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ABSTRACT 
β-galactosidase (β-D-galactoside galactohydrolase, E.C. 3.2.1.23), most commonly known 
as lactase, is one of the most important enzymes used in food processing, which catalyses the 
hydrolysis of lactose to its constituent monosaccharides, glucose and galactose. The enzyme 
has been isolated and purified from a wide range of microorganisms. The most commonly 
used β-galactosidases are derived from bacteria, yeast and fungal sources. <i>The major 
difference between yeast and fungal β-galactosidase is optimum pH and temperature for 
lactose hydrolysis.</i> The application of β-galactosidase for lactose hydrolysis in milk and 
whey offers nutritional, and environmental applications to human life. <br><br> 

<i>A. flavus</i> was screened from marine fungus and grown on lactose for the production 
of β-galactosidase. The preparation contained biomass of a selected fungal isolate of the 
<i>Aspergillus flavus</i> intracellular β-galactosidase was made freely accessible to its 
substrate by permeabilization of the cell membrane with different chemical reagents. Among 
various chemical reagents ethanol and toluene were found to be the best permeabilizing 
agents for the extraction of β-galactosidase. 

Key Words: β-galactosidase, Lactose hydrolysis, Marine derived fungus,  
Permeabilizing agents. 

INTRODUCTION  
Exactly hundred years ago the β-

galactosidase, which is responsible for 
lactose intolerance was first mentioned in the 
literature by a scientist Beijerinck. Lactose 
intolerance is a major problem in infants and 
elderly people in different countries of the 
world, on an average about 701 of the 
world’s population suffer from this problem, 
which makes the importance of enzyme even 
more pronounced. The need for low-lactose 
milk is particularly important in food-aid 
programs. Feeding lactose containing milk to 
lactose-intolerant children and adults 
suffering from protein-calorie malnutrition 

leads to severe tissue dehydration, diarrhoea 
and even death may result. Besides, lactose 
has a low solubility resulting in crystal 
formation at concentrations above 11 % 
(w/v), which prevents the use of concentrated 
whey syrups in many food processes. Marine 
fungi are used in many industrial processes, 
such as the production of enzymes, vitamins, 
polysaccharides, polyhydric alcohols, 
pigments, lipids, and glyco-lipids. Some of 
these products are produced commercially 
while others are potentially valuable in 
biotechnology. Fungal secondary metabolites 
are extremely important to our health and 
nutrition and have tremendous economic 
impact. In this paper, the emphasis has been 
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given to elaborate the various techniques 
used in recent times for the production and 
extraction of β-galactosidase from marine 
derived fungi. In A. flavus major portion of 
β-galactosidase is intracellular, to extract this 
intracellular enzyme various physical and 
chemical processes were employed. J. 
Taubert etal., 2000 explained various 
disintegration methods for filamentous fungi 
to extract the intracellular components2. 
Objectives 

The objective of this work is extraction 
of β-galactosidase which is intracellular, in 
mutated cells of Aspergillus flavus. So 
treatment with different physical and 
chemical methods leads to disintegration and 
permeabilization of cell wall of A. flavus, 
there by the enzyme β-galactosidase, which 
is accessible with the substrate. 

MATERIAL AND METHODS 
Chemicals : Ortho-nitro phenyl- β-D-
galactopyranoside was procured from 
Carbosynth Limited, Berkshire, U.K. and 
ortho nitro phenol was obtained from Merck, 
Mumbai. All other chemicals and medium 
constituents in this study were of analytical 
grade and procured from Sigma-Aldrich, 
Merck and s.d fine chemicals. 
Micro-organisms : The marine derived 
fungus Aspergillus flavus MTCC 9349 was 
grown on a PDA slants with lactose as a 
carbon source by sub-culturing fortnight at 
280 C and stored at 40 C for short term 
preservation. 
Production of β-galactosidase by 
submerged fermentation. 
Spore suspension : From the full grown 
plant, the spores were suspended in 10 ml of 
distilled water containing 0.01% Triton  
X-100. 
Inoculum preparation : Five ml of sterile 
distilled water was added to the above full 
grown slant, and growth content was scraped 
out and transferred into 250 ml Erlenmeyer 

flask containing 50 ml of sterile inoculum 
medium. The composition of the inoculum 
medium is Lactose 10.0 (g/L), peptone 10.0 
(g/L), Yeast Extract, 10.0 (g/L) Dextrose, 
20.0 (NH4) 2 SO4, 5.0, KH2PO4, 1.0, K2HPO4 
3.0, MgSO4.7H 2O 0.5. The flasks were 
incubated on a rotary shaker (150 rpm) at 28 
0C for 48 hr. 

At the end of the incubation the cell mass 
was collected by centrifuging the medium in 
a refrigerated centrifuge (40 C) at 3000 rpm 
for 20 minutes. The cell mass was washed 
twice with sterile distilled water, suspended 
in 10 ml of sterile distilled water and used as 
inoculum. 
Production of β-galactosidase 

The inoculum (10% level) was 
transferred aseptically to 100 ml production 
medium contained in 500 ml EM flask. The 
composition of the production medium is 
same as inoculum medium except dextrose. 
The flasks were incubated on a rotary shaker 
(150 rpm) at 280 C for 5 days. The samples (5 
ml) were withdrawn for every 24 hr and 
centrifuged at 1500 rpm for 15 minutes. The 
clear supernatant was separated and the cell 
mass was used for the detection of 
intracellular enzyme activity. The enzyme 
assay was carried out as described below. 
β-galactosidase Assay : β-Galactosidase was 
determined by measuring the release of o-
nitro phenol from ONPG (o-nitro-phenyl- β-
D-galactopyranoside) at 420 nm.  

For intracellular activity 0.5 gm of cells 
were treated with 0.5 ml of toluene at 370 C 
for 5 minutes. 2 ml of ONPG (4 mg/ml) 
prepared in phosphate buffer (pH 6.5) was 
added and incubated at 370 C for 15 minutes. 
The reaction was stopped by the addition of 
2.5 ml 10% (w/v) sodium carbonate. The 
release of o-nitro phenol from ONPG was 
measured at 420 nm with the help of 
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spectrophotometer (UV-VTS Spectrometer 
117 from Systronics). 

Similarly extracellular enzyme activity 
was measured using 1ml aliquots of cell free 
supernatant (CFS). 
Extraction of β-galactosidase from 
Aspergillus flavus : Fungal cells proved to 
be particularly resistant towards some 
disintegration methods commonly used for 
yeasts and bacteria. The methods of cell 
disintegration were tested for their efficacy 
on filamentous fungi by different physical 
and chemical methods, including grinding, 
homogenization using a mortar and chemical 
treatment. The release of protein from A. 
flavus and the activity of β-galactosidase in 
the crude extracts were monitored to 
determine the efficiency of each 
disintegration technique used.  
Preparation of crude extract : Efficient 
extraction of the total protein from the 
starting material is vital for success of any 
purification procedure. Complete disruption 
of cells and release of contents from cellular 
debris is the most important step in the 
process. All steps in the procedure are 
carried out at 4º C to minimize protein 
degradation. Mycelial cultures are grown for 
90 h in a optimal production for beta-
galactosidase, harvested and stored at -200 C. 
Ten gm of mycelial cells were suspended in 
10 volumes of an extraction buffer (0.5 M 
Phosphate buffer pH 6.5, 0.1 mM EDTA, 1 
mM β-mercaptoethanol or dithiothreitol) and 
the mixture is stirred for 45 min in the cold 
room. The presence of EDTA serves to 
inhibit protease action and β-
mercaptoethanol (or DTT) is necessary for 
maintenance of a reducing environment. This 
slurry is homogenized using a homogenizer 
and the homogenate is centrifuged at 12 000 
x g for 20 min (to remove cellular debris) in 
a refrigerated centrifuge. The pellet is 

discarded and the supernatant is used in 
subsequent steps. 
Determination of protein concentration : 
Concentrations of the cell lysates were 
determined by the method of Lowry et. al., 
(1951) The absorbance was measured at 680 
nm with a spectrophotometer (UV-VTS 
Spectrometer 117 from Systronics), and the 
protein concentration was determined from a 
standard curve using bovine serum albumin 
as standard protein. 

Physical methods 

1. Liquid nitrogen method : The liquid 
nitrogen was poured on 5ml cell suspension 
in the mortar. The frozen droplets were 
grounded by a pestle. This procedure was 
repeated at least twice. Then, the grounded 
suspension was collected and centrifuged at 
12000 rpm for 9 minutes at 40 C. Supernatant 
was used for determination of enzyme 
activity. 

2. With glass beads : In this method of 
extraction, 5 gm biomass of A. flavus, 
suspended in Phosphate buffer pH 6.5. The 
cell suspension was blended with glass beads 
(R< 0.1 mm) and stirred vigorously by a 
vortex for 30 minutes. During this treatment, 
the temperature was kept between 0 and 40 C. 
The treatment period and ratio of glass beads 
to biomass (w/w) were the parameters 
investigated to obtain the most suitable 
permeabilization conditions. Cell mass and 
glass beads ratio 1:1 is sufficient for the 
maximum β-galactosidase activity. 

3. With mortar and pestle : The 5 gm 
of biomass is treated with 1 gm alumina 
powder in a mortar and pestle for 5 minutes. 
Then the enzyme is extracted with phosphate 
buffer pH 6.5 and centrifuged to remove cell 
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debris and alumina powder. All the 
operations were done at 4 0C. 

Chemical methods 
Organic solvents : The organic solvents 

used in this method are ethanol, methanol, 
acetone, toluene, propanol, n-butanol, 
hexane, chloroform and diethyl ether. One 
gram of cells were treated with 0.1 ml of the 
above organic solvents for different time 
intervals ranging from 10 to 60 minutes, at 
different temperatures (30 to 600 C) in 
shaking water bath (180 rpm). The enzyme 
was extracted with phosphate buffer and 
analyzed for β-galactosidase activity. 

Detergents : A number of detergents 
will damage the lipoproteins of the microbial 
cell membrane and lead to release of 
intracellular components. The compounds 
which can be used for this purpose include 
(cationic detergents) CTAB (cetyl trimethyl 
ammonium bromide), (anionic detergent) 
sodium dodecyl sulphate (SDS), (Non ionic) 
tween 80 (0.1%), Poly ethylene glycol (PEG) 
and TritonX-100 

ONPG hydrolysis : One gram of A. 
flavus cells (wet wt) permeabilized with 10 
ml of 0.1% CTAB in phosphate buffer pH 
6.5 incubated at room temperature (25 ± 
1°C) with gentle shaking in a shaking 

incubator. Aliquots of the reaction mixture 
were removed at timed intervals and assayed 
for beta galactosidase activity. Ortho 
nitrophenol released by hydrolysis of ONPG 
was estimated spectrophotometrically at  
420 nm. 

pH stability : Permeabilized cells were 
suspended in 0.1 M potassium phosphate 
buffer of different pHs, incubated for 10 min 
at room temperature and assayed for residual 
enzyme activity. 

Effect of temperature on CTAB-
permeabilization, activity and stability of 
β-galactosidase : Permeabilized cells were 
suspended in 0.1 M potassium phosphate 
buffer of pH 6.5, incubated for 10 min at 
different temperatures ranging from 20-500C 
and assayed for residual enzyme activity. 
The enzyme activity was stable up to 40 0C. 

Effect of pH on CTAB-
permeabilization, activity and stability of 
β-galactosidase in A. flavus cells : 
Harvested cells were permeabilized by 0.1% 
CTAB in 0.1 M phosphate buffer of pH 
range 6- 8. Permeabilization was measured in 
terms of cellular β-galactosidase activity. 
The enzyme was stable at pH range from 5.5 
to 6.5. 
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Permeabilization of A.flavus with  
chemical agents
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Fig. 1 

Effect of detergents on cell 
permeabilization
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Fig. 2 

Permeabilization of A.flavus 
with CTAB
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 Fig. 3 

pH profile of CTAB permeabilized cells
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Fig. 4 

 
Table 1 : Different methods of physical extraction  

 Liquid nitrogen  Glass beads Mortar and pestle 

Total protein content mg/ml 5.9 4.1 3.8 

β-galactosidase activity U/gm DCW 121 46 68 

                                                   
RESULTS AND DISCUSSION 
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In the present study, an inexpensive 
mechanical method was developed for the 
disruption of A. flavus. This method utilizes 
the shearing force generated by glass beads 
and the cells. The disruption of fungal cells 
was caused by the collision with the beads. 
The size of the glass beads may determine 
the efficiency of disruption. The optimum 
glass beads diameter is 1.0 mm, for the 
disruption of A. flavus cells after testing with 
0.1, 0.5 and 1.0 mm glass beads (data not 
shown). The loading of the beads should be 
approximately 50 % of the total biomass 
weight (wet weight). 

Among physical methods, best results 
were obtained with liquid nitrogen as 
compared with mortar and pestle in 
combination with alumina and beach sand 
and with glass beads. Caution must be taken 
when using liquid nitrogen, which is a major 
disadvantage. Among the chemical methods, 
the solvents chloroform and ethanol were the 
best solvents, followed by acetone and 
toluene. 

Among the detergents CTAB was best 
permeabilizing agent for A. flavus. It 
increases the β-galactosidase activity (446 U 
/gm DCW) 3.2 times, if compared with the 
control i.e. Phosphate buffer (136 U/gm 
DCW). Tween 80 and tritonX 100 does not 
effect the production of β-galactosidase, 
when incorporated in the production 
medium. 

 The optimum concentration of CTAB 
required is 0.1% (w/v) for the 
permeabilization of 1 g of fungal cells of A. 
flavus suspended in 10 ml of phosphate 
buffer. The β-galactosidase activity in the 
cell is decreased at higher concentration of 
the cationic detergent, which may be toxic to 
the cell. 

CONCLUSION 

The chemical method was found more 
effective for the permeabilization of A. 
flavus. Our protocol was reproducible thus 
generated good yields, with maximum cell 
permeability with CTAB. This will ensure 
that the maximum amount of cellular 
constituents are solubilized by CTAB, and 
also maintaining the biological activity of the 
enzyme. The cationic surfactant 
cetyltrimethyl ammonium bromide at a 
concentration 0.01% is best for 
permeabilization of marine derived, mutated 
cells of A. flavus. The enzyme activity in 
permeabilized cells is stable at pH 5.5 to 6.5. 
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