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ABSTRACT
Some properties of β-galactosidase extracted and purified from
Kluyveromyces lactis isolated from a yoghurt waste site were investigated.
The crude β-galactosidase isolated from Kluyveromyces lactis was purified
by ammonium sulphate precipitation and DEAE-Sephadex ion exchange
chromatography. Specific activity of the partially purified enzyme was
107.50 µmole/min/mg of protein and a 7% yield. The molecular weight of
the enzyme was 199 kDa as determined by gel filtration on Bio-gel P-200.
The Michealis-Menten constant (Km) and maximum velocity (Vmax) value
obtained was 3.56 ± 0.62 mM and 0.61 ± 0.08 µmole/min/ml for the
enzyme with ortho-nitrophenyl-β-D-galactopyranoside (oNPG) substrate
while the Km and Vmax was 18.01 ± 0.23 mM and 0.15 ± 0.04 mmol/20
min/L with lactose substrate. The optimum pH of purified enzyme was
7.5 and 6.5 with oNPG and lactose substrate respectively. The optimum
temperature was 40°C with both substrates. This β-galactosidase
may have applications in the conversion of whey a by-product of dairy
industries into useful products.

INTRODUCTION
Whey is the aqueous fraction of milk generated as a by-product of dairy industries. The biggest pollution contributors in the
dairy industry are the cheese, yoghurt and ice cream factories. Whey contains approximately 0.4-0.5% butterfat, 0.6-0.8% soluble
protein, 4.5-5% lactose, minerals, trace amount of vitamins, and other organic matters [1]. Most dairy plants separate butterfat
for use as an ingredient for further processing. The remaining whey may be made into various products such as condensed or
powder whey, lactose and whey-protein concentrate by using an array of processes or otherwise disposed of. Disposing of surplus
whey in the environment is problematic because of its high organic content with high Biochemical Oxygen Demand (BOD) and high
Chemical Oxygen Demand (COD) [2]. Continuous land disposal of whey can endanger the physical and chemical structure of soil,
decrease crop yield and lead to serious water pollutions [3]. To overcome these complications, recent research attempts try to deal
with the problem by focusing on the development of technologies that employ whey as raw material to produce useful products.
One of such technologies is the hydrolysis of lactose in whey by β-galactosidase to produce low or non-lactose milk for lactose
intolerant people and concentrated and frozen dairy products. β-galactosidase has also been used in the up grading of whey as
ingredients of food and feed and in the production of sugar substitutes from permeate [4]. Hydrolysis of whey and their derivative
expands their use as fermentation medium and for the production of fodder yeast bio-ethanol and other commercially important
microbial metabolites.
β-galactosidase (β-D-galactoside galactohydrolase, EC 3.3.1.23) can be obtained from a wide variety of sources such as
microorganisms, plants and animals tissues [5,6]. Enzymes from microbial sources are of great technological interest. Microbial
enzymes have been reported to offer various advantages over other sources such as easy handling, higher multiplication rate
and production yield and do not contain potentially harmful materials. As a result of commercial interest in β-galactosidase, a
large number of microorganisms have been investigated for their production [7]. Among these fungi are the preferred candidates
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for industrial production of enzymes [8] and yeasts have been considered the predominant microbial source for food application
because they as safe (GRAS). This study was aimed at isolating, purifying and characterising β-galactosidase from a yeast strain
(isolated from yoghurt waste site) capable of hydrolysing lactose for possible biotechnological application.

MATERIALS AND METHODS
Preparation of crude enzyme
Kluyveromyces lactis previously isolated from yoghurt waste site samples and reported to hydrolyse lactose [9] was cultured
in 100 mL of yeast peptone lactose broth (YPLB) at 25oC for 24 h on a rotary shaker. About 30 mL of the YPLB culture was
used to inoculate 3 L of freshly prepared YPLB and incubated at 25°C on a rotary shaker at 100 rpm for 24 h. The yeast cells
were harvested by centrifugation at 6000 rpm for 15 min at 4°C. About 40 mL of reconstituted yeast cells suspension in sterile
YPLB broth was lysed with 200 mL of cold Z buffer (0.10 M sodium phosphate buffer, 10 mM KCl, 1 mM MgSO4 and 50 mM
2-mercaptoethanol, pH 7.0 containing 20 µl of 0.1% SDS and 40 µl chloroform) with the use of fine sand and mortar in a mortar
and pestle. The mixture was centrifuged at 6000 rpm for 15 min at 4oC to obtain the crude enzyme (supernatant).
β-galactosidase assay and protein concentration determination
β-galactosidase activity was assayed by measuring the hydrolysis of the chromogenic substrate, o-nitrophenyl-β-Dgalactopyranoside (oNPG) using the Miller (1972) method [10]. The β-galactosidase activity was determined by incubating 1 mL of
Z buffer, 0.2 mL of 4 mg per ml oNPG (in 0.01 M sodium phosphate buffer, pH 7.2) and 5 λ amount of enzyme at room temperature
for 10 min. The reaction was terminated by the addition of 0.4 mL of 1.0 M Na2CO3 to the reaction mixture. The optical density
was read at 420 nm in the spectrophotometer. One unit of the enzyme activity was defined as the amount of enzyme required to
liberate 1.0 µmol of nitrophenol in 1 min. The protein concentration was determined by the method of Bradford (1976) [11] using
bovine serum albumin (BSA) as standard.
Enzyme purification
Crude enzyme (200 mL) was brought to 65% ammonium sulphate precipitation saturation. The precipitate was collected by
centrifugation, dialysed against several changes of 50% glycerol in 0.1 M sodium phosphate buffer, pH 7.0 and further purified on
DEAE-Sephadex ion-exchange column. Elution was with 0.1 M sodium phosphate buffer, pH 7.0 at a flow rate of 60 ml/h and the
proteins were eluted with a linear gradient of 0-0.5 M NaCl.
Polyacrylamide gel electrophoresis
Polyacrylamide gel electrophoresis was performed in the absence of SDS to test for the homogeneity of the enzyme preparation.
This was performed according to the method described in the Pharmacia’s Manual (Polyacrylamide Gel Electrophoresis, Laboratory
Techniques, Revised Edition, Feb 1983) on 7.5% rod gel. Electrophoresis was carried out in 0.1 M sodium phosphate buffer, pH 7.0.
Determination of apparent molecular weight
The apparent molecular weight of the purified β-galactosidase was estimated by gel filtration on a column (2.5 x 80.0 cm)
of Biogel P-200. The column was calibrated with bovine serum albumin (MW 66,000 da; 5 mg/ml), ovalbumin (MW 45,000 da, 5
mg/mL), γ-globulin (MW 150,000 da; 5 mg/mL), pyruvate kinase (MW 230,000 da; 5 mg/mL) and creatine phosphokinase (MW
88,000 da; 5 mg/mL) [12,13].
Determination of kinetic parameter of β-galactosidase
The kinetic parameters [Michealis-Menten (Km) and maximum velocity (Vmax)] of the enzyme were determined in 0.1 M
sodium phosphate buffer, pH 7.0 containing 10 mM KCl and 1 mM MgSO4, with varying concentration of oNPG from 1 mM to 10
mM. Incubation was at 37°C for 10 min before the reaction was stopped with 0.4 mL of 0.1 M Na2CO3. With lactose as substrate,
the kinetic parameters of the enzyme were determined in modified Buffer B (Potassium phosphate buffer, pH 7, containing 20
mM NaCl and 2 mM MgCl2 as described by Kim et al. with varying concentrations of lactose from 20 mM to 100 mM. The assay
was performed with 0.1 mL enzyme and incubated at 37°C for 20 min after which the reaction was stopped by boiling the assay
mixture for 5 min. β-galactosidase activity was measured by a quantitative analysis of glucose release determined by adding 2
mL of the glucose reagent from glucose oxidase kit. The absorbance was measured at 500 nm. One unit of enzyme activity was
defined as the amount of enzyme that produced one µmol glucose per min under the defined conditions.
Effect of pH on β-galactosidase activity
The optimum pH of β-galactosidase with oNPG substrate was determined by measuring the enzyme activity using buffers of 0.05
M but with varied pH. The buffers used were acetate (pH 4 - 5.5), sodium phosphate (pH 6.0 - 7.5), Tris (pH 8.0 - 9.0) and borate (pH 9.5
and 10.0). The reaction mixture contained 1 mL of each buffer, 0.2 mL of oNPG solution and 0.05 mL of the enzyme and incubated for
10 min at 37°C. The reaction was terminated by adding 0.4 mL Na2CO3 to the reaction mixture and the absorbance read at 420 nm in
a spectrophotometer. With lactose as substrate, the optimum pH for the enzyme was determined by incubating 1 mL of each buffer, 0.5
mL of 20 mM lactose and 0.2 mL of the enzyme for 20 min at 37°C. The reaction was stopped by boiling assay mixture for 5 min and 2
mL of glucose reagent was added to it after which the absorbance was read at 500 nm.
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Effect of temperature on β-galactosidase activity
The optimum temperature on β-galactosidase activity was determined with oNPG and lactose substrates at the varied temperature
of 10°C to 70°C. With oNPG substrate, 1 mL Z buffer and 0.2 mL of 20 mM oNPG were initially pre-incubated in water bath at stated
temperature for 10 min, after which 0.05 mL enzyme was added and incubated at the same temperature for another 10 min. With
lactose as the substrate, 1 mL buffer B and 0.5 mL 200 mM lactose were pre-incubated at varied temperatures for 10 min, after which
0.2 mL enzyme was added and reaction mixture was incubated at the temperatures for 20 min.

RESULTS AND DISCUSSION

Absorbance (OD 280 nm)

β galactosidase activity (unit/ml)

β-galactosidase obtained from Kluyveromyces lactis isolated from yoghurt waste site was purified to a yield of 7% and specific
activity of 107.50 µmole/min/mg of protein. The elution profile on DEAE-Sepahdex is presented in Figure 1. Electrophoresis in the
absence of SDS on gel rods showed two visible protein bands after the ion-exchange step. All attempts to use gel filtration of various
resin on Sephadex G-200, Sephacryl 200 and 300 to separate the two proteins resulted in a considerable low yield. The molecular
weight of the enzyme was estimated to be 199 kDa as presented in (Figure 2) which is comparable to that of the yeast, Candida
torulopsis, which was 214 kDa [14,15]. It is also comparable to the molecular weight 240 kDa of the enzyme isolated from Streptomyces
solfataricus [16]. The Km values of 3.56 ± 0.62 mM and 18.01 ± 0.23 mM obtained for the enzyme with oNPG and lactose substrates
in Figure 3 and Figure 4 respectively were also comparable to the Km values of 1.7 mM and 17.3 mM obtained for oNPG and lactose
from a commercial preparation of the enzyme from Kluyveromyces lactis [17]. However, the Km value for lactose was lower than the value
of 36.31 mM obtained for the enzyme from Bacillus polymyxa [18] and the value of 25 mM obtained from Kluyveromyces marxianus [19].
The optimum pH of the enzyme was 7.5 (Figure 5) and 6.5 (Figure 6) with oNPG and lactose as substrate respectively. These values
are comparable to that of the enzyme from Bacillus stearothermophilus which gave a maximum activity at pH 7.0 [20]. The optimum
temperature of the enzyme activity with both oNPG and lactose substrates was 40°C as shown in Figure 7 and Figure 8 respectively.
This is almost similar with the optimum temperature of the enzyme obtained from a recombinant Escherichia coli with K. lactis gene,
which was 37°C and 40°C when oNPG and lactose respectively were used as substrate [14]. It is also comparable to the optimum
temperature of 45oC obtained for same enzyme from Aspergillus japonicas [21].
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Figure 1. Elution profile of β-galactosidase of Kluyveromyces lactis (Y2) on DEAE -Sephadex ion exchange. ●— β-galactosidase activity (unit/ml)
♦— Absorbance at 280 nm —NaCl Gradient
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Figure 2. Calibration curve for the determination of molecular weight of β-galactosidase by gel filtration on Biogel P-200.
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Figure 3. Lineweaver-Burk plot for the determination of kinetic parameters for the β-galactosidase activity with oNPG substrate.
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Figure 4.Lineweaver-Burk plot for the determination of kinetic parameters for β-galactosidase activity with lactose substrate.

pH

Figure 5. Effect of pH on the β-galactosidase activity with oNPG substrate.
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Figure 6. Effect of pH on the β-galactosidase activity with lactose substrate.
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Figure 7. Effect of temperature on the β-galactosidase activity with oNPG substrate.
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Figure 8. Effect of temperature on the β-galactosidase activity with lactose substrate.
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It could be concluded that Kluyveromyces lactis isolated from yoghurt waste site is a potential candidate for the production
of β-galactosidase. The properties of the enzyme suggest its possible use in the conversion of dairy waste into economically useful
products.
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