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Studies on the screening and properties of Raw Starch
Saccharifying Microorganism.(II).
Purification and characterization of raw starch-digesting

enzyme from Aspergillus sp. SN-871.

Myoung-Ja Suh and Kyoung-Hee Nho
Dept. of Food & Nutrition, Home Economic College, Pusan National University, Pusan 607, Korea

ABSTRACT: A raw starch saccharifying enzyme from Aspergillus sp. SN-871 was purified by
ammonium sulfate precipitation, DEAE-cellulose column chromatography, CM-Sephadex C-50
column chromatography and Sephadex G-75 gel filtration. The specific activity of purified enzyme
was 18 fold and the yeild was 13.40%. The molecular weight of the purified enzyme was estimated
as approximately 40,000 dalton by the method of Andrews gel filtration. The optimum pH and
temperature for this enzyme were found to be 4 and 40°C, respectively and the stable range of pH
was 2 to 5. The enzyme was themostable at below 60°C and inactivated at 70°C. It showed a
tendency to increase the enzyme activity under the presence of 0.01 M BaCl,, but under 0.01 MP}b
(NO,),, AgSO, and K;Fe(CN); and citric acid ete. inhibited it completely. The substrate specifity
of enzyme showed a tendency to increase the enzyme activity under addition of dextrin and
glycogen, but under saccharose inhibited it. COD removal rate of Aspergillus sp. SN-871 was
approximately 67 to 68%.

KEYWORDS: Aspergillus sp., SN-871, 0.01 M pb(No,)., AgSO., K,Fe(CN),, Citric acid.
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Fig.1. Chromatographic separation of enzyme on
DEAE-cellulose.

column size; 1.8 X24 cm, flow rate; 40 m// hr,
DEAE-cellulose column was equilibrated with 0.01 M
acetate buffer(pH 4.0).

Elution was performed with the same buffer.
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Fig.2. Second DEAE-cellulose column chromato-
graphy.

Column and method were same as first DEAE-cel-
lulose

column chromatography except using elution enzyme
solution.

o - @; raw starch saccharifying activity (R.SA-UQ)
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Table I. Scheme of purification.

crude enzyme extract

centrifuge(4,000 rpm. 10 min.)

M R A
supernament precipitation

¥
saturation(80%, (NH,),S0,)

N
centrifuge (15, 000X g, 30 min, )
precipitation supernament

dissolving in 0.01 M acetate buffer
solution(pH 4, 0)

centrifuge (15, 000X g, 30 min, )

N3 Y
supernament precipitation
dialysis(same buffer sol. 48hr.)

¥
first DEAE-cellulose column chromatography
(1.8X24 cm)

second DEAE-cellulose column chromatography
(1.8X24 cm)

saturation ((NH,),SO,, 80%)
centrifuge (15, 000 Xg, 30min, )
precipitation supernament
dialysis(same buffer sol, 48hr)

CM-Sephadex C-50 column chromatography
{1.8X14 cm)

saturation ((NH,),S0,, 80%)

centrifuge (15,000Xg, 30min,)
|

N . v
precipitation supernament

dialysis(same buffer sol. 48hr.)
v
Sephadex G-75 gel filtration (1.8 X48 cm)

purified enzyme solution
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Fig.3. Stepwise elution pattern of the enzyme on
CM-Sephadex C-50.

column size; 1.8X14 cm, flow rate; 3 m//4min.
CM-Sephadex C-50 column was equilibrated with 0.01
M acetate buffer(pH 4.0). .
The column was eluted by stepwise elution with NaCl
from 0.005 M to 0.03 M.
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Fig. Gel filtration of enzyme on Sephadex G-75.
colume size; 1.8X48cm, flow rate; 12m//hr. The Se-
phadex G-75 column was equilibrated with 0.1 M ace-
tate buffer(pH 4.0).

® - o ; raw starch saccharifying activity(R.SA-U)
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Table II. Summary of purification steps of raw starch saccharifying enzyme from Aspergilius sp.

SN-871.
purification total v lume  total activity specific activity  total protein recovery
steps (m) (R.SA-U) U/ mg) (mg) (%)
crude enzyme 10782 297583.2 27.6 220. 923 100
precipitation 3547. 99 419373.58 118.2 14.76 140. 9265
DEAE-cellulose 1 210 146459. 37 206. 4 14.67 49, 216
DEAE-cellulose 2 219 54230. 97 247.63 12.8 18.224
CM-SephadexC-50 135 51948 384.8 2.55 17. 456
Sephadex G-75 81 39876. 3 492.3 1.2 13.40
min, 3m// tube)s AH&3te] 5mM NaCle] &%
59 9oz columng AXF F 0,03M 100
NaCle] g3 SN oz 247} (Fig. 3).
® Sephadex G-75 gel filtration
Sollxfeh te wyow Y 5 Fxol 1 2miS )
0.1M Hz4d4zd(H4 022 FFAL Se- & t
phadex G-75 column(l.8x48cm, 12mi/hr, 3§ 50f
mi/ tube)el ¥ EUdFAo e $EAAT(Fig, o
4). =
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Fig.6. Effect of pH on the stability of purified
enzyme.
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Fig.5. Effect of pH on the purified enzyme.
The reaction was carried out at 37°C for 60 min. Buffer

used were 0.1 M acetate buffer(pH 1.0 to 5.0), phos-
phate buffer(pH 6.0 to 8.0).

The enzyme was incubated in various buffer(pH 1.0 to
5.0, 0.1 M acetate buffer; pH 6.0 to 8.0, 0.1 M phosphate
buffer; pH 9.0 to 11.0, 0.1 M carbonate buffer) at 30C
for 24 hour.
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Fig.7. Effect of temperature on the activity pur-
ified enzyme.

The reaction was carried out at various temperature
in 0.1 M acetate buffer(pH 4.0) for 60 min.
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Fig.8. Thermal stability of purified enzyme.
The enzyme solution was incubated at various temper-
ature in 0.1 M acetate buffer(pH 4.0) for 6 hour. After
incubated, the reaction mixture was quickly chilled in
ice and residual activity was determination.
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Fig.9. Effect of Ca?*, and Ba®* on the heat stability
of purified enzyme.

The enzyme solution in 0.1 M acetate buffer(pH 4.0)
containing 0.01 M Ca?*, Ba?* or without metal ion
were treated for various periods at 70C.
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Table III. Effect of metal ions on the activity of
the purified enzyme.

15, No. 3, 1987

Table V. Substrate specific of purified enzyme
produced by Aspergilius sp. SN-871.

relative activity(%) substrate ratio of the activity
metal salts
10-'M 10-*M soluble starch 100

none 100 100 dextrin 101.76+1. 28
CaCl, 2.93+0.243  73.3645.31 glycogen 111.35+7.51
FeCl, 0 0.47+0.235 saccharose 34.47+6.27
NaCl 92.746+2.229 57.6 +3.77 maltose 89.1442.53
BaCl, 59.51 +4.39 135.775+7.03
kd 0.8 +1.436 65.05EL03  guyg Asja2Itke Okada(1985)¢) 2aoke U3
ZnCl, 25.78 62.63 st
MgCl, 9.9+1.83 37.26+0.94 10 2Me] 1]' L7 BHES HMrlele] HFL A7l
CaCl, 7.215+2.182  50.084+5.936 3 z4g43S =3 AFAE ¥w(Table IV)
HgCl, 1.71 +0.855 44.43+3.175  citric acid, Tri chloroacetic acid®t oxalic acid
CuCl, 3.49 +1.747 34.5+0.816 7} EA4BAL A AMA]7)= A & £ 9ot
AICl, 10.28 +5.14 1.88 J|& =Eo|Me| &X
KCN 0 33.81+16.9 Table Vol ¥i= uje} zlo] HA|EA9] 7]A4E
K,Fe(CN), 12.21 £6.105 0 ol 4d& ¥u dextrinelv} glycogene] o] &l of
Ag, MoO, 0 0 glo] Sojx o & Rog vepyit)
ZnS0, 44.325+1.143  66.88+6. 24 Zbrzdie
FeSO, 0 0 Fig. 10o1 4 viebd wpe} 7o) A)zko] x)wdell wheh

55. 88 6.67 o] Faol o A AR sheEdEE A

ok

Table IV. Effect of organic compounds on the
purified enzyme activity by Asperguillus sp.
SN-871.

organic compound  relative activity(10-2M)

none 100

citric acid 0.195+0. 0975

oxalic acid 12.725+-0. 3825

a-a’ -Dipyridyl 61. 865+7. 6975
trichloroacetic acid 1.6+0.8

O-phenanthroline 40.31+14.075

EDTA 73.70+2. 665

A AFAIZT, Hg*tH7k4 24840 AsA
3=l 72 Shimazaki% (1984)2] oA-79} Az}
v}, Fe*ts} Cutto] H484L A 7= A}

o

£ dtelA o A debdeh, =3 Agrol A4

AgEolA 3047kl M oF 0% A AAANE F

100

50 ¢

Relative Activity (%)

Y7 —— i PPN D)

30 1 3 4 5 26 30 50 100
(min) hr

Fig.10. Hydrolysis of soluble starch by purified
enzyme.

Hydrolysis of soluble starch(1%) was carried out at
37C and pH 5.0
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Fig.11. Estimation of molecular weight of purified
enzyme by Andrew’s gel filtration on Sephadex
G-75.

A; papainM.W. 21,600)

B; trypsin(M.W, 24,000)

C; m-chymotrypsin(M.W. 25,000)

D; bovine serum albumin(M.W. 66,000)

A ; purified enzyme.
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1. (NH,),SO,# #, DEAE-cellulose column

Fig.12 Paper chromatogram of the reaction prod-
ucts of raw soluble starch by purified enzyme.
St; standard sugars, G; glucose, M; maltose

1; sample after 1 hr reaction.

2; sample after 15 hr reaction.

3; sample after 40 hrs reaction.
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Fig.13. COD Removal of Rice Washing Water by
Aspergillus sp. SN-871.
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