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Purification and Properties of a-Galactosidase from Aspergillus niger
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Abstraet — To elucidate enzymatic properties of a-glactosidase (EC 3.2.1.22) from Asp. niger,
a-galactosidase from wheat bran culture was purified by ammonium sulfate fractionation, ion
exchange chromatography and gel filtration. And then its enzymatic propeties were investigated.
The highest level of a-galactosidase activity was obtained when Asp. niger was grown on wheat
bran medium at 30C for 96 hours. The a-galactosidase was purified by 23.7 fold by ammonium
sulfate fractionation, ion exchange chromatography on DEAE-Celluose and Sephadex A-50, and
gel filtration on Sephadex G-150 and its specific activity was 1,229 Units/mg protein and the
yield was 14% of the total activity of wheat bran culture. The purified a-galactosidase was
found to be homogeneous by polyacrylamide gel electrophoresis and HPLC. The a-galactosidase
was a tetrameric glycoprotein which consisted of identical subunits with molelcular weight
of 28,000 each by SDS-PAGE and isoelectric point was determined analytical isoelectric focusing
to be pH 4.6. The optimal temperature and pH for the a-galactosidase activity were 40T and
pH 6.5, respectively, and 54% of its activity was lost by heating at 60C for 10 mins. It was
appeared to have higher affinty to raffinose than to stachyose. The K, value and activation
energy of a-galactosidase were 5.0 mM and 8.515 Kcal per mole for p-nitrophenyl-a-D-galactop-
yranoside, respectively.
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Purified enzyme

Fig. 1. Schematic diagram for purification of a-galacto-
sidase from Aspergillus niger.
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Table 1. Operating conditions of high performance li-
quid chromatography

Instrument Waters Model 451
Column Synchropak GPC 100 (300 X7.8 mm 1.D)
Detector U.V. 280 nm

Mobile phase 0.1 M potassium phosphate
containing 0.2 M Na(Cl] (pH 6.8)

Flow rate 0.5 mi{/min
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Fig. 2. Time course of a-galactosidase production from
Aspergillus niger.

Aspergtlius niger was grown at 30C on the wheat bran
medium. Crude enzyme solution was extracted from
the wheat bran culture by adding 5-volumes of 0.1 M-
Mcllvaine buffer (pH 6.5) and incubating 3 hour at
room temperature.
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Table 2. Summary of purification steps of Aspergillus niger a-galactosidase

Total Total Specific Yield Purification
Purification step protein activity activity (%) factor
(mg) (units) (units/mg) (fold)
Crude enzyme 39,000 2,072,000 52 100 1.0
(NH,),S0;, 3,675 1,860,000 506 89.8 9.8
fractionation (30~80% satn.)
DEAE-Cellulose chromatography 635 531,000 836 25.6 16.1
DEAE-Sephadex A-50 chromatography 335 352,240 1.052 17.0 20.3
Sephadex G-150 gel filtrationaphy 236 290,080 1,229 14.0 23.7
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Fig. 3. Gel filtration of Aspergillus niger a-galactosidase
on Sephadex G-150.
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Fig. 5. PAGE (A) and SDS-PAGE (B) of a-galactosi-
dase from Aspergillus niger.
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Fig. 6. Isoelectric focusing of a-galactosidase from As-
pergillus niger.
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Fig. 7. Determination of molecular weight of a-galac-
tosidase from Aspergillus niger by HPLC.
a. PB-galactosidase (116,000); b. bovine serum albumin
(66,000); c. ovalbumin (45,000); d. carbonic anhydrase
(29,000); A. a-galactosidase from A. niger
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Fig. 8. Determination of molecular weight of a-galac-
tosidase from Aspergillus niger by SDS-PAGE.

a. phosphorylase b (94,000); b. bovine serum albumin
(67,000); ¢. ovalbumin (43,000); d. carbonic anhydrase
(29,000); e. soybean trypsin inhibitor (20,000); f. a-lac-
talbumin (14,400); A. a-galactosidase from A. niger
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Fig. 9. PAS staining pattern on acrylamide gel electro-
phoresis of a-galactosidase from Aspergillus niger.
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Fig. 10. Effect of temperature on a-galactosidase acti-
vity of Aspergillus niger.
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Fig. 11. Thermostability of a-galactosidase of Aspergil-
lus niger.
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Fig. 12. Thermostability of a-galactosidase of Aspergil-
lus niger.

100 +
80
R 50.._
2
2
!
T 40}
9
2
ks |
& 20F
O .i i i 1 i 1 g i 1 i
1 2 3 4 5 6 7 8 9 10
pH

Fig. 13. Effect of pH on a-galactosidase activity of Asper-

gillus niger.
— @, 0.2M Na,HPO.-0.1 M citric acid buffer (pH 2.5
~80), —O—, 0.1 M tris-0.1 M HCI buffer {pH 7.0~9.0)
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Fig. 14, pH stability of Aspergillus niger a-galactosidase.
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Table 3. Substrate specificity of Aspergillus niger a-gala-
ctosidase on oligosaccharides

Subsstrates (2 mM) Reducing sugar (ug/mi)

Raffinose 27.0
Stachyose 16.0

*The figures in the column indicate the amount of re-
ducing sugar which produced from 2 mM of substrates
under the conditions described in the text.
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Table 4. Effect of metal ions on the activity of a-galac-
tosidase of Aspergillus niger

Reagent (107° M) Relative activity (%)

Control 100
K* 96
Ag* 6
Mg?* 08
Cal+ 97
Ba** 98
Hg?* 2
Co** 104
Fe?* 103
Cu*? 96
Zn*t 99
Ph?* 79
EDTA 101
Yvx10™®  g]

(uM/min) *

b

-04 —02 O 0.2 04 06 ©8 190

1/[S] (mM)!

Fig. 15. K, value of a-galactosidase from Aspergillus
niger for PNPG determined by Lineweaver-Burk plot.
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Fig. 16. Effect of temperature on a-galactosidase (Ar-
rhenius plot).
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Fig. 17. Thin layer chromatogram of hydrolyzates of
oligosaccharides by Aspergillus niger a-galactosidase.
A. stachvose; B. raffinose; C. melibiose; D. galactose;
E. glucose; F. hydrolyzed products of stachyose; G.
hydrolyzed products of raffinose; H. hydrolyzed produ-
cts of melibiose.
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