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INTRODUCTION  

Xylan is a major component of hemicellulose of forest and agricultural materials such as hardwood, grain 
straw, corn cobs and grasses29. Xylan can be enzymatically degraded to xylose which can be further 
converted in to useful products like xylitol and ethanol12,23,28. Xylan is generally insoluble in nature; 
however, a number of microorganisms with the help of some of their enzymes can readily solubilize 
xylan. D-xylanase is one of the key enzymes required for the degradation of xylan. Molecular weight of 
xylanases varies from 15 to 30 kD, although higher molecular-weight xylanases have also been reported7. 
Studies on the cloning and molecular characterization of bacterial xylanases8,9,10,13,16,17,22,25,26 suggest that 
this class of enzymes constitute a useful model for studies on protein secretion, expression, cloning, 
heterologous expression and for applied research. One of the exciting prospects for recombinant xylanase 
is its use in the paper and pulp industry to reduce the requirement of organo-chemicals for bleaching 
process. But, in this process, xylanase pretreatment has to take place at a high temperature and in alkaline 
conditions; due to this reason, thermostable xylanases with high pH optimum are of great importance. 
Therefore, an attempt was made to increase the xylanase production by heterologous gene expression so 
that further research could be done for its commercial applications. This paper reports the cloning, 
sequencing and heterologous expression of Bacillus brevis xylanase gene in Escherichia coli and also the 
analysis of some of its biochemical characteristics. 
 

MATERIALS AND METHODS 
Bacterial strains and culture media 
Bacillus brevis strains, provided as cell pellets by Birla Institute of Science and Research (BISR), Jaipur, 
India and  E. coli strain BL21, obtained from National Research Center on Plant Biotechnology 
(NRCPB), IARI, New Delhi, were used in the present study. LB medium was used for culture growth 
while LB agar was used for the maintenance of culture. M-9 supplemented with 1% xylan was used for 
xylanase production by B. brevis.  

Available online at www.ijpab.com  

 

   ISSN: 2320 – 7051  
Int. J. Pure App. Biosci. 3 (3): 105-112 (2015) 

IINNTTEERRNNAATTIIOONNAALL  JJOOUURRNNAALL  OOFF  PPUURREE  &&  AAPPPPLLIIEEDD  BBIIOOSSCCIIEENNCCEE  
Research Article 

 

ABSTRACT 
A gene for xylanase was isolated from Bacillus brevis and cloned in Escherichia coli BL21 host for 
heterologous gene expression. The xylanase gene was amplified by specifically designed primers in 
pUC vector while the PCR product was cloned in pET29a vector. Sequencing of the gene (GenBank 
accession number: bankit1383328 HQ179986) showed that it belongs to family 11 xylanases. The 
temperature and pH optima of B. brevis xylanase were found to be 55°C and 7.0, respectively. This 
xylanase gene was successfully expressed in BL21 with 30 IU/ml activity (~ 2 times higher than 
native host).  

Keywords: β-1, 4 Endo-xylanase, Bacillus brevis, Cloning, Vector  



Copyright © June, 2015; IJPAB                                                     106 

 

Goswami, G.K.                             Int. J. Pure App. Biosci. 3 (3): 105-112 (2015)                          ISSN: 2320 – 7051 

Isolation of bacterial genomic DNA and plasmid DNA 
Total genomic DNA of the bacteria was isolated following the procedure of Ausubel et al1. with slight 
modifications. Cells were grown and harvested by centrifugation at 5000 x g for 10 min at 4ºC and pellet 
was re-suspended in 0.5 ml of TE buffer (10 mM Tris-Cl, pH 8-0, 1 mM EDTA ), 1.5 ml of 10% (w/v)  
SDS and 50 µl of proteinase K (20 mg/ml)  solution. The mixture was incubated at 37ºC for 1 hour. 
Following this, 1.8 ml of 5 M NaCl was added to the suspension and mixed thoroughly. The cells were 
lysed by adding 1.5 ml CTAB (Hexadecyl trimethyl ammonium bromide) / NaCl solution [10% (w/v) 
CTAB, 0.7 M NaCl] and incubated at 65ºC for 20 min. An equal volume of chloroform-isoamyl alcohol 
(24:1) was added to the mixture and DNA was extracted by inverting the tubes several times. This 
mixture was centrifuged at 6000 x g for 10 min at room temperature. The upper phase containing DNA 
was collected in a new tube and precipitated by adding 0.6 volumes of isopropanol. The spool of DNA 
was collected with sterile pipette tip in a new Eppendorf tube and washed with 70% ethanol, air dried and 
re-suspended in 0.5 ml TE buffer. Further purification of DNA was done by treating the sample with 5 µl 
RNAse (10 mg/ml) at 37ºC for 30 min followed by extraction with equal volume of phenol-chloroform-
isoamyl alcohol (25:24:1). After centrifugation at 6000 x g for 5 min, the upper phase was collected in a 
new tube and DNA was precipitated by adding 1/10th volume of 3 M sodium acetate (pH 5.2) and 2.5 
volumes of absolute ethanol. The precipitate was incubated at     -20ºC for 30 min and DNA was pelleted 
by centrifugation at 12000 x g for 10 min. The DNA pellet was washed with 70% ethanol, air dried and 
dissolved in 200 µl of TE buffer. Plasmid DNA was isolated using QIGEN plasmid purification kit.   

PCR amplification of a partial fragment of the β-1, 4 endo-xylanase gene  
For cloning of the β-1, 4 endo-xylanase gene of B. brevis, PCR primers were designed based on the 
sequence of the bacterial β-1, 4-endo-xylanase genes. The following primers were used for PCR 
amplification with the genomic DNA of B. brevis as a template. 
 

5’CGGGGTACCTAAATGTTTAAGTTTAAAAAGAATTTCTTAGTTGG (forward primer)  
5’ CGGAATTCTTACCACACTGTTACGTTAGAACTTCC (reverse primer).  
 

The PCR was conducted in a GeneAmp PCR System 9700 (PE Biosystems) for 35 cycles (each cycle 
consisting of 1 min of denaturation at 93ºC, 1 min annealing at 55ºC, 1 min extension at 72ºC, and a final 
10 min extension at 72ºC) using Taq Polymerase (Fermentas). Amplified PCR products were extracted 
from agarose gels by QIGEN DNA extraction kit and cloned in pUC vector. 
Sub-cloning of primary clone   
Plasmid DNA was first digested with appropriate enzyme(s), and the resulting fragments were separated 
on a 1.2% low-melting-point agarose gel. The sub-fragment to be re-cloned was isolated by QIGEN DNA 
extraction kit following the instructions of the supplier. Ligation of the purified sub-fragment with an 
appropriate vector and transformation of E. coli BL 21 was carried out. 
Sequence analysis  
Shotgun method was followed for sequencing the ‘Gene’ by using automatic sequencer (Applied 
Biosystems). A total of 6 clones were used for gene sequencing using universal primer present in pUC 
19a. The sequencing was carried out at the Department of Biochemistry, University of Delhi South 
Campus, New Delhi. The search for amino acid sequences was performed with BLAST2 or PSI-BLAST3 
while CLUSTAL W was used for the alignment of amino acid sequences.  
Enzyme assays  
The xylanase activity was determined with 1% birchwood xylan in 50 mM phosphate buffer (pH 7) 
at 55oC using the method described by Bailey et al4. The enzymatic reaction was carried out for 5 
min and the reducing sugars were determined using the DNS method15. The xylanase activity was 
measured in terms of international units (IU). One IU of xylanase is defined as one µ mole of xylose 
produced by 1 ml undiluted enzyme in 1 min. The µ moles of xylose produced by xylanase were deduced 
from xylose standard plot.        



Copyright © June, 2015; IJPAB                                                     107 

 

Goswami, G.K.                             Int. J. Pure App. Biosci. 3 (3): 105-112 (2015)                          ISSN: 2320 – 7051 
SDS-PAGE and zymogram 
Polyacrylamide (12.5%) gel electrophoresis was performed following standard methods as described by 
Laemmli14 (1970). Proteins were visualized by incubating gels with gentle shaking for 30 min in 10% 
trichloroacetic acid, 4 h in Coomassie blue staining solution {45% (v/v) ethanol, 10% (v/v) acetic acid, 
0.25% (w/v) Coomassie brilliant blue R250}, and overnight in de-staining solution {67% (v/v) water , 
25% (v/v) ethanol, 8% (v/v) acetic acid}.  
For the zymogram analysis, the crude enzyme samples were electrophoresed as above on SDS-PAGE 
containing xylan (0.1%). After running, the gel was washed four times for 30 min in 100 mM phosphate 
buffer (pH 7.0); the first two washes containing 25% (v/v) isopropyl alcohol, to remove SDS and renature 
protein in the gel. The gel was then incubated for 20 min at 37oC before soaking in Congo red solution for 
5 min at room temperature and washing with    1 M NaCl until excess dye was removed from the active 
band. The zymogram was prepared after soaking the gel in 0.5% acetic acid solution. The background 
turned dark blue, and clear zones were observed in the areas exposed to xylanase activity21. 
  

RESULTS 
Cloning of B. brevis xylanase gene in pUC vector 
PCR amplified gene was cloned in E. coli DH5α by pUC19 vector and transformed cells were screened 
by blue/white colony selection. Initially, 8 colonies were identified and screened by restriction digestion 
(KpnI and EcoRI) analysis. Out of these 8 colonies, one colony was selected for further studies. A 
fragment of ~700 bp (Fig. 1) was inserted out on digestion with KpnI and EcoRI endonucleases. This 
fragment has the same size as that of the PCR amplified product. 

 

Fig.  1.  pUC cloning 

 
 
Lane 1: 1 kb DNA marker, Lane 2: plasmid (pUC) linearized, Lane 3: xylanase gene (PCR product), Lane 
4: clone linearized (KpnI digested), Lane 5: clone linearized (EcoRI digested), Lane 6: clone double 
digest (KpnI and EcoRI), gene insert out. 
Sub-cloning of B. brevis xylanase in pET29a 
The KpnI-EcoRI double digest insert was taken out from pUC vector and used for ligation of xylanase 
gene in pET29. After transformations of DH5α, a total of 6 colonies were selected and screened; of 
which, one was selected for further studies. The positive clone inserted out a single fragment of desired 
size (Fig. 2). For expression of the xylanase gene, the expression host BL21 was transformed by the 
isolated plasmid of + ve clone.  

        1      2        3        4         5       6 
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Lane 1: 1 kb DNA marker, Lane 2: plasmid linearized,
clone linearized by single digest (
double digest (KpnI and EcoRI), gene insert out
 

SDS-PAGE and zymogram 
SDS-PAGE was performed using two expression clones (clones 2 and 3) with and with
induction (Fig. 3). The zymogram (showing xylanase activity on the gel) was developed (Fig. 4) and 
showed xylanase activity by clearing zone development on staining 
weight of B. brevis xylanase was found to be 23 kDa.

Fig.  3:  

Lane 1: Marker, Lane 2: Clone 2 with
induced control (BL21) cell protein, Lane 5: IPTG induced clone 2 cell protein, Lane 6: IPTG induced 
clone 3 cell protein, Lane 7: Control (BL21) broth, Lane 8: IPTG induced clone 2 broth, and Lane 9: 
IPTG induced clone 3 broth. 
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Fig.  2:  pET cloning 

       1        2       3      4      5      6 

 

Lane 1: 1 kb DNA marker, Lane 2: plasmid linearized, Lane 3: xylanase gene (PCR product), Lane 4: 
clone linearized by single digest (KpnI), Lane 5: clone linearized single digest (Kpn

RI), gene insert out. 

PAGE was performed using two expression clones (clones 2 and 3) with and with
induction (Fig. 3). The zymogram (showing xylanase activity on the gel) was developed (Fig. 4) and 
showed xylanase activity by clearing zone development on staining with Congo red dye. The molecular 

xylanase was found to be 23 kDa. 

  SDS-PAGE of clones for xylanase gene expression 

Lane 1: Marker, Lane 2: Clone 2 with-out induction, Lane 3: Clone 3 with-out induction, Lane 4: IPTG 
control (BL21) cell protein, Lane 5: IPTG induced clone 2 cell protein, Lane 6: IPTG induced 

clone 3 cell protein, Lane 7: Control (BL21) broth, Lane 8: IPTG induced clone 2 broth, and Lane 9: 

                                      108 
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Lane 3: xylanase gene (PCR product), Lane 4: 
KpnI), and Lane 6: clone 

PAGE was performed using two expression clones (clones 2 and 3) with and with-out IPTG 
induction (Fig. 3). The zymogram (showing xylanase activity on the gel) was developed (Fig. 4) and 

with Congo red dye. The molecular 

 

 

out induction, Lane 4: IPTG 
control (BL21) cell protein, Lane 5: IPTG induced clone 2 cell protein, Lane 6: IPTG induced 

clone 3 cell protein, Lane 7: Control (BL21) broth, Lane 8: IPTG induced clone 2 broth, and Lane 9: 
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M              B           C2            C3                                                M      B     C2   C3

23 kDa Xylanase 
band

 
 
Xylanase production before and after cloning 
Xylanase production was found more (approximately 1.5 times higher) in cloned expression host as 
compared to B. brevis. The optimization of temperature and pH of both cloned and native (B. brevis) 
xylanases are shown in Figures 5 and 6, respectively.  
 

           Fig.6: pH optimization of xylanase activity 
         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sequence analysis 
The sequence of B. brevis xylanase was submitted to Gen Bank (accession number: bankit1383328 
HQ179986). BLAST (http://www.ncbi.nlm.nih.gov) was used for similarity search to explore all of the 
available sequence. The scores assigned in a BLAST search have a well-defined statistical interpretation, 
making real matches easier to distinguish from random background hits.  
Contig Assembly: CAP3 was used for finding the contig from forward and reverse sequencing results. 
The contig of all the gene sequence are as follows: 
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Fig.  4:  SDS-PAGE and zymogram of expressed xylanase 
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DISCUSSION 

Many xylanase genes have been isolated from different microbial organisms and were expressed in E. 
coli. However, the level of xylanase expression in E. coli was generally lower than the parent organism, 
and confined mainly to the cytoplasmic or periplasmic fractions. Hyper-expression of a B. circulans 
xylanase gene in E. coli was reported by Yang et al30.  with a xylanase activity of 7 IU/ml found in 
intracellular fraction of E. coli. Extra-cellular activity of xylanase had also been reported earlier in 
recombinant E. coli for the bacterial xylanases from alkaliphilic Bacillus by Honda11, and alkaliphilic as 
well as thermophilic Bacillus species by Shendye and Rao24. Most of the reports on heterologous xylanase 
gene expression have shown low xylanase activity in E. coli over that of the original organism5,19,20. 
Expression of B. subtilis xylanase gene (modified to B. circulans xylanase gene via single codon 
substitution) in E. coli was reported by Sung et al27. A synthetic gene encoding mature B. circulans 
xylanase has been designed to imitate the frequency of degenerate codons used in E. coli. This synthetic 
gene was then converted to B. subtilis xylanase gene via substitution of Thr147 Ser codon. Under the 
control of lac promoter, recombinant xylanase activity in solution form in cytoplasm was reported as high 
as 60 IU/ml. 
In the present study, we have isolated a gene for xylanase from B. brevis and cloned the same in E. coli 
following two step cloning process. In the first step, xylanase gene was cloned in DH5α by pUC19 and in 
the second step, for expression of xylanase gene, cloning was done in BL21 by pET29a. We understand 
that this is the first report on cloning and heterologous expression of B. brevis xylanase gene in BL21 
host. The most significant part of this study is the expression of cloned xylanase gene in extracellular 
fluid of E. coli which may be exploited for production of xylanase at commercial level. It is interesting 
that the xylanase activity in the E. coli clone is higher (1.5 times) over that of native B. brevis strain. The 
reason for this high activity is not clear. The enzyme produced by E. coli is functionally active and 
capable of degrading birchwood xylan even in SDS-PAGE gel also. However, the structure and 
characteristics of this enzyme in B. brevis and E. coli have yet to be determined. Bacterial xylanases tend 
to be monomers having molecular weights in the range of 24 kDa to 145 kDa18.  
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Further studies on the DNA sequence of the cloned fragment containing xylanase gene should prove 
helpful in determining the regulatory sequences of the gene and the subunit structure of this enzyme.  

 
CONCLUSION  

B. brevis xylanase was efficiently expressed and secreted by E. coli (BL21), the xylanase activity was 
found more (1.5 times) in culture filtrate of BL21 as compared to B. brevis. Heterologous expression 
systems that produce large amounts of secreted proteins within the organism that can be grown in 
industrial scale fermenters must be developed to facilitate higher enzyme production by using agri-waste 
as a carbon source for enzyme production. Since optimization of growth medium is a useful tool to attain 
high levels of enzyme activity at lower cost6, further studies on medium optimization might improve the 
yield of B. brevis xylanase production with the kind of BL21 expression systems described in this paper. 
An important further consideration is to develop higher-level enzyme producing integrant E. coli strains 
with several copies of B. brevis xylanase for growth in optimized media. BLAST results (data not shown) 
reveal that this sequence is a new sequence and has not been reported or submitted to gene bank by any 
group/researcher till now. So we report the sequence of a new gene of xylanase. 
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