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ABSTRACT 

A xylanase DNA sequence with a total length of 642 bp was isolated from a xylanolytic Klebsiella 
pneumoniae bacterium in order to attempt heterologous expression in E. coli BL21 (DE3). 
A xylanase gene primer was designed with the addition of BamHI and EcoRI restriction enzyme sites 
in order get a full xylanase gene that is in-frame with pST AG expression vector. The isolated xylanase 
was amplified using the designed xylanase primer through PCR, then cloned and expressed in E. coli 
BUI (DE3). In-silico characterization showed that the recombinant xylanase without S-tag has a 
molecular weight of 23.9 kDa and a pI of 9.32. The signal peptide cleavage site for the recombinant 
xylanase and its native xylanase was predicted to be between residues 61 and 62, and residues 28 and 29 
respectively. The activity of crude recombinant xylanase from freeze and thaw method and sonication 
method is 2.015 UlmL and 0.904 U/mL respectively, which is higher than the crude native xylanase 
activity showing only 0.642 UlmL at maximum. Staining of the birchwood xylan agar plate with Congo 
red showed clearing zone around E. coli BL21 (DE3) that has positive recombinant xylanase even 
without the addition of IPTG, implying leaky expression had occur, and that E. coli BL21 (DE3) 
secretion system had recognizes the signal sequence of the native xylanase and proceeds to cleave it, 
then secreting out the mature protein into culture medium. 

Key Words: Klebsiella pneumoniae, heterologous expression, cloning, recombinant xylanase 

ABSTRAK 

Jujukan DNA xylanase dengan panjang keseluruhan 642 bp telah diasingkan daripada bakteria 
pengurai xylan Klebsiella pneumoniae untuk cubaan menghasilkan xylanase daripada E. coli BL21 
(DE3). Primer gen xy!anase telah direka dengan tambahan jujukan enzim BamH1 dan EcoR1 bagi 
mendapatkan gen xylanase yang penuh dalam rangka bacaan pSTAG vektor. PCR telah dijalankan 
menggunakanjujukan DNA xylanase dan primer gen xylanase yang telah direka. Hasil PCR kemudian 
mela!ui proses pengkionan ke dalam E. coli BL21 (DE3) dimana xylanase rekombinan kemudian 
dihasilkan. Pencirian secara in-silico menunjukkan bahawa xylanase rekombinan tanpa S-tag 
mempunyai berat molekul sebanyak 23.9 kDa dan ramalan titik isoelektrik (pI) 9.32. Isyarat peptida 
untuk xylanase rekombinan diramalkan antara asid amino 61 dan 62, dan asid amino 28 dan 29 untuk 
xyianase yang matang. Aktiviti xylanase rekombinan mentah daripada kaedah pembekuan dan 
pencairan adalah 2.015 UlmL, dan untuk kaedah sonikator adalah 0.904 UlmL. Kedua-duanya lebih 
tinggi daripada xylanase asli mentah yang menunjukkan hanya 0.642 UlmL aktiviti maksimum. 
Pewarnaan xylan birchwood agar dengan Congo merah menunjukkan zon kosong sekitar E. coli BL21 
(DE3) yang mengandungi xylanase rekombinan yang positiJ walaupun tanpa kehadiran IPTG. Keadaan 
ini menunjukkan bahawa kemungkinan berlakunya penghasilan protein tanpa kawalan, dan sistem 
rembesan E. coli BL21 (DE3) mungkin mengecam isyarat peptida xylanase asli, kemudian memotong 
juju/am dan merembeskan keluar protein yang matang ke dalam medium kultur. 

Kala Kunci: Klebsiella pneumoniae, penghasilan protein, pengklonan, xylanase rekombinan 
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1.0 INTRODUCTION 


Malaysia generates tones of abundant agricultural waste annually, and some of these waste 

materials include oil palm trunks and fronds, coconut fibers and meal, cocoa pods, rubber 

wood dusts and many other (Pang et at., 2006). Xylan, which consist of ~-I ,4-linked 

xylopyranosyl residues, is the second major abundant polysaccharide and an important 

component that made up the plant cell wall, as well as agricultural waste. Due to 

heterogeneity and complexity of xylan structure, the complete hydrolysis of xylan is 

carried out by xylanolytic enzymes system, which consists of endoxylanase, ~-xylosidases, 

glucuronidases, etc. (Kuhad & Singh, 2007). 

In this study, the focus was on endo-I,4-~-D-xylanase (EC 3.2.1.8). Xylanase 

cleave the xylan backbone at 1-4 carbon linkage to produce xylooligosaccharides and 

xylose (Kulkarni et aI., 1999). Various organisms have been reported to be able to produce 

xylanase such as bacteria, fungi, yeast" protozoans, marine algae, snails, crustaceans, 

insects and seeds (Kuhad & Singh, 2007). Xylanase are mostly classified based on 

sequence similarities into two family of glycosyl hydrolase, which is family 10 and family 

II (Henrissat, 1991). 

Xylanase attracted research interest because of its high potential in industrial 

applications. From biotechnology perspective, xylanase is an important enzyme since it can 

work alone or with the combination with others enzyme. In addition, xylanase thermal 

stability makes it suitable in a number of industrial applications (Te'o et at., 2000). One of 

many useful applications of xylanase is in paper and pulp industry where it is use in kraft 

process and biobleaching (Kulkarni et at., 1999; Helianti et at., 2008). 

2 



Heterologous expression of gene encoding ~-1 ,4-endoxylanase in E. coli BL21 

(DE3) was perfonned in this study. The xylanase gene was isolated from xylanolytic 

Klebsiella pneumoniae, a bacterium that had been locally isolated from soil at the vicinity 

of the sago plantation by Hussain et al. (2011). So far, there are no research pUblications 

that described the isolation of xylanase gene from K. pneumoniae. Xylanase gene is 

commonly isolated from genus Bacillus, thus the isolation of xylanase gene from 

K. pneumoniae suggests that xylanase might be naturally occurring among soil-inhabiting 

microbes. The isolated xylanase gene is from family 11 glycoside hydrolase and showed 

similarity to Bacillus sp., although 16 rRNA showed that the bacterium closely resembled 

Klebsiella. In-silico characterization of the isolated xylanase gene showed that it has an 

open reading frame (ORF) of 642 bp encoding 213 amino acids, and are predicted to code 

for xylanase with a molecular weight 23.3 kDa with an isoelectric point of 9.44, which is 

quite similar to the xylanase isolated by JaJal et al. (2009) from B. subtilis, as well as 

Helianti et al. (2008) and Lee et al. (2008) from B. licheniformis. 

Recombinant xylanase characteristics have been analyzed and compared to its 

native xylanase in quite a large number of research publications under the varying degree 

oftemperature and pH. The crude xylanase enzyme activity for the isolated K. pneumoniae 

is relatively low, but the recombinant xylanase in this study is expected to show a high 

increase in activity once expressed and purified. The assumption is based on research done 

by Jatal et al. (2009), Helianti et at. (2008), and Lee et al. (2008), since their recombinant 

xylanase showed high increase in activity compared to the activity by native xylanase. 

Recombinant xylanase had been reported to be distributed in extracellular, 

intracellular and periplasmic fractions in genus Bacillus (Huang et al., 2006). Apart from 

that, recombinant xylanase were commonly found to be in insoluble fraction of 
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cytoplasmic, hinting that even after optimization the expression of xylanase gene produces 

protein that is insoluble and accumulates in inclusion bodies (Yin et al., 2008). Generally, 

the production of xylanase through recombinant technology is for economical benefits 

aiming toward higher productivity and trouble-free downstream processing in fermentation 

(Farliahati et al., 2009). Besides that, recombinant xylanase can be used for cellulose-free 

xylanase production in case of maintaining the cellulose structure as well as providing 

tolerances to various cations (Lee et aI., 2008) 

Previous attempt to express locally isolated gene had been carried out by 

Rajamanikam (2010), but failed due to improper framing (frameshift) of cloned xylanase 

gene to LacZ promoter since he did not have the full sequence of recombinant pET41(a)

Xyn. Thus, a hypothesis was made in which E. coli BL21 (DE3) can express xylanase gene 

once the gene has been inserted in-frame inside the pSTAG expression vector. After that, 

the characteristic of the recombinant xylanase protein expressed could be determined. 

Hence, a study regarding heterologous expression of xylanase gene from 

K. pneumoniae in E. coli BL21 (DE3) were conducted with the objective to express the 

isolated xylanase from K. pneumoniae in E. coli BL21 (DE3) and to determine the 

characteristic of the recombinant xylanase protein expressed. To accomplish this, a 

xylanase gene primer containing additional BamH1 and EcoR1 restriction enzyme sites 

was designed to get a full xylanase gene that is in-frame with pSTAG expression vector. 

The isolated xylanase was amplified using the designed xylanase primer, cloned and 

8Itp'eSSed in E. coli BL21 (DE3) accordingly. In-silico characterization was carried out for 

the recombinant xylanase sequence. Qualitative assay using Congo red agar staining were 

perfonned to check for xylanolatic activity. Determination of the crude recombinant 
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2.0 LITERATURE REVIEW 

2.1 Xylan 

Xylan, which consist of ~-1,4-linked xylopyranosyl residues, is the second major abundant 

polysaccharide and an important component in plant cell wall. The plant cell wall is made 

of composite materials in which cellulose, hemicelluloses (mainly xylan) and lignin 

maintains the plant cell wall structural integrity through covalent linkage bond of xylan 

with lignin and non-covalent linkage bond of xylan with cellulose. Xylan is present in cell 

wail material of all terrestrial plant, annual plants (30%), hard woods (15-30%) and soft 

woods (7-10%) (Subramaniyan & Prema, 2002). Xylan is a complex branched 

heteropolysaccharide. The ~-1 ,4-linked xylopyranosyl residues which made xylan main 

chain have a side group substitution to varying degree with glucuronopyranosyl, 4-0

methyl-D-glucuronopyranosyl, ~-L-arabinofuranosyl, acetyl, feruloyl and p-coumaroyl 

groups (Kulkarni et ai., 1999; Li et ai., 2000, as cited in Kuhad & Singh, 2007). 

Due to heterogeneity and complexity of xylan structure, its degradation required a 

variety ofhydrolatic enzymes working together (Beg et ai., 2001). For this purpose, the 

ylan degrading cells produce a set of enzyme with difference specificity and modes of 

action for complete hydrolysis of xylan. Xylan back bones at endo-~-l ,4-xylosidic linkage 

. randomly cleave by endo-l ,4-~-D-xylanase (EC 3.2.1.8), releasing xylooligosaccharides 

. c P-D-xyloidases (EC 3.2.1.37) cleave the ~-1 ,4-xylosidix linkage terminal, releasing 

group is carried out by a-L-atabinofuranosidases (EC 3.2.1.55), a-L-glucuronidases 

3.2.1.139), acetyl xylan esterases (EC 3.2.1.72) and ferulic acid esterases (EC 
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3.1.1.73). All this mentioned enzyme made up the xylanolytic enzyme system (Kuhad & 

Singh, 2007). 

2.2 Xylanase 

In this study, the focus was on endo-l ,4-~-D-xylanase (EC 3.2.1.8). Xylanase cleave the 

xylan backbone at 1-4 carbon linkage to produce xylooligosaccharides and xylose 

(Kulkarni et at., 1999). Various organisms have been reported to be able to produce 

xylanase such as bacteria, fungi, yeast" protozoans, marine algae, snails, crustaceans, 

insects and seeds (Kuhad & Singh, 2007). However, there are also studies showing some 

higher animal such as freshwater mollusk capable of producing xylanase. Furthermore, 

there are also cases ofplants such as Japanese pear which produce xylanase during the over 

ripening period in a fruit cycle (Subramaniyan & Prema, 2002). 

Xylanase exist in numerous forms, displaying varying folds, mechanisms of action, 

substrate specificities, hydrolytic activities and physicochemical characteristics. These 

enzymes would later be grouped according to primary structure comparisons of catalytic 

domain and sequence similarity into families of glycosyl hydrolase (Collins et at., 2005). 

Xylanase are mostly classified based on sequence similarities into two family of glycosyl 

ydrolase, which is family 10 and family 11 (Henrissat, 1991). Usually, xylanase that 

DelOng to family 10 have larger molecular mass (more than 40 kDa) when compared to 

belong to family 11 (around 20 kDa). For application of xylanase in industry such as 

biobleaching, the xylanase from family 11 are more efficient when compared to that of 

fBmily 10 xylanase since it have smaller molecular mass, more compact and no cellulase 
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activity, making it easy to penetrate the cellulose fiber network without destroying the fiber 

(Torronen & Rouvinen, 1997; Oakley et ai., 2003, as cited in Helianti et al., 2008). 

Apart from that, xylanase can be classified as either specific or non-specific based 

on their action on different polysaccharides (Coughlan, 1992; Coughlan et al., 1993, as 

cited in Bedford & Partridge, 2001). The specific xylanase are active on xylan with only ~-

1,4 linkages. Non-specific xylanase hydrolyze p-1,4linked xylans, P-1,4linkages of mixed 

xylan and other P-l ,4 linked polymers such as CMC-cellulose. As the matter of fact, the 

detennination of the kinetic constants ratio kcalikm for xylan and CM-cellulose for a 

particular non-specific xylanase should confinn whether the enzyme in question is either a 

xylanase or cellulose (Bedford & Partridge, 2001). 

Xylanase attracted research interest because of its high potential in industrial 

applications. From biotechnology perspective, xylanase is an important enzyme since it can 

ode alone or with the combination with others enzyme. In addition, xylanase thennal 

stability makes it suitable in a number of industrial applications (Te'o et al., 2000). One of 

many useful applications of xylanase is in paper and pulp industry where it is use in kraft 

process and biobleaching. Xylanase is also a promising enzyme in the development of 

/lDrinl.nmtentall) friendly in paper and pulp industry through the development of cellulase

xylanase. Other than that, xylanase is use in bakeries where it helps to improve the 

desirable texture, loaf and shelf life. Xylanase also works with other enzymes to 

liftnlillft xylan into xylose, xylitol, art paper and bioethanol (Kulkarni et ai., 1999; Helianti 
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2.3 Xylanase from Klebsiella pneumoniae 

In this study, a heterologous expression of gene encoding ~-1 ,4-endoxylanase in E. coli 

BUt (DE3) was perfonned. The xylanase gene was isolated from xylanolytic Klebsiella 

pneumoniae (K. pneumoniae), a bacterium that had been locally isolated from soil at the 

vicinity of the sago plantation by Hussain et al. (2011). The isolated bacteria were 

identified as gram negative rods with milky, circular, convex colonies. The bacteria are 

non-motile and tested positive for both Voges-Proskauer test and citrate utilization test, and 

negative for H2S production (Hussain et al., 2011). 

The isolated xylanase gene is from family 11 glycoside hydrolase and showed 

similarity to Bacillus sp., although 16 rRNA showed that the bacterium closely resembled 

Klebsiella. In-silico characterization of the isolated xylanase gene showed that it has an 

ORF of 642 bp encoding 213 amino acids, and are predicted to code for xylanase with a 

lecular weight 23.3 kDa with an isoelectric point of 9.44, which is quite similar to the 

xylanase isolated by Jatat et al. (2009) from B. subtilis, as well as Helianti et al. (2008) and 

Lee et al. (2008) from B. licheniformis. The isolated xy~anase showed 99.5% identity to the 

ylanase isolated by Jalat et al. (2009). However, only 91 % identity was found when 

__red to the xylanase isolated by Helianti et al. (2008) and Lee et al. (2008). The low 

:fdclllti1ty when compared with B. licheniformis isolated by Helianti et al. (2008) and Lee et 

(2008) is due to the thennophilic adaptation of B. licheniformis (Hussain et al., 2011). 

So far, there are no research publications that described the isolation of xylanase 

from K. pneumoniae. Xylanase gene is commonly isolated from genus Bacillus, thus 

lation of xylanase gene from K. pneumoniae suggests that xylanase might be 

. dIlly occurring among soil-inhabiting microbes. The isolated xylanase showed a high 

implying that these xylanase play an important role in the natural 
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environment for the degradation of xylan (Hussain et al., 20 II). This fonns of xylanase 

have no cellulose activity (Lee et al., 2008), thus it can be potentially used in applications 

as biobleaching of paper pulp that requires the removal of hemicelluloses but with 

mtact cellulose (Hussain et al., 2011). 

heterologous expression of gene encoding ~-l ,4-endoxylanase in E. coli BL21 (DE3) 

perfonned in this study. Heterologous expression of a gene refers to the fact that the 

transferred gene was initially cloned from a different species than the recipient. 

In actuality, the gene itself is not transferred to the recipient cell, but rather the 'correctly 

edited' DNA coding for the protein. The DNA that is transferred must be within a fonnat 

enoourages the recipient to express DNA as a protein, and for that matter the recipient 

is use must be an expression vector (Mus-Veteau, 2002). Currently, the heterologous 

'.lRIlSi<lln has become one of the main tools for the production of industrial enzymes 

et al., 2002, as cited in He et al., 2009). E. coli is the most commonly used host for 

metabolic engineering and recombinant protein production (Ni & Chen, 2009). E. coli 

commonly selected than fungal since its productivity is higher due to its fast growth 

Fatllialulti' et al., 2009). 

Recombinant xylanase characteristics have been analyzed and compared to its 

xyIanase in quite a large number of research publications under the varying degree 

/lll1UII'I01Iriae is relatively low, but the recombinant xylanase in this study is expected to 

high increase in activity once expressed and purified. The assumption is based on 
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research done by Jalal et al. (2009), Helianti et al. (2008), and Lee et al. (2008), since their 

recombinant xylanase showed high increase in activity compared to the activity by native 

.xYllBlUl5e. Cloning of xylanase gene into an E. coli expression host had been shown to 

:JWcccssfiull) increase the activity of recombinant xylanase in many research publications 

ang et al., 1988; Whitehead & Hespell, 1989; Helianti et aI., 2008; Lee et al., 2008; Jalal 

et ai., 2011). Apart from that, the recombinant xylanase might have slightly different 

properties in tenn of pH and temperature stability when compared to that recombinant 

xyI:ana:se by Jalal et al. (2009), Helianti et al. (2008), and Lee et al. (2008). This is due to 

slight difference in amino acids sequence. 

Recombinant xylanase had been reported to be distributed in extracellular, 

iDtracellular and periplasmic fractions in genus Bacillus (Huang et al., 2006). Apart from 

recombinant xylanase were commonly found to be in insoluble fraction of 

oytop1asnDC, hinting that even after optimization the expression of xylanase gene produces 

that is insoluble and accumulates in inclusion bodies (Yin et aI., 2008). Secretion of 

1IOII1-tU111CO:!WUtte<t recombinant xylanase had also been observed (Kulkarni et al., 1999). 

the production of xylanase through recombinant technology is of economical 

_lilts aiming toward higher productivity and trouble-free downstream processing in 

••ati()fi (Farliahati et al. 2009). Besides that, recombinant xylanase enzymes can be 

cellulose-free xylanase production in case of maintaining the cellulose structure as 

P'Oviding tolerances to various cations (Lee et aI., 2008). 
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3.0 MATERIALS AND METHODS 


ylanase Template Preparations 

3.1.1 Culturing E. coli JMI09 

Agar plate containing E. coli JMI09 single colonies was obtained from UNlMAS 

Proteomic Laboratory. By using aseptic technique, a single colony from the E. coli 

JMI09 single colonies was taken using inoculating loop and then streaked into a new LB 

plate. Then, the streaked agar plate was placed inside an incubator and leaved 

overnight at 37°C. After overnight incubation, the streaked agar plate which now has 

E. coli JMI09 single colonies growth in it was stored at 4°C until further use. 

Overnight Bacterial Cells Culture Preparations 

e colony was inoculated aseptically from the agar plates containing E. coli JMI 09 

colonies using inoculating loop. Then, the E. coli JM 109 single colony was 

Cued aseptically into a sterile bijou bottle containing 5 mL sterile LB media. The 

ttUltUI:e then was incubated with shaking for overnight at 37°C. The bacterial cultures 

um Chloride (CaCh) Bacterial Competent Cells Preparation 

l'JI.imlltellY 5 mL of the overnight bacterial cells culture was added to an Erlenmeyer 

GODtaining 50 mL of pre-wanned LB media without any antibiotics, and allowed to 

3?OC with shaking at 250 rpm until the OD600 reaches approximately 0.45-0.5 . 

• II!1'OC.a takes about 1 hour and 20 minutes. The flask was cooled on ice for 10 to 20 

The cells suspension was centrifuged at 3500 rpm at 4°C for 5 minutes in 
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cooled McCartney bottles or polypropylene centrifuge tubes. The supernatant was 

disc:arded and the cells were washed gently by resuspending them in 25 mL iced-cold 100 

mM CaCh. The celts suspension was kept on ice for 10 minutes, and then was 

'fuged again as mention above. After centrifugation, the supernatant was decant and 

cell pellet was resuspended in 2.5 mL of cold sterile 100 mM CaCI2. At this point, 

glycerol stock, which can be stored for long period of time at 80°C, was prepared by the 

addition Of 20% (v/v) pure glycerol to the cells suspension. The mixture was mixed well, 

200 JlL aliquots were transferred into 15 Eppy tubes, followed by storage at -80°C 

1A Beat Shock Transformation into E. coli JMI09 Protocols 

G expression vector that has stisa gene insert was obtained from the UNIMAS 

b»lel:lDi',c Laboratory. Firstly, 1 ilL of recombinant pGEM-T vector and 1 ilL of 

Mmllrilumt pSTAG vector were added into two Eppendorf tube respectively, where 

of the tube contain 25 ilL ofcompetent cell, E. coli JMI09. The mixture was mixed 

ed for 45s at 42°C. Then the cells were kept in ice for 2 minutes. After that, 

of LB was added into the tube and the tube then was incubated at 37°C with 

__ at 150 rpm for 2 hours. The tube was centrifuged at 14,000 rpm for 5 min. 

PODma1tely 800 III supernatant was discarded and the pellet was dissolved in 

~_ broth. Transformation culture was spread onto LB plates that contain 

(SOJoLg/mL). The culture was incubated at 37°C for -18 hours. 
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3.1.5 Plasmid DNA Extraction from Bacterial Cultures Protocol 

Overnight bacterial cells culture was prepared using the E. coli 1M 109 of recombinant 

pGEM-T vector and recombinant pSTAG vector, which was incubated with shaking at 

70C for overnight in LB media containing ampicillin (50 llglmL). Approximately 1.5 mL 

overnight culture was harvested by transferring it into a microcentrifuge tube and then 

centrifuging at 14,000 rpm for 2 minutes at room temperature. The supernatant (culture 

media) was removed carefully, and the pellet was re-centrifuged for 1 minute. Any trace 

ofliquid media was removed completely from the tube. 

The cell pellet was resuspended by vortexing briefly for 10 seconds using 100 ilL 

of Resuspension Solution (50 mM Glucose, 1.8 M Formic Acid and 25 mM Tris-Hel, 

pH 8). The tube then was kept on ice after that. Then, 100 llL of Lysis Solution (0.2 N 

aOH and 1% SDS) was added to the cell suspension and then was mixed gently by 

iftw!l'tin·g the tube lOx. The tube was left at room temperature to allow lysis reaction to 

for 5 minutes, and was made sure not to exceed 5 minute. After that, a clear 

us liquid are observed. Then, 300 llL of Neutralization Solution (3 M Potassium 

Al'!A.1tate and 10 mM EDTA, pH 8) was added and then mixed by inverting the tube lOx. 

. precipitate was observed. The precipitate was pelleted by centrifuging at 14,000 

~...:·It,.- 5 minutes. The supernatant (containing plasmid DNA) was carefully transferred 

lb.e DNA was precipitated by adding 2 volume of cold absolute ethanol. The 

was mixed gently by inverting the tube at least lOx. The DNA was pelleted by 

._~g at 14,000 rpm for 5 minutes at room temperatures. The supernatant was 

.... and the pellet was washed with 500 llL of 70% ethanol, and recentrifuged at 

......r ....-. for 2 minutes. The supernatant was discarded as much as possible and the 
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