As. J. Food Ag-Ind. 2009, 2(04), 135-143

Asian Journal of
Food and Agro-Industry

ISSN 1906-3040
Available online at www.ajofai.info

Research Article

Isolation and characterization of -galactosidase from the
thermophile B1.2

Somyos Osiriphun and Phimchanok Jaturapiree*

Department of Biotechnology, Faculty of Engineering and Industrial Technology, Silpakorn University,
Nakhon Pathom, 73000 Thailand

* Author to whom correspondence should be addressed, email: phimchanok@hotmail.com

This paper was originally presented at Food Innovative Asia, August 2009, Bangkok, Thailand.
Received 21 June 2009, Revised 5 February 2010, Accepted 6 February 2010.

Abstract

The enzyme [(-galactosidase has two main biotechnological applications in milk and dairy
products, e.g. the removal of lactose from milk for lactose-intolerant people and the production
of galacto-oligosaccharides (GOS) for use in probiotic food. The intracellular B-galactosidase
from thermophile B1.2 was isolated from Ta Pai hot spring, Machongson, Thailand. The enzyme
was purified by ion-exchange and affinity chromatography with a fold purification of 2.2 and
3.9, respectively. The activity of purified p-galactosidase was shown to have an optimal
operating condition at pH 6.5 and a temperature of 60°C. The thermostability of the enzyme was
in the range of 40-60°C with the pH stability in the range of 6.0 - 10.0. The Ky, and Ve values
for oONPG were determined as 28.85 mM and 8.38 x10~° mmolL'min”', respectively. An
intracellular B-galactosidase from B1.2 was also inhibited by various mono- and divalent cations,
including Zn" and Mg®"; reagents, including EDTA. It was moderately inhibited by its reaction
products; glucose and galactose. The molecular mass of the purified enzyme as determined by
native PAGE was approximately 215 kDa, by SDS — PAGE was 75 kDa and by gel filtration was
215 kDa.
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Introduction

[B-galactosidase is a member of glycosyl hydrolyses enzymes (EC 3.2.1-3.2.3) which are known
to cleave the glycosidic bond between two or more carbohydrates or between a carbohydrate and
another moiety. This group of enzymes was traditionally classified based on functional
similarity. B-galactosidase hydrolyses the -1,4-d-galactosidic linkage of lactose, as well as those
of related chromogens, o-nitro-phenyl-p-D-galactopyranoside (oNPG), p-nitrophenyl-p-D-
galactopyranoside (PNPG) and 6-bromo-2-naphthyl-galacto-pyranoside (BNG). This enzyme is
widely distributed in nature, being found in various types of microorganisms, plant and animal
tissues [1]. The enzyme P-galactosidase has two main biotechnological uses in the dairy
industry, e.g. the removal of lactose from milk for lactose-intolerant people and the production of
galacto-oligosaccharides for use in probiotic food. The application of B-galactosidase to the
hydrolysis of lactose in dairy products, such as milk and cheese whey has received much
attention. Commercially available galactosidase tablets are being used in industries for producing
low lactose milk [2]. Also, whey utilisation for the production of many valuable products has
been extensively studied and in this regard, the thermostable B-galactosidases have attracted
increasing interest for use in such industrial processes [3]. Many studies have been carried out on
the thermophilic f-galactosidases in numerous microorganisms, including Bacteria and Archaea
[4, 5, 6], with particular attention focused on those from Antarctica [7]. Thermophilic bacilli
grown at extreme environments such as hot springs and geothermal soils are described as
aerobic, endospore-forming organisms with optimal growth temperature in the range 45-75°C .
By using 16S rDNA sequence analysis, currently they are classified into two genera, Bacillus,
the majority being assigned by the former [8]. Although often considered as contaminants of
heat-treated food products, the importance of these thermophilic bacilli has increased due to their
potential as a source of thermostable enzymes, including B-galactosidase, protease, amylase,
lipase and DNA restriction enzymes [8]. In this research, the purification a thermostable p—
galactosidase from a microorganism isolated from Ta Pai hot spring, Maehongson, Thailand and
also the characterization of some properties of the enzyme are studied.

Materials and Methods

Microorganism and culture conditions

Strains for screening of thermophilic microorganisms were obtained from Ta Pai hot spring,
Maehongson, Thailand. The selected strain with which most of the work was performed was
isolated from calf (isolate B1.2). This strain was stored in sterile vials at —80°C in lactose broth
medium (5 g/L Lactose, 5 g/L Peptone, 3 g/L Beef extract) containing glycerol (15%, v/v) and
activated by transfers in lactose broth medium for 24 h. It was grown on lactose broth medium,
and incubated at 50°C for 24 h. 1-day culture of the strain B1.2 from lactose broth was
aseptically transferred into 50-mL sterile inoculum lactose-mineral salt medium (10 g/L Lactose,
10 g/L Peptone, 10 g/L Yeast extract, 5 g/L. (NH4),SO4, 3 g/L KoHPO4, 1 g/ KH,PO4, 0.5 g/L

MgS0.4.7H,0) in 250-mL Erlenmeyer flask. The inoculum was incubated at 50°C at 150 rpm for

15 h. The inoculum was then aseptically transferred into 500-mL lactose-mineral salt medium
1% (w/v) lactose in a 1000-mL Erlenmeyer flask at 50°C at 150 rpm and initial pH of 7 for 15 h.
To screen for [-galactosidase activity, cells were harvested from a liquid culture by
centrifugation (4,000 rpm for 15 min at 4°C) using an Eppendorf centrifuge and resuspended in
50 mM sodium phosphate buffer (pH 6.5).

16s rDNA sequencing
The results of 16s rDNA sequence (partial length) was performed at BIOTEC Culture Collection
(BCC), Pathumthani, Thailand.
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Enzyme purification

The cells were disrupted by French Pressure Cell Press (SLM-AMINCO® Spectronic
Instrument; USA) at 1,500 psi and 4°C. The debris was removed by centrifugation (4,000 rpm
for 15 min at 4°C). The crude extract was then applied to a DEAE sepharose (Pharmacia)
column (XK, 10 x 26 mm) that had been previously equilibrated with 50 mM phosphate buffer
pH 6.5. The protein was eluted by using a linear gradient of 1 M NacCl in buffer at a flow rate of
2 mL min". Fractions with significant B-galactosidase activity were pooled, desalted and
concentrated using ultrafiltration (Amicon membrane, 10,000 MWCO; Millipore, USE). The
concentrated enzyme solution was loaded onto the affinity (Agarose p-aminobenzyl-1-thio-3-D-
galactopyranoside, Sigma) column (XK 3.5 x 26 cm) that was pre-equilibrated with 50 mM
sodium phosphate buffer. The enzyme was eluted at a rate of 0.5 mL/min by using a linear 1 M
NaCl gradient in 50 mM phosphate buffer pH 6.5. The active fractions were pooled, desalted,
and concentrated.

Enzyme assays

[B-galactosidase activity was determined using o-nitrophenyl B-D-galactopyranoside (o0NPG) as a
substrate. Unless otherwise specified, B-galactosidase activity was assayed at 40°C by incubating
20 pL of suitably diluted enzyme with 480 puL of 22 mM o-nitrophenyl B-D-galactopyranoside
(oNPG) in 50 mM phosphate buffer pH 6.5 as the substrate for 15 min [9]. The reaction was
stopped by adding 750 pL of 0.4 M Na,COs; and the o-nitrophenyl (oNP) released was
determined by reading the increase in absorbance at 420 nm. One unit of -galactosidase activity
(U) was defined as the amount of enzyme releasing 1 pmol of oNP from oNPG per minute under
the given conditions. Protein was determined by the dye binding method [10], with bovine serum
albumin (BSA) as a standard protein.

Determination of molecular mass

Native polyacrylamide gel electrophoresis (PAGE) and denatured sodium dodecyl
sulphate—polyacrylamide gel electrophoresis (SDS—PAGE) were prepared as described in
Nakkharat and Haltrich [9]. For SDS—-PAGE, Coomassie brilliant blue staining was used for the
visualization of the protein bands. Active staining for the visualization of the bands with [3-
galactosidase activity was carried out by applying filter paper soaked with the staining solution
[50 mM sodium phosphate buffer (pH 6.5) and 3.5 mg/mL 4-methylumbelliferyl (B-D-
galactoside] onto the gel and incubating at 37°C for 30 min. After the application of 1 M
carbonate—bicarbonate buffer (pH 10.0) onto the gel using a filter paper, the protein bands
displaying enzyme activity were visualized under UV light, thus detecting the release of 4-
methylumbelliferone.

For molecular mass determination by gel filtration, a Biogel P-100 was equilibrated with 50 mM
phosphate buffer pH 6.5. The column was calibrated to the standard proteins; Lysozyme (M,
14600), Trypsin (M, 23800), Protenase K (M; 28900), Lipase (M, 45000) and Amyloglucosidase
(M; 97000) each at 10 mg mL™". The flow rate for elution was 0.1 ml min™

Steady-state kinetic measurements

All steady-state kinetic measurements were obtained at 40°C using o-nitrophenyl B-D-
galactopyranoside (oNPG) as a substrate in 50 mM sodium phosphate buffer (pH 6.5) with
concentrations ranging from 0 to 30 mM for oNPG. The kinetic parameters were calculated by
nonlinear regression, and the observed data were fit to the Henri—-Michaelis—Menten equation.



As. J. Food Ag-Ind. 2009, 2(04), 135-143 138

PH and temperature dependence of activity and stability

The pH dependence of the enzymatic release of o-nitrophenol (oNP) from oNPG was measured
between pH 3 and 10 using Citrate buffers (50 mM; pH 3.0, 4.0 and 5.0), Sodium phosphate
buffers (50 mM; pH 6.0, 6.5 and 7.0), Tris buffer (50 mM; pH 8.0) and Glycine-NaOH buffer
(50 mM pH 9.0 and 10.0). The activity was determined at different pH values under standard
assay conditions. To determine the pH stability of B1.2 B-gal, the enzyme samples were
incubated at various pH levels and 40°C for up to 12 h, and the remaining enzyme activity was
measured at time intervals using oNPG as the substrate under standard assay conditions. The
temperature dependence of enzyme activity was measured by assaying the enzyme samples over
the temperature range of 30—80°C for 15 min. The temperature stability of enzymes was studied
by incubating the enzyme samples in 50 mM sodium phosphate buffer pH 6.5, at various
temperatures (40-80°C). At certain time intervals, samples were withdrawn and the residual
activity was measured with oNPG as the substrate under standard assay conditions.

Effects of various reagents, cations and carbohydrates on f-galactosidase activity

The enzyme samples were assayed with 22 mM oNPG solution [in 50 mM sodium phosphate
buffer pH 6.5] in the presence of 1 and 10 mM mercaptoethanol, EDTA, DTT and urea,
individually, at 40°C for 15 min. The enzyme activity measured without added reagents was
used as a control. To evaluate the effects of various cations on B-galactosidase activity, the
respective cations were added to the standard enzyme assay and the activity was determined. The
final cation concentrations in the assay were 1, 10 and 100 mM. Metal salts tested included
NaCl, KCl, MgCl,.6H,0, FeSO4.7H,0, MnCl,.4H,0, CaCl,.2H,0, CoCl,.6H,0, ZnSO4.7H,0
and CuCl,.2H,0. Similarly, to study the effect of various carbohydrates (final concentrations in
the assay of 1, 10 and 100 mM), galactose, glucose and lactose were included.

Results and Discussion

16s rDNA sequencing

Thermophilic bacteria are the chief components of the microflora that are utilized in food and
milk industries [11]. They constitute a heterogeneous physiological group of various genera, for
example, Streptococcus thermophilus, Fusarium moniliforme [12, 13]. The intracellular (-
galactosidase from thermophile B1.2, were isolated from Ta Pai hot spring, Maehongson,
Thailand. Following the screening, one isolate of strain B1.2 was selected for further studies on
B-galactosidase. To investigate the species, different identification methods were used: gram
staining, endospore staining, catalase test and the direct amplified polymorphic DNA-
polymerase chain reaction analysis and the partial sequencing of the 16S rDNA gene. B1.2 was
found to be a gram positive bacteria with its endospores located at the terminal end of the
vegetative cell. B1.2 is considered to be a new species in the genus Anoxybacillus that is close to
the strains of Anoxybacillus kestanbolinensis, Anoxybacillus flavithermu and Anoxybacillus
pushchinoensis, giving results of 97.3%, 98.1% and 98.0%. A phylogenetic tree is represented
for B1.2 in Figure 1.

Purification of f-galactosidase
B-Galactosidase was isolated from the cell extracts of B1.2 using a purification protocol DEDE
chromatography and affinity chromatography on agarose p-aminobenzyl-1-thio-B-D-

galactopyranoside. The result of representative purification procedure for B-galactosidase is
summarized in Table 1. The enzyme was purified approximately 3.9-fold and a recovery of 86%
from the crude cell extracts and specific activities of 1.1 units/mg of protein using standard assay
conditions with oNPG as the substrate. The subunit molecular weight, as determined by SDS—
PAGE electrophoresis, was 75 kDa. The molecular mass of the native purified enzyme as
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determined by native PAGE was approximately 215 kDa (Figure 2) and by gel filtration was 215

kDa.
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Figure 1. 16s rDNA Phylogenetic Tree.

Table 1. Purification of intracellular B-galactosidase from strain B1.2.

Total Specific
LY Protein Activity Purification Recovery

Purification steps ‘ (mg) (U/mg) (flod) (%)

Crude extract 25.8 89.6 0.29 1 100
DEAE + Ultrafiltration 24.3 37.1 0.65 2.2 94
Affinity + Ultrafiltration 22.3 20.3 1.1 3.9 86




As. J. Food Ag-Ind. 2009, 2(04), 135-143 140

66kDa®

Figure 2. Native PAGE of purified p-galactosidases from B1.2.

Lanes 1-4 Coomassie blue staining of f-galactosidases B1.2 and recombinant molecular mass markers (Amersham)
(lane 1). Lanes 5, 6 and 7 contained active staining with 4-methylumbelliferyl B-D-galactoside of B-galactosidases
B1.2.

Kinetic parameters

The steady-state kinetic constants and the inhibition constants determined for the hydrolysis of o-
nitrophenyl B-D-galactopyranoside (o0NPG) were summarized in the values of K, = 28.85 mM
and Viax = 8.38x10 mmolL 'min'.

Effects of pH and temperature on enzyme activity and stability

The pH optimum of B1.2 B-galactosidase was pH 6.5 for oNPG hydrolysis (Figure 3). Similar
results have been reported for several B-galactosidase sources such as Thermus sp. T2 [6] and
Thermus sp. A4 [3]. The enzyme was stable at pH 6.0-10, retaining more than 50% of its activity
when incubated at pH 6.5 and 40°C for 12 h. Figure 3 shows the optimum temperature of f3-
galactosidase B.12 of 60 °C when using oNPG as the substrate under standard assay conditions
(pH 6.5 for 15 min). Similarly, B-galactosidase from Streptococcus thermophilus had the optimal
growth temperature of 55°C [12], and Fusarium moniliforme of 50-60°C [13]. For the effect of
temperature on the stability of enzyme, -galactosidase was stable at 40-60°C when incubating at
40-80°C, pH 6.5 for 12 h.

Effects of various reagents, cations and carbohydrates on f-galactosidase activity

Various reagents, cations and carbohydrates were tested with respect to a possible inhibitory or
stimulating effect on -galactosidase activity. Similar effects for the various reagents were found
for enzymes from B1.2 (Table 2).

The addition of various reagents (DTT, EDTA, Urea and 2-Mercaptoethanol) was studied at
concentrations of 1 and 10 mM. It was found that P-galactosidase from B1.2 was not
significantly affected by DTT or Urea, while 2-Mercaptoethanol restored 80-90% of the activity.
EDTA was found to strongly inactivate enzymes even at the higher concentration tested (10
mM).
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Figure 3. pH optimum of B-galactosidase from B1.2 incubated at 40°C in Citrate buffers
(pH 3.0, 4.0 and 5.0), Sodium phosphate buffer (pH 6.0, 6.5 and 7.0), Tris buffer (pH 8.0)
and Glycine-NaOH buffers (pH 9.0 and 10.0).
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Figure 4. Temperature optimum of p-galactosidases from B1.2.

Table 2. Effect of various reagents on the activity of B-galactosidases from B1.2.
Relative B-galactosidase activity (%)
R t

None 100 100

DTT 96 99
EDTA 95 16

Urea 99 96
2-Mercaptoethanol 89 83

The effects of various cations on the activity of B-galactosidase from B1.2, each in final
concentrations of 1, 10 and 100 mM were to the standard assay. The addition of monovalent
cations Na" and K" had no affect on enzyme activity. The highest activities of B1.2 p-
galactosidases were observed in the presence of 1 mM Fe*" and 10 mM Mg?", similarly, of 1-10
mM Mn?®" and Co®*. The presence of 1 and 10 mM Cu®" decreased B1.2 activity by ~40%. The
activity of B1.2 p-galactosidase was also completely inhibited by the addition of 10 mM Fe*".
The inhibitory effects of 10 mM Zn*" and Cu®’ was similar in that the enzyme activity was
reduced by ~30%. All divalent cations completely inhibited B-galactosidase activity at a final
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concentration of 100 mM. A similar result was reported for other thermophilic strains of
Talalomyces thermophilus CBS 236.58 [9].

The effects of various carbohydrates on hydrolysis of oNPG by B-galactosidases from B1.2, each
in final concentrations of 1, 10 and 100 mM to the standard assay conditions (B-galactosidase
activity), are shown in Table 3. The addition of all carbohydrates decreased B1.2 activity when
up to 100 mM.

Table 3. Effect of Various Carbohydrates on the Activity of B-galactosidase from B1.2.

Relative B-galactosidase activit

Carbohydrates 1 mM 10 mM 100 mM
None 100 100 100
Galactose 76 58 20
Glucose 81 77 59
Lactose 86 68 27

Conclusions

In conclusion, this work presented [B-galactosidase from isolates of B1.2 which revealed
interesting properties for application in the processes of lactose conversion. The applications of
the enzyme for the production of galacto-oligosaccharides is also of interest as useful and
attractive products for the food and milk industries, helping to avoid undesirable
microorganisms.

Acknowledgement

This work was supported by the Department of Biotechnology, Faculty of Engineering and
Industrial Technology, Silpakorn University, Thailand.

References

1. Mahoney, R.R. (1998). Galactosyl-oligosaccharide formation during lactose hydrolysis: a
review. Journal of Food Chemistry, 63, 147-154.

2. Biswas, 1., Kayastha, A.M. and Seckler, R. (2003). Purification and characterization of a
thermostable [B-galactosidase from kidney beans (Phaseolus vulgaris L.) cv. PDR14,
Journal of Plant Physiology, 160, 327-337.

3. Ohtsu, N., Motoshima, H., Goto, K., Tsukasaki, F. and Matsuzawa, H. (1998).
Thermostable beta-galactosidase from an extreme thermophile Thermus sp. A4: enzyme
purification and characterisation, gene cloning and sequencing. Bioscience,
Biotechnology and Biochemistry, 62,1539—-1545.

4, Hidaka, M., Fushinobu, S., Ohtsu, N., Motoshima, H., Matsuzawa, H. and Shoun, H.
(2002). Trimeric crystal structure of the glycoside hydrolase family 42 B-galactosidase
from Thermus termophilus A4 and the structure of its complex with galactose. Journal
of Molecular Biology, 322, 79-91.



As. J. Food Ag-Ind. 2009, 2(04), 135-143 143

5.

10.

11.

12.

13.

Moracci, M., Nucci, R., Febbraio, F., Vaccaro, C., Vespa, N. and La Cara, F. (1995).
Expression and extensive characterization of a [-glycosidase from the extreme
thermoacidophilic archaeon Sulfolobus solfataricusin Escherichia coli: authenticity of the
recombinant enzyme. Enzyme and Microbiology Technology, 17, 992-997.

Ladero, M., Santos, A., Garcia, J.L., Carrascosa, A.V., Pessela, B.C. and Garcia-Ochoa,
F. (2002). Studies on activity and the stability of B-galactosidases from Thermus sp.
strain T2 and from Kluyveromyces fragilis. Enzyme and Microbiology Technology,
30:392-405.

Cieslinski, H., Kur, J., Bialkowska, A., Baran, 1., Makowski, K. and Turkiewicz, M.
(2005). Cloning, expression, and purification of a recombinant cold-adapted B-
galactosidase from Antarctic bacterium Pseudoalteromonas sp. 22b. Protein Expression
and Purification, 39, 27-34.

Rainey, F.A., Fritze, D. and Stackebrandt, E. (1994). The phylogenetic diversity of
thermophilic members by 16S rDNA analysis. FEMS Microbiology Letters, 115:205—
212.

Nakkharat, P. and Haltrich, D. (2006). Purification and characterization of intracellular
enzyme with B-glucosidase and P-galactosidase activity from the thermophilic fungus
Talaromyces thermophilus CBS 236.58. Journal of Biotechnology, 123, 304-313.

Bradford, M.M. (1976). A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical
Biochemistry. 72, 248-254.

Sundaram, T.K. (1990). Thermostables for biotechnology. Journal of Chemical
Technology and Biotechnology, 42, 308-313.

Lin, J., Pillay, B. and Singh, S. (1999). Purification and biochemical characteristics of
B-D-glucosidase from a thermophilic fungus, Thermomyces lanuginosus-SSBP.
Biotechnology and Applied Biochemistry, 30, 81-87.

Macris, B. J. and Markakis, P. (1981). Characterization of extracellular B-D-glucosidase
from Fusarium moniliforne grown in whey. Applied and Environmental Microbiology,
41, 956-958.



