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ABSTRACT 

GH11 xylanase from Bacillus pumilus is a monofunctional low molecular weight single polypeptide chain 
xylanase with biotechnological applications. The codon-optimized xynA gene was modified to replace the 
signaling factor with Pichia expression system. 876 bp gene was synthesized and expressed in methylotrophic 
yeast Pichia pastoris GS115. The recombinant protein was purified to apparent homogeneity by conventional 
protein purifications methods. The specific activity, kinetic parameters Km and Vmax, temperature optima, and 
pH optima of the recombinant protein were similar to the native protein. The kinetic properties of native and 
recombinant protein indicated structural similarities of the two. The temperature stability of the recombinant 
protein was higher than the native protein. The half-life (t½) at 55°C was 10.5 and 21 minutes for native and 
recombinant xylanase, respectively. The native GH11 xylanase had a molecular weight of 22 kDa and the 
recombinant protein had a higher molecular weight of 25 kDa, which could be due to glycosylation. This 
cloning and expression of the GH11 xylanase in P. pastoris opens the possibilities of 1) production of GH11 
xylanases for industrial applications in an economical way 2) creating mutants for improved activity 3) creating 
mutants for improved thermal stability, and 4) desirable pH optima to meet the industrial requirements.

1. INTRODUCTION
Xylan is a polysaccharide found abundantly in hemicelluloses 
and is involved in cross-linking cellulose fibers in the cell wall of 
plants. To ensure the ease of the process, xylan content needs to be 
reduced, especially in industries such as animal feed (removal of 
xylan to improve the nutritive value of feed), paper pulp (for ease 
of bleaching lignin), and plant oils (to increase the availability of 
bound fat) [1]. 

Xylanases are enzymes that degrade β-1, 4-glycosidic linkage 
of the xylan fibers. These enzymes along with xylosidases 
convert the xylan fibers to xylose subunits [1–5]. Among the 
xylanase degrading enzymes, only a few glycoside families are 
monofunctional with different pH, working temperatures and 
these find greater applications in industries, with xylanases in 
acidic pH used in animal feed and baking industry [6], neutral to 

alkaline xylanases in paper recycling and paper pulp processing 
industries [1,3,7]. Among xylanases, GH11 and GH10 xylanases 
find particular applications in paper pulp industries, where the 
removal of xylan aids in delignification of paper pulp and reduces 
chlorine consumption in the bleach step, reducing the production 
of organic halides [1,3,7]. 

To produce the enzyme in bulk at economically viable production 
costs, we engineered the xylanase gene expressing GH11 family 
xylanase to express in a host organism such as Pichia pastoris 
which is more suited for submerged fermentation conditions. 
Pichia pastoris is methylotrophic yeast which is a successful 
system for the production of a wide variety of recombinant 
proteins [3,7,8]. This expression system offers greater advantages 
such as well studied genome [9,10], tight promoter [alcohol 
oxidase promoter1 (AOX1)], grows to greater cell density [10], 
has been used to successfully express economically important 
proteins such as phytase, catalase L, tumor necrosis factor, tetanus 
toxin fragment C, α-amylase, to name a few [11].
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In this study, the Pichia expression system was used as a host to 
express GH11 xylanase from Bacillus pumilus SSP-34 and the 
enzyme was purified and characterized.

2. MATERIALS AND METHODS

2.1. Strains, Plasmids and Media
Bacillus pumilus SSP-34 [Microbial Type Culture collection and 
gene bank (MTCC) 5015] was purchased from CSIR-National 
Institute for Interdisciplinary Science and Technology (NIIST) 
(formerly RRL, Trivandrum). Bacillus pumilus was grown on 
xylan media (0.5% oat spelt xylan, 0.1% KH2PO4, 0.02% MgSO4, 
0.5% yeast extract, 0.5% peptone and 2.5% agar) at 30°C for 
24 hours. Escherichia coli TOP10F (Invitrogen) was used to 
maintain and construct plasmids used in this study. Escherichia 
coli TOP10F was grown on Luria Bertani broth (LB) media (1% 
tryptone, 0.5% yeast extract, 1% NaCl with pH 7.0) at 37°C for 
24 hours. Pichia pastoris GS115 (Invitrogen) was grown and 
maintained on Yeast extract Peptone Dextrose (YPD) media (1% 
yeast extract, 2% peptone, and 2% dextrose).

The expression vector used to express the constructed gene in P. 
pastoris was pPIC3.5K (Invitrogen) and the α-factor mating signal 
sequence was derived from the pPIC9K sequence (Invitrogen).

2.2. Assay of Xylanase 
Xylanase assay was carried out as described by Poorna [12]. 0.1 
ml of the suitably diluted enzyme (containing 1–5 µg of protein) 
was added to the pre-heated substrate (0.5% beechwood xylan 
prepared in 0.1 M phosphate buffer, pH 7.0). The enzyme assay 
was carried out at 50°C for 10 minutes. The reaction mixture was 
heated in a water bath for 5 minutes after the addition of 1.5 ml of 
dinitrosalicylic acid (DNS) solution. The absorbance of the mixture 
was measured at 540 nm using Eppendorf biospectrophotometer. 
The amount of reducing sugar released was calculated using a 
xylose standard. One unit of xylanase activity is defined as the 
amount of enzyme required to liberate 1 µmol of reducing sugar 
equivalent to xylose, per minute, under standard assay conditions. 
Total soluble proteins were estimated by Lowry’s et al. [13] 
method, using bovine serum albumin as the standard.

2.3. Gene Design and Plasmid Construction
To optimize the gene for expression in P. pastoris, the nucleotide 
sequence (NCBI accession number: AY887130.1) of the protein 
(Uniprot ID: Q5EFR9) was optimized using the Integrated DNA 
technologies (IDT) dna codon optimization tool [14]. The native 
signal peptide from B. pumilus was replaced with α-factor mating 
signal sequence from P. pastoris GS115. 

The gene was synthesized by IDTdna, Belgium. The synthesized 
gene (α-xynA, NCBI accession number:MW691224) was 
amplified using xynCFP (5ʹ-AGATGGATCCAAACGATG-3ʹ) 
and xynCRP (5ʹ-CTCATCACTAATTGCCTATG-3ʹ) primers. 
Polymerase Chain Reaction (PCR) mastermix was prepared using 
0.5 µM of primers dissolved in double distilled water (ddH2O), 1.8 
M betaine, 1× High fidelity buffer (HF buffer), 0.25 µl Phusion 
polymerase [New England Biolabs (NEB)], and 0.5 µl of Deoxy 
Nucleotide TriPhosphate (dNTPs) per 25 µl of PCR master mix. 

The PCR parameters were as follows: denaturation at 98°C for 30 
seconds, annealing step at 49°C for 10 seconds, extension at 72°C 
for 40 seconds, and the PCR parameters were cycled for 32 cycles. 
The bands were confirmed using gel electrophoresis using 1.2% 
agarose in Tris-acetate-ethylene diamine tetra acetic acid (EDTA) 
buffer.

Overhangs to the gene were added using primers xyngFP (5ʹ-aaa
caactaattattcgaagAGATGGATCCAAACGATGC-3ʹ) and xyngRP 
(5ʹ-tctaaggcgaattaattcgcCTCATCACTAATTGCCTATGAATAA
TTG-3ʹ) using the same PCR conditions mentioned above. 2 µl 
of purified PCR product (gene with overhangs) was mixed with 
4 µl of pPIC3.5K (linearized using BamHI and SnaBI restriction 
endonucleases) along with Gibson assembly mastermix (NEB) 
and incubated at 50°C for 30 minutes. The reaction mixture 
was diluted with ddH2O to 1:10 ratio and 1 µl of the diluted 
mixture was used to transform competent E. coli TOP10F cells. 
The transformed cells were confirmed by colony PCR using 
5ʹAOX1 (5ʹ-GACTGGTTCCAATTGACAAGC-3ʹ) and 3ʹAOX1 
(5ʹ-GCAAATGGCATTCTGACATCC-3ʹ) primers.

2.4. Transformation into P. pastoris GS115
The competent cells were electroporated with pPIC3.5K/α-xynA 
(concentration 1.4 µg/µl), linearized using SacI (Thermofisher 
Scientific). The transformants were grown on YPD geneticin 
(G418) plates at 30°C for 3 days. Gene copy number was roughly 
estimated by growing the transformants on YPD media with 
varying concentrations (1X–9X) of geneticin (where X is 0.25 
mg/ml). Transformants from YPD geneticin plates (4X–9X) were 
subcultured on Buffered-methanol-complex media (BMMY) 
agar plates (1% yeast extract, 1% peptone, 100 mM phosphate 
buffer pH 6.0, 1.34% yeast nitrogenous base, 4 × 10−5% biotin 
and 1% methanol) containing 1% oat spelt xylan. Clear zones 
in the BMMY plates were used to select the colonies expressing 
the xylanase enzyme. These colonies expressing greater enzyme 
yields were confirmed by xylanase assay (DNS method).

2.5. Fermentation and Downstream Processing (B. pumilus)
Xylanase from B. pumilus was produced using solid-state 
fermentation (xylan media, containing wheat bran with 2% 
Na2CO3, 0.1% K2HPO4 and 0.04% MgSO4). Wheat bran media 
was added with water in the ratio of 1:2 (w/v). The media was 
inoculated with fresh inoculum and incubated at 30°C for 120 
hours. The secreted enzyme was extracted in 8% NaCl solution. 
The extract was centrifuged at 7,000 g to separate debris and 
the supernatant was salted out using 100% ammonium sulfate 
saturation, with constant stirring at 4°C for 6 hours. The precipitate 
from salting-out was collected by centrifugation and dispersed in 
50 mM phosphate buffer, pH 7.0. 

2.6. Fermentation and Downstream Processing (P. pastoris)
To produce xylanase enzyme, P. pastoris was grown under 
submerged fermentation conditions, on a minimal media (0.0093% 
CaSO4, 0.182% K2SO4, 0.149% MgSO4, 0.0413% KOH, 0.267% 
H3PO4, 2% glycerol, pH 5.5). Media pH was set and maintained 
at pH 5.5 during the growth phase and pH 6.0 during the enzyme 
production phase. 5% (v/v) Inoculum (16 hours flask culture) was 
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added to the media and fermentation was carried out at 30°C for 
around 16 hours or until the optical density at 600 nm (OD600) 
reaches between 60 and 70. During the entire fermentation process, 
dissolved oxygen level (DO) was carefully monitored to ensure the 
healthy growth of the culture. An increase in DO values was used 
as an indicator for starvation due to insufficient nutrients. Once the 
desired OD (OD600 of 100) was achieved, the culture was starved-
off glycerol for 1–2 hours, after which methanol was fed for protein 
expression for 96 hours or until the media reached an OD600 of 200. 
Methanol was fed at the rate of 2.5 ml/hour/l for an initial 24 hours, 
followed by 6.0 ml/hour/l for the next 24 hours and subsequently 8 
ml/hour/l for the next 24 hours and 12 ml/hour/l for the last phase. 

After fermentation, the broth was centrifuged to remove the cell 
pellet. The supernatant was precipitated using 100% ammonium 
sulfate saturation with constant stirring at 4°C for 6 hours. The 
enzyme precipitate was collected by centrifugation and dispersed 
in 50 mM phosphate buffer, pH 7.0.

2.7. Purification of Xylanases
The ammonium sulfate pellet samples from both native and 
recombinant cultures were dialyzed against phosphate buffer and 
applied to diethyl amino ethyl (DEAE) cellulose ion exchange 
column, equilibrated with 50 mM phosphate buffer pH 7.0. Elution 
was carried out using 0 to 1 M NaCl. The active fractions were 
pooled, concentrated using viva-spin columns (GE healthcare). 
Using 4% agarose gels (running buffer was Tris-glycine buffer 
pH 8.3), horizontal electrophoresis was carried out. The xylanase 
band position was identified (by zymogram), excised and the 
enzyme was eluted into 50 mM phosphate buffer pH 7.0. The 
eluted enzyme was concentrated using a viva-spin column and 
used for further experiments. 

2.8. Sodium Dodecyl Sulphate Polyacrylamide Gel 
Electrophoresis (SDS-PAGE)
SDS-PAGE was carried out with 10% polyacrylamide gel as 
described by Lammeli [15]. Silver staining was used to visualize 
the protein band pattern. The apparent molecular weight of the 
purified xylanase was estimated using gel reader software (Image 
Lab, Gel Doc EZ Imager, BioRad).

2.9. Zymogram
Horizontal agarose electrophoresis was carried out using a non-
denatured sample with ribonuclease and lysozyme as standards. 
After the run, the gel was washed in 50 mM phosphate buffer pH 
7.0, placed on 0.5% xylan-agar plate prepared in the same buffer 
and incubated at 40°C for 30 minutes. Congo red (0.1%) was used 
to stain the gel and the excess stain was removed by washing 
with 1 M NaCl. The clear zones were observed under a gel reader 
(BioRad).

2.10. Protein Sequencing by Liquid chromatography-mass 
spectrometry (LC-MS)/MS
The protein samples were initially resolved on SDS-PAGE and 
stained using Coomassie brilliant blue. The resolved bands were 
excised from the gel, de-stained using 100 mM ammonium 
bicarbonate/acetonitrile (1:1) solution, followed by acetonitrile 

wash. The samples were digested using trypsin and the tryptic 
digest of the proteins was resolved on the nano-High pressure 
liquid chromatography (HPLC) column (1200, 1D nano-LC, 
Agilent) using acetonitrile/formic acid gradient. The peptides 
were ionized by an automated Electron Spray Ionisation (ESI) 
ESI-chip (NanomateTriversa, Advion) and the generated ions 
were transferred to the mass spectrometer (LTQ-Orbitrap 
Discovery, Thermo Scientific) through an LC coupler. The peptide 
data obtained from the mass spectrometer were used to establish 
the identity of the proteins and the protein sequence was later 
reconstructed using MASCOT and PEAKS software.

2.11. Effect of pH and Temperature on Xylanase activity
Optimum pH for activity was determined by carrying out assays at 
different pH ranging from pH 4.0 to 11.0.  Buffers used were 100 
mM acetate buffer for pH 4.0–5.5, phosphate buffer for pH 6–8 
and glycine-NaOH buffer for pH 8.5–11.0. The assay was carried 
out at 50°C. The optimum temperature for activity at pH 7.0 was 
evaluated by assaying at different temperatures (20°C–80°C). The 
highest activity obtained was taken as 100% and expressed as 
percent activity.

Thermostability was evaluated by incubating the enzyme at 
different temperatures (45°C and 55°C) for 60 minutes. Samples 
were drawn every 10 minutes and cooled on an ice bath for 5 
minutes. The residual activity in the samples was determined by 
assaying at 50°C, pH 7.0. Control was taken as 100% activity and 
test samples were expressed as percent residual activity.

2.12. Kinetic Parameters of the Enzymes
The Km and Vmax values of xylanase were determined using 
beechwood xylan as substrate (concentration range 0%–1.5%). 
The assay was carried out for 10 minutes at pH 7.0 and 50°C. Km 
and Vmax values were derived from the Lineweaver–Burk plot.

3. RESULTS

3.1. Bioinformatic Analysis
The native gene sequence (NCBI accession number: AY887130.1) 
indicated that the gene was 687 bp long and consisted of a signal 
peptide and the protein-coding regions and a gap between the 
two regions. The signal peptide region was separated from the 
xylanase coding region through a stable dyad symmetry or a 
hairpin loop (stable at 78°C) using mfold software [16]. The signal 
peptide region had a Guanine-Cytosine content (GC content) of 
28%, whereas the protein-coding region had a GC content of 63%. 
To express the protein in Pichia, the sequence was modified to 
replace signal peptide with an α-factor mating signal peptide, 
codon-optimized for better protein expression and to eliminate the 
effects of DNA secondary structure during Pichia transformation. 
The two sequences are given in Figure 1. 

3.2. Codon Optimization
The first half of the native sequence was replaced with codons of 
higher usage, while the rest of the sequence was replaced with 
codons of lower usage as per the Pichia codon usage table. Care was 
taken to reduce the overall GC content to 42%. The sequence after 
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attaching with alpha mating signal peptide was used to synthesize 
the gene for expression in P. pastoris GS115. The gene sequence 
was checked for dyad symmetry and special care was taken to 
remove secondary structures by replacing them with appropriate 
codons. The final gene size was 876 bp. Electroporation was the 
method of choice for transforming the codon-optimized gene to 
Pichia cells.

3.3. Screening Colonies
Transformants from YPD geneticin plates were further screened 
on BMMY agar plates for xylanase expression (seen as clear 
zones on the plate). The colonies were further selected based on 
the expression levels of the protein by DNS assay. 

3.4. Fermentation Yields
The composition of the media and the fermentation of the native 
and recombinant protein are outlined in materials and methods. 
Fermentation of B. pumilus yielded xylanase activity of 10,000 
U/g at the end of 120 hours, while submerged fermentation of P. 
pastoris yielded 6,000 U/ml at the end of 120 hours. 

3.5. Purification of Xylanases 
GH11 Xylanases from both the culture media were salted out 
using 100% ammonium sulfate saturation, desalted by dialysis and 
separated by DEAE-cellulose anion-exchange chromatography. 
Both the native and recombinant enzymes were eluted in the 
void volume with a specific activity of 826 and 1,137 U/mg, 
respectively (Fig. 2a and b). Further purification of the enzyme 
was carried out using agarose electrophoresis at pH 8.3. Xylanase 
enzyme, with pI: 9.05 (pI calculator, Expasy) is positively charged 
at the pH used (running buffer pH 8.3) and hence moved toward 
the cathode. The DEAE pool was concentrated using viva-spin 
column and horizontal electrophoresis was carried out using 4% 
agarose. The sample wells were placed at the center of the gel. 
Xylanase bands that moved towards the cathode were identified 
by zymogram using substrate gel (oat spelt xylan). The xylanase 
bands were then excised and the enzyme was eluted into the 
buffer, concentrated and identified on SDS-PAGE. The purified 
xylanases from B. pumilus and P. pastoris had a specific activity 
of 937 U/mg and 1,268 U/mg, respectively (Table 1a and b). The 
recombinant xylanase from P. pastoris had slightly higher specific 
activity when compared with the native xylanase.

Figure 1: A) DNA alignment of native enzyme (Uniprot ID: Q5EFR9, NCBI accession number AY887130.1) to the codon-optimized 
sequence. B) Vector map of the constructed plasmid carrying the α-xynA gene. C) Agarose gel electrophoresis: GeneRuler 1 kb plus marker 

(lane M), colony PCR using sequencing primers 5ʹAOX1 forward primer and 3ʹAOX1 reverse primer (lane 1).
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3.6. Sodium Dodecyl Sulphate Polyacrylamide Gel 
Electrophoresis
The purified native xylanase and recombinant enzyme moved 
asa single band in SDS-PAGE (Fig. 3a). The molecular weights 
of native and recombinant xylanase were determined to be 21.2 
± 0.5 and 24.8 ± 0.4 kDa, respectively. The apparent increase in 
the molecular weight of recombinant xylanase could be due to 
glycosylation of the protein molecule which is common in yeasts. 
The increase in the molecular weight was also evident by the 
horizontal agarose electrophoresis and zymogram (Fig. 3b and 3c).

3.7. Protein Sequence
The sequence of the native protein is given in Figure 1, with a 
molecular weight of 22.5 kDa and had 201 residues (without 
signal peptide). This sequence was in agreement with the earlier 

reported protein sequence of a GH11 xylanase from B. pumilus 
except for N-terminal residue (alanine being replaced by arginine) 
[17]. The protein sequence was also confirmed by LC-MS protein 
sequencing data (Fig. 4).

3.8. Effect of pH and Temperature on Activity
The pH optima and temperature optima for activity were measured 
for both native and recombinant protein (Fig. 5a and 5b). The native 
xylanase had a pH optimum of 7.0 and the recombinant enzyme 
had a pH optimum of 6.5. The native xylanase was most active 
between pH 5.5–9.0 and recombinant protein was most active 
between pH 5.0–8.5. There was a slight shift in the pH optimum of 
the recombinant enzyme. The temperature optima for both native 
and recombinant enzymes were at 50°C. The recombinant enzyme 
had a wider working range with substantially higher activity at 

Table 1: (a and b) Purification of xylanase from B. pumilus SSP-34. Purification of xylanase from  P. pastoris GS115.
Purification step Total volume ml Total activity units Total protein mg Specific activity U/mg Fold purity Yield

(a)

Crude 20 32,000 106 301.8 1 100

Ammoniumsulfate pellet 4 22,000 37.44 587.6 1.95 68

Ion-exchange (DEAE 
cellulose) 8 15,200 18.4 826.0 2.74 47.5

Band excision from agarose 
electrophoresis 2 300 0.32 937.5 3.10 0.94

(b)

Crude 20 80,000.0 168 476.2 1 100

Ammonium sulfate pellet 4 40,000.0 64 625.0 1.13 50

Ion-exchange (DEAE 
cellulose) 10 33,000.0 29 1,137.9 2.05 41.2

Band excision from agarose 
electrophoresis 3 525 0.414 1,268.1 2.29 0.656

Figure 2: Fast performance liquid chromatography data of (a) native GH11 xylanase from B. pumilus and (b) recombinant xylanase expressed 
in P. pastoris GS115.
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30°C and 40°C working temperature in comparison to the native 
enzyme.

3.9. Thermostability of Native and Recombinant Xylanases
The thermostability measurements showed that the recombinant 
enzyme was slightly more stable than the native enzyme with Tm of 
55°C and 53°C, respectively. Both the enzymes were stable up to 
50°C (Fig. 5b). The thermostability of the native and recombinant 
xylanases was measured at 45°C and 55°C. The rate constant k 
was 0.067 and 0.035 minute−1 and the half-life of the enzymes 
was 10.5 and 20.9 minutes at 55°C for native and recombinant 
xylanases respectively (Fig. 5c and 5d). The recombinant enzyme 
was more stable in comparison to the native enzyme.

3.10. Kinetic Parameters of the Enzymes
The Km and Vmax values for the native and recombinant enzymes 
were similar. Km was 20 mg/ml for both native and recombinant 
xylanases indicating the structural similarity of the two enzymes, 
Vmax values were 937 and 1,268 U/mg and Kcat values were 1,415 
× 103 and 1,650 × 103 M/mg/minute for native and recombinant 
xylanases, respectively (Fig. 6).

4. DISCUSSION
GH11 xylanase finds greater applications in paper pulp bio-
bleaching and paper recycling industries. As such, many of the 
GH11 alkaline-neutral pH enzymes can be used to reduce chlorine 
usage in the bleaching step of the process. The current GH11 
xylanase was derived from B. pumilus, a soil-dwelling generally 
regarded as safe microorganism, using solid-state fermentation. 
Due to difficulties in handling the fermentation and successes 
reported in expressing heterologous proteins [3,7,8], P. pastoris, a 
methylotrophic yeast was used as the expression system. The ease 
of handling cultures, its ability to grow to a greater cell density, 
a tightly regulated promoter system (AOX1 promoter) and the 
ability to use methanol (toxic for other microorganisms and 
cheaper inducer) makes Pichia an attractive host for expressing 
GH11 xylanase as achieved in this current study.

In this study, we designed a codon-optimized gene, encoding 
the GH11 xylanase containing α-factor mating signal sequence 
for greater expression and secretion in the Pichia host (Fig. 1). 
Yield comparisons of native and recombinant proteins indicated 
greater expression levels of the recombinant protein. This makes 
it conducible for bulk production of the enzyme for industrial 
applications.

Figure 3: Electrophoretic analysis of xylanase enzyme (a) Silver-stained PAGE gel of native and recombinant 
xylanases, (b) Horizontal electrophoresis gel of native and recombinant xylanases along with reference proteins and 
(c) Zymogram of native and recombinant xylanases was carried out using xylan-agar and staining was carried out 

using congo red stain.

Figure 4: Amino acid sequence of the native GH11 xylanase from B. pumilus.
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We were able to transform the codon-optimized gene by the 
electroporation method. The other methods that have been used 
for the transformation of the xynA gene were PEG1000 induced 
transformation [18] and the electroporation method [19].

The molecular weights of the recombinant protein and native 
protein were 25 and 22 kDa, respectively. The apparent increase 
in molecular weight could be due to glycosylation [20]. A similar 
increase in molecular weight of the expressed protein in P. 
pastoris has been reported [21]. Based on the amino acid sequence 
alignment, there are four probable glycosylation sites on GH11 
xylanase (NetNGlyc 1.0 Server) [22].

The expressed protein was purified to homogeneity by 
ammonium sulfate precipitation followed by anion exchange 
chromatography and subsequently purified to homogeneity. 
The amino acid sequence of the native enzyme was given in 
the Figure 1. This is a basic protein with a ratio of acidic to 
basic amino acid (13:20), and the theoretical pI was 9.05. The 
recombinant protein had higher specific activity compared to the 
native. The kinetic parameters like Km and Vmax, pHopt and Topt 
were comparable. The reported Km and Vmax values for similar 
systems are 6.5 mg/ml on Oat spelt xylan [17], 4 mg/ml on Oat 

Figure 5: Comparison of native and recombinant GH11 xylanases a) pH profileplot b) Activity versus temperature plot. c) Half-life analysis 
of native and recombinant xylanases at temperatures 45°C and 55°C. d) Log % residual activity versus time plot of native and recombinant 

xylanases at 55°C.

Figure 6: Lineweaver-Burk plot comparison of native and recombinant 
GH11 xylanases.
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spelt xylan [12,23]. The temperature stability and the molecular 
weight of the recombinant enzyme were slightly different. This 
difference in temperature stability and molecular weight could 
be due to the glycosylation of the recombinant protein. Similar 
observations have been made by Teng et al. [20]. The enhanced 
stability of the recombinant protein makes it a preferred choice 
for industrial applications.

The expression of the GH11 xylanase from B. pumilus in P. 
pastoris opens the possibilities of creating mutants with improved 
thermal stability, improved activity, and designer pH stability. It 
may be pertinent to mention our in-silico studies for the improved 
stability of GH11 xylanase [24]. One of the notable features of the 
GH11 xylanase from B. pumilus is the contribution of hydrophobic 
sidechains to the stability of the protein.

5. CONCLUSION
The codon-optimized xynA gene coding for GH11 xylanase from 
B. pumilus was modified to replace the signaling factor with Pichia 
expression system. 876 bp gene was synthesized and expressed in 
methylotrophic yeast P. pastoris GS115. The recombinant protein 
was purified, characterized for enzymatic properties and thermal 
stability. Recombinant xylanase was more thermostable and had 
higher molecular weight probably due to glycosylation.
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SDS-PAGE	� Sodium dodecyl sulphate polyacrylamide gel 
electrophoresis
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