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ABSTRACT

Lactobacillus salivarius subsp. salivarius Nam27 with a high B-galactosidase activity was selected for enzymatic charac-
terization. For purification, cell pellet was disrupted by Bead Beater, by DEAE-Sepharose and Mono-Q chromatography.
The specific activity of the purified enzyme was 5,312 units/mg. The molecular weight of native monomeric -galactosi-
dase was estimated to be 30,000 dalton {(monomer) by the SDS-PAGE. The optimum temperature and optimum pH were
50°C and 5.0, respectively. This enzyme was stable between 35 and 55°C. B-Galactosidase activity was lost rapidly above
pH 7.0. But p-galactosidase was more stable at pH 4.0 (acidic conditions). And B-galactosidase activity was lost rapidly
above 65°C after 10 min incubation. Ca*" and Zn* metal ions enhanced B-galactosidase activity by 164.09% and 127.37%,
while Cu?*, Fe*" and Mn?" lowered B-galactosidase activity by 58.29%, 85.10% and 77.66%, respectively. Other metal ions

didn’t affect B-galactosidase activity significantly.
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INTRODUCTION

Lactobacillus salivarius are present in common intestinal
flora in human and animals. This species is resembles the
streptobacteria or bifidobacteria in having a wide spectrum
of fermentable carbohydrate and elevated colonies, and in
morphology. L. salivarius subsp. salivarius Nam27 is a
newly isolated stain isolated from human feces, which is
have a Gram-positive, non-spore forming rod that is member
of the resident microflora of the human colon with growing
in both anaerobic and aerobic conditions. This bacteria have
several probiotic functions, including its antimicrobial activ-
ity, cholesterol lowering effect, specifically through the pro-
duction of a- and B-galactosidase strongly (Balotescu and
Petrache, 2004; Bae ef al, 2001; Bae et al, 2002; Woo et
al., 2002). It is known that Lactobacillus sp. produces sev-
eral enzymes that hydrolyze non-digestible oligosaccharides,
including prebiotics, which cannot be digested in the upper
part of the gastrointestinal tract.

The B-galactosidase catalyzes the breakdown of the sub-
strate lactose into two monosaccharides galactose and glu-
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cose, which readily feed into the glycolytic pathway. -
Galactosidase deficiency due to biochemical or genetic aber-
rations leads to flatulence, diarrhea, and bleeding. Various
populations, particularly those of Fast Asia and Africa, suf-
fer from lactase deficiency (Hoyoux et al., 2001).

The enzyme B-galactosidase has two main biotechnologi-
cal uses in the dairy industry ;- the removal of lactose from
milk for lactose tolerant persons and the production of galac-
tooligosaccharides for use in probiotic foodstuffs (Boon et
al, 1999). The main reasons for diarrhea of lactose intoler-
ant persons straight afier bovine milk is consumed are an
inability to digest lactose. In normal healthy people B-galac-
tosidase held in the brush border of the mucosal cells of the
small intestine breaks down lactose, which is absorbed into
the blood as monosaccharides, so that blood sugar increases
and lactose is not passed in urine, in lactose intolerant peo-
ple lack B-galactosidase, and lactose passed in urine,
because some of the lactose in absorbed intact, and there is
no increases in blood sugar. Unabsorbed lactose is hydro-
lyzed enzymatically by bacteria of intestine and converted to
organic acids of low molecular weight. These organic acids,
together with the increased osmotic pressure of unhydro-
lyzed lactose, result in diarrthea. Galactooligosaccharides are
health-promoting; they can prevent caries, because the caus-
ative bacterium Streptococcus mutans is unable to. utilize
them, they enhance the growth of beneficial bifidobacteria
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in the large intestine, and they maybe used low-calorie
sweeteners since they are not metabolized in the small intes-
tine (Petra er al,, 2003). The source of the enzyme and the
operating conditions regulate the type and amount of oli-
gosaccharides produced (Garman et al., 1996). The inges-
tion of these oligosaccharides encourages the proliferation of
bifidobacteria, which are considered to be beneficial for the
human health (Boon et al., 1999; Meller et al., 2001). Some
studies indicated that oligosaccharides are often not hydro-
lyzed by human digestive enzymes but are utilized by some
human intestinal bacteria such as bifidobacteria, lactobacil-
lus. Hydrolysis of galactooligosaccharides may alleviate
gastric distress caused by fermentation of carbohydrate in
the large intestine, thereby the improvement of the nutri-
tional quality of legume-based foods such as soybean milk
and cowpea meal can be achieved (Ibrahim and O’Sullivan,
2000; Park et al, 2001; Bae et al, 2002). The enzyme is
intracellular in bacteria and fungi, but many fungi excrete it.
The B-galactosidase has molecular mass weight ranging
from 86,000 to 540,000 dalton and consist several identical
subunits. B-Galactosidase have different properties because
they isolated from different resources such as bacteria, fungi,
yeast, animal and plants (Kang e al., 1991; Kang and Park,
1989; Park et al., 2001; Leila and Maria, 2002).

In this paper we purified an P-galactosidase associated
with L. salivarius subsp. salivarius Nam27 from human
feces, and identified some of its biochemical characteristics.

MATERIALS AND METHODS

Microorganism and Media

L. salivarius subsp. salivarius Nam27 was identified by
16S tDNA sequencing (Bae et al, 2001) and was main-
tained as frozen stocks in 20% glycerol (Sigma Chemical
Co., St. Louis, Mo, U.S.A.) at -70°C. Before use, the bacte-
rium was propagated twice in MRS broth (Difco Laborato-
ries, Detroit, MI, U.S.A.) at 37°C.

Preparation of Cell Extracts from L. salivarius subsp.

salivarius Nam27

Four liters of MRS broth (Difco) was inoculated with 40
mL L. salivarius subsp. salivarius Nam27 and grown for 24
hr at 37°C. The cells were harvested by centrifugation at
10,800 g for 15 min at 4°C. Cells were broken with a Bead
Beater (Biospec Products, Barlesville, OK, U.S.A.). A 350
mL container was filled with 200 mL of 0.1 mm diameter
glass beads that had been previously washed with 25 mM
Bis-tris propane buffer (pH 6.9). The cells were disrupted by
operating a Bead-Beater for 6 cycles of 3 min followed by 2

min chilling on ice. The glass beads were allowed to settle
and the supernatant collected. Cellular debris was separated
from the crude enzyme by centrifugation at 10,800 g for 15
min. The total volume, total protein concentration, and total
activity of the crude supernatant were determined.

Purification Protocol of p-Galactosidase by Chroma-

tography

The crude supernatant was collected 200 mL by centrifu-
gation, The first step in the purification procedure used
DEAE-Sephadex A-50 chromatography (6 x 12 cm, 130 mL
volume; Sigma Chemical Co., St. Louis, Mo, U.S.A.). Sam-
ples were eluted with segmented gradient of 0.1, 0.2, 0.25
and 1.0 M NaCl in 5 mM sodium phosphate buitfer (pH 7.0)
with a flow rate of 0.5 mL per min at 4°C. OD value of the
fractions were determined and assayed for {3-galactosidase
activity, using o-nitrophenyl-B-D-galactosidase (ONPG) as a
substrate. The sample was thrice dialyzed with distilled water
for 2 days at 4°C using Dialysis Tubing (cellulose membrane
cutoff M.W. 12,400 Dalton; Sigma Chemical Co.). This
sample was freeze-dried, and used to make a solution with
50 mM sodium phosphate buffer. Prior to use, all buffers
were filtered a 0.45 pum pore size filter. The sample was fur-
ther purified by loading onto an Mono-Q HR 5/5 column
(Amersham Pharmacia Biotech, Uppsala, Sweden) mounted
on a FPLC (Amersham Pharmacia Biotech, Uppsala, Swe-
den). The sample was eluted with a gradient of 0.2, 0.25,
0.3, and 1.0 M NaCl over 85 min with a flow rate of 1 mL
per one minute. Fractions were collected and assayed for
activity. Active fractions were pooled for further analysis.
The purified enzyme was stored at -20°C until use.

Electrophoresis of Purified Enzyme

Purified enzyme was analyzed using sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis (SDS-PAGE). The
separation condition consisted of a 10 x 8 cm, 1.5 mm thick,
10 well, 12% separating gel containing acrylamide and
bisacrylamide and the unit was a Mighty Small Mini-Vertical
Electrophoresis system (Hoefer Scientific Instruments, San
Francisco, CA, USA). The lyophilized samples were dis-
solved in sample buffer. The electrode chamber buffer con-
sisted of 0.025 M Tris-base and 0.192 M of glycine with pH
8.3. After polymerization of the stacking gel for 1 hr, 10 uL of
sample were loaded into each well. Moleular weight standards
in the range of 14,400 to 94,000 dalton (Bio-Rad Laborato-
ries, Inc., Hercules, CA, USA) were used for identification.

Enzyme Activity
B-galactosidase activity was determined by the rate of
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hydrolysis of 5 mM ONPG at 40°C and pH 6.5 (50 mM K-
phosphate buffer). The reaction mixture was incubated at
40°C for a fixed length of time, usually 10 min. The reaction
was stopped by adding 500 mL of 5% (w/v) Na,CO,. The
increase in absorbance at 420 nm was measured spectropho-
tometrically. One unit of B-galactosidase was defined as the
amount of enzyme which released 1 mmol of ONP from
ONPG per min under the standard assay conditions. The
specific activity was expressed as units per mg protein.

Protein Concentration

Protein concentration was determined by the Bradford
method (Bradford, 1976) using bovine serum albumin as a
protein standard.

Optimum pH and Stability

The effect of pH on p-galactosidase activity was measured
over a pH range from 4.0 to 9.0 by using 50 mM acetate
buffer (pH 4.0-6.0), 50 mM K-phosphate buffer (pH 6.0-8.0)
and 50 mM Tris-HC1 (pH 8.0-9.0). The pH effect was exam-
ined using ONPG as substrate. The effect of pH on B-galac-
tosidase stability was determined by using the same buffer
system in the range from pH 4.0 to pH 9.0. After incubation
of the enzyme for 1 hour, the pH was adjusted to 6.5 with 50
mM K-phosphate buffer (pH 6.5) containing 5 mM (final
concentration) ONPG.

Optimum Temperature and Stability

The enzyme activity at various temperatures will be
determined by assaying the enzyme at various incubation
temperatures using ONPG as a substrate. The optimum
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temperature was determined by performing the standard
assay at temperature ranging from 5 to 100°C. Thermal sta-
bility was determined by assaying for residual B-galactosi-
dase activity after incubation of the enzyme in 50 mM K-
phosphate buffer (pH 6.5) at 40, 45, 50, 55, 60 and 65°C,
and residual enzyme activity determined from 0 to 60 min
at 10 min intervals.

Effect of Metal lons for f-Galactosidase Activity

The effect of metal ions on the B-galactosidase activity was
examined by adding 1 mM of metal salts (Ca®", Cu**, Fe*',
K*, Li", Mg?*, Mn?*, Zn*") and enzyme activity was determined
after incubation of the reaction mixture at 40°C for 1 hr.

RESULTS AND DISCUSSION

Purification of B-Galactosidase from L. salivarius

subsp. salivarius Nam27

The B-galactosidase was bound to a DEAE-Sepharose
chromatography column, which had been equilibrated with 5
mM sodium phosphate buffer pH 7.0 and segment eluted at
NaCl concentration of 0.1, 0.2, 0.25, 0.3 and 1.0 M NaCl
(Fig. 1). The fractions having the highest activity were col-
lected and further purified on a Mono-Q HR 5/5 column of
FPLC (Fig. 2). The high activity of -galactosidase showed
0.25'M NaCl gradient at DEAE-Sepharose chromatography
and Mono-Q HR 5/5 column of FPLC.

L. salivarius subsp. salivarius Nam27 was grown on MRS
broth until stationary phase and cells were harvested by cen-
trifugation after washing the cells and sonication with bead
beater. We obtained 230 mL of enzyme crude extract and
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Fig. 1. DEAE-Sepharose chromatography of crude enzyme from L. salivarius subsp. salivarius Nam27. The samples was eluted
with a gradient of 0.1, 0.2, 0.25, 0.3 and 1.0 M NaCl in 5 mM sodium phosphate buffer (pH 7.0) with a flow rate of 0.5 mL per -
min at 4°C. Proteins were eluted using the same buffer along with measurement of absorbance at 280 nm (- @ -). The B-galactosi-
dase activity (unit/mL, - 4 -) was monitored using ONPG as a substrate. Zero activity points are not shown.
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Fig. 2. Mono-Q anion exchange chromatography of 3-galactosidase of DEAE-Sepharose fractions with enzyme activity. The sam-
ple was eluted with a gradient of 0.2, 0.25, 0.3 and 1.0 M NaCl in 5 mM sodium phosphate buffer (pH 7.0) over 85 min with a
flow rate of 1.0 mL per min. Proteins were eluted using the same buffer along with measurement of absorbance at 280 nm (—).
The B-galactosidase activity (unit/mL, - 4 -) was monitored using ONPG as a substrate. One fraction volume was 0.5 mL. Zero
activity points are not shown.

enzyme extract was found contain 4.78 mg/mL protein and , investigate in the range from 86 to 540 kDa. B-Galactosi-
had a P-galactosidase activity of 2,218.4 unit/mg with dases were analyzed from different resources: Escherichia
ONPG as substrate. Approximately 1,100 mg of the enzyme coli: 540 kDa, Aspergillus oryzae: 108 kDa, Saccharomy-
was obtained from 4 L of high cell density culture (Table 1). ces lactis: 135 kDa (Leila and Maria, 2001), Lactobacillus

In order to obtain puritied enzyme homogeneity, we choose reuteri: two 105 kDa subunits (Nguyen et al.,, 2006), Lac-
only the most active fractions from the individual purifica- tobacillus delbruckii subsp. bulgaricus: two 110 kDa sub-
tion steps. The final enzyme preparation displayed only about units (Adams et al, 1994), Sterigmatomyces elviae
263.5 fold increase in specific activity compared with the CBS8119: two 86 kDa subunits (Onishi and Tanaka, 1995),
culture, and 0.5 mg of homogeneously purified B-galactosi- Bifidobacterium longum KCTC3215: 180 kDa (Kang et
dase was obtained from 4 L of crude filtrate. al., 1991) and Streptococcus thermophillus: four 130 kDa

Crude cell extract was obtained 230 mL with 20.16 unit/ subunits (Kang and Park, 1989). After these purification
mg specific activity. After purification of Mono-Q HR 5/5 steps, the B-galactosidase was considered pure as judged
chromatography of FPLC specific activity of B-galactosi- from SDS-PAGE electrophoresis (Fig. 4). The enzyme
dase was increased until 5,312.0 unit/mg and fold purifica- eluted from DEAE-Sepharose chromatography showed
tion was 263.5. The purified B-galactosidase was obtained singe peak at a NaCl concentration of 0.25 M and Mono-Q

0.5 mg from 1,100 mg crude enzyme powder. HR 5/5 column showed two peaks at a NaCl of 0.25 M.
Molecular weight of B-galactosidase of L. salivarius subsp.
Electrophoresis of Purified Enzyme salivarius Nam27 was about 30 kDa and we obtained one

Molecular weight of other B-galactosidase has been band of pure enzyme.

Table 1. Effect of different steps in the purification of B-galactosidase of L. salivarius subsp. salivarius Nam27

Protein Total Specific  Total enzyme

. . Volume . . Activity* .. . Fold Yield
Purification step (mL) concentration  protein (unitmL) act.mty act1v.1ty purification %)
(mg/mL) (mg) (unit/mg) (unit)
Cell extract 230 478 1.100 2.57 20.16 22,184.0 1 100
DEAE chromatography 26 236 11 2.51 565.56 6,221.17 28.05 28.04
Mone-Q chromatography 3 0.16 0.5 9.165 5,312.0 2,656.0 263.5 11.97

*All activity tests were done in triplicate. The maximum variation from the mean values (shown) was less than 5%.
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Fig. 3. SDS-PAGE of the different steps in the purification of
B-galactosidase from L. salivarius subsp. salivarius
Nam27. M: molecular mass of standard proteins in range
from 14,400 to 94,000 Da. Lane 1 to 4: supernatant after
breakage of cells with glass bead mill. Lane 5 to 8: Frac-
tion of DEAE-Sepharose chromatography (Lanes (1-8)
are different by loading volume). Lane 9: is Mono-Q HR
5/5 column chromatography fraction.

Optimum pH and Stability on the Enzyme Activity

Knowledge of the effects that different environmental fac-
tors have on enzymatic activity and molecular structure
should be highly useful to industrial applications (Jurado et
al., 2004). Mostly optimum pH of B-galactosidase of other
lactic acid bacteria were pH in range from 5.0 to 7.0 (Kang
et al., 1991; Park et al., 2001).

The B-galactosidase was characterized by measuring its

activity in buffer of varying pH using 5 mM ONPG as sub-
strate. The optimum pH for the activity was estimated to be
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Fig. 4. Effect of pH on {-galactosidase activity and stability
from L. salivarius subsp. salivarius Nam27. The opti-
- mum pH for activity was determined by measuring
enzyme activity over the pH range from 4 to 9 by using
50 mM acetate buffer (pH 4.0-6.0), 50 mM K-phosphate
buffer (pH 6.0-8.0) and 50 mM Tris-HCI (8.0-9.0). The
pH effect was examined using ONPG as substrate. The
pH stability was determined by holding the enzyme for 1
hr at room temperature over the pH range from 4 to 9 in
0.5 pH unit increments. All activity tests were done in
triplicate. The maximum variation from the mean values
was less than 5%.

around 7.0 at 40°C. Enzyme maximal activity was at pII 5.0.
The B-galactosidase exhibited a narrow pH range between
4.0 and 7.0 of maximal activity with approximately 30% of
maximal activity at pH 5.0 (Fig. 4). Fig. 4 shows that the
enzyme demonstrated moderate pH stability with more than
80% of the maximum activity remained following 60 min
incubation in buffers having pH values ranging from 4 to 7.
The enzyme was relatively stable at acidic conditions.

Optimum Temperature and Stability on the Enzyme

Activity

Mostly temperature of -galactosidase of other lactic acid
bacteria was in the range from 40 to 65°C (Kang ef al,
1991; Park et al, 2001). Optimum temperature was ana-
lyzed by holding the enzyme for 10 minutes at different tem-
peratures from 5 to 100°C at 5°C intervals and returning to
standard condition for activity assay. The B-galactosidase
exhibited the highest activity in the temperature range of 35
1o 55°C and enzyme activity was significantly decreased
above 60°C (Fig. 5). Temperature stability of B-galactosi-
dase was examined at 45, 50, 55, 60 and 65°C (Fig. 6). The
temperature stability of P-galactosidase of L. salivarius
subsp. salivarius Nam27 is higher then that of Arthrobacter
sp. and E. coli (Petra et al, 2003; Hoyoux et al, 2001).
While this mesophilic B-galactosidase from E. coli has lost
only 20% of its activity during the 80 min incubation in
45°C (Hoyux et al., 2001), the B-galactosidase of L. salivar-
ius subsp. salivarius Nam27 has lost only 40% of its activity
during the 60 min incubation in 60°C. At 50 and 55°C the
enzyme was more stable and the enzyme retained 100%
activity after 60 min incubation. The enzyme rapidly lost
activity at 65°C after 20 min. The enzyme was relatively sta-
ble at high temperature.
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Fig. 5. Effect of temperature on P-galactosidase activity from
L. salivarius subsp. salivarius Nam27. Activity was
determined by assaying the enzyme at various incubation
temperatures using ONPG as a substrate. All activity tests
were done in triplicate. The maximum variation from the
mean values (shown) was less than 5%.
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Fig. 6. Effect of temperature on stability of (3-galactosidase
was incubated at 45, 50, 55, 60 and 65°C, and residual
enzyme activity was determined from 0 to 60 min at
10 min intervals. All activity tests were done in tripli-
cate. The maximum variation from the mean values
(shown) was less than 5%.

Effect of Metal lons for B-Galactosidase Activity

Of the most studied factors affecting the activity and sta-
bility of B-galactosidase is the influence of ions such as
Ca®, Mg*', Na*, NH," and K'. Regardless of the origin of
the enzyme, in all the works consulted, it is indicated that
Ca” ions increase the functioning of the enzyme, Mg®" ions
inhibit the their activity (Jurado e al, 2004; Kang et al,
1991; Kang and Park, 1989).

Metal ions were present different effect on B-galactosidase
of L. salivarius subsp. salivarius Nam27. Cu®* and Fe** jons
cause the decreas in the activity of B-galactosidase from other
resources (Jurado ef al., 2004; Kang et al., 1991). B-galac-
tosidase, which we obtained, was similar to -galactosidase
of other bacteria and other resources by effect of calcium,
copper, iron, potassium and lithium. The requirement of
metal cations for the B-galactosidase activity was examined
using Ca”, Cu®', Fe**, K', Li*, Mg?", Mn”"and Zn**as a

Table 2. Effect of metal ion on P-galactosidase activity from
L. salivarius subsp. salivarius Nam27

Relative activity (%)

Metal (Means + SE*)
Control® 100

Ca 164.09% + 6.94
Cu** 58.29¢ + 8.10
Fe?" 85.10% + 6.42
K 100.97% + 6.55
Lit 95814+ 784
Mg 9835% x 6.51
Mn?* 77.66% +12.70
Zn** 127.37% +20.45

2Pedn a column, means followed by a common letter are not sig-
nificantly different at the 1% level by DMRT.
* SE : Standard Error.
¢ Activity of the control, in which no metal ion was added, was
taken as 100.

counter part ion. K, Li", Mg®* metal ions at 1 mM concen-
tration not affect B-galactosidase and Ca**, Zn*" increased B-
galactosidase activity by 164.09%, and 127.37%. But Cu*",
Fe*" and Mn®* decreased B-galactosidase activity by 58.29%,
85.10% and 77.66%, respectively (Table 2).

CONCLUSION

B-Galactosidase are known to occur widely in plants, ani-
mals, fungi and bacteria and have been studied most widely
in plants and fungi. This report describes the purification and
characterization of the P-galactosidase from L. salivarius
subsp. salivarius Nam27 that is a novel lactic acid bacteria
isolated from human. Many researchers have purified and
characterized the p-galactosidase from several bacteria,
fungi, and yeast. Innumerable microorganisms produce B-
galactosidase of different properties.

L. salivarius subsp. salivarius Nam27 possesses a high
level of B-galactosidase activity. Purified PB-galactosidase
was obtained after sonication of harvested cell pellet fol-
lowed by DEAE-Sepharose and Mono-Q chromatography.
The crude enzyme extract was found to contain 4.78 mg/mL
protein and had a B-galactosidase activity of 2,218.4 unit/
mg. The final enzyme preparation displayed only about
263.5 fold increases in specific activity compared with the
culture.

Optimum pH of B-galactosidase was pH 5.0. B-Galactosi-
dase was 70% activity at pH range from 4.0 to 7.0. B-Galac-
tosidase was more stable at pH 4.0 or B-galactosidase was
stable at acidic conditions.

Metal ions were present different effect on B-galactosidase
of L. salivarius subsp. salivarius Nam27. Cu*" and Fe*" metal
ions decreased activity of B-galactosidase from other resources,
other metal ions were similar to that of other B-galactosi-
dase.

Molecular weight of other B-galactosidase has been inves-
tigated in range from 86 to 540 kDa. Dimeric structure is a
common feature found in many p-galactosidase described in
the literature (Nguyen et al., 2006). However, [3-galactosi-
dase of L. salivarius subsp. salivarius Nam27 is assumed to
be a monomer with a molecular weight of about 30 kDa,
which is smaller than that of other microorganisms.

The temperature stability of B-galactosidase of L. salivar-
ius subsp. salivarius Nam27 is higher than that of Arthro-
bacter subsp. and E. coli (Petra et al., 2003; Hoyux ef al.,
2001).

These results show that studied enzyme could be used for
the production of galactooligosaccharides, either directly in
milk or for the preparation of galactooligosaccharides from
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whey as an additive in dairy products.
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