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ABSTRACT: B-glucosidase has wide spectrum of biotechnological applications in different industries
including food, textile, laundry detergents, pulp and paper, pharmaceutical and biofuel industry. The present
investigation related to isolation, screening, and process optimization of fungal strain for enhanced production
of B-glucosidase (BGL). For this purpose, different fungal stains were isolated from different sources including
soil, fruits, bark of tree as well as from the compost. The screening of fungal strain for BGL production was
carried out via submerged fermentation. All the tested strains were identified on the basis of micro and
macroscopic features. The fungal strain having greater ability for BGL synthesis among tested ones was
identified as Aspergillus niger and given the code SBT-15. The process parameter including fermentation
media, temperature, pH, rate of fermentation, carbon and nitrogen sources, volume of media were optimized.
Five different fermentation media were evaluated M3 medium gave maximum production. The optimal
conditions for BGL production was 72 hours of incubation at 40°C, pH 6 and 50 ml fermentation medium.
Glucose (1%) and ammonium sulphate (3%) were optimized as best carbon and nitrogen sources, respectively.
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INTRODUCTION

B-glucosidase (E.C.3.2.1.21) is one of
important enzyme of cellulases. It catalyzes the
hydrolysis of B-1,4 glycosidic linkage in various
disaccharides, oligosaccharides, alkyl, aryl beta-D-
glucosides by acting upon non reducing ends and
ultimately produces beta-D glucose (IWASHITA et
al.,, 1999; WALLECHA ; MISHRA, 2003). B-
glucosidase plays central role in the degradation of
cellulose (SEIDLE et al., 2004). The enzymatic
degradation of cellulose by cellulases occurs in
successive reactions: endoglucanase and
exoglucanase catalyzes conversion of cellulose into
cellobiose and beta glucosidase then convert the
cellobiose into free glucose molecule (SAJITH et
al., 2016). PB-glucosidase is typically used for
regulation of full cellulolytic mechanism and known
to be rate- limiting factor during enzyme hydrolysis
of cellulose, as both endo-glucanases and exo-
glucanases are often restricted by cellobiose. Thus
B-glucosidase not only biosynthesizes glucose but
also minimizes cellobiose inhibition, allowing endo
and exo-glucanases enzymes to be function more
accurately (KAUR et al., 2007).

B-glucosidases (BGL) can be obtained from
different sources including plant, animal, bacteria
and fungi. However, production of B-glucosidase
from microbial sources is preferred over other
sources due to their ability of fast growth and
independence from seasonal fluctuations. Fungi is
preferred over bacteria due to excretion of
considerable amount of BGLs (RECZEY et al.,
1996; SINGHANIA et al, 2006). Fungal f-
glucosidases are more resistant to environmental
harsh  circumstances compared to bacteria
(DAMISA et al., 2011). In addition to this bacterial
enzyme system is more complex, as compared to
fungal enzymes. Fungal enzyme system is very
simple consisting of two separate cellulose binding
module (CBM) and catalytic domain (CD)
(PANDEY, 2003; KUHAD et al., 2011). The fungi
are potential source of B-glucosidases. The common
fungi reported for production of B-glucosidases
included A. niger, Phanerochaete chrysosporium,
P. decumbens, Penicillium brasilianum, A. oryzae,
Talaromyces  emersonii, and Thermoascus
aurantiacus (OKSANEN et al., 2000; RANI et al.,
2015).

B-glucosidase have myriad industrial
applications such as in processing of food items,
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used in textile wet processing and finishing of
cellulase based textile, in paper and pulp industry
for refining woody based pulp to obtain paper. In
spite of this it play vital role in oil extraction
improvement, treatment of waste materials, and in
bioethanol production (RAJOKA, 2004,
SINGHANIA et al., 2013). B-glucosidase are also
used in release of aromatic compounds from
glycosidic precursors already present in fruit juices,
musts, wines (GUEGUEN et al., 1998). pB-
glucosidases are used in broad range of
biotechnological pathways such as in making
enzymes with huge hydrolyzing activity to heat
tolerance, acid resilience, and in feasible
transglycosylase action (KRISCH et al., 2010).

B-glucosidases can be produced employing
solid state and submerged fermentation techniques.
SMF technique gives several benefits over solid
state fermentation such as possibility of automation
of several operations, different parameters can be
monitored easily (using periodic sampling of liquid
media), easy to control whenever addition of
nutrients and reagents is required and in large
fermenter heat generated by microbial growth can
be easily removed (JAKUBIKOVA et al., 2006). In
submerged fermentation techniques products are
directly excreted in broth and can be recovered
easily (GUNATA ; VALLIER, 1999). Although
optimization of different parameters is challenging
task towards establishment of successful enzyme
production but it is very necessary for enhanced
production of enzyme. The physico chemical
elements play major role in the production of
enzymes. The physico chemicals parameters play
significant role is named pH, Temperature, and rate
of fermentation (GOKHALE et al.,, 2011). The
objective of this study was to isolate fungal strain
having B-glucosidase potential and optimization of
conditions for enhanced production of desired
enzyme.

MATERIAL AND METHODS

Isolation of fungal strain

Isolation of different fungal strains was
carried from different sources including dung of
animals, bark of tree, fruits and soils collected from
different locations of Punjab Pakistan. The isolation
of fungal strain was performed using serial dilution
process (CLARK et al., 1958). All the isolated
strains were screened via submerged fermentation in
order to find out the BGL potential.

Fungal Wet Mount technique
Microscopic characteristics of fungi were
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determined using wet mount technique through
suspension of culture in water, mixed with alkali to
dissolve background material. Methylene Blue was
used as mounting medium. A small amount of
fungal specimen was placed in a drop of methylene
on a clean slide. The coverslip was placed and the
slide was observed under the microscope for the
morphological characteristics of fungi
(SANGEETHA; THANGADURALI 2013).

Pretreatment of Substrate

The sample of sugar cane bagasse was
chopped into small pieces and sun dried.
Pretreatment of sugar cane bagasse was carried by
dipping in 4% solution of sodium hydroxide for 24
h. After this washed the sample with distilled water
and dried in oven at 60 °C for 3-4 h (HAQ et al.,
2006).

Inoculum preparation

The homogenous suspension of
spore/conidia was prepared by addingl0 ml of
saline water in 3-4 days old fungal culture and
mixing them with the help of inoculating loop and
shaking the test tube vigorously.

Submerged fermentation technique

The 250 ml Erlenmeyer flask containing
100ml of sterilized medium was inoculated with
Iml of conidial/spore inoculum under aseptic
conditions. All the flasks were incubated at 40 °C in
a shaking incubator. After a fixed period of interval
fermented broth was centrifuged at 6000 rpm for 15
min. The supernatant obtained was used to estimate
B-glucosidae. All the experiments were carried out
in triplicates.

Fermentation Media

Following media were screened for
production of B-glucosidase. The components in
media are present in (g L)
M1: The medium containing g L' (NH4).SO4 1.4,
KH>PO, 2.0, Urea 0.3, MgSO47H,0 0.3, CaCl; 0.3
FeSO47H,0 0.005, ZnSO.7H20 0.0014, MnSO4H>O
0.0016, COCI3 0.002, Tween 80 2.0 ml, Carboxy
methylcellulose 10.0 as substrate (OKONKWO et
al., 2014)
M2: (NH4).SOs 0.5, KCI 1.0, KH,POs 0.5,
MgS04.7H,O 0.2, L-asparagine 0.5, CaCl, 0.1,
yeast extract 0.5 with glucose 1g as carbon source
(EGGINS; PUGH, 1962)
M3: (NH4)st4 1.4, KH2P04 2.0, MgSO47H20 0.3,
CaCl, 0.3g, FeSO4.7TH,O 0.005, ZnSO4.H,O
0.0014, MnSO4 0.0016, COCI, 0.002, peptone 10,
Sugarcane bagasse 10 (IRFAN et al., 2010).
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M4: Wheat bran and sugar cane bagasse 10g each,
(NH4)2S04, 3.5, KH,P043.0, MgSOs47H,0O; 0.5
CaCl, 0.5, 1ml Tween 80 ( DE-SOUZA et al,
2016).

MS5: Urea 0.3, (NH4),SOs 1.4 , KH,PO4 2.0 ,
CaCl2 03 , MgSO4+HO 0.3 , peptone 1.0,
FeSO4 H20 0.005, MnSO4-H,0 0.0016, ZnSO4-H,O
0.0014, CoCl2 0.002 and carboxymethylcellulose
10, Sawdust 10 (AKINYELE et al., 2013).

Enzyme Assay

B-glucosidase estimation was carried out
according to RAJOKA ; MALIK, (1997) 0.2 ml
PNPG (10 Mm) along with 0.2 ml crude enzyme
and 0.6 ml acetate buffer of pH 5 (0.2M) was added
in a test tube. The test tube containing enzyme
substrate mixture was incubated at 45°C for 10 min.
A blank was also run parallel. After incubation 3 ml
Na,CO; (1M) was added in all the test tubes to stop
the reaction. The absorbance was measured at 400
nm using spectrophotometer. Paranitrophenol was
used as standard. One unit of B-glucosidase activity
was defined as “the quantity of enzyme required to
liberate 1pmol of p-nitrophenol from substrate (p-
nitrophenyl-p-D-glucopyranoside)”.

Estimation of total protein contents
Total protein contents were estimated
according to BRADFORD method (1976).

Estimation of dry cell mass (DCM)
Dry cell mass was estimated according to
IRFAN et al. (2010).
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Statistical Analysis

All the experimental data was tabulated
analyzed statistically using one way analysis of
variance (ANOVA). The significance has been
presented at p < 0.05 by using SPSS (17.0).

RESULTS AND DISCUSSION

Isolation, screening and selection of fungi
having greater ability to produce B-glucosidase are
fundamental and most important steps for successful
fermentation process. Fifteen different fungal strains
capable for production of [-glucosidase were
isolated. All the strains were screened and identified
on the basis of macro and microscopic features. The
quantitative  screening was performed via
submerged fermentation (data not shown). SBT-15
showed maximal B-glucosidase potential (0.93 IU
ml ') as compared to other isolates and identified as
Aspergillus niger ( KLICH, 2002). Fermentation
media plays vital role for carrying out successful
fermentation process. Five different fermentation
media were screened. Among these fermentation
media M3 medium showed maximal B-glucosidase
production (3.92 TU ml') with total protein
concentration 0.52 in contrast to other media (Fig
1). The reason might be that media contained
pretreated sugarcane bagasse. Alkaline treatment
play important role in delignification and increase
the cellulose content of substrate and made the
biomass easily accessible for microbial attack;
which convert cellulose in to simple sugar and
favoured fungal growth (IRFAN et al., 2010).
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Figure 1. Influence of media on the production of B-glucosidase

The impact of varying incubation period
ranging from 0-120 h on B-glucosidase production
by Aspergillus niger SBT- 15 was evaluated (Fig.
2a). The enzyme reached peak of its activity (3.93
IU ml") at 72 hours, any rise in incubation time

period resulted reduction in enzyme productivity.
The depletion of nutrients in the fermentation
medium or production of harmful byproducts and
proteolysis of enzyme could be major reason for
reduction of enzyme productivity. Our findings are
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similar to Raza et al. (2011) who reported 72 h is
optimal time for B-glucosidase production when mix
culture of A. niger and A .oryzae was used.

Variation in incubation temperature
significantly affects enzyme production rate. Effect
of varying incubation temperature ranging from 30
°C-60°C on B-glucosidase production by Aspergillus
niger SBT-15 was tested (Fig 2b). It was noted that
highest enzymatic activity (3.95 TU ml') was
observed at 40 °C. Decrease in enzymatic activity
was observed at increasing temperature and it might
be due to phenomenon of thermal instability of
enzyme commonly observed in fungi at elevated
temperature (TONG; COLE, 1982).

The volume of medium has paramount
importance for the growth of microorganism as well
as production of enzyme. Figure 2¢ shows influence
of different volume of fermentation medium ranging
from 25 ml to 150 ml on B-glucosidase production
by Aspergillus niger SBT-15. Out of all tested
volume maximum enzyme productivity (5.55 IU ml’
) was observed in 50ml medium volume Decrease
or increase in volume of medium from 50 ml

Erzyme aetivily
uow s

Time of incubation (h)

Frotein coneentration

—&— DCM(g/1)
—O— Total protein concentration{mg/mb

—&— Enzyme activity (107 mi)
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resulted decline in enzyme production. This could
be increased volume of medium results reduction
in agitation and recirculation of media ingredients
which in turn results in decrease supply of nutrients
to organisms and hence less enzyme production
(WANG et al. 2008).

Another prevailing physical factor effecting
synthesis of enzyme is pH. The impact of variation
in the pH (3-10) on the production of B-glucosidase
was tested (Fig 2d). The maximum production of -
glucosidase (6.38 TU ml ') was obtained when pH 6
was used. Any Variation from optimal pH 6 resulted
decrease in enzyme production. It might be due to
slightly acidic pH value facilitates production of
enzyme. Our findings are similar to SHATA et al.
(2014) who reported optimal B-glucosidase activity
was obtained at pH 6 when T. reesei and A. oryzae
mix culture was used. It is reported by many
researcher that maximal productivity of enzyme was
obtained in pH range between 5 -6 (LYND et al,,
2002). At higher pH value less enzyme production
might be due to proteolytic inactivation (ALI ; EL-
DEIN, 2008).
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Figure 2. Effect of different physical parameters on the production of B-glucosidase (a) incubation time (b)

Enzyme  production is  significantly
enhanced by presence of carbon sources in media.
The effect of different carbon sources such as
glucose, sucrose, xylose, lactose, fructose and
maltose on the production of B-glucosidase
production by Aspergillus niger SBT-17 employing
submerged fermentation was tested (Fig. 3a). The
maximal B-glucosidase productivity was obtained in

the presence of glucose as additional carbon source.
It might be due to inducing effect of glucose to
produce highest enzyme when compared with other
carbon sources (KANDARI et al., 2017). After
selection of glucose as a best carbon source for [3-
glucosidase production different glucose
concentration ranging from (0.5- 4%) was screened
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(Fig. 3b).
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Figure 3. Effect of different nutritional parameters on the production of B-glucosidase (a) Carbon sources (b)
Glucose concentration (c) Nitrogen sources (d) Concentration of ammonium sulphate

The effect of different nitrogen sources on
the enzyme productivity was quite different
depending upon the type of strain and concentration
of nitrogen sources (KACHISHVILI et al., 2006).
Different nitrogen sources like peptone, yeast
extract, meat extract, urea, ammonium suphate,
ammonium  nitrate, potassium  nitrate  and
ammonium chloride were screened out for
biosynthesis of B-glucosidase by A. niger SBT-15
employing submerged fermentation (Fig. 3a).
Ammonium sulphate gave optimal productivity of
B-glucosidase. So different concentration of

ammonium sulphate (0.5 to 4%) was screened (Fig.
3d) and 3% concentration found to be optimum
(12.70 TU ml"). This could be due to the reason that
inorganic nitrogen sources like ammonium are
easily assimilated by fungal strain in contrast to
organic nitrogen sources. Our findings are in line
with Zahan et al. (2017) and Vidya et al. (2014) who
reported ammonium suphlate is best nitrogen source
for P-glucosidase production. The reduction in
enzyme activity in the presence of other nitrogen
sources is due to inhibitory effect on B-glucosidase
production.

RESUMO: A f-glicosidase possui amplo espectro de aplicacdes biotecnoldgicas em diferentes

industrias, incluindo alimentos, téxteis, detergentes para lavanderia, papel e celulose, indistria farmacéutica e
de biocombustiveis, etc. A presente investigacdo relaciona-se ao isolamento e triagem e otimizacdo de
processos de cepas filingicas para producdo aumentada de B- glucosidase (BGL). Para este efeito, diferentes
manchas fiingicas foram isoladas a partir de diferentes fontes, incluindo solo, frutos, casca de 4drvore, bem como
a partir do composto. A triagem da linhagem fiingica para producdo de BGL foi realizada via fermentacao
submersa. Todas as cepas testadas foram identificadas com base em caracteristicas micro e macroscopicas. A
linhagem fiingica com maior capacidade de sintese de BGL entre os testados foi identificada como Aspergillus
niger e recebeu o cddigo SBT-15. O pardmetro do processo, incluindo meios de fermentacio, temperatura, pH,
taxa de fermentacdo, fontes de carbono e nitrogénio, volume de midia foram otimizados. Cinco meios de
fermentagdo diferentes foram avaliados. O meio M3 deu a produ¢do mdxima. As condicdes Otimas para a
producdo de BGL foram 72 horas de incubacdo a 40 ° C, pH 6 e 50ml de meio de fermentagdo. Glicose (1%) e
sulfato de amonio (3%) foram otimizados como melhores fontes de carbono e nitrogénio, respectivamente.
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