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A newly isolated fungus Aspergillus niger SOI017 was shown to be a good producer of β-glucosidase from all isolated fungal strains.
Fermentation condition (pH, cellobiose concentration, yeast extract concentration, and ammonium sulfate concentration) was
optimized for producing the enzyme in shake flask cultures. Response surface methodology was used to investigate the effects of
4 fermentation parameters (yeast extract concentration, cellobiose concentration, ammonium sulfate concentration, and pH) on
β-glucosidase enzyme production. Production of β-glucosidase was most sensitive to the culture medium, especially the nitrogen
source yeast extract. The optimized medium for producing maximum β-glucosidase specific activity consisted of 0.275% yeast
extract, 1.125% cellobiose, and 2.6% ammonium sulfate at a pH value of 3.

1. Introduction

Lignocellulose is the major component of biomass, rep-
resenting the most abundant renewable organic source in
soil. It consists of three polymers types, cellulose, hemi-
celluloses, and lignin that are strongly intermeshed and
chemically bonded by noncovalent forces and by covalent
cross-linkages [1]. The enzymatic hydrolysis of cellulosic
material into glucose involves the synergistic action of at
least three different enzymes: endoglucanase or endo-β-1,4-
glucanase, exoglucanase or exocellobiohydrolase, and β-1,4-
glucosidase or cellobiase [2]. Endo-β-1,4-glucanase catalyzes
the hydrolysis of cellulose by randomly splitting the sugar
residues within the molecule, whereas exo-β-1,4-glucanase
removes monomers and dimmers, from the end of the glucan
chain. The β-1,4-glucosidase hydrolyzes glucose dimers and
in some cases, cellulose oligosaccharides to glucose. Since
cellobiose inhibits the action of endo- and exoglucanases,
β-glucosidase contributes to the efficiency of this process.
Very strong activity of β-glucosidase is thus needed for

the pretreatment step of lignocellulose before a further
ethanol conversion. In addition to the role in cellulose
degradation, β-glucosidase has also been attributed to several
other applications. This includes the applications in phar-
maceutical, cosmetic, and detergent industries [3]. Most of
the commercially available β-glucosidase are served as parts
of cellulase enzymes. There are only two of those served
as the actual β-glucosidase; one is the Novozym188 from
Aspergillus niger (Novo Industri A/S, Denmark) and another
one is β-glucosidase also from A. niger (Fluka, Switzerland).
More screenings have been attempted for the novel sources
of much higher β-glucosidase activity. Vaithanomsat et al.
[4] isolates A. niger SOI017 with equivalent capability of β-
glucosidase production to those two strains. Even though
it is A. niger as the two commercial ones, it is worthed to
more deeply studied whether there are differences among
them. In order to achieve the purpose, high production of
β-glucosidase is essential.

Production of many enzymes by fermentation is highly
susceptible to the composition of the culture medium and
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factors such as feedback inhibition by the carbon source.
Therefore, identifying the medium composition to maximize
the enzyme titer in a minimally controlled batch fermen-
tation is important. Traditionally, fermentation processes
have been optimized by changing one independent variable
or factor at a time while keeping the others at some fixed
values. This single dimensional search is slow and laborious,
especially if a large number of independent variables are
involved. Furthermore, the traditional optimization does not
reflect the interaction effects among the variables employed
and does not depict the net effect of the various factors on
the enzyme activity. Consequently, statistical methods are
increasingly preferred for fermentation optimization because
they reduce the total number of experiments needed and
provide a better understanding of the interactions among
factors on the outcome of the fermentation [5]. Statistical
techniques such as the response surface methodology (RSM)
have gained broad acceptance in fermentation optimization.
RSM allows calculation of the optimum levels of various
process parameters based on a few sets of experiments.

Here, the focus is on optimizing the production of
the enzyme β-glucosidase by a newly isolated A. niger
SOI017 using a low-cost minimally controlled batch fer-
mentation process. The fermentation condition and the
medium composition are optimized using the response
surface methodology.

2. Materials and Methods

2.1. Selection of Strains. All collected samples were screened
for their ability to grow and produce β-glucosidase in
cellobiose-containing liquid media (0.1% yeast nitrogen base
w/o ammonium sulfate, 0.5% yeast extract, 0.6% ammo-
nium sulfate, and 2.0% cellobiose) as already described in
[4]. The genus was identified by morphological observation
as well as by molecular method [6]. The selected unknown
species (SOI017) was grown on PDA at 30◦C for 2 days.
Approximately 50–100 mg of fresh fungal mycelium was
scraped from cultures into a new microcentrifuge tube
containing 20–60μL of 0.5 N NaOH including +70 meshes
sand. 2–5 μL of liquid suspension was transferred into a new
microcentrifuge tube and 198 μL Tris HCl, and pH 8 was
added [7]. Finally, 3-4 μL of this solution was used for
the PCR reactions. A standard amplification protocol was
followed with universal primers ITS5 (5′ GGA AGT AAA
AGT CGT AAC AAG G 3′) and ITS4 (5′ TCC TCC GCT
TAT TGA TAT GC 3′) described by White et al. [8] for the
Internal Transcribed Spacers (ITS) regions while the Large
Subunit (LSU) ribosomal RNA was amplified with LROR (5′

ACC CGC TGA ACT TAA GC 3′) and LR7 (5′ TAC TAC CAC
CAA GAT CT 3′) described by [9, 10].

PCR was performed in a single 50 μL PCR reaction
mixture containing 39 μL sterile deionized water, 5 μL of
10X PCR buffer, 2.5 μL of 50 mM MgCl2 (final concentration
2.5 mM), 1 μL of 10 mM dNTP mix (final concentration
0.2 mM), 1 μL of 10 μM of each primer (final concentration
0.2 μM), 0.5 μL of Taq polymerase 1 unit/μL (Promega Corp.,
Madison Wisconsin, catalogue no. M1665), 50 mM MgCl2,

and 1 μL genomic DNA (approximately 10 ng). PCR thermal
cycling profile for amplifications of LSU and the 5.8S rDNA
including flanking ITS regions consisted of denaturation step
at 95◦C for 2 min followed by 35 cycles 95◦C for 1 min 55◦C
for 1 min, 72◦C for 2 min, and the final step of 72◦C for
7 min [11]. The PCR products were analyzed by gel elec-
trophoresis (1.5% agar) and observed under UV-light after
staining in ethidium bromide (0.5 ug/mL) for 15 minutes.
Amplification product was purified using Nucleospin Plant
DNA purification kit (Macherey-NAGel, catalogue no. 740
590.50). Purified PCR products were submitted for sequence
determination by BIOTEC Service Unit (BSU) carried out in
an automated sequencer. The consensus sequences for each
species were multiple aligned by Clustal W 1.6 [12] along
with other sequences obtained from the GenBank database.
The dataset was refined visually in Se-Al v1.Oa1 and Bioedit
5.0.6 [13] . BLAST (basic local alignment search tool) was
used to search for sequences similar to their ITS rDNA of
Aspergillus strains from the National Center for Biotechnol-
ogy Information (NCBI). Nucleotide BLAST search with the
option standard nucleotide-nucleotide BLAST of BLASTN
2.26 was used to compare and find similar sequences [14].
In case of LSU, BLAST search was searched for sequences
GenBank having high scores of percentage identity of
Aspergillus sequences to test family and genus level [14].
For the ITS region, pairwise alignment in BioEdit program
[13] was used to calculate exact position on nuclear partial
18S, ITS 1, 2 regions, 5.8 rDNA, nuclear partial 28S rDNA,
and percentage of identity between sequences. The data also
were analyzed by the Clustal W [12] and PAUP phylogenetic
analysis programs [15]. Including currently corresponding
sequences of representative Aspergillus, strains were included
in the datasets for phylogenetic analyses. The phylogenetic
trees were generated using neighbor-joining (NJ) criteria for
analyses of nucleotides. Rhizopus microsporous (EF 134626)
was chosen as the out-group taxa for all analyses. A neighbor-
joining (NJ) tree was constructed. The stability of clade
was evaluated by bootstrap tests with 1000 replications
in distance analysis (neighbor-joining method). Bootstrap
analysis using the heuristic search option of PAUP will
be performed to calculate the robustness of each branch.
The analysis was set as the following parameter: 1000
bootstrap replicates, with gaps treated as missing data,
tree-bisection-reconnection branch-swapping algorithm and
random sequence addition.

2.2. Microorganisms and Cultivation. The fungal stock cul-
tures were maintained through a periodic transfer on Potato
Dextrose Agar (PDA) at 4◦C until use. To prepare the
inoculum, the fungus was transferred onto a fresh PDA slant
and incubated at 30◦C for 7 days. The spores harvesting from
the slants was performed using 5 mL sterile distilled water.
This was ready to be used for further experiments.

2.3. Production of β-Glucosidase. The base medium (30 mL;
g/L: 10.0 cellobiose; 5.0 yeast extract; 1.0 yeast nitrogen base
(w/o amino acid and ammonium sulphate); 6.0 (NH4)2SO4;
pH 5.5) was inoculated with 10% spore suspension (1× 106



International Journal of Microbiology 3

Table 1: Process variables used in the central composite design (K = 3) with actual factor levels corresponding to coded factor levels.

Factor codea Actual factor level at coded factor levels of

−2 −1 0 1 2

%cellobiose X1 0.500 1.125 1.750 2.375 3.000

%yeast extract X2 0.050 0.275 0.500 0.725 0.950

% (NH4)2SO4 X3 0.6 1.1 1.6 2.1 2.6

pH X4 3.0 4.5 6.0 7.5 9.0
aCode level limits are based on preliminary investigations and also to reflect what was done in practice.
X1 = (%cellobiose-1.75)/0.625, X2 = (%yeast extract-0.5)/0.225, X3 = (% (NH4)2SO4 -1.6)/0.5, and X4 = (pH-6.0)/1.5.
bLevels based on the central composite design.

Table 2: Treatment combinations and mean response for β-glucosidase production by A. niger SOI017.

T Cellobiose (%) Yeast extract (%) (NH4)2SO4 (%) pH Experimental Sp activity (μmol/ml/mg)

1 1.125 0.275 1.1 4.5 54.5 ± 6.3

2 1.125 0.275 1.1 7.5 6.6 ± 0.4

3 1.125 0.275 2.1 4.5 3927.0 ± 661.9

4 1.125 0.275 2.1 7.5 21.4 ± 5.3

5 1.125 0.725 1.1 4.5 3186.9 ± 68.3

6 1.125 0.725 1.1 7.5 1988.7 ± 707.2

7 1.125 0.725 2.1 4.5 2024.1 ± 263.2

8 1.125 0.725 2.1 7.5 908.4 ± 121.3

9 2.375 0.275 1.1 4.5 3.2 ± 0.1

10 2.375 0.275 1.1 7.5 4.5 ± 0.2

11 2.375 0.275 2.1 4.5 2.4 ± 0.1

12 2.375 0.275 2.1 7.5 4.5 ± 0.2

13 2.375 0.725 1.1 4.5 402.1 ± 32.4

14 2.375 0.725 1.1 7.5 146.2 ± 107.2

15 2.375 0.725 2.1 4.5 1378.6 ± 315.2

16 2.375 0.725 2.1 7.5 319.3 ± 31.6

17 3.000 0.500 1.6 6.0 445.2 ± 15.0

18 0.500 0.500 1.6 6.0 921.7 ± 93.3

19 1.750 0.950 1.6 6.0 1498.4 ± 122.7

20 1.750 0.050 1.6 6.0 3.2 ± 0.3

21 1.750 0.500 2.6 6.0 1467.9 ± 231.0

22 1.750 0.500 0.6 6.0 2677.1 ± 111.1

23 1.750 0.500 1.6 9.0 442.2 ± 18.3

24 1.750 0.500 1.6 3.0 4752.8 ± 139.2

25 1.750 0.500 1.6 6.0 1964.2 ± 265.1

26 1.750 0.500 1.6 6.0 2387.5 ± 252.1

27 1.750 0.500 1.6 6.0 2056.5 ± 33.4

28 1.750 0.500 1.6 6.0 3553.6 ± 288.4

29 1.750 0.500 1.6 6.0 1813.1 ± 114.5

30 1.750 0.500 1.6 6.0 1802.6 ± 160.3

spores) and cultured at room temperature on a rotary shaker
(120 rpm). After 10 days of incubation, each flask was assayed
for β-glucosidase activity (pNPG), total protein (Lowry’s
method), and substrates consumption (DNS).

2.4. Experimental Design. The RSM was used to investigate
the effects of independent variables: agitation rate, temper-
ature, and initial pH of medium on the responses of β-
glucosidase activity. All treatment combinations (Table 2)

were performed in 125 mL Erlenmeyer flasks. The exper-
iments were performed according to the central com-
posite design (CCD; Table 2). Using CCD for 4 factors
(k = 4), 30 treatment combinations were generated. To
set up a statistical model, five levels for each variable
were chosen. The upper and lower limits of each vari-
able were chosen to encompass the range in literature
and to reflect what was done in practice after a pre-
liminary investigation of the limits. The codes of ±α
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Aspergillus sp. 008

AJ280008 Aspergillus tubingensis

AJ280007 Aspergillus tubingensis

AM745112 Aspergillus tubingensis

EF105366 Aspergillus niger

AJ280006 Aspergillus niger

AY213632 Aspergillus niger

DQ985232 Aspergillus niger

AJ876876 Aspergillus niger

DQ411546 Aspergillus niger

DQ118381 Aspergillus niger

DQ206869 Aspergillus niger

EF534195 Aspergillus niger

EF660199 Aspergillus niger

AJ853742 Aspergillus niger

AY585555 Aspergillus niger

EF134626 Rhizopus microsporus
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Figure 1: NJ trees calculated from ITS1-2, 5.8S rDNA sequence. Rhizopus microsporus was used as outgroup taxa. The internal topology of
Aspergillus sp. 017 was grouped to Aspergillus niger (EF105366 and AJ280006) with the 93% supportive bootstrap branch.

(±2.0) were designed at a distance of 2.0 (2n/4 = 2.0 for
n = 4) from the design center. The remaining levels
were identified using CCD. Table 1 contained the actual
factor levels corresponding to the coded factor levels as
follows: X1 = (%cellobiose-1.75)/0.625,X2 = (%yeast extract-
0.5)/0.225, X3 = (% (NH4)2SO4-1.6)/0.5 and X4 = (pH-
6.0)/1.5. Table 2 showed the treatment combinations and
mean response. From the experimental data according to
this design, a second-order polynomial regression model
was

Y = b0 + b1X1 + b2X2 + b3X3 + b11X2
1 + b22X2

2

+ b33X
2

3 + b12X1X2 + b13X1X3 + b23X2X3 + £,
(1)

where Y = β-glucosidase activity (U/mL), bi = the lin-
ear coefficients, bii = the quadratic coefficient, bi j =
the cross product coefficients, and £ = the model con-
stant.

2.5. Enzyme Activity. β-glucosidase was assayed using 50 μL
of appropriately diluted culture filtrate: The 250 μL of

sodium acetate buffer (100 mM, pH 5.0), 250 μL p-nitro-
phenyl-β-D-glucopyranoside (pNPG) (4 mM, Sigma). After
incubation at 60◦C for 10 min, the reaction was interrupted
by adding 2 mL of sodium carbonate 2 M, and the color was
measured at 410 nm. One unit of β-glucosidase corresponds
to the amount of enzyme that releases 1 μM nitrophenol per
min in the reaction mixture [2].

3. Results and Discussion

3.1. Microorganism Identification. The 5.8S gene of the rRNA
and the two intergenic spacers ITS1 and ITS2 of SOI017
were sequenced and analyzed. The BLAST search result
based on ITS region revealed that the genus Aspergillus
SOI017 was identified to A. niger (Figure 1, Table 3), which
is in the family Trichocomaceae, order Eurotiales, sub-
class Eurotiomycetidae, class Eurotiomycetes, and phylum
Ascomycetes (http://www.ncbi.nlm.nih.gov/BLAST/). Addi-
tionally, the LSU result displayed that the Aspergillus SOI017
matched with A. niger CBS 513.88, complete genome
(ACCESSION: NW001594105 and NW001594104).
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Figure 2: Continued.
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Figure 2: (a) Response surface for the effects of cellobiose (%) and yeast extract (%) at 1.6% (NH4)2SO4 and pH 6 on the specific activity
after 240 h of incubation. (b) Response surface for the effects of cellobiose (%) and (NH4)2SO4 (%) at 0.5% yeast extract and pH 6 on the
specific activity after 240 h of incubation. (c) Response surface for the effects of cellobiose (%) and pH at 1.6% (NH4)2SO4 and 0.5% yeast
extract on the specific activity after 240 h of incubation. (d) Response surface for the effects of yeast extract (%) and (NH4)2SO4 (%) at
1.75% cellobiose and pH 6 on the specific activity after 240 h of incubation. (e) Response surface for the effects of yeast extract (%) and pH
at 1.75% cellobiose and 1.6% (NH4)2SO4 on the specific activity after 240 h of incubation. (f) Response surface for the effects of (NH4)2SO4

(%) and pH at 1.75% cellobiose and 0.5% yeast extract on the specific activity after 240 h of incubation.

Table 3: Aspergillus SOI017 compared with three high-score sequences of BLAST search based on ITS region.

Accession Description Max score Total score Query coverage E value Max identity

DQ778907.1 Aspergillus niger IBL 03110 1031 1031 100% 0.0 100%

NW 001594105.1 Aspergillus niger CBS 513.88 1031 3094 100% 0.0 100%

NW 001594104.1 Aspergillus niger CBS 513.88 1031 1031 100% 0.0 100%

3.2. Optimization of β-Glucosidase Production by RSM.
The objective of the experimental design was to optimize
the reaction conditions for maximizing the enzyme yield.
Since optimization by one factor at a time method or
the full factorial method cannot examine all the possible
combinations of independent variables or is too laborious to
perform, respectively, the appropriate statistical experiment
design tools for optimization are important. In this study, the
RSM was used for finding out the optimum condition for
β-glucosidase production. After the experiments according
to all treatment combinations, the data were analyzed
using SPSS for Windows to yield regression (1), regression
coefficients, and analysis of variance. From the analysis of
variance (ANOVA), the model of specific activity β-glucos-
idase was highly significant (P < .05; Table 4) and the R2

value for the model, being the measure of the goodness of
fit of the model, was 0.709, which indicated that 70.90% of
the total variations in the observed response values could be
explained by the model, or by experimental parameters and
their interactions. The rest (29.10%) of the total variation
was not explained by the model. Coefficient estimates in the
regression model for β-glucosidase was presented in Table 5.

After the treatment combinations, all linear terms of the
independent variables, quadratic term of %yeast extract, and
interaction terms of %yeast extract with %yeast extract and
%cellobiose with %cellobiose were included in the model
for β-glucosidase production since these were significant
(P < .05). The P value was used as a tool to check the
significance of each of the coefficients. The smaller the mag-
nitude of P value, the more significant was the correlation
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Table 4: Analysis of variance for the evaluation of the second-order model for the model.

Y Model df Sum of squares Mean square F Sig.

Sp activity Regression 14 36304923.79 2593208.84 2.608 0.038

Residual 15 14917341.53 994489.44

Total 29 51222265.31 (R2 = 0.709, P < .05)

Table 5: Estimated regression coefficients for β-glucosidase pro-
duction.

Model Parameter estimates P value

Constant −5927.29 .430

%cellobiose 2266.84 .433

%yeast extract 17046.43 .039

%amm sulfate 5762.06 .134

pH −375.86 .776

%cellobiose×%yeast extract −829.59 .646

%cellobiose×%amm sulfate −98.28 .903

%cellobiose× pH 331.26 .233

%yeast extract×%amm sulfate −2829.54 .231

%yeast extract× pH 59.00 .937

%amm sulfate×pH −381.47 .269

%cellobiose×%cellobiose −1258.96 .020

%yeast extract×%yeast extract −9695.37 .020

%amm sulfate×%amm sulfate −579.77 .457

pH×pH −6.08 .944

with the corresponding coefficient. Among the 4 factors
tested, %yeast extract had the highest impact on specific
enzyme activity as given by the highest linear coefficient
(17046.43, Table 5). Thus, in the enzyme activity of A. niger
SOI017, %yeast extract was the most important parameter.
The model equations for β-glucosidase activity with the
coefficients in coded units of factors were given in Table 6.

The effect of interaction of various parameters on the
β-glucosidase production was studied by plotting three-
dimensional response curves against any two independent
variables while keeping the other independent variable at
their “0” levels as shown in Figure 2. In predicting the
response, all three-dimensional response surface graphs were
generated using STATISTICA for Windows (Release 5.0,
Stasoft, USA). Figure 2(a) depicts three-dimensional curve
of the calculated response surface from the interaction
between %yeast extract and %cellobiose while keeping pH
and % (NH4)2SO4 at “0” level. The response surface plot
indicated an optimum β-glucosidase-specific activity around
0.6–0.8% yeast extract and 1.5–2.0% cellobiose. Increasing
yeast extract concentration beyond 0.8% negatively affected
β-glucosidase production. A similar inhibitory effect of the
higher levels of yeast extract on β-glucosidase production
by Paecilomyces variotii MG3 and Debaryomyces pseudopoly-
morphus UCLM-NS7A was also reported by Job et al. [3]
and Barbosa et al. [16], respectively. This observation may
indicate the sensitivity of β-glucosidase production by A.
niger SOI017 to the nitrogen level in the medium. The

concentration of carbon source also had the effect on β-
glucosidase production by A. niger SOI017 as demonstrated
in Figures 2(a), 2(b), and 2(c). Moussa and Tharwat
[17] suggested the possibility of β-glucosidase production
induced by cellobiose. Since the polymeric substrates are
unable to cross the cell plasma membranes, the cells receive
the signal for an accelerated synthesis of secreted glycanases
by means of low-molecular weight fragments, usually disac-
charides, derived from the polysaccharides. The fragments
are formed by the action of small amounts of the enzymes
produced constitutively. Thus, cellobiose could be an inducer
for cellulose-degrading enzymes including β-glucosidase.
Furthermore, the decrease in β-glucosidase production was
observed when cellobiose concentration was higher than
2.0%. It may be suggested that the β-glucosidase production
by A. niger SOI017 was repressed by easily metabolized sugars
such as glucose [17]. In this case, glucose (the end product
of cellobiose) interacted with a cellular protein and formed
a complex which interacted with a particular gene at the
transcription level and repressed cellulose synthesis [18].
When the pH and %yeast extract were fixed at 6 and 0.5%
(“0” level), a maximum β-glucosidase-specific activity was
obtained at 1.5–2.0% cellobiose and 2.0–2.5% (NH4)2SO4

(Figure 2(b)). Since Figure 2(c) shows the interaction of pH
and %cellobiose at 1.6% (NH4)2SO4 and 0.5% yeast extract
(“0” level), it indicated that the maximum β-glucosidase-
specific activity was achieved around pH 3–5 and 1.5–
2.0% cellobiose. When pH and %cellobiose were fixed at 6
and 1.75%, respectively, a maximum β-glucosidase-specific
activity was observed at around 0.8–1.0% yeast extract and
2.5–3.0% (NH4)2SO4 (Figure 1(d)). Taken all together, high
β-glucosidase-specific activity was achievable.

In order to validate the obtained model, randomly
selected six experiments from the various solutions provided
by the software were performed, and the β-glucosidase
activities were determined. Correlation analysis was per-
formed on the actual responses obtained and the predicted
values for each solution (Table 7). The optimum condition
obtained from the RSM model was 0.275% yeast extract,
1.125% cellobiose, and 2.6% (NH4)2SO4 at a pH value of 3.
Through the optimization of process parameters, we could
obtain a twofold increase in the yield of β-glucosidase from
2,146.05 U/mg protein to 8,992.67 U/mg protein.

4. Conclusion

The fungus A. niger SOI017 was found to be a good
producer of β-glucosidase enzyme. The yield of the enzyme
was enhanced substantially by optimization of the culture
conditions and the medium composition, indicating that this
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Table 6: The model equations for kinetic parameters.

Y Model equations R2 P value

Sp activity
Y = 2266.841X1 + 17046.43X2 + 5762.059X3- 375.861X4- 829.59X1X2-
98.276X1X3 + 331.259X1X4- 2829.54X2X3+ 58.998X2X4- 381.471X3X4-

1258.96X1
2- 9695.37X2

2 – 579.765X3
2 – 6.083X4

2 -5927.29
0.709 .038

Table 7: Model predicted value for specific activities at optimum condition.

CON %cellobiose %yeast extract % (NH4)2SO4 pH
Sp activity (umol/ml/mg protein)

Predicted Experimental

1 1.750 0.500 1.6 3 3568.1 3793.3

2 1.750 0.275 2.1 3 3489.9 7957.1

3 1.750 0.275 2.6 3 3961.3 8046.9

4 1.125 0.275 2.1 3 3985.8 7898.1

5 1.125 0.275 2.6 3 4487.9 8992.7

6 1.125 0.600 2.6 3 4634.1 4615.4

enzyme was most probably an inducible enzyme. Concentra-
tions of the nitrogen source (yeast extract) and carbon source
(cellobiose) were found to have the most impact on the pro-
duction of the enzyme. The high activity of the enzyme in an
acidic pH (3–5) could find a profound use in saccharification
of lignocellulosic wastes after an acidic pretreatment.

Acknowledgments

The authors gratefully acknowledge the Japan International
Research Center for Agricultural Sciences (JIRCAS), Japan,
and the Thailand Research Fund (TRF), Thailand, for
financial support throughout the project.

References

[1] C. Sánchez, “Lignocellulosic residues: biodegradation and
bioconversion by fungi,” Biotechnology Advances, vol. 27, no.
2, pp. 185–194, 2009.

[2] R. S. R. Leite, H. F. Alves-Prado, H. Cabral, F. C. Pagnocca,
E. Gomes, and R. Da-Silva, “Production and characteristics
comparison of crude β-glucosidases produced by microorgan-
isms Thermoascus aurantiacus e Aureobasidium pullulans in
agricultural wastes,” Enzyme and Microbial Technology, vol. 43,
no. 6, pp. 391–395, 2008.

[3] J. Job, R. K. Sukumaran, and K. Jayachandran, “Production
of a highly glucose tolerant β-glucosidase by Paecilomyces
variotii MG3: optimization of fermentation conditions using
Plackett-Burman and Box-Behnken experimental designs,”
World Journal of Microbiology and Biotechnology, vol. 26, no.
8, pp. 1385–1391, 2010.

[4] P. Vaithanomsat, T. Malapant, and Khomkamon, “Preliminary
isolation of β-glucosidase producing fungi for biomass uti-
lization,” in Proceedings of the 36th Congress on Science and
Technology Thailand (STT ’10), 2010.

[5] M. S. Revankar and S. S. Lele, “Increased production of
extracellular laccase by the white rot fungus Coriolus versicolor
MTCC 138,” World Journal of Microbiology and Biotechnology,
vol. 22, no. 9, pp. 921–926, 2006.

[6] J. I. Mitchell, P. J. Roberts, and S. T. Moss, “Sequence or
structure? A short review on the application of nucleic acid

sequence information to fungal taxonomy,” Mycologist, vol. 9,
no. 2, pp. 67–75, 1995.

[7] H. Wang, M. Qi, and A. J. Cutler, “A simple method of prepar-
ing plant samples for PCR,” Nucleic Acids Research, vol. 21, no.
17, pp. 4153–4154, 1993.

[8] T. J. White, T. Bruns, S. Lee, and J. Taylor, “Amplification and
direct sequencing of fungal ribosomal RNA genes for phylo-
genetics,” in PCR Protocols, M. A. Innis, D. H. Gelfand, J. J.
Sninsky, and T. J. White, Eds., pp. 315–322, Academic Press,
San Diego, Calif, USA, 1990.

[9] B. A. Bunyard, M. S. Nicholson, and D. J. Royse, “A systematic
assessment of Morchella using RFLP analysis of the 28S ribos-
omal RNA gene,” Mycologia, vol. 86, no. 6, pp. 762–772, 1994.

[10] S. Landvik, “Neolecta, a fruit-body-producing genus of
the basal ascomycetes, as shown by SSU and LSU rDNA
sequences,” Mycological Research, vol. 100, no. 2, pp. 199–202,
1996.

[11] K. L. Pang, M. A. Abdel-Wahab, S. Sivichai, H. M.
El-Sharouney, and E. B. G. Jones, “Jahnulales (Doth-
ideomycetes, Ascomycota): a new order of lignicolous fresh-
water ascomycetes,” Mycological Research, vol. 106, no. 9, pp.
1031–1042, 2002.

[12] J. D. Thompson, D. G. Higgins, and T. J. Gibson, “CLUSTAL
W: improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, position-specific gap
penalties and weight matrix choice,” Nucleic Acids Research,
vol. 22, no. 22, pp. 4673–4680, 1994.

[13] T. Hall, “BioEdit Version 7.0.5.3. A user-friendly biological
sequence alignment editor and analysis program for Windows
95/98/NT,” Nucleic Acids Symposium Series, vol. 41, pp. 95–98,
1999.

[14] S. F. Altschul, T. L. Madden, A. A. Schäffer et al., “Gapped
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