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Studies on the Production of S3-Galactosidase by
Microorganism and its Application

(Part 1) Conditions for the Production and Purification of the Enzyme from Penicillium SP.

Pyong-Su O, Han-Chul Yang
Department of Food Technology, College of Agriculture, Korea University
(Received November 2, 1981)

Abstract

A strain of Penicillium sp. which produces considerable amount of 3-galactosidase was selected from extraceliular

[B-galactosidase-producing fungi isolated from soil. The enzyme was found to be very stable in ne

Maximum enzymatic activity was reached after 72 hr of incubation in a wheat bran medium at 30°C.

utral pH range.

Productivity of

the enzyme appeared not to be affected by the addition of carbon sources to the medium but the activity of the enzyme

was increased from 14% to 85% by the addition of various nitrogen sources. The enzyme extracted from the wheat-

bran culture of the Penicillium sp. was purified to 5050-fold by ammonium suifate fractionation, SP-Sephadex C-50

chromatography, Ultrogel AcA 44 filtration and hydroxyapatite chromatography. The purified j-galactosidase was

homogeneous on ultracentrifugation and disc electrophoresis.
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Table 1. Extracellular 2-Galactosidase Activity
of Screened Fungi.

Extracellular g-galactosidase
activity (u/g solid culture)

Microorganisms at pH 4.5 at pH 6.5
Penicillium sp. 14 10
cyclopium 10 6
Aspergillus awamori 9 2
flavus 12 6
niger 1 13 2
niger 2 23 4
oryzae 1 11 5
oryzae 2 20 5
oryzae 3 13 3
usamii 48 5
Rhizopus  niveus 2 1
delemar 2 1
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Fig. 1. Time Course of 5 -Galactosidase Produc-
tion in Wheat Bran Culture by Penicilium
sp.

0—o0, [ -galactosidase; *—e, pH.

Eoslel ¥
Btk kol 4 o 2l 7b) & %7kt
o] wjek §+51Sw B-galactosidase A 42 Table 2
o 42} 72t Feniksova &' MM, BN}
o] Wethis#Eoll A lactose 7ol 23 g-galactosi-
dase Aol /b Egrk st At Wolg B
Fol A wlol ol sl b ool o ol4bg
eb4 9l 3 7he

A Eshsieh.

7] -4 L9

_17_.3
=]

Ag Al

4% 747

B-galactosidase ©]

Table 2. Effect of Carbon Source on
A+Galactosidase Production

Carbon source B -Galactosidase activity (%)

Control (no addition) 100
Galactose 1% 96
Glucose 1% 96
Lactose 1% 97
Sucrose 1% 102
Soluble starch 1% 106
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Table 3. Effect of Nitrogen Source on
/-Galactosidase Production

Nitrogen source -Galactosidase activity (%)

Control (no addition) 100
NH.Cl 1% 155
(NHa4), SO. 1% 135
(NH,), HPOs 1% 135
(NH2). CO 1% 155
NHs NOs 1% 114
Peptone 1% 120
Yeast extract 1% 134
Defatted soybean flake

extract 5% 185
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Table 4. Purification Procedure of
S - Galactosidase

Crude extraction
35% saturation of ammonjum sulfate
100% 'saturation of ammonium sulfate
Sephatljex G-25 gel filtration
Duolité A-2 chromatography
100% Isaturation of ammonium sulfate
Sepha(%ex G-25 gel filtration
SP-Sephadex C-50 chromatography
Concentration by ultrafiltration
Ultrogel AcA 44 filtration
Dialysis and concentration by dialysis
mernbrane, ultrafiltration and collodion bag
Hydroxyapatite chromatography
Dialysis and concentration by collodion bag
Hydroxyapatite chromatography
Purified enzyme solution
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Fig. 2. SP-Sephadex C-50 Column Chromato-
graphy of /-Galactosidase,

Fractions of 10 ml were collected at a flow rate of
30 ml per hr.0-0 B-galactosidase activity; —,
protein; __, NaCl.
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Fig. 3. Ultrogel AcA 44 Filtration of /-

Galactosidase.

Fractions of 10 ml were collected at a flow rate of

30 ml per hr. o—o, 3-galactosidase activity; —,

protein.
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E-Z 30me/hr. 2 7 fraction-& 10m¥ &tgleh L
A3 Fig. 33 2vh o] o3y EERIEM frac-
tions (fraction No.59~70)-& pH7.0, 0.005M p-
hosphate buffer & BHWEZE ste] dialysis mem-
braneol 2|8l FH#gr & ultrafiltration®} collodion

bagoll 2l4) RFESH

: 3
—d A Sy
2 A )
560 12 i 5
3 g b
£10 | Jos 2
£ | § H
520 3 § 04 2
A \__ﬁ 4 N . - _j 35?
40 80 s

-9

Fraction number
Fig. 4. Hydroxyapatite Chromatography of g -
Galactosidase.
Fractions of 5 ml were collected at a flow rate of
30 ml per hr. 0—o, 8-galactosidase; -—, protein;
— potassium phosphate buffer (pH 7.0).
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Table 5. Purification of [5-Galactosidase

Stage Total Specific Recovery
activity activity (%)
(u) {u/mg)
Crude extaraction 8954 0.02 100
35-100% saturation of (NHg), SO4 8757 0.07 97
Sephadex G-25 gel filtration 7881 0.13 88
Duolite A-2 chromatography 6308 0.29 70
100% saturation of (NH,), SO, 5416 0.29 60
Sephadex G-25 gel filtration 4674 0.29 52
SP-Sephadex C-50 chromatography 2947 17.00 33
Ultrogel AcA 44 filtration 1802 32.10 20
Hydroxyapatite chromatography 1625 89.10 18
Hydroxyapatite chromatography 941 101.00 11
Hydroxyapatite chromatography : #HT 2 B 0.0 acetate buffer (pH5.6) = dialysis membra-
nest & FHHTSLACh

= BEFEWK-L viel pH7.0,0.005M phosphate buffer
2 #£# =% hydroxyapatite column (2.6X 15cm)ell 8%
EAZch WA EEK+E 0.005M phosphate buffer
(pH7.0) ol 4 0.5M phosphate buffer (pH7.0) 7}
X linear gradient® LEFAIAH BHAZ ol HE-2
30me/hr 2 7 fractiond 5mé¥ ek L Azt
+ Fig. 4 9} 2l o] EBEFIEM fractions (fraction
No. 36~45) & ¥3ste] 0.005M
(pH7.0) & collodion bagol &8l &HHT 2 B
o Az} L FA 02 hydroxyapatite
graphyE &3t L A= Fig. 59 2 old
B R fraction® (fraction No. 37~45) % #3lo

phosphate buffer
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Fig. 5. Hydroxyapatite Chromatography of j-

Galactosidase.
Fractions of 5 ml were collected at a flow rate of
30 ml per hr. o—o, 3 -galactosidase; —, pro-

tein; —, petassium phosphate butter (pH 7.0).

7+ LAkl A 2] Azl Table 5 2o} AF
202 Fig. 5414 o]zl g-galaciosidase 2|
itE-> 10lu/mg protein® 2 5050f% A = glod
IRE-L 11%°15 5t

B-Galactosidase2| iEEITE

Analytical ultracentrifugeo] 4 HZH o7 )

i b
E
: i :
M

Fig. 6. Ultracentrifugal Patterns, Obtained in the

Hitachi Model 282 Analytical Ultracen-
trifuge, of 3-Galactosidase after Purifica-
tion on Hydroxyapatite Chromatography
(2nd).

Sample protein, 6 mg per ml of 0.5 M NaCl solu-

tion; ultracentrifugation, 60000 rpm at 20°C;
photographs, at 10 minutes (A) and 40 minutes
(B).
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5 p-galactosidase= Fig. 6 3} Zo] #—-FH2 2
A %% ol Schlieren patterns R =k Disc
electrophoresisoll A& Fig. 7 3+ #e¢] B —band &
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band¢} 4=]3}3iet

Fig. 7. Disc Electrophoresis of Purified J-

Galactosidase and Localization of En.
zymatic Activity.
Coiumn, 3.75% polyacrylamide gel (0.5 x 7 cm);
buffer, pH 8.3 buffer system; sample protein, 70
ug; electrophoresis, 2 mA per column for 3 hr at
4°C; A, stained with coomassie brilliant biue; B,
stained with 6-bromo-2-naphthyl- g-D-galac-
topyranoside and fast biue sait B.
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