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Abstract

These experiments were conducted to investigate general enzymatic characteristics of two forms
(glucoamylase I and glucoamylase II) of the purified glucoamylase produced by Rhizopus oryzae. Molecular
weights of glucoamylase I and glucoamylase II estimated by Sephadex G-100gel filtration, were approximate-
ly 101,000 and 115,000, respectively, and those estimated by SDS-polyacrylamide gel electrophoresis being
120,000 and 127,000, respectively. Isoelectric points of the above enzyme were pH 7.25 and pH 7.75. The op-
timum temperature was 50°C and the enzyme was stable below 45°C. Optimum pH of both glucoamylase I
and glucoamylase II was about pH 5.0. The stable pH range of them were pH 3.5-8.0 and 4.5-8.0, respective-
ly. Michaelis constants of glucoamylase 1 and glucoamylase II toward souluble starch were 4.545 mg/ml and
5.560 mg/ml, respectively. Hg*+, Pb++, p-CMB and 1AA were inhibitors of glucoamylase I and Hg**,
Mn++, p-CMB and IAA were inhibitors of glucoamylase I1.
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Fig.1. Estimation of molecular weight of the two
purified glucoamylases by Sephadex G- 100
gel filtration
1; chymotrypsinogen A (M. W.25, 000)

2: hen egg albumin (M. W. 45, 000)
3; bovine serum albumin (M. W. 68, 000)
4: aldolase (M. W.158,000)
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Fig. 2. Estil!l ation of molecular weight of the two
purified glucoamylase by SDS polyacrylam-
ide gel electrophoresis

1; Bovine serum albumin, dimer (M. W. 136, 000)
2; Bovine serum albumin, monomer (M. W. 68, 000)

3; Aldolase (M. W. 40, 000)
4; Chymotrypsinogen A (M.W. 25, 000)
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Fig.l3. Gel electrofocusing of the two purified
glucoamylases
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Fig. 4. Effect of reaction temperature on the two
purified glucoamylases
The composition of . mixture consisted of
10041 of soluble starch, 104l of glucoamyl-
ase 1 and I1(0.36U, respectively) and 90!
of acetate buffer (pH 5.0). The reaction was
carried out for 10min at various tempera-
ture as indicated. O —C;Gl, ® - @ ;GII
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Fig. 5. Thermal stability of the two purified glu-
coamylases
Each solution of glucoamylase [ and Il (104},
0.36U, respectively) was preincubated for
30min. at various temperature with 90ul of
0.5mM acetate buffer (pH 5.0). After prei-
ncubation, the residual glucoamylase activity
was measured. O—O ;Gl, @--—-@; GII
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Fig. 6. pH dependence of the two purified glucoa-
mylases

Buffer solutions used were citrate buffer
for pHH 1.0 to 2.5, Mcllvaine buffer for pH
2.6 to 8.0 and Atkins-Pantin buffer for pH
8.1 to 9.0. O- 0:Gl,e e:GlH
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Fig. 7. pH stability of the two purified glucoa-
mylases
The solution of glucoamylase I and II(10gl,
0.36U, respectively) were preincubated for
48 hrs at 4C with 50l of various buffer
solutions. Each preincubated mixture was
mixed with 5004] of acetate buffer (pH 5.0).
To 100 ul of this mixture, 100kl of 1% soluble
starch (pH 5.0) was added and the residual
glucoamylase activity was measured.
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Fig. 8. Effect of soluble starch concentration on
the two purified glucoamylases
The reaction mixture containing 104! of gl-
ucoamylase solution{G1;0.72U, GI1:0. 73U,
9904] of 50mM acetate buffer (pH 5.0) and
indicated amounts of substrate were incub-
ated at 37T for 10min.
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Table 1. Effect of metal ions and inhibitors on
the two glucoamylases

Relative glucoamy-

Metal jons & Concentration lase activity (%)
mhibitors (mM) Gl | oo

None 0 100. 0 | 100.0
CH; COONa 5 100. 0 117.5
AL, (SO0, 5 97. 3 | 108.8
BaCl, 5 100. 3 117.5
CaCl, 5 98, 8 | 119.3
CuiCH;CO00:, 5 91. 9 91.2
HeCl, 5 12. 6 52.6
K 5 86. 6 | 108.8
MnCl, 5 774 | 56.1
NaC! 5 94. 3 106. 1
MgsO, 5 104. 2 | 126.3
PbiCH;COO, 5 59. 8 87.7
/niCH,CO01, 5 97. 3 | 108.8
EDTA 5 99. 6 98. 2
Coll, 5 99. 6 | 110.5
1AA 0.05 45. 8 34.0
PCMB 0.05 17. 6 50.9

1AA; lodoacetamide
PCMB; p — chloromercuribenzoate

Fach n.xture solution containing 10l of glucoamyl-
ase solution (Gl and GII 0.36 U, respectively), 200 4]
of 20mM metal jon solution{or 0.2mM inhibitors so-
lution:in deionized water, and 590u! of acetate buf-
fer ipH 5.0) was preincubated at 37C for 30min.
After preincubation, 100l of 1% soluble  starch
was added and the resulting mixture was incubated
at 47T for 10min.
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