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ABSTRACT

Aims: A total of five mutant strains of Bacillus subtilis subsp. spizizenii ATCC 6633 designated as
the MXB 1, MXB 2, MXB 3, MXB 4 and MXB 5 were developed using random mutagenesis of ethyl
methane sulfonate (EMS) and acridine orange (AO) in our previous study. Based on our present
investigation, we identified, verified and sequenced xylanase gene of mutant strains of B. subtilis
ATCC 6633 as the potent bacterial xylanase producers under submerged fermentation.
Furthermore, amino acid analysis and comparison between the xylanases of the mutants and other
xylanolytic bacteria were also elucidated. Overall, this study would provide gene and protein
molecular information correlating nucleotide and amino acid structure related to the increased
xylanase production by random mutagenesis. In respect to the objectives of this study, we
compared the endoxylanase sequence of wild type B. subtilis ATCC 6633 with its mutants in order
to determine their possible site(s) of mutagenesis and to analyse amino acid xylanase sequence of
the mutants of B. subtilis ATCC 6633.

Methodology: After the verification of xylanase production by all mutants of B. subtilis ATCC 6633
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on the xylan agar using Congo-red staining in the previous study, xylanase gene of the mutants
was amplified from the genomic DNA to detect the mutagenesis site(s) by synthesizing primers
directed against the sequence of xylanase gene obtained from the wild type of Bacillus subtilis
subsp. spizizenii ATCC 6633.

Results: The comparison of xylanase genes from different mutants of B. subtilis and the wild type
revealed the site(s) of mutagenesis. Interestingly, the mutations of the mutants of B. subtilis ATCC
6633 in this study were significantly reflected at the 5' end of the mutants xylanase genes. The
open reading frames (ORF) of the mutant xylanase genes ranged from 644 bp to 684 bp with
translated encoding protein between 214 and 228 amino acid residues were obtained. On the other
hand, predicted molecular mass from 23.94 kDa to 25.40 kDa and theoretical pl which ranged from
8.63 to 9.16 were attained from all of the mutant strains in this study. Based on the characteristics
obtained, the mutant xylanases were suggested to belong to Glycosyl Hydrolase (GH) Family 11
with 98% homology to endo-1,4-beta-xylanase of B. subtilis subsp. spizizenii of W23. In fact,
conserved regions, signal peptide, a cleavage site between the Ala28 and Ala29 residues and four
Tyr residues specific to GH Family 11 xylanase were also observed and detected in all mutants.
Indeed, two conserved glutamate residues of E94 and E183 that directly involved in the enzyme
catalytic mechanism were also detected in the amino acid sequences of the mutants. The analysis
of the deduced amino acid sequences revealed that the mutations in the signal peptide regions
fostered increased hydrophobic core of xylanase residue. We suggested that these changes would
probably be responsible for the increased extracellular xylanase yield in the mutants of B. subtilis.
On the other hand, all the mutants of B. subtilis ATCC 6633 exhibited the tendency to be
thermostable based on the Val, Ser and Thr frequency ratios which were almost identical to those
of thermophiles. Furthermore, the increase of Thr to Ser ratio and presence of Arg residue found in
the mutant strain of MXB 5 would enhance the polar interactions and hence improve the secondary
structure stabilization that was usually one of the determining factors in the thermophilic proteins.
Conclusion: In a nutshell, the properties of B. subtilis mutant xylanases particularly mutant MXB 5
revealed its relevant potential in the biotechnology applications in bio-bleaching, textile, paper and
pulp industries that commonly require high temperature usage in xylanase applications.

Keywords: Xylanase gene; random mutagenesis; thermophiles; mutants; Bacillus subtilis.

1. INTRODUCTION

Xylan is the substrate of xylanase. It is the
second most abundant and inexhaustible
polysaccharide in nature that responsible for
one-third of the Earth’s renewable organic
carbon [1]. Xylan is present in the secondary cell
wall in synergy with lignin which is a complex
polyphenolic compound and cellulose, a 1,4-3-
glucan forming the polymeric complex of plant
cell walls [2]. Due to the heterogeneity and
complex chemical nature of plant xylan, it
requires the action of a complex hydrolytic
enzyme system with diverse specificities and
modes of action for its complete breakdown [3].
The most important enzymes responsible for
arbitrary cleavage of the xylan backbone
consisted of endo-l,4-B-xylanases or also known
as 1,4-B-D-xylan  xylanohydrolases which
hydrolyse B-1,4-glycosidic linkages between
xylopyranose unit by reducing xylan to
xylooligosaccharides. As a result, the resulting
low molecular mass fragments of xylan
hydrolysis perform integral roles in the regulation
of xylanase biosynthesis. These fragments

include xylooligosaccharides, xylose, xylobiose,
heterodisaccharides of xylose and glucose [2].
The classification of xylanases is based on the
primary structure and comparisons of the
catalytic domains that have been established,
thus grouping enzymes in families of related
sequences are conducted by analysing both the
structural and mechanistic features [1]. The
coherence of microbial xylanase could be
deduced via researches conducted on xylanase
structure and function, comprising different
combinations of functional elements such as
repeated sequences of amino acids, cellulose
binding domains, linker regions and catalytic
domains [4]. Thus far, xylanases have been
classified based on their physico-chemical
properties of molecular weight and isoelectric
point (pl). Indeed, all characterised xylanases are
categorised into two groups where the first group
is consisted of xylanases which possesses a
lower molecular weight of lesser than 30 kDa
with higher pl value whereas another group of
xylanases which possesses a higher molecular
weight of greater than 30 kDa with lower pl value
[5]. Besides that, xylanases have also been
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classified based on the kinetic properties, crystal
structure, substrate specificity and product profile
[6]. Some elaborate genomic studies on
B. subtilis have revealed the presence of genes
encoding enzymes which participate in the
degradation of plant cell wall polysaccharides.
Updated and revised information deposited in the
Carbohydrate-Active Enzyme (CAZy) database
on the characteristics and classification of
enzymes discovered that xylanases are related
to Glycosyl Hydrolase (GH) Families 5, 7, 8, 9,
10, 11, 12, 16, 26, 30, 43, 44, 51 and 62 [7].
Notably, xylanase genes from B. subtilis B10 and
B. subtilis M015 that were cloned, sequenced
and expressed in E. coli had reported to show
similarities with GH Family 11 as conducted by
Huang et al. [8] and Banka et al. [9], respectively.

Xylanases are majorly considered to belong to
GH Family 10 and 11 based on the hydrophobic
cluster analysis of their catalytic domains and
amino acid sequence similarities even though,
they have further been reported in Families 5, 7,
8, 16, 26, 43, 52 and 62 of GH [10]. On the other
hand, in a research conducted by Roncero [11],
eight mutants of B. subtilis which were deficient
in the utilization of xylan were isolated and
characterized biochemically and genetically. In
fact, there are two genes with the ability of
controlling xylan utilization coded for two xylan-
degrading enzymes present in the wild type
strains. These genes are consisted of an
extracellular B-xylanase designated as xylanase
A (xyn A) and a cell-associated B-xylosidase
designated as xylanase B (xyn B). Notably, xyn A
gene in B. subtilis 168 demonstrated to encode a
GH Family 11 xylanase and members of this
family have been investigated and suggested to
generate xylobiose and xylotriose along with the
aldopentauronate  4-O-methylglucuronosyl-1,2-
xylotetraose [12]. On the other hand, John et al.
[13] studied the expression and characterisation
of xylanase C (xyn C) from B. subtilis 168 which
happened to be the first complete
characterisation of an endoxylanase classified as
a GH Family of 5 from a gram-positive bacterium.
Consequently, all xylanases produced by
Bacillus spp have been reported to belong to
either GH Family 10 or 11 based on amino acid
similarity [14]. Members of these families have
exhibited striking similarities based on their
primary and tertiary structures comparison [15].
Interestingly, the optimum pH of GH Family
xylanases exhibit a wide variation ranged
between acidic values as low as pH 2 to alkaline
values as high as pH 11 [16]. pH modification or
substrate binding has been observed to influence

conformational changes in xylanase catalytic
sites [17]. In alkaline xylanases, an asparagine
acid is found to hydrogen bonded to the
acid/base catalyst in the catalytic site, however, it
is substituted by an aspartic acid in acidophilic
endo-l,4-B-xylanases [17].

Xylanases which defined as the glycosidase
enzymes catalyse the hydrolysis of 3-1,4 xylan
by cleaving B-1,4-glycosidic linkages to xylose
and  xylooligosaccharides in fact have
established their significances through
applications in many industries [18,19]. Xylanase
has proven to be cost effective in paper
manufacturing by reducing lignin in kraft pulp in
biobleaching process, as a result, it increases the
brightness and quality of paper pulp. Besides
that, it improves digestibility of animal feeds,
eases modification of cereal food stuffs,
enhances textural and staling properties of
breads, aids in production of industrial based
chemicals including biofuel, ethanol and xylitol
[20,21,22,23,24]. In respect to the importance of
the xylanase applications in various industries,
many investigations on the improved strains of
microorganism particularly B. subtilis in xylanase
production have been conducted. Recently,
mutant strains of Bacillus subtilis subsp.
spizizenii ATCC 6633 that designated as MXB 1,
MXB 2, MXB 3, MXB 4 and MXB 5 created in our
lab have demonstrated higher xylanase enzyme
activity at their optimum pH of 6.0 to 6.47.
Therefore, in this study, xylanase genes of these
mutant strains were sequenced and compared
with their parental wild type strain to determine
the possible site(s) of mutagenesis and thus to
elucidate the xylanase amino acid sequences for
the production of the enzyme.

2. MATERIALS AND METHODS

2.1 Mutants and Wild Type of Bacillus
subtilis subsp. spizizenii ATCC 6633

The wild type of Bacillus subtilis subsp. spizizenii
ATCC 6633 was obtained from American Type
Culture Collection (ATCC), Manassas, USA.
Subsequently, the bacteria were subcultured on
nutrient agar and incubated at 37<C before being
subjected to random mutagenesis. In our
previous study, five mutants of B. subtilis ATCC
6633 designated as MXB 1, MXB 2, MXB 3, MXB
4 and MXB 5 were produced after random
mutagenesis using ethyl methane sulfonate
(EMS) and acridine orange (AO) as the chemical
mutagens to induce the random mutation in the
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wild type of B. subtilis subsp. spizizenii ATCC
6633 for overproduction of xylanase [25].
Notably, the mutant strain of B. subtilis MXB 1
was created using 100 pg/mL of EMS after
exposure of the wild type for 15 min. On the
other hand, MXB 2 and MXB 3 were produced
after the exposure of 50 pg/mL of AOfor 15 min
and 30 min, respectively. Besides that, MXB 4
and MXB 5 were attained after 10 pg/mL of AO
exposed to wild type for 15 min and 30 min,
respectively. Subsequently, qualitative
confirmation of xylanase activity produced by five
mutant strains of B. subtilis ATCC 6633 was
conducted using plate hydrolysis assay [26]. At
the end of the experiments, the clear ring zone of
discoloration on the xylan agar appeared due to
the presence of xylanase activity where the xylan
substrate was hydrolyzed by xylanase secreted
by the mutants of B. subtilis ATCC 6633.
Consequently, the xylan plate hydrolysis assay
was obviously proved all mutants of B. subtilis
ATCC 6633 were able to produce extracellular
xylanase activity that hydrolyzed its beechwood
xylan substrate as a result of xylan hydrolysis
[26]. Subsequently, the xylanase genes of the
mutants of B. subtiis ATCC 6633 were
sequenced and analysed for the study of the
random mutagenesis in the production of the
xylanase enzyme.

2.2 Genomic DNA Extraction from Wild
Type and Mutants of B. subtilis
subsp. spizizenii ATCC 6633

Genomic DNA from the wild type and mutant
strains of B. subtilis ATCC 6633 was extracted
using Invitrogen PureLink™ genomic DNA mini
kit. To begin, 1 mL of wild type bacteria culture
was harvested during the exponential growth
phase. Subsequently, the bacteria culture was
centrifuged at 13,000 g for 2 min before
resuspending the cell pellet in PureLink™
lysozyme digestion buffer. Then, the bacteria
cells were subjected to freeze-thawing in liquid
nitrogen followed by incubation at 37C for 30
min with 20 pL of 20 mg/mL Proteinase K. After
that, 200 pL of PureLink™ genomic lysis buffer
was mixed gently to vyield a homogenous
solution. Thereafter, 200 pL of 100% ethanol was
sequentially added to precipitate the lysate. The
precipitated DNA was then washed twice with
equal volume of wash buffer before harvested by
centrifugation at 10,000 g for 1 min at room
temperature. In order to recover more DNA, the
pellet was resuspended in PureLink™ genomic
elution buffer in a collection tube at room
temperature. Subsequently, the DNA suspension

was centrifuged at the maximum speed for 1 min.
The DNA pellet was then stored in the
PureLink™ genomic elution buffer at -20C
before it was being used as the DNA template of
polymerase chain reaction (PCR). The same
procedures were also applied to all mutant
strains of B. subtilis ATCC 6633 to isolate their
genomic DNA for PCR as the DNA template to
identify the mutagenesis site(s) of each mutant.

2.3 Primers Design and PCR Conditions
for the Amplification of Xylanase
Gene

Based on the sequence of endoxylanase gene
from B. subtilis subsp. spizizenii ATCC 6633
published in the DDBJ/EMBL/GenBank
nucleotide sequence databases (accession
number of ADGS01000013), two oligonucleotide
primers of s-xyl F as the forward primer and s-xyl
R as the reverse primer were designed and
synthesized for PCR amplification of the
xylanase gene using genomic DNA of wild type
of B. subtilis ATCC 6633 as the DNA template. In
this study, the forward and reverse primers that
consisted of 5-GGAGGGTAACCAAATGAAACA-
3" and 5-CTTTTCCCTCCAATAGTCAG-3' were
used for the xylanase gene amplification,
respectively. To amplify the xylanase gene, the
PCR reaction mixture was comprised of 1 x Taq
reaction buffer (New England Biolabs), 0.2 mM
deoxynucleoside triphosphates (New England
Biolabs), 0.2 uM forward and reverse primers,
100 ng of DNA template consisted of genomic
DNA from wild type of B. subtilis ATCC 6633 and
1 U of DNA Taq DNA polymerase (New England
Biolabs) before top up with sterile distilled water
to a total volume reaction of 50 pL.

The PCR of xylanase gene was optimised at the
initial denaturation temperature of 95T for 5 min
followed by 35 seconds at 95C, 35 seconds of
annealing at 57<C and lastly 1 min of extension
at 72%C. Thereafter, the PCR reaction was
repeated for 35 cycles with the final 72C
extension step run for 5 min. The expected size
of 699 bp of PCR product was anticipated from
this amplification reaction.

To identify the mutagenesis site(s) of the
mutants, the genomic DNA of the mutant strains
consisted of MXB 1, MXB 2, MXB 3, MXB 4 and
MXB 5 of B. subtilis ATCC 6633 was used as the
DNA template for PCR amplification as the
comparison with the type wild of B. subtilis ATCC
6633, respectively.
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2.4 DNA Electrophoresis Analysis

The PCR products of xylanase gene from wild
type and mutant strains of B. subtilis ATCC 6633
were loaded into 1.5% agarose gel
electrophoresis. Then, the DNA band on the
agarose gel was stained with 0.2 pg/mL ethidium
bromide and visualized using UV illumination.
After confirmation of the correct size of PCR
products on the agarose gel, the PCR products
were recovered and purified from the agarose gel
before being subjected to sequencing to identify
and detect the mutagenesis site(s) of the
mutants of B. subtilis ATCC 6633.

2.5 Analysis of Nucleotide and Protein
Sequences of Xylanase

After sequencing, DNA sequence chromatogram
were intergraded in the contig assembly program
(CAP) using Bioedit software before analysed
using NCBI database and UniProtKB/TrEMBL
database. Sequence analysis tools of EMBL
computational services (http://www.ebi.ac.uk/
Tools/lemboss/) were employed for the
comparison and analysis of nucleotide
sequences while corresponding amino acid
analysis were deduced using various
tools in EXPASY Resource portal
(http://www.expasy.org/genomics). Using CAZY
database, GH Family 11 xylanase sequences
with a UniProt code assigned and Xyl-11
sequences of known structure
(http://www.cazy.org/GH11_all.html) were opted
for amino acid sequences comparison
using CLUSTAL W2 tool (http://www.ebi.ac.uk/
Tools/msa/clustalw?2/).

3. RESULTS AND DISCUSSION

3.1 Amplification of Xylanase Gene from
Wild Type and Mutants of B. subtilis
subsp. spizizenii ATCC 6633

The PCR products of xylanase gene were
obtained using the genomic DNA of wild type and
mutants of B. subtilis subsp. spizizenii ATCC
6633 as the DNA template, respectively. Based
on the agarose gel electrophoresis in Fig. 1,
Lane 1 to 5 indicates the single band of PCR
products attained from the mutants of B. subtilis
designated as MXB 1, MXB 2, MXB 3, MXB 4
and MXB 5 whereas Lane 6 reveals the PCR
product obtained from the wild type.

Notably, all the sizes of the PCR products of 699
bp were obtained as shown on the agarose gel in

Fig. 1. Indeed, there were absences of non-
specific DNA fragments on the agarose gel
indicates that the optimised amplification of PCR
conditions was successfully attained for the
amplification of xylanase gene from wild type and
mutants of B. subtilis. Thereafter, the PCR
products of the wild type and mutants of B.
subtilis were recovered and purified from the
agarose gel electrophoresis before sequencing.
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Fig. 1. Agarose gel electrophoresis of
xylanase PCR products of wild type and
mutants of B. subtilis ATCC 6633
on 1.5% agarose gel
Lane M indicates the DNA marker of 100 bp. The
xylanase PCR products of mutants MXB 1 is shown in
lane 1; MXB 2 in lane 2; MXB 3 in lane 3;

MXB 4 in lane 4 and MXB 5 in lane 5.

Lane 6 shows the xylanase PCR product of
wild type of B. subtilis ATCC 6633

3.2 Identification ~and  Detection  of
Random Mutagenesis Site(s) of
Mutants of B. subtilis subsp.

spizizenii ATCC 6633

After sequencing, the complete nucleotide
sequences of xylanase gene from the wild type
and mutant strains of B. subtilis ATCC 6633 were
displayed as the forward and reverse nucleotide
chromatograms that had been intergraded in the
contig assembly program (CAP) using Bioedit
software.  Subsequently, identification and
detection were performed via pairwise alignment
between each mutant and wild type of B. subtilis
ATCC 6633 to reveal their relationships, to
identify regions of similarity and differences and
lastly to determine the mutagenesis site(s) of
each mutants.
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3.3 Mutations of Xylanase Gene in Mutant
MXB 1

Interestingly, mutations were  significantly
reflected at the 5’ end of the xylanase gene of
mutant MXB 1. There were nucleotide
substitutions at the positions 17 and 24 of T/G

and T/C. Additionally, insertions of nucleotides T,
C and A at the positions 21, 22 and 657 of the
mutant MXB 1 were also detected. Further
deletions of nucleotides A and C at the positions
638 and 649 (of the wild type) also occurred in
mutant MXB 1 as demonstrated in Fig. 2.

MXBL 1 ATGAAACAAAAAAGAAT TTTTTGTTAGCAGI TTTATGTAGTCTA 50
RV Y |I|II|II|II|II|I||I||I||I||

W T 1 ATGAAACAAAAAAGAAGGAA- - GCTTTTGTTAGCAGI TT TATGTAGT CT, 48

MXBL 51 TTGCTGTCATTACCTGCATGGTOCGCTCAGGOGGCAACTACAATCACCTC 100
II|IIIIIIII|I||I|||||I||I|II|II|II|II|I||I||I||I||

W T 49 TTGCT GTCATTACCTGCATGGTOCGCTCAGGORGCAACT ACAAT CAC 98

MXBL 101 AAATCAAACOGCCTCOCCAAGATGGCTACGACTATGAATTGTGGAAGGATT 150
II|IIIIIIII|I||I|||||I||I|II|II|II|II|I||I||I||I||

W T 99 AAATCAAACCGGCTCOCCAAGATGGCTACGACTAT GAATT GTGGA 148

MXBL 151 ATGGGAACACCAGTAT GACCCTCAAT AGCGGOGGCACGT TTAGTGOCCAG 200
II|IIIIIIII|I||I|||||I||I|II|II|II|II|I||I||I||I||

W T 149 ATGGGAACACCAGTAT GACGCTCAAT AGCEGOGECECGT CAG 198

MXBL 201 TGGAGTAACAT TGEGAAT GCT TTATT COGAAAAGGCAAGAAATTCGATAC 250
R AR AR R A AR AR AR AR

W T 199 TGGAGTAACAT TGEGAAT GCT TTATT COGAAAAGGCAAGAAATTCGATAC 248

MXBL 251 AACCAAGACTCACTCAGAGCT TGGAAACATATCAATTAATTACAACGCAA 300
CELEETTEEEE e e e et e e e e e e

W T 249 AACCAAGACTCACTCAGAGCT TGGAAACATATCAATTAATTACAACGCAA 298

MXBL 301 CCTTCAAT COGAGAGGAAATT CCTATCTATGTGT TTATGGATGGACGAAG 350
II|IIIIIIII|I||I|||||I||I|II|II|II|II|I||I||I||I||

W T 299 AAT COGAGAGGAAATT CCTATCTATGTGT TTATGGATGGACGAAG 348

MXBL 351 GATCOCGCT OGT AGAAT AT TATATCGT CGATAATT GGGGCACTTATAGACC 400
II|IIIIIIII|I||I|||||I||I|II|II|II|II|I||I||I||I||

W T 349 GCT OGT AGAAT AT TAT ATCGT CGATAATT GBGGCACT 398

MXBL 401 GACOGGTACCCCAAAGGGTACTAT TACTGTTGATGGGGGCACATATGACA 450
II|IIIIIIII|I||I|||||I||I|II|II|II|II|I||I||I||I||

W T 399 CGCCAAAGGGTACTAT TACTGTT GAT GGGGGCACAT A 448

MXBL 451 TTTATGAGACCACTOGGATCAACCAACCT TCTATTATAGGTATCGCAACC 500
II|IIIIIIII|I||I|||||I||I|II|II|II|II|I||I||I||I||

W T 449 TTTATGAGACCACTOGGATCAACCAACCT TCTATTATAGGTATCGCAACC 498

MXBL 501 TTTAAACAGTATT GGAGT GTCOOGCAGACAAAACGAACGAGCGGAACCGT 550
RN A A AR AN AR AR AR

W T 499 TTTAAACAGTATT GGAGT GTCOOGCAGACAAAACGAACGAGCGGAACCGT 548

MXBL 551 ATCTGTCAGOGAACACTT CAAGAAGT GGGAAAGCTTAGGAATGCCAATGG 600
RN R A AN AR AR A AR

W T 549 ATCTGTCAGOGAACACTT CAAGAAGT GGGAAAGCTTAGGAATGCCAATGS 598

MXBL 601 GTAAAATGTAT GAAACCGOGCTTACGGTAGAGEGATAT GTAATGG 649
II|IIIIIIII|I||I|||||I||I|II|II|II|II|I |I||I||I||

W T 599 GTAAAATGTAT GAAACCGOGCTTACGGTAGAGGGATATCAAMAGTAATGS 648

MXBL 650 HCAGTGCTRAATGTATCTACTAATGTACTGACTATT 684

I|IIIII II|I||I|||||I||I|II|II|II|I
W T 649 COCAGTGCT- AATGTATCTACTAATGTACTGACTATT 683

Fig. 2. Pairwise alignment comparing the xylanase gene of wild type B. subtilis ATCC 6633
with MXB 1 mutant sequence via EMBOSS Needle
Mutagenesis sites are substitutions of nucleotides T/G and T/C as shown in yellow whereas the insertions of
nucleotides T, C and A and deletions of A and C are highlighted in green
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3.4 Mutations of Xylanase Gene in Mutant corresponding to single nucleotide substitutions

MXB 2

of C/G, T/C and A/T, respectively. Furthermore,
mutation was also generated by insertions of

Mutations were also found at the 5’ end of the nucleotides T at the positions 17, 18 and 19
xylanase gene in mutant MXB 2. The xylanase Whereas deletions of nucleotides A and C at the
gene of MXB 2 also disclosed mutagenesis sites  positions 638 and 649 (of the wild type) were
at the nucleotide positions of 20, 25 and 662 indeed observed as revealed in Fig. 3.

MXB2
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MXB2
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MXB2
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MXB2
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MXB2

WT

MXB2

WT

MXB2

WT

MXB2

WT

MXB2

WT

MXB2

WT

MXB2

WT

MXB2

WT

MXB2

WT

MXB2

WT

1 ATGAAACAAAAAAGAATITTICGAAGT TTTTGT TAGCAGT TTTATGTAGTCT 50

R e A A
1 ATGAAACAAAAAAGAA- - - GBAAGCT TTTGT TAGCAGT TTTATGTAGTCT 47

51 ATTGCTGTCATTACCTGCATGGT COGCTCAGGOGGCAACTACAATCACCT 100
I|||III|||III|||III|||III|||III|||III|||III|||III|

48 ATTGCTGTCATTACCTGCATGGT COGCTCAGGOGGCAACT 97

101 CAAATCAAACCGECTCCCAAGATGGCTACGACTATGAATTGTGGAAGGAT 150
AR AR R AR R A RN AR

98 CAAATCAAACCGGCTCCCAAGATGGECTACGACTATGAATTGTGGAAGGAT 147

151 TATGGGAACACCAGTATGACGCTCAATAGCGGEOGGOGCGTTTAGTGCCCA 200
AN A AR R

148 TATGGGAACACCAGTATGACGCTCAATAGCGBOGGOGCGT TTAGIGCCCA 197

201 GTGGAGTAACATTGGGAATGCTTTATTCCGAAAAGGCAAGAAATTCGATA 250
||||||||||||||||||||||||||||||||||||||||||||||||||

198 GT TTGGGAAT GCTTTAT TCOGAAAAGGCAAGAAAT T 247

251 CAACCAAGACTCACTCAGAGCTTGGAAACATATCAATTAATTACAACGCA 300
I|||III|||III|||III|||III|||III|||III|||III|||III|

248 CAACCAAGACTCACTCAGAGCT TGGAAACATATCAATTAATTACAACGCA 297

301 ACCTTCAATCCGAGAGGAAATTCCTATCTATGTGTTTATGGATGGACGAA 350
I|||III|||III|||III|||III|||III|||III|||III|||III|

298 ACCTTCAATCCGAGAGGAAATTCCTATCTATGTGTTTATGGATGGACGAA 347

351 GGATCCGCTCGTAGAATATTATATCGTCGATAATTGGGGCACTTATAGAC 400
AR AN R RN ARy

348 GGATCCGCTCGTAGAATATTATATCGTCGATAATTGGGGCACTTATAGAC 397

401 CGACCGGTACGCCAAAGGGTACTATTACTGITGATGEGGECACATATGAC 450
||||||||||||||||||||||||||||||||||||||||||||||||||

398 CGACOGGTACGCCAAAGGGTACTAT TACT GT TGATGGGGECACA 447

451 ATTTATGAGACCACTCGGATCAACCAACCTTCTATTATAGGTATCGCAAC 500
||||||||||||||||||||||||||||||||||||||||||||||||||

448 ATTTATGAGACCACTCGGATCAACCAACCTTCTATTATAGGTATCGCAAC 497

501 CTTTAAACAGTATTGGAGT GTCCGGCAGACAAAACGAACGAGCGGAACCG 550
AR N R R AR

498 CTTTAAACAGTATTGGAGT GTCCGGCAGACAAAACGAACGAGCGGAACCG 547

551 TATCTGTCAGCGAACACTTCAAGAAGTGGGAAAGCTTAGGAATGCCAATG 600
AR R AR R AR R AR

548 TATCTGTCAGOGAACACTTCAAGAAGTGGGAAAGCTTAGGAATGCCAATG 597

601 GGTAAAATGTATGAAACCGCGCTTACGGTAGAGGGATATGIAAAGTAATG 649
COELEEEE e e e e et

598 GGTAAAATGTATGAAACCGOGCT TACGGTAGAGEGATATCAAAAGTAATG 647

650 GHCAGTGCTAATGAATCTACTAATGTACTGACTATT 684
(AR AR AR AR

648 GOCAGTGCTAATGTATCTACTAATGTACTGACTATT 683

Fig. 3. Pairwise alignment comparing the xylanase gene of wild type B. subtilis ATCC 6633
with MXB 2 mutant sequence via EMBOSS Needle

Mutagenesis sites are substitutions of C/G, T/C and A/T as highlighted in yellow while insertions of nucleotides T,
and deletions of nucleotides A and C are shown in green
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3.5 Mutations of Xylanase Gene in Mutant 19, 20 and 25 were present whereas insertions

MXB 3

of nucleotides T, A and T at the positions 16, 17
and 18 were also observed. In fact, the deletions

Xylanase gene of mutant strain MXB 3 reflected  of nucleotides A and C at the positions 638 and
most of its mutation at the 5’ end. Substitutions 649 (of the wild type) were also seen to have
nucleotides of T/A, C/G and T/C at the positions  materialized in mutant MXB 3 as shown in Fig. 4.

MXB3

WT

MXB3

WT

MXB3

WT

MXB3

WT

MXB3

WT

MXB3

WT

MXB3

WT

MXB3

WT

MXB3

WT

MXB3

WT

MXB3

WT

MXB3

WT

MXB3

WT

MXB3

WT

1 ATGAAACAAAAAAGATTAT TCGAAGT TTTTGT TAGCAGT TTTATGTAGTCT 50

||||||||||||||| SRR RN AR RNy
1 ATGAAACAAAAAAGA - - AGGAAGCTTTTGTTAGCAGTTTTATGTAGTCT 47

51 ATTGCTGTCATTACCTGCATGGTCCGCTCAGGCGGCAACTACAATCACCT 100
AR R R R R R AR RN

48 ATTGCTGTCATTACCT GCATGGTCCGCT CAGGCGGCAACTACAATCACCT 97

101 CAAATCAAACCGGCTCOCAAGATGGCTACGACTATGAATTGTGGAAGGAT 150
RN AR R R R R AR RN RAR AR AN

98 CAAATCAAACOGGCTCCCAAGATGGCTACGACTATGAATTGTGGAAGGAT 147

151 TATGGGAACACCAGTATGACGCTCAATAGOGGCGECGOGTTTAGTGOCCA 200
N R R R AR R AR AR

148 TATGGGAACACCAGTATGACGCTCAATAGOGGCGGCGOGTTTAGTGOCCA 197

201 GTGGAGTAACATTGGGAATGCTTTATTCOGAAAAGGCAAGAAATTCGATA 250
R R R AR N R AR AR

198 GTGGAGTAACATTGGGAATGCTTTATTCOGAAAAGGCAAGAAATTCGATA 247

251 CAACCAAGACTCACTCAGAGCTTGGAAACATATCAATTAATTACAACGCA 300
II|||III|||III|||III|||III|||III|||III|||III|||III

248 CAACCAAGA! GCTTGGAAACATATCAATTAATTACAACGCA 297

301 ACCTTCAATCCGAGAGGAAATTCCTATCTATGTGTTTATGGATGGACGAA 350
||||||||||||||||||||||||||||||||||||||||||||||||||

298 ACCTTCAATCOGAGAGGAAATTCCTATCTATGIGTTTATGGATGGACGAA 347

351 GGATCCGCTCGTAGAATATTATATCGTCGATAATTGGGGCACTTATAGAC 400
||||||||||||||||||||||||||||||||||||||||||||||||||

348 GGATCCGCTCGTAGAATAT TATATCGT CGATAAT TGGGGCACT TAT, 397

401 CGACOGGTACGCCAAAGGGTACTATTACTGTTGATGGGGGCACATATGAC 450
||||||||||||||||||||||||||||||||||||||||||||||||||

398 CGACOGGTACGCCAAAGSGTACTATTACTGT TGATGGGGEGCACA 447

451 ATTTATGAGACCACTCGGATCAACCAACCTTCTATTATAGGTATCGCAAC 500
AR R RN R RN AR RN

448 ATTTATGAGACCACTCGGATCAACCAACCTTCTATTATAGGTATCGCAAC 497

501 CTTTAAACAGTATTGGAGTGTCOGGCAGACAAAACGAACGAGCGGAACCG 550
RN AR AR N AR AR RA AR RN RN

498 CTTTAAACAGTATTGGAGT GTCOGGCAGACAAAACGAACGAGCGGAACCG 547

551 TATCTGTCAGCGAACACTTCAAGAAGT GGGAAAGCTTAGGAATGCCAATG 600
II|||III|||III|||III|||III|||III|||III|||III|||III

548 TATCTGTCAGCGAACACTTCAAGAAGT GGGAAAGCTTAGGAATGCCAATG 597

601 GGTAAAATGTATGAAACCGOGCTTACGGTAGAGGGATATCHAAAGTAATG 649
N R R R AR A AR AR RN

598 GGIAAAATGTATGAAACCGOGCT TACGGTAGAGGGATATCAAAAGTAATG 647

650 GICAGTGCTAATGTATCTACTAATGTACTGACTATT 684
|||||||||||||||||||||||||||||||||||

648 GOCAGTGCTAATGTATCTACTAATGTACTGACT, 683

Fig. 4. Pairwise alignment comparing the xylanase gene of wild type B. subtilis ATCC 6633
with MXB 3 mutant sequence via EMBOSS Needle

Mutations are substitutions of T/A, C/G and T/C as highlighted in yellow while insertions of nucleotides T, Aand T
and deletions of nucleotides A and C are indicated in green
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3.6 Mutations of Xylanase Gene in Mutant and G/C. Addition mutations were also detected

MXB 4

by insertions of nucleotides T, G and C at the
positions 20, 23 and 24 whereas the deletions of

Similar to the mutations present in other mutants  nucleotides A and C at the positions 638 and 649
of B. subtilis, the xylanase gene of mutant MXB 4 (of the wild type) were observed as displayed in
showed mutations at the positions 17 and 25 Fig. 5.
indicating single nucleotide substitutions of T/G
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MXB4

WT
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248
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398

451

448

501
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551

548

601

598

650

648

ATGAAACAAAAAAGAATGATAGEEGT TTT GT TAGCAGTT TTATGTAGTCT 50
A R AR
ATGAAACAAPAAAGAAGGA- AG - CTTTTGI TAGCAGTT TTATGTAGTCT 47
ATT GCTGT CAT TACCT GCATGGTCOGCTCAGAOGGCAACTACAATCACCT 100
IIIII|II|II|I||I||I||I||I|II|IIIIIIIIII|II|I||I||I
\TT GCTGT CAT TACCT GCATGGTCCOGCTCAGGOGGCAACTACAATCACCT 97
CAAAT CAAACCGGCTCOCAAGATGGACTACGACTATGAAT TGTGGAAGGAT 150
IIIII|II|II|I||I||I||I||I|II|IIIIIIIIII|II|I||I||I
AT CAAACCGGCTCOCAAGATGGCTACGACTATGAAT TGT GGAAGGAT 147
TAT GGGAACACCAGTATGACGCTCAATAGOGEOGAOGOGTTTAGTGCCCA 200
IIIII|II|II|I||I||I||I||I|II|IIIIIIIIII|II|I||I||I
AT GGGAACACCAGTATGACGCTCAATAGOGGOGEOGOGTTTAG 197
GTGGAGTAACATT GGGAATGCTTTAT TOCGAAAAGECAAGAAATTCGATA 250
R R R A
GTGGAGTAACATT GGGAATGCTTTAT TOCGAAAAGGCAAGAAAT TCGATA 247
CAACCAAGACT CACTCAGAGCTTGGAAACAT ATCAATTAATTACAACGCA 300
R R R R R
CAACCAAGACT CACTCAGAGCTTGGAAACAT ATCAATTAATTACAACCCA 297
ACCTT CAATCCGAGAGGAAAT TOCTATCTATGTGTTTATGGATGGACGAA 350
IIIII|II|II|I||I||I||I||I|II|IIIIIIIIII|II|I||I||I
GAGGAAAT TOCTATCT AT GTGTTT AT GGATGGA 347
GGATCOGCTOGTAGAATATTATAT CGTOGAT AAT TGGGGCACTTATAGAC 400
IIIII|II|II|I||I||I||I||I|II|IIIIIIIIII|II|I||I||I
GCATCOGCTOGTAGAATATTATAT CGTOGAT AAT TGGGGCACTTATAGA 397
CGACCGGT ACGOCAAAGGGTACTATTACT GT TGATGGGGGCACATATGAC 450
IIIII|II|II|I||I||I||I||I|II|IIIIIIIIII|II|I||I||I
GGT ACGOCAAAGGGTACTATTACT GT TGATGGAGCECACATA 447
ATT TATGAGACCACTCGGATCAACCAACCTT CTATTATAGGTATGCCAAC 500
R AR AR RN Ay
ATT TATGAGACCACTCGGATCAACCAACCTT CTATTATAGGTATGCCAAC 497
CTT TAAACAGT AT TGGAGTGT COGGCAGACAAAACGAACGAGOGGAACCG 550
R RN A A R A AR AR AN
CTT TAAACAGT AT TGGAGTGT COGGCAGACAAAACGAACGAGOGGAACCG 547
TAT CT GTCAGCGAACACT TCAAGAAGTGGGAAAGCTTAGGAATGOCAATG 600
IIIII|II|II|I||I||I||I||I|II|IIIIIIIIII|II|I||I||I
TAT CT GTCAGCGAACACT TCAAGAAGTGGGAAAGCTTAGGAATGOCAATG 597
GGT AAAAT GTATGAAACCGOGCTT ACGGT AGAGGGAT AT GHAAAGTAATG 649
IIIII|II|II|I||I||I||I||I|II|IIIIIIIIII| I|I||I||I
GGT AAAAT GTATGAAACCGOGCT T ACGGT AGAGGGAT AT CAAAAGT 647
GICAGTGCTAATGTATCTACTAATGTACTGACTATT 684
III|II|II|I||I||I||I||I|II|IIIIIII
GOCAGTGCTAATGTAT CTACT AAT GTACT GA 683

Fig. 5. Pairwise alignment comparing the xylanase gene of wild type B. subtilis ATCC 6633
with MXB 4 mutant sequence via EMBOSS Needle

Mutations are substitutions of T/G and G/C as highlighted in yellow whereas insertions of nucleotides T, G and C
and deletions of nucleotides A and C are displayed in green
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3.7 Mutations of Xylanase Gene in Mutant were found at the positions 17 and 25.

MXB 5

Other  mutations including insertion  of
nucleotides C and A at the positions 20 and 23

The 5’ end of the xylanase gene of MXB 5 was and deletion of nucleotide C at position 649 (of
significantly possessed mutations. The single the wild type) were also observed and shown in

nucleotide substitutions of T/G and C/T Fig.6.
MXB5 1 ATGAAACAAAAAAGAATGABAGACCT TTGTTAGCAGT TTTATGTAGT CTA 50
TR Xy MU
MXB5 51 TTGCTGTCATTACCTGCATGGTCCGCTCAGGOGGCAACTACAATCACCTC 100
W 49lrlr”clrlslrlc,lAlTlr,lAlclclTlelczlAlTlelelTlolc””l”””””l”HH”H o5
MXB5 101 AAATCAAACCGGCTOCCAAGATGGCTACGACTAT GAATTGTGGAAGGATT 150
M TN AT T
MXB5 151 ATGGGAACACCAGTAT GACGCTCAAT AGCGGOGGCRCGT TTAGTGOCCAG 200
IIIII|II|II|I||I||I||I||I|II|IIIIIIIIII|II|I||I||I

W T 149 ATGGGAACACCAGTAT GACGCTCAAT AGCGGOGGORC 198
MXB5 201 TGGAGTAACAT TGGGAAT GCTTTATT COGAAAAGGCAAGAMATTCGATAC 250
N T AT ST
MXB5 251 AACCAAGACTCACTCAGAGCT TGGAAACATATCAATTAATTACAACGCAA 300
wr s SIS,
MXB5 301 CCT TCAAT COGAGAGGAAATT CCTATCTATGTGT TTATGGATGGACGAAG 350
B TNV
MXB5 351 GATOCGCT CGT AGAAT AT TATATCGT CGATAATT GGGGCACTTATAGACC 400
wr s SHEGIDOIOM LRGN
MXB5 401 GACCGGTACGCCAAAGGGTACTATTACTGTT GAT GEGGGCACATATGACA 450
wr s SHHLHERUIIOIRL GG,
MXB5 451 TTTATGAGACCACTOGGATCAACCAACCT TCTAT TATAGGTATCGCAACC 500
wr e WHHMSHMUMLL L,
MXB5 501 TTTAAACAGTATT GGAGT GTCOGGCAGACAAAACGAACGAGCGGAACCGT 550
TN IV TS
MXB5 551 ATCTGTCAGOGAACACTT CAAGAAGT GGGAAAGCTTAGGAATGCCAATGG 600
W 549IIIII(BITICLIIIIIIII||I||I||I|II|IIIIIIIIMIIIIIIII sos
MXB5 601 GTAAAATGTAT GAAACCGOGCTTACGGTAGAGEGATATCAMAGTAATGG 650
wr s SHAILHGIRRIIILINGL
MXB5 651 HCAGTGCTAATGTATCTACTAATGTACTGACTATT 684

ALY HAVIVINTYY S,

Fig 6. Pairwise alignment comparing the xylanase gene of wild type B. subtilis ATCC 6633
with MXB 5 mutant sequence via EMBOSS Needle
Mutations are substitutions of T/G and C/T as highlighted in yellow whereas insertions of nucleotides C and A

with deletion of nucleotide C are displayed in green
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Nucleotide
Mutants

3.8 Identification and
Sequences Analysis
Xylanase Genes

of

In an attempt to confirm the identification of the
mutant strains xylanase genes, the nucleotide
sequences of their amplified xylanase genes
were determined. The sequenced results were
subjected to nucleotide BLAST analysis
conducted in GenBank and EMBL-EBI
databases. Based on our results as shown in
Table 1, the mutant strains were confirmed to
belong to the genus of Bacillus. The gene
sequence data of the mutants exhibited
homology with the same hit organisms with
approximately 50 BLAST hits displaying related
identities. Notably, the closest sequence
matched results indicated 99% analogy with two
best hits of endo-1,4-beta-xylanase gene of B.
subtilis subsp. spizizenii strain NRS 231 (also
known as B. subtilis ATCC 6633) with the
GenBank accession number of CP010434.1 and
B. subtilis subsp. spizizenii str. W23 with the
GenBank accession number of CP002183.1. On
the other hand, 95% similarity of the sequence
result revealed endo-1,4-beta-xylanase A of B.
subtilis subsp. spizizenii TU-B-10 with the
GenBank accession number of CP002905.1.
Furthermore, 92% nucleotide similarity identities
the xyn A gene of Bacillus sp. JS with the
GenBank accession number of CP003492.1,
endo-1,4-beta-xylanase gene of Bacillus
amyloliquefaciens TA208 with the GenBank
accession number of CP002627.1 and glycoside
hydrolase gene of Bacillus amyloliquefaciens
XH7 with the GenBank accession number of
CP002927.1 in addition to 81.3% homology with
beta-xylanase precursor gene of Bacillus pumilus
with the EMBL accession number of HM536195.

3.9 Amino Acid Sequences of B. subtilis
ATCC 6633 Mutant Strains

The xylanase nucleotide sequences identified
from the mutants resulted in open reading frames
(ORF) of 669 bp, 684 bp, 684 bp, 684 bp and
644 bp using EXPASY-PROSITE Translate tool
with the initiated nucleotides from 3 to 671, 1 to
684, 1 to 684, 1 to 684 and 3 to 647 for
xylanases MXB 1 to MXB 5, respectively. The
translated encoding protein which composed of
222, 228, 228, 228 and 214 amino acid residues
were also identified. Based on the deduced
amino acid sequences, the predicted theoretical
molecular mass and pl of the mutant strains
xylanase protein were comprised of 24.73 kDa
with pl of 8.63, 25.38 kDa with pl of 9.05, 25.40
kDa with pl of 9.16, 25.28 kDa with pl of 9.07 and
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23.94 kDa with pl of 8.91 for mutant strains of
MXB 1 to MXB 5, respectively. The deduced
amino acid sequences of the mutants were
subjected to the BLAST search program to
decipher the homologous sequences. Observed
homology of mutants xylanase amino acid was
detected to be endo-1,4-beta-xylanase of B.
subtilis subsp. spizizenii W23 with 98% identity
(EMBL_EOQOTVS7), B. subtilis subsp. spizizenii
TU-B-10 with 94% identity (EMBL_Q5EFR9),
B. subtilis subsp. inaguosorum KCTC 13429
with  92% identity (EMBL_L8Q1B0) and
B. stratosphericus LAMA 585 with 75% identity
(EMBL_M5QXB9), respectively. Furthermore, the
mutant xylanases also possessed high amino
acid similarity with Xyn A of B. amyloliquefaciens
with 93% identity (EMBL_E1UUS4) and B.
pumilus with 75% identity (EMBL_P00694). On
the other hand, some reports in the databases
revealed that the deduced amino acid sequence
demonstrated extensive homology to xylanases
belonged to GH Family 11 xylanases as
classified by Gilkes et al. [27]. GH Family 11
xylanases are commonly characterized by a
basic pl, a low molecular weight of lesser than 30
kDa, two glutamates functioning as the catalytic
residues via a double displacement catalytic
mechanism and a jelly roll fold structure [1]. GH
Family 11 xylanases are solely active on D-
xylose containing substrates. Besides that, they
also possess a lower catalytic variability than the
Family 10 xylanases. In fact, the products
resulting from their action can be hydrolysed
further by the Family 10 xylanases. As a result,
GH Family 11 xylanases are also regarded as
the true xylanases [28]. Based on the findings in
this study, the sequence analogous to a typical
signal peptide were present at the 5' end of the
open reading frame of each mutant strain. The
reputed signal peptide of the respective mutant
strains possessed 28 amino acid residues with
copious hydrophobic residues [29]. Therefore,
from the results, we suggested that the
xylanases from the mutant strains of B. subtilis in
this study could be anticipated to belong to the
GH Family 11 xylanases.

3.10Amino Acids Characteristics of Wild

Type and Mutant Strains  of
B. subtilis ATCC 6633
In retrospect of our previous study, we

endeavored to fathom the relationship between
the enzyme activities of the wild type and mutant
xylanases via amino acid sequence comparison
and analysis. Our studies revealed mutant
strains MXB 3 and MXB 5 of B. subtilis ATCC
6633 possessed the most and the least related



Ling Ho and Chinonso; BBJ, 12(1): 1-20, 2016; Article no.BBJ.23057

identity to the wild type of B. subtilis ATCC 6633,
respectively. As a result of the random
mutagenesis, it could be observed that the amino
acids M, K, Q and R of the wild type B. subtilis
subsp. spizizenii ATCC 6633 were replaced at
the positions 5, 1, 2 and 4 by N, E, T and K in
mutants of MXB 1 and MXB 5 as shown in Table
2, respectively. Amino acid K was substituted by
E at the position 6 and the insertion of S at the
position 7 was seen in mutant MXB 1.
Furthermore, amino acids N, V, S and T were
observed to be replaced by K, C, | and Y at the
positions 219, 220, 221 and 222 correspondingly
in MXB 1 mutant. MXB 5 exhibited K substitution
to D, F substitution to P, S substitution to K and
insertion of R at the positions 6, 8, 214 and 7,
respectively. M was deleted in both mutants of
MXB 1 and MXB 5 at the position 1 of the wild
type. On the other hand, in the mutant MXB 2,
amino acids M, K and V were observed to be
replaced by I, S and E at the positions 6, 7 and
221 while the insertion of K was seen at the
position 8. Similar to mutant MXB 2, mutant MXB
3 exhibited varying mutations at the same sites.
In mutant MXB 3, amino acids M and K were
noticed to be replaced by Y and S at the
positions 6 and 7 with the insertion of K at the
position 8, respectively. However, mutant MXB 4
was observed to possess amino acids mutation
of K and F which were substituted by | and V at
the positions 7 and 9 correspondingly. Insertion
mutation was also seen by G at the position 8 in
mutant MXB 4 as shown in Table 2.

3.11 Amino Acid Sequences Analogy

between B. subtilis Mutant
Xylanases and GH Family 11
Xylanases

The comparison between the deduced amino
acid sequences of xylanases of the mutant
strains of B. subtilis with those of known GH
Family 11 xylanases of B. subtilis subsp.
spizizenii is shown in Fig. 7 while those with
other Bacillus origins are evaluated in Fig. 8. A
high level of sequence homology was seen to be
B. subtilis W23 with the Genbank accession
number of ADM37853.1 and B. subtilis NRS 231
(ATCC 6633), respectively. Indeed, the structural
features of the mutant strain xylanases including
the active site were found to be highly
conserved. According to Henrissat [30], a direct
relationship between sequence and folding
similarities based on the comparison of the
primary sequences of Glycosyl Hydrolases (GH)
are better reflected the structural similarity and
thus proven to be useful especially with the
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increasing number of GH (xylanase) genes that
are being sequenced. The sequence alignment
of the mutant xylanases with other known GH 11
xylanases of other Bacillus species origin
obtained from the CAZy database were also
analysed. Notably, B. subtilis cho40
(HM159999.1), B. subtilis B230, B. stratus-
phericus LAMA 585 (M5QXB9), B. altitudinis
(HQ51), B. amyloliquefaciens DSM 7
(CBI42956.1), B. pumilus and B. akibai ATCC
43226 (W4QUM4) revealed similarities to a
lesser extent with major differences in the amino
acids at n-terminal regions [31,32]. However,
most structural features of the xylanases
including the active site are highly conserved
[33]. Structurally and catalytically vital residues of
xylanase from divergent organisms are usually
considered to be conserved in the course of
evolution [32]. Amino acids in the n-terminal
region were present in all other xylanases with
the exception of B. subtilis B230 and B. subtilis
cho40. These amino acids are thought to bury
hydrophobic residues in the core of the protein
which could contribute to thermostability in the
xylanases that carry them [31]. Several mutant
xylanases from bacteria by random mutagenesis
have been evaluated. However, more xylanase
analysis considerably focused on site directed
mutagenesis. The xylanase n-terminal amino
acid sequences of the mutants and B subtilis
subsp. spizizenii confirmed a characteristic signal
peptide with a cleavage site between the Ala28
and Ala29 residues and also an intergenic region
of the mature polypeptide with potential xylanase
regions [29,31]. Amino acid homology with GH
Family 11 xylanases of B. subtilis subsp.
spizizenii and Bacillus of other origins disclosed
two highly conserved residues of Glu94 and
Glul183 which are considered to be the key
catalytic residues of our mutant B. subtilis
xylanases and are suggested to be of GH Family
11 xylanases origin as shown in Fig. 7 [32].
Xylanase catalytic residues of these mutants
were found in two conserved regions [30] which
are homogenous to xyn 11X in B. subtilis 230
based on sequence comparison [31]. The
authentication of xyn 11X in B. subtilis 230 was
based on comparison with the three-dimensional
structure and site-directed mutagenesis of B.

pumilus xylanase [32]. Further confirmation
based on comparison with site-directed
mutagenesis of Glu78 and Glul72

(corresponding to Glu94 and Glul183 of B. subtilis
230) in B. circulans conducted by Wakarchuk
et al. [34] signified the Glu residues played
significant catalytic roles in which one glutamate
functions as an acid/base catalyst whereas the
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other acts as a nucleophile and stabilizes the
reaction intermediate [15]. The two conserved
catalytic glutamate residues are located opposite
to each other in an open active site cleft [35].
Besides that, the results obtained by Esteves
et al. [36] also revealed that Tyr 16, Tyr 83, Tyr
95, and Tyr 185 of the mutant B. subtilis
xylanases are also conserved in all GH Family
11 xylanases as shown in Fig. 8.

3.12 Functional Roles of Deduced Signal
Peptides of Mutant Xylanases

Using chemicals in random mutagenesis, we
have created several mutant strains of B. subtilis
subsp. spizizenii ATCC 6633 that demonstrated
xylanase activity on plate hydrolysis assay. The
mutations materialized at the signal peptides of
the mutant xylanases. According to Page et al.
[37], the deletion or modification of the xylanase
A signal peptide shows variations in xylanase
production based on the nature of the signal
sequences. Bearing this in mind, the increase in
charged residues found in the n-domain of the
signal peptide of the mutants xylanase seemed
to be of significant benefit for the mutants
xylanase export into the culture medium. The

xylanase (xyn) of MXB 1 displayed substitution
mutations (K1E) and xyn of MXB 5 exhibited
(K1E, K6D and insertion of R) amino acids
mutations which potentially resulted in increased
xylanase yield. Comparably, the signal peptide
mutations on xylanase C secretion in
Streptomyces lividans using random
mutagenesis obtained from the replacement of a
positive charge by a negative charge of K38E in
the n-domain of the signal peptide caused a
higher xylanase yield according to Li et al. [38].
In fact in their study, the replacement of a
negative charge of D41N as well as removal of a
positive charge of K38l in the signal peptide by
site directed mutagenesis resulted a double
increase in the xylanase yield. Interestingly, the
related mutations also occurred in xyn of MXB
1(M5N), xyn of MXB 2 (M6l), xyn of MXB 4 (K71)
and xyn of MXB 5 (M5N) which could be
suggested as the factors for the increased in
xylanase production although, their distribution in
the n-domain is of more importance than the
number of positively or negatively charged
residues [38,39]. The effect of random
mutagenesis fostered the increased hydophobic
core residue of xylanases in MXB 2, MXB 4
and MXB 5. Mutations (M61) in xyn of MXB 2

MXEL ~EXFENESF L LAV LCSLLLSLPAWSAQA AT TI TSNOT CEODCY DYELWED YGNT SMTLNE 53
MHEZ MEOFFISKEF L LAV LCSLLLSLPAWSAQA AT TITENOT GEQDGCY IYELWEDYENT SMTINS &0
MEE3 MEOFFYSKF L LAV LCSLLLSLPEWSAQR AT TI TSNOT GSQDGY DYELWED YGNT SMTLNS &0
MXE4 MEOFFMECN L. LAV LCSLLLSLPEWSAQR AT TI TENOT GEQDCY DYELWED YGNT SMTLNS €0
MHES FETHKENDRP L LAV LCSLLLSLPAWSAQRA LT TI TSHOT GSQDGY DYELWED YGNT SMTLNS 5%
E.s.231 MEOFFME-FLLAVLCSLLLSLPAWSAQR AT TI TENOT GEQDCY DYELWED YGNT SMTLNS 53
E.s.W23 MEOFFME-FLLAVLCSLLLSLPREW! TITSNQTGEQDCYDYELWEDYGNT SMTLNS 59
- - e o e b e o e ok o o B ek e ke ke b bk e sk e ok ok ek e ok e
MXEL GEAFSROWSNIGHA LFRK GKEF DTTETHSELGN IS INYHATFNPRENSYLCVY GWTEDPL 113
MEEZ GEAFSRIWSNI AR LFREGKEF DTTETESELGN ISINY MR TENPRENSYLCVY GWTEDPL 120
MXE2Z GELFSAJWSNI CHALFRECKEFDTTETHSELCGN IS TNY MR TENPRENSY LCVY GWTEDPL 120
MHE4 GEAFSROWSNI G LFRE GKEF DTTETHSELGN IS INY MR TFNPREGNSY LOVY GWTHDEL 120
MEES GEAFSRIWSNI AR LFREGKEF DTTETESELGN ISINY MR TENPRENSYLCVY GWTEDPL 115
BE.=.23]1 CGGAFSLOWSNIGHALFREGKEFDTTETHSELGNISINYMLTFNPRENSYICVYGWTEDEL 113
BE.s. W23 GEAFSAOWSNIGHRLFREGKEFDTTETHSELGNISINYNATFNPRENSYICVYGWTEDEL 113
e S e R R e S e e e e R e
MXEL UE'YYIVDNH';IYRP TETPEGTITVDGETYDIYETTRINQP STIGTATFEOQYWSVROTERT 1735
MXEZ VEY¥YIVDNWCTYRPTCTPEGTITVDGETY DIYETTRINQP SITC TATFEQYWSVROTERT 180
MHE3 VEYYIVDNWGT YRETGTPEGT I TVDGETYDIYE TTRINQP ST IGTATFEQYWSVROTERT 180
MXE4 VEYYIVDNWGCT YRPTGTPEGTITVDGETYDIYETTRINQP SITC TATFEOYWSVROTERT 180
MXES VEYYIVDNWGCT YRP TG TPEGTIITVDGETYDIYE TTRINQP SIIGTATFEQYWSVROTERT 173
BE.s.231 VEYYIVDNWGTYRPTGIPEGTITVDGEIYDIYETTRINOPSIIGIATFEOYWSVROTERT 173
E.s. W23 VEYYIVDNWGTYRPTGIPEGCTITVDGGTYDIYETTRINOPSITIGIATFEOYWSVROTERT 173
b o e ok S e o R e o oS e S e e o e b o o e
v

MXEL SETVESVEERFEFWES LGMPMCFMYETALTVEGYQSNGSRECTN - 222

MHEZ SGTVSVEEEFEEWES LGMPMGEMYET AL TVEGYOSNGSRANESTH 224

MXE3 SCTVEVEEEFEFWES LCMPMCFMYET AL TVEGYQSNGSANVSTN 224

MXE4 SGTVSVEEEFEFWES LGMPMCEMYETALTVEGYQENGSRANVETN 224

MEES SGIVSVESEEFEFHES LGMPMGFMYET AL TVEGYOE——————— 214

B.s.231 SCTVEVSERFEFWES LCMPMCFMYET AL TVEGYQSNGSANWETN 223

E.s.W23 SGTVSVEEEFEEWES LGMPMGEMYET AL TVEGYQSNGSRANVSTH 223

ok R R R R R R R R R R R

Fig. 7. Xylanase amino acid sequences of mutant strains of B. subtilis ATCC 6633
The amino acids conserved in all the sequences are shown by asterisks (*). The signal peptide of 28 amino acids is
shown in bold with the mutation sites highlighted in green. Numbering of the protein starts with Ala 1 of the
mature protein. The vertical arrow indicates the cleavage site. The sequence equivalent to the GH Family 11
‘EGYQSNG’ and ‘PLVEYYIVDNW'’ are highlighted in yellow and the amino acids Glu94 and Glu183 that are essential to
the catalytic activity are marked by (W)
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(15 residues), (K7I, FOV and insertion of G) in
xyn of MXB 4 (16 residues) and (F8P) in xyn of
MXB 5 (14 residues) in comparison with the
xylanase of the wild type with hydrophobic core
length of 14 residues emanated an invariably
increase in xylanase production into the medium
over the production level of the wild type. A

similar, correlation between the length of the
hydrophobic core of the signal peptide and the
production level in xyn A conducted via the
replacement of signal peptide to cellulase A (27
amino acids) and Lam B (25 amino acids long)
demonstrated 75% and 44% increase in the
production of xyn A compared to the wild type.

MXBL - ETKKNESFLLAVLCSLLLSLPAWSAQAATTI TSNQTGSQDGYDYELVKDYGNT- SMILN 58
MXB2 MKQKRI SKFLLAVLCSLLL SLPAWSAQAATTI TSNQTGSQDGYDYELWKDYGNT- SMILN 59
MXB3 MKQKRYSKFLLAVLCSLLL SLPAWSAQAATTI TSNQTGSQDGYDYELWKDYGNT- SMILN 59
VKB4 MKQKRM GVLLAVLCSLLL SLPAVWSAQAATTI TSNQTGSQDGYDYELWKDYGNT- SMILN 59
VKBS - ETKKNDRPLLAVL CSLLLSLPAWSAQAATTI TSNQTGSQDGYDYELVKDYGNT- SMILN 58
B.strat - MNLRKLRLLFVMC GLTLI LTAVPAHAR- TI TNNEMGNHSGYDYELWKDYGNT- SMILN 57
B.alt - MNLRKLRLLFVMCI GLTLI LTAVPAHAR: TI TNNEMENHSGYDYELVKDYGNT- SMILN 57
B.any  MKQKRM KFLLAVLFSLALTLPAWSAQAATTI TSNQTGTQDGYDYELWKDSGNT- SMILN 58
B. pu - MDLRKLRLLFVMCI GLTLI LTAVPAHAR: TI TNNEMENHSGYDYELVKDYGNT- SMILN 57
B. ak - MLQKRI RLLLALVLCFAI TLPAVNVQAA- TLTSNE! GTHDGYDYEFVIKDNGGTGSMTLN 58
B.S. 230 ------mmmmmmm oo ATTI TSNQTGTHDGYDYELVKDSGNT- SMILN 31
B.cho40 --------- LTAALNBI SLFS- - ------- ATASAAGTDY- - -VQ\I\NI'DGGGTVNAVNG 38
.. * * * *
MXBL SGGAFSAQUENI GNAL FRKGKKFDTTKTHSELGNI S| NYNA- TFNPRGNSYLCVWGATKD 117
MXB2 SGGAFSAQUENI GNAL FRKGKKFDTTKTHSELGNI S| NYNA- TFNPRGNSYLCVYGATKD 118
MXB3 SGGAFSAQUENI GNAL FRKGKKFDTTKTHSELGNI S| NYNA- TFNPRGNSYLCVYGATKD 118
VKB4 SGGAFSAQUENI GNAL FRKGKKFDTTKTHSELGNI S| NYNA- TFNPRGNSYLCVYGATKD 118
VKBS SGGAFSAQAENI GNAL FRKGKKFDTTKTHSELGNI S| NYNA- TFNPRGNSYLCVYGATKD 117
B.str NGGAFSAGKNI GNAL FRKGKKFDSTRTHHQLGNI S| NYNA- SFNPGGNSYLCVYGATGS 116
B.alt NGGAFSAGKNI GNAL FRKGKKFDSTRTHHQLGNI S| NYNA- SFNPVGNSYLCVYGATCS 116
B.any  SGGAFSAQASNI GNALFRKGKKFDSTKTHSQLGNI S| NYNA- TENPGGNSYLCVYGATKD 117
B. pu NGGAFSAGKNI GNAL FRKGKKFDSTRTHHQLGNI S| NYNA- SFNPVGNSYLCVYGATGS 116
B. ak SGGTFSAQAENI NNI LFRKGKKFNETQTHQQ! GNI S| DYSA- NFNPSGNAYL TVYGATVD 117
B.s. 230 SGGAFSAQASNI GNALFRKGKKFDSTKTHSQLGNI S| NYNA- TFNPGGNSYLCVYGATKD 90
B.Cho40  SGGNYSVWSNTGNFVWGKG - - - - W TGSPFR- - TI NYNAGVWAPNGNGYLTLYGATRA 91
. * % * . : * * * . * ok * * % : * k kK
MXBL PLVEYYI VDNWGTYRPTGTPKGTI TVDGGTYDI YETTRI NQPSI | G- | ATFKQYWBVRQT 176
MXB2 PLVEYYI VDNWGTYRPTGTPKGTI TVDGGTYDI YETTRI NQPSI | G- | ATFKQYWSVRQT 177
MXB3 PLVEYYI VDNWGTYRPTGTPKGTI TVDGGTYDI YETTRI NQPSI | G- | ATFKQYWSVRQT 177
VKB4 PLVEYYI VDNWGTYRPTGTPKGTI TVDGGTYDI YETTRI NQPSI | G- | ATFKQYWSVRQT 177
VKBS PLVEYYI VDNWGTYRPTGTPKGTI TVDGGTYDI YETTRI NQPSI | G- | ATFKQYWBVRQT 176
B.strat PLAEYYl VDSWGTYRPTGAYKGSFYADGGTYDI YETTRVNQPSI | G- | ATFKQYWSVRQT 175
B.alt PLAEYYI VDSWGTYRPTGTHKGTFYADGGTYDI YETTRVNGPS! | G- | ATFKQYWSVRQT 175
B.any  PLTEYYI VDNWGTYRPTGTPKGTFTVDGGTYDI YETTRI NQPSI | G- | ATFKQYWSVRQT 176
B. pu PLAEYYI VDSWGTYRPTGTHKGTFYADGGTYDI YETTRVNGPS! | G- | ATFKQYWSVRQT 175
B. ak PLVEFYI VDSWGTYRPTGTRKGSI TVDGGTYDI YETTRTNGPS! KG- TATFKQYWSVRTS 176
B.s. 230 PLTEYYI VDNWGTYRPTGTPKGTFTVDGGTYDI YETTRI NQPSI | G- | ATFKQYWSVRQT 149
B. cho40  PLI EYYVVDSWGTYRPTGTYKGTVKSDGGTYDI YTTTRYNAPS| DGDNTTFTQYWSVRQT 151
* % *:*:**'********: **:. kkhkkhkkkkkhkk *kk*k * *k*k * :**'****** :

MXBL KRTSG- - - TVSVSEHFKKVESL GVPMG- KMYETAL TVEGYQSNGSAKCI Y- 222

MXB2 KRTSG- - - TVSVSEHFKKVESL GVPMG- KMYETAL TVEGYQSNGSANESTN 224

MXB3 KRTSG- - - TVSVSEHFKKVESL GVPMG- KMYETAL TVEGYQSNGSANVSTN 224

VKB4 KRTSG- - - TVSVSEHFKKVESL GVPMG- KMYETAL TVEGYQSNGSANVSTN 224

VKBS KRTSG- - - TVSVSEHFKKVESL GVPMG- KMYETAL TVEGYQK- - - - - - - - - 214

B.strat  KRTSG - - TVSVSAHFRKVESL GVPMG- KMYETAFTVEGYQSSGSANVMIN 222

B.alt KRTSG- - - TVSVSAHFKKVESL GVPMG- KMYETAFTVEGYQSSGSANVMIN 222

B. any KRTSG- - - TVSVSEHFKKVEESL GVPMG- KMYETAL TVEGYQSNGSANVTAN 223

B. pu KRTSG- - - TVSVSAHFKKVESL GVPMG- KMYETAFTVEGYQSSGSANVMIN 222

B. ak KRTSG- - - TI SVSEHFKAVERAGVPMG- KMYEVAL TVEGYQSSGSASVTRN 223

B.s. 230  KRTSG - - TVSVSEHFKKVESLGVPMG- KMYETAL TVEGYQSNGSANVTAN 196

B.cho40  KRPTGSNATI TFSNHVNAVKSHGMNL (ENV\AYQ/NATEGY@S(ESNVT\/W 202

. .. * % .. * k% *

Fig. 8. Amino acid sequences of the mutant strains of B. subtilis ATCC 6633 compared with
those of GH Family 11 xylanases of Bacillus origins
Conserved amino acids among the xylanases are marked by asterisks (*). The corresponding catalytic Glu94 and
Glu183 and four Tyr residues of the mutant xylanases of MXB 1 to MXB 5 are highlighted in yellow and blue.
Abbreviations: B. strat: B. stratosphericus LAMA 585; B. alt: B. altitudinis HQ51; B. amy: B. amyloliquefaciens DSM 7;
B. pu: B. pumilus; B. ak: B. akibai ATCC 43226; B. s.230: B. subtilis B230; B. cho40: B. subtilis cho40
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The difference was based on the hydrophobic
core length, (19 residues) for the cellulase A
signal peptide and (14 residues) for the Lam B
signal peptide [40].
3.13 Amino acid Composition and
Predicted Thermal Stability
Characteristic of Mutant Xylanases

Increased thermal stability of GH Family 11
xylanases was seem to emanate from various
minor modifications in the amino acid which
include increase of the Thr to Ser ratio and
increase number of charged residues particularly
arginine (Arg). These modifications prompt
enhanced polar interactions and improved
secondary structure stabilization via insertions at
some regions and thereby resulting the
enhanced interactions or increased number of
aromatic residues on protein surface [41]. Thus,
it could be suggested that the xyn of MXB 5 with
increased Arg percentage composition could
probably be thermophilic. Reported sequence
comparisons have demonstrated that
thermophilic proteins contain more Arg on the
protein surface in comparison to mesophilic
proteins [42]. Furthermore, Noorbatcha et al. [43]
demonstrated that the lysine (K) mutation with
Arg formed additional hydrogen bond throughout
the structure and was thought to give an impact
to the thermostability of xylanase. Ser to Thr
mutations have also been reported as one of the
stabilizing mutations by Turunen et al. [44] and
Zhou et al. [45]. Kumar et al. [42] observed the
decrease in the frequency of Ser but not the
increase of Thr. The present study reports the
increase in Thr and decrease in Ser in mutants of
B. subtilis. MXB 1, MXB 2, MXB 3 and MXB 4
possessed approximately similar Ser to Thr
percentage composition to the wild type.
Nonetheless, MXB 5 showed a reduced
percentage of Ser. The composition of all 20
amino acids for the mutant B. subtilis xylanases
is compiled in Table 3. The wild type and mutant
xylanases possessed relatively high abundance
of threonine (11.7% to 12.1%), serine (8.4% to
9.6%) and glycine (9.2% to 9.6%) highlighted in
dark red accent whereas methionine (1.8% to
2.6%), cysteine (0.9% to 1.4%) and histidine
(0.9%) contents were the lowest highlighted in
bright red accent. The amounts of the hydroxyl
amino acids, threonine and serine (especially the
former) were speculated to impart flexibility in the
structure of the xylanases (polysaccharide
hydrolases) [46]. The amino acid residues of the
wild type and mutant xylanases exhibited the
common characteristic of low methionine content
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for microbial xylanases according to Nakamura
et al. [47]. Notably, the very low cysteine content
present in the mutant xylanases in this study is
almost identical to B. subtilis cho40 xylanase with
no cysteine detected [33]. Indeed, a similar
histidine content of approximately 1.0% in this
study with B. subtilis cho40 was also observed
[33].

Based on the availability of three-dimensional
structures for thermophiles and mesophiles of
GH Family 11 xylanases, Hakulinen et al. [41]
compared the amino acid composition of these
xylanases and summarized in Table 3. According
to Hakulinen et al. [41], Val is considered to have
a good B-forming tendency and its lower
frequency in the B-strands of the thermophilic
xylanases is not of primary importance in
xylanases, in fact, some other characteristics are
more vital for thermal stability [41]. Besides the
low frequency of Val in the xylanase gene, the
significant differences between Val, Ser and Thr
frequency ratios in the xylanase gene are also
another vital characteristic for the determination
of thermal stability of the xylanase protein. The
Val, Ser and Thr frequency ratios in the xylanase
gene of mesophiles are expressed as 8.1%,
13.0% and 10.4% compared to thermophiles of
5.8%, 9.5% and 12.4% as emphasized by
Hakulinen et al. [41], respectively. Notably, a
closely related pattern to the thermophiles was
observed in xyn of MXB 5 with 4.2%, 8.4% and
12.1% in comparison to xyn of MXB 1 with 4.1%,
9.5% and 11.7%, xyn of MXB 2 with 4.4%, 9.6%
and 11.8%, xyn of MXB 3 with 4.8%, 9.6% and
11.8% and xyn of MXB 4 with 5.3%, 9.2% and
11.8%. Thus, by considering the thermal stable
characteristics of the wild type and mutant
xylanases, all the mutants of B. subtilis ATCC
6633 were in fact exhibited the tendency to be
thermostable based on the Val, Ser and Thr
frequency ratios which were almost identical to
those of thermophiles.

In a nutshell, with the increase ratio of Thr to Ser,
presence of Arg residue and identical Val, Ser
and Thr frequency ratios with thermorphiles
found in the mutant of MXB 5, we anticipated
MXB 5 to be potentially thermophilic useful at the
elevated temperature in xylanase applications.

3.14 Summary of the Characteristics of
the Mutants of B. subtilis ATCC
6633

A summary of the various characteristics in the
mutants of B. subtilis ATCC 6633 is detailed in
Table 4.
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Table 1. BLAST result for the mutants of B. subtilis ATCC 6633

Hit organism Feature (gene) Identity (%) Accession number E-value
Bacillus subtilis subsp. spizizenii strain NRS 231 (ATCC 6633) 1,4-beta-xylanase 99 CP010434.1 0.0
Bacillus subtilis subsp. spizizenii str. W23 endo-1,4-beta-xylanase 99 CP002183.1 0.0
Bacillus subtilis subsp. spizizenii TU-B-10 endo-1,4-beta-xylanase A 95 CP002905.1 0.0
Bacillus sp. JS xyn A 92 CP003492.1 0.0
Bacillus amyloliquefaciens TA208 endo-1,4-beta-xylanase 92 CP002627.1 0.0
Bacillus amyloliquefaciens XH7 glycoside hydrolase 92 CP002927.1 0.0
Bacillus pumilus beta-xylanase precursor 81.3 HM536195 2.1E-21

Table 2. Amino acids characteristics of B. subtilis ATCC 6633 mutant strains after random mutagenesis

Wwild type Types of mutation Mutants
Substitution  Insertion Deletion MXB 1 (position number) MXB 2 (position number) MXB 3 (position humber) MXB 4 (position number) MXB 5 (position humber)
M- Met LN N-Asn (5) I-lle (6) Y-Tyr (6) N-Asn (5)
% - -
K- Lys N E-Glu (1) S-Ser (7) S-Ser (7) I-lle (7) E-Glu (1)
—> E-Glu (6) D-Asp (6)
Q- GIn —> T-Thr (2) T-Thr (2)
R- Arg —> K-Lys (4) K-Lys (4)
F- Phe —> V-Val (9) P-Pro (8)
S- Ser —> I-lle (221) K-Lys (214)
N-Asn —> K-Lys (219)
V-Val —> C-Cys (220) E-Glu (221)
T-Thr —_— Y-Tyr (222)
—> S-Ser (7) K-Lys (8) K-Lys (8) G-Gly (8) R-Arg (7)

16



Table 3. Percentages composition of xylanase amino acid sequences of mutants, wild type, B. subtilis cho40, mesophiles and thermophiles

Ling Ho and Chinonso; BBJ, 12(1): 1-20, 2016; Article no.BBJ.23057

Amino acid MXB 1 (%) MXB 2 (%) MXB 3 (%) MXB 4 (%) MXB 5 (%) Wild type (%) B. subtilis cho40 (%) Mesophiles (%) Thermophiles (%)
Ala (A) 5.40 5.30 5.30 5.30 5.10 5.40 7.40 5.70 5.10
Arg (R) 2.70 3.10 3.10 3.10 3.30 3.10 3.00 2.50 4.50
Asn (N) 6.30 6.60 6.60 6.60 6.10 6.70 9.40 8.90 7.20
Asp (D) 3.60 3.50 3.50 3.50 4.20 3.60 3.50 3.40 4.30
Cys (C) 1.40 0.90 0.90 0.90 0.90 0.90 0.00 0.40 0.70
Gin (Q) 3.60 3.90 3.90 3.90 3.70 4.0 2.50 3.90 4.30
Glu (E) 4.50 3.90 3.50 3.50 4.20 3.60 1.00 2.80 2.90
Gly (G) 9.50 9.20 9.20 9.60 9.30 9.40 12.90 12.50 13.60
His (H) 0.90 0.90 0.90 0.90 0.90 0.90 1.00 1.50 1.60
lle (1) 5.40 5.70 5.30 5.70 5.10 4.90 3.00 3.70 3.90
Leu (L) 6.80 7.00 7.00 7.00 7.00 6.70 3.50 2.50 3.70
Lys (K) 6.80 6.60 6.60 6.10 7.00 6.70 2.50 1.20 1.50
Met (M) 1.80 2.20 2.20 2.60 1.90 2.70 1.50 0.80 0.60
Phe (F) 3.20 3.10 3.10 2.60 2.80 3.10 2.50 3.90 3.00
Pro (P) 3.20 3.10 3.10 3.10 3.70 3.10 3.00 2.80 2.80
Ser (S) 9.50 9.60 9.60 9.20 8.40 9.40 9.90 13.00 9.50
Thr (T) 11.70 11.80 11.80 11.80 12.10 11.70 13.90 10.4 12.40
Trp (W) 3.20 3.10 3.10 3.10 3.30 3.10 5.40 3.50 4.00
Tyr (Y) 6.80 6.10 6.60 6.10 6.50 6.30 7.40 8.40 8.50
Val (V) 4.10 4.40 4.80 5.30 4.20 4.50 6.90 8.10 5.80
Table 4. Summary of the various characteristics in the mutants of B. subtilis ATCC 6633
Mutants of DNA mutagenetic site(s) Predicted theoretical Amino acid mutagenetic Intrinsic relationship Amino acid composition Predicted thermo-
B. subtilis (insertion) [deletion] molecular mass and pl site(s) (insertion) [deletion] of GH Family 11 *M.C.H/*G.S.T stability
MXB 1 T/G and T/C, (T,C,A), [C,A] 24.73 and 8.63 M/N, K/E, QIT, RIK. S/I, N/K, Glu94, Glu183 and 4 Tyr 1.80, 1.40, 0.90/ +
VIC, TIY, (S) [M] residues 9.50, 9.50, 11.70
MXB 2 C/G, T/C and AT, (T,T,T), 25.38 and 9.05 M/1, KIS, VIE, (K) Glu94, Glu183 and 2.20, 0.9, 0.9/ +
[AC] 4 Tyr residues 9.20, 9.60, 11.80
MXB 3 C/G, T/IC and AT, (T,A,T), 25.40 and 9.16 MY, KIS, (K) Glu94, Glu183 and 2.20, 0.9, 0.9/ +
[AC] 4 Tyr residues 9.20, 9.60, 11.80
MXB 4 T/G and G/C, 25.28 and 9.07 K/, FIV, (G) Glu94, Glu183 and 2.60, 0.9, 0.9/ +
(T.C,G), [A,C] 4 Tyr residues 9.60, 9.20, 11.80
MXB 5 T/G and C/T, (C,A), [C] 23.94 and 8.91 M/N, K/E, K/D, QIT, RIK, F/P, Glu94, Glu183 and 1.90, 0.9, 0.9/ ++

SKK, (R) [M]

4 Tyr residues

9.30, 8.40, 12.10

*M: Methionine, C: Cysteine, H: Histidine; *G: Glycine, S: Serine, T: Threonine
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4. CONCLUSION

This work presents an attempt to verify,
determine and analyse the improved xylanase
secretion capability of B. subtilis subsp. spizizenii
ATCC 6633 mutant strains after random
chemicals of AO and EMS mutagenesis.
Identification of the observed effects on the
genes coding for xylanase production in the
respective mutants of B. subtilis subsp. spizizenii
ATCC 6633 prompted the DNA sequence and
analysis of the mutant xylanase genes.
Comparison of xylanase genes obtained from the
different mutants of B. subtilis with the wild type
revealed the site(s) of mutagenesis. Interestingly,
the mutations are significantly reflected at the
5 end of the mutant xylanase genes.
Corresponding amino acids displayed high levels
of amino acid similarity on BLAST analysis
showing extensive homology with GH Family 11
xylanases and a reduced similarity with xylanase
A enzyme. Furthermore, the amino acids of the
mutants had predicted molecular mass ranging
from 23.94 kDa to 25.40 kDa at the predicted pl
ranged between 8.63 and 9.61. Amino acid
composition of the mutants showed high
abundance of threonine (11.7% to 12.1%), serine
(8.4% to 9.6%) and glycine (9.2% to 9.6%). In
fact, the mutant xylanase proteins in this study
possess low methionine (1.8% to 2.6%), cysteine
(0.9% to 1.4%) and histidine (0.9%) which are
the characteristics for microbial xylanases.
Based on the mutations in the mutant xylanases
genes, the corresponding amino acids also
showed substitution and insertion mutations. The
comparison of the xylanase proteins with known
xylanase protein sequences of B. subtilis subsp.
spizizenii strains featured two catalytic residues
in the intergenic region, four Tyr residues and
signal peptides at the n-terminal linked by a
cleavage site to the mature proteins. Xyn of MXB
1 displayed substitution mutations (K1E)
whereas the xyn of MXB 5 exhibited (K1E, K6D
and insertion of R) amino acids mutations.
Furthermore, mutations were observed in xyn of
MXB 1(M5N), xyn of MXB 2 (M6l), xyn of MXB 4
(K71) and xyn of MXB 5 (M5N) which potentially
resulted in increase of xylanase yield. The
mutants xylanase of MXB 1 to MXB 5 showed
approximate Arg compositions to the wild type.
On the other hand, MXB 1, MXB 2, MXB 3 and
MXB 4 possessed approximately similar Ser to
Thr percentage composition to the wild type.
Indeed, MXB 5 showed reduced percentage of
Ser. Overall, mutants of MXB 1, MXB 2, MXB 3,
MXB 4 and MXB 5 were seemed to possess
close related pattern of Val, Ser and Thr which
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are identical to the thermophilic xylanases.
Consequently, we suggested that these mutants
would find biotechnological importance in textile
and bio-bleaching industries that require high
temperature usage in xylanase applications
particularly mutant strain of MXB 5. Indeed,
mutant strain of MXB 5 would probably be
anticipated as being thermophilic based on the
related amino acids pattern to the thermophiles.
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