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The production of an extracellular β-glucosidase by Aspergillus niger NRRL 599 was optimized using
submerged fermentation technique. Effect of different media, different carbon sources, initial pH of the
fermentation medium, temperature, incubation period and inoculum size on the production of βglucosidase enzyme was investigated. A. niger NRRL 599 produced maximum extracellular βglucosidase (4.48 U/mg) in Eggins and Pugh medium with 1% wheat bran (w/v) at pH 5.5 inoculated with
4% conidial suspension after 96 h of incubation at 30°C. Purified β-glucosidase gave Km and Vmax values
of 3.11 mM and 20.83 U/mg respectively for pNPG hydrolysis. The enzyme was optimally active at pH 4.8
and at temperature of 60°C. Thermodynamic parameters, Ea, ∆H and ∆S were found to be 52.17 KJ/mol,
49.90 J/mol.K and -71.69 KJ/mol, respectively. The pKa1 and pKa2 of ionizable groups of active site
residues involved in Vmax were calculated to be 4.1 and 6.0 respectively.
Key words: β-Glucosidase, Aspergillus niger, kinetics, thermodynamics.
INTRODUCTION
β-Glucosidase (EC 3.2.1.21) catalyzes the hydrolysis of
β-1,4 glucosidic bonds in disaccharides, oligosaccharides, alkyl and aryl β-D-glucosides by attacking on the
non-reducing terminal and releases β-D glucose (Iwashita
et al., 1999; Wallecha and Mishra, 2003). β-Glucosidase
is produced by humans, insects, plants, bacteria, fungi
and yeast (Villena et al., 2007). This enzyme has been
exploited in a variety of biotechnological and biochemical
industries. Moreover, β-glucosidase component plays a
pivotal role in the final step of cellulose degradation
(Seidle and Huber, 2005). β-Glucosidase is generally
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Abbreviations: CMC, Carboxymethylcellulose; FPLC, fast
protein liquid chromatography; pNPG, p-nitrophenyl-β-Dglucopyranoside.

responsible for the regulation of the whole cellulolytic
process and is a rate-limiting factor during enzymatic
hydrolysis of cellulose, as both endoglucanase and exoglucanase activities are often inhibited by cellobiose.
Thus, β-glucosidase not only produces glucose from
cellobiose, but also reduces cellobiose inhibition, allowing
endoglucanase and exoglucanase enzymes to function
more efficiently (Kaur et al., 2007). Supplementing βglucosidase in commercial cellulase preparations has
been reported to result in increased rate of cellulose
hydrolysis and ethanol production (Wallecha and Mishra,
2003).
Aspergillus niger is by far the most efficient producer of
β-glucosidase among the microorganisms investigated. It
is generally recognized as safe by the Food and Drug
Administration (Tailor and Richardson, 1979). β-Glucosidase can be produced both by solid-state and submerged fermentation techniques (Christakopoulos et al.,
1995; Iembo et al., 2002; Fawzi, 2003; Garcia-Kirchner et
al., 2005; Daroit et al., 2007; Leite et al., 2007). Sub-
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merged fermentation offers several advantages, among
them a possibility to automate many operations, the ease
with which various parameters can be monitored (by
periodic sampling of broth) and controlled if necessary by
the addition of further nutrients or reagents and easier
removal of heat generated during the microbial growth in
a large scale reactor (Jakubikova et al., 2006). Extracellular production of β-glucosidase using submerged
fermentation technique had been investigated by different
researchers. Gunata and Vallier (1999) studied the
production of extracellular β-glucosidase from A. niger
and Aspergillus oryzae using submerged fermentation
technique. Jager et al. (2001) investigated the extracellular production of β-glucosidase from different
Aspergillus strains using submerged fermentation and
Garcia-Kirchner et al. (2005) studied the effect of media
composition and growth conditions on the production of
β-glucosidase by A. niger C-6 under submerged culture.
This study was initiated with the aim to exploit A. niger
NRRL 599 for maximum yield of β-glucosidase and the
subsequent characterization of β-glucosidase.

Optimization of fermentation parameters
Eight different types of fermentation media, (M-I to M-VIII) already
reported by Eggins and Pugh (1962), Mandel and Reese (1960),
Romanelli et al. (1975), Coutts and Smith (1976), Saddler (1982),
Macris and Panayatou (1989), Almin et al. (1975) and Riou et al.
(1998) respectively, were screened for the production of βglucosidase. Different carbon sources, for example, carboxymethyl
cellulose (CMC), cellulose powder, lactose, maltose, sucrose,
wheat bran and cellobiose (1%, w/v) were added to fermentation
medium to test their effect on enzyme production. Time course
study for the production of β-glucosidase was carried up to 144 h.
Effect of different incubation temperature (25 to 35oC), initial pH of
the fermentation medium (4.0 to 7.0) and conidial inoculum (1 to
5%) was also investigated on the production of β-glucosidase. All
the experiments were carried out in triplicate.
Analysis
β-Glucosidase activity was estimated according to the method used
by Rajoka and Malik (1997). “One unit of β-glucosidase activity is
defined as the amount of enzyme required to release 1.0 µmol of pnitrophenol per min under the assay conditions”. Total protein was
estimated according to the method of Bradford (1976) using bovine
serum albumin as standard.

MATERIALS AND METHODS

Purification of β-glucosidase

Organism

Crude β-glucosidase was purified to homogeneity by using ammonium sulfate precipitation and fast protein liquid chromatography
(FPLC) by using RESOURSE S (AMERSHAM BIOSCIENCES,
USA). Solid ammonium sulfate was slowly added to crude enzyme
to 80% saturation at 0°C to precipitate the β-glucosidase with
stirring at an interval of 5 min. The pellet was collected by
centrifugation at 12000 ×g for 20 min (4°C) to recover precipitated
proteins. The pellet was dissolved in 3.0 ml of phosphate buffer
(pH: 7.2) and dialyzed against 0.05 M sodium phosphate buffer
(pH: 7.5) by constant stirring for 24 h and periodic change of buffer.
Dialysis membrane with a molecular weight cut-off of 12000 to
14000 was used. The dialyzed sample, filtered through 0.4 µm
Millipore filter, was loaded on an anion exchange column
RESOURCE-S (6.0 ml, 16 x 30 mm; AMERSHAM BIOSCIENCES,
USA) equilibrated with 50 mM sodium phosphate buffer (pH: 7.5)
with a flow rate of 1.0 ml/min. The protein was eluted with a linear
gradient of NaCl (0 to 1 M) in the buffer. The elution profile was
examined at 280 nm. The fractions were collected and assayed for
enzyme activity.

A. niger NRRL 599 was obtained from the stock culture of Institute
of Industrial Biotechnology, GC University, Lahore. The culture was
maintained on 4% potato dextrose agar medium (pH: 5.5). The
slants were incubated at 30°C for maximum growth and stored at
4°C. Sub-culturing was carried out every 15 days.

Inoculum
The conidial suspension was used as an inoculum. The number of
conidia was counted with the help of haemacytometer slide bridge
(Neubauer improved, Precicder HBG, Germany). Ten milliliters of
sterilized distilled water was transferred to each slant having
profused conidial growth on its surface. The sterilized inoculating
needle was used to break the clumps of conidia. The tube was
shaken vigorously to make a homogenous mixture of conidial
suspension.

Fermentation
β-Glucosidase fermentation was carried out using submerged
technique in 250 ml Erlenmeyer flasks containing 25 ml of Eggins
and Pugh (1962) medium consisting of: (NH4)2SO4 (0.5 g/l), KCl (1.0
g/l), KH2 PO4 (0.5 g/l), MgSO4.7H2O (0.2 g/l), L-asparagine (0.5 g/l),
CaCl2 (0.1 g/l), yeast extract (0.5 g/l) with 1% carbon source (w/v) at
pH 5.5 inoculated with 4% conidial suspension. The flasks were
incubated in an orbital shaking incubator (SANYO, Gallenkamp,
PLC, UK) at 30°C (200 rpm) for 96 h. After the incubation, the
fermented broth was centrifuged at 6,000 rpm for 10 min and the
supernatant was used for analytical purposes.

Enzyme characterization
The purified enzyme was characterized as a function of
temperature and pH. The optimal temperature for enzyme activity
was determined over a temperature range of 20 to 65°C using the
standard assay conditions. To determine the optimum pH for the
enzyme, β-glucosidase activity was measured over a pH range of
3.0 to 7.0 using the standard assay conditions.
Kinetic and thermodynamic studies
The kinetic constants, Michaelis constant (Km), and maximum
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Figure 1. Screening of fermentation media for β-glucosidase production by Aspergillus niger
NRRL 599 in shake flasks. ± indicates the standard deviation among the three parallel replicates.
Incubation at 30ºC for 96 h at pH 5.5 using wheat bran as carbon source.

velocity (Vmax), were evaluated by determining the β-glucosidase
activity at 60°C against different p-nitrophenyl-β-D-glucopyranoside
(pNPG) concentrations ranging from 1-15mM and keeping the
enzyme concentration constant. Km and Vmax were calculated from
Lineweaver-Burk double reciprocal plot using Equation 1
(Lineweaver and Burk, 1934):
1/v = (1/Vmax) + (Km/Vmax) . 1/[S]

(1)

Thermodynamic constants, activation energy (Ea), enthalpy of
activation (∆H) and entropy of activation (∆S), were calculated from
Arrhenius plot using Equations 2 to 4 after Siddiqui et al. (1997a):
Ea= - slope (R)

(2)

∆H= Ea – RT

ln(Vmax/T)= ln(KB/h) + ∆S/R - (∆H/R)1/T

(3)

where slope= ∆H/R and intercept= ln(KB/h) +∆S/R
∆S= R [intercept-ln(KB/h)]

(4)

Where, T, KB, h, R, Ea, ∆H and ∆S are absolute temperature (K),
Boltzmann constant (1.38 × 10−23 J/K), Planck's constant
(6.626 × 10−34 Js), Gas constant (8.314 J/K.mol), activation energy,
enthalpy of activation and entropy of activation, respectively. pKa1
and pKa2 values of ionizable groups of active site residues were

calculated using Dixon plot (Dixon and Webb, 1979) (Figure 10).
Statistical analysis
Treatment effects were compared after Snedecor and Cochrane
(1980) using computer software Costat, cs6204W.exe. Significant
difference among replicates has been presented as Duncan’s
multiple range tests in the form of probability (p) values.

RESULTS AND DISCUSSION
The composition of fermentation media has a marked
influence on enzyme production. Eight different type of
fermentation media were tested for the production of βglucosidase. M-I medium reported by Eggins and Pugh
(1962) was found to be the best medium for the production of β-glucosidase (Figure 1). In M-I, the presence
of L-asparagine and (NH4)2SO4 in addition to other
essential components might have resulted in the
increased production of β-glucosidase. Other media gave
relatively less amount of enzyme as they might be lacking
in any of the components essential for the growth of fungi
and enzyme production. Grajek (1987) also reported
(NH4)2SO4 as the best nitrogen source for the production
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Figure 2. Effect of different carbon sources on β-glucosidase production by Aspergillus niger NRRL
599 in shake flasks. ± indicates the standard deviation among the three parallel replicates.
Incubation at 30ºC for 96 h at pH 5.5 in M-I medium.

Figure 3. Effect of incubation time on β-glucosidase production by
Aspergillus niger NRRL 599 in shake flasks. ± indicates the standard
deviation among the three parallel replicates. Incubation at 30ºC and pH 5.5
using wheat bran as carbon source in M-I medium.

of β-glucosidase from Sporotrichum (Chrysosporium)
thermophile.
β-Glucosidase is an inducive enzyme (Busto et al.,
1995; Daroit et al., 2007). In order to get maximum production, wheat bran used in Eggins and Pugh medium
was replaced with different carbon sources but no
positive change was observed with other carbon sources
(Figure 2). It is reported that cellobiose as a carbon
source is the best for the induction of β-glucosidase
(Busto et al., 1995) but in this study CMC, cellulose powder, lactose, maltose, sucrose and cellobiose gave less
β-glucosidase production than wheat bran. Wheat bran

contain plenty of cello-oligosaccharides that results in the
increased activity of extracellular β-glucosidase (Sun et
al., 2008). Jager et al. (2001) and Rajoka et al. (2006)
found wheat bran as the best substrate for the production
of β-glucosidase from different Aspergillus strains using
solid state fermentation.
The optimization of time course for the production of βglucosidase by Aspergillus niger NRRL 599 was
investigated up to 144 h after inoculation. Maximum βglucosidase was obtained after 96 h of fermentation
(Figure 3). However, further increase in the incubation
time reduced the enzyme production. It might be due to
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Figure 4. Effect of incubation temperature on β-glucosidase production by
Aspergillus niger NRRL 599 in shake flasks. ± indicates the standard deviation
among the three parallel replicates. Incubation at pH 5.5 for 96 h using wheat bran
as carbon source in M-I medium.

the depletion of macro- and micronutrients in the fermentation medium with the lapse in time, which stressed the
fungal physiology resulting in the inactivation of secretary
machinery of the enzymes. In addition, the substances
were initially more susceptible, making a rapid rise in
enzymes biosynthesis. But with the prolongation of
cultural time, the susceptible portions were completely
hydrolyzed by microorganisms (Haq et al., 2006). Tsao et
al. (2000) also obtained maximum β-glucosidase
production from A. niger after 96 h of fermentation while
Garcia-Kirchner et al. (2005) obtained maximum βglucosidase titer from A. niger within 72 h of fermentation.
Effect of different incubation temperature (25 to 35°C)
on the production of β-glucosidase was evaluated.
Maximum β-glucosidase was obtained at 30°C (Figure 4).
Further increase or decrease in temperature resulted in
gradual decrease in enzyme production. At lower temperature, the transport of nutrients in the cells is hindered
and lower product yields are attained, while at high temperature, the maintenance energy requirement increases
owing to inactivation of proteins of the metabolic pathway
and less product formation occurs (Rajoka et al., 2004).
Gunata and Vallier (1999) also obtained maximum production of β-glucosidase from A. niger and Aspergillus
oryzae at incubation temperature of 30°C.
The initial pH of the medium has great influence on cell
membrane function, cell morphology and structure, the
uptake of various nutrients, and metabolite biosynthesis
(Li et al., 2008). Effect of different initial pH (4.0 to 7.0) of

the fermentation medium was investigated for the
production of β-glucosidase. Optimum β-glucosidase
production was obtained at a pH of 5.5 (Figure 5). Most
of the filamentous fungi prefer acidic pH for maximum
growth and subsequently for high production of enzyme.
This might be due to the fact that alkaline pH has inhibitory effect on the growth of the fungus and enzyme production. In addition, cultivation of fungi at an unfavorable
pH value may result in reduced enzyme production by
reducing accessibility of the substrate (Bakri et al., 2008).
Garcia-Kirchner et al. (2005) also optimized pH 5.5 for
the production of β-glucosidase from A. niger. In contrast,
Abdel-Fattah et al. (1997) obtained maximum β-glucosidase activity from A. niger at a pH of 4.0.
The effect of different size of conidial inoculum (1.0,
2.0, 3.0, 4.0, and 5.0%) on β-glucosidase production by
A. niger NRRL 599 in shake flasks for 48 to 120 h was
investigated. Maximum β-glucosidase was obtained after
96 h of fermentation with 4% conidial inoculum (Figure 6).
Increase or decrease in the size of conidial inoculum
resulted in the decreased production of the enzyme. Low
inoculum levels might be inadequate for enzyme
production while the higher inoculum level might result in
rapid depletion of nutrients in the media and reduce the
enzyme yield. Also, higher cell density would lead to the
production of inhibitory metabolites that may be interfering with the enzyme production (Niladevi and Prema,
2008). In contrast, Abdel-Naby et al. (1999) obtained
maximum β-glucosidase activity from A. niger with 2%
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Figure 5. Effect of initial pH on β-glucosidase production by Aspergillus niger
NRRL 599 in shake flasks. ± indicates the standard deviation among the three
parallel replicates. Incubation at 30ºC for 96 h using wheat bran as carbon
source in M-I medium.

Figure 6. Effect of inoculum size on β-glucosidase production by Aspergillus niger NRRL 599 in
shake flasks. ± indicates the standard deviation among the three parallel replicates. Incubation at
30ºC for 96 h at pH 5.5 using wheat bran as carbon source in M-I medium.

conidial inoculum.
Enzyme characterization
The enzyme was purified using ammonium sulfate
precipitation and FPLC with a purification fold of 4.36.

The purified enzyme was then used for enzyme characterization.
The kinetic constants, Km and Vmax, for β-glucosidase
from A. niger were determined at 60°C using pNPG as a
substrate and the data was analyzed using LineweaverBurk double reciprocal plot (Figure 7). β-Glucosidase
exhibited Michaelis Menten type kinetics and Km and Vmax
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Figure 7. Lineweaver-Burk double reciprocal plot of β-glucosidase from Aspergillus niger NRRL
599. Error bars of standard deviation among the three parallel replicates were too small to be
visible.

were found to be 3.11 mM and 20.83 U/mg respectively.
Km is a measure of affinity of an enzyme for a substrate
and low values of Km indicate high affinity of the enzyme
for the substrate (Hamilton et al., 1998). Seidle et al.
(2004) calculated Km and Vmax of 1 mM and 40 U/mg
respectively for pNPG hydrolysis with a β-glucosidase
from A. niger. Km and Vmax values of 3.3 mM and 43.68
µmol/min. mg respectively were calculated for pNPG
hydrolysis by β-glucosidase from the Melanocarpus sp.
by Kaur et al. (2007). The Km and Vmax values for pNPG
hydrolysis for Humicola insolens β-glucosidase were
calculated to be 0.16 mM and 18.1 U/mg respectively
(Souza et al., 2010).
The effect of different temperature (20 to 65°C) was
also investigated on the activity of β-glucosidase.
Maximum β-glucosidase activity was obtained at 60°C.
Further increase in temperature resulted in decreased βglucosidase activity. Kimura et al. (1999) and Kaur et al.
(2007) also obtained maximum β-glucosidase activity at
60°C from Aspergillus sojae and Melanocarpus sp. respectively. However, Christakopoulos et al. (1995) and
Jeya et al. (2010) obtained maximum β-glucosidase
activity at 65°C from Fusarium oxysporum and
Penicillium Purpurogenum respectively. Thermodynamic
studies of β-glucosidase were carried out using Arrhenius
plot and activation energy (Ea), change in enthalpy (∆H)
and change in entropy (∆S) were calculated to be 52.17
KJ/mol, 49.90 KJ/mol and -71.69 J/mol.K respectively

(Figures 8 and 9). Low values of enthalpy and negative
values of entropy indicate the formation of a more
efficient and ordered transition state complex between
enzyme and substrate (Akolkar and Desai, 2010).
Kvesitadze et al. (1990) reported ∆H and ∆S of 125
KJ/mol and 65 J/mol.K respectively for β-glucosidase of
Aspergillus wentii.
The activity of the purified β-glucosidase was examined
over a pH range of 3.0 to 7.0 at 60°C using sodium
acetate buffer. Maximum β-glucosidase activity was
achieved at pH 4.8. Further increase or decrease in pH
resulted in decrease in activity. Pericin and Jarak (1995)
obtained maximum β-glucosidase activity from Diaporthe
(Phomopsis) helianthi at pH 4.8. In contrast, Leite et al.
(2007) obtained maximum activity of β-glucosidase from
Thermoascus aurantiacus at pH 4.5 while Hang and
Woodams (1994), Karnchanatat et al. (2007), Dhake and
Patil (2005) and Zanoelo et al. (2004) obtained maximum
β-glucosidase activity from Aspergillus Foetidus, Daldinia
eschscholzii, Penicillium purpurogenum and Scytalidum
thermophilum at pH 4.6, 5.0, 5.5 and 6.5 respectively.
The change in pH affects the ionization of essential active
site amino acid residues, which are involved in substrate
binding and catalysis, that is, breakdown of substrate into
products. Some ionizable residues may be located on the
periphery of the active site, commonly known as nonessential residues. The ionization of these residues may
cause distortion of active site cleft and hence indirectly
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Figure 8. Arrhenius plot for the determination of activation energy (Ea) and enthalpy of activation
(∆H) of β-glucosidase from Aspergillus niger NRRL 599. Error bars of standard deviation among
the three parallel replicates were too small to be visible.

Figure 9. Arrhenius plot for the determination of entropy of activation (∆S) of β-glucosidase
from Aspergillus niger NRRL 599. Error bars of standard deviation among the three parallel
replicates were too small to be visible.

affect the enzyme activity (Amin et al., 2010). Dixon analysis was carried out to evaluate pKa of ionizable groups
of active site amino acid residues at 60°C which were
involved in Vmax (Fig 10). pKa1 and pKa2 of β-glucosidase
were found to 4.1 and 6.0 respectively. Siddiqui et al.

(1997b) reported pKa1 and pKa2 values of 5.5 and 7.9
respectively for β-glucosidase of Cellulomonas biazotea.
pKa1 and pKa2 of 3.3 and 6.9 respectively were reported
for β-glucosidase of Schizophyllum commune by Clarke
(1990).
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Figure 10. Dixon plot of β-glucosidase from Aspergillus niger NRRL 599 at 60°C for the
determination of pKa of active site residues that control the Vmax. ± Indicates the standard deviation
among the three parallel replicates.

ACKNOWLEDGEMENTS
Authors are thankful to HEC Pakistan and GC University,
Lahore for all kind of facilities.
REFERENCES
Abdel-Fattah AF, Osman MY, Abdel-Naby MA (1997). Production and
immobilization of cellobiase from Aspergillus niger A 20. Chem. Eng.
J. 68: 189-197.
Abdel-Naby MA, Osman MY, Abdel-Fattah AF (1999). Purification and
properties of three cellobiases from Aspergillus niger A 20. Appl.
Biochem. Biotechnol. 76: 33-44.
Akolkar AV, Desai AJ (2010). Catalytic and thermodynamic
characterization of protease from Halobacterium sp. SP1(1). Res.
Microbiol. 161: 355-362.
Almin KE, Eriksson KE, Petersson B (1975). Extracellular enzyme
system utilized by the fungus Sporotrichum pulverulentum
(Chrysosporium lignorum) for the breakdown of cellulose. Eur. J.
Biochem. 51: 207-211.
Amin F, Bhatti HN, Asgher M (2010). Partial purification and
characterization of an acid invertase from Saccharum officinarum L.
Pak. J. Bot. 42(4): 2531-2540.
Bakri Y, Jawahar M, Arabi MIE (2008). Improvement of xylanase
production by Cochliobus sativus in submerged culture. Food
Technol. Biotechnol. 46(1): 116-118.
Bradford MM (1976). A rapid and sensitive method for the quantitation
of the microgram quantities of the protein utilizing the principle of
protein-dye binding. Anal. Biochem. 72: 248-254.
Busto MD, Ortega N, Mateos MP (1995). Induction of β-glucosidase in
fungal and soil bacterial cultures. Soil Biol. Biochem. 27(7): 949-954
Christakopoulos P, Kekos D, Kolisis FN, Macris BJ (1995). Controlling
simultaneous production of endoglucanase and beta-glucosidase by

Fusarium oxysporum in submerged culture. Biotechnol. Lett. 17(8):
883-888.
Clarke AJ (1990). Chemical modification of a β-glucosidase from
Schizophyllum commune: evidence for essential carboxyl groups.
Biochem Biophys. Acta, 1040: 145-152.
Coutts AD, Smith RE (1976). Factors influencing the production of
cellulase by Sporotrichum thermophile. Appl. Environ. Microbiol. 31:
p. 819.
Daroit DJ, Silveira ST, Hertz PF, Brandelli A (2007). Production of
extracellular β-glucosidase by Monascus perpureus on different
growth substrates. Process Biochem. 42: 904-908.
Dhake AB, Patil MB (2005). Production of β-glucosidase by Penicillium
purpurogenum. Braz. J. Microbiol. 36: 170-176.
Dixon M, Webb EC (1979). Enzyme kinetics: Enzymes. New York
Academic Press, pp. 44-467.
Eggins HOW, Pugh GJF (1962). Isolation of cellulose decomposing
fungi from soil. Nature, 193: 94-95.
Fawzi EM (2003). Production and purification of β-glucosidase and
protease by Fusarium proliferatum NRRL 26517 grown on Ficus
nitida wastes. Ann. Microbiol. 53(4): 463-476. Garcia-Kirchner O,
Sengura-Granados M, Rodriguez-Pascual P (2005). Effect of media
composition and growth conditions on production of β-glucosidase by
Aspergillus niger C-6. Appl. Environ. Microbiol. 121-124: 347-359.
Grajek W (1987). Hyperproduction of thermostable β-glucosidase by
Sporotrichum (Chrysosporium) thermophile. Enzyme Microb.
Technol. 9(12): 744-748.
Gunata Z, Vallier MJ (1999). Production of a highly glucose-tolerant
extracellular β-glucosidase by three Aspergillus strains. Biotechnol.
Lett. 21(3): 219-223.
Hamilton LM, Kelly CT, Fogarty MW (1998). Raw starch degradation by
the non raw starch-adsorbing bacterial α-amylase of Bacillus sp. IMD
434. Carbohydr. Res. 314: 251-257.
Hang YD, Woodams EE (1994). Apple pomace: A potential substrate
for production of β-glucosidase by Aspergillus Foetidus. Lebensm.Wiss. Technol. 27(6): 587-589.
Haq I, Javed MM, Khan TS (2006). An innovative approach for

8116

Afr. J. Biotechnol.

hyperproduction of cellulolytic and hemicellulolytic enzymes by
consortium of Aspergillus niger MSK-1 and Trichoderma viride MSK10. Afr. J. Biotechnol. 5(8): 609-614.
Iembo T, Da-Silva R, Pagnocca FC, Gomes E (2002). Production,
characterization and properties of of beta-glucosidase and betaxylosidase from a strain of Aureobasidium sp. Prikl. Biokhim.
Mikrobiol. 38(6): 639-643.
Iwashita K, Nagahara T, Kimura K, Takano M, Shimoi H, Ito K (1999).
The bglA gene of Aspergillus kawachii encodes both extracellular and
cell wall bound β-glucosidases. Appl. Environ. Microbiol. 65(12):
5546-5553.
Jager S, Brumbauer A, Feher E, Reczey K, Kiss L (2001). Production
and characterization of β-glucosidases from different Aspergillus
strains. World J. Microbiol. Biotechnol. 17(5): 455-461.
Jakubikova L, Farkas V, Kolkarova N, Nemcovic M (2006). Conidiation
of Trichoderma atroviride isolate during submerged cultivation in a
laboratory stirred-tank fermenter. Folia Microbiol. 51(3): 209-213.
Jeya M, Joo AR, Lee KM, Tiwari MK, Lee KM, Kim SH, Lee JK (2010).
Characterization of β-glucosidase from a strain of Penicillium
Purpurogenum KJS506. Appl. Microbiol. Biotechnol. 86: 1473-1484.
Karnchanatat A, Petsom A, Sangvanich P, Piaphukiew J, Whalley AJS,
Reynolds CD, Sihanonth P (2007). Purification and characterization
of an extracellular beta glucosidase from the wood-decaying fungus
Daldinia eschscholzii. FEMS Microbiol. Lett. 270(1): 162-170.
Kaur J, Chadha BS, Kumar BA, Kaur GS, Saini HS (2007). Purification
and characterization of β-glucosidase from Melanocarpus sp. MTCC
3922. Electron. J. Biotechnol., 10(2): 260-270.
Kimura I, Yoshioka N, Tajima S (1999). Purification and characterization
of a β-glucosidase with β-xylosidase activity from Aspergillus sojae.
J. Biosci. Bioeng. 87(4): 538-541.
Kvesitadze GI, Svanidze RS, Tsuprun VL, Nizharadze DN, Chirgadze
LT, Buachidze TS (1990). Quaternary structure and properties of βglucosidase isolated from a thermophilic culture of Aspergillus wentii.
Bioorg. Khim. 16: 881-888.
Leite RSR, Gomes E, Da Silva R (2007). Characterization and
comparison of thermostability of purified β-glucosidases from a
mesophilic Aureobasidium pullulans and a thermophilic Thermoascus
aurantiacus. Process Biochem. 42: 1101-1106.
Li J, Li P, Liu F (2008). Production of theanine by Xerocomus badius
(mushroom) using submerged fermentation. LWT- Food Sci. Technol.
41: 883-889.
Lineweaver H, Burk D (1934). The determination of enzyme dissociation
constants. J. Am. Chem. Soc. 56: 658-666.
Macris BJ, Panayatou MG (1989). Enhanced cellobiohydrolase
production from Aspergillus ustus and Trichoderma harzianum.
Enzyme Microb. Technol. 8: 141-144.
Mandel M, Reese ET (1960). Fungal cellulases and the microbial
decomposition of cellulosic fabric. Dev. Microbiol. 5: 5-19.
Niladevi KN, Prema P (2008). Effect of inducers and process
parameters on laccase production by Streptomyces psammoticus
and its application in dye decolourization. Bioresour. Technol. 99:
4583-4589.
Pericin D, Jarak M (1995). Production and some characteristics of beta
glucosidase in Diaporthe (Phomopsis) helianthi. Acta Microbiol.
Immunol. Hung. 42(1): 29-37.
Rajoka MI, Akhtar MW, Hanif A, Khalid AM (2006). Production and
characterization of a highly active cellobiase from Aspergillus niger
grown in solid state fermentation. World J. Microbiol. Biotechnol.
22(9): 991- 998.

Rajoka MI, Khan S, Latif F, Shahid R (2004). Influence of carbon and
nitrogen sources and temperature on hyperproduction of a
thermotolerant
β-glucosidase
from
synthetic
medium
by
Kluyveromyces marxianus. Appl. Biochem. Biotechnol. 117(2): 75-92.
Rajoka MI, Malik KA (1997). Cellulase production by Cellulomonas
biazotea cultured in media containing different cellulosic substrates.
Bioresour. Technol. 59(1): 21-27.
Riou C, Salmon JM, Vallier MJ, Gunata Z, Barre P (1998). Purification,
characterization and substrate specificity of a highly glucose tolerant
β-glucosidase from Aspergillus oryzae. Appl. Environ. Microbiol.
64(10): 3607-3614.
Romanelli RA, Houston CW, Barnett SM (1975). Studies on
thermophilic cellulolytic fungi. Appl. Microbiol. 30: 276-281.
Saddler JN (1982). Screening of high cellulolytic fungi and the action of
their cellulase enzyme systems. Enzyme Microb. Technol. 4: 414418.
Seidle HF, Huber RE (2005). Transglucosidic reactions of the
Aspergillus niger family 3 β-glucosidase: Qualitative and quantitative
analyses and evidence that the transglucosidic rate is independent of
pH. Arch. Biochem. Biophys. 436: 254-264.
Seidle HF, Marten I, Shoseyov O, Huber RE (2004). Physical and
kinetic properties of the family 3 β-Glucosidase from Aspergillus niger
which is important for cellulose breakdown. Protein J. 23(1): 11-23.
Siddiqui KS, Rashid MH, Ghauri TM, Durrani IS, Rajoka MI (1997a).
Purification and characterization of an intracellular β-glucosidase
from Cellulomonas biazotea. World J. Microbiol. Biotechnol. 13: 245247.
Siddiqui KS, Rashid MH, Rajoka MI (1997b). Kinetic analysis of the
active site of an intracellular β-glucosidase from Cellulomonas
biazotea. Folia Microbiol. 42: 53-58.
th
Snedecor G, Cochrane WG (1980). Statistical Methods. 7 Edition,
Iowa State Univ., pp. 80-86.
Souza FHM, Nascimento CV, Rosa JC, Masui DC, Leone FA, Jorge JA,
Furriel RPM (2010). Purification and biochemical characterization of a
mycelial glucose- and xylose-stimulated β-glucosidase from the
thermophilic fungus Humicola insolens. Process Biochem. 49: 272278.
Sun X, Liu Z, Qu Y, Li X (2008). The effects of wheat bran composition
on the production of biomass-hydrolyzing enzymes by Penicillium
decumbens. Appl. Biochem. Biotechnol. 146: 119-128.
Tailor MJ, Richardson T (1979). Application of microbial enzymes in
food systems and in biotechnology. Adv. Appl. Microbiol. 25: 7-35.
Tsao GT, Xia L, Cao N, Gong CS (2000). Solid state fermentation with
Aspergillus niger for cellobiase production. Appl. Biochem.
Biotechnol. 84-86: 743-749.
Villena MA, Iranzo JFU, Parez AIB (2007). β-glucosidase activity in wine
yeasts: Application in enology. Enzyme Microb. Technol. 40: 420425.
Wallecha A, Mishra S (2003). Purification and characterization of two βglucosidases from a thermo-tolerant yeast Pichia etchellsii. Biochim.
Biophys. Acta, 16(49): 74-84.
Zanoelo FF, Polizeli MLTM, Terenzi HF, Jorge JA (2004). β-glucosidase
activity from the thermophilic fungus Scytalidum thermophilum is
stimulated by glucose and xylose. FEMS Microbiol. Lett. 240(2): 137143.

