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Abstract

Bacterial strain, Bacillus tequilensis BT21 isolated from marine sediments was found to produce
extracellular xylanase. xynBT21 gene encoding xylanase enzyme was cloned and expressed in
Escherichia coli. The gene encoded a protein consisting of 213 residue polypeptide with calculated
molecular mass of 23.3 kDa. Purified recombinant xylanase displayed optimum activity at temperature
60 °C and pH=6. The enzyme was highly stable in alkaline pH. The enzyme was stable at pH=7 and
remained 100 % active for 24 h, while the enzyme activity increased at pH=8 and pH=9 over the time of
incubation. B. tequilensis BT21 xylanase had alkaline pl of 9.4 and belonged to family 11 glycosyl
hydrolases. The mode of action of XynBT21 on beechwood xylan as well as xylooligosaccharides was
studied. XynBT21 hydrolyzed xylooligosaccharides and beechwood xylan yielding mainly xylobiose
(X2) with a small amount of xylose (X1), indicating that XynBT21 was probably an endo-acting
xylanase. Enzymatic hydrolysis using wheat bran as a substrate revealed that xylanase reported here has
the potential to produce xylobiose from wheat bran. Xylooligosaccharides especially xylobiose have
strong bifidogenic properties and are increasingly used as a prebiotic. This is the first report that
describes this novel xylanase enzyme from marine B. tequilensis.BT21 releasing xylobiose from wheat
bran.
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Introduction

Xylan the most abundant hemicellulose consist of B-1, 4-linked xylose residues in the backbone
to which o-acetyl, a-L-arabinofuranosyl, D-a-glucuronic and phenolic acid residues are present on the
side chains. Endoxylanases degrade p-1,4-xylan randomly, yielding a chain of linear and branched
oligosaccharide fragments. VVarious microorganisms are known to produce endoxylanases (1,2). As per
the amino acid sequence similarities, xylanases are mostly classified into families 10 and 11 of the
glycoside hydrolases. GH10 xylanases are those having high molecular mass >30 kDa and with low pl,
while GH11 xylanases are normally smaller (< 20 kDa) and have a high pl (3).

Xylanases have a range of applications in textile, clarification of fruit juices, aroma, animal feed, baking,
production of ethanol as well as in paper and pulp industries. Industrial process conditions are harsh due
to extremes of pH, temperature, inhibitors, etc. Sufficiently strong enzymes able to withstand such
conditions recommended for such processes. The most of the reported xylanases do not meet such
criteria, therefore, enzymes which comply well with the industrial processes needs to look for (4,5). The
marine environment is highly complex and dynamic with high salinity, higher pressure, low or high
temperature and unique light conditions, these situations may explain to the significant variations in the
enzymes produced by marine and terrestrial microorganism. Xylanases from the marine condition can
have some remarkable qualities with respect to stability at high temperature and pH which needs
attention. There are few studies reported on marine xylanases (6-13) and it is important to look into more
potential ~ xylanases from the marine sources. Recently use of endoxylanases for
producing xylooligosaccharides from xylan sources is taking lead. Xylobiose has represented its part in
invigorating the specific advancement of human intestinal bifidobacteria, which are basic for the upkeep
of a sound intestinal microflora. In this study, we report the characterization of xylanase from a marine

bacterium B. tequilensis BT21 and propose its efficacy in the nutraceutical industry.

Materials and Methods
Chemicals

Xylooligosaccharides were purchased from Megazyme (Bray, Ireland). Xylan (birchwood and
beechwood), 3,5-dinitrosalysilic acid, buffers (citrate, phosphate and glycine, tris-HCL), solvents
(acetonitrile, ethyl acetate, 2-propanol), protein molecular marker, acrylamide, agarose, sucrose, orcinol,
serum albumin, bicinchoninic acid and coomassie brilliant blue were purchased from Sigma-Aldrich,
USA. Ethanol and TLC plates were purchased from Merck, Darmstadt, Germany while sulphuric acid
and acetic acid, sodium chloride from Sd Fine Chem. Ltd., Mumbai, India.



Bacterial strains, culture conditions and vectors

B. tequilensis was isolated from sediment samples of Chorao island located in Mandovi estuary
Goa India. The culture was grown in basal salt solution (BSS) medium at room temperature along with
0.5 % of xylan (13). E. coli strain (JM109) was used as the hosts for DNA manipulation. The plasmid
pCR®2.1-TOPO® TA cloning vector (Invitrogen, CA, USA) was employed for cloning and DNA

sequencing.
PCR amplification of the 16S rRNA for strain identification

DNA was isolated from cells as per method described by Khandeparker et al. (13). The 16S
rRNA gene fragment was amplified by PCR with the universal primers 27F (5’-
AGAGTTTGATCCTGGCTCAG-3’) and 1492R (5’-GGTTACCTTGTTACGACTT-30). The
amplification was performed out using a PCR thermal cycler (Veriti, Applied Biosystem, Foster City,
CA, USA). Gene sequence was determined using a Tag Dye Deoxy terminator cycle sequence kit
(Perkin Elmer, Foster City, CA, USA) and were analyzed with 373A automated DNA sequencer (model
3130xl; Applied Biosystem, Foster City, CA, USA) (13). The sequence obtained was aligned with
corresponding sequences of 16S rRNA from the database using BLAST from the website (14).

Molecular cloning, expression and sequencing of xylanase gene

Gene cloning was carried out using standard cloning method (15). The primers xynF and xynR
were obtained from previously reported article (13). Xylanase gene was amplified using PCR and
amplified gene fragment was then ligated into TOPO TA cloning vector and transformed into E. Coli.
cells. Plasmid extraction was done and the xylanase gene was sequenced.

Determination of amino acid composition of xylanase gene

Amino acid sequence of xylanase gene of B. tequilensis BT21 was determined by translating the
gene sequence into the protein sequence using EXPASy server (16) Theoretical molecular mass,
isoelectric point (pl) and the total number of positive and negative residues were calculated using the

Expasy's ProtParam server.
Enzyme production and fractionation

Recombinant enzyme production was enhanced by incorporating 1 mM isopropyl-p-D
thiogalactopyranoside (IPTG) -) in the growth medium of transformant cells and incubating at 37 °C for
24 h with 140 rpm. Cells were collected by centrifugation (4,000 g for 10 min, 4 °C) using centrifuge
5810R (Eppendorf, Germany) and the pellet was rinsed twice in Tris-HCI (10 mM, pH=8). The obtained

pellet after centrifugation was resuspended in 25 % sucrose solution. The suspension was shaken in
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presence of 0.5 M EDTA for 10 min at room temperature. This was again centrifuged and the cell pellet
was collected. The supernatant obtained in above three steps constitutes for extracellular enzyme fraction
(F1). Ice-cold water was vigorously added to the pellet and shaken for 10 mins. Further centrifugation at
9000 rpm for 10 mins, the supernatant was collected which forms periplasmic enzyme fraction (F2). The
remaining cell pellet was suspended in 10 mM Tris-HCI buffer (pH=7) and lysed by sonication
(sonicator, model-GT-1730QTS, GT Sonic, Guangdong, China). Intracellular enzyme fraction (F3) as
supernatant was collected by removing cell pellet by centrifugation (17). For native enzyme cell
suspension of B. tequilensis BT21 growing on xylan, media was centrifuged and the supernatant

containing extracellular xylanase was collected.
Native and recombinant xylanase purification

Native and recombinant xylanases were precipitated using ammonium sulphate (80 %). The
precipitated enzyme was dissolved in phosphate buffer and dialyzed for 24 h (50 mM, pH=6). The crude
enzyme was further purified using anion exchange resins followed by cation exchange resins such as
DEAE and CM-Sepharose FF (Sigma—Aldrich Co. USA) columns respectively (11). The native enzyme

was used only to study kinetic properties otherwise, recombinant enzyme was used unless mentioned.
Enzyme assay and protein estimation

The activity of xylanase enzyme was determined by using 3,5-dinitrosalicylic acid (DNS method)
(18). One unit of xylanase activity was calculated as umol of xylose released per min. Proteins were

analyzed by the method of bicinchoninic acid with bovine serum albumin as a standard (19).
Effect of temperature and pH on xylanase enzyme

Optimal temperature of xylanase was studied by analyzing the enzyme activity at different
temperatures ranging from 15-75 °C, at pH=6, while the optimal pH of xylanase was analyzed by
measuring its activity using different pH buffers of 0.05 molar. Citrate buffer was used for pH range
from 4-6, phosphate buffer was employed for pH from 6-8, while glycine—NaOH buffer was used for
pH=8 to pH=11. Xylanase activity was measured at 60 °C. Thermal stability of the enzyme was verified
by incubating the enzyme at 40 °C, 50 °C and 60 °C for 6 h (pH= 6) using an incubator. pH stability was
studied using 100-fold diluted xylanase enzyme using respective buffers (pH ranging from 7 to 9) and
incubating it for 24 h at 60 °C. Residual activity was analyzed at regular intervals during incubation.

Isoelectric Focusing (IEF)

Isoelectric Focusing (IEF) was performed using BIO-RAD ReadyPrep 2-D starter kit. IPG strips
(SERVA, Heidelberg, Germany, pH range 3-10, 11 cm), were rehydrated for 12-16 h in sample enzyme



(10 ng of protein) and mixed with rehydration buffer provided with the starter kit. PROTEAN IEF
chamber (Biorad, Hercules, California, USA) was programmed for a constant temperature of 10 °C and
at 50 VH/strip for 20 min at 250 V, with 2 h linear increase to 4,000 V and finally attaining the value of
10,000 VH. Strips were equilibrated in equilibration buffer I and Il (provided with the kit) for 10 min
each respectively on the rocker. Strips were then sealed on the top of 12 % SDS-PAGE gels (separating
gel) using 0.5 % agarose. SDS-PAGE was run on 12 % acrylamide gel at 120 volts for 110 min at 4 °C.

Protein molecular mass standard (medium range) was used for electrophoresis in 2" dimension.
Molecular mass estimation and zymogram analysis

The Molecular mass of xylanase enzyme was assessed by SDS-PAGE (12 %) electrophoresis
(20) using medium range molecular mass markers (14.3-97.4 kDa). Protein bands were stained using
Coomassie brilliant blue stain. Zymogram was carried out using SDS-PAGE (12 %) electrophoresis as
described by Nakamura et al. (21). The gel with separated protein bands was thoroughly washed (four
times) using 50 mM Phosphate buffer (pH=7.0). Initial 2 washes contain 25 % isopropanol (to get rid of
SDS and renature protein). The gel was further incubated at an optimum temperature of the enzyme for
60 min. The gel was stained with 0.1 % (mass/volume) Congo red dye for 30 min and then washed with
1.0 % (mass/volume) NacCl till the spare dye was washed off from the active band. Finally, the gel was
flooded in 0.5 % acetic acid, thus changing the background of gel to dark blue, and the activity bands

were spotted as clear colourless areas.
Kinetic determinations

Purified native and recombinant xylanase was incubated with birchwood and beechwood as
substrates in 50 mM phosphate buffer with pH=7. The rate of xylan hydrolysis was determined at pH=9
and temperature 60 °C. Various concentrations of xylan ranging from 0.5 to 8 mg were used in this
study. The kinetic constants Km and Vmax Were determined using the method of Lineweaver and Burk
(22).

Hydrolysis studies

The partially purified periplasmic fraction of xylanase was dissolved in phosphate buffer (pH=7)
and used for hydrolysis study. Substrates and enzyme were incubated at 60 °C. Samples were removed at
0,1, 3, 6,12 h of intervals. Xylooligosaccharides were also incubated with the enzyme and the samples
were picked at different time intervals ranging from 1 h to 3 h. Enzyme-substrate reaction was
terminated by putting reaction mixture into boiling water for 5 min (23). The unused polysaccharide was
precipitated using isopropanol and centrifugated. The supernatant was collected. Hydrolysis products
were identified by thin layer chromatography (TLC). TLC was performed with the mixture of

5



Acetonitrile: Ethyl acetate: 2-propanol: water as a solvent system. Hydrolysis products were spotted by
spraying TLC plates with orcinol spray which is a mixture of ethanol, sulphuric acid and orcinol, and
heating plate for 5 min at 150 °C. Similarly, TLC was performed for enzymatic saccharification of wheat
bran. Here native enzyme after purification was treated with wheat bran. 1 % substrates (wheat bran) and

the enzyme were incubated at 60 °C. Sample (in triplicates) were taken at 24 h of an interval.
Results
Identification of B. tequilensis BT21 by 16S rRNA sequence analysis

The strain BT21 was isolated from mangrove sediment along the bank of Mandovi estuary, on
the west coast of India. Biochemical analysis revealed that the isolate belonged to the Gram-positive
group, cells are a short rod, motile, oxidase positive and catalase positive. As described in Bergey’s
Manual of Systematic Bacteriology (24) these characteristics show close similarity to Bacillus sp. The
amplified 16S rRNA sequence matched to the 16S rDNA sequence in the GeneBank (25), and the results
showed 99 % identity with B. tequilensis (GenBank accession no. KF054870). Thus, the strain BT21

identified as one strain of B. tequilensis (GenBank accession no. KF797798).
Nucleotide sequence analysis of the xylanase gene

The PCR product of total chromosomal DNA acquired from B. tequilensis strain BT21, using
primers XynF and xynR was ligated with TOPO® TA cloning vector. The recombinant plasmid DNA
was introduced into E. coli IM109. A complete nucleotide sequence was acquired (GenBank database
number KF797799), having 639 bp open reading frame encoding a protein of 23324.6 Da having
213 amino acid residues with pl of 9.44 was identified. The gene sequence is 99 % similar to that of
xylanase gene sequence of B. subtilis R5 (Accession number AB457186.1). The catalytic domain of
xynBT21 (from B. tequilensis) showed good homology with xylanase which is classified into family 11

glycosyl hydrolases as per hydrophobic cluster analysis (26).
Amino acid composition of recombinant xylanase

Recombinant xylanase of B. tequilensis showed a relatively, high percentage of glycine (12.2 %),
threonine (12.2 %) followed by serine (10.8 %) and asparagine (8.9 %), while there were no traces of
cystine and pyrrolysine (Table. 1). Highly conserved Glu104 and Glu196 which are crucial for the
catalytic activity of family 11 glycosyl hydrolases, were found in two conserved regions (Fig. 1). The B.
tequilensis BT21 xylanase contained double the number of acidic amino acids compared to basic amino

acid, also the total number of negatively charged residues in the enzyme were less (Aspargine +
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Glutamic acid=9), compared to positively charged residues (Arginine + Lysine =16). The enzyme had

41 % polar amino acids while 59 % nonpolar (hydrophilic) amino acids
Characterization of xylanase from B. tequilensis BT21

Xylanase enzyme had optimal pH of 6.0 while the enzyme had the optimal temperature of 60 °C at pH=6
(Fig. 2). At pH=6 and at pH=7 enzyme retained 100 % of activity when incubated for 24 h, while at
pH=8 and pH=9 enzyme showed an increase in activity over the period of incubation (Fig. 3). At 40 °C,
enzyme activity increased with the incubation time, while at 50 °C enzymes remained stable for almost 1
h. At 60 °C, enzyme showed 100 % activity up to 20 mins and remained active for 2 h retaining 75 %
activity (Fig. 4).

Kinetic parameters

The Km and vmax value of native and recombinant xylanase was obtained from Lineweaver-Burke plot.
The Km of native and recombinant xylanase for birchwood xylan was 11.1 (mg/mL) and 3.3 (mg/mL)
while vmax was 2222 pmol/(min.mg) and 3125 pmol/(min.mg) respectively. Km of native and
recombinant xylanase for beechwood xylan was 16.6 (mg/mL) and 5.0 (mg/mL) while vmax was 2500

pmol/(min.mg) and 4347 umol/(min.mg) respectively.
Molecular mass estimation and zymogram analysis

Deduce molecular mass of recombinant xylanase enzyme as per amino acid sequence was of
23324.6 Da which is in full agreement with results from the zymographic analysis (7). The molecular

mass of recombinant xylanase from zymogram analysis is ~23 kDa (Fig.5).
Isoelectric Focusing (IEF)

Isoelectric focusing of the enzyme run under denaturing and non-denaturing conditions gave a band at pl
value above 9. SDS-PAGE zymograms showed a single clearance zone coinciding with molecular mass
22 to 23 kDa (Fig. 5).

Enzymatic hydrolysis of xylan, xylooligosaccharides and wheat bran

The mechanism by which recombinant xylanase act on xylan was followed by allowing it to react
with beechwood xylan as well as different xylooligosaccharide. Beechwood hydrolysis showed the
release of xylooligosaccharides of higher molecular mass during initial stages of hydrolysis (T1-30 min,
To-1h). Atthe end of 3 h (T3), 6 h (T4) and finally at 12 h (Ts) xylooligosaccharides were completely
broken to xylobiose and xylose (Fig. 6).



To understand the hydrolysis pattern, more clearly xylooligosaccharides (X2-Xs) were treated with
XynBT21 at time interims (T1-1 h, T»-3 h). Observations after 1 h of incubation revealed that there was
no breakdown of xylobiose (X2), While xylotriose (X3) was partially degraded to xylose (X1) and
xylobiose (X2), xylotetraose (Xa4) showed release of xylobiose (X2), while xylopentaose (Xs) was
partially hydrolyzed to give xylose (X1), xylobiose (X2), xylotriose (X3). After 3 h incubation xylotriose,
xylotetraose and xylopentaose showed xylose (X1) and xylobiose (Xz2) as hydrolysis product, while

xylobiose was not at all cleaved (Fig. 7).

Hydrolysis products of wheat bran were also analyzed by TLC. By the end of 24 h, wheat bran

released xylobiose and xylose when treated with partially purified native xylanase enzyme (Fig. 8).
Discussion

We report a potential xylanolytic B. tequilensis strain BT21 isolated from mangrove area. Genus
Bacillus is known to produce industrially valuable xylanases, a number of them are reported
(13,16,19,27-29). The catalytic domain of xynBT21 (from B. tequilensis) showed high homology with
xylanases belonging to family 11 glycosyl hydrolases as per the hydrophobic cluster analysis (27). There
is a widespread occurrence of family 11 xylanases in Bacillus sp. (13, 27-29). The amino acid sequence
of the B. tequilensis strain BT21 xylanase was compared with other reported xylanases in the NCBI
database with the help of BLAST search program, it showed 99 % similarity with xylanase from
Bacillus subtilis str. R5 (AB457186.1) which belongs to GH family 11, while it was 98 % similar to
Bacillus subtilis str. 168 (AOA11206.1). It also had high amino acid sequence identity (98 %) with
xylanase from Bacillus circulans (X07723.1). Sequence comparison of B. tequilensis with B. subtilis
showed that only one amino acid L (Lysine) at positions 2 replaced F (Phenylalanine), while when
compared with amino acids sequence of B. circulans, L, S (Serine), S and T (Threonine) replaced F, R
(Arginine), | (Isoleucine) and S respectively (Fig. 2). With the difference in one single amino acid in
xylanase gene of the B. tequilensis strain BT21 and Bacillus subtilis, enzymes showed diverse properties.
Single amino acid mutations are accounted for influencing the structure of the protein complex because
of changes in binding affinity of amino acid. More than half of monogenic diseases cause by single
mutations, in which amino acid substitution cause changes in protein stability (30)Xylanase of B.
tequilensis BT21 showed the optimum temperature of 60 °C while B. subtilis str. R5 xylanase had
temperature optima of 40 °C, although B. subtilis str.168 xylanase showed an optimum temperature of 65
°C, the stability of XynBT21 was better compared to B. subtilis str.168 xylanase. B. tequilensis BT21
xylanase had pH optima of 6.0 and temperature optima of 60 °C. Xylanase from Bacillus subtilis cho40
reported previously by Khandeparker et al. (13) also showed the same pH and temperature optima but

Bacillus subtilis xylanase showed drastic loss of activity after it reached optimum pH of 6.0 while B.
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tequilensis BT21 xylanase remained active over a range of pH (from pH=6 to pH=8) without much
change in activity. Also, xylanase had excellent pH stability such that instead of a drop in enzyme
activity, activity increased with the incubation time. Arthrobacter sp. reported by Khandeparker and
Bhosle (12) showed similar effect while studying the pH effect on xylanase enzyme. Xylanase enzyme
from Bacillus pumilus SV-85S also showed the increase in residual activity of xylanase after 1 hour of
incubation at alkaline pH (31). Bai et al. (32) reported high molecular mass xylanase (42.5 kDa) from
Alicyclobacillus sp. retaining 80 % of enzyme activity after incubation at pH= 2.6 to 12.0 for 1 h at 37
°C. Xylanase isolated from S. actuosus reported to retain 80 % of its activity in the pH range of 5-8
when incubated for 30 min (33). The stability of a protein is controlled be pH mainly by altering the net
charge on the protein. The protein stability is controlled by pH mainly by changing the net charge on the
protein. Denaturation of many proteins takes place at extreme pH due to destabilizing repulsive
interactions which are present between similar charges in the native protein The behavior of a given
protein at low or high pH depends mainly on stabilizing and destabilizing forces, which are sensitive to
the environment (34). If we compare pH stability of earlier reported xylanases, pH stability of B.

tequilensis BT21 is exceptionally superior.

Kinetic studies performed on B. tequilensis BT21 revealed that Km of recombinant enzyme was
much lower compared to native enzyme, which clearly shows that recombinant enzyme had better
affinity than native enzyme. Km values of recombinant xylanase enzyme reported by B. tequilensis BT21
were 3.3 and 5.0 mg/mL for birchwood xylan and beechwood xylan respectively, this indicates that
birchwood xylan was more efficiently utilized compared to Beechwood xylan. Km of the recombinant
xylanase Il by Trichoderma reesei reported was 13.8 mg/mL using birchwood xylan as the substrate,
while Bacillus alcalophilus xylanase enzyme showed Km of 4.9 and 4.5 mg/mL using beechwood xylan

and birchwood xylan respectively.

IEF analysis and zymograms showed a sole and prominent activity band in the alkaline pH range
indicating BT21 xylanase has a pl of 9.0 or higher with a molecular mass around 23 kDa. Bacillus sp.
(NCL 87-6-10) produces two xylanases, A and C. Xylanase A with the molecular mass of 44 kDa and a
pl of 5.3, while xylanase C with 25 kDa with a pl of 8.9 (35). Similarly, there are reports on B.circulans
and B.polymyxa producing high and low molecular mass xylanases with acidic and basic pl respectively
(20,35). Proteins with acidic isoelectric points degraded faster compared to those with neutral or basic
isoelectric points (36), this might be because of extraordinary chemical properties of the acidic or basic
polypeptides. As a result, xylanase from B. tequilensis BT21 which is having basic pl and high pH
stability finds many advantages. Although there is an exception to this behaviour as there are some cases

where an acidic protein with acidic pl degrades extremely slowly (37).



Xylanase from B. tequilensis BT21 predominantly releases xylobiose from the xylan backbone
suggesting the endo-acting nature of XynBT21.At the first stage, the mixture of oligomers was also
detected, this might be because of random hydrolysis of xylan. Hydrolysis products similar to XynBT21
have been reported, for XynB of Thermotoga maritime, XynC from Clostridium stercorarium, and an
endoxylanase from Bacillus sp (38-40). Endoxylanase from Streptomyces sp. S27 have also been
reported to release xylobiose (>75%), as a hydrolysis product of xylan by XynBS27 (41), while
xylanase from Streptomyces thermocyaneoviolaceus is reported to release diverse xylooligosaccharides
(X1 to Xs) from birchwood xylan (42).

XynBT21 with an ability to hydrolyze polymeric substrates, beechwood xylan into dimer and
monomer may find helpful application in saccharifying xylan-rich materials. A lignocellulosic material
wheat bran which is a by-product of conventional wheat milling is available in large quantities (43)
and a good source for xylooligosaccharide  production. Enzymatic  hydrolysis
by xylanase from B. tequilensis BT21 on wheat bran showed a release of xylobiose and xylose. Koga et
al. (44) reported uses of xylobiose in cosmetics, drugs or quasi-drugs, hair-care products and
detergents. There are reports of xylobiose being used as prebiotics (45). Xylooligosaccharides deduced
from wheat bran improve blood lipid metabolism and antioxidant status in rats which feed on the high-
fat diet, suggesting that wheat bran xylooligosaccharides might be useful in shielding humans against
high-fat diet induced by oxidative stress (46). Accordingly, streamlining the condition such as enzyme
dose and pre-treatment strategies, large-scale generation of xylobiose from wheat bran can be
initiated from xylanase enzyme of B. tequilensis BT21.

Conclusion

The recombinant xylanase is an “alkaline pI-low molecular mass enzyme”, which belongs to the
group of family 11 glycanases. XynBT21 has excellent pH stability and also has the ability to produce
xylobiose from agricultural residues. Looking into the growing interest of xylobiose in nutraceutical

industries we look forward using this novel enzyme for industrial purpose.
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Table 1. Deduced amino acid composition of xylanase enzyme from B. tequilensis BT21

Amino acid w/%
Alanine 6.6
Arginine 3.3
Asparagine 8.9
Aspartic acid 3.3
Cystine 0.0
Glutamine 2.3
Glutamic acid 0.9
Glycine 12.2
Histidine 0.9
Isolucine 3.3
Leusine 4.2
Lysine 3.8
Methioninev 1.9
Phenylalanine 3.3
Proline 2.8
Serine 10.2
Threonine 12.2
Trptophan 5.2
Tryosine 7.0
Valine 7.0
Pyrrolysine 0.0

Total number of negatively charged residues (Aspargine + Glutamic acid) is 9
Total number of positively charged residues (Argnine + Lysine) is 16
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Legends of figures:

Fig. 1. Sequence alignment of the deduced amino acid sequence of xylanase gene from B. tequilensis
BT21 (AHN14743.1) with other Bacillus sp. strains xylanases: 1. Bacillus subtilis str. 168
(AOA11206.1) 2. Bacillus subtilis strain R5 (AB457186.1) 3. Bacillus circulans (AAMO08360.1). The
Glu residues corresponding to our xylanase Glu-104 and Glu-196, essential to the catalytic activity are
marked by (#) and (A) respectively.

Fig. 2. a)The effect of temperature and b) pH at pH=6 and temperature 60 °C respectively
on xylanase activity of B. tequilensis BT21.

Fig. 3. Effect of pH on xylanase stability. The enzyme was diluted with buffers of varying pH values and
incubated at room temperature over a period of 24 h. Residual activity was essayed at pH=6 and 60 °C
Buffer used was phosphate

Fig. 4. Effect of temperature on xylanase stability. The pure enzyme was incubated in phosphate
buffer (pH=6) at (¢) 40 °C, (m) 50 °C and (A) 60 °C for different intervals and residual activity was
determined.

Fig.5. a) SDS-PAGE analysis of recombinant xylanases XynBT21. Lane 1: molecular markers in kDa;
lane 2: pure xylanase enzyme. Isoelectric focusing of b) pl standards c) enzyme sample and d)
zymogram analysis of recombinant xylanases from Bacillus tequilensis BT12 grown with 1 %
birchwood xylan by two-dimension gel electrophoresis. Proteins (10 pg) were first separated in 6 %
native PAGE, the lane was stripped and then run in 8 % SDS-PAGE. Xylanase activity was examined
by congo red. Positions of XynBT21 in native PAGE are indicated.

Fig. 6. Time course of hydrolysis of the beechwood xylan by the recombinant xylanase. Beechwood
xylan was incubated at 60 °C with 20 U/ml of XynBT21 and analysed by thin-layer chromatography.
Lane 1 to lane 5 contains standards: xylose (X1), Xylobiose (X2), xylotriose (X3), xylotetratose (Xa),
xylopentaose (Xs) respectively. Samples were taken at time 0 (lane 6), 30 min (lane 7), 60 min (lane 8), 1
h (lane 9), 3 h (lane 10), 12 h (lane 11). T4-6 h, Ts-12 h). The reaction was carried out at 60 °C.

Fig.7. Time course of hydrolysis of xylooligosaccharides by the recombinant xylanase.
Xylooligosaccharides were incubated at 60 °C with 20 U/ml of XynBT21 at different time intervals (T1=
1 h, T>=3 h) and analysed by thin-layer chromatography. Lane 1 to lane 5 contains standards: xylose
(X1), xylobiose (X2), xylotriose (X3), xylotetratose (Xa), xylopentaose (Xs) respectively. Hydrolysis of
xylobiose at time Ty (lane 6) and T2 (lane 7), xylotriose at time T1 (lane 8) and T2 (lane 9), xylotetrose at
time T1 (lane 10) and T2 (lane 11), xylopentose at time T1 (lane 12) and T> (lane 13) was determined.

Fig.8. Time course of hydrolysis of wheat bran by the recombinant xylanase. Wheat bran was incubated
at 60 °C with 20 U/ml of XynBT21 for 24 h and analysed by thin-layer chromatography. Xylose (X1)
and xylobiose (X2) are standards while C is control (sample without enzyme fraction) and T is test
(sample with active enzyme).
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B. teguilensis BTZ21 MLEFKENFLVGLSEAALMSISLFSATASAASTDYWONWTDGGGIVNAVNGSGGNY SVNWSN 60

B. subtilis 168 MFKFEKNFLVGLSAALMSISLFSATASARSTDYWONWTDGGGIVNAVNGSGGNY SVNWSN
B. subtilis RS MFKFKKNFLVGLSAALMSISLFSATASAASTDYWONWTDGGGIVNAVNGSGGNYSVNWSN
B. circulans MFKFKENFLVGLSAALMRIILFSATASAASTDYWONWTDGGGIVNAVNGSGGNY SVNWSN
Query 6l TGNFVVGKGWTTGSPFRT INYNAGVWAPNGNGY LTLYGWTRSPLIEYYVVDSHGTYRPTG 120
B. subtilis 168 TGNFVVGEGWTTGSPFRTINYNAGVWAPNGNGY LTLYGWTRSPLIEYYVVDSWGTYRPTG
B. subtilis R5 TGNFVVGEGWTTGSPFRTINYNAGVWAPNGNGYLTLYGWTRSPLIEYYVVDSWGTYRPTG
B. circulans TGNFVVGKGWTTGSPFRTINYNAGVWAPNGNGYLTLYGWPRSPLIEYYVVDSWGTYRPTG
4 Glu 104

Query 121 TYKGTVESDGGTYDIYTTTRYNAPSIDGDRTTFTQYWSVROTKRPTGSNATITFSNHVNA 180
B. subtilis 168 TYKGTVESDGGTYDIYTTTRYNAPSIDGDRTTETQYWSVREQSKRPTGSNATITFSNHVNA
B. subtilis RS TYKGTVESDGGTYDIYTTTRYNAPSIDGDRTTETQYWSVEQTKRPTGSNATITESNHVNA
B. circulans TYKGTVESDGGTYDIYTTTRYNAPSIDGDRTTETOYWSVEQSKRPTGENATITFTNHVNA
Query 181 WESHGMNLGSNWAYQVMATEGYQSSGSSNVTVW 213
B. subtilis 168 WESHGMNLGSNWAYQVMATEGYQSSGSSNVTVIW
B. subtilis RS WESHGMNLGSNWAYQVMATEGYQSSGSSNVTVH
B. circulans WESHGMNLGSNWAYQVMATEGYQSSGSSNVTVW

Glu 197

Fig. 1. Sequence alignment of the deduced amino acid sequence of xylanase gene from B. tequilensis
BT21 (AHN14743.1) with other Bacillus sp. strains xylanases: 1. Bacillus subtilis str. 168
(AOA11206.1) 2. Bacillus subtilis strain R5 (AB457186.1) 3. Bacillus circulans (AAMO08360.1). The
Glu residues corresponding to our xylanase Glu-104 and Glu-196, essential to the catalytic activity are

marked by (#) and ( A) respectively.
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Fig. 2. a)The effect of temperature and b) pH at pH=6 and temperature 60 °C respectively

on xylanase activity of B. tequilensis BT21.
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Fig. 3. Effect of pH on xylanase stability. The enzyme was diluted with buffers of varying

pH values and incubated at room temperature over a period of 24 h. Residual activity was

essayed at pH = 6 and 60 °C. Buffer used was phosphate.
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Fig.4. Effect of temperature on xylanase stability. The pure enzyme was incubated in phosphate
buffer (pH=6) at (&) 40 °C, (m) 50 °C and (A) 60 °C for different intervals and residual activity was
determined.
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Fig.5. a) SDS-PAGE analysis of recombinant xylanases XynBT21. Lane 1: molecular markers in kDa;
lane 2: pure xylanase enzyme. Isoelectric focusing of b) pl standards c) enzyme sample and d)
zymogram analysis of recombinant xylanases from Bacillus tequilensis BT12 grown with 1 %
birchwood xylan by two-dimension gel electrophoresis. Proteins (10 ug) were first separated in 6 %
native PAGE, the lane was stripped and then run in 8 % SDS-PAGE. Xylanase activity was examined

by congo red. Positions of XynBT21 in native PAGE are indicated.
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Fig.6. Time course of hydrolysis of the beechwood xylan by the recombinant
xylanase. Beechwood xylan was incubated at 60 °C with 20 U/ml of XynBT21 and
analysed by thin-layer chromatography. Lane 1 to lane 5 contains standards: xylose
(X1), xylobiose (X2), xylotriose (X3), xylotetratose (X4), xylopentaose (Xs)
respectively. Samples were taken at time O (lane 6), 30 min (lane 7), 60 min (lane 8),
1 h (lane 9), 3 h (lane 10), 12 h (lane 11). T4-6 h, Ts-12 h). The reaction was carried

out at 60 °C.
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Fig.7. Time course of hydrolysis of xylooligosaccharides by the recombinant xylanase.
Xylooligosaccharides were incubated at 60 °C with 20 U/ml of XynBT21 at different time
intervals (T:1= 1 h, T>=3 h) and analysed by thin-layer chromatography. Lane 1 to lane 5
contains standards: xylose (Xy), xylobiose (X>), xylotriose (X3), xylotetratose (X4),
xylopentaose (Xs) respectively. Hydrolysis of xylobiose at time T1 (lane 6) and T (lane 7),
xylotriose at time Ty (lane 8) and T (lane 9), xylotetrose at time T1 (lane 10) and T> (lane

11), xylopentose at time T (lane 12) and T> (lane 13) was determined.
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Fig.8. Time course of hydrolysis of wheat bran by the recombinant xylanase. Wheat bran was

incubated at 60 °C with 20 U/ml of XynBT21 for 24 h and analysed by thin-layer chromatography.

Xylose (X1) and xylobiose (X2) are standards while C is control (sample without enzyme fraction)

and T is test (sample with active enzyme).
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