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The use of hemicellulose enzymes is recently gained considerable interest in
different industries. The challenges in incorporating the enzyme to the industrial sectors
are to have an active and stable form of it at high temperature and wide range of pH
conditions. In this study xylanase protein sequences of 10 strains of Bacillus cereus were
retrieved from the database of NCBI. These sequences were analysed by computational
methods for different physical and chemical properties, multiple sequence alignment,
phylogenetic tree construction to predict the final motif and the evolutionary relationship
among them. The multiple sequence alignment of these xylanase protein sequences showed
conserved regions at different stretches with maximum homology from amino acid residues
123-129, 147-154, 178-182 which could be used for designing probes specific for xylanase
producing strains.
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Xylan, the major component of
hemicellulose, is composed of a linear backbone
of 1, 4-β-linked-D-xylopyranosyl units that often
has side chains of arabinosyl and
methylglucuronyl substituents1. Xylanases play a
key role in xylan hydrolysis into xylo-
oligosaccharides. Xylanases are extra-cellular
enzymes produced by microorganisms such as
bacteria, fungi and some yeasts2. The enzyme is
also found in protozoa, insects, crustaceans, snails,
seaweeds and also some seeds of plants during
the germination phase in the soil3. Microbial
xylanases basically consist of two enzymes i.e.
endo 1-4-β-D xylan-xylanohydrolase (EC-3.2.1.8),
which primarily cleave β-1, 4 linked xylan backbone
and β-xylosidase (EC-3.2.1.37), which hydrolyses
xylooligomers4. This microbial enzyme has
tremendous industrial applications. The most
important one is in the process of biobleaching

and biopulping. In these processes xylanase
hydrolyses xylan and facilitates release of lignin
from paper pulp and thereby reduces the use of
chlorine2, 5. The other uses are in the
saccharification of xylan from agro-wastes and
agro-foods that intensify the preparation of bio-
fuels and will be the potential use of this enzyme in
modern biotechnology6, 7. Xylanases are also
widely applied in food, animal feed8 and have a
worldwide market of around $ 200 million each
year9. Along with cellulase and pectinase it
occupies about 20% of global enzyme market5.
However, high cost and low yields of xylanase from
microbes have been the main constrains for its
industrial exploitation. In industries, bacterial
xylanases are more fascinating for their more alkali
tolerance and thermostability than fungal sources2.
Higher levels of xylanase activity at alkaline pH
and at high temperature are reported mainly from
Bacillus species7.

The production, purification and
biochemical characterization of xylanase have been
extensively studied. Few number of xylanase genes
have been cloned and sequenced. The motif
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specificity of a set of protein sequences indicates
a fundamental relationship among them. This study
reports in silico analysis of a set of xylanase protein
sequences from the bacterial source organisms for
physico chemical analysis, super family search,
phylogenetic tree construction, multiple sequence
alignment, homology search and motif analysis
using various bioinformatics tools to find out the
functional motif.

MATERIALS  AND METHODS

Sequence retrieval
A total of 10 xylanase protein sequences

(minimum 97% identity) of Bacillus cereus were
retrieved from NCBI (http://www.ncbi.nlm.nih.gov/).
Physiochemical parameter determination

Physiochemical properties of selected
protein sequences were determined by ProtParam
software of ExPASy server10. Amino acid number,
molecular weight (kilodalton), pI value, instability
index, aliphatic index and grand average
hydropathicity (GRAVY) of these protein
sequences were calculated by using the tool.
Sequence alignment and phylogenetic tree
construction

Clustal W211 was used for multiple
sequence alignment and viewed in CLC –Bio
sequence viewer. Phylip-3.6912. was used for
phylogram construction by Nighbor-Joining (NJ)
method using 100 bootstrap values. The
dendrogram was edited by Dendroscope13.
Protein family and superfamily search

SUPERFAMILY (SCOP domain searching
tool based on Hidden Markov Model library 10 was
used to determine the superfamily and family of
selected xylanase protein sequences.
Motif finding

Pfam14 (http.//www.sanger.ac.uk/soft
ware/pfam/search.html) was used for conserve
domain finding. BLOCK MAKER (htttp://
b l o c k . f h c r c . o r g / b l o c k s / b l o c k m k r /
make_blocks.html)was used to identify protein
blocks and MEME Suite (http://meme-suite.org/
tools/meme) was used for motif finding.
Transmembrane regions searching

TMHMM (http:www.cbs.dtu.dk/service/
TMHMM-2.0) was used for the searching of
transmembrane regions of the xylanse protein
sequences.
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Table 2. Superfamily and Family of xylanase protein sequences from Bacillus cereus

Accession Superfamily Family Domain
no. region

KGT44235.1 Glycoside hydrolase/deacetylase NodB-like polysaccharide deacetylase 6-229
KGT44347.1 Glycoside hydrolase/deacetylase NodB-like polysaccharide deacetylase 41-268
KGT45614.1 Glycoside hydrolase/deacetylase NodB-like polysaccharide deacetylase 162-332
KIZ27252.1 Glycoside hydrolase/deacetylase NodB-like polysaccharide deacetylase 41-268
EEK60769.1 Glycoside hydrolase/deacetylase NodB-like polysaccharide deacetylase 79-294
EEK61058.1 Glycoside hydrolase/deacetylase NodB-like polysaccharide deacetylase 40-241
EEK61587.1 Glycoside hydrolase/deacetylase NodB-like polysaccharide deacetylase 65-264
EEK62498.1 Glycoside hydrolase/deacetylase NodB-like polysaccharide deacetylase 63-264
EEL15731.1 Glycoside hydrolase/deacetylase NodB-like polysaccharide deacetylase 84-294
EEL16060.1 Glycoside hydrolase/deacetylase NodB-like polysaccharide deacetylase 37-238

Fig. 1.  Conserved regions (123-129, 147-154 and 178-182) of xylanase protein sequences from selected
Bacillus cereus

Fig. 2.  Phylogenetic tree of xylanase protein sequences from Bacillus cereus strains

RESULTS   AND  DISCUSSION

All of the 10 Bacillus cereus xylanase
proteins have some different amino acid sequences.

The accession numbers of protein sequences are
listed in Table 1. As all of the protein sequences
are taken from the same species they are belonging
to one family and one super family (Table 2).

140                   160 180
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Physiochemical parameter analysis
The physiochemical parameter for these

bacterial protein sequences are listed in Table 1.
The total number of amino acid residues ranged
from 234 to 360 and the molecular weights ranged
from 26635.6 to 40687.2, pI values range from 6.31
to 9.25. Negatively charged (aspartic acid and
glutamic acid) and positively charged residues
(arginine and glycine) and grand average
hydropathicity (GRAVY) of these protein sequence
showed considerable variability. The alipathic
indices of these proteins have a simple range of
82±10. The measurement of the relative volume
occupied by the alipathic amino acid residues
(alanine, valine, leucine, and isoleucine) are directly
proportional to index value.  The index may be
regarded as a positive factor for the increase of
thermostabiity of globular proteins15. The
Instability index16 is a measure of proteins, used to
determine whether it will be stable in a test tube. If
the index is less than 40, then it is probably stable
in the test tube17. If it is greater than 40, it is probably
not stable. In the present study the instability
indices are lower than 40 except EEK62489. So most
of them are considered to have greater half-lives.
Multiple sequence alignment and homology search

The multiple sequence alignment of these
proteins showed conserve regions with maximum
homology from 123-129, 147-154 and 178-182 (Fig.
1). These regions could have role in conformation
of the proteins and could be used for designing
degenerate primers or probes for PCR based
amplification of xylanse sequence from the source
organism18.

Superfamily and family search and phylogenetic
tree construction

All of the organisms showed similarity
with Glycoside hydrolase/deacetylase superfamily
and NodB-like polysaccharide deacetylase family
(Table 2). As two sequence sets such as EEK60769.1
& EEL15731.1 on the other hand KGT44235.1 &
KGT45614.1 showed some sequence level
dissimilarity in the multiple sequence alignment,
they were found to create two different clusters
during phylogenetic tree construction, having
bootstrap value of 100 and 42 respectively (Fig. 2).
Motif sequence analysis

High level sequence similarity was
observed for a total of seven sequences except
KGT45614.1, EEK60769.1 andEEL15731.1. This
result was also reflected in conserved motif finding.
Four conserved motifs were found for all the seven
sequences (Table 3). Functional similarities were
deduced for all the four motif sequences using
Protein BLAST (Table 4).

Among the 10 selected protein sequences
5 contain transmembrane regions (Table 5). These
regions have less similarity. Generally xylanses are
extracellular proteins (Beg et al.2001) and these
portion probably have less importance on the mode
of action of the enzymes. The consensus region is
found in the regions 123-129, 147-154 and 178-182
and from these regions specific primmer can be
designed for individual xylanase producing
bacteria.

Table 5. Transmembrane regions of selected xylanase protein from Bacillus cereus

Accession no. N - terminal C - terminal Transmembrane region Length

KGT44235.1 5 23 IIITIVTLFFIITALFGTY 19
KGT44347.1 - - - -
KGT45614.1 - - - -
KIZ27252.1 - - - -
EEK60769.1 5 24 ILAYICIFSLYVSLGSYSVF 20
EEK61058.1 9 26 IFLFVFSLLCAVHIFQVE 18
EEK61587.1 - - - -
EEK62498.1 7 29 IKQIVVVLIAIAAVAIGYYMFQS 23
EEL15731.1 5 24 ILAYICIFFLYVSVGSYSVF 20
EEL16060.1 - - - -
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CONCLUSION

The present study revealed the motif
based similarity at sequence level and can be
utilized for designing the strategy for cloning of
xylanase genes. The whole protein sequence based
phylogenetic trees focuses the relation among the
organisms. Physicochemical parameters can be
used to predict the molecular nature of the enzyme
for industrial exploitation.
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