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Construction of Chitinase Gene in to Yeast Vector 

Nor Faizatul Fatikah Binti Ismail (31 760) 

Resource BIotechnology 

F acuity of Science and Techno logy 


Uruversiti Malays ia Sarawak 


A BSTRACT 


Chitinase is enzy me that hydrolyzing chit in to produce N-acetyl- g lucosam ine which can be found in bacteria, 
fungi, higher plane , insect and some vertebrates. One o f the im j.X)rtant goals of recombinant DNA [echno logy is 
effic ient express io n of cloned genes into a su itable express io n vec tor that have capabi lities to replicate large 
pieces DNA. and a lso stably mainta ined for the generat io n. Hence, in this study. the chit inase gene fro m 
Mefroxy/on sagu was constructed into the yeast express ion vector, pPICZa C. Brie n} , (he extraction of plasmid 
conta ining chitinase and pPICZCl C vector was done. Pr imers specific to M. sagu chit inase were designed (Q 

amplify the 3' end and 5' end regions of ehitinase gene in PuC 19 and subsequently subcloned into pPICZa C 
vector. A transformation o f the ligated product was perfurmed by using competent cells and heat shock melllOd. 
The con lormat ion o f positi ve transformar that eonlain pPI CZa CI chilinase was done to ensure the successful of 
construct ion of gelle iO£o vector by using co lony PCR. The confirmation of positi ... e transformant which co ntain 
of pPI CZa CI chitinase was done to ensure the suecessful of construction of chitinasc gene into yeast vector by 
using co lony PCR. T his might be prior things in order Lo cont inue lhe next step in reco mbinant DNA technology. 

K ey ....\'ords: Chitinase, pPICZa C, yeast express ion vector 

A BSTRA K 

Kilinase ada/ah en=im yang hydro~y:ing kitin untuk menghasi/kan N-asetil-C/ukosamine yang didapali do/am 
bakteria. ku/al, lumbuhan yang /ebih linggi, serangga dan beberapa haiwan vertebrata. Salah satu mat/arnot 
penting /ekn%gi DNA rekombinan ada/ah ungkapan eekap gen diklon ke do/am vekJor ungkopan yang sesuai 
yang mempunyai kel1pcryaan unluk meniru keping besar DNA O/eh ilu, do/am kajian ini, gen ehilinase dari 
rnetroxylon sagu le/ah dibina ke do/am veklor ungkapan y is, pP/CZ-a C. SecQI'a ringkas, pengekstrakan plasmid 
yang mengandungi chilinase dan pPICZa C vektor le/ah di/akukan mengiklll protoko/ pengekstrakan. Primer 
khuslIs Imruk M. Sagu kitinase le/ah direko Itntuk menguatkan kawasan J 'akhir dan 5' akhir chitinase gen do/am 
PUC 19 don kemudiannya diklon ke pP/CZa C vektor. Saw transjormasi produk bersamhung lelah dilakukiJn 
dengan menggl.lnakan sel-sel yang cekap dan knedah kejulan haba Pengesahan Lransjormam posi/~r yang lidak 
hanya menyediakan pPICZai kitinase lelah dilakukan unluk memastikan kejayaan pembinaan kilinase gen ke 
dalam Ilekror yis dengan menggunakon koloni PCR. Ini mungkin perkora yang lerlebih dahulu umuk meneruskiJn 
langkoh seterusnya dolam /eknologi DNA rekombinan. 

KafO kllnci: Kilinase, pPICZa C, yis eksppresi veklor 



1.0 INTRODUCTION 


Chitinase is a g lycosyl hydro lase that catalyzes the hydrolytic degradation of c hitin , a fibrous 

inso luble po lysaccharide made of -1 ,4-N-acetyl-D-glucosamine res idues. The ex is te nce of 

c hitinase was first desc ribed in L991 by Benard who found a thermo sensitive and diffus ible 

antifunga l facto r in orc hid bulb, and in 1929 by Karrer and Hoffman in a sna il ( Flach , 1992). 

The express ion of chitinase fro m different plants species are not same, the detection have been 

di scove red by express ion in seed of soy bean (Yeboath el aI. , 1998), fl owe r ofArabidopsis 

thaliana (Passa rinho el al. , 200 L), and a root of rice (Lamb el aI. , 199 1) . Chitinase typica ll y 

acts as monomer and all the ir plants are small protein with the molec ul ar we ight ra nge from 

25000 - 40000 kD. 

Chitinases have been detected in a wide variety of organi sms, including those that 

co ntain chitin , such as insects, crustaceans, yeasts and fungi, and also organi sms that do not 

co ntain chitin , such as bacteria, higher plants and vertebrate s. In invertebrates, chitin ases is 

req uires for partial degradati on of old exoskeletons. Fungi produce chitinases to modi fy chitin . 

In high er pl ants, chitinase takes part in defense mechani sms against funga l pathogens (B ishop 

el 01., 2000). As plants have a variety of mechanism fo r themselves to protect aga i'l st infection 

by pathogen Or othe r attack, many o f wh ich in vo lve the ac ti vati on of host defe nse gene. These 

ca use the gene itself to be acti vated and produce a phys ical a nd biochemica l in the host plant 

whic h a ll ow the m to become more res istant to mi crobial or pathogen a ttack. The re fo re 

potentia l o f chitinase to degrade chitin will make it more valuable in industri a l mark et fo r 

example in production of food supplement and preservati ves (Sc hickle r and C het, 1997). 
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Chitinase is widely used for example in preparation of pharmaceutical, bio pesticides, 

mosquito control, and pollution abatement and basically in commercial biology (Schickler and 

Chet, 1997). Many researcher try to find solution to increase the production chitinase while 

there are highly demanding in manufacturing industry. 

The problem statement in this study are the production of chitinase in general is 

expensive and complicated because the process to extract the chitinase is complex process. 

The study is also significant to construct the pPICZa C/chitinase that can be used for further 

research on expression of chitinase in P. pastoris. 

The objectives of this study are: 

• To develop a strategy to construct the chitinase gene into pPICZa C vector. 

• To amplify the chitinase by using polymerase chain reaction (PCR). 

• To extract the plasmid of positive transfonnants. 

• To confirm the construct by Polymerase Chain Reaction 

3 



2.0 LITERATURE REVIEW 


2.1 Chitinase 

Chitinase hydrolyzes the P -1,4-linkage of chitin and is known to be produced by a 

wide range of organisms, found in bacteria, fungi, higher plant, insect and some vertebrates. 

Chitin is an insoluble p -l,4-linked polymer ofN-acetylglucosamine (GlcNAc) and is one of 

the most abundant biomasses on earth, second only to cellulosic materials (Morimoto el ai., 

2001). 

Several factors such as chitin, yeast extract, ammonium sulphate, trace elements, tween-20, 

magnesium sulphate, ammonium chloride, potassium nitrate, diammonium hydrogen 

phosphate, sodium nitrate, I-glutamine, I-asparagine, peptone and urea have been reported to 

influence chitinase production by bacteria (Gohel el ai., 2006). 

The biological functions of chitinases in various organisms are diverse. Plant chitinases 

were involved in plant defense mechanism against fungal pathogens, however fungal 

chitinases were associated with autolytic morphogenetic and pathogenesis roles (Fan et ai., 

2007). The expression of chitinase from different plants species are not same (Samac and 

Shah, 1991). For example in organ where there is a detection of chitinase expression in seed 

of soy bean (Yeboath et ai., 1998), t10wer of Arabidops;s thaliana (Passarinho et ai., 200 I), a 

root of rice (Lamb et ai., 1991). and etc. 

The optimal pH for chinitase activity is varies depending on the types of species but 

mostly they are in acidic pH (Xiaohong, 2000). For example, chitin was as the substrate, the in 

vitro pH optimum for a yam chitinase is 3.8 (Tsukamoto et ai., 1984). 
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2.2 Ty pe of chitinase 

According to Xiaohong (2000) chitinase are divided into two types which is 

endochitinase and exochitinase. At the beginning, chitinase plants are isolated to date 

endochitinase, however exochitinase have been purify from melon and carrot. Most of 

different plants species are types of endochitinase including monocotyledon and dicotyledons. 

For endochitinase, the chitin releasing soluble and di-acetylchitobiose, which predominates 

while for the exochitinase, the chitin was hydrolyze by releasing di-acetylchitobiose with no 

mono or oligosaccharides fonned. 

The activity of excochitinase is defined as "the progressive action starting at the non-

reducing ends of chitin with the release of successive diacetyl chitobiose unit" (Felse and 

Panda, 1999). Under excochitinase there are two subcategories. First is chitobiosides, which 

can catalyze the progressive release of. Then the second subcategories are N-acetyl 

glucosaminidase, which cleave oligomeric product of endochitinase (Dahiya et ai., 2006). 

Figure 2.2 shows the three dimension of chitinase enzyme structure. 

_ _ J
i

"--------
Figure 2.2: Structure of chitinase enzyme 
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2.3 Classitica tion of chitinase 

From previous stud ies due to amino acid sequence simi larity. families 18. 19 and 20 of 

glycosy l hydrolases can refer to group of chitinolytic enzyme. Chitinase contain from bacteria, 

fungi , viruses, animals and some plant chitinases are referring to evo lutionary term of family 

18. While acco rding to family 19, there are consist of plant chitinases (class 1, II and IV) (Hart 

et aI. , 1995). Both of two families are not share amino acid sequence similarity. However, 

famil y 20 is includes the p-N-acetylhexosaminidases from human, bacteria and Streptomycetes 

(Dahiya et ai., 2006). 

2.4 Function of chitinase 

There are many function that can be used by organism itse lf and also industrial sectors 

by the production of chitinase from organism. In bacteria, chitinase play role s in nutrition and 

parasitism while involving morphogenesis in fungi, protozoa and in ve rtebrates (Reetarani et 

ai. , 1999). Apart from that, chitinase are also involved in the defence mechanism of plant and 

verteb rates (Reetarani et ai., 1999). 

Baculoviruses, which are used for biological control of insect pests, also produce 

chitinases for pathogenes is (Deising el 01. , 1995). Whereas in human, chitinase activity takes 

part in serum that has recently been describe (Reetarani et ai. , 1999) . The poss ible role IS a 

defence against funga l pathogen and fungal chitinases are required for hypha I growth. 

Furthermore, chitinases are enzyme that capable to hydrolysing chitin to its monomer N -acetyl 

glucosamine (G1cNAc) (Felse and Panda, 1999). [n bacteria chitinase are considered primarily 
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to digest and hydrolyse chitin into a carbon and nitrogen nutrient (Cohen and Chet, 1998). 

Besides that, chitinase act like catalyst in chitin degradation (Cohen and Chet, 1998). 

Fungal chitinase are important for surviving of producing organism itself. This is because they 

are involved in important morphogenic processes such as spore germination, hyphal 

elongation and hyphal branching (Kuranda and Robbins, 1991; Takaya et al., 1998). 

2.5 Pichia pastoris 

Pichia pastoris (P. pastoris) are the eukaryoate which have a lot of advantages of 

higher eukaryotic expression system such as protein folding, protein processing and 

posttranslational modification and it is easy to handle as E. coli or S. cerevisiae. P. pastoris 

easily act as a protein expression system because it easier, faster and less expensive to be use 

than other eukaryotic expression system. Besides, it give higher expression level and has the 

added advantages of 10 to 100 fold higher heterologous protein expression levels. As a yeast, 

it shares the advantages of molecular and genetic manipulations with S. cerevisiae. 

There are varies of way of develop for S. cerevisiae may be applied to P. pastoris 

which is gene replacement, gene disruptions and fonnation by complement. Apart from that, 

the genetic nomenclature has been applied to P. pastoris where it was normally been use for S. 

cerevisiae .For example, histidine gene encode histidinol dehydrogenase in both S. cerevisiae 

and P. pastoris. There is also cross-complementation between gene products in both S. 

cerevisiae and P. pastoris. Several wild-type genes from S. cerevisiae complement 

comparable mutant genes in P. pastoris. 

7 



[n comparison to Saccharomyces cerevisiae, P. pastoris have an advantage in the 

glycosylation of secreted proteins. It is because it may not hyperglycosylate. Both S 

cerevisiae and P. pastoris have a majority ofN-linked glycosylation of the high-mannose type. 

However, the length of the oligosaccharide chains added post translationally to proteins In 

Pichia (average 8-14 mannose residues per side chain) is much shorter than those in S 

cerevisiae (50- 150 mannose residues) (Grinna and Tschopp, 1989; Tschopp et aI., 1987b). 

Very little O-linked glycosylation has been observed in P. pastoris. [n addition, S cerevisiae 

core oligosaccharides have tenninal ai, 3 glycan linkages whereas p. pastor;s does not. It is 

believed that the ai, 3 glycan linkages in glycosylated proteins produced from S cerevisiae 

are primarily responsible for the hyper-antigenic nature of these proteins making them 

particularly unsuitable for therapeutic use. Although not yet proven, this is predicted to be less 

of a problem for glycoproteins generated in P. pastoris, because it may resemble the 

glycoprotein structure of higher eukaryotes (Cregg et al., 1993). 

2.6 Zeocin 

Zeocin is belong to the bleomycin family of antibiotic whereby it is a glycopeptide antibiotic 

and one of the phleomycins trom Streptomyces verticil/us. They are broad spectrum antibiotic 

that act as strong anti-bacterial and anti-tumor drugs. According to Baron et al. (1992). 

Antibiotic in this family show strong toxicity against bacteria, fungi, plants and mammalian 

cells. Zeocin is blue in colour due to the presence of copper ion Cu2+.The copper-chelated 

form of zeocin is inactive. The Cu2+ is reduced to Cu+ once the zeocin enters the cell and 

then removed, and zeocin becomes activated and can then bind the DNA. The formula for 
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zeocin is CssH83N'902,S2Cu and the molecular weight is 1137.41 glmoJe. In order to prevent 

the inhibition of the drug causing non-selection, the zeocin mllst be store at -20°C and thaw on 

ice before use and. Besides that, zeocin is very sensitive to light. So it must be kept in the dark. 

2.7 pPICZa C vector 

pPICZa C vector is a 3.6 kb vector that functions in expression and secretion of recombinant 

proteins in P. pastoris (Invitrogen, 20 I 0). The first feature is 5' AOX I promoter (alcohol 

oxidase I promoter) that functions for tightly regulated and methanol induced expression of 

the gene of interest (Ellis et al., 1985). The second feature is the a-factor secretion signals that 

allow more protein to be secreted trom the P. pastoris (Invitrogen, 2010). Next, are mUltiple 

cloning sites which permit our desired gene to be inserted into the expression vector 

(Invitrogen, 2010).The fourth feature is c-myc epitope that can detect the recombinant fusion 

of the protein (Evans et ai., 1985). Purifications of the protein products on metal-chelating 

resin can be done with the presence of the C-terminal polyhistidine tag (6xHis) tag (Linder et 

ai., 1997). The sixth features are the two types of the termination site, that is, AOX I and 

CYCI transcription termination region (Scorer et al., 1993). Instead of the presence of the 

AOX I promoter, pPICZa C also contain TEFl and EM7 promoter. TEFl (transcription 

elongation factor I) enhance the expression of the Zeocin resistance gene in P. pas/oris while 

EM7 in E. coli (Invitrogen, 2010). Next, is a Zeocin resistance gene (Sh ble) which allows the 

selection of the successful transformants either in E. coli or in P. pastoris (Baron et ai., 1992). 

Lastly, the pUC origin is a site for replication and E. coli able to be maintaining at this site 

(Invitrogen, 20 I 0). 
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3.0 MATERIALS AND METHODS 


3.1 Media preparation 

3.1.1 The preparation of Luria Broth agar/media containing zeocin 

The three reagent which are 109 Tryptone, 5 g NaCI, 5 g Yeast Extract was combined and 

added with deionized, and distilled water up to 950 m!. The pH is adjusted to 7.5 with IN 

NaOH and the volume was bring up to I liter. For plates, the IS giL agar is added before 

autoclaving. Next, it was autoclaved on liquid cycle at IS psi and 121 °C for 20 minutes. The 

medium then was allowed to cool to at least 55°C before adding the Zeocin to 25 f!g/ml final 

concentration and stored the plates at 4°C in the dark (Baron el aI., 1992). 

3.1.2 Competent cell preparation 

The preparation of overnight bacterial culture was done by inoculating 100 ul of stock 

Escheria coli XLI Blue into 10 ml luria broth. The culture was grow for overnight at 3rC 

with shaking at 250 rpm. After that, all five mililitres of the cultured is transferred to an 

Erlenmeyer flask containing 50 ml of pre-warmed LB media without any antibiotic and 

allowed to grow at 3rC with shaking at 250 rpm for two hours until the OD600 reaches 

around 0.45 to 0.5. The mixture was cooled on ice for 10 to 20 minutes. After that, the cell 

were centrifuge at 3500 rpm at 4°C for 5 minutes in polypropylene centrifuges tube. The 

supernatant was discard and cell was resuspend slowly in 25 ml iced-cold 100 mM calcium 

chloride (CaC!,). The cell suspension was keep on ice for 10 minutes and recentrifuge. The 

supernatant was decanted and the cell pellet was resuspended in 2.5 ml of cold, sterile 100 
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mM CaC!, and was incubated on ice for I hour. After that, 20 % (v/v) pure glycerol was added 

to the ce ll suspension and mix well. Lastly, 200 ul of suspension was aliquot in se parates 0.5 

ml microcentrifuge tubes before snap-froze n. The competent ce ll we re stored at -80°C (u ltra

freez ing) (Sam brook el 01., 1989). 

3,1.3 Transformation of PUC I9/chitinase and pPICZu C into E. coli competent cells 

The calc ium c hloride compete nt ce ll were thawed on ice for 5 minut es . Ten mic ro lite r of the 

plasmid was added into a 1.5 mic rocentrifuge tube. The tube was added with 50 ul of 

co mpetent cell suspension and the mixtures was gently added and incubated on ice for 20 

minutes. After that, the cell were heat shock at 42°C for 45 second. The cell was then 

incubated on ice for 2 minutes. After incubation, 920 ul of SOC media was added into. the 

tube. The ce ll suspension was incubated at 37°C at 150 rpm for 1.5 hour. Next, 100 ul of the 

bacterial culture was plated on the Luria agar media and was incubated overnight at 37°C. 

3.1.4 Culturing of XL-I Blue E.coli containing gene 

A sterilized bouji bottle containing 10 ml to 20 ml of LB broth conta ining ampicillin was 

prepared fo r chitinase gene by using the broth that was prepared ea rl ier. 200 ul of XL-l Blue 

containing gene was pi petted into the sterilized Luria broth. The cu lture was incubated 

overn igh t at 37°C for not more than 20 hours to prevent them from ove rgrowth. T he Luri a 

broth containing bacteria with gene can kept for about 2 weeks at 4°C after being culture. Re

cu lturing was done once in 2 weeks in order to give new nutrie nts which a lready been 

consumed. 
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3.1.5 Culturing of single colony from Luria agar 

The single colony of XL-I Blue containing plasmid trom Low salt agar containing zeocin was 

inoculated into sterilized Low salt broth containing zeocin. These have been done by using 

pipette tip. The colony was pick using pipette tip into the broth. To prevent the contamination, 

this procedure was conducted in laminar flow. The culture was incubated at 3TC for not more 

than 20 hours. Re-culturing of the bacteria was done one in 2 week to give tresh supplies of 

nutrient to the bacteria. The culture was kept in 4°C after used. 

3.2 Method 

3.2.1 Extraction of the plasmid that carry chitinase gene 

The PUC 19 plasmid that carry the chitinase gene was isolated by using Extraction Kit trom 

Vivantis. Firstly, 40 III of activation Buffer PL was inserted into the spin column. The spin 

column was left at room temperature until the transferring lysate to the spin column. Then, 2 

ml of overnight culture (11-14 hours) was centrifuged at 8000 rpm for 2 minutes and the 

supernatant was discarded. The pellet was resuspended completely in 250 III Cell R Buffer. 

Next, 200 III of blue-colored Lysis Blue Buffer was mixed gently, until uniform blue color of 

cell resuspension was obtained. Then, 350 III of Neutral B was mixed gently by several folds 

inverting, until blue color disappeared. The suspension was centrifuged at 14 000 rpm for 7 

minutes and the supernatant was poured into the spin column in receiver tube. Then, it was 

spinned atl2 000 rpm for 1 minutes. 
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After that, the supernatant was di scarded, 500 III of Wash PLX 1 was added and it was spinned 

down at 12 000 rpm for 1 minute. Next, the supernatant was di scarded a nd the spin before 650 

III of Wash PLX2 Buffe r was added and the suspens ion was centri fuged at 12 000 rpm for I 

minute. After di sca rded the supernata nt, the suspens ion was centrifu ged again at 12 000 rpm 

for 2 minutes to remove any traces of Wash PLX2 Buffer . Then, the receiver tube was placed 

into a new mi crocentrifuge tube and 60 III of Elution Buffer was added to elute the DNA. 

Then, the rece iver tube was incubated for 5 minutes at roo m temperature and it was then 

centrifuged again at 12 000 rpm for 2 minute s. 

3.2.2 Extraction of plasmid pPICZu C 

The plasmid pPICZa C is extracted following the proced ure as de sc ribe in Section 3.2.1. 

3.2.3 Amplification of Chitinase using Polymerase Chain Reaction (PCR) 

The master mIx used is GoTaq® Green Master Mix that be ing bough t from Promega 

Co rporati on wh ich a lso come with nuc lease-free water. The premi x so lutio n that conta in in 

maste r mi x a re Taq DNA po lyme rase, dNTPs, MgC I2 a nd reaction buffers at optimal 

co ncentrati on fo r high er efficiency of DNA template s by PCR. The fo llow ing mi"tures was 

mixed in PCR tube as shown in table 3.1 and the PCR parameter for amplification in table 3.2. 
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Table 3.1: List ofreagent and volume used in PCR process 

Reagent Volume (sample) Negative control 

Nucleus free water 9.5 fll 9.5 fll 

peR master mix 12.5 fll 12.5 fll 

DNA template 1.0 fll 

Forward primer 1 1.0 fll 

Reverse primer 2 1.0 fll 

Total volume 25.0 fll 24.0 fll 

Table 3.2: PCR parameter for amplification 

Phase Temperature (0C) Time (min) 

Initial denaturation 95 2.00 

Denaturation 95 0.30 

Annealing 52 0.45 

Extension 72 1.00 

Final extension 72 5.00 

The final product is load in agarose electrophoresis and the rest was stored at -20°C. 
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