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Abstract: Present research work is aimed to purify and characterize a recombinant 3-xylosidase enzyme which was
previously cloned from Bacillus licheniformis ATCC 14580 in to Escherichia coli BL21. Purification of recombinant
enzyme was carried out by using ammonium sulphate precipitation method followed by single step immobilized metal
ion affinity chromatography. Specific activity of purified recombinant B-xylosidase enzyme was 20.78 Umg™ with 2.58
purification fold and 33.75% recovery. SDS-PAGE was used to determine the molecular weight of recombinant purified
B-xylosidase and it was recorded as 52 kDa. Purified enzyme showed stability upto 90°C within a pH range of 3-8 with
and optimal temperature and pH, 55°C and 7.0, respectively. The enzyme activity was not considerably affected in the
presence of EDTA. An increase in the enzyme activity was found in the manifestation of Mg*?. Enzyme activity was also
increased by 6%, 18% and 22% in the presence of 1% Tween 80, B-mercaptoethanol and DTT, respectively. Higher
concentrations (10 — 40%) of organic solvents did not show any effect upon activity of enzyme. All these characteristics

of the recombinant enzyme endorsed it as a potential candidate for biofuel industry.
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INTRODUCTION

The major component of plant cell wall comprises of
cellulose and hemicellulose along with pectin, aromatic
compounds such as lignin, proteins and various other
interlinked polymer (Malherbe and Cloete, 2002).
Cellulose is the most abundant polysaccharide occuring in
nature, which comprises of solely 1,4-linked - D-glucose
units (Ahmed et al., 2009). In comparison to cellulose,
hemicelluloses that are regarded as the second largest
polysaccharide present on earth, are very complex
polysaccharides and present in various structural types
(Korner, 2003) such as mannans, xylans, f-glucans and
xyloglucans (Ebringerova et al., 2005). Among all these
types of hemicelluloses, xylan is considered as the most
copious type of hemicellulose occuring in nature which
comprises of B-1,4- linked xylose residues interlinked
with sugar acid residues and sugars (da Silva et al., 2012).

For complete breakdown of hemicelluloses into xylose
sugar, a series of strenuous action of hydrolytic enzymes
is necessary (Coughlan and Hazlewood, 1993; Kulkarni et
al., 1999; Cosgrove, 1997). The hydrolytic enzymes that
are involved in hydrolysis of hemicelluloses into
monosaccharide  sugars,  generally  known  as
hemicellulases, which include endoxylanase (endo-1,4--

xylanase, E.C.3.2.1.8), pB-xylosidase (xylan-1,4-B-
xylosidase, E.C.3.2.1.37), E.C.3.2.1.139, a- glucuronidase
(a-glucosiduronase), acetylxylan esterase (E.C.3.1.1.72)
and  a-arabinofuranosidase  (o-Larabinofuranosidase,
E.C.3.2.1.55) (Juturu and Wu, 2012). Endoxylanases are
involved in the generation of xylooligosacchrides while f3-
xylosidases cleave xylooligosacchrides to
xylomonosacchrides (Biely, 1985). B-xylosidases split the
terminal xylose units from non-reducing ends of dimers
and trimmers of xylose that are generated by the action of
xylanase (Peij et al., 1997; Perez-Gonzalez et al., 1998).

B-xylosidases are used in various industrial processes
such as paper industry (Marques et al., 2003), wood pulp
industry (Tsujibo et al., 2001), in bread making (Dornez
et al., 2007), fruit juice production (Manzanares et al.,
1999) and xylitol production (Polizeli et al., 2005). Xylan
degrading enzymes are widely present in microorganisms
(bacteria and fungi) (Khasin et al., 1993; Lee et al., 1986;
Shao and Wiegel, 1992) but only few studies are present
on thermotolerant xylan hydrolyzing enzymes (Dekker,
1983). To overcome the industrial demand for xylose and
xylooligosacchrides, there is a need to explore more and
more thermostable xylanolytic enzymes (Baba et al.,
1994). Among xylan degrading enzymes, xylanases are
vastly studied as compared to [-xylosidase and few
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reports are present on both xylanases and B-xylosidases
(Nanmori et al., 1990; Sunna and Antranikian, 1996;
Waino and Ingvorsen, 2003). The presence of both
xylanolytic enzymes (xylanase and B-xylosidase) in the
same microorganism was reported only in Bacillus
thermantarcticus (Lama et al.,, 2004) and Bacillus
stearothermophilus (Baba et al., 1994; Nanmori et al.,
1990).

Due to ease of genetic manipulation, Escherichia coli is a
very commonly used microorganism (Jarboe et al., 2007).
By the application of gene manipulation techniques, much
advancement has been made to generate a favorable
environment for enzyme production at industrial scales
(Zafar et al., 2014). Bacillus licheniformis is a spore
producing, Gram-positive and slightly thermophilic
bacterium that plays an important role in biotechnology
industry to produce various kinds of enzymes including -
xylosidase and is capable of growing on cellulose as
exclusive source of carbon (Rey et al., 2004).

We have published our related work earlier on the
application of B-xylosidase enzyme in saccharification of
plant biomass (Aftab et al., 2017). The present research
work was carried out on characterization and purification
of previously cloned B-xylosidase enzyme from B.
licheniformis.

MATERIALS AND METHODS

Selection of microorganisms and plasmids

B. licheniformis ATCC 14580 strain was attained from
the USDA ARS Culture and Collection, Peoria, USA.
Lyophilized culture was inoculated in 10 ml of Tryptone
Glucose Yeast extract (TGY) medium (0.1 % glucose, 0.5
% tryptone, 0.1 % K,HPO, and 0.5 % yeast extract) and
further maintained in LB (Luria-Bertani). E. coli BL21
(DE3) was acquired from culture bank of Institute of
Industrial Biotechnology (I1B), Government College
University, Lahore Pakistan, maintained in LB medium
and used as expression system of cloned xylosidase gene.
pET 2la (+) vector (Novegen) was used for the
expression of cloned gene.

Cloning of p-xylosidase gene

B-xylosidase gene of B. licheniformis was cloned in pET
21a (+) and expressed into E. coli BL21 strain (Aftab et
al., 2017). Genomic DNA of B. licheniformis ATCC
14580 was isolated by using standard protocol (Kronstad
et al., 1983) and used for the amplification of xynB gene
of B. licheniformis ATCC 14580. DNASTAR software
was used to design the primers against the sequence
(Accession No. Q65MB6) retrieved from NCBI database.
Restriction sites of HindlIl and Ndel shown in bold were
added in sequences of reverse and forward primers,
respectively. The sequences of the both primers are given
below:

Xylo F° GCCATATGATGAGCGGTGAACACACA
Xylo R’GCAAGCTTATATGCAATATAGCGGAACC
AGTC

Double restriction of amplified products of xynB gene and
PET 21a(+) vector, was carried out by using HindlIl and
Ndel (Thermo Scientific) in 10X Tango buffer. Qiagen
DNA purification kit was used to purify DNA. After
purification, purified double restricted fragment of xynB
was inserted within Hindlll and Ndel restriction sites of
vector pET 2la (+) by using T4DNA ligase in the
presence of buffer of T4 DNA ligase and incubated for 1
hour at 22°C and transformed into newly prepared
competent cells of BL21 (DE3) strain of E. coli according
the of Sambrook et al. (2001). The CaCl, method of
Cohen et al. (1972) was used for the preparation of
competent cells. Screening of positive clones was
performed by double digestion of plasmid with restriction
enzymes (Hindlll and Ndel) as well as by colony PCR.
Cell lysis method was used for plasmid isolation
(Birnboim and Doly, 1979).

Expression of recombinant xynB gene

Expression of cloned xynB gene from B. licheniformis
ATCC 14580 was analysed by culturing the recombinant
E. coli BL21 (DE3) colony in LB medium supplemented
with ampicillin (100pg/pl) at 37°C until its optical density
reached to 0.5 to 0.7 at 600 nm. Cells were then induced
with IPTG (isopropyl-D-thiogalactopyranoside) (0.5mM)
and incubated at 37°C for further 4 hours. After 4 hours,
cells were separated by centrifugation at 6000 rpm and
4°C for 10 minutes. Supernatant was separated and cells
were sonicated in a sonicator (Hielscher, Ultrasound
Technology) after resuspension in 5ml of Tris-Cl buffer
(50 mM) of pH 7.5-8. Again, it was centrifuged at 6000
rpm for 10 minutes at 4°C and cell lysate was separated.
Cloned xynB gene expression was analysed in both
extracellular as well as intracellular fractions by running
on SDS-PAGE (12%) and then visualizing after staining
with Coomassie Brilliant Blue dye (Laemmli, 1970).

Enzyme assay

Activity of enzyme was determined by using p-
nitrophenyl-p-D-xylopyranoside (1 mM) as substrate in
sodium acetate buffer (50 mM, pH 5.0). Reaction mixture
was prepared by adding 0.5 ml enzyme sample and 0.5 ml
substrate solution (1 mM), incubated at 50°C for 10
minutes and then 1 ml sodium carbonate (1M) was added
to terminate the reaction. A control was run in parallel in
which enzyme was added after incubation. The amount of
p-nitro phenol liberated during reaction was calculated by
observing absorbance at 400 nm in a spectrophotometer.
Enzyme unit was defined as “the quantity of enzyme used
to liberate 1 pmol p-nitro phenol per minute under
standard assay parameters”.
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Purification of recombinant p-xylosidase enzyme
Ammonium Sulfate Precipitation

Partial purification of p-xylosidase enzyme was
performed by using ammonium sulfate precipitation
method (de Moraes et al., 1999). 50 ml of crude enzyme
was saturated by ammonium sulfate (10-100%) along
with continuous stirring with magnetic stirrer at 4°C.
After an hour of continuous stirring, it was centrifuged for
20 minutes at 12000 rpm and 4°C. Pellet attained was
resuspended in 1 ml sodium citrate buffer (50 mM) of pH
7.5. Dialysis was carried out for 24 hours against 50mM
sodium citrate buffer having pH 7.5 with constant stirring
by using membrane with molecular weight cut off 12
kDa.

Affinity chromatography

Final purification of enzyme was achieved by
immobilized metal ion affinity chromatography (IMAC).
A purification kit, Protino® Ni-TED, packed columns
were used for purification. The columns were equilibrated
with 1X LEW buffer (Lysis Equilibrium Wash Buffer) (4
bedvolumes) and endorsed to drain by gravity. 2 ml
recombinant B-xylosidase enzyme was loaded at the
column and endorsed to drainunder gravitational force.
LEW buffer (1 X) was used to wash the column (eight
bed volumes). Elution buffer (3 X) was used in order to
elute the column bounded proteins.

Characterization of purified enzyme

Purified recombinant B-xylosidase enzyme was
characterized by studying different parameters like; pH
stability, thermostability, effect of EDTA and metal ions
upon activity and stability of enzyme, organic solvents
and inhibitors’s effect upon the activity and stability of
recombinant purified enzyme, substrate specificity of the
enzyme and calculation of molecular weight of the
purified recombinant B-xylosidase enzyme.

RESULTS

Cloning and expression of -xylosidase gene
Transformed colonies were screened by restriction
analysis of recombinant plasmid as well as by colony
PCR. The restricted products were analysed on 1%
agarose gel and observed the separation of cloned B-
xylosidase gene from plasmid pET 21a (+) plasmid (fig.
1) which showed the successful cloning of B-xylosidase
gene in vector pET 2la (+). Expression of cloned -
xylosidase gene in pET 21a (+) was determined by SDS-
PAGE in both extra cellular and intracellular fractions
after induction with IPTG. In intracellular fraction the
enzyme activity was found to be 2.41 U/ml/min, while in
extra cellular fractions no enzyme activity was found.
Expression of recombinant [-Xxylosidase enzyme as
determined by SDS-PAGE is represented in fig. 2.

Enzyme purification
B-xylosidase enzyme was partially purified by ammonium
sulphate precipitation at 4°C with gentle stirring. The
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fractions having high p-xylosidase activity were
combined, dialyzed and subjected to immobilized metal
affinity chromatography for further purification. The
active fractions were pooled and analyzed by SDS-PAGE.
Purified enzyme showed 2.58 purification fold having
33.75% yield with 20.78 U/mg specific activity.
Appearance of single band of 52 kDa on SDS-PAGE
indicated the successful purification of B-xylosidase
enzyme (fig. 2). Result of all purification steps are
summarized in table 1.

Characterization of purified recombinant ff-xylosidase
Molecular weight determination

Mass of recombinant B-xylosidase was calculated by
SDS-PAGE. A discrete band of 52 kDa was detected in
purified fraction but such band was not observed in
controls like simple uninduced vector, induced vector
without any gene, cell extract of wild host strain and non-
induced recombinant vector which contain B-xylosidase
gene as shown in fig. 2.

Thermostability

Temperature stability of purified recombinant -
xylosidase was determined by examining the residual
activity after pre-incubation of enzyme for 1-4 hours at
varying temperature  (40-90°C). Recombinant f-
xylosidase enzyme was stable at high temperatures and
retained almost 100% activity after treatment of 4 hours at
40°C and 50°C. The enzyme showed very good stability
and retained 75% of its residual activity at 60°C after 4
hours of incubation (fig. 3A). The activity of B-xylosidase
was declined as the incubation proceeded and was
reduced to 58%, 49% and 45% at 70°C, 80°C and 90°C
after 4 hours of incubation. After 3 hours of incubation at
60°C, 70°C, 80°C and 90°C the residual activity of
enzyme was 81%, 63%, 55% and 48%, respectively.
However, after 2 hours of incubation enzyme was found
to be very stable and retained upto 54% stability at 90°C
(fig. 3A).

Stability of purified g-xylosidase at various pHs

pH stability of cloned B-xylosidase enzyme was examined
in buffers with varying pH range (3 - 8) for 1-4 hours at
room temperature. The enzyme showed very good
stability at pH 6 and 7 and retained almost 100% activity
after 4 hours of incubation (fig. 3B). The enzyme stability
was found to be decreased when incubation proceeded at
pH 3, 4, 5 and 9 and after 1 hour of incubation the
enzyme showed 55%, 69%, 82% and 70% stability
respectively. However, reasonable enzyme activity (22%,
36%, 41% and 32%) was sustained after 4 hours of
incubation at pH 3, 4, 5 and 9 (fig. 3B).

Substrate specificity

Specificity of purified B-xylosidase enzyme against
different substrates was investigated by using 1%
substrates  (4-nitrophenyl-a-L-arabinofuranoside,  4-
nitrophenyl-p-D-glucopyranoside,  4-nitrophenyl  B-
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xylopyranoside and birch wood xylan). The enzyme
showed highest activity against 4-nitrophenyl p-
xylopyranoside (3.29 U/ml/min) (fig. 3C).

Inhibitor’s effect on B-xylosidase activity
Effect of various inhibitors was determined on the activity
of B-xylosidase enzyme against different concentrations

of inhibitors (1-4%) at room temperature. Results showed
L2 L3 1415 L6

6000bp SeEhp
1500b 1548bp
1000bp
500bp

Fig. 1: Cloning of B-xylosidase enzyme: In lane 1
GeneRuler™ DNA marker is present, lane 2 is empty
while in lane 3 and 4 amplified products of B-xylosidase
gene (1420 bp) is present. Lanes 5 and 6 show the
recombinant expression vector pET-21a (+) containing B-
xylosidase gene (6820 bp).

that recombinant B-xylosidase enzyme was very stable in
the presence of all inhibitors used (SDS, DMSO, NaN3,
B-mercaptoethanol, DTT and Tween 80) and enzyme
activity was increased to 118% and 129% in the presence
of 1% B-mercaptoethanol and DTT respectively. Enzyme
also showed significant stability 72%, 64% and 73% after
treatment with 1% DMSO, SDS and NaN3, respectively.
However, with higher concentrations of SDS, DMSO and
NaN3 enzyme activity was seemed to be slightly
decreased (fig. 3D).

EDTA and metal ion’s effect

EDTA and metal ion’s effect on B-xylosidase activity was
determine by pre-incubation of enzyme with 1 to 10
mMof metal ions (Co*?, Na?, Mg*> Mn*?, Ca*?, Cu*? and
Hg'?) as well as EDTA. Enzyme activity was found to be
stable in the presence of most of the metal ions instead of
Cu*, Ni2, Co™ and NH,™ at higher concentrations as
shown in fig. 3E. An increase in enzyme activity (119%)
was observed with 10 mM Mg however, no
considerable effect of EDTA was observed on
recombinant B-Xxylosidase enzyme.

Organic solvent’s influence on f-xylosidase stability

Influence of organic solvents upon B-xylosidase enzyme
was checked by determining the residual activity of
enzyme after incubation with different organic solvent for
1 hour at room temperature. The results revealed that

recombinant enzyme was highly stable in the presence of
all organic solvents even at higher concentration (40%).
In the manifestation of 10% methanol, isopropanol,
acetone, ethanol and n-butanol the enzyme activity was
93%, 91%, 97%, 82% and 88%, respectively.

L1 L2
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|
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Fig. 2: Expresion and purification analysis of cloned B-
xylosidase gee. (A) Lane 1 to 5 represents: protein
marker, cell extract of wild E. coli, pET 21a (+) vector
only induced, recombinant vector containing B-xylosidase
gene (non-induced) and induced recombinant vector
containing B-xylosidase gene. (B) Lane 1 to 2 represents
B-xylosidase enzyme (partially purified) and purified B-
xylosidase showing a distinct band of 52 kDa.

DISCUSSION

B-xylosidase is one of the hemicellulases which is
considered as a necessary component for the
saccharification process of hemicellulose components of
plant cell wall. The present research work concerned with
purification and characterization of a recombinant f-
xylosidase enzyme from Bacillus licheniformis
ATCC14580 into E. coli BL21 which can be used for the
saccharification process of plant biomass along with other
cellulases and hemicellulases of the mesophilic origin.

B-xylosidase gene of Bacillus lichniformis ATCC 14580
was cloned and successfully expressed into E. coli BL21
strain. pET 21a (+) was used as an expression vector to
get the maximum expression of B-xylosidase gene under
T7 promoter system. Pontonio et al. (2016); Sumarsih et
al. (2015) and Umemoto et al. (2008) also cloned f-
xylosidase genes from Lactobacillus rossiae, Bacillus
megaterium and Vibrio sp. by using pHIS1525 and
PET22b (+) as expression vectors, respectively. The
expression of cloned gene was checked in both
intracellular as well as extracellular fractions by using
SDS-PAGE as well as by checking the enzyme activity in
both fraction using standard enzyme assay method. In this
study the expression of cloned B-xylosidase gene was
found in intracellular fraction (fig. 2), which was obtained
after cell lysis by heat sonication system.
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Table 1: Summary of purification steps of B-xylosidase

Asma Zafar et al

Purification Ste Enzyme activity | Protein concentration Specific activity Percentage | Purification
P (U/ml) (mg/ml) (U/mg) yield Fold
Crude extract 25.24 3.14 8.03 100 1
(NH,);SO4 18.24 12 15.2 72.26 1.89
Precipitation
Affinity Chromatography
(IMAC) 8.52 0.41 20.78 33.75 2.58
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Fig. 3: Characterization of recombinant 3-xylosidase; A: Thermostability B: pH stability C: Substrate specificity D:
Effect of inhibitors on enzyme activity and stability E: Effect of EDTA and metal ions on enzyme activity and stability
F: Effect of organic solvents on enzyme activity and stability.
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To characterize the purified p-xylosidase enzyme for use
in industrial processes, various parameters likes
thermostability, pH stability, stability of enzyme in the
presence of various inhibitors as well as organic solvents
and metal ions were checked. Purified recombinant -
xylosidase enzyme was found to be stable upto 90°C and
retained almost 75% of its activity after 4 hours of
incubation at 60°C as shown in fig.3A. This is the most
important characteristic of the enzyme which makes it a better
candidate for the saccharification of plant biomass. Our results
are in accordance to the Bhalla et al. (2014) who reported a
recombinant thermostable B-xylosidase from Geobacillus sp.
into E. coli which was stable at 50 — 70°C. However, Lama et al.
(2004) and Saha (2003) studied B-xylosidases from Bacillus
thermantarcticus and Fusarium proliferatum which were stable
at 60°C for 1 hour and at 50°C for 30 min, respectively. pH
stability of the B-xylosidase enzyme was checked at a broad pH
range (3-8) and it was found from the results that enzyme
showed good stability even after 4 hours upto pH 8 which makes
it a better choice for industrial use. Quintero et al. (2007)
reported a P-xylosidase enzyme from Geobacillus pallidus
which was stable at wide range of pH (3-9). However, a
recombinant B-Xylosidase from Paenibacillus woosongensis into
E. coli was reported by Kim and Yoon (2010) which was stable
at pH 6 — 8 and showed residual 76% activity while Shi et al.
(2013) reported a recombinant B-xylosidase from Thermotoga
thermarum which was stable at pH 5.0 — 7.5.

The purified recombinant B-xylosiadse enzyme gave maximum
activity with 4-nitrophenyl B-xylopyranoside among various
other substrates checked as shown in fig. 3C. In previous
studies, B-xylosidases of Paenibacillus woosongensis,
Thermoanaerobacter ethanolicus and Aeromonas caviae were
also reported to exhibit maximal activity against 4-nitrophenyl
B-xylopyranoside (Kim and Yoon, 2010; Shao and Wiegel,
1992 and Suzuki et al., 2001) but Kirikyali et al. (2014)
expressed a recombinant B-xylosidase in Pichia pastoris from
Aspergillus oryzae which showed maximum activity against 4-
nitrophenyl B-Xxylopyranoside but also gave some activity
against 4-nitrophenyl-p-D-glucopyranoside and 4-nitrophenyl-a-
L-arabinofuranoside. Various inhibitors like SDS, DMSO,
NaN3, p-mercaptoethanol, DTT and Tween 80 were used to
checked the stability of cloned B-xylosidase enzyme against
inhibitors. The enzyme was not only found to be stable in the
presence of all these inhibitors but enzyme activity was
increased to 118% and 129% in the presence of 1% f-
mercaptoethanol and DTT, respectively, as shown in fig. 3D. It
is reported in various studies that [-xylosidase from
Paecilomyces thermophila, Aspergillus oryzae and Bacillus
thermantarcticus was slightly inhibited by SDS and f-
mercaptoethanol (Yan et al., 2008; Kirikyali et al., 2014; Lama
et al., 2004). However, Lama et al. (2004) reported 100%
stability of B-xylosidase from Bacillus thermantarcticus in the
presence of DTT.

Organic solvents did not considerably affect the enzyme activity
and results showed that recombinant B-xylosidase enzyme is
very good stable in the presence of various organic solvents
even at very high concentration (40%) as shown in fig. 3F. The

concentrations (1 to 10 mM) of different metal ions and EDTA.
Enzyme showed very good stability against most of the metal
ions even at higher concentration and enzyme activity was also
found to be increased (119%) in the presence 10 mM Mg*? as
shown in fig. 3E. EDTA did not affect the activity of the
enzyme. These results are in accordance to the Yan et al. (2008),
Lama et al. (2004) and Kirikyali et al. (2014) who reported B-
xylosidases  from  Paecilomyces thermophila, Bacillus
thermantarcticus and Aspergillus oryzae, respectively. On
the basis of the all these studies, it is suggested that this
recombinant purified B-xylosidase enzyme from Bacillus
licheniformis ATCC 14580 could be a potential candidate
for use in many industrial applications, particularly in
saccharification of plant biomass due to its adaptive
capability to withstand unreceptive conditions used in
industrial methods.

CONCLUSIONS

A recombinant thermostable B-xylosidase enzyme from
Bacillus licheniformis was purified by using ammonium
sulphate precipitation and immobilized metal ion affinity
chromatography to homogeneity and further characterized
for use in various industrial applications. The recombinant
enzyme showed most of its activity toward p-nitrophenyl-
xylopyranoside and showed tolerance to high temperature
and pH. It was also stable in the presence of various
organic solvents, showed resistance to the inhibitors and
did not considerable affected by metal ions as well as
EDTA. These characteristics of recombinant B-xylosidase
enzyme nominated it as a potential candidate for
industrial applications.
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