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Abstract Aspergillus unguis NII-08123, a filamentous

fungus isolated from soil, was found to produce b-gluco-

sidase (BGL) activity with high glucose tolerance. Culti-

vation of the fungus in different carbon sources resulted in

the secretion of different isoforms of the enzyme. A low

molecular weight isoform, which retained ~60 % activity

in the presence of 1.5 M glucose, was purified to homo-

geneity and the purified enzyme exhibited a temperature

and pH optima of 60 �C and 6, respectively. The Km and

Vmax of the enzyme were 4.85 mM and 2.95 U/mg,

respectively, for 4-nitrophenyl b-D-glucopyranoside. The

glucose inhibition constant of the enzyme was 0.8 M,

indicating high glucose tolerance, and this is the second-

highest glucose tolerance ever reported from the Asper-

gillus nidulans group. The glucose-tolerant BGL from A.

unguis, when supplemented to cellulase preparation from

Penicillium, could improve biomass hydrolysis efficiency

by 20 % in 12 h compared to the enzyme without addi-

tional beta glucosidase supplementation. The beta gluco-

sidase from A. unguis is proposed as a highly potent

‘‘blend-in’’ for biomass saccharifying enzyme preparations.

Keywords Beta glucosidase � Cellulase �
Glucose tolerance � Biomass hydrolysis � Isoforms �
Aspergillus unguis

Introduction

b-Glucosidases (EC 3.2.1.21; b-D-glucoside glucohydro-

lase) are key enzymes in cellulose hydrolysis, being the

rate-limiting enzyme that is regulated by feedback inhibi-

tion from its own product—glucose. These enzymes are

therefore of considerable interest as constituents of cellu-

lose-degrading systems to be used for biomass conversion

applications [19]. Aspergilli are known to be potent sources

of b-glucosidase (BGL) and the most common industrial

source of BGL is Aspergillus niger [3]. Inhibition by its

product and substrate limits its use, especially in the con-

text of biomass hydrolysis. b-glucosidase insensitive to

glucose and cellobiose will significantly improve enzy-

matic conversion of cellulosic biomass to glucose for the

subsequent production of fuel ethanol [16]. Glucose-toler-

ant b-glucosidases (GT-BGLs) have been reported from a

few filamentous fungi, and differences in their properties

were studied including molecular mass, isoelectric points,

pH optima, and glucose inhibition constants [6, 9, 10, 15].

From the limited number of reports about GT-BGLs, it may

be speculated that such enzymes are rather uncommon or

understudied. However, the impact of the addition of GT-

BGLs in the cellulase cocktails for biomass hydrolysis can

be significant, and improvements in the yield and con-

centration of sugars may be achieved by using such blends.

As a part of our screening program, 200 fungal strains

from soil samples were screened for the production of

extracellular b-glucosidase and a significant number of

them exhibited b-glucosidase activity (unpublished

results). Further analyses proved that one of the isolates

coded as BTC-F58 secreted a BGL that was active even in

1 M glucose. The fungal isolate was identified by mor-

phological as well as molecular identification techniques to

be of a strain of Aspergillus unguis. Detailed studies on the
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GT-BGL production indicated that multiple isoforms of the

enzyme were secreted by the fungus and the expression of

different isoforms showed variation in response to the

inducer/carbon source. SDS polyacrylamide gel electro-

phoresis/activity staining experiments showed that crude

extract of A. unguis contained more than five isoforms of

the enzyme. Zymogram analyses indicated that a low

molecular weight isoform retained its catalytic activity

even at very high glucose concentrations. This caused us

to speculate that this isoform might be responsible for

the glucose tolerance of the enzyme preparation from

A. unguis. The low molecular weight isoform was isolated,

purified, and the properties were studied to characterize the

suspected glucose-tolerant isoform. Results showed that

the enzyme of interest represented only a minor fraction of

the total b-glucosidase activity and the other isoforms that

formed the major fraction were highly sensitive to glucose

inhibition. The enzyme, when supplemented with Penicil-

lium janthinellum cellulase, could improve the hydrolysis

performance of the enzyme cocktail.

Materials and methods

Organisms and culture conditions

Aspergillus unguis, used in this study, was obtained from

the soil samples and maintained on potato dextrose agar.

For enzyme production, the culture was grown on minimal

medium with the composition in g/l (NH4)2SO4: 1.4,

KH2PO4: 2.0, CaCl2�2H2O: 0.3, MgSO4�7H2O: 0.3, FeS-

O4�7H2O: 0.005, MnSO4�H2O: 0.0016, ZnSO4�7H2O:

0.002, peptone: 2.5, yeast extract: 1.0, supplemented with

an appropriate carbon source at a concentration of 1 %

(w/v). The initial pH of the medium was adjusted to 5.0. A

spore suspension in 0.05 % Tween 80 solution containing

1 9 106 spores/ml was used to inoculate 100ml of medium

taken in 250ml Elenmeyer flasks. The culture was incu-

bated at 30 ± 1 �C for 86 h on a shaker incubator at

200 rpm and was then harvested by centrifugation

(8,000 rpm, 20 min at 4 �C) followed by filtration through

Whatman GF/A glass microfiber filters. These crude

enzyme samples were assayed for BGL activity and were

stored at 4 �C for further studies.

Identification of microorganism

The fungal isolate BTC-F58 was grown in potato dextrose

agar (PDA) medium and the conidial characteristics were

observed under a phase contrast microscope (Leica,

Mannheim, Germany). Further, the conidia were coated

with gold palladium particles using a JEOL JFC-1200 fine

coater and their structures were observed using scanning

electron microscope (SEM, JEOL Model JSM-5600,

Japan) at 15 kV and 500–5,0009 magnification. In addi-

tion to recording morphological characteristics of the fun-

gal isolate, molecular systematic approach was also

employed for identification using 18S rRNA gene sequence

of the fungal isolate. A portion of the 18S rRNA gene was

amplified from the genomic DNA by polymerase chain

reaction (PCR) using the universal primers NS1, NS4, NS3,

and NS8 [22]. Nucleotide sequences of the PCR amplicons

were determined by dye terminator sequencing. Identity of

the sequence assembly was established by BLAST analysis

[1]. Later, a homology search was performed and based on

the results; a phylogenetic tree was constructed using the

neighbor-joining method implemented in PHYLIP [7].

Differential induction of BGL in response to carbon

source

The carbon sources—cellulose, xylose, lactose, glucose,

maltose, and sucrose—were supplied in the medium at 1 %

w/v level and fermentation was carried out as outlined

above. Culture filtrates were assayed for BGL activity and

the samples were concentrated using vacuum centrifuga-

tion (Eppendorf, Germany). Secretion of BGL isoforms by

the fungus in response to the inducer carbon source was

studied by analyzing the zymogram generated by per-

forming native PAGE followed by activity staining of the

gels.

Native PAGE and zymogram analysis

Crude enzyme preparations were fractionated by native

PAGE using 12 % gel with 5 % stacking gel. Sample

loadings were duplicated in the same order in the same gel

so as to perform the activity staining in presence and

absence of glucose, respectively. Activity staining of the

gels was done by incubating them with a 10 mM methyl

umbelliferyl b-D-glucopyranoside (MUG) solution in cit-

rate buffer (0.05 M, pH 4.8). While staining, identical

conditions were maintained for both the sets except for

presence of glucose (0.5–1.5 M) in one of the sets. Activity

bands were visualized as blue green fluorescence (methyl

umbelliferone) by illumination with long-wavelength UV

trans-illumination and photographs were acquired using an

imaging system (Syngene-GBox, UK). Both the sets of gels

were pictured simultaneously to ensure even conditions of

illumination and exposure. Band intensities were measured

using ImageJ software [17]. The fluorescence intensities of

the bands in presence and absence of glucose was com-

pared to calculate the percentage activity retention as

follows
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% Activity Retention (Glucose Tolerance) ¼ Tg

¼ ðIg=I0Þ � 100

where Ig and I0 are the fluorescence intensities in presence

and absence of glucose, respectively, for each band.

Enzyme assay

b-Glucosidase activity was assayed using p-nitro phenyl-b-

D-glucopyranoside (pNPG) as substrate. The reaction

mixture, which consisted of 1 ml of citrate buffer (0.05 M,

pH 4.8), 0.5 ml of enzyme sample and 0.5 ml of 10 mM

pNPG was incubated at 40 �C for 15 min. Reaction was

terminated by adding 2 ml of 0.2 M Na2CO3. The absor-

bance of p-nitro phenol (pNP) released was measured at

400 nm. One unit of enzyme activity was defined as the

amount of enzyme required releasing 1 lM of pNP per

minute and was expressed as IU/ml.

Enzyme purification and characterization

The culture broth was concentrated using acetone frac-

tionation. Different isoforms were precipitated using

varying concentrations of chilled acetone. Among the

b-glucosidase active fractions, the fraction that showed

glucose tolerance was further purified using chromatog-

raphy. The samples were loaded onto a Q Sepharose Fast

Flow ion exchange column (Bio-Rad, Hercules, CA,

USA) pre-equilibrated with 0.05 M Tris–HCl Buffer (pH

7). The column was eluted using a linear gradient of

0–1.0 M NaCl in 50 mM Tris–HCl buffer (pH 7) at a

flow rate of 0.75 ml/min when two activity peaks were

detected. All fractions were analyzed for b-glucosidase

activity and fractions corresponding to the activity peaks

were pooled and concentrated. Further gel elution was

carried on Sephadex G75 columns using a 50 mM, pH

4.8 citrate buffer to separate the low molecular isoform,

and the fractions corresponding to the peak were pooled

and concentrated. Homogeneity of the purified enzyme

was tested using SDS PAGE [11]. Enzyme kinetic

studies were performed and the Michaelis–Menten curve

fitting and the determination of Vmax and Km were per-

formed using GraphPad Prism software (GraphPad

Software Inc., La Jolla, CA, USA). Inhibition kinetics

was also studied using varying concentrations of inhibi-

tors and glucose inhibition constant Ki for BGL was

determined using the software. Temperature optimum of

the enzyme was determined by assaying the enzyme at

different temperatures (40–70 �C with 10 �C intervals) as

outlined above. The temperature at which maximum

activity was obtained was considered as optimum. Sim-

ilarly, pH optimum for activity of the GT-BGL was

determined by analyzing the activity of the enzyme at

various pH (4–7) achieved by use of citrate and Tris

buffers.

Hydrolysis performance of enzyme cocktail containing

A. unguis BGL

The cellulase preparation used for the experiments was

from P. janthinellum and the substrate used was steam

exploded bagasse (SEB). The P. janthinellum strain and

SEB were kind gifts from Dr. DV Gokhale and Dr. AJ

Verma, respectively, from the CSIR-National Chemical

Laboratory, Pune, India. The P. janthinellum cellulase was

produced following the protocol provided by Dr. Gokhale.

The hydrolysis was carried out in 100-ml screw-capped

conical flasks with a working volume of 30 ml. The bio-

mass loading was 10 % w/w, and the cellulase and BGL

loadings were 15 FPUs/g and 20 or 60 IU/g, respectively.

Incubation was performed at 50 �C for 60 h with sampling

at every 12 h. Controls without BGL supplementation and

with supplementation of 20 IU/g commercial BGL prepa-

rations were run in parallel. Samples were analyzed for

glucose released by the NREL Laboratory Analytical

Protocol for sugars using HPLC [12].

Results

Identification of the fungus

Fungal isolate BTC-F58 formed dark green colonies on

PDA, and the microscopic features resembled that of

Aspergillus sp. Morphological examination of the fungus

under microscope revealed long, roughened and thick-

walled spicular hyphae, hemispherical vesicles, biseriate

phialides supported by metulae, and globose conidia dull

green in color—the features characteristic of A. unguis [20]

(Fig. 1a–d). PCR amplification of the 18S rRNA region

yielded a 1,678-bp sequence, which was submitted to

GenBank with the accession JQ726491 (gi|387966750).

The BLAST analyses of the partial DNA sequence showed

99 % similarity with 18S rRNA sequence of A. unguis and

progressively lesser similarity with those from other

Aspergilli, confirming that the isolate is a strain of A.

unguis. The isolate was deposited in the NII culture col-

lection with accession NII 08123. Pair-wise alignments of

the sequence with the closest matches in the sequence

depositories identified by BLASTN (http://www.ncbi.

nlm.nih.gov/BLAST/) searches were performed, and the

phylogenetic relationships were derived using neighbor-

joining methods and represented as a phylogenetic tree

(Fig. 2).
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Differential expression of BGL in response to C sources

and the existence of multiple BGL isoforms

Since during the fermentation for BGL production by

A. unguis NII 08123 there was a large amount of fluctuation

in the glucose tolerance of BGL, it was speculated that

there could be differences in the expression of enzymes

depending on the immediate environment, especially the

type of C source. To evaluate this, the isolate was cultured

in the same basal medium under identical conditions but

with different C sources, and the BGL activity and glucose

tolerance was monitored. Effect of carbon source/inducer

on b-glucosidase production by A. unguis and the expres-

sion of different isoforms are shown in Figs. 3 and 4.

Maximum glucose tolerance (32.75 % activity retained)

was observed with lactose as the C source, and the glucose

tolerance and levels of BGL yield varied with C sources

(Fig. 3).

Multiplicity of BGLs has been reported earlier by sev-

eral authors [5, 9, 12, 15, 18]. Difference in expression of

the BGL isoforms could be the reason for the differences in

glucose tolerance of the crude enzyme preparation, since

the actual amount of the glucose-tolerant isoform could

vary according to the carbon source. The existence of

multiple isoforms of BGL in A. unguis was studied by

growing the fungus in different C sources and performing

zymogram analyses. Since it was noted that the crude

carbon source wheat bran induced most of the BGL iso-

forms in A. unguis, BGL production was also conducted in

media supplemented with 1 % w/v of either wheat bran or

rice straw. Results shown in Figs. 4 and 5 indicate the

existence of multiple isoforms (five detected here) of the

enzyme. While wheat bran induced the production of five

BGL isoforms (Fig. 5, lanes 1–3), rice straw and cellulose

could induce only the high molecular weight and low

molecular weight BGL isoforms. There was also a direct

correlation between the signal intensity of the low molec-

ular weight band and the glucose tolerance (as detected by

pNPG assay) indicating that this could be the glucose-tol-

erant isoform (GT-BGL).

This was further proven by fluorescence intensity anal-

ysis of the BGL activity bands observed at varying glucose

Fig. 1 Aspergillus unguis strain morphology and BGL screening

A. unguis. a Colony on PDA agar. b Conidiophore showing thick wall

and biseriate phialides. c Screening of b-glucosidase production using

methyl umbelliferyl b-D glucopyranoside (MUG) soft agar method.

d Electron micrograph of the conidiophores showing biseriate

phialides with metuale
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concentrations. BGL produced using wheat bran as C

source was run on native PAGE and activity stains were

performed in buffers containing varying concentrations of

glucose (0.5–1.5 M). Only the lower band was detected

when assayed in the presence of glucose and the intensity

of this band was negatively correlated to the glucose con-

centration confirming that this band itself is the glucose-

tolerant isoform (Fig. 5).

Purification and characterization of b-glucosidase

To study further the properties of the glucose-tolerant BGL

isoform, the low molecular weight BGL protein was puri-

fied to homogeneity from the culture filtrate of A. unguis

grown on 1 % w/v lactose as C source. Crude BGL sample

(500 ml) was precipitated using 2 volumes of chilled ace-

tone and the precipitate was re-dissolved in 15 ml of

0.05 M, pH 4.8 citrate buffer. The concentrated sample

contained 75 % of the initial activity. Anion exchange

chromatography on Q-Sepharose Fast Flow column resul-

ted in sample separation into a major and a minor protein

peak (PI and PII respectively), both having BGL activity.

Assay of the fractions corresponding to the peaks, as well

as SDS-PAGE analyses using the fractions indicated that

the GT-BGL protein has partitioned into the minor peak

(Fig. 6). Fractions corresponding to the two peaks were

pooled separately and PII was run on a Sephadex G75

column when one peak corresponding to the GT BGL was

obtained. The purification results are summarized in

Table 1.

 Aspergillus sp.

 Aspergillus oryzae

 Aspergillus tamarii

 Aspergillus oryzae RIB40

 Aspergillus flavus

 Aspergillus nomius

 Fennellia flavipes

 Ascomycota Sp.

 Aspergillus versicolor

 Aspergillus ustus

 Emericella nidulans

 Aspergillus unguis F3000054

 Isolate NII08123

 Uncultured marine ascomycete

0.000770

0.000058

0.000000

0.000287

0.004910

0.000000

0.000000

0.001918

0.002268

0.002156

0.000000

0.000000

0.000681

0.002527

0.000196

0.002675

0.002209
0.000644

0.000657

0.000975

0.001863

0.002733

0.000000

0.000000

0.000000

0.000910

Fig. 2 Phylogenetic tree of

A. unguis NII 08123 (BTC-F58).

Phylogenetic tree showing

relationship between A. unguis

NII 08123 (BTC-F58) and the

other related species of Aspergilli
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Fig. 3 BGL production in response to carbon sources in the medium

(open bars). Hatched bars represent the BGL activity when assayed

in the presence of 1.0 M glucose and % activity retention/glucose

tolerance (Tg) is represented by filled bars in the background

Fig. 4 Differential expression of BGL in response to C source.

Enzyme samples were subjected to native PAGE and incubated with

MUG for detection of activity. Lane information: carbon source

followed by Tg in parenthesis: lane 1 wheat bran (23 %), rice straw

(1.9 %), cellulose (20.2 %), glucose (0.0 %). Image inverted for

clarity
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The purified GT-BGL was optimally active at 60 �C and

at pH 6.0. An increase in temperature beyond 60 �C (pH

6.00) resulted in a rapid decline in activity (Fig. 7). At pH

7, the activity was almost the same as that obtained at pH

6.00 (Fig. 8). The relative activity of GT-BGL was more

than 60 % of the activity at optimal pH over the entire

range tested.

The standard assay mixture with pH 6.0 was used for the

determination of reaction velocities of GT-BGL. Km and

Vmax for the hydrolysis of pNPG by the enzyme was

determined using 10–80 mM substrate. Michaelis–Menten

kinetics was fitted and the determination of Km and Vmax

was performed using the non-linear regression imple-

mented in GraphPad Prism. Km and Vmax were determined

to be 4.85 mM and 2.95 U/mg, respectively, for pNPG.

End-product inhibition was evaluated using pNPG as

substrate and in presence of 0–1.0 M glucose as the

inhibitor. GT-BGL was found to be highly glucose-tolerant

with a Ki of 800 mM. Enzyme properties determined by the

study are listed in Table 2.

Hydrolysis performance of cellulase blends containing

A. unguis BGL

Penicillium janthinellum cellulase preparation containing

*5.5 IU/ml BGL was blended with additional BGL from

A. unguis so that the final BGL concentrations were either

20 or 60 IU/g SEB to be hydrolyzed. Hydrolysis experi-

ments showed that there was a considerable improvement

in hydrolysis performance when A. unguis BGL was

blended with the cellulase. With 60 IUs/g additional BGL

loading, there was a 20 % improvement in glucose yield

even within 12 h of hydrolysis. There was a linear

improvement in hydrolysis performance for blends

Fig. 5 Evaluation of glucose tolerance by pixel density analysis.

Glucose tolerance of the BGL proteins secreted by A. unguis when

grown in 1 % w/v wheat bran as C source. Enzyme samples were

subjected to native PAGE and incubated with MUG for activity

detection. Arrowheads indicate the isoforms. Lane information:

(normalized fluorescence intensity and Tg of GT-BGL in parenthe-

ses): lanes 1, 2, 3 BGL activity signals in gel incubated without

glucose (0.148, 100 %). Lanes 4, 5 BGL activity signals in presence

of 0.5 M glucose (0.118, 80 %), lanes 6, 7 BGL activity signals in

presence of 1.0 M glucose (0.117, 79 %), lane 9 BGL activity signal

in presence of 1.5 M glucose (0.086, 58 %). Image inverted for clarity

Fig. 6 Activity staining of BGL fractions separated by chormatog-

raphy. a Activity staining of the pooled fractions corresponding to the

major and minor protein peaks obtained after ion exchange purifica-

tion of BGL. Lanes 1, 2 peaks PI and PII, respectively, run on native

PAGE and activity stained. Lanes 3, 4 peaks PI and PII, respectively,

run on native PAGE and activity stained in presence of 1.0 M

glucose. The high molecular weight major isoform was not

completely separated using the Q sepharose ion exchange chroma-

tography, as can be gauged from the activity stain obtained for this

protein (lanes 2, 4). b SDS-PAGE analysis of he purified GT-BGL.

Lane 1 molecular weight marker, lane 2 purified GT-BGL—

arrowhead indicates the *10-kDa GT-BGL protein band
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containing higher BGL loading an efficiency of *60 % of

the theoretical maximum was achieved in 48 h in blends

containing 60 IU/g additional BGL loading (Table 3).

Hydrolysis performance of blends containing 20 IU/g of

commercial BGL was significantly better (71 % efficiency

attained in 48 h). This could be due to the presence of

cellulase and hemicellulase activities in the commercial

BGL sample that we had detected. A hydrolysis study done

with one of the best biomass hydrolyzing enzyme blends

available in the market could yield [75 % efficiency with

this biomass (data not shown).

Discussion

b-Glucosidase plays a major role in the conversion of

cellulosic biomass to ethanol, being the rate-limiting

enzyme that determines the action of all cellulase compo-

nents. A large number of these enzymes from bacteria and

plants have been purified and studied, but most microbial

b-glucosidases are very sensitive to glucose inhibition [2,

8]. There are only limited reports in publications on glu-

cose-tolerant BGLs and most of the reports on filamentous

fungi describes Aspergilli as the producers of GT-BGLs.

To the best of our knowledge, this is the first report on

production of glucose-tolerant b-glucosidase from A.

unguis, which belongs to the Aspergillus nidulans group.

Glucose-tolerant b-glucosidases have been reported previ-

ously in Aspergillus oryzae [15] and in A. niger [21].

However, the growth characteristics of A. unguis under

submerged fermentation make it attractive for large-scale

production of the enzyme. Under our culture conditions,

the fungus grew as pellets in an even suspension and did

not form large clumps/aggregates, allowing better aeration

and mixing. Other Aspergilli that we had used for BGL

production (e.g., A. niger [18]) either formed a mat or ball-

like structures in shake flasks and larger non-uniform

aggregates in fermenter. This fact and the ability to use

substrates like wheat bran for production makes A. unguis

the preferred choice for large-scale BGL production for

biomass hydrolysis.

The level of production of glucose-tolerant isoforms was

greatly influenced by the carbon source supplied. It is

interesting to note that the highest tolerance (32.75 %) was

observed in cultures grown with lactose as the carbon

Table 1 Purification of GT-BGL from A. unguis NII 08123

Purification stage Total volume (ml) Total protein (mg) Total activity (U) Yield (%) Specific activity (U/mg) Fold purification

Crude enzyme 1,400 482.7 715,400 100 1,482 1.00

Acetone PPT 15 3.9 12,690 1.77 3,275 2.21

Q sepharose-peak II 6 1.3 11,652 1.63 9,182 6.20

Gel elution of peak II 2 0.1 296 0.04 3,131 2.11

Fig. 7 GT-BGL enzyme activity profile at different temperatures

Fig. 8 GT-BGL enzyme activity profile at different pH values

Table 2 Physicochemical and kinetic properties of A. unguis GT-

BGL

Feature GT-BGL

Molecular weight (SDS-PAGE) *10 kDa

Optimal pH 6

Optimal temperature (�C) 60

Km (mM) 4.85

Vmax (U/mg) 2.95

Ki (glucose) (mM) 800
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source. Lactose is a known inducer of cellulase and could

have caused a selective induction of GT-BGL. From the

zymogram analysis, we identified five active isoforms of

b-glucosidase, even though their expression level varies in

the presence of different carbon sources. Staining the

native as well as SDS PAGE gels using MUG in the

presence of different concentrations of glucose indicated

that the low molecular weight isoform plays a key role in

activity retention, even in the presence of a considerable

amount of glucose. It has previously been reported that the

glucose-tolerant beta glucosidases are low molecular

weight proteins expressed at lower levels compared to the

highly expressed, high molecular weight glucose-sensitive

major BGLs in Candida peltata [16], A. oryzae [15],

Aspergillus foetidus [5], Aspergillus tubingensis [6], and in

A. niger [18]. BGL multiplicity can be attributed to the

presence of multiple genes or due to differential post-

transcriptional modifications [4]. Differential expression of

the various BGL proteins is reported in response to the

carbon sources supplied in the medium or the conditions of

culture [14, 23] and could be a probable adaptation of the

fungi to respond to the changing immediate environments.

This property, however, could be exploited for selective

expression of a desired isoform from a fungus by manip-

ulating the culture conditions/carbon source carefully. This

is apparently useful not only in the context of producing

BGL for biomass hydrolysis but also for flavor enhance-

ment in wine and fruit juices, provided that the BGL in

question has the suitable substrate specificity [21].

The high resistance of A. unguis BGL to glucose inhi-

bition and the advantages due to growth properties of the

fungus underlines its importance in biomass hydrolysis.

With few exceptions, most microbial b-glucosidases show

competitive inhibition kinetics in the presence of glucose

[16]. Extracellular b-glucosidases are highly sensitive to

glucose and normally have glucose inhibition constants

ranging from 0.5 to 100 mM. Noticeable exceptions like

A. oryzae [15] and C. peltata [16], where the Ki values have

been reported to be 1.36 and 1.4 M, respectively, do exist,

though this is very rare. The Ki (0.8 M) obtained for

A. unguis GT-BGL reported here may be considered as the

second-highest tolerance ever reported from the A. nidu-

lans group. The inhibition kinetics graph was explained

based on the Cornish–Bowden plot where the inhibition

constant (Ki) is greater than dissociation constant (Ki). GT-

BGL from A. unguis exhibited a type of mixed inhibition

with a predominating un-competitive inhibition. Previ-

ously, it has been reported that b-glucosidase from Trich-

oderma viride showed a type of mixed inhibition with

competitive character [13].

Additional BGL supplementation in biomass hydrolyz-

ing enzyme preparation is a common practice, since typi-

cally the commercial cellulase-producing microbial

cultures contain much less BGL activity. In all the current

commercial enzyme preparations for biomass hydrolysis,

the BGL is also highly sensitive to glucose, which limits

their potential to achieve high sugar concentrations. In our

preliminary studies conducted with steam-exploded

bagasse, supplementation of the GT-BGL-containing BGL

preparation from A. unguis could enhance the total sugar

yield by *20 % in 12 h. Further optimizations of enzyme

loadings and ratios are expected to enhance the sugar yield

further. The results indicate the potential for further

development of this enzyme as a potential ‘‘blend-in’’ for

biomass hydrolyzing enzyme preparations. In conclusion,

the short duration needed for production, possibility of

modulation of the expression by varying carbon sources, as

well as the high glucose tolerance of this enzyme are

particularly favorable for the application of this BGL in the

enzymatic hydrolysis of cellulose to glucose.
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