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Purification and characterization of p-galactosidase from Aspergillus
fumigatus PCSIR-2013
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Abstract: Extra cellular B-galactosidase enzyme was purified and characterized from Aspergillus fumigatus PCSIR-
2013. Estimated molecular mass of the enzyme was approximately 95 kDa. by native polyacrylamide gel electrophoresis.
Initially, different fermentation parameters were optimized for maximum production of B-galactosidase. The kinetic
study of the partially purified enzyme exhibited that it remained active in broad range of temperature from 25°C to 70°C
with an optimum of 60°C. The Km and Vmax were calculated as 9.95mmol/l and 51.78 U/ml/min, respectively. The
optimum pH was 5.0, when reaction mixture was incubated for 30 min. The enzyme was very stable in the presence of
different metal ions, although Na* (16%) stimulates the activity at 10mM concentration. In contrast, Ba*? and Hg*? have
negative effect on enzyme activity and activity decreased to 54% and 19%, respectively. Thermo stability study was
revealed that the enzyme retained 72% of its activity at 50°C. Whereas, when enzyme was incubated at 60°C for 120
min, its residual activity was decreased to 42.0%. However, the enzyme was completely inactivated at 80°C after 120
min of pre-incubation. Among different surfactant which incorporated with enzyme, Tween 20 and Triton X-100 both

have stimulatory effect and activity increased to 29% and 17%, respectively.

Keywords: Extra cellular B-galactosidase, enzyme activity, fermentation, chromatography, purification.

INTRODUCTION

B-galactosidase (E.C. 3.2.1.23) also referred as lactase,
classified as hydrolases. The Lactase enzyme-produce
glucose and galactose by the hydrolysis of lactose (GalB1-
4Glc). B-galactosidase act on the terminal residue of [-
lactose galactopiranosil (Galb1-4Glc) and produce
glucose and galactose (Carminatti 2001, Ansari & Satar
2012). The B-galactosidase widely found in nature, in
plants, particularly peaches, almonds and certain species
of untamed roses; studies available for presence in
animal organs like intestine, brain, placenta, testis and
skin tissues; also found in yeasts, such as Kluyveromyces
lactis, K. fragilis and Candida pseudotropicalis and many
bacteria, such as Escherichia coli, Lactobacillus
bulgaricus, Streptococcus lactis and Bacillus sp. The
huge fungus population, such as Aspergillus foetidus, A.
niger, A. oryzae and A. Phoenecia produces the lactase.
(Holsinger et al., 1991, Husain, 2010, Kazemi et al.
2016). This enzyme has industrial importance especially
in dairy industry for the hydrolysis of lactose in milk or
products derived from whey. Additionally, the enzyme is
clinically important for patients with lactose intolerance
for the preparation of lactose-free milk and milk products
such as ice cream and confectionery industries, to assist
patients with lactose intolerance (Shaikh et al. 1999,
Husain 2010, Saqib S et al. 2017). The enzyme j-
galactosidase as non- conventional applications arose in
recent decades based on its transgalactosylation activity.
The enzyme can be used now as a catalyst for the
upgrading of readily available and cheap lactose into
high added-value of glycosides in synthesis of valuable
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organic compounds. (Vera et al. 2020). Furthermore, the
ability of this enzyme to produce a colored product during
a chemical reaction has gained its importance in
molecular biology (laniro et al. 2017). In present study, B-
galactosidase was isolated and purified from a new strain
of A. fumigatus PCSIR-2013.There were few reports
regarding this strain.

MATERIALS AND METHODS

Screening of B-Galactosidase producing fungal strain
Nutrient agar plates were infused with 0.05ml of 20mg/ml
X-Gal(5-bromo-4-chloro-3-indolyl -D-galactopyranoside)
for the selection of colonies, with lactose fermenting
ability. The plates were then incubated at RT for 48 hrs.
Blue colonies were observed on the plates, indicating the
presence of B-galactosidase producing fungal strain. In
another screening procedure, crude enzyme (100ul) was
poured in the well of X-Gal plate and incubated for 18
hours. Appearance of blue color outside the well
confirmed the presence pB-galactosidase enzyme (fig. 1).

Fungal strain and culture conditions

The fungal strain used in this study was isolated from
environment and identified as A. fumigates PCSIR-2013.
Isolated fungal strain was grown at 35°C in modified
Vogel’s medium consisting of (g/L): glucose 50.0;
peptone 1.0; MgSO4 0.2; NH4NO3 2.0; (NH4)2SO0, 4.0;
Tri-sodium citrate 5.0 and yeast extract 2.0. The pH of
the medium was adjusted to 6.0 before autoclaving.

Purification of -Galactosidase
In the crude enzyme (cell free filtrate) solid Ammonium
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sulphate ((NH4)2 SO4) was added slowly with constant
stirring at 4°C to give a final saturation of 60% and then
kept for 18 hours at 4°C. After 18 hour’s centrifuge at
35,000xg for 15 minutes at 0°C to separate the
precipitated proteins. The proteins dissolved in minimal
volume of 0.1M sodium acetate buffer pH 5.0). The
enzyme solution was dialyzed (using Visking dialysis
tubing 36/32, Serva.). The gel filtration chromatography
was carried out to complete the purification of
extracellular B-galactosidase. For this purpose, sephadex
G-200 column was used for gel filtration chromatography,
then dialyzed sample was applied to column and fractions
were collected. Collected fractions were checked for
protein and enzyme activity. Active fractions were pooled
and concentrated. Then purity of concentrated enzyme
was checked and its zymography or in-situ
electrophoresis was performed. Enzyme was purified to
homogeneity. Purified sample was run on electrophoresis
and molecular weight of enzyme was calculated by using
molecular weight markers.

P galactosidase assay and protein determination
Substrate

Ortho nitro phenyl beta D-galactopyranoside (ONPG) 40
mM solution in 0.1M sodium acetate buffer pH 5.0.

Assay

Substrate (1.0 ml) was mixed with 0.2 ml cell free filtrate
(CFF). Reaction mixture was incubated at 60°C for 30
min. Then reaction was stopped by 1.0 ml of 10%
Na2COs solution. Absorbance was noted at 420 nm (Nagy
et al. 2001). One unit of enzyme activity was defined as
amount of enzyme which liberates 1 micro mole of ortho
nitro phenol per min. under standard assay conditions.

Enzyme samples were estimated for total protein
concentrations by the method of Lowry et al, 1951 with
the standard of bovine serum albumin.

Zymography of p-Galactosidase

Non-denaturing polyacrylamide gel (10%) was used in
electrophoresis. After running the gel on electrophoresis,
the gel was incubated in an assay buffer. The assay buffer
contains X-Gal (10 mg/ml) was substitute for ONPG to
detect B-galactosidase activity in situ. Blue band formed
within gel in results of X-gal hydrolysis (O’Connell and
Walsh 2008).

Effect of temperature and Thermal stability on -
Galactosidase activity

Extra cellular B-galactosidase activity was performed at
different temperatures (30°C to 70°C). Thermal stability
of the enzyme was determined by pre-incubation at
various temperatures (from 30°C to 70°C) in the absence
of substrate for different period of time (0 to 120
min).

Effect of substrate concentration on f-Galactosidase
activity

Concentration of substrate for the optimum activity of
extra cellular B-galactosidase was varied from 4.0 mM to
48.0 mM in sodium acetate buffer (0.1M sodium acetate
buffer, pH 5.0) and enzyme activity was performed. The
kinetic parameters were estimated according to Line
weaver and Burk (1934) by linear regression from double
reciprocal plots by Microsoft excel worksheet.

Effect of metal ions on f-Galactosidase activity

The extracellular B-galactosidase was incubated with the
chloride salt of the different ions at 30°C for 15 min and
the enzyme activity was performed. The activity of
enzyme in the absence of ions was taken as control 100%.

Effect of surfactant on f-Galactosidase activity

5mM and 10 mM concentration of Tween-20, Tween 80,
Brij-35, Triton X-100, sodium dodecyl sulphate (SDS)
and sodium tauroglycocholate were added to the enzyme
solution. The incubation time was 30 min at 30°C. To
determined the Relative enzyme activity control taken as
100%.

Effect of protein denaturing agents on B-Galactosidase
activity

The final concentration of 5mM and 10 mM enzyme
solution was prepared after addition of EDTA, DTT, B-
mercaptoethanol, PMSF and urea. The incubation time
was 30 minutes at 37°C. The control was taken as 100%
to determine relative enzyme activities.

STATISTICAL ANALYSIS

Statistical analyses were performed using the Microsoft
Office Excel 2003 software.

RESULTS

Selection of medium and time course study for f-
Galactosidase production

Two different media were used for the production of f3-
galactosidase. Maximum [-galactosidase production was
obtained in Vogel’s medium (data not shown). For
optimization purpose, different components of the media
were varied and it was found that glucose in a
concentration of 5.0%, medium pH (6.0) increased
enzyme production. In addition, the time course study was
revealed that maximum enzyme production was
determined after 14 days of fermentation (fig. 1, 2, 3).
The decrease in enzyme production after 14 days might
be due to decrease in the amount of nutrients in the
medium or due to denaturation of enzyme.

Effect of temperature on f-Galactosidase production
The present study suggests that highest production of (-
galactosidase was determined at 35°C. Then there was a

1334

Pak. J. Pharm. Sci., Vol.34, No.4, July 2021, pp.1333-1340



gradual decrease was observed. In the same way, fungal
growth was also observed well from 25°C to 45°C, but
maximum production was determined when fungal

growth occurred with black spores (fig. 4).
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Fig. 1: Screening of B-galactosidase producing strain.

Fig. 2: Time course study for [-galactosidase
production from A. fumigatus PCSIR-2013
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Effect of medium pH on p-Galactosidase production
Enzyme production was observed in a broad range of pH
(4 to 9) even at extreme acidic and basic medium pH.
However, maximum enzyme production was recorded at
pH 6 (fig. 5).
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Fig. 4: Effect of temperature on [-galactosidase
production from A. fumigatus PCSIR-2013
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Fig. 5: Effect of medium pH on p-galactosidase
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Fig. 6: Native-PAGE of p-galactosidase from A.
fumigatus PCSIR-2013
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Table 1: purification steps of B-galactosidase from A. fumigates PCSIR-2013

Purification Step Enzyme Activity (U) | Total Protein (mg) | Specific Activity (U/mg) | Fold Purification
Crude 732 1380 0.53 1
Partially Purified 501 89 5.6 10.5
Dialysis 477 73 6.4 12.0

Gel chromatography 10.1 1.1 9.0 17.1

Table 2: Effect of Metal Ions on -galactosidase Activity A. fumigatus PCSIR-2013

Metal lons* - Relative activity (%) Concentration (li)0
Control 100
Al 93 91
Ni 91 99
Na?* 100 116
Ca? 94 94
Hg* 22 19
K2 105 103
Ba? 90 54
Mn?* 99 100
Co* 92 95
Mg?* 99 101
Cu® 103 88

*Metal ions used as chloride salts

Then there was a slight decrease was observed but still
88% activity was obtained at 9 pH. Many kinds of fungi
have more acidic pH optima during submerged
fermentation.

Purification of p-Galactosidase enzyme & molecular
mass determination

Some strategies for purifying B-galactosidases from
filamentous fungi have been revealed. Some
methodologies involve several chromatography steps
resulting in multiple yield and purification factor levels.

The purification steps for B-galactosidase was
summarized in table 1. The partially purified p-
galactosidase enzyme showed specific activity of 6.4
U/mg of protein. The fold purification was increased up to
12.0 fold after dialysis. Native-PAGE showed a single
protein band with molecular weight of 95 kDa, which was
quite similar to molecular mass of 92 kDa as reported
from A. fumigatus Z-5 by SDS-PAGE (Liu et al. 2012).
While its activity staining by X-Gal showed a blue colour
band (fig. 6).

Effect of pH on p-Galactosidase activity

It is well known that pH of the buffer influence the rate of
enzyme-substrate reaction. Therefore, effect of pH on f-
galactosidase activity was determined and it was found
that enzyme was fairly stable in a pH range of 3.0 t070.

The Optimum pH for A. fumigatus PCSIR-2013 is 5.0 but
B-galactosidase can function in acidic to neutral

environment, which corresponds to the typical pH of this
range, particularly to high basic level of 10 to 12, which
can cause lactase enzyme to become denatured (fig. 7).

While at pH 8, when Tris-HCI buffer was used, the
enzyme activity drastically decreased, which may be due
to the fact that Tris (hydroxymethyl amino methane)
completely inhibit some glycoside hydrolases (Saishin
etal, 2009; Vasseur et al. 1990 & Ghalanbor et al. 2008).
B-Galactosidase activity was inhibited 27% and 46% in
the presence of 50 and 100mM Tris, respectively from
Bifidobacterium longum (Siashin et al. 2010).

In general, at extreme pH, the main force, unfolding the
protein is the repulsion between charged groups on the
protein molecule.

Effect of temperature and Thermal stability of f5-
Galactosidase

Although enzyme was remains active in wide range of
temperature (25-70°C) with an optimum temperature of
60°C.Whereas, at 70°C the enzyme activity decrease only
23%. Further increase in temperature beyond 60°C
resulted in reduction in enzyme activity (fig. 8). The loss
of activity of the enzyme at higher temperatures could be
attributed to its unfolding and subsequent loss of active
site (Haider et al. 2007). Thermostability is the ability of
an enzyme to resist against thermal unfolding in the
absence of substrate (Bhatti et al. 2006). As shown in fig.
after pre-incubation of enzyme at 60°C for 120 min, the
B-galactosidase activity reduced to 42%. In contrast, the

1336

Pak. J. Pharm. Sci., Vol.34, No.4, July 2021, pp.1333-1340



enzyme lost 93% of its residual activity at 80°C, after 30
min of incubation (fig. 9). At temperature beyond 70°C,
protein most likely undergoes denaturation.
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Fig. 7: Effect of buffer pH on p-galactosidase Activity A.
fumigatus PCSIR-2013.

Enzyme Activity U/mi/min

Temperature °C

Fig. 8: Effect of temperature on B-galactosidase Activity
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Fig. 9: Thermal stability of B-galactosidase A. fumigatus
PCSIR-2013

The concomitant aggregation that may leads to intrinsic
irreversibility and precluded thermo-dynamic analysis of
unfolding. The aggregation might be due to the exposures
of the hydrophobic clusters in the protein. The thermal

Saeeda Bano et al.

unfolding transitions mostly for multi-domain proteins are
accompanied by an irreversible step, often associated with
aggregation at elevated temperatures as chemical
modifications such as deamidation, cysteine oxidation, or
peptide bond hydrolysis take place once the protein is
unfolded.

Effect of substrate concentration on f-Galactosidase
activity

Specificity of the enzyme was evaluated by a hydrolysis
assay involving several substrates. The enzyme was active
in the hydrolysis of ONPG and lactose. Toward the other
substrates, the enzyme showed little or no activity. The
Km & Vmax for B-galactosidase was calculated as 9.95
and 51.78, respectively (fig. 10).
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Fig. 10: Effect of substrate concentration on f-
galactosidase activity A. fumigatus PCSIR-2013.

Effect of metal ions on -Galactosidase activity

Presence of various cat ions in solution may have effect
on the activation or inhibition of enzyme during the
reaction. For this reason different metal ion as chloride
salts were incorporated with enzyme solution separately
and B-galactosidase activity was assayed (table 2). It was
observed from table that enzyme was quite stable in the
presence of different metal ions, although some metal
ions cause slight activation of enzyme like Na* (16%).

While both Ba?* and Hg?* had a concentration dependent
inhibitory effect on B-galactosidase activity and at 10 mM
concentration residual activity decreased to 52% and
19%, respectively. At the molecular level, Mercury which
can exist in 11 different chemical states or compounds
forms bonds with sulfhydryl groups on an enzyme, which
are parts of the enzyme that contain a sulfur atom that is
attached to a hydrogen atom (SH).

Effect of surfactant on f-Galactosidase Activity

In the presence of different surfactant, enzyme activity
was also checked and it was found that both Tween-20
and Triton X-100 have stimulatory effect and catalytic
activity increased to 29% and 17%, respectively (fig. 11).
All other surfactants have stabilizing effect.
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Effect of protein denaturing agents on B-Galactosidase
activity

The enzyme activity was not significantly altered by
chelating agent EDTA up to 10mM, indicating that j3-
galactosidase is not a metallo enzyme. PMSF was found
to enhance 26% enzyme activity at 5mM concentration,
while urea has a stabilizing effect. Different reducing
agents are extensively used for disulfide bond reduction.
The protein denaturing reducing agents effects on beta
galactosidase activity was determined (fig. 12).
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Fig. 12: Effect of protein denaturing agents on [-
galactosidase activity

Results indicated that both DTT and 2-Merceptoethanol,
at a concentration of 5mM in reaction mixture, activated
the enzyme activity up to 16 and 5%, respectively. The [3-
galactosidase activity stimulation by reducing agents
indicates that there is a relationship between the reduced
form of the cysteine residues and the activity of the
enzyme.

DISCUSSION

B-galactosidases is important for the biotechnology
industry. Scientist are making efforts in searching the
source for abundant low-cost enzymatic production. For
this reason, the study evaluates the production of -
galactosidases from environmentally isolated A. fumigates
and identified as A. fumigates PCSIR-2013. Several (-

galactosidases secreted by the Aspergillus have been
purified and characterized. The occurrence of this enzyme
in multiple molecular forms has been suggested by
previous work (O’Connell and Walsh 2008; Hu et al.
2010). In this study, different culture conditions were
optimized by using modified Vogel’s medium for enzyme
production.

Literature data reveal some strategies for purifying f-
galactosidases  from  filamentous  fungi.  Some
methodologies involve several chromatography steps
resulting in multiple yield and purification factor levels
(Nagy et al., 2001 O’Connell and Walsh 2008). In this
study we applied the smart technique of gel filtration
chromatography to complete the purification of
extracellular B-galactosidase and purity is checked by in-
situ electrophoresis (Isobe et al. 2013b). It has been
reported in many studies that acidic pH is ideal for beta-
glucosidase activity and also for beta-glucosidases from
many sources such as A. oryzae, A. phoenicis, A.
carbonarius, A. aculeatus, A. foetidus, A. japonicus, A.
niger and A. tubingensis. The optimum range for those
enzymes ranging between pH 4-5, and almost no activity
at alkaline conditions (Decker et al. 2000, Jager et al.
2001, Korotkova 2009, Riou et al, 1998) and the
enzymatic activity decreased significantly for higher pH
values (Cardoso et al. 2017). The optimium pH for A.
fumigatus PCSIR-2013 is 5.0. Thermostability is the
ability of an enzyme to resist against thermal unfolding.
At higher temperatures, tryptophan residues might also
remain buried within protein which limits their further
exposure to solvent as a consequence of protein
aggregation (Jager et al. 2001, Fitter & Haber-Pohlmeier
2004, Duy & Fitter 2005, 2006, Kumari et al., 2010). As
previously studied beta-glucosidases from A. phoenicis,
A. niger, A. carbonarius, reported all to be stable at 2
hours incubation at 50°C, while activities of 87%, 64%
and 53%,respectively, remained after 2 hours incubation
at 60°C, and total inactivation was observed after 2 hours
at 70°C. It was observed that in an A. niger strain studied
by Niu et al (2017) the enzyme produced has an optimum
pH between 4 and 5 and an optimum temperature of
50°C. Compared to this, A. saccharolyticus BGL1 showed
approximately the same stability as A. phoenicis expect
for the total inactivation at 70°C. The studied beta-
glucosidases from A. fumigatus PCSIR-2013 shows
maximum activity at 60°C.

The enzyme activity was found to be stimulate by the
metal ions, it may acting as a binding link between
enzyme and substrate combining with both and so holding
the substrate and the active site of the enzyme (Afifi et al.
2008). The binding of mercury to enzyme blocks its
activities due to the change in shape (Boadi et al., 1992).
Inhibition by Hg* may be due to fact that enzyme might
posses thiol groups that cause sensitivity to inhibit by Hg *
(Ajsuvakova et al., 2020). The surfactants Triton X-100

1338

Pak. J. Pharm. Sci., Vol.34, No.4, July 2021, pp.1333-1340



and SDS caused positive impact on the catalytic activity
of enzyme at 1.0mM concentration (Kamran et al., 2019).
Poly sorbate act as stabilizers for pepsin. It is believed
that such surfactants prevent the protein to be adsorbed to
it and its subsequent unfolding are preferentially adsorbed
at the interface. We observed stabilizing effects on
enzymes activity by surfactants. The experimental data
for beta-glucosidases from A. fumigatus PCSIR-2013
suggest the enzyme has good potential for research and
development.

CONCLUSION

In this paper, we present the extensive work on
purification and characterization of a thermostable B-
galactosidase from A. fumigatus PCSIR-2013. The time
course study was revealed that maximum enzyme
production was determined after 14 days of fermentation
and Kkinetic study of the partially purified enzyme
exhibited that it remained active in broad range of
temperature from 25°C to 70°C with an optimum of 60°C.
The Km and Vmax were calculated as 9.95mmol/l and
51.78U/ml/min, respectively. The enzyme was very stable
in the presence of different metal ions. This study shows
that A. fumigatus PCSIR-2013 can be used as a potential
source of P-galactosidase enzyme in the food industry
because of its stable properties.
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