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Abstract: Thermostable -1, 4-glucosidase ( gl) producing Bacillus subtilis strain PS with enhanced enzyme
productivity (0.57 U/ml) was isolated from sugarcane bagasse and identified based on 16S rDNA sequence
analysis. Extracellular gl was partially purified from culture filtrates of Bacillus subtilis grown in luria broth
supplemented with 0.4% (w/v) cellobiose using ammonium sulfate precipitation and size exclusion
chromatography. Molecular weight of the gl was 67 kDa, determined by size exclusion chromatography and
active staining on non-denaturing polyacrylamide gel. The enzyme catalyzes the p-nitrophenyl- -D-glucoside
(pNPG), with Km 3.33 mM and Vmax 3.44 U/min/mg protein with activation energy (E ) 54 kJ/mol. gl wasa

observed to be competitively inhibited by glucose with Ki value 1.2 mM. Optimal activity of gl with pNPG was
found at pH 5.0 and 60°C. The activity of gl was increased in presence of Ca , Fe , Na , K  but decreased in2+ 2+ + +

presence of Mg , Mn , Hg , Zn , (NH ) and Cu . gl activity stimulated in presence of modulators such as2+ 2+ 2+ 2+ 2+ 2+
4

sucrose, ethanol and ascorbic acid and inhibited in presence of -mercaptoethanol, EDTA, DTT and SDS.

Key words: -glucosidas gl  pNPG Bacillus subtilis  K  V  Km max i

INTRODUCTION from glucoside precursors present in fruits and fermenting

Cellulases are defined by their ability to cut the -1, citrus fruit juices [4].
4 glycosidic bonds. A group of enzymes, is required for Most of studies on gl production have focused on
complete enzymatic hydrolysis of cellulosic materials viz; fungi, with relatively lesser emphasis on bacterial sources
endoglucanase ( -1,4-D-glucan-glucanohydrolase; EC [5, 6, 7]. Bacteria, due to their high diversity, faster growth
3.2.1.4), exocellobiohydrolase ( -1,4-D-glucan gluco- and capability to produce thermostable enzymes, are ideal
hydrolase; EC 3.2.1.91) and -glucosidase ( -D-glucoside for use in industries as highly potent and robust sources
glucohydrolase; EC 3.2.1.21) [1]. -Glucosidase ( gl), a of industrially important enzymes [5, 6, 7, 8, 9]. The
prominent  enzyme in cellulose hydrolysis, catalyses the production of gl by Bacillus species have been studied
hydrolysis of arylglucosides, alkylglucosides, cellobiose previously [10]. The genes encoding bglA of B. polymyxa
and cellooligosaccharides. It is common among plants, [11], bglH of B. pumilus [12] and bgl of B. circulans [13]
fungi and bacteria [2]. gl from different microbial sources and of B. subtilis [14, 15, 16] have been cloned and
exhibits a high degree of variability as regards substrate expressed in E. coli. The gl has also been isolated from
specificity, inducers and cellular location [3]. This enzyme some extremophiles [17, 18] as they possessed high-level
is widely used in several biotechnological processes, activity under high temperatures (57°C) [19]. However, the
including the production of fuel ethanol from cellulosic above cloned and isolated gls neither efficiently working
agricultural  residues  and  the  synthesis  of  useful gl. at 60°C temperature or pH 5.0 nor produces extracellular
In the flavour industry -glucosidases are also key gl.  In  the  present study, we have isolated and
enzymes in the enzymatic release of aromatic compounds identified  Bacillus  strain  PS  that produces thermostable

products. gl can also improve the sensory properties of
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and extracellular gl with good efficiency at 60°C and pH were  dissolved  in small quantity of acetate buffer
5.0, which could be further, exploited for a low cost (100mM, pH 5.0) and measured the protein content and
cellobiose convertible bacterium for industrial useful. gl activity. The fractions that showed significantly high

MATERIALS AND METHODS The concentrated enzyme solution was loaded on a

Chemicals and Bacterial Culture: All chemicals, media acetate buffer at pH 5.0 and proteins were eluted with the
and media components used were of analytical grade, same buffer at a flow rate of 3 ml/min. The standard
obtained from Sigma Chemicals Ltd., Himedia Ltd., Genei protein molecular weight marker was used for the
pvt Ltd., SRL Ltd., Merck Pvt. Ltd. Bacterial isolate PS was determination of molecular weight. The protein content
previously isolated from bagasse in the laboratory of was determined by taking the absorbance at A  and
department of Biochemistry, G.B. Pant University of the gl activity was determined by using pNPG as
Agriculture and Technology [20]. substrate. Active fractions were pooled, dialyzed against

Identification of Microorganism: The isolated strain was
identified using the 16S rDNA sequence analysis. For the gl Assay on Polyacrylamide Gel: Purified gl was
sequence analysis, 16S rDNA region of the isolated strain
was amplified by polymerase chain reaction using forward
primer RDNA 1A: 5'-AGA GTT TGA TCC TGG CTC AG-3'
reverse primer RDNA 1B: 5'-AAG GAG GTG ATC CAG
CCG  CA-3'  with  PCR  conditions:  35  cycles  94°C  for
1.0 min, 54°C 1.0 min, 72°C 1.5 min and final extension for
10 min at 72°C. A 1473 bp amplicon thus obtained was
sequenced. The sequence was submitted to the GenBank.
Pairwise evolutionary distances and phylogenetic tree
was constructed with using MEGA version5 [21].

gl Production,  Assay  and  Total  Protein  Estimation:
A batch culture study was conducted in Erlenmeyer flask,
containing luria broth with 0.4% (w/v) cellobiose, Optimum Temperature and pH:Optimum temperature was
inoculated a loopful of bacteria and incubated at 37°C determined by incubating the gl at various temperatures
with continuous shaking at 120 rpm for 12 h. Culture from 30°C to 100°C for 30, 60 and 90 min in 100 mM acetate
filtrate was obtained by centrifugation of bacterial culture buffer pH 5.0. The optimal pH of gl activity was
at 10000xg for 10 min at 4°C. gl activity was measured in determined by incubating the purified enzyme in various
0.5 ml supernatant towards 0.5 ml p-nitrophenyl- -D- buffers as 0.2M citrate pH 3.0, 4.0 and 6.0, 0.1 phosphate
glucoside (pNPG) (10mM, pH 5.0) as substrate in 100mM pH 7.0 and 8.0, 0.2 M glycine NaOH pH 9.0 and 0.2 M
acetate buffer, pH 5.0, in a final volume of 1.2 ml and was carbonate pH 10.0. The relative activity was measured by
incubated for 30 min at 60°C. The reaction was stopped by standard method.
addition of 1 ml of 1 M sodium carbonate. The amount of
p-nitophenol  released  was  measured  at A  [22]. Thermostability and pH Stability of gl: Thermo-stability405nmn

One unit (U) of enzyme activity is defined as the amount
of the enzyme to produce one l µmol p-nitrophenol /min
under the assay conditions. Protein was determined by
the method of Bradford, with bovine serum albumin as a
standard [23].

Partial Purification of gl: Crude enzyme preparation
was subjected to ammonium sulfate precipitation to obtain data for optimum temperature to hydrolyze pNPG as
different saturation levels (10-80%). Precipitated fractions described by Siddiqui [26].

activity were pooled and dialyzed in acetate buffer at 4°C.

Sephadex G75 column equilibrated with 100 mM sodium

280nm

the same buffer and concentrated by ultrafiltration.

electrophoresed on 8.5% polyacrylamide gel at pH 8.3 as
described by Hames [24]. Upon completion of
electrophoresis, the gel was cut into two strips
longitudinally. One strip was used for activity staining
and another strip was used for protein staining with
coomassie blue R-250 [25]. For active staining, the gel was
soaked in 0.2 M sodium acetate buffer (pH 5.0) for 10 min
at room temperature and then incubated in 0.2 M sodium
acetate buffer containing 0.1% (w/v) esculin (Sigma) and
0.03% (w/v) ferric chloride for 5 min at 50°C. The reaction
was stopped by immersing the gel in a 10% (w/v) aqueous
solution of glucose, an inhibitor of gl.

of gl was determined by pre-incubating enzyme gl in
100 mM acetate buffer, pH 5.0 at 30°C to 60°C for different
course of time and residual activity was measured by
standard method. For determining pH stability, gl was
pre-incubated with buffers of varying pH (3 to 10) and
residual activity was measured by standard method.
Activation energy of gl was determined by using the
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Determination of Kinetic Parameters: The values of the stage when maximum gl activity (2.7 U/mg proteins)
Michaelis  constant  (Km) and the maximum velocity observed (Fig. 3). This is the highest amount of unit/mg
(Vmax) were determined by incubating the gl in 100 mM protein of gl which is not ever produced from any
sodium acetate buffer pH 5.0 at 60°C with different bacterial strain. Since gl is induced in presence of
concentration of pNPG from 0.1mM to 0.2 mM. In glucose cellobiose, gl produces extracelluraly in the Bacillus
inhibition study, gl  was  pre-incubated  in presence of subtilis strain PS. The drop in gl activity could be
3 mM and 6 mM of glucose and gl activity was taken ascribed, at least in part, to limitations imposed by
against pNPG substrate by standard method. Values for depletion of medium and change of pH [28]. However
Km, Vmax and Ki were determined from Lineweaver-Burk several  thermostable gl  isolated  from several fungal
plots [27]. [29, 30, 31, 32, 33, 34, 35]and bacterial [11, 12, 13]sources

Effect of Metal Ions on gl Activity: The effects of produces thermostable gl extracellularly.
various metal ions (Mg , Ca , Mn , Fe , Hg , (NH ) ,2+ 2+ 2+ 2+ 2+ 2+

4

Zn , Cu , Na , K ) at the final concentration of 4 mM on2+ 2+ + +

enzyme activity were determined by pre-incubating the Polyacrylamide Gel: Ammonium Sulfate fractionation of
enzyme with the individual ions in 100 mM sodium acetate the crude enzyme resulted in the maximum activity at 70%
buffer (100mM, pH 5.0) at 37°C for 30 min. Residual ammonium sulfate saturation. The gl was purified 18.04
activities were then measured at 60°C for 30 min with fold and found molecular weight 67 kDa after ammonium
substrate pNPG. sulfate precipitation and Sephadex G75 column and

Effect of Modulators on gl Activity: Various modulators (Fig. 4a,b). The molecular weight of gl has been
sucrose, EDTA, -mercaptoethanol, DTT, SDS, ethanol
and ascorbic acid pre-incubating with gl in 100 mM
sodium acetate buffer (pH 5.0) at 37°C for 30 min. gl
activity was measured at 60°C for 30 min in the presence
of pNPG. The activity assayed in the absence of
modulators was recorded as 100%.

RESULTS AND DISCUSSION

Identification of the Isolated Strain: A thermostable gl partially purified gl was optimally active at 60°C when
producing bacterium was isolated from sugarcane incubated for 30 min (Fig. 5a). However, the gl activity
bagasse. Sequencing of the 16S rDNA of isolated strain was 30% lower in both 60 min and 90 min of incubation
showed the highest identity with Bacillus subtilis. compared to 30 min incubation at 60°C. Most of the
Through alignment analysis of homologous nucleotide thermostable gl obtained from different sources have an
sequences of known microorganisms, phylogenetic optimum temperature between 45°C and 80°C and not yet
relationships could be inferred and the approximate been ascribed in bacteria [38]. The activation energy (E )
phylogenetic position of the strain (Fig. 1). The isolated determined from Arrhenius plot was 54 kJ/mol showed
bacteria and several strain of Bacillus subtilis belonged that the enzyme is more efficiently catalyzed the substrate
to the same branch with 99% probability. pNPG [39] (Fig. 5b). 

Bacterial Growth Versus gl Production: The growth at pH 5.0 while its activity decreased considerably with
curve of the Bacillus subtilis strain PS showed 2 h lag
phase, 12 h exponential phase, 10 h stationary phase and
decline death phase was observed after 24 h (Fig. 2). The
extracellular proteins and gl production was found
maximum 0.21 mg/mL and 0.57 U/mL respectively in the
exponential phase. It suggested that the bacteria actively
divide due to high metabolic activity in the log phase

but this is the first report from Bacillus subtilis which

Partial Purification and gl Activity on Non-Denaturing

confirmed  by  active  staining  of   polyacrylamide  gel

calculated by many researchers from different sources
fungal and bacterial but the isolated gl with 67 kDa did
not match to any gl isolated form bacterial and fungal
sources. The molecular weight of gl varies in different
isolates Bacillus circulans (87 kDa) [36], Bacillus
polymyxa (50 kDa) [11], Lactobacillus casei (480 kDa)
[37].

Effect of Temperature and pH on gl Activity: The

a

The partially purified gl was maximally (100%) active

increase in pH (Fig 5c). This is the first bacterial gl
enzyme which has optimum activity in acid region pH 5.0,
whereas most bacterial gl had maximum activities in the
pH range from 6.0 to 7.5 [40]. Acidic pH optimum and
maximal activity at about pH 5.0 of gl isolated from
diverse microbial systems have also been reported in most
of the fungi and plants [41, 42, 43].
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Fig. 1: The phylogenetic dendrogram for Bacillus subtilis strain PS and related strains based on the 16S rDNA
sequence. Numbers before the names of the strains are gene numbers of published sequences

Fig. 2: Potential of Bacillus subtilis strain PS for gl production in LB medium supplemented with 0.4% cellobiose was
compared with bacterial growth. The cultures were grown in time course study as describes in materials and
methods. Sample flasks in triplicate were withdrawn at every 2 hrs interval. gl activity (U) at 405 nm and optical
density at 600 nm were measured by standard method. Filled square; enzyme activity (U), open circle; bacterial
growth. Each value represents the mean of triplicate measurement and bar represents the value of ± standard error
at P  0.05
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Fig. 3: Total  extracellular  protein  production  from  Bacillus  subtilis  strain  PS  in  LB  medium supplemented with
0.4% cellobiose was compared with bacterial growth. The cultures were grown in time course study as describes
in materials and methods. Sample flasks in triplicate were withdrawn at every 2 hrs interval. Concentration of
protein  was  measured  by  Bradford  (1976) method. Filled square; total protein, open circle; bacterial growth.
Each  value  represents  the  mean of triplicate measurement and bar represents the value of ± standard error at
P  0.05

Fig. 4a: Fig. 4b:

Fig. 4: Non-denaturing polyacrylamide gel electrophoresis and determination of molecular mass of gl purified from
Bacillus subtilis strain PS.

Determination of native molecular mass of gl by gel filtration chromatography on Sephadex G75 column. The
column was calliberated with standard molecular weight proteins; catalase Mr.240 kDa, bovine albumin Mr.66 kDa,
ova albumin Mr.43 kDa and lysozyme 14.3 kDa.
Activity  staining of gl after non-denaturing polyacrylamide gel electrophoresis on an 8.5% polyacrylamide gel.
The same amounts of crude gl preparations were applied to two wells of a gel. After electrophoresis, the gel was
cut longitudinally into two strips. Lane 1: This strip was sliced into 2-mm-thick pieces and stain Coomassie blue
staining and Lane 2, this strip was washed in 0.2 M sodium acetate buffer (pH 5.0) and incubated in the same buffer
containing 0.1% (w/v esculin and 0.03% (w/v) ferric chloride for 5 min at 50°C
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Fig. 5a: Fig. 5b:

Fig. 5c: Fig. 5d:

Fig. 5e:

Optimum  temperature  was  determined  by  incubating  the gl  at  various  temperatures  from 30°C to 100°C for
30, 60 and 90 min in 100 mM acetate buffer pH 5.0 the activity of enzyme without pre-incubation was defined as
100%.
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Arrhenius plot for the determination of activation energy of hydrolysis of pNPG by gl (Activation energy = slope
x R, R= 8.314 JK/mol.
The optimal pH was determined at 60°C for 30 min in various buffers as 0.2M citrate pH 3.0, 4.0 and 6.0, 0.1
phosphate pH 7.0 and 8.0, 0.2 M glycine NaOH pH 9.0 and 0.2 M carbonate pH 10.0. The relative activity obtained
by percent of maximum activity.
Thermostability, the purified gl was pre-incubated in 100mM acetate buffer pH 5.0 at 30°C to 60°C for 20 min to 120
min and residual activity was measured by standard method.
pH stability was determined by measuring the remaining activity after the incubation of purified BGL at 60°C for 30
min in various buffer as 0.2M citrate pH 3.0, 4.0 and 6.0, 0.1 phosphate pH 7.0 and 8.0, 0.2 M glycine NaOH pH 9.0
and 0.2 M carbonate pH 10.0.and the residual activity was measured by standard method after adjusted the pH.
Each value represents the mean of triplicate measurement and bar represents the value of ± standard error at P  0.05.

Thermostability and pH stability of gl: The partially Effect  of  Metal  ions  and  Modulators  on gl Activity:
purified gl was found stable from temperature 40°C-60°C. gl activity increased in presence of Ca (5.6%),
The residual enzyme activity (70%) was observed even Fe (158%), Na (58%) and K (82%) ions while decreased
after 120 min of incubation at 40°C, 50°C and 60°C while it in  presence of Mg (29.2%), Mn (37.4%), Hg (35%),
was observed only 50% at 30°C (Fig. 5d). It showed that Zn  (42%), (NH )  (35%). The maximum decrease of gl
the isolated gl was thermostable up to 60°C temp. The activity was observed in presence of Cu  (83%) ions
hyperthermophilic bacterium Thermotoga maritima suggesting that the thiol groups involved in the active
represents the most thermostable (60°C) gl [38]. site (Table 1). Effects of metal ions on gl activity have

The gl was most stable after incubation for 30 min at also been observed in fungi [48, 49]. However the increase
60°C on pH 5.0 to 6.0. The stability of enzyme was lower, of gl activity in presence of Fe  did not observed in any
when pH increased or decreased from pH 5.0. This result of the gl isolated from bacteria. While a certain range of
attributed that the isolated gl is more stable at pH 6.0 concentrations have been observed to increase the
(Fig. 5e). activity of some gl, but not all [11].

Kinetic Parameters: The Michaelis-Menten constant such as sucrose (5%) and ethanol (9%) suggested that
(K ) and the maximal reaction velocity (V ) of the the enzyme had glycosyl transferase activity (Table 2)m max

partially purified gl at 60°C and pH 5.0 were determined [50]. An increase in enzyme activity in presence of
by  Lineweaver-Burk  double  reciprocal plot  (Fig. 6a). ascorbic acid (66%) may be attributed to the lowering of41

The plot indicated that the K value was 3.33 mM while pH or to the role of ascorbic acid as a cofactor or anotherm

the  V value was 3.44 µM/min for hydrolysis of site for ascorbic acid on the enzyme that increases themax

substrate pNPG. K and V values of -glucosidase for activity  of gl.  An inhibition in gl activity wasm max

hydrolysis of pNPG in Piptoporus betulinus was 1.8 mM observed in presence of EDTA (9%) that suggests the
and 19 µM/min while the values in Melamocarpus sp. presence of divalent metal cations at the catalytic domain
were 3.3 mM and 44 µM/minute respectively [44].The Km of bacterial gl. Enzyme activity also decreased 2.7% and
value of gl from fungi varies from 0.27 mM to 21.7 mM 4% in presence of DTT and -mercaptoethanol28

and from bacteria 0.68 mM to 4 mM [45]. Hence the Km respectively which indicates that the sulfhydryl groups
value for the isolated gl is quite acceptable [46]. might be involved in the catalytic centre of the enzyme

The study of gl inhibition by glucose was and keeps enzyme in oxidized state. The presence of
performed with pNPG as the substrate. Glucose acted as disulfide bond also provides the thermostability of gl.
a  competitive  inhibitor of pNPG hydrolysis, with an However, an increase of gl activity in fungi has been
inhibition constant (Ki) of 1.2 mM (Fig. 6b, c). gl isolated reported in presence of -mercaptoethanol [28]. The
from various sources competitively inhibited by glucose enzyme activity was found 12.2% less in presence of the
[47] Most microbial gl have glucose inhibition constants denaturing agent SDS [51]. Similar results were also.

(K ) ranging from 0.35 mM to 100 mM [4]. While the gl obtained by [52] for production of extracellular proteasei

isolated from Bacillus subtilis strain PS showed by locally isolated Bacillus subtilis IC-5 using agriculture
comparably less inhibition then other bacterial gl. byproducts.

2+

2+ + +

2+ 2+ 2+

2+ 2+
4

2+

2+

gl activity was increased in presence of modulators
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Fig. 6a:
Fig. 6b:

Fig. 6: Kinetic parameter 
Lineweaver-urk plot for the effect of pNPG concentration on gl activity,
Effect of glucose concentration on BGL activity, c. Plot of the slope from fig.5a vs glucose concentration. gl
activity (U) was measured in presence of indicated concentration of pNPG at pH 5.0. Each value represents the mean
of triplicate measurement and bar represents the value of ± standard error at P  0.05

Table 1: Effect of metal ions on activity of purified gl

Metal ions (4 mM) % Residual Activity (U)

Mg 70.8 ± 1.322+

Ca 105.6 ± 1.112+

Mn 62.6 ± 0.982+

Fe 258 ± 0.892+

Zn 58 ± 1.292+

Cu 17 ± 1.322+

Hg 65 ± 1.452+

(NH ) 64 ± 0.994
 2+

Na 158 ± 1.72+

K 182 ± 1.22+

Control 100 ± 0.0

The gl was incubated at 60°C for 30 min in 100 mM acetate buffer pH 5.0
with substrate pNPG and gl activity (U) was taken at 405 nm. Each value
represents the mean of triplicate measurement + standard error at P  0.05.

Table 2: Effect of different modulators on activity of purified gl

Modulators (4 mM) % Residual Activity (U)

Sucrose 105 ± 1.12
EDTA 91 ± 1.21

-mercaptoethanol 96 ± 0.88
DTT 97.3 ± 0.92
SDS 87.8 ± 1.45
Ethanol 109 ± 1.39
Ascorbic Acid 166 ± 1.92
Control 100 ± 0.0

The gl was incubated at 60°C for 30 min in 100 mM acetate buffer pH 5.0
with substrate pNPG and gl activity (U) was taken at 405 nm. Each value
represents the mean of triplicate measurement + standard error at P  0.05.

CONCLUSIONS

This study for the first time, a high level of
extracellular thermostable (60°C) gl production from
Bacillus subtilis strain PS that can potentially be used for
commercial production of gl. This study gives an insight
for more detailed investigation of this novel extracellular

gl, such as X-ray crystallography and cloning of full
length gene followed by protein engineering for further
improvement. Our result should contribute to better
industrial production of glucose or ethanol by
biotechnological application of gl.
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