
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of the kidney. Scinicarelio et al .. (2007) stated in a meta-analysis 
that he did that ALAD-2 allele was significantly associated with 
serum creatinine levels. Relationships found are not necessarily 
caused by the Pb levels in the blood alone. Therefore, research into 
the relationship δ-ALAD gene polymorphism with renal function 
should be done. The purpose of this study is to be able to find out 
the correlation of GFR with Pb levels in the blood at a gas station in 
Banyumas employees in terms of δ-ALAD gene polymorphism.  
 

2. METHOD 
Study design in this study was an observational study with cross-
sectional manner. The sampling method used in this study is 
concecutive sampling. This sampling method used by respondents 
who are part of the affordable population met the inclusion criteria 
and exclusion is measured to achieve a minimum target sample 
(Sastroasmoro, 2010). Inclusion criteria for this study were willing 
to be a research subject expressed by signing the informed consent 
sheet, working as a fuel filler, has worked at least 1 year and 
working with business hours at least 8 hours a day. Exclusion 
criteria in this study is the gas station worker who had 
hypertension, diabetes, CKD, urinary tract obstruction and 
myopathy, athletes, mengkonsusmsi alcohol, and gas station 
workers who are taking drugs and anti-angiotensin II vassopresin. 
 Respondents in this study is the gas station attendant in Banyumas 
in the period from November to December 2011. Gas station 
employees who were respondents in this study were drawn from 
seven gas stations that pump 44.531.03, 44.531.06, 44.531.07, 
44.531.10, 44.531.15, 44.531.19, and 44.531.27. Every gas station 
employees conducted the informed consent, filling out the 
questionnaire, and collection of blood sampling by the research 
team. Gas station attendant who becomes the number of 
respondents is 88 people. Retrieval of data taken at a time so that 
researchers mengeksklusi respondent at the time of the data 
already exists. A total of eight respondents were excluded from 
consuming alcohol. Some data are classified into the drop out, this 
is because there are 11 samples that could not be assessed in blood 
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Pb levels, 16 respondents could not be measured GFR value it, and 
45 respondents did not do the process of identifying 
polymorphisms. Researchers did exclusion of data during the data 
(measured variables) are available so that after the exclusion 
process on the data obtained for a sample of this research is done 
by 38 samples.  

Interviews were conducted to obtain data to assess 

whether self-respondents and respondents met the criteria of 

inclusion and exclusion that has been established, age, smoking 

habits, employment history and education level. GFR measured by 

creatinine levels in serum (Csr) from blood samples are inserted 

into non vaccumed EDTA has been examined in the laboratory and 

clinic Bina Husada Navan. GFR calculated by Schwartz formula 

(McPherson & Pincus, 2006). Respondents were also measured 

height for the measurement of GFR by Schwartz formula. Levels of 

lead (Pb) in Pb content in blood is the blood gas stations in 

Banyumas workers were examined with atomic absorption 

spectrophotometry method (AAS) in units of ppb. Measurements 

were performed at the Laboratory of General Sudirman University 

of Agriculture. ALAD gene allele constitution δ is due to 

polymorphism / G to C base substitution at position 177 (G177). Of 

these polymorphisms would formed three alleles: homozygous GG, 

GC heterozygous, homozygous CC. These checks are carried out in 

the Integrated Research Laboratory of General Soedirman 

University. -ALAD by Pb in blood and GFR.Researchers looked at 

the relationship between gene polymorphism  To -ALAD gene 

polymorphism with blood Pb and GFR, the test islook for a  -ALAD 

isperformed Spearman correlation test for the gene 

polymorphism  a categorical variable while Pb and GFR is a numeric 

variable. 
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3. Results 

 

Tables 1 and 2 show the characteristics of respondents by 

distribution of frequency tables on variables of age, gender, height, 

serum creatinine, serum levels of Pb, the value of GFR, 

polymorphism and smoking. 

   Table 1. Charateristic of the responds. 

N
o 

Variabel N Min Max Mean Frekuensi p Standar 
deviasi 

1 Age 38 18 54 34.32   10.67 
2 Gender 38       
 Male     31 (81,6%)   
  Female     7 (18.4%)   
3 High 38 153.90 192.00 169.08   8.08 
4 Cr serum 38 0.51 1.27 0.84   0.18 
5 Pb serum 38 0.14 55.51 15.16  0.0

0 
17.20 

6 GFR 38 71.11 185.20 117.34  0.5
6 

23.35 

7 Polymorphisme 38      0.43 
 ALAD-1      36 (94.7%)   
 ALAD-2     -   
 ALAD-1-2     2 (3.3%)   
8 Smoking 38       
 Yes     21 (55.3%)   
 No      17 (44.7%)   

 

  Table 2. Characteristic of respondens in ALAD  1 

and ALAD 1-2 

N
o 

Variable N Min Max Mean Frequency  p Standar 
deviati
on 

Hasil ALAD-1 
1 Age 36 18 54 34.28   10.91 
2 High 36 153.90 192.00 169.02   8.25 
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3 Cr serum 36 .51 1.27 .84   0.18 
4 Pb serum 36 .01 55.51 15.94  0.0

0 
17.34 

5 GFR 36 71.11 169.31 115.69  0.6
4 

23.80 

6 Smoking  36       
 Yes     52.8%   
 No      47.2%   
 ALAD-1-2 
1 Age 2 30 40 35   7.07 
2 High 2 166.60 174.00 170.30   5.23 
3 Cr serum 2 0.78 0.99 0.89   0.15 
4 Pb serum 2 1.10 1.19 1.14   0.06 
5 GFR 2 96.67 117.47 107.07   14.71 
6 Smoking  2       
 Yes     100%   
 No      0%   

 

    Table 3. Bivariate analysis 

No  Variabel r p 

1 Polymorphisme   

 Pb serum -0.21 0.20 

 GFR -0.10 0.52 

2 Pb level (total)   

 GFR  0.21 0.20 

3 Pb level (ALAD-1)   

 GFR (ALAD-1) 0.19 0.26 

 

 

Table 3 shows the results of the bivariate test of the variables that 

measured the correlation between the form of polymorphisms with 

serum and GFR Pb, Pb in blood correlation with GFR at all 

respondents and the ALAD-1. 
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4.Discussion 

The results showed that the gas station employee-sex male more 

than female gas station employees (81.6%: 18.4%). Gas station 

employee age range under study ranged between 18-54 years. 

Employee smoking in the pump activity is greater than the 

proportion of nonsmokers with smokers and 55.3% to 44.7% for 

non-smokers.  

Processed data showed that the frequency of ALAD-1 has a 

proportion of 94.7% whereas only 5.3% ALAD 1-2. ALAD-2 allele 

was not found in this study. Research carried out by Weaver et al. 

(2005) showed that the proportion of ALAD-1 allele are more than 

the ALAD 1-2 ie, 90.1% versus 9.9%. ALAD-2 allele frequency is very 

small and estimated at only 4% of the population with ALAD-2 

allele. This leads to the possibility of allele frequency-ALAD 1-2 a 

few others because of the estimated cross-breeding between 

ALAD-1 allele with the ALAD-2 allele becomes less and causing 

alleles-ALAD 1-2 a few others. Figure 4.1 shows the location of the 

identification form -ALAD gene polymorphism on agarose gel. 

ALAD-1 form will appear at 582 bp, ALAD-2 will appear in the 511-

bp and ALAD 1-2 will appear at 582 and 511 bp. 

 

 
 

 

Gambar 1. Pola identifikasi polimorfisme gen -ALAD 

Sumber: data terolah 
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The mean serum creatinine in all respondents were at 0.85 mg / dl. 

Serum creatinine is influenced by muscle mass and activity. Range 

of values of serum creatinine in the respondents ranged from 0:51 

to 1:27 mg / dl. Compared to research conducted by Wu et al. 

(2003) which examined the relationship between Pb and renal 

function, found in the existing veterans in America, found an 

average serum creatinine of 1.2 mg / dL with a range of 0.6-2.5 mg 

/ dL. This could be due to different muscle mass and activity of each 

individual. American population is Caucasian, while Indonesia is the 

Mongoloid race. Large Caucasian body is greater than the 

Mongoloid race so that muscle mass relative to the Caucasian race 

is greater than the Mongoloid race. 

The mean serum creatinine levels in ALAD-1 is equal to 0.84 mg / 

dL while on-ALAD 1-2 amounted to 0.89 mg / dL. Population-ALAD 

1-2 in this study only 2 people that can not be compared 

statistically between the ALAD ALAD-1-1-2. These findings are 

consistent with research conducted by Wu et al. (2003) when it was 

compared between the ALAD ALAD-1-1-2. Results of research 

conducted by Wu et al .. (2003) found a mean serum creatinine in-

ALAD 1-2 larger than the ALAD-1. The results of this study 

contradict the results of research conducted by Weaver et al. 

(2003) in workers exposed to lead in Korea who found that mean 

serum creatinine levels in ALAD-1 greater than the ALAD-1-2. This 

could be due to a study by Weaver et al. (2003) conducted on 

workers exposed to high lead exposure is the factory battery and 

lead smelter in Korea, while in the study of Wu et al. (2003) Lead 

exposure in this study is low. Exposure to lead can cause less 

toxicity effects of Pb are also less. It could also be due to the 

protective effect of the enzyme ALAD 1-2 menghabat toxicity of Pb 

to damage the kidneys. High exposure to lead is not bound by any 

Pb-binding proteins that cause the Pb-free number in the blood. 
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The number of Pb-free circulating in the blood causing a toxic effect 

of Pb increased and organ damage. This is what causes the high Pb 

exposure, the toxic effect of Pb on ALAD more than ALAD-1-1-2 as 

found by Weaver et al. (2003). 

The mean GFR in the respondent amounted to 117.34 mL / min. 

GFR values in the range of the respondents ranged between 71.11-

185.2 mL / min. Research conducted by Wu et al. (2003) at a low 

exposure to Pb obtained a mean value of GFR of 71.3 mL / min. This 

could be due to the study of Wu et al. (2003) has a range of 16.9-

215.7 mL / min so that there is extreme value in the study of Wu et 

al. (2003). This can be caused by a variation of the heights. The 

average height is 169.08 cm respondents. GFR calculation using the 

formula Scwahtrz. Serum creatinine is inversely proportional to 

GFR. Height is proportional to GFR so that the variation of the value 

of serum creatinine and height will affect the value of GFR. The 

results of this study when it was compared between the ALAD 

ALAD-1-1-2 would correspond to a study by Wu et al. (2003). 

Results penelittian Wu et al. (2003) obtained the value of GFR for 

ALAD-1 and ALAD-1-2 amounted to 71.6 mL / min and 70 mL / min. 

Low amount of Pb exposure to low toxicity of Pb to the kidney 

while the proportion of the ALAD-1-2 is not balanced with the 

ALAD-1. This causes variations in the low GFR values among ALAD-1 

and ALAD-1-2 and also occurs in this study. The results of research 

conducted by Wu et al. (2003) could be caused by a distant range 

of values found in a study by Wu et al. (2003). The range of GFR 

values in the study of Wu et al. (2003) for ALAD-1 amounted to 

24.1-215.7 mL / min and for ALAD-1-2 amounted to 16.9-130.4 mL 

/ min.  

Research conducted by Weaver et al. (2003) found that the mean 

value of GFR in-ALAD 1-2 higher than the ALAD-1 is 94.6 mL / min 

for ALAD-1 and 95.7 mL / min for ALAD-1-2. This is contrary to the 

results obtained in the study. The mean GFR in the ALAD-1 and 
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ALAD-1-2 is 115.6914 each ml / min and 107.0705 ml / min. The 

results obtained by a study conducted Weaver et al. could be due 

to the protective effect of the enzyme ALAD-1-2 against Pb toxicity. 

The results also could be due to fewer number of samples on-ALAD 

1-2 on the research so that the variation of the data to be minimal. 

In addition, this could be due to other factors affecting the 

calculation of GFR values but height, the variations are minimal 

that cause data to be compared. 

The results of statistical tests to demonstrate the relationship 

between -GFR showed nothe form of the gene polymorphism with 

the ALAD- significant results (p = 0618; r = -0084). -ALAD very 

little.This could be due to variation of the respondents to the form 

of the gene polymorphism- Of the 38 respondents, there were 36 

people who had ALAD-1 allele and only 2 people who have the 

allele ALAD-1-2 so that the variation of the -ALAD was 

minimal.variable gene polymorphism- Research conducted by Wu 

et al. -ALAD may affect the toxic effects of Pb on the organ.(2003) 

obtained the conclusion of the form of the gene polymorphism- 

This is because the daasarnya ALAD enzyme is a protein binding of 

heavy metals in this case is Pb. These results contrast with a study 

conducted by Chia et al. (2005). Chia et al. (2005) measure the 

parameters of renal function with polymorphisms in the ALAD -

industry workers and the smelting of lead batteries in somegene  

countries in Asia. Chia -ALAD someet al. (2005) found that gene 

polymorphisms associated with  renal function parameters such as 

β2 microglobulin (p = 0.014), α1 microglobulin (0.04) and α2 

microglbulin (p = 0.03). 

Blood Pb levels in the gas station employee in Banyumas is 

measured in units of ppb. Once converted into units of mg / dl, 

obtained 1 ppb = 0.1 microg / dL. The average levels of Pb in blood 

of respondents 15 195 ppb, and if converted into units of mg / dL, 

the average Pb levels in the blood of respondents to 1.5 g / dL. 
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According to WHO, the threshold value of Pb in men is 40 mg / dL, 

whereas in women by 30 microg / dL. This suggests that blood 

levels of Pb in the average respondent are low. Research conducted 

by Wu et al. (2003) found that average levels of Pb in blood is of 6.2 

mg / dL with a mean age of 67 years with a range of 48 to 93 years. 

This may be the cause mean blood Pb on research conducted Wu 

et al. (2003) is slightly larger than this study. Mean age in this study 

amounted to 34.32 years with a range of 18 to 54 years. The high 

age range is taken causing variation in blood Pb levels of influence 

on the results of the study. 

Low levels of Pb in blood at the pump could be due to employee 

termination use of lead as a mixture of fuel oil. Government 

through Pertamina has stopped the production of fuel oil used as 

an ingredient penaik Pb anti-knock octane and since the year 2006 

(Dellyani, 2010). Respondents in our study at least worked for 1 

year. This makes the employee exposure to Pb in the blood pump 

to be relatively low. The average levels of Pb in blood on ALAD-1 of 

15.94 ppb, or 1594 mg / dl. When compared with the average on-

ALAD 1-2 of 1145 ppb or 0.14 g / dl, the mean levels of Pb on ALAD-

1 higher. It is also found in the study of Wu et al. (2003) who 

studied the exposure to Pb in small quantities. The results of Wu et 

al. found that the ALAD-1 is lower than the levels of its Pb-ALAD 1-

2. This is because the study of Wu et al. of the population who do 

not take the risk of Pb exposure on the job. Wu et al. (2003) take a 

sample of U.S. veterans groups are taken in the year 1991-1995 so 

the chances of exposure to Pb did not come from an occupational 

hazard. Possible exposure to Pb from outside and it is difficult to be 

controlled by the researcher. The results of this study found that 

average levels of blood Pb on ALAD in the ALAD-1-1-2-higher ALAD 

1-2. This may be due to differences in the number of respondents. 

The number of respondents in the ALAD-1 by 36 people while the 

number of respondents-ALAD 1-2 only for 2 people so that it can 
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not be compared statistically. In addition, the distribution of 

numbers in the blood Pb levels also showed an abnormal 

distribution of the data. This is because there are some extreme 

values in Pb levels in the blood. The emergence of extreme values 

in Pb levels in the blood can be caused by exposure to Pb in 

different individuals. In addition to its termination of the addition 

of Pb in the mixture of fuel oil, the source of Pb can also be 

obtained from cigarette smoke, paint, and textile materials 

(Dellyani, 2010). This can vary the value of the Pb levels in the 

blood. 

Relationship -ALAD gene in this study showed nowith 

polymorphisms in the blood Pb- significant relationship (p = 0195; r 

= -0215). This may be due to low exposure to Pb. Research 

conducted by Wu et al. (2003) -ALAD in blood Pb levelsfound a 

relationship-gene polymorphisms with  of significant value, but the 

significance of the relationship is not close to significant (p = 0044). 

This phenomenon is similar to this study using respondents in those 

with low exposure to Pb. Statistical results to determine the 

relationship between blood levels of Pb in the -ALAD in this study 

could also be due toform of the gene polymorphism- not 

controlling the amount of Pb exposure received by the respondent 

so that the amount of Pb exposure on each individual distinct 

possibility. The results are also consistent with research conducted 

by Biao et al. (2003) who examines the battery industry workers. 

Results of research showed that there was no significant 

relationship between -ALAD gene polymorphism (p = 0.22).Pb 

levels in blood with  The results obtained by Biao et al. (2003) 

followed by higher levels of Pb in blood on the ALAD-1-2. This is 

due to the samples taken in these studies is the population at risk 

of occupational exposure to high Pb (42.95 mg / dl for ALAD-1 and 

50 mg / dL for-ALAD 1-2) is the lead smelting and battery indistri. 

Research conducted by Bergdahl (1998) who studied the 
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characteristics of the enzyme ALAD was found that exposure to 

heavy metals to the cell body naturally produces the heavy metal 

binding protein. Some cells actively secretes metal-binding 

proteins. There is a hypothesis that the binding protein content is 

one of the body's protection mechanism so that the effects of 

heavy metals is reduced because of the heavy metal was bound by 

protein. Protein-protein binding usually has a small molecular 

weight, which is about 10 kDa, while the ALAD enzyme has a 

molecular weight of 280 kDa. Therefore, among all the metal-

binding proteins of the greatest resources are strapped him ALAD 

enzyme. 

GFR relationships with blood Pb in this study found no significant (p 

= 0195; r = 0125). This could be due to the quantity of blood Pb 

slightly so as not to cause damage to the nephrons. The results of 

this study regarding the relationship between GFR with blood Pb in 

line with research by Wu et al. (2003).  

The study of Wu et al. showed that there was no relationship 

between Pb in GFR. The quantity of Pb in low blood caused no 

significant effect on GFR due to Pb intoxication. Fieldwork 

conducted by Munter et al. (2003) in the United States on a 

population drawn at random by the NHANES (National. Center of 

Heal.th Statistics) from 1988 to 1994, found that the blood Pb 

levels are low (4:21 g / dL in samples that hypertension and 3:30 g / 

dL in the sample that is not hypertension), GFR was lower than in 

non-hypertensive (95 mL / min with 115 mL / min) and is 

associated with blood Pb levels (p <0.001) in the sample with 

hypertension. This could be due to hypertensive disease 

experienced by the sample. Not described in detail regarding the 

etiology of hypertension of the sample with hypertension. In 

addition, the grouping of tasks based on the risk of exposure to Pb. 

Samples were taken at random and only the age grouping 

(performed at age> 20 years). 
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Research conducted by Biao et al. (2003) which examined the 

differences in the effects of Pb on ALAD genotype in each kidney. 

There are differences between the renal effects of Pb on ALAD-1 

groups with the ALAD-1-2. There is a decrease in GFR and increased 

levels of UNAG (Urinary N-acetyl-β-Glucosminidase) in the ALAD-1-

2. UNAG is a substance that comes out at the time of renal tubular 

cells that are old and about to apoptosis. At the ALAD-1-2 there is 

an increase in urinary levels of UNAG so could be interpreted that 

much going apoptosis in renal tubular cells. research conducted by 

Biao conducted on workers exposed populations lead directly to 

the mean blood Pb levels (42.95 mg / dL in the ALAD-1 and 50.00 

mg / dL on-ALAD 1-2). It causes renal toxicity in higher Pb-ALAD 1-2 

than ALAD-1 whereas Pb levels in this study contained at relatively 

low so that participants can not bring a significant effect due to Pb 

toxicity to the kidney. Experiments conducted Dellyani (2010) 

conducted in mice exposed to Pb, obtained tubular and glomerular 

damage picture on histopathological examination of mice kidneys. 

This led to the decline in renal function. Decline in renal function 

would be measured by a parameter that is GFR so that exposure to 

Pb can be related to the GFR as renal function parameters. 

This study has several limitations, among others, there is imbalance 

in the proportion of the characteristics of research subjects, 

especially in -ALAD gene polymorphisms that affect the results of 

statistical analysis with a limited number of subjects, especially on 

the -ALAD gene polymorphism with GFR and Pbcorrelation 

between the form  in the blood. Design Cross sectional study still. 

This is a limitation that it took other studies that support this 

research using a prospective cohort design in order to assess the 

effects of Pb exposure on the kidneys as well as more able to 

control the confounding variables that exist. Limited information 

about long work, physical activity, and limited control of Pb 

Exposure That Can Affect The Blood Pb Levels And GFR. 
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5.Conclusion 

There is no correlation between GFR with Pb levels in the blood at a 

gas station in Banyumas employees in terms of δ-ALAD gene 

polymorphism.  
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Vaccine research entered a new era when several useful molecular 
research tools were established. Instead of attenuated virulent 
microorganisms or killed virulent microorganisms, effective subunit 
vaccines were developed using recombinant DNA technology. By 
using the technology, selected genes of the virulent 
microorganisms can be amplified, cloned, expressed, and evaluated 
as vaccine components in challenge studies. However, a major 
bottleneck with the amplification of functional genes from 
Mycobacterium tubeculosis containing guanine plus cytosin-rich 
templates is often hampered by the formation of secondary 
structures like hairpins and higher melting temperatures. To solve 
this problem in this research, the amplification reaction was 
modified by addition of dimethyl sulfoxide (DMSO) into 
amplification reaction mixtures. It was found that 10% (v/v) of 
DMSO in the reaction mixture improved the amplification of GC-
rich template of M. tuberculosis gene. This result indicating that 
amplification of unbalanced content of G and C 
deoxyribonucleotides genome could be improved using low-cost 
organic molecule, DMSO. Therefore, the DMSO should be widely 
useful as an enhancer to improve the amplification of GC rich 
construct from other genome 
 
Keywords: Mycobacterium tubeculosis, amplificaion GC, vacine 
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1. Introduction 

Tuberculosis (TB) is still one of the deadliest human 

infectious diseases, included together with AIDS and malaria 

(known collectively as The Big Three) in the poverty-related 

diseases that correlate with the tremendous imbalance between 

rich and poor countries. World Health Organization (WHO) 

reported that in 2006 more than 1.5 million people died of TB, and 

new cases were estimated at 9.1 million (WHO, 2007). Total 

number of TB cases worldwide is about 14 million, with most of the 

TB cases occur in Southeast Asia’s most populous countries, namely 

India which has the highest number of TB cases (1.9 million new 

cases and 3,4 million total number), followed by China and 

Indonesia.  

In the last few years, multi-drug resistant of M. 

tuberculosis (MDR-TB) has also emerged and reported.  These M. 

tuberculosis strains are resistant to two antibiotics used most 

frequently, isoniazid and rifampicin. Therefore, these  M. 

tuberculosis strains are associated with a very high mortality rate as 

witnessed in an outbreak that ravaged New York City almost two 

decades ago (Moss et al., 1997). More recently, M. tuberculosis 

strains that show an extended spectrum of antibiotic resistance 

(Extensively Drug Resistant TB strains, XDR-TB) have been isolated. 

These are MDRTB strains that are also resistant to a 

fluoroquinolone and at least one second-line injectable drug such 

as kanamycin, capreomycin or amikacin (Singh et al., 2007).  The 

emergence of XDR-TB is posing a major threat in many regions of 

the world.  

 Bacillus Calmette-Guerin (BCG), the only available 

vaccine for tuberculosis discovered nearly 100 years ago and 

generated from attenuated strain of Mycobacterium bovis by serial 

passages in potato slices imbibed with glycerol, has demonstrated 

varying levels of efficacy in different clinical trials and 
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geographically distinct population (Colditz et al., 1994; Ginsberg et 

al., 1998). Moreover, the vaccine not only can cause disseminated 

disease in immunocompromised individuals but also does not 

consistently prevent the development of pulmonary tuberculosis in 

adults. Therefore, development of new and more effective vaccine 

for tuberculosis is urgently needed.  

Vaccine research entered a new era when several 

molecular research tools were established. Instead of attenuated 

virulent microorganisms or killed virulent microorganisms, effective 

subunit vaccines were developed using recombinant DNA 

technology. Vaccine production using the DNA recombinant 

technology not only replaced the traditional technologies using the 

attenuated or killed virulent microorganisms, but also permit 

simple and rapid approaches to generate a novel vaccine against 

the new outbreak pathogens. Therefore, whole protein vaccine 

produced by traditional technique which associated with problems 

and withdrawn from the market can be improved.  

Polymerase chain reaction (PCR) is believed as the most an 

indispensable and widely used tool to accomplish amplification of 

DNA sequences that can be used for many purposes, such as 

sequencing for molecular diagnosis or cloning into vectors and for 

vaccine production. Combination of the techniques and others 

molecular methods available now in molecular research are 

enhancing the ability to engineer, assemble, and derive proteins or 

antigens of interest to the development of new vaccine design.  

Despite of these achievements has revolutionized the field 

of biotechnology, amplification of GC-rich fragments remains a 

major obstacle because of secondary structure like hairpins and 

higher melting temperature. Sequence populated with G repeats 

produce complex inter and intrastrand folding due to increased 

hydrogen bonding with neighboring guanines. This complication 

also occurred when genomes of Mycobacterium tubeculosis which 
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contain guanine plus cytosin-rich templates was used as a template 

to amplify several genes-encoding proteins for vaccine generation. 

According to Dale et al (1990), mycobacterial genes have a GC 

content of 65 to 70%. In amplification result, this phenomenon is 

marked by the appearance of shorted bands following gel 

electrophoresis. These truncated versions of the target amplicon 

are primarily the consequence of arrest sites (hairpins) introduced 

into the template causing premature termination to polymerase 

extension (Sahdev et al., 2007).  

In this research, the amplification reaction was modified 

by using dimethyl sulfoxide (DMSO). DMSO was chosen because of 

previously reported success in PCR amplification of GC-rich 

construct in de novo synthesis (Jensen et al., 2010). It was found 

that 10% (v/v) of DMSO in the reaction mixture greatly improved 

the amplification. Since DMSO is very inexpensive and easily 

obtainable, make the reagent is very useful for any gene synthesis 

assay. 

 

2. Material and methods 

2.1 Genomic DNA isolation and PCR confirmation 

In this research, Mycobacterium tuberculosis strain H37Rv was used 

to isolate genome of the bacteria as a template. Before use, the 

bacteria were grown on solid Luria-Bertani media. Genome 

isolation was conducted using Plasmid Isolation Kit (Machenery, 

Germany). PCR confirmation of the genome was conducted using 

primers TB-F (5’-TACTACGACCACATCAACCG-3’) and TB-R (5’-

GGGCTGTGGCCGGATCAGCG-3’). The isolated genome then diluted 

with Tris-EDTA (TE) buffer and stored at -20
o
C for further used. 

 

2.2 PCR Amplification reactions 

The amplification reactions were carried out in a total volume of 10 

ul with 0.1 units of Pfu TurboTM DNA polymerase (Stratagene, L 
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Jolla, CA, USA) and reaction buffers, 0.2 mM each of dNTPs, 0.5 uM 

primers, and 1 ng/ul of genome as template. DMSO (99.9%) was 

added 0% (control) and 10% into reaction mixture. The primers 

used in this research are listed in Table 1. 

 

 

Table 1. List of primers used in this research 

Primers Sequence (5’         3’) 

Mtb32cF caattacatatgcatcaccatcaccatcacacggccgcgtccgataactt

c 

Mtb32cR ctaatcgaatccggccgggggtccctcggccaa 

Mtb39F ctaatcgaattcatggtggatttcggggcgtta 

Mtb39R ctaatcgatatcgccggctgccggagaatgcgg 

Mtb32nF ctaatcgatatcgccccgccggccttgtcgcaggac 

Mtb32n

R 

ctaatcgatatcctaggacgcggccgtgttcatac 

 Twenty five cycles of PCR were performed as follows: 10 s 

of denaturation at 94
o
C, 10 s of annealing at 50

o
C, and 40 s of 

elongation at 72
o
C, and were then continued with electrophoresis 

on 1.0% agarose gel.  

2.3 Gel Purification, cloning, and Sequencing of PCR products 

 To remove miss-amplification products (primer-dimer) and 

PCR reaction components which not used after amplification 

processes (dNTPs mix etc.), PCR products purification was 

conducted using MinElute Purification Kit (Qiagen, USA). These PCR 

products were then ligated into pGEMT-Easy vector (Promega, 

USA) and sequenced using standard procedures (Sambrook et al., 

1989).  

 

3. Results and discussion 

Several M. tuberculosis antigens were identified by Skeiky 

et al (2004) in the context of controlled infection in human and 
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mice. Of these, two proteins, Mtb32 and Mtb39 were expressed as 

a single recombinant polyprotein with a predicted size of 72 kDa 

(Mtb72F). Immunization of mice with the antigen resulted in the 

elicitation of immune responses. In addition, immunization of 

guinea pigs with the antigen prolonged the survival of the animals 

after aerosol challenge with virulent M. tuberculosis. Therefore, 

Mtb72 antigen is very prospective TB vaccine candidate for ease 

the tuberculosis pandemic. 

Since the Mtb72 construct is generated by fusing at either 

end of Mtb39, the N- and C-terminal portions of Mtb32 (designated 

Mtb32N and Mtb32C), amplification of each fragment should be 

performed using M. tuberculosis genome as a template. As 

mentioned previously, however, amplification of these fragments 

from M. tuberculosis genome was hampered by secondary 

structure like hairpins and higher melting temperature because of 

M. tuberculosis genome GC-rich gene.  

To overcome the problems associated with the 

amplification of GC-rich gene, several approaches have been 

developed. Organic molecules such as DMSO, glycerol, 

polyethylene glycol, formamide, betaine have been included in the 

reaction mixture and have shown to improve the amplification of 

GC-rich DNA sequences (Kang et al., 2005; Musso et al., 2006). 

Musso et al., 2006 reported that combination of betaine, DMSO, 

and 7-deaza-dGTP are powerful mixture for amplification of DNA 

sequences of three disease genes showing GC content ranging from 

67 to 79%. Furthermore, DMSO and betaine were used successfully 

to improve de novo synthesis of two GC-rich gene fragments 

implicated in tumorigenesis, the Insulin-like Growth Factor 2 

Receptor (IGF2R) and V-raf murine sarcoma viral oncogene 

homolog B1 (BRAF) (Jensen et al., 2010).  

In this research, DMSO only was tried to obtain three GC-

rich fragments from M. tuberculosis genome. Results of this 
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research shows no observable target band of the Mtb gene 

fragments when DMSO was not added into reaction mixtures 

(Figure 1A). On the other hand, primer dimer or mis-annealing 

amplification fragments were appeared in large amount in 

electrophoresis results when no DMSO in the reaction mixtures 

(bold arrow in Fig 1A). According to Mammedov et al (2008), three 

contributing events are considered occurs in this reaction. Firstly, 

primers may anneal at incorrect sequence of template, the 

probability of such an occurrence depend on the difference 

between the melting rates of primers at correct versus incorrect 

sites. Secondly, DNA polymerases molecules may bind to annealed 

primers, including ones in incorrect sites to further stabilize the 

formed complexes. Lastly, the complexes begin to elongate, albeit 

at reduced rates (at the annealing temperature), and further 

stabilize the double stands DNA.  

Therefore, several steps of PCR optimization, especially 

melting time and temperature, were also applied to change 

intramolecular stable stem loops in GC-rich template due to the 

strong G-C pairing in the M. tuberculosis genome. This effort was 

conducted since it is well known that GC content influences both 

optimal annealing temperatures and primer specificity. GC-rich 

primers may be need higher annealing temperature than low GC 

primers. The time of melting also considered because it is based 

mainly on the time it takes to reach the proper temperature for 

annealing. Optimum annealing times for GC-rich genes lie in the 

range 3 to 6 second and depend on annealing temperature 

(Mammedov et al., 2008). However, these steps have no effect to 

produce unique specific target bands. 

Conversely, when 10% of DMSO was included in the 

reaction mixtures, a unique specific PCR product with right bands 

size corresponding to Mtb32C, Mtb39, and Mtb32N without no 

nonspecific product were obtained. The size of Mtb32C (Fig 1B1), 



 

 782 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

Mtb39 (Fig 1B2), and Mtb32N (Fig 1B3) are 396, 1173, 585 base 

pairs respectively.  

 
Fig 1. Agarose gel images showing the effects of DMSO during amplification (B) and 

control (no DMSO, B). 1 = Mtb32C, 2 = Mtb39, 3 = Mtb32N, M = Marker 

This result indicated that DMSO greatly improved 

amplification of three GC-rich gene fragments of Mycobacterium 

tuberculosis (Mtb32C, Mtb32N, and Mtb39) without having to 

modify nucleotide sequence composition. It is because DMSO has 

ability to prevent intramolecular stable stem loops in GC-rich 

template due to the strong G-C pairing. Musso et al (1998) 

reported that DMSO disrupts base pairing of DNA duplex which 

then can facilitate the amplification. 

The amplification results were then confirmed by DNA 

sequencing in which BLAST analysis showed these sequences of 

three genes completely overlapping with M. tuberculosis genome. 

The complete nucleotide sequences of these genes are illustrated 

in Fig 2 (A, B, and C).  

A 

atgacggccgcgtccgataacttccagctacggccgcgtccgataacttccagctgtcccaggg

tgggcagggattcgccattccgatcgggcaggcgatggcgatcgcgggccagatccgatcgg

gtggggggtcacccaccgttcatatcgggcctaccgccttcctcggcttgggtgttgtcgacaac

aacggcaacggcgcacgagtccaacgcgtggtcgggagcgctccggcggcaagtctcggcat
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ctccaccggcgacgtgatcaccgcggtcgacggcgctccgatcaactcggccaccgcgatggc

ggacgcgcttaacgggcatcatcccggtgacgtcatctcggtgacctggcaaaccaagtcggg

cggcacgcgtacagggaacgtgacattggccgagggacccccggcc 

B 

gtggatttcggggcgttaccaccggagatcaactccgcgaggatgtacgccggcccgggttcg

gcctcgctggtggccgcggctcagatgtgggacagcgtggcgagtgacctgttttcggccgcgt

cggcgtttcagtcggtggtctggggtctgacggtggggtcgtggataggttcgtcggcgggtct

gatggtggcggcggcctcgccgtatgtggcgtggatgagcgtcaccgcggggcaggccgagct

gaccgccgcccaggtccgggttgctgcggcggcctacgagacggcgtatgggctgacggtgcc

cccgccggtgatcgccgagaaccgtgctgaactgatgattctgatagcgaccaacctcttggg

gcaaaacaccccggcgatcgcggtcaacgaggccgaatacggcgagatgtgggcccaagac

gccgccgcgatgtttggctacgccgcggcgacggcgacggcgacggcgacgttgctgccgttc

gaggaggcgccggagatgaccagcgcgggtgggctcctcgagcaggccgccgcggtcgagg

aggcctccgacaccgccgcggcgaaccagttgatgaacaatgtgccccaggcgctgcaacag

ctggcccagcccacgcagggcaccacgccttcttccaagctgggtggcctgtggaagacggtc

tcgccgcatcggtcgccgatcagcaacatggtgtcgatggccaacaaccacatgtcgatgacc

aactcgggtgtgtcgatgaccaacaccttgagctcgatgttgaagggctttgctccggcggcgg

ccgcccaggccgtgcaaaccgcggcgcaaaacggggtccgggcgatgagctcgctgggcagc

tcgctgggttcttcgggtctgggcggtggggtggccgccaacttgggtcgggcggcctcggtcg

gttcgttgtcggtgccgcaggcctgggccgcggccaaccaggcagtcaccccggcggcgcggg

cgctgccgctgaccagcctgaccagcgccgcggaaagagggcccgggcagatgctgggcgg

gctgccggtggggcagatgggcgccagggccggtggtgggctcagtggtgtgctgcgtgttcc

gccgcgaccctatgtgatgccgcattctccggcggccggc 

 

C 

gccccgccggccttgtcgcaggaccggttcgccgacttccccgcgctgcccctcgacccgtccg

cgatggtcgcccaagtggggccacaggtggtcaacatcaacaccaaactgggctacaacaac

gccgtgggcgccgggaccggcatcgtcatcgatcccaacggtgtcgtgctgaccaacaaccac

gtgatcgcgggcgccaccgacatcaatgcgttcagcgtcggctccggccaaacctacggcgtc

gatgtggtcgggtatgaccgcacccaggatgtcgcggtgctgcagctgcgcggtgccggtggc

ctgccgtcggcggcgatcggtggcggcgtcgcggttggtgagcccgtcgtcgcgatgggcaac

agcggtgggcagggcggaacgccccgtgcggtgcctggcagggtggtcgcgctcggccaaac
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cgtgcaggcgtcggattcgctgaccggtgccgaagagacattgaacgggttgatccagttcga

tgccgcgatccagcccggtgattcgggcgggcccgtcgtcaacggcctaggacaggtggtcgg

tatgaacacggccgcgtcctaa 

 

Fig. 2. Nucleotide sequences of Mtb32C (A), Mtb39 (B), and 

Mtb32N (C) 

Based on PCR products and their sequencing confirmation, addition 

of DMSO in the PCR reaction mixture was successfully used for 

amplification of DNA sequences of three GC-rich genes of M. 

tuberculosis. Therefore, inclusion of the low-cost organic molecule 

in the amplification reaction mixture will substantially enhance 

gene target-specific amplification from moderately high GC-rich 

content of genome. This result will provide a low cost, general and 

reliable means to improve the molecular analysis of DNA sequences 

that are otherwise refractory to amplification. 

 

 

 

4. Conclusion  

We demonstrated that the use of 10% (v/v) of DMSO in the 

reaction mixture was essential to achieve amplification of DNA 

sequences of three GC-rich genes of M. tuberculosis. Therefore, 

inclusion of the low-cost organic molecule in the amplification 

reaction mixture will substantially enhance gene target-specific 

amplification from moderately high GC-rich content of genome. 

Since DMSO is very inexpensive and easily obtainable, make the 

reagent is very useful for any gene synthesis assay. 
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Diabetes mellitus type 2 (T2DM) is a health problem prevalence is 
increasing every year. Metformin is the first oral drug 
recommended by the American Diabetes Association for treatment 
of T2DM as effective in reducing macrovascular and microvascular 
disease. With primary effect of reducing gluconeogenesis.The 
research is a comparative study with experimental design. That was 
conducted in the Hospital of Dr. M Djamil from January to 
December 2010. From 110  respondents who received metformin 
therapy that is equal to 55 respondents of treatments group (type-
2 DM, BMI ≥ 27.0 kg/m2) and others are control group (type-2 DM, 
IMT  glucose, metformin, BMI          
 
Keywords: diabetes mellitus type 2, insulin, metformin 

 
 1. Introduction 
 
Diabetes mellitus (DM) is the greatest problem in health primarily 
diabetes mellitus type 2 (T2DM), because of the prevalence is 
increasing rapidly every year. World Health Organization (WHO)

1 
 

predicts the T2DM sufferer in Indonesia increase significantly in 
recent 10 years. Same with WHO, International Diabetes 
Federation (IDF)

2 
 predicts number of DM in the world is 1.9 % and 

make DM become the 7
th

 cause of death
3
. 

In developing countries, number of patient about two times more 
than developed countries

4
 so T2DM has become endemic in 

developing countries
5
. Moreover, T2DM not only increasing the 
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mortality and morbidity number because of micro and 
macrovascular

6,7
, but also decreasing quality life of the patient. 

Patobiologycally T2DM  is caused by insulin resistance and 
dysfunctional of β cell

8
, where this two parameters have vulnerable 

genetic factor which polygenic behavior and  really depend on 
environment factor, like lifestyle of patient involving diet, exercise 
and obesity. 
For manage this T2DM, metformin is the first oral medicine 
recommended by American Diabetes Association (ADA)/European 
Association for the Study of Diabetes (EASD)

9 
 for treatment 

T2DM
10

, because metformin effectively decrease macrovascular 
and microvascular

11 
 illness. Besides of that, metformin have main 

effect, metformin decrease of lever glucose/gluconeogenesis 
production and increase uptake blood glucose with mediated by 
insulin by muscle tissue. Based on clinical data, shows metformin 
fixed insulin resistance in lever, skeletal muscle, and adipose tissue 
with decrease exceeded production of basal glucose hepatic and 
with increase glucose intake in the whole body with glucose 
transported by periphery tissue and lever. Metformin therapy can 
decrease production of lever glucose 25 – 40 % and repair glucose 
metabolism especially through non oxide track in lever, metformin 
not increase insulin secretion, and not caused hypoglycemia. 
The purpose of this research is determine glucose  levels and 
insulin levels  in T2DM patient with given metformin therapy by the 
doctor. 
 
 2. Result 
 
From 55 research subject for each group, number of female more 
higher than number of male, most of female works as housewife. 
The characteristics of the subjects can be seen in Table 1 
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Table 1. Charateristics Subjects 
 

 Variabel Treatment (n = 
55) 

Kontrol (n = 
55) 

Age (year) 55,93 ± 7,43 57,94 ± 6,93 
Sex   
- Male (%) 32,7 30,9 
- Female (%) 67,3 69,1 

Works   
- Government 

Employees/Military/Po
lice (%) 

41,9 49,1 

- Private Employees (%) 19,9 14,5 
- Housewife (%) 38,2 36,4 

 
 
Based on glucose levels, insulin levels, and IMT  levels for each  
group can be seen in Table 2 and Table 3.  
 

Table 2. The Differentiation of Glucose Levels, Insulin Levels, and 
IMT Levels for Treatment Group 
 

  Variabel Mean ± SD p-value* 

Glucose Levels   
- Before 184,91 ± 76,87 0,804 
- After 181,19 ± 74,44  

Insulin Levels   
- Before 12,24 ± 9,21 0,035* 
- After 8,58 ± 4,40  
IMT Levels   
- Before 30,13 ± 3,49 0,104 
- After 28,72 ± 3,50  

*The differentiation between each group meaningful at p < 
0,05 
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Table 3. The Differentiation Glucose Levels, Insulin Levels, and 
IMT Levels for Control Group 
 

Variabel Mean ± SD p-value* 

Glucose Levels   
- Before 169,42± 74,80 0,588 
- After 163,44± 77,00  

Insulin Levels   
- Before 7,03± 4,79 0,271 
- After 8,45± 5,52  
IMT Levels   
- Before 23,98± 2,36 0,284 
- After 24,36± 2,34  

*The differentiation between each group meaningful at p < 
0, 05 
 

From Table 2 and Table 3 there is big differentiation between 
insulin levels before and after intervention for Treatment Group 
and Control Group, but not in fasting plasma glucose levels before 
and after intervention and for Treatment Group, the IMT levels 
better than Control Group. 
 
Table 4. Insulin levels for Treatment Group with metformin 
therapy 
 

Variabel Mean ± SD p-value* 

Glucose Levels   
- Before 180,43± 79,59 0,652 
- After 176,08± 77,74  

Insulin Levels   
- Before 9,67± 7,85 0,182 
- After 8,15± 0,62  

*The differentiation between each group meaningful at p < 
0, 05 
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3.Discussion 
Based on subjects characteristics for Treatment Group and Control 
Group, number of subject with gender female more higher than 
male. Most of female are housewife. This condition based on BPS in 
2005

12
 , life expectancy female is higher than male. From 

distribution of age, average 56,25 ± 7,08 year for Treatment Group 
and 58,33 ± 6,90 year for Control Group. Average life expectancy of 
subject lower than life expectancy Indonesia residents which is 66 
year

13
. 

From statistical analysis shown that no significant differentiation in 
fasting plasma glucose levels  for Treatment Group, where average 
plasma glucose levels before and after intervention becomes 
decrease from 184,91 ± 76,87 mg/dl  to 181,19 ± 74,44 mg/dl, this 
is appropriate with decrease of IMT levels for Treatment Group. 
While,  insulin levels for Treatment Group before and after 
intervention there is significant differentiation, according to 
Goodpaster, et al (2000)

14 
 there is significant relationship between 

subject with obesity which have hyperinsulinemia and insulin 
resistance compare with subject with no obesity. 
For treatment subject with get metformin therapy shown there is 
different insulin levels and glucose levels after exercise and diet. 
This condition can be explained that metformin is the old insulin 
sensitizer which can decrease gluconeogenesis and FFA (Fatty Acid 
Oxidation) in lever, so will decrease plasma glucose. Based on 
clinical data shown metformin repair insulin resistance in lever, 
skeletal muscle, adipose tissue, decrease  exceeded production of 
basal glucose hepatic and with increase glucose intake in the whole 
body with glucose transported by periphery tissue and lever. 
Metformin therapy can decrease production of lever glucose 25 – 
40 % and repair glucose metabolism especially through non oxide 
track in lever, metformin not increase insulin secretion, and not 
caused hypoglycemia.   
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Tape is a well known fermentation food product from Indonesia. 
Ragi tape is an essential component in tape production because it 
contains a variety of microbes that play a role as starter culture. 
One of  them is yeast which is the main microbe in tape 
fermentation. However, study of genetic diversity from yeast is 
very rare. In this study we analyze genetic diversity of yeast from 
ragi tape based on DNA sequence of 5.8S rDNA-ITS regions. 
Samples of ragi tape were collected from a traditional market from 
different parts of Indonesia. Yeast were grown by using Yeast Mold 
Agar medium. Sequence of 5.8S rDNA-ITS regions was amplified by 
using the primers ITS1 and ITS4. Thirty five isolates of yeasts was 
successfully isolated from sample. Phylogenetic tree performed the 
35 isolates consisted of 3 clusters. Based on sequence of 5.8S 
rDNA-ITS region, cluster 1 consists of Torulaspora delbrueckii, 
Issatchenkia orientalis, and Trichosporon dermatis. Cluster 2 was 
Pichia jadinii and cluster 3 was P. kudriavzevii.              
 
Keywords:  genetic diversity, yeast, ragi tape, 5.8S rDNA-ITS 
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WD 13 

Paclobutrazol Stimulate Chlorophyll Number and Root 
Number on Plantlet of Patchouli (Pogostemon cablin 

benth.) cv. Sidikalang and Tapaktuan In Vitro 
 

Suseno 
 

Laboratorium Plant breeding, Universitas Padjadjaran, Indonesia 
suseno2011@gmail.com 

 
Pathchouli (Pogostemon sp.) is plant that produce patchouli oil as 
fixative agents. The aims of this experiment was to evaluate 
respons of shoot explant of c.v.Sidikalang and Tapaktuan on MS 
medium containing paclobutrazol for production plantlet with good 
vigor. A Completely Randomized Block Design with factorial pattern 
involved two factors was used oin this experiment and replicated 
two times.The first factor was patchouli cultivar (v) that consisted 
of two cultivar Sidikalang (v1), Tapak Tuan (v2), and the second 
factor was paclobutrazol concentration (P), that consisted of five 
concentrations: control (p1), 0.5 ppm (p2), 1,0 ppm (p3), 1.5 ppm 
(p4), 2,0 ppm (p5). The results showed that there was an 
interaction between cultivar and paclobutrazol concentration for 
the initial time of shoots formation character. Two ppm of 
Paclobutrazol increase number of chlorophyll and number of roots. 
Sidikalang cultivar has better response than Tapak Tuan on number 
of chlorophyll, number of shoots and roots formation. After 
Acclimation showed that there was an interaction between origin 
concentration of paclobutrazol and cultivar on plantlet height of 
plant character. In number of roots, chlorophyll content, number of 
leaves and weight of plant showed that there was no interaction 
between origin concentration of paclobutrazol and cultivar on 
plantlet high. Sidikalang plantlets is better than Tapak Tuan 
plantlets on number of roots, chlorophyll content, number of 
leaves, weight of plant and height of plant. 
 
Keywords: paclobutrazol, chlorophyll and root number patchouli 
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1. Introduction 
Patchouli oil is one of important export commodities 

among essential oils of Indonesia. Among the countries (China, 
Malaysia, Brazil, India)  growing patchouli, Indonesia is the leading 
one with an oil production of 600 tonnes (80% of the world 
production) and China about 30-40 tonnes of oil.  Pogostemon as 
source of Patchouli oil traditionally was used as aphrodisiac, anti-
stress, and antiseptic, fever, aromatic therapy, and  skin 
regeneration and  insect repellent (Chevallier,2001).  Patchouli oil 
has been also used for bio-pesticide (Robin, 1982; Mardiningsih et 
al., 1995). Other important aspect of  patchouli oil has mainly a 
strong fixative property, which helps to prevent the rapid 
evaporation of perfume and thereby promotes tenacity. 

There are three type of Pogostemon in Indonesia, namely  
Pogostemon heyneanus  (Java Pogostemon), Pogostemon hortensis 
(Pogostemon nilam sabun), and  Pogostemon cablin  (Aceh 
Pogostemon) (Anonimous, 1994). Among three of Pogostemon,  
Pogostemon cablin is common used beacaus eof quality and PA 
content (Puteh, 2004). Main component of Pogostemon is 
patchouli alcohol (PA), a substance under Sesquiterpenes . High 
quality of Patchouli oil can be indicated  by  high PA  content 
(Corrine, 2004). Breeding and propagation via generative methods 
of Indonesian Pogostemon cablin could not be suggested because 
this plants do not produce flower. Tissue culture technique has 
proved could be used for breeding and propagation of Indonesian 
Pogostemon cablin  as well as for secondary metabolite 
improvement.  

Chlorophyll known as trigger factor for carbohydrate 
production and important source of  growth and others metabolite 
processes. A number of research has been shown that plant growth 
regulator determine direction of explant growth. Growth regulators 
have been also reported could  improve the quality of vitro-plant. 
Optimization of growth regulator related to enhance chlorophyll 
and carotenoid content of leaf and could be effected to stimulatory 
or regulatory action on biosynthesis of chloroplast pigments 
(Iqtidar et al., 1994).  On the other hand, plantlets that have grown 
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in vitro have been continuously exposed to a unique 
microenvironment that has been selected to provide minimal stress 
and optimum conditions for plant multiplication. Plantlets were 
developed within the culture vessels under low level of light, 
aseptic conditions, on a medium containing simple sugar and 
nutrients to allow for heterotrophic growth and in atmosphere with 
high level of humidity make them survive at low frequency of 
survival just after transfer to soil (Kadlecek et al., 2001). To improve 
survival rate of the vitro plant to soil or field conditions the use of 
chemical such as plant growth regulators are of great interested. 
Moreover, the recent development of highly active growth 
retardants has further enhanced the potential uses of chemical 
regulators. Among them, paclobutrazol (PBZ) is widely used 
(Fernandes et al., 2004). The present report describes the response 
of shoot explant of c.v.Sidikalang and Tapaktuan on MS medium 
containing paclobutrazol for production plantlet with good vigor, 
especially response of explants on chlorophyll content and root 
formation. 
  

2. Material and Methods 
Plant material 
Plant material used in this research study was shoots derived leaves 
of patchouli (Pogostemon Cablin Benth.) Cv. Sidikalang and 
Tapaktuan  in vitro. Those shoots were derived from culturing 
young leaves of seedlings taken from Indonesian Spice and 
Medicinal Crops Research Institute, Bogor, Indonesia.  In vitro 
shoots developed on Murashige and Skoog Medium (1962) medium 
were used for planlet induction.  
 
Experiment Design and  treatments 
A Completely Randomized Block Design with factorial pattern 
involved two factors was used on this experiment  and replicated 
two times.The first factor was patchouli cultivar (v) that consisted 
of two cultivar Sidikalang (v1), Tapak Tuan (v2), and the second 
factor was paclobutrazol concentration (p) that consisted of five 
concentrations of Paclobutrazol (PBZ) namely control (p1), 0.5 ppm 
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(p2), 1,0 ppm (p3), 1.5 ppm (p4), 2,0 ppm (p5).  All culture media 
were supplemented with 3.0% sucrose and adjusted pH to 5.8 
before autoclaving and solidified with 0.8% agar. The cultures were 
maintained under 16 h photoperiod of 980 lux at 28±1

o
C. After 

culture for 4-6 weeks percentage of shoot produced root, number 
of roots and root length. Complete plantlets (shoots with roots) 
obtained from the above procedures were carefully pulled out from 
bottle and agar-agar was absolutely removed. The plantlets were 
placed in 2 inch diamer of plastic glass containing soil mixture and 
kept under high humidity and low light intensity. During 4 weeks of 
acclimatization  survival percentage of plantlets obtained from each 
culture media and PGRs were recorded and statistically measured.  
 
Observation  
After 100 days after culture (DAC)  observation has been done on  
time of shoot and root formation, number of axilar shoot, number 
leaf per explants, number of root per explants and Chlorophyll 
content. Chlorophyll content from Leaf samples were measured by 
Chlorophyll Content Meter Type CCM-200 Apogee Company. 
 

3. Result and Discussion 
The overall results of the Fischer–test analysis showed that there 
were interaction between Pogostemon variety (cv, Sidikalang and 
Tapaktuan) and PBZ concentration (0,0 ppm; 0,5 ppm; 1,0 ppm; 1,5 
ppm; and 2,0 ppm)  on  shoot initiation (Table 1.).  
 
Shoot and Root Initation 
Further analysis with Duncan’s multiple range at 0.05 level showed 
that Sidikalang and Tapaktuan variety at PBZ 0,5 ppm, 1,0 ppm, 1,5 
ppm, dan 2,0 ppm were no significant effect to shoot intitiaton, 
except  at  0,0 ppm (Tabel 2). The fastest  shoot initiation from both 
cultivar Sidikalang and Tapak Tuan was obtained from media MS 
without PBZ compared to media containing PBZ between 0,5-1,5 
ppm.  
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     Table 1. Value of F-test of Main Character 

       Note : ns = non significan; s= significant at 0.05 levels. 

Source of 
 Variance 

 Shoot 
Initiation 

Root 
Initiation 

Shoot 
Number  

Leaf 
Number  

Root 
Number  

Leaf 
Chlorophyll 

Content  

Treatment 3.045* 3.265* 0.519
 ns

 1.008
 ns

 0.569
 ns

 
 

14.847* 

Variety (V) 0.516
ns

 5.366* 1.864
 ns

 1.830
 ns

 0.002
 ns

 
 

89.548* 
PBZ (PBZ) 
concentration 

2.162
 ns

 4.294* 0.612
 ns

 0.252
 ns

 0.759
 ns

 
 

9.077* 
Interaction  
(VXPBZ) 

4.560* 1.711
 ns

 0.090
 ns

 1.559
 ns

 0.520
 ns

 1.942
ns
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In line with Gerrits and De Klerk  (1992) report that media 
compotition and retardant i.e. PBZ have effect to inhibit GA 
production. 
 
Table 2.   Effect of Paclobutrazol on  Shoot Initiation (DAC) 
                 Of Sidikalang and Tapaktuan Variety 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Means 
with capital letter  in the same row  are not  significantly different 
based on  Duncan’s multiple range at 0.05 levels 

 
These action could reduce size and cell division. As shown 

in Table 2. shoot initiation in MS media without PBZ faster than MS 
media containing PBZ  for both Sidikalang and Tapak Tuan cultivar.  
Root initiation of Tapaktuan cultivar was faster than Sidikalang 
cultivar (Table 3. In addition, root initiation on MS media containing 
2,0 ppm was the latest than on MS without  PBZ.  

 
 

PBZ concentration Variety (v) 

(p) Sidikalang (v1) Tapaktuan (v2) 

PBZ 0,0 ppm 13,33 a 14,17 a 

(p1) A A 
PBZ  0,5 ppm 17,83 b 16,33 b 

(p2) B A 

PBZ 1,0 ppm 19,00 c 14,17 a 

(p3) B A 
PBZ 1,5 ppm 17,67 b 18,67 b 

(p4) A B 

PBZ2,0 ppm 13,33 a 22,00 c 

(p5) A B 
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Table 3. Effect of Paclobutrazol on Root Initiation of Sidikalang and 

Tapaktuan Variety 

        Means with capital font in the same row and small letter in the 
same columns are not significantly different based on  Duncan’s 
multiple range at 0.05 levels. 
 
Number of axilar shoot  

In Tabel 4, showed  Sidikalang cultivar has highest number 
of shoot than Tapak Tuan cultivar. Highest number of shoot was 
obtained on MS media without PBZ.  
Table 4.   Effect of Paclobutrazol on Shoot Formation of Sidikalang 
                and Tapaktuan Variety 

Treatment Number of Shoot  

Variety     
Sidikalang (v1) 27.4660 A 
Tapak tuan (v2) 26.1054 B 

Media     

PBZ  0,0 ppm (p1) 28.204 A 

PBZ   0,5 ppm (p2) 26.564 B 

PBZ   1,0 ppm (p3) 26.385 B 

PBZ  1,5 ppm (p4) 26.888 B 

PBZ   2,0 ppm (p5) 25.888 B 

Treatment Root Initiation 
Variety     

Sidikalang (v1) 13.2213 B 
Tapak tuan (v2) 12.1414 A 

Media     

PBZ  0,0 ppm (p1) 11.082 A 

PBZ   0,5 ppm (p2) 12.219 A 

PBZ   1,0 ppm (p3) 12.885 B 

PBZ  1,5 ppm (p4) 13.357 BC 

PBZ   2,0 ppm (p5) 13.864 C 
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            Means with capital letter  in the same row  are not  
significantly different based on  Duncan’s multiple range at 0.05 
levels 
 
Number of Leaf 
 
Sidikalang cultivar has higher number of leaf than Tapak Tuan 
cultivar. Concentration of PBZ between 0,5 – 2,00 ppm  in MS 
medium has no significant result on leaf  number. MS media 
containing PBZ has lower number of leaf compared to  MS media 
without PBZ (Table 5.).  
 

 
Number of Root 

Number of root is critical criteria for plantlet 
acclimatization. Based on Table 6., the number of root was 
significantly higher in PBZ treated plantlets as compared to the 
control. PBZ with concentration 2,00 ppm       

 
Table5. Effect of Paclobutrazol on Leaf  Number of Sidikalang and 
             Tapaktuan Variety 

Treatment 
Number of Leaf 

Variety 
    

Sidikalang (v1) 28.4872 A 
Tapak tuan (v2) 26.0214 B 

Media     

PBZ  0,0 ppm (p1) 28.238 A 

PBZ   0,5 ppm (p2) 28.241 A 

PBZ   1,0 ppm (p3) 26.150 A 

PBZ  1,5 ppm (p4) 26.248 A 

PBZ   2,0 ppm (p5) 27.395 A 

            Means with capital font in the same row and small letter in 
the same columns are 
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            not  significantly different based on  Duncan’s multiple range 
at 0.05 levels. 
 

Table 6. Effect of Paclobutrazol on Number of Root  of Sidikalang 
and Tapaktuan Variety 

 

Treatment Number of root 

Variety     

Sidikalang (v1) 18.8183 A 
Tapak tuan (v2) 18.7723 B 

Media     
PBZ  0,0 ppm (p1) 17.426 C 
PBZ   0,5 ppm (p2) 19.302 AB 
PBZ   1,0 ppm (p3) 18.410 BC 
PBZ  1,5 ppm (p4) 18.351 BC 
PBZ   2,0 ppm (p5) 20.488 A 

            Means with capital letter  in the same row  are not  
significantly different based on  Duncan’s multiple range at 0.05 
levels 
 

        Figure1. Root treated Planlet  with PBZ 0 ppm (A), PBZ  1 
ppm, and PBZ 2 ppm (C) 
was able to stimulate highest number of root than other 
concentration. Response of explants of Pogostemon cv. Sidikalang 
and Tapak Tuan in MS media containing PBZ showed that action of 
PBZ  able to stimulate root formation. Paclobutrazol is a thiazol that 

 

 
B 

C B A 

A 
A 
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inhibits the conversion of ent-kaurene into ent-kaurenic acid, thus 
reducing the level of gibberelins in plant tissue (Radermacher et al., 
1987). Inhibition of gibberelic acid synthesis had a stimulating 
effect on the processes of in vitro morphogenesis in of root of  
Pogostemon.  
 
Content of Chlorophyll  

As shown in Tabel 8. cv. Sidikalang has higher chlorophyll 
content then cv. Tapak Tuan. Application of PBZ on MS medium  as 
significantly different with MS medium without PBZ. MS medium 
containing PBZ 2.00 pmmm has the best chorophyll content 
compared to other lower concentration of PBZ (0,5 ppm (p2); 1,0 
ppm (p3); and 1,5 ppm. This result has also mentioned by Jaleel et 
al. (2007) that application of PBZ in vitro increases in the 
chlorophyll content. The following effects were found as a result of 
application of PBZ in vitro: the net photosynthetic rate, the internal 
CO2 concentration, the thickness of the leaves, epidermis, cuticle, 
palisade and spongy parenchyma, and the diameter of the phloem 
elements, a decrease in the diameter of the xylem vessels, 
reducetions in transpiration rate. Chlorophyll content is one of the 
indirect markers of the efficiency of the photosynthetic apparatus, 
informing as it does about all chlorophyll 
 
Table 8. Effect of Paclobutrazol on Chrorophyl Content  of 
Sidikalang and Tapaktuan Variety 

Treatment Leaf chlorophyll content 

Variety     

Sidikalang (v1) 6.7874 A 

Tapak tuan (v2) 4.6454 B 

Media     
PBZ  0,0 ppm (p1) 5.367 BC 
PBZ   0,5 ppm (p2) 4.637 C 
PBZ   1,0 ppm (p3) 5.707 BC 
PBZ  1,5 ppm (p4) 6.385 AB 
PBZ   2,0 ppm (p5) 6.486 A 
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            Means with capital font in the same row  are not  
significantly different based on  Duncan’s multiple range at 0.05 
levels. 
  
and not only that which takes part in photosynthesis. 
Photosynthesis is a physiological marker related to in vitro plant 
quality (Borkowska, 2003).  Result of Photosynthesis process has 
also provided energy at molecular level that will stimulate 
patchouli oil as well as patchouli alcohol content of Pogostemon. 
 
Acclimatization of Planlet 
 
After 100 days culture planlets were acclimatized.  The result of 
experiment showed that there is interaction between origin 
concentration of paclobutrazol to Pogostemon plantlet growth on 
height of plant character. In number of roots, chlorophyll content, 
number of leaves and weight of plant showed there is no 
interaction between origin concentration of paclobutrazol to 
Pogostemon plantlet growth. Sidikalang plantlets showed different 
response compare to Tapak Tuan plantlets. Sidikalang plantlets is 
better than Tapak Tuan plantlets at number of roots, chlorophyll 
content, number of leaves, weight of plant and height of plant. 
Compared to the planlet without PBZ, shows that PBZ treated in 
vitro plants are better prepared for acclimatization.  
 

4. Conclusion  
The obtained experimental data on effect of paclobutrazol to MS 
medium on planlet of  patchouli (pogostemon cablin benth.) cv. 
sidikalang and tapaktuan  in vitro parameters of planlet yielded, the 
conclusion that PBZ stimulate and increase chlorophyll number and 
root number rooting. Over all result showed that cv. Sidikalang has 
better response than cv. Tapaktuan on on the character of 
chlorophyl, the number of roots, number of shoots and roots 
formed the initial time.  
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A recombinant Saccharomyces cerevisiae that assimilates xylose 
was adapted in xylose medium by a series of culture transfers. An 
adapted strain that was isolated from the medium showed high 
growth rate compared to the original one. Molecular breeding 
strategy to construct high growth rate recombinant yeast was 
prepared by comparing metabolite profiles of both adapted and 
non-adapted yeast strains using GC-TOF/MS and CE/MS. Several 
amino acids and metabolites involved in pentose phosphate 
pathway (especially S7P) showed significant change in 
accumulation level between the strains, whereas metabolites 
involved in TCA cycle did not show any significant changes. A 
recombinant yeast with altered S7P accumulation level was then 
constructed and showed similar cell growth profile to that of 
adapted strain. This suggested that non-oxidative part of pentose 
phosphate pathway is important to cell growth of xylose-
assimilating recombinant yeast in xylose. 
 
Keywords: Saccharomyces cerevisiae, metabolome, GC-TOF/MS 
and CE/MS 
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1. Introduction 
Increasing concerns in global warming and reusable 

energy has accelerated the development of ethanol production 
technology from lignocellulosic biomass [1]. Fermentable sugars 
are obtained from hydrolysis product of cellulose and 
hemicellulose, the two main polymers in the biomass. These sugars 
are then converted into ethanol by a process called fermentation, 
which is solely performed by microbes. Sugar contents in the 
hydrolyzate are varied depend on plant origin. Glucose became the 
main sugars (35-50%), wherexylose, which is commonly derived 
from hemicellulose, became the most abundant pentose in the 
hydrolyzate (4-23%) [2]. Thus, efficient utilization of xylose 
becomes the key for successful ethanol production from 
lignocellulosic biomass. 

Recombinant yeastSaccharomyces cerevisiae expressing 
heterologous XYL1 (encoding xylose reductase),  and , XYL2 
(encoding xylitol dehydrogenase) from yeast fermenting yeast, 
Pichia stipitis, and indigenous XKS1 (encoding xylulokinase) has 
been constructed and shown to be able converting xylose into 
ethanol [3]. However, this strain consumed xylose at slower rate 
compared to that of glucose, and produced xylitol as major 
byproduct [4]. This indicated that there are metabolic limitations 
on xylose conversion in this recombinant yeast. 
Numerous efforts have been focused to eliminate these limitations 
in order to construct engineered xylose-utilizing recombinant yeast 
with improved ethanolic fermentation. A number of metabolic 
engineering strategies have been applied,  including (1)increasing 
xylose transport rate by expressing  heterologous pentose 
transport system [5], (2)resolving intracellular cofactor imbalance 
by fine-tuning expressing level of the first two enzymes in xylose 
assimilation, NADPH-dependent xylose reductase and NAD-
dependent xylitol dehydrogenase [6], (3)engineering oxidative 
pentose phosphate pathway (PPP) and ammonium assimilation 
pathway [7-8], and (4)increasing xylose assimilation flux toward 
main sugar metabolism pathway by enchancing activity of non-
oxidative PPP and glycolysis [9].   To date, however, ethanol 



 

 808 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

fermentation performance of recombiant yeast from xylose is still 
lower than from glucose, indicating that there are still other 
metabolic limitations presentinged in xylose metabolism of 
recombinant yeast. Transcriptome and proteome analysis have 
been carried out for in-depth analysis of xylose metabolism. 
Although many new insights could be revealed, however, it is 
difficult to interprete large-scale data from such analysis results 
into practical metabolic engineering strategy. Moreover, 
effectiveness of the applied engineering strategies should be 
precisely confimed and evaluated in order to achieve a successful 
engineering approach. 

In the other side, intracellular metabolite profile of a cell 
will be changed when particular genes are manipulated or being 
objected into an environmental perturbation [10]. Analysis of these 
changes will give new insights to how the perturbations contribute 
to phenotypic changes [11]. Metabolomics has become an emerged 
technology to analyze intracellular metabolites comprehensively 
[12]. Recently, it was applied to determine limiting step of sulfite 
production in bottom-fermenting Saccharomyces strain for beer 
production [13]. 

Based on this approach, metabolic profiling analysis 
strategies for metabolic modification for construction of high 
efficient recombinant yeast can be proposed. At the same time, the 
applied strategies can also be evaluated. This study aims to assess 
the possibility of using metabolomics as a tool to propose 
engineering strategy, as well as to evaluated it,  for the 
construction of high growth rate recombinant yeast in xylose 
medium. A strain that was adapted in xylose medium by serial 
culture transfer was used as tested strainsample. Genetic 
modification strategy was proposed based on comparison result of 
metabolite profiles of adapted strain with parental strain during 
ethanol fermentation from xylose. Phenotypic changes in newly 
constructed recombinant strain wereas compared to that in 
adapted strain.  Analysis of metabolites those are involved in these 
changes was performed to evaluate the effectiveness of the 
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applied engineering strategy. Limiting step of xylose assimilation in 
recombinant yeast will also be discussed. 
  
2. Materials and Methods 
 
Yeast strains medium 
Strains used in this study are listed in Table 1. SD medium (20 g/l 
glucose, 6.7 g/l yeast nitrogen base without amino acids, 
appropriate amino acids), SDC medium (SD medium with addition 
of 20 g/l casamino acid), and SX medium (same as SD medium, 
glucose is replaced with 50g/l xylose) were used for preculture, 
main culture and fermentation medium, respectively. 
 
Table 1. List of strains used in this study 

Strain Relevant feature Source or 
reference 

Saccharomyces cerevisiae 
MT8-1 Mata ade his3 leu2 trp1 

ura3 
[14] 

MT8-1X Mata ade his3 leu2 trp1, 
expressing XR, XDH, and 
XK 

[4] 

MT8-1X/Ad MT8-1X that has been 
adapted in xylose 

This study 

MT8-1X/pGK404 MT8-1X, harboring 
pGK404 

[15] 

MT8-1X/TAL MT8-1X, overexpressing 
S.cerevisiaeTAL1 driven 
by PGK1 promoter 

[15] 

Adaptation of recombinant yeast in xylose medium 
 
Recombinat yeast MT8-1 was grown in 5 ml SD medium for 24 h at 
30°C in a water bath shaker. The culture was then transferred into 
50 ml SX medium containing xylose as sole carbon source so the 
initial OD600 became 0.1, then the cultivation was continued under 
the same condition. When OD600 reached 1.5, the culture was 
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transferred into fresh 50 ml SX so the initial OD600 was 0.1, and 
grown in the same condition. Culture transfer was repeated until 
the third generation. Cell from the third generation was then 
isolated and named as MT8-1X/Ad. 
Ethanol fermentation 

Yeast strain was precultured in 5 ml SD medium at 30°C 
for 24 h in a water bath shaker, before being transferred into a 
buffled flask containing 500 ml SDC medium, so the initial OD600 
was 0.03. Main culture was performed at 30°C for 48 h with rotary 
shaking of 140 rpm. The cells were collected by centrifugation, 
washed twice with sterille distilled water, and then objected into 
100 ml fermentation bottle containing 100 ml SX medium, so the 
initial OD600 was reached 20. Fermentation was performed at 30°C 
for 96 h in a fermentation bottle equipped with two-outlet for 
releasing CO2 gas and a stir bar to mix the medium during 
fermentation at speed of 100-150 rpm.Concentration of xylose, 
ethanol, glycerol, and xylitol were quantified by Prominence LC-20 
HPLC system (Shimadzu, Kyoto, Japan) using ShimPack SPR-Pb 
column (Shimadzu). MilliQ water was used as mobile phase with 
flow rate of 0.6 ml/min. Column temperature was set to 80°C. The 
interested compounds were detected using refractive index 
detector RID-20A (Shimadzu). Cell concentration was estimated by 
correlation of OD600 and dried-cell weight (0.31 g-DW/OD600). 
 
Sample preparation for metabolome analysis 
Five ml of yeast sample was withdrawn from fermentation batch 
and collected by centrifugation. After washed twice with distilled 
water, the cell was then frozen in liquid nitrogen and freeze-dried 
(VD-800P, Taitec, Tokyo, Japan).Sample for GC-MS was prepared as 
follow. Hydrophilic primary metabolites were extracted from 10 mg 
dried yeast cells using 1 ml of a single-phase solvent mixture 
(MeOH, H2O, and CHCl3 in ratio of 2.5:1:1 (v:v:v)) l of 2-
isopropylmalic acid solution (1 mg/ml in H and 60 2O) as internal 
standard in a 2 ml centrifuge tube. The mixture was shaken by 
vortex and incubated in a mixer (Thermomixer Comfort, Eppendorf, 
Hamburg, Germany) at 1200 rpm and 37°C for 30 min. After 
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centrifuged at 16000×g for 3 min, l of supernatant was transferred 
into new 1.5 ml centrifuge tube and mixed 900  l of H2O. The 
mixture was then centrifuged at 16000× with 400 g for 3 l of polar 
phase was concentrated under vacuum in a centrifugal min, and 
200  concentrator (VC-36S, Taitec, Tokyo, Japan) for 1 h, and dried 
in a freeze dryer for overnight. Derivatization was carried out in a 
mixer at 1200 rpm and l of methoxyamine hydrochloride 10 mg/ml 
(in 30°C for 90 min with 100 pyridine) (Sigma-Aldrich, St. Louis, 
MO, USA), and subsequently at 37°C for 30 l of N-methyl-N-
(trimethylsilyl)trifluoroacetamide (GL Sciences, min with 50  
Tokyo, Japan).Sample for CE-MS was prepared as follow. 
Intracellular metabolites from 10 mg of dried yeast cell were 
extracted by 900 l of the same solvent mixture used for 
preparation of GC-MS analysis sample containing 3.06 M of 1,3-
piperazinediethanesulfonic acid (PIPES) and 305 M of adipic acid 
as internal standards. The cells were disrupted in Multibeads 
Shocker (Yasui, Osaka, Japan) with 300 mg of glass beads (0.5 mm 
in diameter), followed by mixing at 1200 rpm and 15°C for 30 min. 
After centrifuged at 16000×g for 3 min, supernatant was 
transferred into new 1.5 ml centrifuge tube. Subsequently, 280 l 
of H2O was added and then mixed by vortex before centrifuged at 
16000×g for 3 min. Three hundred l of polar phase was 
transferred into new 1.5 ml centrifuge tube, and dried under 
vacuum in centrifugal concentrator for overnight. Pellet was 
resolved in 15 l of MilliQ water, and used as analysis sample. 
 
Instrumental analysis 
GC-MS analysis was performed by 6890N gas chromatography 
(Agilent Technology, California, USA) coupled with Pegasus III TOF-
MS (Leco, Michigan, USA). Metabolites were separated using CP-SIL 
8 CB low bleed fused silica capillary (5% diphenyl and 95% 
dimetylpolysiloxane, 30 m of length, 0.25 mm of inner diameter, 
and 0.25 m of film thickness) as column. One l of derivatized 
sample was injected into the column using 7683B series 
autoinjector (Agilent Technologies) with split ratio of 1:5. 
Temperature of inlet liner was set to 230°C, and helium was used 
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as carrier gas with flow rate of 1 ml/min. Temperature of transfer 
line and ion source were set to 250°C and 200°C, respectively. 
Column temperature was set to 80°C for 2 min, and then increased 
to 330°C with the increment of 15°C/min, and finally keep the 
temperature for 10 min. Ion was produced with 70 eV of electron 
beam, and was recorded with the scan speed of 20 spectra/min 
and m/z range of 85-500. Accelerated voltage was applied at 245 
sec after the sample was injected as considered as solvent delay. 
All analysis and data acquirement were controlled using 
ChromaTOF software (Leco).CE-MS analysis was performed as 
follow. Fused capillary (100 cm m inner diameter) filled with 30 mM 
ammonium formate (pH 10.0) was length, 50  installed in a 7100 
series capillary electrophoresis (CE) system (Agilent Technologies) 
coupled with 6220 accurate TOF MS (Agilent Technologies). MS was 
set as anode, and CE was set as cathode. Sheath liquid (50% (v/v) 
methanol, containing standard purine (([M-H]-, m/z 119.03632) 
and hexakis(1H,1H,3H-tetrafluoroproxy)phosphazine ([M-H]-, m/z 
966.000725)) was used to stabilize electrical conductivity of the 
edge of capillary and grounded electrospray needle. An isocratic 
pump (1200 series HPLC pump, Agilent Technologies) was used to 
deliver sheath liquid with flow rate of 8 l/min. Sample was 
injected into the capillary by applying pressure (50mbar) for 10 sec 
or 30 sec (equivalent to about 10 or 30 nl). Electrophoresis was 
conducted by applying 30 kV of electricity to the capillary. 
Temperature of capillary and sample were set to 20°C and 6°C or 
below, respectively. Electrospray ionization was performed under 
negative mode. 
 
Data analysis 
Raw chromatograms obtained from GC-MS analysis result were 
baseline corrected and converted into CDF format using 
ChromaTOF (Leco), followed by peak detection and alignment using 
MetAlign software. The detected peaks were annotated by 
comparing their retention time and fragmented mass to those of 
standard compounds registered in the in-house library. Each 
annotated metabolite was relatively quantified by normalizing their 
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peak heights with that of internal standard. In the other side, peaks 
in electropherogram acquired from CE-MS analysis result were 
identified using MassHunter software (Agilent Technologies), and 
then annotated by comparison of their accurate mass and 
migration time to those of standard compounds registered in the 
in-house library. Each annotated metabolite was then normalized 
against internal standard. A data matrix composed by GC-MS and 
CE-MS result was constructed and rescaled by normalization 
against the highest data of each metabolite among the samples. 
This process will give equal weight to each metabolite. Principle 
component analysis (PCA) was performed using Simca-P+ version 
12 software (Infometrics, Umeå, Sweden. 
 3. Result and Discussion 
Adaptation of yeast in xylose medium 
Adapted recombinant yeast strain MT8-1X/Ad was isolated from 
third generation of serial trasfer of aerobic culture of recombinant 
yeast MT8-1X. As shown in fig.1, MT8-1X/Ad has about 8 times 
higher (0.174 h

-1
 compared to 0.022 h

-1
) of specific growth rate and 

1.5 times higher of both specific xylose consumption and specific 
ethanol production ratecompared to the parental strain (fig.2). 
However, the strain was also showed higher co-products 
production. Specific glycerol production rate and specific xylitol 
production rate of the adapted strain was increased about 2 and 3 
times, respectively, compared to that of parental strain (fig.2). 
These results suggested that adaptation of recombinant strain in 
xylose medium resulted in significant changes of its ethanol 
productivity. 

 
Fig.1. Growth profile of S.cerevisiae MT8-1X in xylose medium after 
several culture transfer. 
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Fig.2. Time-coursed growth (A) and fermentation profile of xylose 
(B), ethanol (C), glycerol (D), and xylitol (E) production of 
S.cerevisiae MT8-1X (open circle) and MT8-1X/Ad (close circle) in 
xylose medium. Bar represents s.d. of triplicated experiments. 
 
Changes of intracellular metabolite profiles of recombinant yeast 
after adaptation 
To analyze the effects of adaptation to fermentation performances 
of recombinant yeast, both parental and xylose-adapted strains 
were objected into ethanol fermentation from xylose. The cells 
were taken from the fermentation batches within the period that 
showed linear concentration changes of xylose and ethanol in the 
medium (8-36 h). Intracellular polar metabolites were extracted 
using a single-phase mixed solvent as described in Materials and 
Methods. The extracts were then analyzed by GC-MS and CE-MS, 
and the peaks were annotated by comparison of their retention 
time (migration time in CE-MS result) and m/z information to in-
house standard compounds library. Total 83 compounds were 
annotated from the extracts based on both analysis results. 
Principle component analysis (PCA) was conducted to analyze the 
data structure based on variances of each metabolite in the yeast 
samples. Relative abundance of intracellular metabolites of time-
coursed sampled parental and adapted strains was used as data 
after objected into several steps of data processing. PCA result 
revealed that 83.4% of all variances in the dataset could be 
expressed by the first two principle components (PC). Score plot of 
PCA result showed that PC1 expressed 74.7% of total variances and 
represented sampling time differences (fig.3A). PC2 expressed 8.8% 
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of total variance and discriminated parental and adapted strains. 
Metabolites those are contributed to PC2is showed in fig.3B. 
Sedoheptulose 7-phosphate (S7P) was highly accumulated in 
parental strain (fig.3C). From these result, phenotypic changes of 
recombinant yeast after adaptation in xylose medium could be due 
to changes of metabolic profiles to respose such environment 
perturbation. Significant decrease in accumulation level of S7P 
suggested that changes of ethanol fermentation performance in 
recombinant yeast were mainly related to the changes of activity of 
PPP. Therefore, a strain with similar performance as adapted strain 
could be constructed by adjusting its metabolite profile, especially 
by decreasing accumulation level of S7P. 
 
 

 
Fig.3. Score plot (A) and loading plot of PC1 (B) of principle 
component analysis result of metabolite profiles of S.cerevisiae 
MT8-1X (open marks) and MT8-1X/Ad (close marks). Each type of 
mark on fig.3A represents sampling time (circle, 8h; rectangle, 16h; 
diamond, 20h; triangle, 24h; hexagon, 36h). Time-course relative 
abundance of S7P in both strains (C). Symbols are the same as 
above. Bar represents s.d. of triplicate experiments. 
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TAL1-overexpressed recombinant yeast strain 
S7P is an important intermediates in non-oxidative part of PPP. It 
acts as product of transketolase, and also as substrate for 
transaldolase. Previously, a recombinant yeast that overexpressing 
transaldolase-encoding gene TAL1 showed significant decreased in 
accumulation level of S7P. Hence, this gene can be considered as a 
good target for constructing a strain with similar properties as 
adapted strain. 
In this study, we used previously constructed TAL1-overexpressing 
recombinant yeast MT8-1X/TAL strain. TAL1 was driven under PGK1 
promoter, and was integrated into the host genome in his3 site by 
homologous recombinant. MT8-1X/pGK404 strain that harboring 
empty plasmid was used as control strain. Quantitative RT-PCR 
result revealed that expression level of TAL1 was 14.4 fold 
increased in MT8-1X/TAL strain compared to control strain (data 
not shown). 
Ethanol fermentation of TAL1-overexpressing recombinant yeast 
To investigate the effectiveness of overexpressing TAL1 gene in the 
construction of strain that has similar properties as adapted stain, 
MT8-1X/TAL strain was objected into ethanol fermentation under 
the same condition as mentioned above. As shown in fig.4, xylose 
consumption rate and specific ethanol production rate in MT8-
1X/TAL strain were slightly increased about 1.4- and 1.1- fold, 
respectively, compared to those in MT8-1X/pGK404 strain. These 
changes were also observed in MT8-1X strain after being adapted 
in xylose medium. However, significant changes were observed in 
co-product production. MT8-1X/TAL strain showed half decreased 
in specific glycerol production rate, where specific xylitol 
production rate was increased 3.6-fold compared to those in MT8-
1X/pGK404 strain. Final xylitol concentration in MT8-1X/TAL strain 
was also increased 1.4 fold compared to that in MT8-1X/pGK404 
strain (fig.4). This result suggested that overexpression of TAL1 was 
significantly involved in co-product production but not to ethanol 
production. 
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Fig.4. Time-coursed growth (A) and fermentation profile of xylose 
(B), ethanol (C), glycerol (D), and xylitol (E) production of 
S.cerevisiae MT8-1X/pGK404 (open circle) and MT8-1X/TAL (close 
circle) in xylose medium. Bar represents s.d. of triplicated 
experiments. 
 
To further explore the effect of TAL1 overexpression to phenotypic 
changes in recombinant yeast, both MT8-1X/TAL and MT8-
1X/pGK404 cells were taken from fermentation batches and the 
intracellular polar metabolites were extracted and analyzed by GC-
MS and CE-MS. Metabolite profile of both strains was then 
analyzed by PCA. The result revealed that 84.8%% of all variances in 
the dataset could be expressed by the first two PCs. PC1 expressed 
75.0% of total variances and contributed in the separation of 
samples based on strain type. MT8-1X/TAL strain was separated 
from MT8-1X/pGK404 strain by PC2, which contributed in 9.8% of 
total variances. Loading plot of PC2 revealed that S7P was highly 
accumulated in MT8-1X/pGK404, where uracil were highly 
accumulated in MT8-1X/TAL. Interestingly, GAP, gluconic acid, 
anthranilic acid, and aspartic acid, which were important in 
separation of MT8-1X and MT8-1X/Ad strains, were not 
significantly contributed in separation of MT8-1X/TAL and its 
control strain. Oppositely, two metabolites those are highly 
accumulated in MT8-1X/TAL were not highly contributed in the 
separation of parental and adapted strain. 
When time-course change of accumulation level of each metabolite 
was plotted on metabolic map, MT8-1X/TAL showed significant 
decrease in S7P accumulation compared to control strain. 
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Accumulation level of other intermediates involved in PPP and 
glycolysis, as well as TCA cycle and amino acids, showed similar 
changes to that in MT8-1X strain after adaptation (data not shown). 

 
Fig.5. Score plot (A) and loading plot of PC1 (B) of principle 
component analysis result of metabolite profiles of S.cerevisiae 
MT8-1X/pGK404 (grey marks) and MT8-1X/TAL (dashed marks). 
Each type of mark on fig.5A represents sampling time (circle, 8h; 
rectangle, 16h; diamond, 20h; triangle, 24h; hexagon, 36h). Time-
course relative abundance of S7P in MT8-1/pGK404 (open circle) 
and MT8-1/TAL (close circle) (C). Bar represents s.d. of triplicate 
experiments. 
 
Recombinant yeast assimilates xylose by reduced it to xylitol and 
then followed by hydrolized it to xylulose, a sugar form that can be 
assimilated through pentose phosphate pathway (PPP). Since 
xylose is used as sole carbon source,  recombinant yeast should 
assimilate it through PPP. Hence, rate of sugar conversion in PPP as 
connecting pathway between initial xylose pathway and the main 
glycolysis pathway could be the limiting step of xylose assimilation. 
This could also affecting the growth of reccombinant yeast in 
xylose. 
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As the conclusion, metabolome analysis of recombinant yeast has 
successfully revealed the limiting step of growth of recombinant 
yeast in xylose medium. Further modification to achieve high 
efficient recombinant yeast can also be performed by combining 
this approach and suitable screening method. 
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Saccharomyces cerevisiae Amino Acid Vacuolar Transporter-7 
(Avt7) is one of the seven transporters recognized as vacuolar 
amino acid transporters. Avt7 is related to human SLC38A7, 
identified as a glutamine (Gln) transporter expressed in neurons. 
Substrates of four proteins belonging to AVT group have been 
characterized. Substrates for Avt2, Avt5, and Avt7 remain 
unknown. DNA microarray screening of novel intracellular proline 
(Pro) transporters revealed that expression of 20 amino acid or 
related transporter genes including AVT7 were doubled after Pro 
addition to the medium. Here, we analyzed intracellular amino acid 
levels in Δavt7 and wild-type cells, and subcellular localization of 
Avt7 in yeast. Amino acid analysis showed intracellular Pro level in 
whole-cell was lower in Δavt7 compared to wild-type upon Pro 
addition but increase in whole cell Gln level was higher in Δavt7 
than that of wild type after Pro addition which suggest Avt7 may 
control transport of Pro and Gln in yeast cells. Also, localization 
study using GFP tagging suggests Avt7 might localize to 
endoplasmic reticulum. RT-PCR analysis of Pro degradation genes 
(PUT1, PUT2), Glu synthase gene (GLT1), Gln synthetase gene 
(GLN1) expressions in wild-type and Δavt7 cells are being analysed. 
 
Keywords: amino Acid Vacuolar Transporter-7 (Avt7), 
Saccharomyces cerevisiae, glutamine (Gln) transporter 
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1. Introduction 
Transport of amino acid play a very important role in cell 

viability under stress conditions. Amino acid (Pro) is known to 
confer stress resistance to plant and bacterial species. A strain of 
S.cerevisiaewas engineered to accumulate Pro in the cell and this 
strain was found to be resistant to various environmental stresses 
caused by freezing, desiccation, oxidation, ethanol and 
osmosis(Takagi [1]).Also, result of a DNA microarray 
analysis(Nishida et al. [9]) for screening novel intracellular Pro 
transporters showed that with addition of Pro to SD medium 
expressions of several transporter genes including AVT7 were 
increased by two fold in PUT1 mutant MB329-17. 

AVT7 is one of the seven genes in S. cerevisiae predicted to 
code for membrane-spanning proteins (designated Avt1–7) that are 
related to the neuronal γ-aminobutyric acid-glycine vesicular 
transporter(Russnak et al. [2]).Recently a protein, one of the closely 
related proteins to Avt7 by amino acid sequence comparison, 
encoded by the human gene Slc38a7 was identified as glutamine 
transporter in rat neuronal cells and proposed to be named 
SNAT7(Hagglund et al. [3]). 

According to a preliminary unpublished result of indirect 
immunofluorescence (Russnak et al. [2]), Avt7 localizationwas 
reported as vacuolar membrane and plasma membrane. However, 
in the yeast GFP Fusion Localization Database 
(http://yeastgfp.yeastgenome.org/; Huhet al.[4]), subcellular 
localization of Avt7 is reported as ER. 

In this study, we analyzed the effect of Pro addition to medium 
on intracellular amino acid level and subcellular localization of GFP 
tagged Avt7. Here, we observed that Avt7 might control the 
transport of Gln and Pro. Also we observed that Avt7-GFP was 
localized to ER membrane like structure. 

 
2. Methods 
Strains and media. All theS. cerevisiae strainsand plasmids used 

in this study are listed in Table. 1.Yeast strains were grown 

http://yeastgfp.yeastgenome.org/
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aerobically at 30
0
C in SD medium (0.17% yeast nitrogen base w/o 

ammonium sulfate and amino acids, 0.5% ammonium sulfate, 2% 
glucose). Plasmid pVV208-AVT7 is used to overexpress the AVT7 
gene. Plasmid pAD4-AVT7-GFP is used to overexpress AVT7-GFP for 
fluorescence microscopy. 
 
Table 1. Yeast strains and plasmids used in this study 
 

 

Strain or plasmid Relevant genotype Background 
and/or 
description 

BY4741 (WT) MATa his3Δ1 leu2Δ0 
met15Δ0 ura3Δ0 

Wild type 
(Open 
Biosystems) 

Δavt7 BY4741 
avt7::KanMX4 

AVT7 deletion 
mutant (Open 
Biosystems) 

pVV208 CEN4 URA3 Van Mullem et 
al. [5] 

pVV208-AVT7 AVT7 in pVV208 Supplied by I. 
Nishida 

pRS415CgHIS3MET15 CEN6LEU2, HIS3, 
MET15 

Supplied by S. 
Morigasaki 

pVV215-AVT7 2-μm origin URA3 Van Mullem et 
al. [5] 

pFA6aGFP(S65T)-
KanMX6 

GFP kanMX6 Bahler et al. [6] 

pAD4 2-μm origin LEU2,The 
ADH1 promoter and 
terminator 

Episomal 
plasmid, 
(supplied by  
J. Nikawa) 

pAD4-AVT7-GFP AVT7-GFP in pAD4 This study 
pRS416CgHIS3MET15 CEN6 URA3, HIS3, 

MET15 
Supplied by S. 
Morigasaki 
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Amino acid analysis.WT, Δavt7, and AVT7 overexpressing strains 
were incubated overnight in SD medium, and the cells were 
inoculated in fresh 50 ml SD medium at the initial OD600=0.1 and 
incubated to final OD600=1. At this stage, 10 OD600 units of cells 
were harvested for whole cell extraction and then Pro was added 
to the culture at 50mM final concentration. One hour and 3 hours 
after the addition of Pro, 10 OD600 units of cells was harvested for 
whole cell extraction. For the preparation of whole cell extract, 10 
OD600 units of harvested cells were washed thrice with distilled 
water and boiled in distilled water for 20 min. After 
centrifugation(15000×g, 5 min), the supernatants were collected 
and amino acid concentrations were measured by automatic amino 
acid analyzer (JLC-500/V AminoTac, JEOL, Tokyo, Japan). Amino 
acid content was expressed as a percentage of dry cell weight 
(%DCW). 

Plasmid construction. First, the DNA fragment encoding 
AVT7 was amplified from the plasmid pVV215-AVT7by PCR using 
the primersHindIII-AVT7-F and AVT7-ORF-C-3 (Table. 2). Second, 
the DNA fragment encoding GFP was amplified from the plasmid 
pFA6aGFP(S65T)-KanMX6 by PCR using the primersAVT7Clong-
GFPN-ORF-F and GFP-Stop-SacI-R. Third, AVT7-GFP fragment was 
created by PCR using AVT7 and GFP fragments produced by first 
and second PCR as template and primers HindIII-AVT7-Fand GFP-
Stop-SacI-R. Finally, the AVT7-GFP fragment was digested with 
HindIII and SacI and ligated to aHindIII- and SacI-digested pAD4 
plasmid to construct the plasmid pAD4-AVT7-GFP. 
 
Table 2. Primers used in this study 
 

Primer names Oligonucleotide sequence 
(5’-3’) 

Significance of 
underlined 
sequence 

HindIII-AVT7-F(f) AGCTAAGCTTATGGAGGCTA
CATCAAGTGC 

HindIII site 

AVT7-ORF-C-3(r) GGCTTCATCTGAACGGTTGA  
AVT7Clong-GFPN-ORF-F(f) GTAACTGTATTCAACCGTTCA Final sequence of 
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GAGTAAAGGAGAAGAACTTT
T 

AVT7before stop 
code 

GFP-Stop-SacI-R(r) AGCTGAGCTCCTACTATTTGT
ATAGTTCATCCA 

SacI site 

 
 
Fluorescent microscopy.Δavt7cells harboring pAD4-AVT7-GFP were 
grown to the logarithmic growth phase in SD minimal medium at 
25

0
C and the cells were harvested and concentrated by a factor of 

10 by centrifugation. The cells were then treated with FM4-64 to 
visualize the vacuole as described previously (Suzuki et al. [7]).The 
morphology of the cells transformed with pAD4-AVT7-GFP plasmid 
was observed under Axiovert 200M microscope system (Zeiss, 
Germany). Images were captured with Axiocam MRm camera using 
AxioVision software(Zeiss, Germany). 
 

3. Results and Discussion 
Intracellular amino acid content. To investigate the cellular function 
of Avt7 as amino acid transporter, we compared the intracellular 
cell amino acid contents ofWT and △avt7 cellsbefore and after 
addition of Pro to SD medium (Fig. 1). 
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Figure 1. Intracellular amino acid content. A. Gln content in WT 
and Δavt7 with different levels of AVT7 expression. B. Pro content 
WT and Δavt7 with different levels of AVT7 expression. 10 OD600 
units of exponentially growing cells (0h) were harvested for whole 
cell extraction and then Pro was added to the culture at 50mM 
final concentration. One hour (1h) and3 hours (3h) after the 
addition of Pro, 10 OD600 units of cells were harvested from each 
strain culture for whole cell extraction. Intracellular amino acids 
were extracted from the 10 OD600 units of harvested cells by 
boiling in distilled water for 20 min. After centrifugation 
(15000×g, 5 min), the supernatants were collected and amino acid 
concentrations were quantified (errors are given as SD from 
means of two independent experiments). 
 
 
Amino acid analysis showed intracellular Pro level in whole-cell was 
lower in Δavt7 compared to WT upon Pro addition but increase in 
whole cell Gln level was higher in Δavt7 than that of WT after Pro 
addition. Also the initial level of Gln is higher in Δavt7 than in WT 
and overexpression of AVT7 decreases the initial level of Gln. These 
resultssuggest Avt7 may control transport or metabolism of Pro 
and Gln in yeast cells. 
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Subcellular localization of Avt7-GFP.To confirm the subcellular 
localization of Avt7, we constructed a multi copy plasmid pAD4-
AVT7-GFP encoding the AVT7 gene tagged with GFP at C-terminus 
under the control of constitutive ADH1 promoter and observed GFP 
fluorescence. GFP fluorescence did not co-localize with the red 
fluorescence of vacuolar marker FM4-64 (Fig. 2).  
 

 
 
Figure 2. Subcellular localization of Avt7-GFP. S. cerevisiae strain 
Δavt7 (AVT7 deletion mutant) harboring pAD4-AVT7-GFP plasmid 
were grown to logarithmic growth phase in SD medium, and the 
cells were observed under fluorescence microscope for the 
localization of Avt7-GFP. Cell morphology was observed through 
differential interference contrast (DIC) and stained with FM4-64 
to visualize the vacuole. Scale bars 5 μm 
 
 
This result indicates that Avt7-GFPlocalizes to ER 
membrane.However, in the yeast GFP Fusion Localization 
Database, subcellular localization of Avt7 is reported as ER (Huh et 
al. [4]). In contrast, in a study it was argued that GFP tagging caused 
partial inhibition of the vacuolar sorting which resulted in ER 
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targeting of Avt7-GFP and a significant population of Avt7-GFP 
localized at ER although the fluorescence of Avt7-GFP was 
observable at the vacuolar membrane (Chahomchuen et al [8]).  
 

4. Conclusion 
Here we analyzed the effect of Pro addition on intracellular amino 
acid level of yeast cells growing in SD medium and possible role of 
Avt7 in intracellular amino acid level change. Preliminary results 
from this study suggest that Avt7 may control transport of Pro and 
Gln in yeast cells.  
Subcellular localization of Avt7 was studied by overexpressing C 
terminal tagged AVT7 and the fluorescence microscopy analysis 
suggested ER targeting of Avt7-GFP. 
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Nile tilapia (Oreochromis niloticus) is one of important fish species in 
freshwater aquaculture. Nile tilapia has a euryhaline character that means 
have possibilities to be cultivated in water with wide range of salinity. Our 
previous research revealed that the transferrin gene has affected to the 
adaptation of salinity in Nile tilapia. In this study, transferrin gene was 
identified from liver tissue of 10 variant of Nile tilapia which represent the 
population of Nile tilapia in Indonesia. Level of gene expression of 
transferrin at salinity range of 0 ppt, 15 ppt, 25 ppt and 35 ppt previously 
was observed. The result of the level of gene expression can be used as 
recommendation for optimum salinity and suitable strain to be cultivated 
in brackishwater as well as seawater. Subsequently, in order to obtain a 
potential strain of Nile tilapia among 10 strains of Nile tilapia for brackish 
and sea water aquaculture, we contructed a specific primer for transferrin 
gene. Three tranferrin gene from 10 Nile tilapia variant was cloned in 
bacteria then sequenced. The sequenced gene was arranged to find the 
conserved region. From this conserved region, a specific PCR primer was 
constructed and designed to amplify transferrin gene fragment. As the 
result, the designed specific primer can amplify the transferrin gene from 
10 variant Nile tilapia and have revealed one of variant of Nile tilapia in 
Indonesia can be recommended to be cultivated in brackishwater and 
seawater. 
 

Keywords: Nile tilapia, transferrin gene, specific primer, brackish and sea 
water aquaculture 
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1. Introduction 
 

Tilapias belong to a genus of fish within the cichlid family and 
are among the Indonesia and world's leading aquaculture species, with 
the Nile tilapia at the forefront (Kocher, 2002). Tilapias are easily raised 
and harvested, with a short generation time, and tolerate a wide range 
of cultivation conditions (Roderick, 1999).  

 In Indonesia, since the availability of freshwater is a major 
bottleneck to escalating and industrialising tilapia aquaculture, the 
large number of abandoned coastal shrimp farms in brackish water 
habitats presents opportunities for expansion (Yi et al., 2002), allowing 
tilapia production to increase with minor investments. However, this 
will require development of tilapia that tolerate saltwater without 
reduction in growth performance and health. The survival of Nile tilapia 
fry is below 20% when the salinity reaches 25 ppt (Watanabe et al., 
1985).  
 Increased knowledge of genes involved in saltwater tolerance 
will facilitate selection of this trait. Such information could contribute in 
the development of tools for marker-assisted selection, giving the 
opportunity to increase saltwater tolerance in tilapia without 
compromising growth performance. One of the genes that involved in 
saltwater tolerance is transferrin. Transferrin is an iron binding 
glycoprotein. It is involved in several biological functions in a wide 
range of organisms and first of all as an iron transporter. Transferrin 
has an important role in the immune system, since by binding iron it 
limits the availability of iron for replicating pathogens (Stafford and 
Belosevic, 2003).  
 In this study, we carried out the identification and design a 
specific primer for transferrin gene in indonesian nile tilapias to obtain 
a potential strain for brackish and seawater aquaculture. 
 
2. Materials and Method 

 
2.1. Biological materials 
 A saltwater tolerance experiment was performed on eight 
weeks old fry of Indonesian Nile tilapias. Salt concentration was 
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increased from 0 to 35 ppt over 3 days in containers. Samples from 
surviving fish from 5 Indonesia Nile Tilapia strains were collected for 
comparison with fish that died early during saltwater exposure. Fin clips 
were stored in 95% ethanol. For the purpose of expression analysis a 
total of 20 Nile tilapias (average body length of 15 cm and an 
approximately equal distribution of the sexes) of five different strains 
were kept in tanks where the salt concentration was gradually 
increased. The salt concentration in one of the tanks was gradually 
increased every second day from 0 to 35 ppt during a period of 3 days, 
and the fish were kept for another 2 days in this saline condition. All 
the fish were then killed and dissected. Brains and gills were directly 
isolated for the RNA using Total RNA Isolation Kit (Fermentas) and 
preserved at −80°C. 
 
2.2. DNA and RNA extraction 

DNA was extracted based on Sambrook and Russell (2001). Fin 
clips were dissolved in lysis buffer and proteinase K overnight at 37 °C. 
Total RNA from Nile tilapia gills and brains represented by pools of 20 
individuals from the freshwater and saltwater groups respectively was 
isolated with the Total RNA Isolation Kit (Fermentas) following the 
standard protocol. The concentrations were measured on a Nanodrop 
Spectrophotometer (ND-1000) and the organs pooled. Equal amounts 
of the brain and gill isolations were mixed together to give a salt and 
freshwater pool respectively. 
 
2.3. Primer Design 
 Initial primer sequence of transferrin was designed for exons 
7, 9 and 10 of this glycoprotein by using BioEdit Sequence Alignment 
Editor software version 7.0.5.3 from transferrin gene sequences from 
Nile Tilapia strains from GenBank (Accession no : DQ272465, AJ318861, 
AJ312311, AJ318862). Conserved gene sequences of transferrin was 
designed for specific sequences using Primer 3 software version 0.4.0. 
The designed primer then was tested for hairpin, self-dimer, cross 
dimer, and palyndrome structure using NetPrimer PREMIER Biosoft 
International. 
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2.4. Transferrin Gene Amplification 
 For the amplification for quantitave transferrin gene expression 
analysis using Real Time PCR and qualitative PCR using forward  primer 
TRFF2 TTGACAACTATRAMR CCTGCTYCC and  reverse primer TRFR1 
CAGCSGTAAACACCTGACCT. The PCR reaction conditions were as 
follows: 95

o
C for 5 min, 30 cycles at 95

o
C for 30 s, 55

o
C for 30 s, and 

72
o
C for 1 min. PCR products corresponding to the expected size of the 

transferrin were purified on an agarose gel. 
 
2.5. Sequencing and Analysis 
 The PCR product was therefore cloned using pGEM-T Easy 
vector (Promega) with competent Escherichia coli DH5α. Standard PCR 
with T3 and T7-primers contained in a PRISM Ready Reaction Dye 
Primer UniCycle Sequencing Kit (Applied Biosystems). Sequencing 
reactions were performed with an automatic sequence analyzer 
(Applied Biosystem Genetic Analyzer 3130). Subsequently, the 
sequences data were analyzed by BLAST program 
(http://www.ncbi.nlm.nih.gov/ blast /Blast.cgi).  
 
2.6. PCR primer testing 
 Optimum annealing temperature of the designed primer was 
used as annealing temperature for PCR primer testing. Amplification 
with this annealing temperature was applied for PCR to the following 
Indonesian Nile Tilapia strains: GESIT, Red Nifi, Selfam, BEST, Chitra 
Lada, Umbulan, Putih, Nirwana, GIFT, and JICA. Tilapia Mozambique 
(Mujair, O. mossambicus), Carp (Cyprinus carpio), Channel catfish 
(Pangasius hipothalmus), and gouramy (Osprhronemus gouramy) were 
used as a negative control. 
 
3. Result and Discussion 

 
3.1. Transferrin Expression Gene 

 Real-time PCRs were run on 5 Indonesian Nile Tilapia and 
Mozambique Tilapia (Mujair) of pooled total RNA from gills for 



 

 833 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

detecting expression levels of transferrin in salt (15, 25, 35 ppt) and 
freshwater tilapia. Transferrin showed in average an 85% up-regulation 
in tilapia kept in saltwater. The real-time PCR data is showed in Figure 
1. The GESIT strain have revealed that have highest expression level for 
transferrin. In general, in this real-time PCR study transferrin showed 
upregulation in tilapias exposed to seawater. This is also reported in an 
a study on algae where a transferrin-like protein accumulates in the 
plasma membrane with rising external salinity (Fisher et al., 1998). Our 
results showing a transferrin gene expression associated with saltwater 
tolerance, and the differences in transferrin expression in tilapia kept in 
saltwater compared to freshwater clearly indicate that transferrin is 
involved in saltwater tolerance. 

 
Figure 1. Real Time PCR result for Indonesian Nile Tilapia 

transferrin gene expression in various salinity level  
 
 

3.2. Optimum PCR for transferrin  amplification 
 Since transferrin gene expression level of GESIT and Selfam 
strains is in higher level than other, we then used both strains for 
optimization for PCR proses. Figure 2 showed the sample in Lane 1, 5 
and 9 have annealing temperature 56

o
C. The sample in Lane 2, 6 and 10 

have annealing temperature 57
o
C. Others, the sample in Lane 3, 7 and 

11 have annealing temperature 58
o
C. Subsequently, the sample in Lane 
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4, 8 and 12 have annealing temperature 59
o
C. This figure revelead that 

the optimum annealing temperature for transferrin gene amplification 
using TRF F2 dan TRF R1 primer is 59

o
C. 

 
 

 
 

Figure 2. Three strains of Indonesian Nile Tilapia transferrin DNA 
amplification using                TRF F2 and TRF R1 primer  

M: 1 kb ladder, Lane 1-4: GESIT strain, 5-8: Red NIFI strain, Lane 9-12: 
Selfam strain  

 
 

3.3.  Transferrin Gene Cloning 
 Twelve-white colonies from transformation to E.coli result then 
cultured in SOB media to confirm the insert gen of transferrin. Cloning 
of the transferrin was confirmed with direct PCR colony (insert 
checking) method and electrophoresed using TRF F2 dan TRF R1 primer 
(Figure 3). The confirmed insert gene are 2 colonies from GESIT strain 
and 1 colony from RedNIFI strain (each 515 bp in size) and 1 colony 
form selfam strain (800 bp in size). 
 
 
3.4.  Sequencing and Analysis 
 Up to this point only exons 7-10 of the tilapia transferrin gene 
has been defined for the tilapia species O. aureus and O. mossambicus 
(Cnaani et al., 2002). The complete genomic DNA sequence of the Nile 
tilapia transferrin gene, with detailed information of exon and intron 
boundaries, is available (GenBank accession no. DQ272465). The gene 
consists of 7010 base pairs, with 17 exons separated by 16 introns, 
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including parts of the 5′ and 3′UTR regions. Therefore we tried to 
sequence partially the transferrin gene exon 7-11 of GESIT, RedNIFI and 
Selfam strain. For the results, A nucleotide-nucletide BLAST (BLASTn) at 
NCBI gave the highest similarity match with the transferrin protein 
sequence of O.niloticus TRF gene exon 7-10, with an identity score of 
100% for GESIT strain, followed by RedNIFI and Selfam strain with 98% 
identity score. The nucleotide-nucleotide homology with O. niloticus 
exon 7-10 with GESIT, RedNIFI and Selfam strain is showed on Figure 4. 
 
 
 

 
Figure 3. Insert checking for transferrin gene cloning result of 3 strains 

of Indonesian Nile Tilapia using TRF F2 and TRF R1 primer 
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               M: 1 kb ladder, A: GESIT strain, B: Red NIFI strain,  C: Selfam 
strain 
               Lane 1-12: Colony PCR samples  
 

 
 
Figure 4. Nucleotide-nucleotide homology with O. niloticus exon 7-10 

with GESIT, RedNIFI and Selfam strain 
 

3.5.  Designed Specifif Primer 
PCR primer testing for TrfNF and TrfNR primer is shown on Figure 

5. A pair of this primer could be amplified transferrin gene of 10 strains 
Indonesian Nile Tilapia (GESIT, Red Nifi, Selfam, BEST, Chitra Lada, 
Umbulan, Putih, Nirwana, GIFT, and JICA), but could not be amplified 
for Carp, Channel catfish, and gouramy. As a conclusion, the designed 
specific primer (TrfNF and TrfNR) can amplify the transferrin gene from 
10 variant Nile tilapia and have revealed one of variant of Nile tilapias 
(GESIT, Red Nifi, Selfam) can be recommended to be cultivated in 
brackishwater and seawater. 

 

 
Figure 5.  PCR backcross testing result to 10 Nile Tilapia strains and 

other fishes using 
                TRFNF and TRFNR primer  

Lane 1: Nile Tilapia GESIT strain  
Lane 2: Nile Tilapia Red NIFI strain 
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Lane 3: Nile Tilapia Selfam strain 
Lane 4: Nile Tilapia BEST strain 
Lane 5: Nile Tilapia Chitra Lada strain 
Lane 6: Nile Tilapia Umbulan strain 
Lane 7: Nile Tilapia Putih strain 
Lane 8: Nile Tilapia Nirwana strain 
Lane 9: Nile Tilapia GIFT strain 
Lane 10: Nile Tilapia JICA strain 
Lane 11: Mozambique Tilapia (Mujair)  
Lane 12: Carp  
Lane 13: Channel catfish (Patin) 
Lane 14: Gouramy  

 
4. Conclusion 
 We constructed a specific primer for transferrin gene that could 
be applied to among 10 strains of Nile tilapia for brackish and sea water 
aquaculture. Three of transferrin gene (GESIT, RedNIFI and Selfam) was 
cloned in bacteria then sequenced. From the sequences designed 
specific primer, TrfNF and TrfNR could be amplified the transferrin gene 
from Indonesian variant Nile tilapia and have revealed one of variant of 
Nile tilapias (GESIT, Red Nifi, Selfam) that can be recommended to be 
cultivated in brackishwater and seawater. 
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West Nusa Tenggara (NTB) is a province geographically located 
between Wallace and Weber lines and bordered by one major and two 
minor Indonesian through-flow currents. These unique geographical 
features have been suggested to influence NTB marine diversity 
including those of macro alga. Previously, we reported that there are 
more than 88 species of macro alga in NTB marine water including 48 
species of red alga, 24 species of brown alga and 40 species of green 
alga. Dispersal of the species in NTB has been mapped. Some species 
are found to have very narrow distribution inhabiting specific region of 
NTB marine water while some other are widely distribute throughout 
NTB marine water. Morphological characterization has been 
undertaken and dendograms to show morphological relationship have 
been developed. There are morphological differences between the 
same species obtained in different coastal zone, and this may reflect 
morphological plasticity of the species or genetic variation. In addition 
attempts for species improvement through genetic modification are 
underway in order to obtain fast-growing, high-yielded and/or disease 
resistant Indonesian line/lines of commercially cultivated, economically 
important Eucheuma/Kappaphycus spp. 
 
Keywords: eucheuma/kappaphycus, genetic deversity, seaweed 
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1. Introduction 

West Nusa Tenggara (NTB), a province in the central Indonesia, 
composes of two main islands, Lombok and Sumbawa, and hundreds of 
small islands (locally called Gili).  The province has an area of ca. 

20,153.13 km
2
 and is situated between 11546 to 1195 of East 

Latitude and 810 to 95 of South Latitude. It is bordered to the South 
by the Indian Ocean, to the North by the Flores Sea, to the West by the 
Lombok Straits, and to the East by the Sape Straits. The province has 
specific geographic features, which is suggested to influnce genetic 
variation of flora and fauna in the area. NTB is located in Wallaceae 
regions (bordered in the west by Wallace’s Line and in the east by 
Weber’s Line) which are suggested to mark a point of transition 
between the flora and fauna of Western and Eastern Indonesia. The 
province is also bordered by an Indonesian “throughflow current” 
which also influence marine diversity. Indonesia has been put in the 
first rank for the endemic species, and 65 % of the endemic species in 
Indonesia is located in Wallacea regions, including marine biota such as 
macro alga or more commonly known as seaweed. 
We have previously reported that there are at least 88 seaweed species 
identified in NTB marine water [1]. including 48 species of red alga, 24 
species of brown alga and 40 species of green alga.Of those, 26 species 
contain hydrocolloid such as carrageenan, alginate and agar [2], 20 
species retain capacity to absorb UV [3] ,12 species contain plant 
growth promoting substances [4], [5], and many other properties which 
is yet to be identified.  Curently, carragenan-producing species of 
Eucheuma/Kappaphycus are considered to be the most economycally 
important seaweed, and they have been cultivated in many areas in 
Indonesia including NTB. It is suggested that currently cultivated 
Eucheuma/Kappaphycus species are introduced from the Phyllipines, 
and may reports suggest that despite theirs economic important, they 
are prone to environmental changes and resistant to bacterial disease 
[6]. In addition, there is concern that introduction of new species may 
have a negative impact to environment [7]. Therefore, the use of highly 
productive, disease tolerant species of local strains would be 
preferebale as they are more adaptive to local environemnet. However, 
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such charachteristics is yet to be obtained. This poster will present an 
attempt for species improvement of Eucheuma/Kappaphycus obtained 
in NTB which is started by collection of cultivated and naturally-
inhabiting Eucheuma/Kappaphycus species in NTB, mapping the 
morphologycal diversity and species dispersal and attempt for genetic 
modification by means of ethylmethane sulphonate (EMS). 
 

2. Methods. 
Samples collection.  
Seaweed samples were collected from cultivation areas and natural 
population obtained in coastal areas of NTB. Samples were 
morphologycally identified, preserved as herbaria, and live materials 
for genetic modification by EMS treatments. 
 
Species dispersal and morphologycal relationship. 
Dispersal of the spesies in Lombok and Sumbawa Island were mapped 
and dendogram was developed based on morphologycal differences 
and simily of Eucheuma/Kappaphycus obtained in different coastal 
areas of NTB. 
 
EMS treatment. 
Thallus of Kappaphycus alvarezii obtained from Gerupuk Bay were 
selected, all branches trimmed, weighet 3 g and incubated in EMS 
solution at concentration of 0.0005 to 0,05 % (w/v) for 0 to 90 minutes. 
Thallus was, then, rinsed with seawater and planted in Gerupuk Bay for 
45 days. Morphologycal changes were observed following the 
treatments, and morphologycal and molecular characteristics were 
used to identify any improved strains. 
 
Results and Discussion. 
 
Diversity of Eucheuma/Kappaphycus spp. In NTB. 
There are seven different strain of Eucheuma/Kappaphycus obtained 
from cultivated and natural population in NTB Seawater, including 
three strains of cultivated K. alvarezii (or comonly known as E. cottonii), 
two strains of E. spinosum (one cultivated and one natural population), 
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one strain of naturally inhabitant E. striatum, and one strain of 
naturally inhabitant E. serra (Figure 1) 
 

 
 Figure 1. The Eucheuma/Kappaphycus spp. obtained in NTB marine 
water. 
 
 
The major cultivated Eucheuma/Kappaphycus in Lombok and Sumbawa 
are K. alvarezii (E. cottonii) strains Maumere and Tembalang (brown) 
followed by K. alvarezii (E. cottonii) strains Tembalang (green). In some 
areas, there are less intensive cultivation of E. spinosum while  E. 
striatum and  E. serra are not commonly cultivated. The letter two 
species are often harvested from nature when cultivated species are 
not available during off-season, and this indicating that the latter are 
more adaptive and able to grown in whole season over the year. 
 
Dispersal and mophologycal relationship. 
 
 Species of Eucheuma/Kappaphycus spp. obtained in NTB marine water 
was mapped against Lombok and and Sumbawa Islands in order to map 
the disperal of the species. An example of those in Lombok Island is 



 

 843 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

shown in Figure 2. E. spinosum has diverse ecology and separated in 
various areas including North Lombok (Gili Meno, Gili Air and Gili 
Trawangan), West Lombok (Bangko-bangko), Central Lombok (Tanjung 
Ann) and East Lombok (Ekas Bay, Serewe Bay, Ujung Mas, Labuan Haji 
and Pulur). The E. spinosum mostly naturally inhabitant, but also 
obtained cultivated in Gerupuk and Ujung Mas). In contrast, the E. serra 
ecology is vey narrow and can only be obtained to occur naturally in Gili 
Genting (West Lombok). The three strains of E. cottonii are obtained as 
cultivated species in Gili Genting, Tanjung Ann, Ekas Bay, Serewe Bay 
and Ujung Mas. Interestingly, E. cottonii strain Tembalang Green can 
also be found to grow naturally, attached in coral and stone in the Kuta 
Beach. In Sumbawa Island, the tree strain of E. cottonii are obtained in 
Jelenga, Santong, Terata, Labuan Kuris, Lake'y and Laju. 

 
Figure 2. Dispersal of Eucheuma/Kappaphycus spp. in Lombok 
seawater. 
 



 

 844 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

Although the same species of Eucheuma/Kappaphycus spp. occurs in 
different coastal zones of NTB, however morphology of them are 
variable. Interestingly, the strains obtained in marine areas at the same 
zone (for example in western part of marine area of Lombok Island) are 
morphologycally more similar. This relationship is shown by 
dendogram, and one example is with E. spinosum obtained from 
Lombok and Sumbawa Islands (Figure  3). 

 
Figure 3. Dendogram showing morphological similarities amongst E. 
spinosum obtained in different sampling areas in Lombok and 
Sumbawa Islands. 
 
Species Improvement by EMS 
E. cottonii/K.alvarezii  strains Maumeree is a major cultivated species 
obtained in both Lombok and Sumbawa Islands (Figure 2), however 
there is evidence that this strain is resistant to a bacterial wilt-disease 
called ice-ice. The disease has been claimed to occur frequently in many 
cultivating areas in Indonesia such as Nusa Penida, Nusa Lembongan 
(Bali) which decreased production to more than 50% in 2019 [6]. In 
addition, there is also an interest to produce fast growing K. alvarezii 
which will in turn improve seaweed farmer livelihood. Seaweed 
improvement by the means of cross pollination has been attempted 
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with lack of success, due to difficulties in obtaining fertile bladder. As a 
common practise, the species is exclusively maintained by vegetative 
propagation (by thallus cutting), therefore there is very limited genetic 
variation occurs within the species. Therefore, improvement in genetic 
variation could be aided induction of mutation with mutagenesis, such 
as ethylmethane sulphonate (EMS), diethyl sulphate (dES), methyl 
metane sulphonate (MMS), hydroxylamine, nitrous acids, colchichine, 
X- and gamma- irradiation [8]. Those approaches are very common for 
terresterial plants, however no previous finding reporting this attempt 
with seaweed. 
EMS-treated K. alvarezii thallus from NTB seawater was able to 
improve genetic variatin within the newly growing thallus. The ffect of 
EMS to thallus morphology is depending on the concentration applied 
and duration of treatment (Table 1). The best treatment was 
concentration of 0.05 for 60 minutes. At lower concentration, growth 
of thallus was not induced, and at higher concentration and longer 
exposure, thallus bleacing was observed (data not shown). It has been 
reported previously that EMS could altered plant color where EMS 
increased chlorophyll concentration of Capsicum annum leaves [9]. 
However, when applied at high concentration (1,5%, at 20

o
C for 9 h), 

EMS induced  colorless or albino/chlorotic (lethal) plants [10]. The 
capability of EMS to increase number of shoots in some mutant have 
also been reposrted previously in teresterial plants, such in Capsicum 
annum and banana [11], and this in line with the finding with K. 
alvarezii reported in this poster.  
Table 1. The effect of EMS to growth of K. alvarezii 
 

No Treatment Number of braches 

Length of 
branch 
(cm) 

  (concentration/Time) Initial Total New   

1 Control 14.4 33.8 13.8 19.4 

2 0.05%/30 min 19 32.8 15.3 17 

3 0.05%/60 min 18.9 32.8 15.3 15.5 

4 0.05%/90 min 18.3 32.6 13 14.4 
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5 0.005%/30 min 18 34.3 15 18.3 

6 0.05%/60 min 16.8 40 23 24 

7 0.005/90 min 18.4 36 15.3 19.3 

8 0.0005%/30 min 14.9 34.8 14.8 19 

9 0.005%/60 min 18.2 18.4 3.6 4.4 

10 0.0005%/90 min 17.6 37.1 18.1 20.4 

11 0.00005%/30 min 17.1 39.5 17.8 20 

12 0.0005%/60 min 15.3 40 19 23.9 

13 0.0005%/90 min 16.4 30.2 10 14.8 

EMS is an alkylated chemical mutagen commonly employed in 
breeding. EMS can alter DNA by transferingan active alkyl to other 
molecule at position of dense electron such as to phosphat group, 
purine and pyrimidine in the DNA [10]. This then altered the base 
pairing for example from G-C onto methyl-G-C (damaging DNA) or from 
G-C into other natural pairing (A-T, T-A or C-G) which causes mutation 
[8]. In order to investigate wether the growth alteration in E. cottonii 
obtained was due to mutation, a molecular characterization was 
attemped. Genomic DNA was successfully isolated from the Eucheuma 
samples (Figure 4), however amplification of those with several RAPD 
primers are yet to be successfull.  

 
Figure 4. Visualisation of DNA from different thalli of E. cottonii 
following separation with 1% Agarose gel electrophoresis and staining 
with ethidium bromide. 
 
Another use of EMS has been to induce mutant resistance to some 
diseases, for example increase degree of tolerant to BBTV (Banana 
Bunchy Top Virus) [11] and bacterial disease in Abaka [12]. It is now our 
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interest to furter investugate if the newly generated thallus has an 
increase tolerant to ice-ice disease.    
 

3. Conclusion 
There are seven different Eucheuma/Kappaphycus spp. obtained in NTB 
marine waters including E. serra, E. striatum. E. spinosum (cultivated 
and natural population) and three E. cotonii/K. alvarezii. The E. striatum 
has wider distribution and found in many parts of Lombok and 
Sumbawa Islands, while E. serra has very narrow distribution and can 
only be found in Gili Genting, West Lombok. Interestingly, there is 
morphologycal differences between E. striatum obtained in different 
coastal zones of NTB. E. cotonii as the most economically important 
Eucheuma are obtained mostly from cultibvation. Attempt to improve 
this species has been undertaken by EMS. The best EMS treatment 
promoting faster thallus  growth is 0.005% for 60 minutes. However, it 
is remain unclear wether these improvement was due to mutation and  
if the new generated thalli has improved tolerant to ice-ice disease. 
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Xylaria psidii KT30 
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In the search for biologically active compounds, a marine fungus Xylaria 
psidii KT30 showed antibacterial and cytotoxic activities. The fungus 
was isolated from the red seaweed Kappaphycus alvarezii collected 
from South Sulawesi. The antibacterial activity was assayed using Kirby-
Bauer method against Gram-positive and Gram-negative bacteria. 
Cytotoxic activity was determined using Sulforhodamin B (SRB) 
method. Crude extracts isolated from the culture broth and mycelia 
were tested for their cytotoxic activities and their ability to inhibit 
growth of the pathogenic bacteria. The study aimed to isolate and 
characterize the active compounds of the fungus which showed 
antibacterial and cytotoxic activities. This study was focused on the 
isolation and characterization of active compounds belongs to the 
peptide groups. Isolation of the peptides was carried out using 
precipitation method with 80% ammonium sulfate and subsequently 
the extracts were purified using gel filtration chromatography. 
Bioautography assays revealed that the crude extracts were 
considerably active against Escherichia coli, Bacillus subtilis, Salmonella 
typhii, and Listeria sp. 

 
Keywords: antibacterial, Bioautography, Xylaria psidii 
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1. Introduction  

Discovery of new antibiotics presently becomes more serious since 
often no effective therapies are available. Moreover, many pathogens 
have developed their resistance to currently used drugs (Cassell & 
Mekalanos 2001; Nussbaum et al. 2006; Saleem et al. 2010). Multidrug 
resistant strains of Salmonella typhii have been reported from Asia, the 
Middle East and Latin America (WHO 2012). A similar situation exists 
with the need to develop new cancer chemotherapeutic agents with 
activity against the disease-types still resistant to current therapies and 
to overcome the development of multidrug resistance, which is 
increasingly observed in the treatment of many tumors (Cragg et al. 
1997). 

For centuries natural products have been used for therapeutic 
purposes. In 1989 to 1995 over 60% of the approved drugs and pre-
NDA (New Drug Application) candidates were of natural origin.  Drugs 
of natural origin have been classified as original natural products, semi-
synthetically from natural products or synthetic products based on 
natural product models. Natural products have important role in the 
drug discovery, particularly for cancer and infectious diseases (Cragg et 
al., 1997).  

Our previous study revealed that extracts of algicolous fungi 
showed antibacterial activity against various pathogenic bacteria. 
Moreover, the extracts displayed cytotoxic activity (Tarman et al. 
2011). However, for marine fungi bioactive compounds belong to the 
peptide groups have been explored in less extent. Therefore, in this 
study we focused on the isolation and characterization of peptides 
active compounds. 
 
2. Experimental 
 
Red seaweed Kappaphycus alvarezii BRKA-1 was collected at Barru, 
South Sulawesi in May 2008. Using surface sterilization method then 
fungus belongs to Xylaria psidii was isolated from this alga. Later this 
isolate noted as X. psidii KT30. 
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Fermentation process was conducted using various culture 
media, such as PDA (potato dextrose agar) for solid medium, PDB 
(potato dextrose broth) for liquid medium, and malt extract agar. To 
maintain the fungal cultures, PDA was used as main medium.  

Bacteria used as test organisms included Bacillus subtilis, 
Bacillus pumilus, Pseudomonas sp., Salmonella thypii, Listeria sp. and 
Escherichia coli. To determine the cytotoxic activity HeLa cell line was 
used. Several chemical materials and equipments were used in the 
study. Solvents including n-Hexane, ethyl acetate and methanol were 
used for extraction process. Ammonium sulfate and Tris HCl 10 mM pH 
7.4 were used for precipitation process of the peptides. 

For fractionation process gel filtration chromatography using 
Sephadex G-50 was applied. Mobile phased used was 30% ethanol. 
Materials used for protein molecular weight were ddH2O, 1.5 M Tris-
HCl pH 8.8, 30% acrylamide, 10% sodium dodecyl sulfate (SDS), TEMED, 
100% ammonium persulfate (APS), comassie blue and loading dye. 
Protein concentration was determined using Bichincionic Acid (BCA) 
Protein Assay kit and BSA used as standard. In summary, experimental 
work is as presented in Figure 1. 
 
 



 

 851 
 

The 5th Indonesia Biotechnology Conference 
Mataram, July 4-7th 2012 

<< Back to table of contents 

 
 

Figure 1. Scheme of experimental work on isolation and 
characterization of marine fungal peptides 

 
2. Results and Discussion 

The fungus Xylaria psidii KT30 was isolated from red alga collected 
at South Sulawesi (Figure 2). The isolate grows rapidly in liquid medium. 
At day 3 the fungus started its exponential growth phase and then 
decreased until 7 days of cultivation. Preliminary study on the 
bioactivity against pathogenic bacteria was conducted using various 
extracts according to the harvesting time. This study revealed that the 
extracts yielded from 7-day old fungus exhibited the highest activity 
against the test organisms. Therefore, further study used 7-day old 
cultures to extract the bioactive compounds. 
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Figure 2. (a) Kappaphycus alvarezii BRKA-1 collected at Barru, South 
Sulawesi as biological source of  
Xylaria psidii KT30 (Tarman 2011); (b) Xylaria psidii KT30 cultured on 
PDA medium 
As mentioned earlier this study was focused on the peptides (protein) 
with antibacterial and cytotoxic properties. The protein was extracted 
using precipitation method with 60 or 80% of ammonium sulfate. From 
this extraction process, supernatant and pellet obtained from this 
process were assayed for its antibacterial activity against Gram-positive 
and negative bacteria (Tabel 1).    
 
Tabel 1. Result of Antibacterial Assay against Gram-Positive and 
Negative Bacteria 
 

Test organism 

Diameter of inhibition zone 
(mm) 

2 hours 
incubat
ion 

4 hours 
incubat
ion 

20 hours 
incubation 

Bacillus pumilus    
a. Supernatant after precipitation 
with 60% (NH4)2SO4 

8 7 - 

b. Supernatant after precipitation 
with 80% (NH4)2SO4 

8 8 - 

c. Pellet after precipitation with 
60% (NH4)2SO4 

7 7 - 
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d. Pellet after precipitation with 
80% (NH4)2SO4 

7 7 - 

Staphylococcus aureus    
a. Supernatant after precipitation 
with 60% (NH4)2SO4 

7 7 - 

b. Supernatant after precipitation 
with 80% (NH4)2SO4 

7 7 9 

c. Pellet after precipitation with 
60% (NH4)2SO4 

7 7 - 

d. Pellet after precipitation with 
80% (NH4)2SO4 

7 7 - 

Listeria sp.    
a. Supernatant after precipitation 
with 60% (NH4)2SO4 

7 7 - 

b. Supernatant after precipitation 
with 80% (NH4)2SO4 

7 7 8 

c. Pellet after precipitation with 
60% (NH4)2SO4 

7 7 8 

d. Pellet after precipitation with 
80% (NH4)2SO4 

7 7 8 

Salmonella typhi    
a. Supernatant after precipitation 
with 60% (NH4)2SO4 

7 7 12 

b. Supernatant after precipitation 
with 80% (NH4)2SO4 

7 8 11 

c. Pellet after precipitation with 
60% (NH4)2SO4 

7 8 11 

d. Pellet after precipitation with 
80% (NH4)2SO4 

7 8 11 

Pseudomonas sp.    
a. Supernatant after precipitation 
with 60% (NH4)2SO4 

7 7 - 

b. Supernatant after precipitation 
with 80% (NH4)2SO4 

- 7 - 

c. Pellet after precipitation with 
60% (NH4)2SO4 

- 7 - 
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d. Pellet after precipitation with 
80% (NH4)2SO4 

- 7 - 

 
Table 1 presents that the protein extracts mostly showed bacteriostatic 
activity which was indicated by the occurrence of inhibition zones after 
2 and 4 hours incubation. These inhibition zones disappeared after 20 
hours incubation. In more detail, extracts of the fungus were active 
against both Gram-positive and negative bacteria, particularly Listeria 
sp. and S. typhi, respectively. Generally, supernatant after precipitation 
using 80% of (NH4)2SO4 showed slightly higher activity in comparison 
with the supernatant after precipitation with 60% (NH4)2SO4 and both 
results of pellet obtained by precipitation. 
 
The extracts were subsequently tested for cytotoxic activity. HeLa cell 
line was used for this assay. Samples tested for the cytotoxic activity 
were crude extract and three fractions after column chromatography 
applied. Both crude extract and fractions exhibited cytotoxic activity 
(Table 2). 
 
Table 2. Data of cytotoxic activity assay 
 

Sample IC50 (µg/ml) 

Crude extract 450.8 

Fraction 1 264.7 

Fraction 2 384.1 

Fraction 3 772.2 

 
From the table can be seen that all samples were cytotoxic. Fraction 1 
was the most active against the HeLa-cell line. However, this cytotoxic 
activity is less active compared to the result of previous study (Tarman 
2011). Further fractionation and characterization process should be 
performed to obtain the most active component. In addition, 
optimization process to induce the production of more bioactive 
compounds is necessary to conduct. 
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3. Conclusion 
Protein extracted from the culture broth of marine fungus Xylaria psidii 
KT30 exhibited antibacterial and cytotoxic activities. Further study on 
optimization process to induce the production of more bioactive 
compounds is necessary to conduct. Further fractionation is also 
important to isolate the most active compounds which responsible for 
the cytotoxic activity. 
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Nannochloropsis sp. has a great potential and promising as a nutritional 
source of food and biomedical materials in consideration of it contain 
many nutrients such as protein, carbohydrates and lipid which is 
consisting of EPA (Eicosapentaenoic Acid) and ARA / AA (Arachidonic 
Acid). On the other hand, environmental factors affecting growth rates 
and gains in the cultivation of cells also have an impact on levels of 
lipids and oils and its composition in Nannochloropsis sp. One of the 
influential factors is lighting. Based on these facts, then on this study 
will be conducted a techniques to increase biomass production of 
microalgae Nannochloropsis sp. by the lighting setting that are tailored 
to the growth. Through this method of setting we expect that the self-
shading effect in microalgae culture in a photobioreactor can be 
overcome, in order to obtain optimal growth and increased biomass 
production of microalgae Nannochloropsis sp. and later 
Nannochloropsis sp. can be used as a source of omega-3 nutritional 
alternative. 
 
Keywords: photobioreactor, Nannochloropsis sp, biomedical 

 
1. Introduction  
The global climate change and the prolonged economic crisis lead to 
food scarcity conditions in the community. It also caused food prices to 
increase quite dramatically. These conditions have a direct impact on 
people's lives by causing widespread malnutrition cases. This is if the 
left can constantly threaten the future of the nation of Indonesia. In 
general society, especially in Indonesia, used to follow the tradition of 
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his ancestors, including the utilization of food resources. Natural 
resource use as a food ingredient by the general public is limited to the 
sources or food that is commonly known, and tend to reject or less 
interested in trying to exploit food sources that are less familiar to 
them, let alone a new food source. 

[1] 

In Indonesia has actually a lot of potential natural resources to be used 
as alternative food sources. One of the example is the microalgae 
species. This plant was introduced to the people of Indonesia as a 
source of food since a few years ago. However, in reality the response 
of the microalgal community as an alternative food source is not very 
good, but microalgae have a high nutrient content compared to the 
food source is known and consumed. 
Nannochloropsis sp. is one type of microalgae that also contain lots of 
nutrients to the percentage as follows: protein 52.11%, carbohydrate 
16.00% and 27.64% fat consisting of EPA (Eicosapentaenoic Acid) up to 
31.42% and ARA / AA ( Arachidonic Acid) 3.94%. 

[2]
 EPA is a type of 

omega-3 fatty acids which is beneficial for healing wounds and 
infections, bone or joint disease cure, asthma, reducing the risk of 
depression after giving birth, minimizing the possibility of premature 
labor and preventimg the aging process.

 
Thus, Nannochloropsis sp. 

actually has a great potential and promise as a nutritional source of 
food and raw materials biomedical. 

[3] 

As well as other microalgae, the growth of Nannochloropsis sp. is highly 
dependent on nutrient availability, light intensity, carbon dioxide, pH, 
temperature, culture age and salinity.

[4]
 The intensity of light becomes 

a very important factor for the survival of green microalgae because 
the light is needed to run the process of photosynthesis. Lack of light 
intensity needed by microalgae for photosynthetic activity would lead 
to abnormal process of photosynthesis takes place and the effects of 
self-shading as well as affect the storage of excess energy in the form of 
lipid and / or carbohydrates. 

[5]
 Nannochloropsis sp. suitable for 

cultured in Erlenmeyer at 1000 lux light intensity, while for larger 
volumes in the intensity of 5000-10000 lux. 

[6]
 

Based on these facts, then on this study will be conducted a techniques 
to increase biomass production of microalgae Nannochloropsis sp. by 
the lighting setting that are tailored to the growth. Through this 
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method of setting we expect that the self-shading effect in microalgae 
culture in a photobioreactor can be overcome, in order to obtain 
optimal growth and increased biomass production of microalgae 
Nannochloropsis sp. and later Nannochloropsis sp. can be used as a 
source of omega-3 nutritional alternative. 
This is done by considering the sensitivity of Nannochloropsis sp. to 
light so that the treatment setting lighting up at a certain intensity to 
determine the optimum light intensity required by Nannochloropsis sp. 
in the process of photosynthesis. Through this method of arrangement 
is expected to self-shading effect that occurs in cultured microalgae in a 
photobioreactor can be overcome. in order to obtain optimal growth 
and increased biomass production of Nannochloropsis sp. results. 
 
2. Materials and Methods 
Nannochloropsis sp. is taken from Slipi Product Processing Research 
Center for Marine Fisheries and Biotechnology that was grown in 
Walne medium. This strain grows in series of 18 dm

3
 bubble column 

photo bioreactor. The operation conditions on cultivation was defined 
as following, Temperature (T) set at 29.0

o
C, Pressure (P) was set at 

ambient temperature (1 atm.), superficial gas velocity (UG) set at 15.20 
m/h and CO2 concentration (yCO2i) in sparged bubble air set at 5.0%. 
These photo bioreactors are arranged in series and illuminated by  
Philips Halogen lamp 20W/12V/50Hz.  
Photo bioreactors run with varied light intensity given accordingly to 
the range of optimum intensity on  the bubble column photo  
bioreactors. This data will be compared to the single reactor cultivation 
at the same illumination. The experimental apparatus used in the 
experiment is shown on Figure. 1.  
Data obtained from this experiment are OD540 (Optical density that was 
measured using spectrophotometer at 540 nm and correlated with 
biomass concentration X), yCO2 using GC-TCD (Gas Chromatography–
Thermal Conductivity Detector) pH using pH meter,  and IT (transmitted 
light intensity that was measured behind of photo bioreactor) using 
Lux-meter. 
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Figure. 1. Experimental Apparatus 
 
 
Initial inoculums for this experiment are OD 0.2 that was equivalent 
to 240.2 g/dm

3
 of dry biomass concentration. This is the biomass 

cell concentration that tend optimum growth rate at average daily 
cycle intensity (4392 W/m

2
). Before cultivation, pre-culture is done 

by sparging the air into the reactor. Light with intensity 2781.6 
W/m

2
 is also given in order to pass the lag phase of 

Nannochloropsis’ growth.   
 
  
3. Results and Discussions  
In this study, cultivation carried out for 5 OD variation of 
Nannochloropsis sp., namely 0.2, 0.4, 0.6, 0.8 and 1.2; on a scale of 
3000-11000 lux light intensity to obtain the maximum specific 
growth rate in the inoculum. After lighting the maximum point is 
reached, when the light intensity will be increased to eat a decline 
in the rate of cell growth. As shown in Figure.2, the light intensity 
exceeds its maximum growth rate will drop dramatically. This 
suggests that the relationship between light intensity on the rate of 
photosynthesis and growth functions of hyperbolic 
photoautrotophic demonstrated by inhibition of the growth 
occurred in the intensity of light super-saturated. The following 
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chart shows the correlation of light intensity (I) with a maximum 
growth rate (μmax) of Nannochloropsis sp. in particular OD: 

 
Figure 2. Growth rate (μmax) at different values of light intensity (I) 

the variation of OD 
 
 
From the chart above shows that the higher the OD, require the 
greater the intensity of light to obtain maximum growth rate. This 
proves that the photobioreactor is a homogeneous system at any 
point where the number of microalgal cells spread evenly so that 
the higher the OD required a greater intensity of light that the 
entire surface of the cells to get enough light intensity.  
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4. Conclusion 
 
The range of optimum light intensity for the microalgae 
Nannochloropsis sp. obtained in this study is about 3000-9000 lux. 
The higher the OD, require the greater the intensity of light to 
obtain maximum growth rate.  
The photobioreactor is a homogeneous system at any point where 
the number of microalgal cells spread evenly so that the higher the 
OD required a greater intensity of light that the entire surface of 
the cells to get enough light intensity. 
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