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Purification and Characteristics of Raw Starch Hydrolyzing Enzyme from Aspergillus niger.
Man-Jae Chung. Deparfment of Food Science and Technology, Chungbuk University,
Cheongju 361-763. Korea — Aspergillus niger was selected as a strain producing the potent raw starch
hydorlyzing enzyme. These experiments were conducted to investigate the conditions of . the glucoa-
mylase production, the purification of the enzyme, some characteristics of the purified enzyme and hy-
drolysis rate on various raw starches such as com, rice, potato, glutinous rice, sweet potato, wheat and
barley. The optimum cultural temperature and time for the enzyme production on wheat bran medium
were 30°C and 96hrs, respectively. The respective addition of yeast extract and nutrient broth on wheat
bran medium increased slightly the enzyme production. The enzyme was purified by ammonium sulfate
fractionation and DEAE-ceilulose column chromatography. The specific activity of the purified enzyme
was 30.7 u/mg-protein and the yield of enzyme activity was 25.8%. The purified enzyme showed a sin-
gle band on polyacrylamide disc gel electrophoresis and its molecular weight was estimated to be 56,000
by SDS-polyacrylamide disc gel electrophoresis. The isoelectric point for the purified enzyme was pH3.7.
The optimum temperature and pH were 65C and pH 4.0, respectively. The purified enzyme was stable
in the pH range of pH 3.0~9.5 and below 45C, and its thermal stability was slightly increased by the
addition of Ca™. The purified enzyme was activated by Co™, Sr**, Mn*, Fe™, Cu™. Raw rice starch, raw
corn starch, raw glutinous rice starch, raw sweet potato starch, raw wheat starch and raw barley starch
showed more than 90% hydrolysis rate in 48hrs incubation. Even raw potato starch, most difficult to be
hydrolyzed, showed 80% hydrolysis rate. The purified enzyme was identified as glucoamylase.
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Fig. 1. Effect of cultural temperature(A) and time(B) on the

enzyme production.

Table 2. Purification procedure of the enzyme
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Table 1. Effect of nitrogen sources on the enzyme production

Nitrogen sources Activity (u/m/)

NH,(Cl 72.4

(NH,),S0, 70.6

NH,NO, 77.8

(NH,),HPO, 76.0

(NH,),CO 74.2

Casein 74.2

albumin 70.6

yeast extract 82.3

peptone 77.8

nutrient broth 81.4

control 77.8
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Fig. 2. Second column chromatography on DEAE-cellulose.
®—@® : activity, @@ : protein.

Yield (%)

Procedure Total activity (u) Total protein (mg) Specific activity (u/mg - protein)

Crude enzyme 13,200 1,950 6.8 100.0

Ammonium sulfate fractionation 5,731 480 11.9 43.4

First DEAE-cellulose 4,170 158 26.4 31.6
calumn chromatography

Second DEAE-cellulose 3,409 111 30.7 25.8

column chromatography
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Fig. 4. Determination of molecular weight by SDS-polyacryl-
amide disc gel electrophoresis of the purified enzyme.
1. Lysozyme (MW 14,300), 2. B-lactoglobulin (MW 18,400), 3.
Trypsinogen (MW 24.000), 4. Pepsin (MW 34,700), 5. Egg al-
bumin (MW 45,000), 6. Bovine albumin (MW 66,000).
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Fig. 5. Gel electrofocusing of the purified enzyme.
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Table 3. Effect of metal ions on the purified enzyme activity

Metal ions Relative activity (%)
AgNO, 100.0
Hg(l, 93.8
PbCl, 100.0
CdCl, 106.3
Ca(l, 101.0
CoCl, 134.4
SrCl, 143.8
Mn(Cl, 131.3
Ba(Cl, 93.6
Li,SO, 1031
FeSO, 134.1
ZnS0O, 103.1
MgSO, 96.9
CuS0O, 118.8
Control 100.0
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Fig. 9. Hydrolysis rate of various raw starches.

O---O : Corn starch, @—@ : Rice starch, l— : Potato starch,
{7 : Glutinous rice starch, O—O : Sweet potato starch,

@ ---® : Wheat starch, x—X : Barley starch.
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