
INTRODUCTION

Cellulose is an unbranched glucose polymer composed
of D-glucose units linked by a 1,4-β-D-glucosidic bond, is
the most abundant renewable resource on the earth. Renewable
alternative energy has recently attracted much attention because
of the shortage of fossil fuels, emission of greenhouse gasses
and air pollution caused by incomplete combustion of fossil
fuels1. In addition, the most important process in the production
of bioethanol, an important alternative energy resource, is the
hydrolysis of cellulose to glucose2.

Cellulases have attracted much interest because of their
enormous potential to convert cellulose to products such as
soluble oligosaccharides, glucose, alcohols and other indus-
trially important chemicals3-5. The complete enzymatic hydro-
lysis of cellulosic material needs different types of cellulases
i.e., endoglucanase (1,4-β-D-glucan-4-glucanohydrolase; EC
3.2.1.4), exocellobiohydrolase (1,4-β-D-glucan glucohydro-
lase; EC 3.2.1.74) and β-glucosidase (β-D-glucoside
glucohydrolase; EC 3.2.1.21)6. The endoglucanase randomly
hydrolyzes the β-1,4 bonds in the cellulose molecule and the
exocellobiohydrolase in most cases releases a cellobiose unit
showing a recurrent reaction from chain extremity. Lastly, the
cellobiose is converted to glucose by β-glucosidase3.

β-Glucosidases are also involved in transglycosylation
reactions of β-glucosidic linkages of glucose conjugates.
Variations of β-glucosidases are distributed widely in all types
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of living organisms and play important roles in diverse biolo-
gical processes depending on the location and the biological
system where these reactions occur7.

The main interest in this enzyme is related to its potential
applications in food processing industry (for example, the
production of wines and fruit juices) for improving organo-
leptic product properties8. The β-glucosidase is also used in
the synthesis of glycoconjugates by reversing the normal
hydrolytic reaction9,10.

The aims of this study are to extract and partially purify a
β-glucosidase from the fruiting body of Lepista flaccida, an
edible mushroom and characterize the enzyme to determine
optimum reaction conditions (pH and temperature), thermal
and pH stability, kinetic parameters and effects of various
chemical compounds. In this way, a new enzyme having
industrial applications could be obtained.

EXPERIMENTAL

Lepista flaccida (Sowerby:Fr.) Pat. was collected from
Hidirnebi High Plateau (Trabzon, Turkey), carried into the
laboratory in liquid nitrogen and stored in deep freeze at -34 ºC.
All chemicals used in the study were reagent grade and pur-
chased from Sigma (St. Louis, MO, USA).

Preparation of crude enzyme extract: Crude enzyme
extract was prepared as reported previously with some modifi-
cations11-13. Mushrooms (ca. 50 g) were placed in a dewar flask
under liquid nitrogen for 10 min in order to decompose cell



membranes. The cold mushrooms were homogenized in 50
mL of 50 mM cold phosphate buffer (pH 7.0) containing 2 mM
EDTA, 1 mM MgCl2 and 1 mM phenylmethylsulfonyl fluoride
(PMSF) by using a porcelain mortar. After the homogenate
was filtered through four layers of muslin, the filtrate was centri-
fuged at 20,000 rpm for 0.5 h at 4 ºC. The supernatant was
used as crude enzyme extract.

Partial purification of L. flaccida βββββ-glucosidase: Solid
ammonium sulfate was added to the crude enzyme extract to
attain 10 % saturation. The mixture was stirred for 2 h at 4 ºC
and centrifuged at 20,000 rpm for 0.5 h at 4 °C. While the
pellet was redissolved in 50 mM phosphate buffer (pH 7.0) and
dialyzed overnight against the same buffer. The supernatant
was used to obtain 20 % saturation as explained above. In this
way, 30-80 % saturations were also obtained.

Determination of protein concentration: Protein concen-
tration was determined according to the Lowry method with
bovine serum albumin as a standard14. The values were obtained
by graphic interpolation on a calibration curve at 650 nm.

Determination of βββββ-glucosidase activity: β-Glucosidase
activity was assayed by using p-nitro phenyl-β-D-glucoside
(pNPG) as a substrate. 200 µL of enzyme solution and 200 µL
of pNPG (4 mM stock) were incubated for 20 min at 37 ºC.
The reaction was stopped by adding 1.2 mL of 0.1 M Na2CO3.
The amount of p-nitro phenol (pNP) liberated was estimated
at 400 nm. One unit of enzyme activity was defined as the
amount of enzyme producing 1 µmol pNP/min in the reaction
mixture under the assay conditions15.

Activity staining: Non-denaturing polyacrylamide gel
electrophoresis was performed at 4 ºC by using an 8 % separa-
ting gel containing 4-methylumbelliferyl-β-D-glucopyranoside
(MUG) in the final concentration of 0.01 % (w/v). After the
electrophoresis was run, the gel was washed three times with
100 mM McIlvaine buffer (pH 5.0) and incubated at 37 ºC for
0.5 h in 50 mM McIlvaine buffer (pH 5.0) containing 0.1 %
MUG. β-Glucosidase bands were then visualized under UV
light16.

Effect of pH and temperature on L. flaccida βββββ-glucosi-

dase activity: The activity of the partially purified L. flaccida

β-glucosidase as a function of pH was assayed at 37 ºC by
using pNPG as a substrate and 50 mM buffer systems with
overlapping values: Glycine-HCl (pH 2.0-3.0), McIlvaine (pH
3.0-8.0) and tris-HCl (pH 8.0-9.0). The activity was expressed
as per cent relative activity with respect to maximum activity,
which was considered as 100 %17.

The optimum temperature of the enzyme was determined
at optimum pH value by measuring the activity at different
temperatures in the range of 10-80 ºC with 10 ºC increments
by using pNPG as a substrate. The activity was expressed as
per cent relative activity in relation to the temperature optimum,
which was considered as 100 %16.

Enzyme kinetics: Enzyme kinetic parameters of L.

flaccida β-glucosidase were obtained by measuring the rate
of pNPG hydrolysis at various substrate concentrations in the
standard reaction mixture (at 60 ºC in 50 mM McIlvaine buffer,
pH 3.0). The Michaelis-Menten constant (Km) and maximum
velocity (Vmax) values were determined from the Lineweaver-
Burk plot using the Microsoft Excel software.

Effect of pH and temperature on the stability of the

enzyme: The effect of pH on the enzyme stability was deter-
mined by incubating the partially purified enzyme at 4 ºC for
24 h in the buffer solutions of different pH values: glycine-
HCl (pH 2.0), McIlvaine (pH 3.0-8.0) and tris-HCl (pH 9.0).
At the end of the storage period, the β-glucosidase activity
was assayed under standard reaction conditions. The percentage
residual enzyme activity was calculated by comparison with
non-incubated enzyme16,18.

In order to determine the thermal stability of the L. flaccida

β-glucosidase, the enzyme solutions in Eppendorf tubes were
incubated at temperatures over the range of 10-60 ºC. Aliquots
were withdrawn at times of 0.5, 6, 12, 24 and 48 h, rapidly
cooled in an ice bath for 5 min and then brought to 25 ºC. At
room temperature, the enzyme activity was determined at
standard assay conditions. Control with non-incubated enzyme
was used to determine the 100 % activity value17,18.

Effect of metal ions and chemicals on the enzyme

activity: The effect of metal ions on the enzyme activity was
separately investigated by adding Na+, Li+, Mn2+, Zn2+, Hg2+,
Co2+ and Cu2+ directly to the standard reaction mixture in a
final concentration of 1 mM. Enzyme activity determined in
the absence of metal ion was defined as 100 %17.

To study the effect of some chemicals on the enzyme
activity, EDTA, PMSF, β-mercaptoethanol (β-ME) and dithio-
threitol (DTT) were separately added to the standard reaction
mixture in the final concentration of 1 and 10 mM. Also, the
effect of sodium dodecyl sulfate (SDS) on the β-glucosidase
activity was investigated in the final concentration of 1 and
10 % SDS in the reaction mixture. The percentage residual
activities were expressed by comparison with standard assay
mixture with no chemical added7.

RESULTS AND DISCUSSION

Partial purification of L. flaccida βββββ-glucosidase: In this
study, a β-glucosidase from the fruiting body of L. flaccida

was partially purified with ammonium sulfate precipitation. It
was determined that L. flaccida β-glucosidase was purified
5.0-fold with 30-40 % ammonium sulfate saturation and this
saturation point was used for performing all other studies such
as activity staining, protein determination and enzyme charac-
terization.

Activity staining: Non-denaturing polyacrylamide gel
electrophoresis was performed at 4 ºC by using an 8 % separa-
ting gel containing MUG in the final concentration of 0.01 %
(w/v). After the electrophoresis, β-glucosidase bands were
visualized under UV light. While the presence of two β-gluco-
sidase bands were observed in the crude enzyme extract, one
activity band was seen in the enzyme solution obtained with
30-40 % ammonium sulfate precipitation (Fig. 1). This means
that L. flaccida β-glucosidase isoenzymes were successfully
separated from each other. Two activity bands observed in the
crude enzyme extract could be attributed to the presence of
isoenzymes. Existing of isoenzymes for β-glucosidases has
been reported for different organisms19,20.

Effect of pH and temperature on L. flaccida βββββ-glucosi-

dase activity: The activity of the partially purified L. flaccida

β-glucosidase was analyzed at 37 ºC between pH values of
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Fig. 1. Non-denaturing polyacrylamide gel electrophoresis

2.0 and 9.0 using 50 mM buffer systems with overlapping
values. The optimum pH for the enzyme was 3.0, with 82 and
68 % of the maximum activity appearing at pH 4.0 and 5.0,
respectively (Fig. 2).
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Fig. 2. pH-activity profile of partially purified L. flaccida β-glucosidase

Activity of the partially purified enzyme was investigated
over a temperature range from 10-80 ºC at pH 3.0. The derived
results indicated that the enzyme was active over a broad tempe-
rature range with the highest activity at 60 ºC (Fig. 3). Similar
results were also reported for Aspergillus kawachii, Stachybotrys,
Aspergillus oryzae and Periconia sp. β-glucosidases7,21-23.
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Fig. 3. Temperature-activity profile of partially purified L. flaccida β-
glucosidase

Enzyme kinetics: The effect of pNPG concentration on
the L. flaccida β-glucosidase activity was measured at substrate
concentrations ranging from 0.1-5.0 mM. The values of Km

and Vmax were calculated from Lineweaver-Burk plot as
1.06 mM and 5.8 U/mg protein, respectively (Fig. 4). The
enzyme had a comparable Km value of 1.06 mM for pNPG. In
comparison, pNPG, Km values of purified β-glucosidases from
other organisms range from 0.20-21.7 mM24.

Fig. 4. Lineweaver-Burk plot of L. flaccida β-glucosidase. Enzyme kinetic
parameters of the enzyme were obtained by measuring the rate of
pNPG hydrolysis at various substrate concentrations at 60 ºC in 50
mM McIlvaine buffer (pH 3.0). Km and Vmax values were determined
from the Lineweaver-Burk plot using the Microsoft Excel software

Effect of pH and temperature on the stability of the

enzyme: pH stability of L. flaccida β-glucosidase was deter-
mined by incubating the partially purified enzyme at 4 ºC in
the buffers having different pH values for 24 h. After incu-
bation, the activity was assayed under standard reaction
conditions. The enzyme retained over 90 % of its original
activity at pH 4.0 and 5.0. It was also quite stable at pH 2.0-
3.0 and 6.0-9.0 after 24 h incubation (Fig. 5). It was reported
that 90 % of A. oryzae β-glucosidase activity remained after
17 h incubation at pH 5.0-7.0 at 30 ºC. However, only about
70 % of the activity remained at pH 4.025. More than 70 % of
the origi-nal activity of purified Fusarium proliferatum

ECU2042 remained after 24 h incubation at pH 4.0-6.5 at 4
ºC26. Periconia sp. β-glucosidase was also stable under basic
conditions, retaining almost 100 % of maximal activity after
incubation for 2 h at pH ≥ 87.
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Fig. 5. pH profile of partially purified L. flaccida β-glucosidase
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Thermal stability profile for the L. flaccida β-glucosidase,
presented in the form of the residual activity, is shown in Fig.
6(a-b). When the enzyme was incubated at temperatures between
10 and 40 ºC for 0.5 h, it retained almost 80 % of its original
activity, but it lost 35 and 37 % of its original activity at 50
and 60 ºC, respectively (Fig. 6a). While the enzyme activity
was conserved about 45 % after 12 h incubation at optimum
temperature value, the enzyme retained its original activity
approximately 70, 55 and 45 % after 48 h incubation at 10, 20
and 30 ºC, respectively (Fig. 6b). It was reported that β-gluco-
sidase from Volvariella volvacea, an edible mushroom, lost
70 % of its original activity after only 5 min incubation at 60 ºC27.
Activity of A. oryzae β-glucosidase significantly decreased at
temperatures above 40 ºC when the enzyme was incubated
for 4 h25. A β-glucosidase from Paecilomyces thermophila was
highly thermostable at 50 ºC and retained more than 95 % of
the initial activity after 8 h. At 60 ºC, it retained more than
70 % of the initial activity after 8 h incubation28. Periconia sp.
β-glucosidase was found to retain approximately 60 % of its
maximal activity for at least 2 h at 30-60 ºC. After incubation
at 70 ºC, it retained more than 50 % activity for 2 h7. The residual
activity of Debaryomyces pseudopolymorphus β-glucosidase
after 3 h incubation at 40 ºC decreased to approximately 30 %
of the maximum activity29.
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Fig. 6. Thermal stability profile of partially purified L. flaccida β-glucosidase

Effect of some metal ions and chemicals on the enzyme

activity: The effect of Na+, Li+, Mn2+, Zn2+, Hg2+, Co2+ and
Cu2+ on the β-glucosidase activity of L. flaccida was tested at

1 mM concentration of each metal ion. All had a little negative
or positive effect on the enzyme activity, demonstrating that the
enzyme did not require these metal ions to function (Table-1).
It was reported that F. proliferatum ECU2042 β-glucosidase
was slightly inhibited in the presence of 10 mM Zn2+ 26.
Fomitopsis pinicola β-glucosidase24 was also inhibited by 0.1
mM Co2+.

TABLE-1 
EFFECT OF SOME METAL IONS ON THE 

β-GLUCOSIDASE ACTIVITY OF L. flaccida  

Metal ion Residual activity (%) 

None 100 
Na+ 98 
Li+ 97 

Mn2+ 103 
Zn2+ 95 
Hg2+ 100 
Co2+ 98 
Cu2+ 103 

 
To study the effect of EDTA, PMSF, β-ME, DTT and SDS

on the enzyme activity, they were separately added to the
standard reaction. Except for SDS, all chemicals slightly
affected the β-glucosidase activity. The enzyme activity was
almost fully inhibited by SDS (Table-2). The little inhibition
action of the chelating agent EDTA in the final concentration
of 10 mM allowed us to conclude that the active site of this
enzyme is not dependent on divalent cations for enzyme activa-
tion. The inhibition of the enzyme by SDS indicates that the
integrity of its three-dimensional structure is critical for its
catalytic activity. It was reported that the activity of Periconia

sp. β-glucosidase slightly increased by 0.1 % β-ME and severely
inhibited by 1 % SDS7.

TABLE-2 
EFFECT OF CHEMICALS ON THE β-GLUCOSIDASE  

ACTIVITY OF L. flaccida 

Residual activity (%) 
Chemical 

1 mM final conc. 10 mM final conc. 

None 100 100 
EDTA 102 98 
PMSF 96 95 

β-ME 94 92 
DTT 98 96 

 1 % final conc. 10 % final conc. 
SDS 3 1 

 
Conclusion

A pH and thermostable β-glucosidase was partially purified
from L. flaccida with ammonium sulfate precipitation and charac-
terized. The high thermostability of L. flaccida β-glucosidase
is advantageous, since reaction at elevated temperature provide
an opportunity for increased solubility of reactants and products,
resulting in higher enzymatic activity as well as higher reaction
velocity stemming from lower viscosity. In addition, there is
less energy cost for cooling when thermal pre-treatment of
substrates was required or desirable such as steam explosion
of biomass in biorefining process. The risk of contamination
is also reduced. Because of thermostable cellulytic enzymes
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also have great potential to be used in industrial processes
such as food processing, textiles and bioconversion3,30, L. flaccida

β-glucosidase could be useful for these industrial applications.
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