
 

 

 

 

 

Transformation of Isochorismate Synthase in Fungal System 

 

 

 

 

 

Lim Pei Wen  

 

 

 

 

 

 

 

 

Bachelor of Science with Honours 

(Resource Biotechnology) 

2013 

Faculty of Resource Science and Technology 



Transformation of Isochorismate Synthase in Fungal System 

 

 

 

 

 

Lim Pei Wen 

(26727) 

 

 

 

 

 

 

 

This project is submitted in partial fulfillment of the requirement for the degree of 

Bachelor of Science with Honours (Resource Biotechnology) 

 

 

 
 

 

 

 

 

Resource Biotechnology 

Department of Molecular Biology 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

2013 



 I  
 

ACKNOWLEDGEMENTS 

First and foremost, I would like to express my deepest gratitude and sincere thanks to my 

final year project supervisor, Associate Professor Dr. Hairul Azman Roslan for his 

guidance and consultation along the way in completing this final year project. I am 

indebted to all the postgraduate students especially Chai Suk Phin, Mastura, Izzati and 

Saiful for their guidance and unwavering assistance.  

Special thanks to all laboratory members from Genetic Engineering Laboratory for 

guiding me patiently and providing a supportive environment throughout the whole 

project. Last but not least, my sincere appreciation and gratitude is dedicated to my family 

members and friends for their lifetime of support and encouragements throughout the 

studies. 

 

 

 

 

 

 

 

 

 

 



 II  
 

DECLARATION 

I hereby declare that this thesis entitled “ Transformation of Iscohorismate Synthase in 

Fungal System” is based on my original work except for quotations and citation, which 

have been duty acknowledged. I also declare that it has not been previously or concurrently 

submitted for any other degree at UNIMAS or other institutions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                     

Lim Pei Wen 

Resource Biotechnology Programme 

Department of Molecular Biology 

Faculty of Resource Science and Technology 

University Malaysia Sarawak 



 III  
 

TABLE OF CONTENTS 

 PAGE 

ACKNOWLEDGEMENT I 

DECLARATION II 

TABLE OF CONTENTS III 

LIST OF ABBREVIATIONS V 

LIST OF TABLES  VI 

LIST OF FIGURES VII 

ABSTRACT  1 

1.0     INTRODUCTION 2 

2.0     LITERATURE REVIEW  

 2.1 Morinda citrifolia 4 

 2.2 Isochorismate synthase 5 

 2.3 Aspergillus niger 7 

 2.4 Agrobacterium-mediated transformation 8 

 2.5 Binary vector 10 

3.0     MATERIALS AND METHOD  

 3.1 Extraction of pGSA1131/ICS plasmid from bacterial culture 11 

 3.2 Verifying the presence of isochorismate synthase cDNA in 

pGSA1131/ICS 

12 

 3.3 Preparation of electro-competent Agrobacterium tumefaciens 13 

 3.4 Verifying the presence of ICS and BAR-3 in Agrobacterium 

cells 

15 

 3.5 Preparation of Aspergillus niger spores and bacterial cells for 

fungal transformation 

16 

 3.6 T-DNA transformation 17 

  3.6.1 Co-cultivation between A. tumefaciens and A. niger 17 

  3.6.2 Selection of transformants 17 

  3.7 Fungal DNA extraction 18 

 3.8 Verification of desired gene in fungal transformants 19 

    

   

 

 



 IV  
 

4.0     RESULTS   

 4.1 Confirmation of the presence of desired gene from isolated 

plasmid 

21 

 4.2 Agrobacterium transformation 22 

 4.3 PCR on Agrobacterium colonies 22 

 4.4 Preparation of fungal spores 24 

 4.5 T-DNA transformation 25 

 4.6 Verifying the presence of ICS and BAR-3 cDNA in fungal 

transformants 

28 

5.0 DISCUSSION  

 5.1 Verification of desired gene in the isolated plasmid 30 

 5.2 Preparation of Agrobacterium competent cells 30 

 5.3 Verifying the presence of ICS in bacterial transformation 31 

 5.4 Preparation of fungal spores 32 

 5.5 T-DNA transformation 33 

 5.6 Verification of desired gene in selected transformants 37 

6.0 CONCLUSION 38 

REFERENCES 39 

APPENDIXES 43 

 

 

 

 

 

 

 

 

 

 

 



 V  
 

LIST OF ABBREVIATIONS 

 

AGE   Agarose Gel Electrophoresis 

AS   Acetosyringone 

bp   base pair 

CTAB   Cetyltrimethylammonium bromide 

cDNA   Complementary Deoxyribonucleic Acid 

DNA   Deoxyribonucleic Acid 

EDTA   Ethylenediamine tetraacetic acid 

ICS   Isochorismate synthase 

IM   Induction medium 

LA   Luria Bertani Agar 

LB   Luria Bertani Broth 

MES   2-(N-morpholino) ethanesulfonic acid 

NaCl   Sodium chloride 

PCR   Polymerase Chain Reaction 

PDA   Potato Dextrose Agar 

SA   Salicylic acid 

UV   Ultraviolet  

 

 

 

 

 

 



 VI  
 

LIST OF TABLES 

 

TABLE  PAGE 

3.1      PCR reaction mixture to confirm the presence of desired gene in 

isolated plasmid. 

12 

3.2      Thermal cycling condition for PCR product to confirm the presence of 

desire gene. 

13 

3.3       PCR reaction mixture to confirm presence of ICS gene in bacteria. 15 

3.4       PCR reaction mixture to confirm presence of BAR gene in bacteria. 15 

3.5       Thermal cycling condition for PCR product to confirm the presence of 

desire genes. 

16 

3.6       Three different concentrations of IM top agar containing Basta at 

concentration of 10 mg/L and 20 mg/L were added onto the IM bottom 

agar according to the concentration of IM bottom agar plate. 

18 

3.7       Two different concentrations of PDA top agar containing Basta at 

concentration of 10 mg/L and 20 mg/L were added onto the PDA 

bottom agar according to the concentration of PDA bottom agar plate. 

18 

3.8       PCR reaction mixture to confirm presence of ICS gene in fungal 

transformants. 

20 

3.9       PCR reaction mixture to confirm presence of BAR gene in fungal 

transformants. 

20 

3.10     Thermal cycling condition for PCR product to confirm the presence of 

desire genes. 

20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 VII  
 

LIST OF FIGURES 

 

FIGURE  PAGE 

2.1     Pictures of M. citrifolia (a) the leaves of M. citrifolia, and (b) the 

flowers and fruits.   

5 

2.2     Aspergillus niger. 8 

4.1 Gel electrophoresis of PCR products of isolated plasmid 

pGSA1131/ICS on 1% agarose gel. 

21 

4.2      The growth of colonies on LA plate containing antibiotics rifampicin 

and chloramphenicol. 

22 

4.3     Gel electrophoresis of PCR products on 1% agarose gel. 23 

4.4     Gel electrophoresis of PCR products on 1% agarose gel. 23 

4.5     Aspergillus niger spores on counting chamber under light microscope. 24 

4.6     Growth of mycelia resulted from co-cultivation between 100 µl of 

harvesting 2 ml of A. tumefaciens and 100 µl of fungal spores on 

2.5% of IM agar plate. 

25 

 

4.7     No growth of transformants on 2.0% of IM top agar containing         

selective agent Basta which spread with same volume and same         

concentration of bacterial cells and fungal spores as bottom agar         

(2.5% of IM agar). 

25 

4.8     Growth of mycelia resulted from co-cultivation between 100 µl of 

harvesting 2 ml of A. tumefaciens and 100 µl of fungal spores on          

3.0% of IM agar plate. 

26 

4.9     No growth of transformants on 2.5% of IM top agar containing         

selective agent Basta which spread with same volume and same 

concentration of bacterial cells and fungal spores as bottom agar 

(3.0% of IM agar).        

26 

4.10     Growth of mycelia resulted from co-cultivation between 100 µl of 

harvesting 2 ml of A. tumefaciens and 100 µl of fungal spores on 

3.5% of IM agar plate. 

26 

4.11     No growth of transformants on 3.0% of IM top agar containing 

selective agent Basta which spread with same volume and same        

26 



 VIII  
 

concentration of bacterial cells and fungal spores as bottom agar 

(3.5% of IM agar). 

4.12     Growth of mycelia resulted from co-cultivation between 100 µl of 

harvesting 4 ml of A. tumefaciens and 100 µl of fungal spores on 

3.5% of IM agar plate. 

27 

4.13     No growth of transformants on 3.0% of IM top agar containing 

selective agent Basta which spread with same volume and same 

concentration of bacterial cells and fungal spores as bottom agar 

(3.5% of IM agar). 

27 

 

4.14     Growth of mycelia resulted from co-cultivation between 100 µl of 

harvesting 2 ml of A. tumefaciens and 100 µl of fungal spores on 

3.5% of PDA agar plate. 

27 

4.15     No growth of transformants on 3.0% of PDA top agar containing 

selective agent Basta which spread with same volume and same 

concentration of bacterial cells and fungal spores as bottom agar            

(3.5% of IM agar). 

27 

4.16     Growth of mycelia resulted from co-cultivation between 100 µl of 

harvesting 2 ml of A. tumefaciens and 100 µl of fungal spores on 

3.5% of PDA agar plate. 

28 

4.17     Growth of transformants (white mycelia) on 3.0% of PDA top agar 

containing selective agent Basta which spread with same volume and 

same concentration of bacterial cells and fungal spores as bottom agar 

(3.5% of PDA agar). 

28 

4.18     Gel electrophoresis of PCR products of isolated fungal DNA by using 

ICSha primers on 1% agarose gel. 

29 

4.19     Gel electrophoresis of PCR products of isolated fungal DNA by using 

BAR-3 primers on 1% agarose gel. 

29 

 

 



 1  
 

Transformation of isochorismate synthase in fungal system 

Lim Pei Wen 

Resource Biotechnology 

Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak 

 

ABSTRACT 

Agrobacterium-mediated transformation is a powerful tool that allows the introduction of 

particular genetic changes in an organism. Transformation of fungi, Aspergillus niger is 

necessary to fulfill the increasing global industrial demand. Isochorismate synthase gene 

from Morinda citrifolia is important in the involvement of salicylic acid which plays a role 

in plant immunological system. In this study, the isolated plasmids pGSA1131/ICS were 

successfully transformed into Agrobacterium tumefaciens cells. A. tumefaciens carrying 

pGSA1131/ICS containing bacterial BAR-resistant gene have been used in A. niger 

transformation. Different concentration of growth media containing different concentration 

of selective agent, Basta, were used in the transformation to obtain a maximum yield of 

transformants. The growth of mycelia on top agar of PDA plates containing reduced 

concentration of Basta at 10 mg/L. The extracted fungal DNA was examined via PCR. A 

successful transformation of A. niger was achieved.   

Key words: Aspergillus niger, Agrobacterium tumefacins, Agrobacterium-mediated 

transformation 

 

ABSTRAK 

Transformasi Agrobacterium-pengantara adalah alat yang berkuasa yang membolehkan 

pengenalan perubahan tertentu genetik dalam organisma. Transformasi kulat Aspergillus 

niger adalah memerlukan untuk memenuhi permintaan industri global yang semakin 

meningkat. Gen isochorismate synthase daripada Morinda citrifolia adalah penting dalam 

penglibatan asid salisilik yang memainkan peranan dalam sistem imunologi tumbuhan. 

Dalam kajian ini, pGSA1131/ICS plasmid yang diasingkan telah berjaya mengubah sel-sel 

Agrobacterium tumefaciens. A. tumefaciens yang mempunyai pGSA1131/ICS mengandungi 

gen bacterial yang menahan BAR telah digunakan dalam transformasi A. niger. Berbeza 

kepekatan media pertumbuhan mengandungi kepekatan ejen terpilih yang berbeza, Basta, 

telah digunakan dalam transformasi untuk mendapatkan hasil transformants yang 

maksimum. Pertumbuhan mycelia pada agar atas plat PDA yang mengandungi kurang 

kepekatan Basta pada 10 mg / L. DNA kulat diekstrak telah diperiksa melalui PCR. Satu 

kejayaan transformasi A. niger telah dicapai. 

Kata Kunci: Aspergillus niger, Agrobacterium niger, Transformasi Agrobacterium-

pengantara 
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1.0 INTRODUCTION 

 

Morinda citrifolia which is commercially called Noni, also locally known as mengkudu, is 

a medicinal plant. It is an indigenous species in Australia and Southeast Asia such as 

Indonesia. Due to widely range of environmental tolerances, it can grow in acidic, saline, 

and even infertile soil (Nelson, 2003). Moreover, it can also survive in drought season for 

about 6 months or in the area with low light intensities (Nelson & Elevitch, 2006). 

Isochorismate synthase (ICS), an enzyme which can be found in M. citrifolia is 

required in synthesis of salicylic acid. ICS catalyzing isochorismate, an enzyme which is a 

vital metabolite produced at the end of shikimate pathway, a major pathway to synthesis 

primary and secondary plant metabolites (van Tegelen et al., 1999). ICS catalyzes the 

reversible conversion of chorismate to isochorismate. It does not convert chorismate 

directly to salicylic acid as isochorismate acts as an intermediate in the reaction 

(Wildermuth et al., 2001). The end product, salicylic acid is a phytohormone mediates 

plant to defense pathogenic diseases.  Salicylic acid involves in the reduction of 

pathogenesis-related expression and enhances the susceptibility of pathogen as well as both 

local and systemic acquired resistance (Wildermuth et al., 2001).   

Aspergillus niger is a filamentous ascomycete fungus which reproduces its 

generation by asexual mode. It has been served as natural fermentation tool since it is 

account for over 99% of the global citric acid production, or more than 1 million tons 

annually (Baker, 2006). Besides that, A. niger also acts as decomposer which degrades 

dead organism into organic materials. Some of the organic materials might become the 

sources of soil and provide the necessary nutrients to the soil.  

Nowadays, the cloning and expression of isochorismate synthase gene has become 

one of the interesting areas of ICS studies and application. Isochorismate synthase genes 
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have been isolated from many organisms including bacteria such as Bacillus subtilis 

(Rowland & Taber, 1996). In addition, most of the current knowledge and understanding 

of ICS expression come from plant studies. To accomplish fungal transformation, 

Agrobacterium-mediated transformation is a popular and simple genetic transformation 

technique with high recombinant frequency always plays a crucial role in natural plant 

transformation system and recently even being used in fungal transformation therefore 

involved in this study. 

Hence, the objectives in this study include the isolation of binary vector containing 

ICS gene of M. citrifolia from bacterial culture, transform pGSA1131/ICS into A. 

tumefaciens, subsequent transformation into A. niger and the presence of isochorismate 

synthase gene was determined via polymerase chain reaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 4  
 

2.0 LITERATURE REVIEW 

 

2.1  Morinda citrifolia 

Morinda citrifolia or mengkudu is under the family of Rubiaceae and subfamily of 

Rubioideae. Singh and Rai (2007) stated that M. citrifolia is an evergreen tree or shrub that 

grows up from 3 to 10 m in height when reaching maturity. Moreover, it usually has a 

moderate growth rate and able to adapt well in tropics at a range of temperature from 20 to 

35˚C with the annual rainfall of 250 to 4000 mm (Nelson & Elevitch, 2006). To 

differentiate from other species, both yellowish color of wood and an unpleasant odor from 

its ripening fruits are always the vital markers for M. citrifolia (Nelson & Elevitch, 2006). 

M. citrifolia is grown with a deep taproot, grayish or yellowish-brown glabrous 

bark (Orwa et al., 2009). The yellowish sapwood is soft and the stem is usually with a 

diameter of 13 cm or above. 

According to Honey et al. (2012), the fruits are also known as syncarps which are 

in greenish-white to pale yellow color, fleshy, and in a length of 5 to 10 cm with 3 to 4 cm 

in diameter. Furthermore, they are soft and fetid when ripe.  In spite of this unpleasant 

odor, it is widely used in local medicines such as juices and poultice as well as served as a 

famine food.  

M. citrifolia flowers consist of peduncles in the length of 10 to 30 mm, the calyx 

with truncated rim; five stamens which approximately 15mm long; the 5-lobed white 

corolla with greenish white tube  in 7 to 9 mm long. These lobes are generally in oblong 

shape with about 7 mm long (Honey et al., 2012).  

Furthermore, the orientation of leaves is different from other plants because of they 

are in opposite to each other and in shiny dark green color with pinnate vernation.  Leaves 

in elliptic to elliptic-ovate shape usually are 20 to 45 cm long with 7 to 25 cm breadth. A 
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distinct air chamber allows the seed can still viable after left in water for months (Nelson, 

2003). 

Recently, M. citrifolia is getting more crucial in economic importance worldwide 

as its high demand throughout health care and cosmetics products. M. citrifolia is classified 

as a useful plant due to all of its parts can be used in our daily life. For instance, the roots 

can be used to produce orange dyes (Nelson, 1996) whereas barks are the sources to 

produce red dyes (Little et al., 1964), leaves and trunks have been used in cosmetic 

products and firewood respectively as well as the fruits are used in food, juice and 

medicine. 

  

Figure 2.1 Picture of M. citrifolia (a) the leaves, and (b) the flowers and fruits. (Adapted from 

http://luirig.altervista.org/naturaitaliana/viewpics2.php?rcn=37001) 

 

 

2.2 Isochorismate synthase  

Isochorismate synthase gene involves in the metabolism of isochorismate synthase or ICS 

which is an important enzyme that catalyzing a reversible conversion of chorismate into 

isochorismate. Both chorismate and isochorismate are important in primary and secondary 

plant metabolism. Chorismate is necessary in the synthesis of aromatic amino acids such as 

phenylalanine, tyrosine and tryptophan (Maeda & Dudareva, 2012) as these amino acids 

are required in protein biosynthesis (Herrmann, 1995). Moreover, chorismate is also the 
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starting point of biosynthetic pathway which catalyzed by ICS and convert to 

isochorismate (Strawn et al., 2007). This biosynthetic pathway leading to the formation of 

aromatic organic compounds phylloquinones and anthraquinones. Moreover, both of the 

secondary products, phylloquinones and anthraquinones become one of the reasons why 

isochorismate synthase is important to be studied as it involves in anti-tumor promoting 

and anti-oxidant activities (Jasril et al., 2003). 

On the other hand, isochorismate serves as a precursor of o-succinylbenzoic acid, 

an intermediate in the biosynthesis of menaquinones (Weische & Leistner, 1985) and 

phylloquinones (Poulsen & Verpoorte, 1991). Isochorismate is also an intermediate to 

synthesis salicylic acid or SA which mediates plant defense against pathogens. SA 

enhances plant resistance to a variety of pathogens.  As Wildermuth et al. (2001) stated 

that SA will assist in local and systemic acquired resistance by accumulating in both 

infected and distal leaves in the response to pathogen attack. In addition to plant defense 

against pathogens, SA in plants also responses to abiotic stresses such as drought, chilling, 

heavy metal toxicity and osmotic stress (Vicente & Plasencia, 2011). 

Previously, a research on transformation of Brassica rapa or turnip rape, under 

family Brasssicaceae which plays an important role in the world as it providing major 

crops globally, has been done. This is because of its high nutritional quality and value such 

as vegetable, seed oil and to some extent feedstock. Simoh et al. (2008) stated that 

Brassica has been successfully transformed with bacterial isochorismate synthase gene 

with the help of pCAMBIA followed by introduced into the Agrobacterium tumefaciens 

strain LBA4404, LBA1118 and LBA1119 by electroporation. The transgenic plant with 

presence of transgene has been confirmed by conducting PCR and the successful 

transformation has been expressed through GFP fluorescence detection (Simoh et al., 

2008).  
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2.3 Aspergillus niger 

Filamentous fungi, also known as hyphae are grown in a form of intertwining network of 

cells called mycelium (Trout et al., 2004). The fungi that are visible by naked eyes due to 

the pigment contained inside the fungi. The pigments are the primary reason for the color 

of fungi. Moreover, the sources of the fungal color are affected by colony age and nutrient 

source. 

According to Mitard and Riba (1988), the filamentous fungi are utilized in 

industrial fermentation process such as in the production of enzymes, organic acids and 

antibiotics are from submerged culture. Fungi can be grown in submerge culture in 

different forms such as mycelia, clumps or pellets (Liao et al., 2007).  

Aspergillus niger, a filamentous fungus, is one of the species from the genus 

Aspergillus. A. niger are ubiquitous in nature and can easily be found in soil.  It is usually 

found as saprophyte on dead leaves, stored crops, compost piles, and decaying organic 

matter. Due to it is aerobic organism, it can also abundant in artificial or man-made habitat 

like the surface of buildings and even dried food. 

Generally, A. niger is better known in the form of pelletized growth when culturing 

in submerge cultivation (Verma et al., 2010). Domingues et al. (2000) described that 

pellets are highly twisted the dense masses of hyphae. A. niger is composed of the outer 

shell of growing hyphae and an inner mass of non-growing mycelia. A. niger grow better 

and faster rate in pellets form rather than in biofilm. Fungi in biofilm form commonly 

consist of spore adhesion which the morphology depends on its rough surface and adhesive 

substrates.    

The increase of global demand for organic acids in food industry increases the 

requirement of microbial fermentations. A. niger contributes in food industries since it has 

the ability to produce large amount of citric acid. Meanwhile, it plays an important role in 
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commercial microbial fermentation which produces enzymes and metabolites. Thus it 

becomes the major source of citric acid production in globalization. Apart from citric acid 

production, A. niger are also involve in waste management and biotransformation process 

(Gupta et al., 2012). 

 

Figure 2.2 Aspergillus niger. (Adapted from http://genome.jgi-psf.org/Aspni5/Aspni5.home.html) 

 

 

2.4 Agrobacterium-mediated transformation 

Agrobacterium tumefaciens is a gram negative phytopathogenic bacterium. In 

nature, it induces uncontrolled cell proliferation of infected tissues which resulted in the 

formation of crown gall, a tumor-like disease in plant host through gene transfer. However, 

the bacterium can transfer the gene to non-plant species such as fungi and animals under 

laboratory conditions. Agrobacterium-mediated transformation is an easier and faster 

genetic transformation technique with high recombinant frequency that has been used for 

the past 20 years to genetically engineer plants (Utermark & Karlovsky, 2008) and recently 

even being used in fungal transformation. 

Agrobacterium tumefaciens has a large plasmid which is more than 200 kb namely 

Tumor-inducing (Ti) plasmid. Two crucial regions in Ti plasmid must be involved in the 

genetic transformation, they are Transferred-DNA (T-DNA) and the virulence (vir) region. 
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In this Agrobacterium-mediated transformation, the Agrobacterium cells containing binary 

vector are co-cultivated with the host to be transformed in the presence of acetosyringone 

which is a kind of virulence-inducing molecules. This leads to the transferring of its part of 

Ti plasmid, T-DNA, which is flanked by two 25 imperfect direct repeats, also known as 

left and right border into the nucleus of plant cells (Simoh et al., 2007). The T-DNA in 

between two borders subsequently enters the host cell and gets integrated into plant 

genome. Once the T-DNA integrated into host genome, the tumor characteristics will be 

induced.  

A set of Ti plasmid encoded vir genes is responsible for the transfer of T-DNA to 

the wounded plant tissue. When there are any monosaccharides and phenolic compounds 

that released from wounded plants, virA/virG two component regulatory system induces 

vir genes which stimulates bacterial VirD2 endonuclease to nick within left and right 

borders on the Ti plasmid (Wang et al., 1987). Therefore, a transferable single stranded T-

DNA called T strand is produced (Stachel et al., 1986). 

Following this, T strand is directly binding to VirD2 and VirE2 which are two 

Agrobacterium proteins to form a transport (T) complex (Zupan & Zambryski, 1997). T-

complex is formed by covalently attached its 5‟-end of the T strand to the VirD2 whereas 

the rest of the T strand is coated by single stranded DNA (ssDNA)-binding protein, VirE2. 

The T-complex will then be transferred to the plant cell which assisted by VirB and VirD4 

proteins. Once T-complex enters plant cells, nuclear localization sequences in the VirD2 

and VirE2 leading the T-complex to be introduced into the nucleus (Citovsky et al., 1992) 

and integrated into the plant genome with the help of host factors. 
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2.5  Binary vector 

A binary vector is an essential tool in the fungal transformation mediated by A. 

tumefaciens besides plant transformation. There are two plasmids in Agrobacterium that 

are within binary system.  One of the plasmids, the disarmed plasmid is without the 

inclusion of tumor-inducing genes within the T-DNA region while the other plasmid, also 

known as helper plasmid, carries no T-DNA region that can be transferred to plant cells but 

still consists of the virulence (vir) genes. Due to this system carrying Ti plasmid without 

the presence of T-DNA, therefore it is called binary or trans vector (Horsch & Klee, 1986).   

Usually, a binary vector consists of the left and right borders of T-DNA, multiple 

cloning sites to provide regions of cloning for the inserted gene, origin(s) of replication to 

allow the maintenance in Escherichia coli and Agrobacterium, a plant–active selectable 

marker gene which usually resistant to antibiotic or herbicide, the antibiotic-resistance 

genes within the chromosome and also the backbone sequences for selection of binary 

vector in E. coli and Agrobacterium (Lee & Gelvin, 2008). In this system, the gene of 

interest that will be introduced into the host cells and the host cells selectable marker are 

cloned between the direct repeats in an E. coli-compatible plasmid. Following this, the 

plasmid is introduced into Agrobacterium in order to form T-DNA and the necessary 

virulence functions are provided in trans from a Ti plasmid in the absence of the T-DNA 

(Prabha & Puneka, 2004).  There are two types of T-DNA borders from Ti plasmid: the 

right border and left border. T-DNA borders and the imperfect, direct repeats of 25 bases 

are the necessary cis elements for T-DNA transfer (Yadav et al., 1982).  pGSA1131, a 

binary vector is used in this study.   
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3.0 MATERIALS AND METHOD 

 

3.1 Extraction of pGSA1131/ICS plasmid from bacterial culture 

The constructed plasmid, pGSA1131/ICS was isolated from bacterial culture using 

GeneMATRIX Plasmid Miniprep DNA Purification Kit (EURx, 2008). First of all, 40 µl 

of activation Buffer PL was applied onto the spin-column (did not spin) and it was keep at 

room temperature till transferring lysate to the spin-column. A 1.5 ml of the overnight 

Escherichia coli culture consisting pGSA1131/ICS plasmid was transferred into a 1.5 ml 

microcentrifuge tube and centrifuged at 13,500 rpm for 2 minutes. The supernatant was 

poured off and the tube was blotted upside-down on paper towel to remove any remaining 

media. Next, 250 µl of Cell R buffer was added in and the cell pellet were re-suspended 

completely with the buffer. A 200 µl of blue-coloured Lysis Blue buffer was added and 

mixed gently by several-fold inverting until uniform blue colour of cell resuspension was 

obtained. In order to neutralize and binding the lysate, 350 µl of Neutral buffer was added 

and the contents were gently mixed by several-fold inverting until the blue colour 

disappeared. The mixture was centrifuged at 13,500 rpm for 7 minutes. 

After that, the supernatant formed was poured into the spin-column containing 

placed in the receiver tube. The tube was centrifuged at 12,000 rpm for 1 minute. Then, the 

spin-column was removed and the supernatant was poured off and the spin-column was 

placed back into the receiver tube. The content was washed with 500 µl of Wash PLX1 

buffer followed by centrifuged at 12,000 rpm for 1 minute. Again, the spin-column was 

removed and the supernatant was poured off and the spin-column was replaced back in 

receiver tube. A 650 µl of Wash PLX2 buffer was added and centrifuged at 12,000 rpm for 

1 minute. The spin-column was removed and the supernatant was poured off and the 

column was replaced back. Next, the spin-column was centrifuged at 12,000 rpm for 2 
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minutes in order to remove the traces of Wash PLX2 buffer. After centrifugation, the spin-

column was placed into a clean microcentrifuge tube and 50 µl of Elution buffer was added 

to elute bound plasmid DNA. The microcentrifuge tube was incubated at room temperature 

for 2 minutes and centrifuged at 12,000 rpm for another 2 minutes. The spin-column was 

removed and the microcentrifuge tube was capped. The plasmid DNA finally stored at -

20ºC for further analysis such as the usage in polymerase chain reaction. 

 

3.2 Verifying the presence of Isochorismate Synthase cDNA in pGSA1131/ICS  

The primers, ICSha 3R (5‟ TCT GGA GTG TTT CCA ATG AAT GC 3‟) and ICSha 1F 

(5‟ GCA TTG GCC ATG GAA CGT CT 3‟) were used in polymerase chain reaction to 

verify the presence of isochorismate synthase gene in pGSA1131/ICS plasmid. The PCR 

products were examined on 1% agarose gel electrophoresis. The agarose gel 

electrophoresis was conducted at 100 volt for 30 minutes followed by observed under UV 

light. The PCR mixture and the profile of PCR reaction are shown at the Tables 3.1 and 

3.2. 

Table 3.1: PCR reaction mixture to confirm the presence of desired gene in isolated plasmid. 

 

 

 

 

 

 

Ingredients Volume (µl) 

Gotaq Green Mastermix (Promega)        7.5 

Icsha 1F (Forward Primer)       1.0 

Icsha 3R (Reverse Primer ) 

Nuclease Free Water 

      1.0 

      4.5 

DNA template       1.0 

Total Volume     15.0 
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Table 3.2: Thermal cycling condition for PCR product to confirmation the presence of desire gene. 

Segment Temperature (ºC) Duration  Number of Cycles 

Initial Denaturation           94 3 minutes                 1 

               35 

               35 

               35 

Denaturation           94 30 seconds 

Annealing 

Extension 

Final Extension 

          59 30 seconds 

          72 1.30 minutes 

          72 5 minutes                 1 

Final Hold           20        ∞                 1 

 

 

3.3 Preparation of electro-competent Agrobacterium tumefaciens 

A 10 µl of Agrobacterium tumefaciens strain LBA4404 stock culture was inoculated in 10 

ml of Luria Bertani broth (LB) with 100 µg/µl of rifampicin which serves as a selective 

agent. The culture was grown at 28ºC with shaking at 180 rpm for two days. After two 

days, 1 ml of A. tumefaciens culture was sub-cultured into a 50 ml falcon tube which 

consists of 10 ml of LB, 22 µl of 100 µg/ml rifampicin and it was incubated at 28ºC with 

shaking at 180 rpm for 2 to 3 hours until the OD550 reached approximately 1.0. When the 

OD550 reached approximately 1.0, the falcon tube was centrifuged at 3,000 rpm for 10 

minutes at 4ºC. The supernatant was poured off and discarded and the falcon tube with cell 

pellets was put on ice. Then, 3 ml of ice-cold 10% glycerol was added in and swirled 

gently to re-suspend the cell pellets. The falcon tube containing cells mixture was 

centrifuged at 3,000 rpm for 10 minutes at 4ºC and the supernatant was poured off and 

discarded. Again, the cell pellets were re-suspended in 1.5 ml of sterile, ice-cold 10% 

glycerol and then centrifuged at 3,000 rpm for 5 minutes at 4ºC. The supernatant was 

discarded. The cell pellets were re-suspended in 1 ml of sterile, ice-cold 10% glycerol. 

Each aliquot of 50 µl was transferred into microcentrifuge tubes. The tubes were snap-

frozen in liquid nitrogen before stored at -80ºC.  
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Next, the transformation of Agrobacterium cells was performed through 

electroporation. A 2 µl of pGSA1131/ICS plasmid DNA was transferred into a new 1.5 ml 

microcentrifuge tube and the tube was then put on ice. Meanwhile, the electro-competent 

Agrobacterium tumefaciens cells were thawed on ice. A 2 µl of plasmid DNA and 50 µl of 

electro-competent cells were added into a 0.1 cm electroporation cuvette on ice. Next, the 

pulse parameters were checked using Gene Pulser Xcell Electroporation System (Bio-Rad, 

n. d.). The electroporation cuvette that contained plasmid DNA and electro-competent cells 

was placed in the ShockPod. The chamber lid was pushed down to close and it was pulsed 

once. The pulse parameters were recorded with the time constant was within 5 

milliseconds and the voltage was approximately 2.4 kV. The cuvette was then removed 

from the chamber and 1 ml of LB was added into the cuvette to gently mix with the cell 

contents. The cell contents with LB were transferred into a fresh falcon tube for cell 

recovery which was incubated at 30ºC for 3 hours with shaking at 250 rpm.  

For transformation, each 250 µl of the mixture of electro-competent cells and 

plasmid DNA was pipetted out and spread on the freshly prepared Luria Bertani agar (LA) 

consisting selective agents which were 100 µg/ ml of rifampicin and 30 µg/ml of 

chloramphenicol. The plates were then incubated at room temperature for two days for the 

growth of colonies. 

After two days incubation, the white colonies grew and were observed on the agar 

plates consisting Agrobacterium competent cells with pGSA1131/ICS plasmids. The 

colonies were picked up from agar plates and inoculated into 1 ml of LB with antibiotics 

which were 30 µl/mg of chloramphenicol and 75 µg/ml of rifampicin. The mixture was 

incubated for overnight at room temperature. 

 

 


