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Purification and characterization of a novel B-galactosidase
from Bacillus sp MTCC 3088

S Chakrabortit, RK Sani?, UC Banerjee? and RC Sobti*

1Department of Biotechnology, Panjab University, Chandigarh 160 014, India; >Biochemical Engineering Research and
Process Development Centre, Institute of Microbial Technology, Sector 39A, Chandigarh 160 036, India

An extracellular B-galactosidase which catalyzed the production of galacto-oligosaccharide from lactose was har-
vested from the late stationary-phase of  Bacillus sp MTCC 3088. The enzyme was purified 36.2-fold by ZnCl , precipi-
tation, ion exchange, hydrophobic interaction and gel filtration chromatography with an overall recovery of 12.7%.

The molecular mass of the purified enzyme was estimated to be about 484 kDa by gel filtration on a Sephadex G-

200 packed column and the molecular masses of the subunits were estimated to be 115, 86.5, 72.5, 45.7 and 41.2 kDa

by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The isoelectric point of the native enzyme, deter-

mined by polyacrylamide gel electrofocusing, was 6.2. The optimum pH and temperature were 8 and 60 °C, respect-
ively. The Michaelis—Menten constants determined with respect to 0-NO,-phenyl- B-D-galactopyranoside and lactose
were 6.34 and 6.18 mM, respectively. The enzyme activity was strongly inhibited (68%) by galactose, the end product

of lactose hydrolysis reaction. The  B-galactosidase was specific for ~ B-bD anomeric linkages. Enzyme activity was
significantly inhibited by metal ions (Hg ~ 2*, Cu?®" and Ag *) in the 1-2.5 mM range. Mg 2* was a good activator. Catalytic
activity was not affected by the chelating agent EDTA. Journal of Industrial Microbiology & Biotechnology (2000) 24,
58-63.
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Introduction we have described the purification and characterization of

p-Galactosidase (EC 3.2.1.23) catalyzes not only hydrolyan extracellular thermostabigalactosidase from Bacil-

sis of B-n-galactopyranosides, such as lactose, but also Igs Sp-
trans-galactosylation reaction that produces galacto-oligo-

saccharides [21]. The enzyme is useful in the dairy andvaterials and methods
medical industries for prevention of lactose crystallization
in frozen and condensed milk products. The enzyme is als

used for the reduction of water pollution caused by whey. -Gal (5-bromo-4-chloro-3-indolyB-p-galactopyranoside)

from cheese and for treatment of milk for lactose-intoler- . ; . .
. . were obtained from Sigma Chemical Company (St Louis,
ance [12,28]. Recently, galacto-oligosaccharides, enzymatllg/lo, USA). Q-Sepharo%e and Sephadex (g—zoyo(were our-

transgalactosylation reaction products from lactose, hav g .
become of interest for human health. Galacto—oligosaccha%‘lagtide;crgweﬁ??;gﬁ;gg}ea%g?y?&allzr(;Jdpepsala' Sweden).

rides are recognized as a growth-promoting factor for intes-
tinal bifidobacteria [20,27], which are helpful for mainte-

nance of human health [11,16]. Development of an efficienggcc:ﬁ%?é Stﬁfl'jc%nggégp vigztlgglgfe%nfzr%%eth e water of a
and inexpensive method for the production of galacto- P

. . e . e hot spring (Manikaran, India) and maintained on nutrient
oligosaccharides is highly desirable. The purificatiorBef L .
ga?actosidase from rgicryobial sources afe descrigz‘d [1§gar plates containing 1% (w/v) lactose. The medium used

. . for production of B-galactosidase had the composition

6,8,9,13,17,18,21,23-26]. Although many microbig} . i i .
galactosidases have been studied [1], very few studies ha\é%(tl; agi I%c?sz, néo’sgj?&tne)ég%ﬁa25’1bé0p$ﬁéon;|_‘| Séfy?r? ;t
been reported on the thermostablg-galactosidase T o
[8.9,19 21p22]_ Recently Ohtset al [19? %urified and medium was adjusted to 7. The seed culture was prepared
ch,a;acferi,zed a thermostalegalactosidase frorithermus _by mcr)]culat:ng a smég_le cology_ frorE th% maintenance r? I?(te

! . ' to the culture medium and incubated in a rotary shaker
sp A4. Vetere and Paoletti [30] isolated and characterize 37°C, 200 rpm) for 18 h. This inoculum (10%, wiv) was

three B-galactosidases frorBacillus circulans In view of . .
the potential uses of this enzyme, it is desirable to stud)ysed for production of enzyme in 500-ml Erlenmeyer flasks

. . . : . containing 100 ml medium and incubated in a temperature-
this enzyme from different microbial sources. In this StUdy’controlledg (37C) shaker at 200 rpm for 9 days. Thepculture
broth was centrifuged at 19 060g at 4°C for 15 min and

the supernatant was assayed for enzyme activity and used
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activity is defined as the amount that liberated 1 nnmmle found. To find out the optimum pH and temperature for %

nitrophenol per min. enzyme activity, assays were carried out at different tem-
peratures (20—7C) and at different pHs by using sodium

Enzyme purification citrate (3—6), potassium phosphate (7—8) and glycine-NaOH

Nine-day-old broth was centrifuged (19 08@) at 4°C for  buffers (8.5-10). Extracellular protein was measured using
15 min. The pH of the supernatant was adjusted to 5 witH.owry’s method with bovine serum albumin as standard.
0.2 N acetic acid. The supernatant was precipitated wittA mixture containing purified enzyme solution, metal ions
1M ZnCl, (final concentration 60 mM). The precipitated and EDTA (final concentration 1-25 mM) was incubated
protein obtained by centrifugation (19 08@, 5 min) was  for 20 min at 60C and the enzyme activity was checked.
dissolved in a minimum volume of 0.5M EDTA and To see the effect of different sugars (4 mgHbn enzyme
dialyzed against phosphate buffer (0.1 M, pH 7.5). The conactivity, the enzyme was incubated with different sugars
centrated sample was applied to an anion-exchange colunfor 20 min at 60C. Enzyme activity was assayed under
(Q-Sepharose, 2510 cm). The column was previously standard conditions and inhibition or activation was
equilibrated with 0.1 M phosphate buffer, pH 7.5. Elution expressed as a percentage of the activity without effector
of the column was performed with a linear gradient of NaCl(control).

(0-1 M) in phosphate buffer (0.1 M, pH 7.5) with a flow B-galactosidase was assayed with respect to its artificial
rate of 1 ml min® and 6-ml fractions were collected. The and natural substrates ONPG and lactose, respectively, at
active enzyme fractions containing-galactosidase were 60°C. ONPG was used at concentrations from 0 to 10 mM
pooled and concentrated by lyophilization. The concenin 0.1 M phosphate buffer, pH 7, containing 1@Denzyme
trated enzyme obtained from ion exchange chromatographgolution. Lactose, at concentrations of 0—-200 mM in 0.1 M
was dialyzed against 0.1 M phosphate buffer, pH 7.5. Thehosphate buffer, pH 7, containing 1.2 ml enzyme solution
dialyzed enzyme solution was applied to Econo-pac methywvas used. Aliquots (0.5 ml) were withdrawn and the reac-
HIC cartridge (Bio-Rad, Hercules, CA, USA), which was tion was stopped by boiling the reaction mixture for 5 min.
previously equilibrated with 2 M ammonium sulfate in The release of glucose was measured using GOD-POD
0.1 M phosphate buffer, pH 7.5. Elution of the column was[14]. One unit of B-galactosidase activity, with lactose as
performed with a linear gradient (2-0 M ammonium substrate, is defined as the amount of enzyme which
sulfate) in 0.1 M phosphate buffer, pH 7.5. The flow ratereleases lmole glucose per min at 6C. K, and V.,
was adjusted to 1 ml mifh and 5-ml fractions were col- values against ONPG and lactose were calculated using a
lected. The active enzyme fractions containjgigalacto- Lineweaver—Burk plot.

sidase activity were pooled and concentrated by lyophiliz-

ation. The concentrated enzyme solution (0.4 ml) obtainedetermination of molecular weights

from hydrophobic interaction chromatography and lyophil-

ization was applied to a Sephadex G-200 column(a) Relative molecular weight of native P-galacto-
(1.5x 45 cm) which was previously equilibrated with the sidase: The native molecular mass of the purified
0.1 M phosphate buffer (pH 7) containing 0.15 M sodiumenzyme was estimated by gel filtration chromatography on
chloride. Elution was performed at a flow rate of 0.5 mla Sephadex G-200 column (2517.5 cm) purchased from
min™* (0.1 M phosphate buffer containing 0.15 M NaCl) Bio-Rad, USA and equilibrated with 0.1 M phosphate
and fractions (1 ml each) were collected. The isoelectridouffer (pH 7) containing 0.15M NaCl. The distribution
point of B-galactosidase was estimated on a Pharmaciaoefficient,K,, was determined for each protein as follows:
multiphor system with isoelectric focusing polyacrylamide K, = (V. — Vo)/(V; — Vo) whereV,, V, andV, are the elution

gel (5%, 0.2 mm thick) with a pH gradient of 3.5-9.5. The volume, gel void volume and total volume of the column.
reference proteins used were amyloglucosidase (pl 3.6)he V, of the column was determined by elution volume
trypsin inhibitor (pl 4.6),B-lactoglobulin A (pl 5.1), car- of Blue Dextran 2000 (Pharmacia, Uppsala, Sweden)
bonic anhydrase | (pl 6.6), carbonic anhydrase Il (pl 5.9)through the column. Th&/, for the each protein marker
myoglobin (pl 6.8, 7.2), lectin (pl 8.2, 8.6, 8.8) and tryp- was estimated from the absorbance at 280 nm. The follow-

sinogen (pl 9.3). ing protein standards (Pharmacia) were used to calibrate
the column: thyroglobulin (669 kDa), ferritin (440 kDa),
Characterization of purified B-galactosidase catalase (232 kDa), aldolase (158 kDa), albumin (67 kDa),

Polyacrylamide gel electrophoresis was done on polyacrylevalbumin (43 kDa), chymotrypsinogen A (25 kDa) and
amide slab gels with 0.1% sodium dodecylsulphate. Theibonuclease (13.7 kDa). A plot of log (molecular mags)
native gels were run without SDS at 15 mA for stackingK,, was used to determine the apparent molecular mass of
and at 35 mA for resolving. The gels were then stained bys-galactosidase fromBacillus sp.

Coomassie brilliant blue G-250. For activity staining®f

galactosidase, a 5% native polyacrylamide gel was usedb) Relative molecular weights of B-galactosidase sub-
The purified enzyme was mixed in a ratio of 1:1 with sam-units: The molecular mass of the subunits was esti-
ple buffer (1 ml 0.5 M Tris buffer pH 6.8, 1 ml glycerol and mated by SDS-PAGE using a vertical gel electrophoresis
1 ml water containing 0.25 mg bromophenol blue). After system (model V-16, Gibco-BRL, Rockville, MD, USA).
completion of the run, the gel was incubated in X-gal whichPurified enzyme was mixed in a ratio of 1:1 with sample
was previously dissolved in dimethylformamide and dilutedbuffer (10 ml glycerol, 5 ml 2-mercaptoethanol, 30 ml 10%
to 0.02% by 0.1 M phosphate buffer (pH 7). After 4-6 h SDS, 12.5 ml 0.5 M Tris buffer pH 6.8 and 100 mg bromo-
incubation, a blue-green band g8-galactosidase was phenol blue in a total volume of 100 ml). Reference pro-
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teins (rabbit muscle myosin, 205 kD&, coli B-galacto- Coomassie brilliant blue 250 (Figure 1a). Enzyme-activity
sidase, 116 kDa; rabbit muscle phosphorylase b 97.4 kDataining demonstrated a single band superimposable on that
bovine albumin, 66 kDa; egg albumin, 45 kDa and bovineof protein staining as shown in Figure la. In Figure 1a, lane
erythrocyte carbonic anhydrase 29 kDa) were used accord- shows a single band gB-galactosidase with activity
ing to the instructions provided by the manufacturer (Sigmastaining, lane 2 shows the result of Coomassie blue stain-
Chemical Company). High molecular weight kit, Cat. No. ing. The use of X-gal as chromogenic substrate was more
SDS-6H). Purified enzyme with sample buffer and refer-effective in demonstrating activity staining than ONPG,
ence proteins were boiled for 3-5 min and applied to theowing to poor yellow color resulting from ONPG hydroly-
10% SDS-PAGE with 5% stacking gel. After running the sis. The relative native molecular weight of the purified
gel, the proteins were stained by Coomassie brilliant blueenzyme was estimated by gel filtration chromatography on
(acetic acid 100 ml, methanol 400 ml, water 500 ml anda Sephadex G-200 column. The molecular mass of the pur-
Coomassie brilliant blue 1 g) for 8-10 h. ified enzyme was about 484 kDa. This value is particularly
high, but Ulrich et al [29] reported a molecular mass of
570 kDa for theB-galactosidase offhermusT-2. Wide
variations in molecular masses @@galactosidase from
Purification of B-galactosidase microbial sources have been reported [1]. Amofg

A typical purification of 8-galactosidasdrom Bacillussp  galactosidases from thermophiles, molecular masses of 150,
MTCC 3088 is summarized in Table 1. The crude extrac240, 440 and 700 kDa were reported by Bergeml [1].
obtained after centrifugation, was subjected to fractionalThe presence of isoenzymes has been notedTfoer-
precipitation with ZnCJ. This step yielded a 1.2-fold puri- moanaerobactef13], Bacillus subtilis[23] B. circulans
fication with a specific activity of 1441 units per mg pro- [17] and someBifidobacteriunspecies [1]. Hiratat al [10]

tein. The ZnCJ precipitate was chromatographed on a Q-described three isoenzymes Br stearothermophilubav-
Sepharose column anglgalactosidase activity was eluted ing molecular masses of 120, 95 and 70 kDa, whekéag-
between 0.38 and 0.81 M NaCl. The fractions from the Q-veromyces lactisontained four isoenzymes with molecular
Sepharose column with higB-galactosidase activity were masses of 630, 550, 41 and 19 kDa [15]. Variations have
pooled and concentrated by lyophilization. The Q-also been encountered with thgegalactosidase fronk.
Sepharose step yielded a purification factor of 3.7 with acoli, which is a tetramer composed of four identical sub-
specific activity of 4504 units per mg protein while the per-units (135 kDa) with molecular masses of about 540 and
centage recovery was 42 (Table 1). It was subjected t@47 kDa forB-galactosidase fronk. coli ML 308 [1].

further purification by hydrophobic interaction chromato- The molecular masses of the subunitg3efalactosidase
graphy. The major peak on hydrophobic interaction columrfrom Bacillus sp MTCC 3088 were estimated to be 115,
was eluted between 1.48 and 0.56 M ammonium sulphate6.5, 72.5, 45.7 and 41.2 kDa by sodium dodecy! sulfate-
By this procedureB-galactosidase was purified approxi-

mately 10.2-fold from the culture filtrate with a specific

activity of 12542 units per mg protein where the percentage a b

recovery was 28.3 (Table 1). It was then subjected to kDa

further purification using a Sephadex G-200 column. The
major peak was eluted with phosphate buffer (0.1 M, pH
7) containing 0.15 M NaCl. By this proceduf&galacto-
sidase was purified approximately 36.2-fold from the cul-
ture filtrate with a specific activity of 44399 units per mg
protein while the percentage recovery was 12.7 (Table 1).

Results and discussion

Characterization of B-galactosidase
The B-galactosidase was purified to homogeneity as indi-
cated by native polyacrylamide gel electrophoresis with

LA |
&bl

Table 1 Summary of purification of3-galactosidase activity dacillus
sp MTCC 3088 1 ?

Purification step Total Total Specific  Activity Fold
protein  activity activity recovery purification
m IUx10°) (IUmg? %
(mg) (Ux10) (Umg™) (%) e 29

Crude extract 2891 35.5 1227 100 1
ZnCl, 2112 30.4 1441 85.8 1.2 1 E
precipitation
Q-Sepharose 331 15 4504 42 3.7 Figure 1 (a) Native PAGE pattern g8-galactosidase activity d@acillus
Hydrophobic 80 10 12542 28.3 10.2 sp MTCC 3088. Lane 1, activity staining with X-gal; lane 2, Coomassie
interaction blue staining of purified enzyme. (b) SDS-PAGE pattern of purified
Sephadex G-200 10 4.5 44399 12.7 36.2  galactosidase activity oBacillus sp MTCC 3088. Lane 1, subunits of
purified B-galactosidase; lane 2, marker proteins.
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polyacrylamide gel electrophoresis (Figure 1b, lane 1). Thef activity. At 55 and 68C, the enzyme exhibited 74 and
native relative molecular mass of the purified enzyme wa84% of its maximum activity, respectively.

about 484 kDa by gel filtration chromatography. In com-

parison, the sum of the five subunits gave 360.9 kDa. ManyKinetic constants

B-galactosidases containing numerous subunits with variKinetic parameters like maximum reaction velociw(.)
ous molecular masses have been described [1]. Dumortiend kinetic constantK(,,) were determined for purifie@-

et al [6] reported the native relative molecular mass of thegalactosidase with respect to its artificial and natural sub-
purified B-galactosidase oBifidobacterium bifidumwas  strates ONPG and lactose, respectively, atGOby
about 362 kDa by gel filtration chromatography; in com- Lineweaver—Burk plots. Under the conditions {60 pH 7),
parison, the sum of the four subunits (163, 170, 178 angB-galactosidase exhibited Michaelis—Menten type kinetics.
190 kDa) was 690 kDa. Following isoelectric focusing gel The kinetic constantK,,) measured foio-NO,-phenyls-
electrophoresis, a single protein band with a pl of 6.2 wa®-galactopyranoside was 6.34 mM al{.., was found to
obtained (data not shown), which is within the range ofbe 9351 IU mf* (Figure 3a). TheK,, value was less than
values reported foiB-galactosidases from other thermo- that of alkalophilic and thermophili@acillus sp TA-11
philic bacteria [5,13,22]. Figure 2a shows the optimum pH(13.5 mM) and was higher than that Bfcteroides poly-
for purified B-galactosidase to be 8. This pH optimum, pragmatus (0.43 mM) and Thermus aquaticus(2 mM)
under the conditions used, was the same as that reportgd,4,7]. No inhibition of enzyme activity was observed with
for B-galactosidase from other mesophilic microorganismsONPG levels up to 14 mM (Figure 3a). Th&, and V, ..
The enzyme lost 2% of its maximum activity at pH 7.5 andvalues of purifiedB-galactosidase activity towards lactose
at pH 8.5, it lost only 24% of its maximum activity. The are 6.18 mM and 908 10°IU ml™, respectively
broad pH optima (7-8) is suitable for the applicationgaf  (Figure 3b).

galactosidase in different fields including the food industry.

The optimum temperature for maximum enzyme activity Substrate specificity

was 60C (Figure 2b). The enzyme activity declined very The relative hydrolytic activities with various-NO,-phe-
sharply above 6TC. Nearly complete inactivation occurred nyl glycosides were compared by measuring ONPG
at 70C. From 30C to 60°C, the enzyme had a steep rise
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Figure 3 Lineweaver—Burk plot of3-galactosidase activity oBacillus
Figure 2 Effect of pH (a) and temperature (b) @galactosidase activity sp MTCC 3088. Insert: activity profile g8-galactosidase with respect to
of Bacillus sp MTCC 3088. ONPG concentration (a) and with respect to lactose concentration (b).
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Table 2 Substrate specificity oB-galactosidase activity aBacillus sp Table 4 Effect of metal ions and EDTA oiB-galactosidase activity of

MTCC 3088 Bacillus sp MTCC 3088
Substrate Hydrolytic Metal ions Percentage activity retained at concentration (mM)
activity (%)
1 25 5 10 20 25
0-NO,-phenyl3-p-galactopyranoside 100
p-NO,-phenyl3-p-galactopyranoside 95 Cu+ 9 6 ND 5 ND ND
p-NO,-phenylw-L-arabinopyranoside 64 72+ 95 85 84 46 34 ND
p-NO,-phenyl-L-arabinopyranoside 0 Co?* 95 103 97 96 52 37
p-NO,-phenylw-p-mannopyranoside 0 Ni2* 56 58 52 36 16 12
p-NOz-phenyla-L-fuCOpyranoside_ 0 Mgz+ 118 142 141 141 127 104
p-NO,-phenyla-p-galactopyranoside 0 ca* 104 111 109 97 79 57
p-NO,-phenylw-p-glucopyranoside 0 Mo2* 95 08 109 08 97 92
Mn2* 88 114 95 73 24 48
Hg*" 1 0 0 0 0 0
Ag* 2 6 4 0 0 0
. Fer 88 94 83 28 ND 5
hydrolysis (Table 2). The enzyme catalyzed not only thegpta 96 99 101 100 100 98

hydolysis ofo-NO.,-phenyl8-p-galactopyranoside but also
those of p-NO,-phenyl-p-galactopyranoside (95%) and Activity is expressed as a percentage of the activity in the absence of
p-NO,-phenyl«w-L-arabinopyranoside (64%). No hydrolytic chemicals.
activity was observed againgtNO,-phenylB-L-arabino- ~ ND. not detected.
pyranoside, p-NO,-phenylw-p-mannopyranosidep-NO.-

henylw-L-fucopyranoside, p-NO,-phenyl«w-p-galactopy- . N S
Panos)gde an@-NpC))lz-phenyla?D-gItjc%pyrgnosidge. Hydrrt)))lly- laurentii was not inhibited by gala_ctose [1]. The inhibition _
sis of different substrates (Table 2) was studied to deter?Y 9glucose and galactose is believed to be due to their
mine the enzyme behavior towar@sp-anomeric linkages. action as competitors at the catalytic site of the enzyme.
The enzyme showed a strict specificity for this linkage, .
which has galactose or glucose in the glycone form. MoreEfféct of metal ions and EDTA
over, specificity for the aglycone moiety has a drastic effect! 20!€ 4 shows the effect of metal ions and EDTA pn
on the enzyme activity. Para-substitution on the phenoli@@lactosidase activity. Hg and Ag almost completely
ring of nitrophenol showed a positive effect on enzymelnhibited activity at 1 mM. C& and MG” showed no inhi-
activity. Replacement of the substituted nitro phenolicPition even at higher concentration (1-10 mM). Mgt
group with a naphthyl group prevented enzymic activity.Nigher concentration (2.5-10mM) increased enzyme
The effect of different carbohydrates ghgalactosidase 2CtiVity by 41-42%. It has been observed thaf'Cias a
activity is shown in Table 3. All sugars were used at a finaiStrong inhibitory effect orB-galactosidase even at a lower
concentration of 4 mg mi. Catalytic activity was not affec- concentration, of 1 mM. Mt also has an inhibitory effect
ted by glucose, maltose, lactose, sucrose, starch, xylosgt higher concentration (20 mM), while #ehas no strong
inositol and sorbitol. Enzyme activity was strongly Inhibition at concentrations up to 2.5 mM. Zrand N?* at

inhibited by galactose. Product (galactose) inhibition haeO MM showed 66 and 849% inhibition of enzyme activity,
been described previously for the-galactosidase from 'espectively. EDTA at concentrations up to 25 mM did not
Thermus4-1A [5]. However, an increase jB-galactosidase inhibit enzyme activity. Metal ion inhibition studies have
activity in the presence of glucose has been reported fot!SC Peen carried out fgg-galactosidase activity from other

Thermoanaerobactef13] and B. subtilis [23]. The g- microbial sources. The strong inhibitory effect of most of

galactosidase fror. solfataricusvas not inhibited by gal- g]c?i\;?tstgi/i%rgTixgﬁg;i?:;ctjh';/lt(i;ggglggtérs]ggzsrf]rg;
actose or glucose [1] and the enzyme fr&@nytococcus X : - .
g [ y @y Bacillussp MTCC 3088 does not require metal ions for its

activity. It is reported [3] tha{3-galactosidase frorKluy-
Table 3 Effect of different carbohydrates on purifieg-galactosidase  VEromyces lactisequired K and Mg* for stability. Hg*

activity of Bacillus sp MTCC 3088 was found to cause marked inhibition @fgalactosidase
activity irrespective of the sources as reported by various
Carbohydrates (4 mg ) Relative activity workers.
(%)
Glucose 98 References
Galactose 32 1 Berger JL, BH Lee and C Lacroix. 1997. Purification, properties and
t":g:gii %58 characterization of a high-molecular-mg3gjalactosidase isoenzyme

from Thermus aquaticu¥ T-1. Biotechnol Appl Biochem 25: 29-41.
Sucrose 100 2 Brady D, R Marchant, L McHale and AP McHale. 1995. Isolation
Starch 100 and partial characterization @fgalactosidase activity produced by a

Xylose 100 thermotolerant strain oKluyveromyces marxianusuring growth on
InOS'FOI 101 lactose-containing media. Enz Microb Technol 17: 696-699.
??ur?tlf)osle 110001 3 Cavaille D and D Combes. 1995. Characterizatiorgafalactosidase

from Kluyveromyces lactisBiotechnol Appl Biochem 22: 55-64.
4 Choi YJ, H Kim, BH Lee and JS Lee. 1995. Purification and charac-
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terization of3-galactosidase from alkalophilic and thermophBiacil- 19 Ohtsu N, H Motoshima, K Goto, F Tsukasaki and H Matsuzawa. 1998. 63
lus sp TA-11. Biotechnol Appl Biochem 22: 191-201. Thermostable beta-galactosidase from an extreme thermophile,

5 Cowan DA, RM Daniel, AM Martin and HW Morgan. 1984. Some Thermussp A4: enzyme purification and characterization, and gene
properties of aB-galactosidase from an extremely thermophilic bac- cloning and sequencing. Biosci Biotechnol Biochem 62: 1539-1545.

terium. Biotechnol Bioengg 26: 1141-1145. 20 Ohtsuka K, V Benno, K Endo, O Ozawa, H Veda, T Uchida and T
6 Dumortier V, C. Brassart and S Bouquelet. 1994. Purification and  Mitsuoka. 1989. Effects of 4-galactosyllactose intake on human fecal
properties of g3-p-galactosidase frorBifidobacterium bifidunexhib- microflora. Bifidus 2: 143-149. (In Japanese).
iting a transgalactosylation reaction. Biotechnol Appl Biochem 19:21 Onishi N and T Tanaka. 1995. Purification and properties of a novel
341-354. _ _ thermostable galacto-oligosaccharide-produgiigalactosidase from
7 Girishchandra BP, CR Mackenzie and BJ Agnew. 1985. Properties

) : Sterigmatomyces elviadBS8119). Appl Environ Microbiol 61:
and advantages g8-galactosidase fronBacteroides polypragmatus 4022—4025.
ApPI.M'CFOb'aI Biotechnol .22: 114-120. ) 22 Pisani FM, R Riella, CA Raia, C Rozzo, R Nucci, A Gambacorta,
8 Griffiths MW and DD Muir. 1978. Properties of a thermostafsie M De Rosa and M Rossi. 1990. Thermostapigalactosidase from
galactosidase from a thermophilacillus comparison of the enzyme archaebacteriunBulfolobus solfataricuspurification and properties.
activity of whole cells, purified enzyme and immobilized whole cells. Eur J Biochem 187: 321-328
J Sci Food Agric 29: 753-761. - ) ) ) N
; . ) 23 Rahim KAA and BH Lee. 1991. Production and characterizatio8-of
9 Hirata H, S Negoro and H Okada. 1985. High production of thermo- : : el :
stablep-galactosidase dBacillus stearothermophiluis Bacillus sub- galactosidase from psychrotroptBecillus subtilisKL-88. Biotechnol

- ) ) - : Appl Biochem 13: 246-256.
tilis. Appl Environ Microbiol 49: 1547—-1549. ) - .
10 Hirataplg, S Negoro and H Okada. 1984. Molecular basis of isozyme? Shaikh SA, JM Khire and MI Khan. 1997. Production alacto-
formation of g-galactosidase iBacillus stearothermophilussolation sidase from thermophilic fungu&hizomucorsp. J Ind Microbiol
of two B-galactosidase genes, bga A and bga B. Bacteriology 160;  Biotechnol 19: 239245, ) .
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