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Purification of B-Galactosidase from Alkalophilic Bacillus sp. YS-309

Yu, Ju-Hyun and Sung-Sik Yoon!*

Department of Food Engineering, Yonsei University, Seoul, Korea

A strain of alkalophilic Bacillus sp. YS-309 capable of producing large amount of 2-galactosidase
has been isolated from soil sample. Intracellular §-galactosidase was purified 6.9 folds by procedures
including ammonium sulfate precipitation, DEAE-cellulose chromatography, gel-filtration, DEAE-
Sephadex A-50 chromatography with over-all yield of 17.8%. The molecular weight of native en-
zyme was 205,000 by HPLC, and SDS-polyacrylamide gel electrophoresis showed that the enzyme
consisted of 4 identical subunits with a molecular weight of 56,000.
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Culture, 6L
Centrifuge at 6,000 rpm for 10 min, 4°C
Cell pellet
Washing 2 times by physiological saline
freezing at -20°C
Distruption of cells by grinding with aluminum
oxide
50 mM Na-phosphate buffer (pH 7.5), 100 ml
10,000 rpm for 10 min
Cell-free extract
streptomycin sulfate, 0.7 mg/ml
overnight at 4°C
50 mM Na-phosphate buffer (pH 7.5)
Ammonium sulfate precipitation saturated 50-75%
overnight at 4°C

Dialysis against 10 mM Na-phosphate buffer (pH
7.5)
\ overnight at 4°C
Ion-exchange column chromatography on DEAE-
l Cellulose
linear NaCl gradient, 0-0.5 M
Gel filtration on Sephacryl S-200

Ion-exchange column chromatography on DEAE-
Sephadex A-50
linear NaCl gradient, 0-0.5 M

Ultrafiltration of active fractions

|

Purified enzyme solution

Fig. 1. Purification procedure of S-galactosidase
from Bacillus sp. YS-309.
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Fig. 2. Ion-exchange chromatography of £-galacto-
sidase on DEAE-cellulose.

DEAE-cellulose column was hydrated, packed in a 2.5-by
25 cm column, and equilibrated with 10 mM phosphate
buffer, pH 7.5, and eluted with NaCl gradient in the same
buffer. Fractions of 5 ml were collected at the flow rate
of 20 ml/hr and aliquots were taken for the determina-
tion of enzyme activity.
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Fig. 3. Gel-filtration of S-galactosidase on Sephacryl
$-200.
Sephacryl S-200 column (1.8x 60 cm) was equilibrated
with 10 mM phosphate buffer, pH 7.5, and eluted with
the same buffer. Fractions of 3 ml were collected at a
flow rate of 15 mi/hr, and void volume was 25 ml.

1451 unit 28] 4-§-& 24.2% Ao} (Fig.3).
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Fig. 4. Ion-exchange chromatography of g-
galactosidase on DEAE-Sephadex A-50.
DEAE-Sephadex A-50 was hydrated, packed in a 2.5-by
20 ¢cm column, and equilibrated 25 mM phosphate buf-
fer, pH 6.5. Fractions of 3 ml were collected at a flow
rate of 20 mi/hr and aliquots were taken for determina-
tion of enzyme activity.

Table 1. Summary of purification of £-galactosidase
from Bacillus sp. YS-309.
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Fig. 5. UV-Scanning of purified g-galactosidase.
Enzyme concentration, 50 U/ml; Scan speed, 60 nm/min
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Fig. 6. SDS-polycrylamide gel electrophoresis of
purified S-galactosidase.

a: Size marker

b: Crude enzyme

c: Ammonium sulfate precipitation fraction

d: Active fraction from DEAE-cellulose

e: Active fraction from Sephacryl S-200

f: Active fraction from DEAE-Sephadex A-50

wlo
>
_>; o
olt
ok
i&
g
e,
ool
.
M
% ol

ol-§ UV-scanning & 4
N2 280 nm oAl Aol F3
bl 2l spectrum &



Vol. 17, No. 6

Fig. 7. Purity determination of purified g-

galactosidase by gel scanning.

a: Crude enzyme

b: Purified B-galactosidase

c: Gel scanning of purified B-galactosidase

a b

Fig. 8. Activity staining of purified 8-galactosidase
on 10% polyacrylamide gel electrophoresis

a: Crude enzyme

b: Purified 8-galactosidase
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Fig. 9. Molecular weight determination of g-
galactosidase by gel filtration (a), and on 10% PAGE
(b).

1 band 7} B-galactosidase 2] A7 ¢

ol 5 #lslr] Hshed FAFAE AAF
10% polyacrylamide gel A7|45 % gel 9 3
2 #zhfjo] Coomassie Brilliant Blue 4 9|9}
Z4dA band 7} A B dAFhe] AHAE
WA S Bogalactosidase §) ) <l H o o

frea
A
ol

>,

Pt b QLo fo
>

B o
AURE
39

e
5]
oo
g

g0 EXte
 AARLS $ATE 7
Protein Pak [-250 gel filtratlon column &

A3}zl /s HPLC &
ol-&3l4



592
o}, Halgks o1 Qe IFA8Y LEA7H B
a9 &EAbe Bladte] AREd # 3 native

B-galactosidase @ #AF¥-Z 205,000 dalton 52
ZAzlodeh, = SDS 9 mercaptocthanol ol &) &
A5 A3 WA SDS-PAGE A9 ol¥x9 3
T olFEs AE wlmsted oF 56,000
dalton ¢ subunit FxbEE Falstich(Fig9), o
Aol % ZAnz BE] native B-galactosidase & F
g A719 4 subunit & F4H tetramer 2 FA 52
o}, &# Ikura®t Horikoshi(16)+ & otzke] 4
Bacillus sp. C-1252] g-galactosidase & #F 8 o]
185,000 lek stelem, Mahoney 9+ Whitaker(22)
e K fragilis telel Bad-fellA] Exbake] 201,000
o2, Uwajima 5(10)2 Sacch. fragilis A7ol4]
ol FA9 HExbzko] 203000 0lzti sttt

gt o 2 B-galactosidase & 2 70 (23, 24) &2 47
(25, 26) 9] subunit & FAJEo] 9lord Exlgke o

_n_a

a77h Akl g ez oduA o AtE
&9 A wlad A4 200,000 dalton o] 4ol

F2 Busglond (27), %l T4
obAl  10,000-150,000 dalton ©] 2t 2 35|19} (28).
atetA] B A4 BAE AlF e B-galacto-
sidase A= vlaA 2 377 2L Aoz Azks

A=t

.
€ dlay 2

2 o

EckozHe Hejdt 97el4d Bacillus sp.
YS-309 9 a4l zAsn A4l
A4,

ammonium
sulfate DEAE-cellulose column chromato-
graphy, Sephacryl S-200 gel-filtration, DEAE-Se-
phadex A-50 chromatography 5% wAA oz 4
goto] 69 AAH T 98% 9 HAFEALE A
on], FAGAE dosted HAg FaghuHo]
B-galactosidase 45 #lstch, AR xALY Ex
2:2 205,000 2.2 monomer ¢ Hxbeko] 56000 <l
92719 tetramer 2 TAE ] dokz izl
o},

iu
e

=
iE

1. Ramana Rao, M.V. and S.M. Dutta: Appl. Environ.

Microbiol., 34, 185 (1977).
2. Tumerman, L., H. Fram and K.W. Corneley: J.
Dairy Sci., 37, 830 (1954).

3. Kern, F. Jr. and J.E. Struthers, Jr.: J. Am. Med.

Assoc., 195, 143 (1966).

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

. Marchesi,

. Citti,

Kor. J. Appl. Microbiol. Bioeng.

. Goodman, R.E. and D.M. Pederson: Can. J.

Microbiol., 22, 817 (1976).

S.L., E. Steers, Jr. and S. Shifrin:
Biochem. Biophys. Acta., 181, 20 (1969).

J.E., W.E. Sandine and P.R. EllikerP; J.
Bacteriol., 89, 937 (1965).

. Park, Y.K., M.S.S. DeSanti and G.M. Pastore: J.

Food Sci., 47, 1824 (1979).

. Craven, G.R., E. Steers, Jr. and C.B. Anfinsen: J.

Biol. Chem., 240, 2468 (1965).

. Greenberg, N.V. and S.M. Dutta: Appl. Environ.

Microbiol., 34, 185 (1977).
Uwajima, T., H. Yagi and O. Terada: Agric. Biol.
Chem., 36, 570 (1972).
Miyazaki, Y.: Agric. Biol. Chem., 52, 624 (1988).
Yoon, 8.8., D.S. Min and J.H. Yu: Kor. J. Food and
Nutrition., 1, 68 (1988).
Yoon, S.S. and J.H. Yu: Kor. J. Appl. Microbiol.
Bioeng., 17, 524 (1989).
Itoh, T., M. Suzuki and S. Adchi: Agric. Biol. Chem.,
46, 899 (1982).
Sakai, K., T. Tachiki, A. Kiuchi and T. Horiuchi: J.
Biochem., 51, 315 (1987).
Ikura, Y. and K. Horikoshi: Agric. Biol. Chem., 43,
85 (1979).
Tanaka, Y.A., Kagamishi, A. Kiuchi and T. Horiuchi:
J. Biochem., T7, 241 (1975).
Laemli, L.K. and M. Frave: J. Mol. Biol., 80, 575
(1973).
Fairbanks, G., T.L. Stetck and D.F.H. Wallach:
Biochem., 10, 2606 (1971).
Lee, Y.J., J.B. Hansen, E.K. Jangusztyn-Krynicka
and B.M. Chassy: J. Bacteriol., 152, 1138 (1982).
Lowry, O.H., N.S. Rosebrough, A.L. Farr and R.J.
Randall: J. Biol. Chem., 192, 265 (1951).
Mahoney, R.R., T.A. Nickerson and J.R. Whitaker:
J. Dairy Set., 58, 1620 (1975).
Watanabe, Y., Y. Kibesaki, S. Takenishi, K. Sakai
and Y. Tsujisaka: Agric. Biol. Chem., 43, 9433 (1979).
Obtakara, A., N. Hayashi and M. Mitsutomi: J. Fer-
ment. Technol., 59, 325 (1981).
Zipser, D.: J. Mol. Biol., 7, 113 (1963).
Wallenfels, K., H. Sund and K. Weber: Biochem. Z.,
338, 714 (1963).
Wallenfels, K. and R. Weil: Beta-galactosidase, The
Enzymes, Vol.7, Academic Press, pp.616-663 (1972).
Macris, B.J.: Appl. Environ. Microbiol., 44, 1035
(1982).

(Received September 26, 1989)



