
CONSTRUCTION OF PROTEIN EXPRESSION VECTOR TO CONSIST 

METROXYLON SAGU CHITINASE eDNA 


Elise Yong Yih Lih 

QP 

C39 Bachelor of Science with Honours 
Y55 (Resource Biotechnology)
1012 2012 

609 



Projectl1'hesis 

l .declarethis ProjectfI'hesis is Classified as (please tick (-./): 

o CONFIDENTIAL (Contains confidential information under the Official Secret Act 1972)* 
. DR~STRICTED (Contains restricted information as specified by the organisation where 

research was done)* . 

DOPEN ACCESS 


Validation ofProjectlI'hesis 

I therefore duly- affirmed with free consent and willi.Ilgness declared that this said· 

shall be placed officially in the Centre for Academic Information Services with the abide interest and 

rights as follows: 


• This Projecttrhesis is the sole legal property of Universiti Malaysia Sarawak (UNIMAS). 
.. The Centre for Academic Information Services has the lawful right to make copies fo~ the 

·· p.Urposeofacademic and research oruy and not for other purpose. . 
.. 	 The.Centre for Acade~c Information services has thelawful rlghtto digitise the content 

to for the Local Content Datab~se. . . . . . . . . 

• 	 The·Centre for Academic Information Services has the lawful right to make copies of the 
ProjectlI'1iesis for academic exchange between Higher Learning Institute. 

.. No dispute or any claim shall arise from the student itself neither third party on this 
Projectl1'hesis once it becomes sole property of UNIMAB . . 

.. 	 This Proje~esis or any material, data and information related to it shall not be 
distributed, published or disclosed to any party by the s~deni except with UNIMAS 
permission. 

Student's signature Supervisor's signature: -1-+-_...,.--,_ 
. . Dr H.airul AzI 

Notes: *lftheProject/rh.eeis is CONFIDENTIALor RESTRICTED, please attach together a.s 
. annexure a letter from the organisation with the period and reasons of confidentiality and 
restriction. 

[The ins~entwas duly prepared by The Centre for Academic Information Services] 



Pusat Khidmat Maklumat Akademik 
m.1VERSm MALAYSIA SAKAWA){ 

CONSTRUCTION OF PROTEIN EXPRESSION VECTOR TO CONSIST 


METROXYLON SAGU CHITINASE eDNA 
P,KHIDMAT MAKLUMAT AKADEMIK 

111111 


Elise Y ong Yih Lih (23407) 

This project is submitted in fulfillment of the requirements 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 


2012 




Acknowledgement 

I would like to take this opportunity to express my sincere appreciation to everyone for the 

supports, advises and contributions throughout the completion of my Final Year Project. 

First of all, I would like to thank my supervisor, Associate Professor Dr. Hairul Azman 

Roslan for his guidance, encouragement and supervision throughout the project. I truly 

appreciate the chance to do the Final Year Project under his supervision and I am proud to 

be part of the members in Genetic Engineering Laboratory. 

Secondly, I would like to thank all the lecturers from Department of Molecular Biology, 

Faculty of Resource Science and Technology for their supports, knowledge and guidance 

in doing this Final Year Project. I also would like to express my greatest gratitude to all the 

postgraduate students, especially to Jerry Gerunsin, Liyana Ismail, Nabella Holling, Chai 

Suk Phin and Mastura for their helps, wonderful experiences and advices. 

Last but not least, I would like to thank my family and friends for their continuous supports 

and encouragement. 

I 




Pusat Khidmat Maklumat A demik 

UNIVERSm MALAYSIA SARAWAK 


Table of Contents 

Acknowledgement....... ............ ...... ....... .... ......... ........ ... ..... ............. ....... ............. ... 
 I 

Table of Contents.......................................................................... II - III 


List of Abbreviations...................................................................... IV 


List of Tables. .......................................................................... ...... V 


List of Figures............ .................................................................. VI 


Abstract. .................................................................................... . 


1.0 Introduction.......................... . .................................... ................ 2-3 


2.0 Literature review................... ..................................... .................. 4 


2.1 Sago palm (Metroxylon sagu)... ......................................................... 4 


2.2 Chitinase 

2.2.1 	 Introduction to chitinase........... .. ......................................... 5 


2.2.2 Classification of chitinases... ........ ............... ....................... 6-7 


2.2.3 The roles of chitinases........... ..................................... ..... 7-8 


2.3 pET41a+ expression vector... ... ....................................................... 9 


2.4 Polymerase chain reaction........................................................... ........ 10 


3.0 Materials and methods................ .................................. ................ 11 


3.1 Preparation of competent cells... ........................................ .. ........... . 11 


3.2 Bacterial transformation and cultivation of plasm ids... ... ......... ... 12 


3.3 Plasmid extraction 

3.3.1 	 Extraction of pUC 191msChi plasmid through 

alkaline lysis method.......................................... ... 13 


3.3.2 Extraction of pUC 191msChi and pET41a+ plasmids 

by using GF-l plasmid DNA extraction kit......... ........... 14 


3.4 Verification ofthe presence of chitinase cDNA in 

pUC 191msChi plasmid through polymerase chain reaction............ 15 




3.5 Purification ofthe PCR products............ .............................. 


3.6 Restriction analysis ofpET4la+ plasmid and the 
PCR products........ ........................... ........................... ... 

4.0 Results 

4.1 Bacterial transformation and cultivation of plasmids... ......... ...... ... 


4.2 Plasmid extraction 

4.2.1 	Extraction of pUC 191msChi plasmid through 
alkaline lysis method............................................... 

4.2.2 Extraction of pUC 191msChi and pET4la+ plasmids 
by using GF-l Plasmid DNA Extraction Kit......... ....... .... 

4.3 Verification of the presence of chitinase cDNA in 
pUC191msChi plasmid through polymerase chain reaction............... 

4.4 Purification ofPCR products................................................. 


4.5 Restriction analysis of pET41a+ plasmid and PCR products... . ........ 


5.0 Discussion 

5.1 Preparation of competent cells........................................... ..... 


5.2 Bacterial transformation and cultivation of plasmids..................... 


5.3 Plasmid extraction........................ . .................................... 


5.4 Verification of the presence of chitinase cDNA in 
pUC 191msChi plasmid through polymerase chain reaction.............. 

5.5 Restriction analysis ofpET4la+ plasmid and the PCR products... .... 

6.0 Conclusion................................................. .............................................. 


References............................... .................................. ...................... 


Appendices........................................................ ............. ....................................... 


16 

17 


18-19 


20 


21 


22 


23 


24 


25 


26-27 


28 


29 


30-31 


32 


33-35 


36-37 




List of Abbreviations 

bp Base pair 

cDNA Complementary Deoxyribonucleic Acid 

ddH20 Distilled deionized water 

dNTPs Deoxyribonucleic triphosphate 

EDTA Ethylene Diamine Tetraacetic Acid 

NaCI Sodium Chloride 

NaOH Sodium Hydroxide 

PCR Polymerase Chain Reaction 

Rnase A Ribonuclease A 

rpm Rotation per minutes 

SDS Sodium Dodecyl Sulfate 

IV 




List of Tables 

Page 

Table 1 PCR reaction mixture 15 

Table 2 PCR reaction profile 15 

v 




List of Figures 

Page 

Figure 1 & 2: 	 The growth of colonies ofpUCl9/msChi plasmid 

in Luria Bertani agar plate consisting antibiotic 

ampicillin 19 

Figure 3 & 4: 	 The growth of colonies of pET41 a+ plasmid in Luria 

Bertani agar plate consisting antibiotic kanamycin 19 

Figure 5 	 The result of extracted pUCl9/msChi plasmid 
through alkaline lysis method 20 

Figure 6 : The results of extracted plasmids by using GF-l 
plasmid DNA Extraction Kit 21 

Figure 7 	 The results of polymerase chain reaction 22 

Figure 8 The results of the purified PCR products 23 

Figure 9 The results of restriction analysis ofpET41a+ plasmid 
and the PCR products 24 

Figure ~O The map ofpET41a+ expression vector 36 

Figure 11 	 Chitinase cDNA sequence 37 

Figure 12 	 The map ofpUCl9/msChi plasmid 37 

VI 




Construction of protein expression vector to consist Metroxylon sagu chitinase cDNA 

Elise Y ong Yih Lih 

Resource Biotechnology 

Faculty of Resource Science and Technology 


Universiti Malaysia Sarawak 


ABSTRACT 

Chitinase cDNA is a gene that involves in plant response against pathogens and has been 
isolated from the sago palm, Metroxylon sagu. In this study, E.coli XLI Blue competent 
cells was prepared and the pUC191msChi and pET41a+ plasmids were transformed into the 
competent cells. Colonies grown in Luria Bertani agar plates were picked up and cultured 
in Luria Bertani broth on the next day. The plasmids were extracted and the presence of 
chitinase cDNA in pUC191msChi plasmid was verified through polymerase chain reaction 
(PCR). The formed PCR products were then purified by using silica bead DNA gel 
extraction kit. pET41a+ plasmid was cut with XbaI restriction enzyme, followed by blunt
ending pET41a+ plasmid and the PCR products with T4 DNA polymerase and cut with 
HindllI enzyme. However, restriction analysis ofpET41a+ plasmid was not successful. For 
future study, it is suggested that the condition of the restriction enzyme reaction is needed 
to be optimized. 

Keywords: Chitinase cDNA, Metroxylon Sagu, E. coli XU Blue 

ABSTRAK 

cDNA Kitinase adalah salah satu gen terlibat dalam tindak balas tumbuhan terhadap 
pathogen and ia telah diperolehi daripada tumbuhan sago, Metroxylon sagu. Dalam kajian 
ini, sel-sel kompeten E.coli XLI Blue telah dihasilkan dan plasmid pUC191msChi dan 
pET41a+ dimasukkan ke dalam sel-sel kompeten. Koloni-koloni yang tumbuh dikulturkan 
dalam Luria Bertani broth pada hari kedua. Plasmid-plasmid telah diekstrakkan dan 
kehadiran cDNA Kitinase dalam plasmid pUC191msChi ditentukan melalui tindak balas 
rantaian polimerase (PCR). Selepas itu, hasil produk PCR dibersihkan dengan 
menggunakan silica bead DNA gel extraction kit. Plasmid pET41a+ dipotongkan dengan 
enzim restriksi XbaI and diikuti pemotongan plasmid pET 41 a+ and hasil produk PCR 
dengan DNA polymerase T4 dan enzim restriksi HindlII. Tetapi, tindak balas enzim 
restriksi terhadap plasmid pET41a+ tidak berjaya. Untuk pengajian pada mas a hadapan, ia 
dicadangkan bahawa keadaan untuk tindak balas enzim restriksi perlulah dioptimumkan. 

Kata Kunci: cDNA Kitinase, Metroxylon Sagu, E. coli XLI Blue 
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1.0 INTRODUCTION 


Chitin is a soluble, linear, ~-I,4-linked polymer of N-acetylglucosamine (NAG). It is a 

major constituent of the integuments of insects and crustaceans and the cell wall 

component of fungi and algae (Collinge et a!., 1993). It is an important nutrient source in 

the marine environment, as it is rich in carbon and nitrogen (Tsujibo et al., 1993). 

Chitinase is an enzyme that can degrade chitin into chitin oligosaccharides or N

acetylglucosamine (NAG). Chitinases are classified into families 18 and 19 of glycosyl 

hydrolases based on the amino acid sequence similarities of their catalytic domains. Family 

18 consists of chitinases from bacteria, fungi, viruses, animals and some plants. On the 

other hand, family 19 contains only plant chitinases. Plant chitinases play important roles 

in defence mechanisms against fungal pathogens, such as the chitinases from sago palm 

(Collinge et al., 1993). 

Sago palm (Metroxylon sagu) is a monocotyledonous plant which can be mostly 

found in tropical forests in Southern Asia. It is one of the economically important 

agricultural crops in Sarawak. It can grow in lowland freshwater swamps and traditiona] 

swidden gardens in lowland rain forests (McClatchey et al., 2006). Metroxylon sagu is 

very useful as it can be processed to produce starch for human consumption and fuel wood 

(Orwa et al., 2009). 

Nowadays, the cloning and expression of the chitinase gene and the construction of 

recombinant strains with new capacities have become one of the interesting areas of 

chitinase studies and application. Chitinase genes have been isolated from many organisms 

such as Arabidopsis thaliana, Cucumis sativus, Serratia marcescens, Streptomyces 
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olivaceoviridis and Aeromonas caviae (Tao et ai., 2006). They are characterized, cloned 

and transfonned into plants and bacterial strains to attack fungal pathogens. Escherichia 

coli is known as the best host for the expression of chitinase protein. The high expression 

level of chitinase protein in E.coli enhanced the activity of Bacillus thuringiensis to control 

pests (Tao et ai., 2006). Chitinases can also be used in the production of biopesticides, 

pollution abatement and the bioconversion of shellfish chitin wastes (Malatheshaiah et ai., 

2010). Chitinase has therefore been the topic of intense study in recent years, and some 

researches have proved that enhanced chitinase levels in transgenic plants can reduce the 

damage caused by pathogens. (Collinge et ai., 1993). 

The objectives of this study are to clone Metroxyion sagu chitinase cDNA into 

pET41a+ plasmid, transfonn pET41a+lmsChi plasmid into Escherichia coli XLIB1ue 

competent cells and detennine the presence of chitinase cDNA in pET41a+lmsChi plasmid 

through polymerase chain reaction (PCR). 
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2.0 LITERATURE REVIEW 


2.1 Sago palm (Metroxylon sagu) 

Metroxylon sagu is a palm tree without leaf sheaths which belongs to the Lepidocaryoid 

subfamily of Arecaceae (Palmae). It can be found in the tropical rainforests, moist upland 

rainforest and freshwater swamps of Southeast Asia, such as Malaysia, Indonesia and 

Thailand (Malviya et al., 2010). The sago palm can grow on a wide variety of soils at pH 

around 4.0-7.4, including well drained, poor quality sand and clay. It can grow about 1.5 m 

per year in optimal conditions (McClatchey et al., 2006). 

Sago palm is a monoecious plant as it has both male and female flowers on the 

same plant. It is also known as hapaxanthic as it flowers only once in its life. Its trunk 

decays after the fruiting process and it is replaced by the formation of one or more suckers 

(Orwa et al., 2009). Besides, Metroxylon sagu has heavy aerial and spongy roots with a 

tough central vascular strand. The starch is stored in the central parenchyma of the sago 

palm s bole and it forms pneumatophores under prolonged flooding conditions. 

(McClatchey et al., 2006). 

Metroxylon sagu has many applications. The apical meristems of the sago palm can 

be eaten raw as a vegetable (McClatchey et al., 2006). The starch is very useful in food 

industry as ingredients, such as thickener, stabilizer and gelling agent (Malviya et al., 

2010). The waste from the plant's pith is also used as a fertilizer. In addition, dextrose 

sugar extract from sago palm starch can be processed to produce ethanol and the fibre from 

i leaves can be used for mat weaving (Orwa et al., 2009). 
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2.2 Chitinase 

2.2.1 Introduction to chitinase 

Chitinase is an enzyme that catalyzes the degradation of chitin, a fibrous insoluble 

polysaccharide made of P-l ,4-linked N-acetylglucosamine (GlcNAc) residues (Songjang et 

al., 2006). Chitinases are also known as pathogenesis-related (PR) proteins and can be 

found in plants, insects, crustaceans, bacteria and many fungi (Tsujibo et al., 1993).They 

are also induced by phytohormones such as ethylene, jasmonic acid and salicylic acid 

(Kasprzewska, 2003). Chitinases have pH around 6 and are stable at temperatures up to 

SO°C. For example, the optimum pH of plants and algae chitinases is 4 - 9, chitinases in 

animals is around 4.8 - 7.5 and chitinases in microorganisms is about 3.5 - 8.0 (Collinge et 

al., 1993). 

Endochitinases and exochitinases are the types of chitinases which can be found in 

organisms. Endochitinases functions in hydrolyzing internal P-l,4-linkages of chitin-

releasing oligo saccharides of GlcNAc (Kasprzewska, 2003). Many purified plant 

endochitinases can hydrolyse P-l,4-linkages between N-acetylmuramic acid and G1cNAc 

residues in peptidoglycan. On the other hand, exochitinase activity in some plants is 

detennined through the release of GlcNAc. Both endochitinase and exochitinase enzyme 

activity can be measured by colometric, radiochemical and gel electrophoresis-based 

assays (Collinge et al., 1993). 
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2.2.2 Classification of chitinases 

The chitinases are classified into two different families; they are families 18 and 19. 

Chitinases from bacteria, fungi viruses, animals and some plants are categorized in families 

18, whereas family 19 only consists of plant chitinases (Malatheshaiah et al., 2010). 

Family 18 chitinases function based on a substrate-assisted catalysis model, whereas 

family 19 chitinases use a general acid-and-base mechanism (Passarinho and de Vries, 

2002). There are four types of plant chitinases; class I, class II, class III and class IV. The 

chitinases are classified based on the information of their N -terminal sequence, localization 

ofenzyme, isoelectric pH, signal peptide and the inducers. 

Class I chitinases have N-terminal cysteine-rich domain of about 40 amino acids, 

leucine or valine-rich signal peptide and vacuolar localization (Collinge et al., 1993). High 

level expression of class I chitinases can be found in the roots and floral tissues of various 

plants (Kasprzewska, 2003). They are subdivided into class Ia and Ib based on the acidic 

and basic nature of the chitinases. The examples of class Ia chitinases are peanut chitinase, 

potato chitinase and rice chitinase and tobacco chitinases. Barley chitinase and pea 

chitinase are class Ib chitinases. On the other hand, class II chitinases lack of the N

terminal cysteine-rich domain and can also be found in fungi and bacteria. Arabidopsis 

thaliana chitinase and petunia chitinase are categorized as classes II chitinases (Collinge et 

al., 1993). 

Class III chitinases have a weak similarity with bacterial chitinases. Class III plant 

chitinases can be found in hot spring with a high temperature at about 80°C. An example of 

class III chitinases is cucumber chitinase. In addition, class IV chitinases have similar 

cteristics with class I chitinases as both of them contain cysteine-rich domains and 
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conserved main structures. However, class IV chitinases are smaller than class I chitinases 

due to four deletions. Class IV and class I chitinases are also serologically distingushable. 

The basic sugar beet chitinase IV, the basic rape chitinase ChB4 and the acidic bean PR4 

chitinase are the examples of Class IV chitinases (Collinge et al., 1993). 

2.2.3 The roles of chitinases 

Various kinds of chitinases in living orgamsms have their own functions. Bacterial 

chitinases play important roles in nutrition process. They hydrolyze chitin and deliver 

carbon and nitrogen to the cells. Chitinases in yeast, fungi and invertebrates function in 

pathogenesis processes and morphogenesis, such as remodeling cell wall structure and 

daughter ceU separation. In animals and plants, chitinases also involve in the defence of 

organisms against pathogen and the regulation of growth and development processes, such 

as pollination and embryo development. Many plant chitinases with additional lysozyme 

can cleave bacterial peptidoglycan which is a polymer of ~-I,4-linked N-acetlyglusamine 

and N-acetylmuramic acid residues (Kasprzewska, 2003). 

Plant chitinases will inhibit the growth of many fungi in vitro by causing the lysis 

of hyphal tips, especially in the combination with ~-1 ,3-glucanase (Collinge et al., 1993). 

They also involve in legume nodulation. They will hydrolyze and deactivate the 

lipochitoologosaccharides produced by nitrogen-fixing bacteria which are specific for 

particular plant species when the plant roots are infected. Apoplastic chitinases in 

monocotyledonous plants also participate in plant frost resistance. They can inhibit and 

modify the ice crystal growth in plant apoplasts. For example, chitinases in Secale cereale 
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leaves involve in antifreeze activity after the treatments of ethylene and drought. The class 

II chitinase gene in Cynodon sp. was also induced during cold acclimation and dehydration 

(Kasprzewska, 2003). 

In addition, bacterial chitinases involve in defeating fungal phytopathogens such as 

Rhizoctonia so/ani and Aspergillus parasiticus (Malatheshaiah et al., 2010). The chitinases 

isolated from Serratia plymuthica HRO-C48 also inhibit the growth of plant pathogenic 

fungus Botrytis cinerea (Malatheshaiah et al., 2010). Class IV chitinase found in 

Arabidopsis thaliana is an example of chitinases which involves in programmed cell death 

(PCO). Chitinase in Solanum tuberosum plays an important role in inhibiting aspartic 

protease activity (Kasprzewska, 2003). 

. -. 
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2.3 pET41a+ expression vector 

A pET vector is a bacterial plasmid which promotes a large quantity production of desired 

protein when it is activated (Mierendorf et al., 1998). The pET vectors are derived from 

pBR322 and have different leader sequences, expression signals, fusion tags and relevant 

restriction sites. They are divided into two major categories, the transcription and 

translation vectors. The transcription vectors express target genes which are derived from 

prokaryotes. On the other hand, the translation vectors contain highly efficient ribosome 

binding site from the phage T7 major capsid protein and are used for the expression of 

target genes derived from eukaryotes (Mierendorf et al., 1998). 

The pET41a+ vector has cloning sites downstream of the thioredoxin gene which 

flanked with hexametrical histidine residues and is used for the expression of cloned genes 

in Escherichia coli cells (Iida et al., 2003). It commonly has a lad gene which codes for 

the lac repressor protein, a T7 promoter which is specific to T7 RNA polymerase, a lac 

operator region 3' to the T7 promoter which can block transcription, multiple cloning sites 

(polylinker region) downstream of the T7 promoter and an fl origin of replication. It also 

carries the collicin E1 (colE!) replicon of pBR322 and confers resistance to ampicillin or 

kanamycin. The pET vector can clone target genes under the condition of extremely low 

transcriptional activity (Mierendorf et al., 1998). 
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2.4 Polymerase chain reaction 

Polymerase chain reaction is a technique used for generating unlimited copies of 

DNA fragments. It was developed by Kary Mullis in 1983. There are three 

temperature-dependent steps in polymerase chain reaction, such as denaturation, 

annealing and extension (Ahmed, 2006). Denaturation involves in conversion of 

double-stranded DNA into single-stranded DNA through melting at elevated 

temperature and its temperature is nonnally around 93°C to 96°C (Somma and Querci, 

n.d.). In this stage, the two complementary chains of DNA separate and aU the 

enzymatic reaction stops (Hendrikx et al., 2001). 

Annealing, which is also known as hybridization, is a process that the primers 

bind to their complementary bases on the single-stranded DNA. The annealing 

process usually occurs at a lower temperature of about 55°C to 65°C. Hydrogen 

bonds are constantly fonned and broken between the single-stranded primer and the 

single-stranded template in this stage (Somma and Querci, n.d.). 

On the other hand, extension involves the synthesis of new DNA strands and 

it commonly takes place at 72°C. The primers are extended across the target sequence 

by using a heat-stable DNA polymerase, such as Taq DNA polymerase in the 

presence of dNTPs (Somma and Querci, n.d.). Taq DNA polymerase is an enzyme 

source from Thermus aquaticus, which is a thennophilic bacterium (Saiki et al., 

1988). The DNA polymerase can read a template strand and match it with 

complementary nucleotides very quickly. Hence, the duplication of the starting target 

material occurs (Somma and Querci, n.d.). 
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3.0 MATERIALS AND METHODS 

3.1 Preparation of competent cells 

A single colony ofEscherichia coli XLI Blue (Stratagene) was firstly inoculated into Luria 

broth (LB) media without antibiotics and the culture was then grown for overnight at 37°C 

with shaking at 250 rpm. The next day, the overnight culture was pi petted into a 50 ml 

falcon tube containing Luria broth media and allowed to grow for 2 to 3 hours at 37°C with 

shaking at 250 rpm until the 00600 value reached about 0.45 to 0.5 (Li et ai., 2010). The 

culture was then placed in ice for 10 to 20 minutes and centrifuged at 4°C for 10 minutes at 

3000 rpm (Sambrook et aI., 1989). 

After the supernatant was discarded, the cell pellet was resuspended in iced-cold 

100 mM calcium chloride (CaCh). The suspended cells was incubated on ice for 10 

minutes and centrifuged again at 4°C for 10 minutes at 3000 rpm. After centrifugation, the 

supernatant was discarded and the cell pellet was resuspended in cold sterile 100 mM 

CaCh again. The cell suspension was then incubated on ice for approximately 1 hour. 

About 20% (v/v) pure glycerol was added to the cell suspension and mixed well to prepare 

the glycerol stocks. The glycerol stocks were finally transferred into the 1.5 ml 

microcentrifuge tubes and stored at -80°C. (Sambrook et ai., 1989). 
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3.3 Plasmid extraction 

3.3.1 Extraction of pUC191msChi plasmid through alkaline lysis method 

The overnight culture consisting pUC191msChi plasmid was firstly transferred into a 1.5 

ml microcentrifuge tube for plasmid extraction. The remaining of the cultures was stored at 

-20°C after 40% glycerol was added. The supernatant was removed with pipette after the 

tube was centrifuged for 15 seconds. The cell pellet was then resuspended in 1 00 ~l of 

solution I (50 mM Tris-HCl at pH 8.0, 10 mM EDTA, RNase A) and incubated for 30 

minutes at O°C. Next, 100 ~l of Solution II (200 mM NaOH and 1 % SDS solutiom) was 

added and the tube was gently flicked to mix the contents. The tube was incubated at room 

temperature for 5 minutes (Birnboim and Doly, 1979). 

After that, 300 ~l of solution III (3.0 M potassium acetate, pH 5.5) was added, 

mixed and incubated on ice for 15 minutes. The tube was centrifuged for 10 minutes at 

14000 rpm to precipitate the supernatant. The supernatant was then transferred into a fresh 

tube and 200 ~l of cold absolute ethanol was added. The precipitate was collected by 

centrifugation for 20 minutes and the supernatant was removed by pipetting. The pellet 

was dissolved in sodium acetate or Tris-HCl at pH 8 and added with 500 ~l of 70% cold 

ethanol. After centrifuged for 10 minutes, the supernatant was discarded and the pellets 

air dried for 10 to 30 minutes. The pellets were resuspended in 50 ~l of sterile ddH20_111'1_ 

stored at -20°C (Birnboim and Doly, 1979). 
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3.3.2 Extraction of pUC19/msChi and pET41a+ plasmids by using GF-l Plasmid 

DNA Extraction Kit 

Firstly, 1.5 ml of the overnight cultures consisting different plasmids were transferred into 

1.5 mI of microcentrifuge tubes and centrifuged at 4000 rpm for 8 minutes at room 

temperature. The remaining of the cultures was stored at _20DC after 40% glycerol (v/v) 

was added. The supernatant was discarded and the cell pellet was resuspended in 250 J!l of 

solution I. Next, 250 J!I of solution II was added and the contents were gently mixed by 

inverting tubes for 6 times to obtain a clear lysate. The mixtures were incubated on ice for 

not longer than 5 minutes. In order to neutralize the lysate, 400 J!l of buffer NB was then 

added into every tube and the contents were gently mixed by inverting the tube for 10 

times until a white precipitate formed. The mixtures were centrifuged at 13,500 rpm for 10 

minutes (Vivantis, 2009). 

After that, the supernatant was formed in every tube and transferred into the 

columns assembled in clean collection tubes. The tubes were then centrifuged at 10,000 

for 1 minute and the supernatant was discarded. Next, each column was washed with 

Id wash buffer and centrifuged at 10,000 rpm for 1 minute. The supernatant was 

_m~ and the columns were centrifuged again at 10,000 rpm for 1 minute to remove 

.&llual ethanol. Then, the columns were placed into clean micro centrifuge tubes and 50 J!l 

elution buffer were added directly onto column membrane and stood for 1 min. The 

ere centrifuged at 10,000 rpm for 1 minute to elute plasmids. The plasmids were 

stored at - 20°C for the use in polymerase chain reaction and restriction digestion 
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Verification of the presence of chitinase cDNA in pUCI91msChi plasmid 

tIarougb polymerase chain reaction 

primers, NdeI chi-f(5' ATA AGT CAT ATG AAG GTC TGG TTC 3') and HindlII 

(5' ITA GAT AAG CTT CTC CCA GTA GGT 3') were used in polymerase chain 

::hllleUc:tn to verify the presence of chitinase cDNA in pUC191msChi plasmid. The PCR 

pmcIucts were pre-stained. They were run on 1 % agarose gel electrophoresis at 100 volts 

20 minutes and then observed under the UV light. 

Table I: PCR reaction mixture 

Ingredient Volumes (J.11) 

Gotaq green mastermix (Promega) 10 

NdeI chi-f (Forward primer) 1 

HindIII chi-r (Reverse primer) 1 

Autoclaved ddH20 7 

Template (pUCl9lmsChi plasmid) 

Total 20 

Table 2: PCR reaction profile 

Temperature eC) Time 

Initial denaturation 


Denaturation 


Annealing 


Extension 


Return to Step 2 for 35 cycles 


Final extension 


94 3 minutes 

94 15 seconds 

33 15 seconds 

72 45 seconds 

72 5 minutes 
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and the supernatant was carefully removed (Fermentas, 2011). 

Later, 500 III of ice cold washing buffer which had been diluted with ethanol was 

into each tube to resuspend the pellets and spun 5 seconds. The formed supernatant 

discarded and this procedure was repeated for 2 times. After the supernatant from the 

wash has been removed, the tubes were spun again and the remaining liquid was 

The pellets will be then air-dried for 10-15 minutes to avoid the presence 

ethanol in the purified DNA solution. The pellets were resuspended in sterile 

_mel water and the tubes were incubated at 55°C for 5 minutes. Next, the tubes were 

aad the supernatant was carefully removed. The recovered supernatant, which was the 

.........l ·r"'--..... product, was placed into a fresh tube (Fermentas, 2011). 
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3.5 Purification of the peR products 

The PCR products, chitinase eDNA fragments were purified by using silica bead DNA gel 

extraction kit (Fennentas). The microcentrifuge tubes were firstly weighed. The gel slices 

containing chitinase cDNAs were excised by using a sterile scalpel after 1 % agarose gel 

electrophoresis had been done. The gel slides were weighed in a tube and an estimated 

vohane ofbinding buffer was added to each tube. The gel mixtures were then incubated for 

about 5 to 10 minutes at 55°C until the gel slides melt and the tubes were inverted during 

incubation. The colour of the solutions was then checked and 10 III of silica powder 

suspension was added to the binding buffer mixture in each tube and incubated for 5 

JDill1Ut4~ at S5°C. The mixtures in different tubes were then spun for 5 seconds to form 


