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Abstract
Various types of microorganisms particularly bacteria and fungi are capable of
producing xylanolytic enzymes that degrade xylan into simple sugars to be used as
their carbon sources. Xylanolytic enzymes, particularly endo-1,4-β-xylanase, has been
extensively used in various industrial sectors, including biofuel, livestock, paper, and
food. Previously, Bacillus sp. SS3.4 was observed to have xylanolytic activities on wheat
bran, suggesting its capability of producing xylanolytic enzymes, endo-1,4-β-xylanase
included. With great numbers of data available in nucleotide and protein sequence
databases, bioinformatics analyses of protein structure for function prediction have
become attractive to supplement wet laboratory experiments to reduce time and
money consumption. Therefore, in this study, bioinformatics analyses were performed
on Bacillus sp. endo-1,4-β-xylanase sequence in order to further evaluate the enzyme's
function by exploring its protein structure in comparison to other known bacterial
endo-1,4-β-xylanase. In this study, Bacillus sp. endo-1,4-β-xylanase sequence was
identified from its whole genome sequence. The sequence was then analyzed by
using BLAST to perform a homology search for identifying the protein, MUSCLE to
perform multiple sequence alignment for comparing with other enzyme sequences,
PHYLOGENY-FR to display its relatedness among Bacillus, Aspergillus niger and
Trichoderma reesei, and SWISS-MODEL to generate its three-dimensional structure.
Results from BLAST confirmed that the identified sequence was endo-1,4-β-xylanase,
with greater relatedness to Bacillus velezensis and Bacillus amyloliquefaciens endo-
1,4-β-xylanase. While results from MUSCLE and SWISS-MODEL suggested that the
endo-1,4-β-xylanase belongs to the Glycosyl Hydrolase 11 (GH11) family bearing the
distinct shape of a jelly roll with well-conserved binding and catalytic residues. These
results strongly suggest that Bacillus sp. endo-1,4-β-xylanase is potentially capable of
degrading xylan with highly similar mechanism as with other endo-1,4-β-xylanase.
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1. Introduction

Xylan is one of the main components of hemicellulose and one of the most abundant
polysaccharides found in nature, only second to cellulose. Approximately, xylan makes
up 20-35% of terrestrial biomass [1, 2]. Various types of microorganisms particularly
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bacteria and fungi are capable of producing various kinds of xylanolytic enzymes to
degrade xylan into simple sugars to be used as carbon sources for their growth and
development [3]. Among those xylanolytic enzymes is endoxylanase, or better known
as endo-1,4-β-xylanase, which belongs to a well-conserved enzyme family known as
Glycosyl Hydrolase 11 (GH11) family with Enzyme Commission number 3.2.1.8 [4].

Endo-1,4-β-xylanase has been well-researched and applied in various industrial appli-
cations, either to remove xylan in products during manufacturing, or to produce xylose
from xylan to be fermented into various useful products. Industrial endo-1,4-β-xylanase
has been produced from various sources, primarily fungal and bacterial sources, with
varying properties to ideally suit the industry's needs. Bacterial endo-1,4-β-xylanase
has a broader effective range of optimal pH than that of fungal endo-1,4-β-xylanase [5].
Few examples of commercial endo-1,4-β-xylanase being used for industrial applications
include Novozym's Panzea produced from Bacillus licheniformis and used for improving
bread dough quality, Alltech's Allzym PT produced from Aspergillus niger used for
improving animal feed quality, and Iogen's Xylanase GS35 produced from Trichoderma

reesei used for improving animal feed and paper pulp [6].

In the preliminary results, Bacillus sp. SS3.4 was observed to have xylanolytic activi-
ties on wheat bran, which served as an affordable substrate for qualitatively screening
microorganisms with potential xylanolytic activities. The results suggested the bac-
terium's capability of producing xylanolytic enzymes to degrade said substrate, includ-
ing Bacillus sp. SS3.4 endo-1,4-β-xylanase, referred to as SS3.4-Xyl. However, isola-
tion, quantitative characterization, and potential engineering of endo-1,4-β-xylanase
by conventional means in wet laboratory may consume a large amount of time and
money, particularly due to the high cost of high-purity xylan used as substrate in such
experiments [7].

With modern advancements in DNA sequencing technologies, a great number of data
have become widely available in nucleotide and protein sequence databases. Thus,
bioinformatics approaches in analyzing protein structures for predicting its function
have been viewed as a time- and cost-effective method to supplement wet laboratory
experiments [8]. Therefore, in this study, bioinformatics analyses were performed on
SS3.4-Xyl sequence in order to further evaluate the enzyme's function by exploring its
protein sequence, tertiary structure, as well as its active site in comparison to other
known bacterial endo-1,4-β-xylanase.

2. Method
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2.1. Data and Programs

The utilized data during this research was a protein sequence of SS3.4-Xyl in FASTA
format taken from annotations of Bacillus sp. SS3.4 whole genome sequence from our
prior, unpublished research. The utilized programs during this research are publicly
available bioinformatics services such as BLAST (https://blast.ncbi.nlm.nih.gov/Blast.
cgi) for identification and/or inquiry for protein sequences similar to the uploaded
protein sequence [9], MUSCLE (https://www.ebi.ac.uk/Tools/msa/muscle/) provided on
European Bioinformatics Institute website [10] to align and compare protein sequences
[11], PHYLOGENY-FR (http://www.phylogeny.fr/simple_phylogeny.cgi) to build a phy-
logenetic tree based on uploaded protein sequences [12], SWISS-MODEL (https:
//swissmodel.expasy.org/interactive), a protein structure homology-modelling service,
to predict tertiary structure of uploaded protein sequences based on existing protein
models in the database [13--17], and VMD (http://www.ks.uiuc.edu/Research/vmd/), a
molecular visualization software to display the tertiary structure of proteins in forms of
illustrations or animations [18].

2.2. Sequence alignment and phylogenetic tree of SS3.4-Xyl
sequence

BLAST search results comprising of Bacillus, Trichoderma reesei, and Aspergillus

niger endo-1,4-β-xylanase sequences were downloaded and compared against SS3.4-
Xyl sequence through multiple sequence alignment using MUSCLE software. The
sequences were then uploaded to PHYLOGENY-FR website set in One-Click mode to
build its phylogenetic tree.

2.3. Tertiary structure and active site prediction of SS3.4-Xyl

SS3.4-Xyl enzyme was uploaded to SWISS-MODEL website to predict its tertiary struc-
ture based on Bacillus endo-1,4-β-xylanase model with PDB accession code 1AXK. The
predicted structure was then downloaded in PDB file format to be visualized using VMD
software in forms of illustrations and turntable animations of SS3.4-Xyl tertiary structure
and its active site.

3. Results and Discussions
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3.1. Sequence alignment and phylogenetic tree of SS3.4-Xyl
sequence

Whole genome sequencing of Bacillus sp. SS3.4 indicating an existence of several
xylanolytic enzymes, one of which was identified as endo-1,4-β-xylanase belonging to
GH11 enzyme family bearing the distinct shape of a jelly roll with well-conserved binding
and catalytic residues. SS3.4-Xyl had 213 amino acid residues. Various amino acid
sequences from Bacillus sp were used to compare with SS3.4-Xyl in this phylogenetic
tree analyses while Trichoderma reesei, and Aspergillus niger endo-1,4-β-xylanase
sequences were used for comparison since these fungi were used for producing
fungal endo-1,4-β-xylanase for industrial use [6]. Figure 1 shows the phylogenetic tree
analyses of SS3.4-Xyl. When it was compared with B. velezensis FZB42 and Bacil-

lus amyloliquefaciens, SS3.4-Xyl was highly similar. Results from MUSCLE multiple
sequence alignment showed that their identity percentage values were 99.53% and
99.06%, respectively.

Figure 1: Phylogenetic tree of endo-1,4-β-xylanase enzymes built using PHYLOGENY-FR in One-Click mode.
SS3.4-Xyl was denoted with an asterisk (*).

3.2. Prediction of SS3.4-Xyl tertiary structure and active site

SS3.4-Xyl tertiary structure was predicted using SWISS-MODEL program, based on
Bacillus endo-1,4-β-xylanase model with PDB accession code 1AXK and visualized using
VMD software as seen in Figure 2:
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Figure 2: Predicted model of SS3.4-Xyl tertiary structure and active site. Information: A: Predicted tertiary
structure; B: Substrate binding residues; C: Catalytic residues.

GH11 family endo-1,4-β-xylanase enzymes possess a distinct shape of a jelly-roll with
three known domains as Thumb, Palm, and Fingers domains. A gap formed in between
Palm and Fingers domains is an active site, bearing a few well-conserved residues that
function as xylan binding and catalysis as suggested in references [4, 19--22] listed in
Table 1 as follows:

Table 1: Binding and catalytic residues of endo-1,4-β-xylanase.

SS3.4-Xyl BCX Tx-xyl* Function Reference source

Trp37 Trp9 Trp7 Substrate Binding (-2) [21]

Tyr97 Tyr69 Tyr67 Substrate Binding (-2) [21]

Glu106 Glu78 Glu76 Nucleophile [21]

Arg140 Arg112 Arg110 Substrate Binding (-1) [17]

Pro144 Pro116 Pro114 Substrate Binding (-1) [17]

Tyr194 Tyr166 Tyr163 Substrate Binding (-2) [17]

Glu200 Glu172 Glu169 Acid/Base [21]

Information: SS3.4-Xyl: Bacillus sp. SS3.4; BCX: Bacillus circulans; Tx-xyl:Thermobacillus xylanilyticus.

*Uses Tx-xyl numbering as of reference [4].

SS3.4-Xyl amino acid sequence was found to contain binding and catalytic residues
as commonly found in GH11 family such as of Bacillus circulans as suggested in refer-
ences [20, 21, 23] and of Thermobacillus xylanilyticus as suggested in reference [4].
These residues included Trp37, Tyr97, and Tyr194 that might function to bind xylan at
subsite (-2), Arg140 and Pro144 that might function to bind xylan at subsite (-1), Glu106
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functions as a nucleophile, and Glu200 functions as a general acid/base. Therefore,
the existence of these residues as well as high similarities with other GH11 endo-1,4-β-
xylanase sequences and tertiary structure strongly suggested that SS3.4-Xyl belongs
to the GH11 enzyme family capable of degrading xylan highly similarly as with other
endo-1,4-β-xylanase enzymes do.

4. Conclusion

Whole genome sequencing of Bacillus sp. SS3.4 indicates the presence of several
xylanolytic enzymes, one of which is identified as SS3.4-Xyl belonging to GH11 enzyme
family based on sequence annotation, sequence alignment, tertiary structure prediction
and conserved binding and catalytic residue identification. This strongly suggests that
SS3.4-Xyl is capable of degrading xylan with highly similar mechanism as with other
endo-1,4-β-xylanase enzymes of the same family. In future research, however, it is
advised to perform X-ray crystallography in order to determine its tertiary structure
and molecular dynamics studies in order to determine its catalytic mechanism on xylan.
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