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Table 1. Operating conditions of gas liquid chroma-
tography ;

Instrument Analytical Instruments Model 92
Detector Flame ionization detector
Column 5% SE-30 180 ¢cmX3 mm LD.
Carrier gas N; gas ‘
Flow rate 30 mi/min
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120T(3 min)—>260TC(20 min)
ramp rate 5C/min
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(Nil4) 2S04 pptn. 30 - 80%
saturation
— 9,000 rpm, 20 min

-~ dlalysls

- elution on 0.1 M Mcllvaine buffer
(pll 6.5) containing 0.1 M KCl
— dlalysls

rDEAE—Sephadex A-50 |

— linear gradient from O to 1.0 M
KCl In O.1M Mcllvaine buffer
(pHl 6.5)

— dialysis
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I Purified enzyme |

Fig. 1. Schematic diagram for purification of a-galac-
tosidase from soybean.
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Table 2. Operating conditions of high performance
liquid chromatography

Instrument ~ Waters Model 451
Column Synchropak GPC 100(300X7.8 mm LD.)
Detector U.V. 280 nm

Mobile phase 0.1 M potassium phosphate

containing 0.2M NaCl (pH 6.8)

Flow rate 0.5 m//min

800

600 ]

400

—T

Activity (U/ml)

ZOOF

0

A B C D
Fig. 2. a-Galactosidase levels in germinated soy-
beans.
A [ soybean (Hwang Keum Kong), B : soybean (Bang
Sa Kong), C : soybean (blue bean), D : soybean (black
bean)
* Soybeans were germinated at 25C for 5 days.

* Germinated soybeans were ground with 0.1 M Mcll-
vaine buffer solution (pH 6.5).
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Fig. 3. Changes of oligosaccharide contents and o-
galactosidase activities during the germination of so-
ybean.
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Fig. 4. Gel filtration of soybean a-galactosidase on
Sephadex G-150.
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Fig. 5. HPLC pattern of the purified a-galactosidase.

Table 3. Summary of purification steps of soybeans a-galactosidase

Purification Total protein Total activity Specific activity Yield Purification
step (mg) (units) (units/mg) (%) factor (fold)
Crude enzyme
27,825 3,465,000 125 100 1.0
(NH4),S0,
fractionation
0.9 24
(30~80% satn.) 6,000 1,765,000 294 5
DEAE-Cellulose 2,535 897,000 354 259 28
chromotogr.
DEAE-Sephadex
. 6.0
A-50 chromatogr. 250 185,800 743 54‘
Sephadex G-150 105 86,623 825 25 6.6

gel filtration
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Fig. 6. PAGE (A} and SDS-PAGE (B) of a-galactosi-
dase from soybean.
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Fig. 7. Effect of temperature on a-galactosidase acti-
vity of soybean.
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Fig. 8. Thermostability of a-galactosidase of soybean.
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Fig. 10. Effect of pH on a-galactosidase activity of
soybean.
©—@ . 0.2 M Na,HPO,-0.1 M citric acid buffer (pH 2.5~
8.0), 0—0:0.1M tris-0.1 M HCI buffer (pH 7.0~9.0)
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Fig. 11. pH stability of soybean a-galactosidase.
m—m : pH 55 @—@ :pH 65 a—a :pH 75

Table 4. Substrate specificity of soybean a-galactosi-
dase on oligosaccharides

Substrates (2 mM) Reducing sugar (ug/ml)

Raffinose 185
Stachyose 16.0

*The figures in the column indicate the amount of
reducing sugar which produced from 2 mM of substra-
tes under the conditions described in the text.

12
10

W b OO ®
T

Molecular weight (X10%

Retention time (min)
Fig. 12. Determination of molecular weights of a-ga-
lactosidase from soybean (S) by HPLC.
a . B-galactosidase (116,000), b : bovine serum albumin
(66,000), ¢ : ovalbumin (45,000), d : carbonic anhydrase
(29,000)

Table 5. Effect of metal ions on the activities of a-
galactosidase of soybean

Reagents (1072 M) Relative activity (%)

Control 100
K* 87
Ag*t 27
Mgt 84
Ca** 83
Ba** 85
Hg** 8
Co?* 76
Fe?* 94
Cu?t 89
Zn®* 89
Pbv** 81
EDTA 84

Table 6. Effect of thiol reagents on the activities of
a-galactosidase from soybean

Thiol reagent (1073 M) Relative activity (%)

Control 100
2-Mercaptoethanol 69
L-Cysteine-HCI 86
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Fig. 13. Determination of molecular weights of a-ga-
lactosidase from soybean (S) by SDS-PAGE.

a  phosphorylase b (94,000), b : bovine serum albumin
(67,000), c : ovalbumin (43,000), d : carbonic anhydrase
(29,000), e : soybean trypsin inhibitor (20,100), f : o-la-
ctalbumin (14,400)
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Fig. 14. lIsoelectric focusing of a-galactosidase from
soybean.
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Fig. 15. Km value of a-galactosidase from soybean
for PNPG determined by Lineweaver-Burk plot.
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Fig. 16. Effect of temperature on a-galactosidase
(Arrhenius plot).
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Purification and properties of soybean o-galactosidase

Jong-Hwa Keum*, Man-Jin Oh and Seong-Yeol Kim(*Department of Food and Nutrition,
Taejon Medical Junior College, Department of Food Technology, Chungnam National Unive-
rsity, Taejon 305-335, Korea)

Abstract : To elucidate enzymatic properties of a-galactosidase (EC 3, 2, 1, 22) from ger-
minated soybean, changes in the enzyme activities and oligosaccharide contents during
germination of soybean were determined. a-Galactosidase from germinated soybean was
purified by ammonium sulfate fractionation, ion exchange chromatography and gel filtration.
Their chemical and enzymatic properties was investigated. a-galactosidase activity of sobeam
was maximized when it was germinated at 25C for 120 hour. Raffinose and stachyose
in soybean were decomposed completely after 96 hours and 120 hours of germination,
respectively. Soybean a-galactosidase was purified by 6.6 fold by ammonium sulfate fractio-
nation, ion exchange chromatography on DEAE-Cellulose and Sephadex A-50, and gel filtra-
tion on Sephadex G-150. Its specific activity was 825 Units/mg protein and the yield was
25% of the total activity of crude extracts. The purified a-galactosidase of soybean was
found to be homogeneous by polyacrylamide gel electrophoresis and by HPLC. Isoelectric
point of soybean a-galactosidase was determined analytical isoelectric focusing to be pH
4.8. The soybean a-galactosidase was monomeric and its molecular weight was estimated
to be 30,000 by SDS-PAGE. The optimal temperature and pH for the soybeam a-galactosi-
dase activity were 40T and pH 6.0 and 75% of its activity was lost by heating at 60T
for 10 min. The enzyme was appeared to have higher affinity to raffinose than to stachyose.
The Km value of soybean enzyme was 53 mM for p-nitrophenyl-a-D-galactopyranoside
and the activation energy on PNPG was calculated to be 13.02 Kcal per mole.



