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Abstract — The optimum cultural temperature and time for the pullulanase production by Bacil-
lus cereus were 15C and 72 hrs, respectively. The addition of casein, nutrient broth and egg
albumin to the basal medium, respectively, increased greatly the enzyme production. The en-
zyme was purified by ammonium sulfate fractionation, CM-cellulose and DEAE-cellulose column
chromatographies. The specific activity of the purified enzyme was 29.09 U/mg protein and
the yield of enzyme activity was 17.1%. The purified enzyme showed a single band on polyacry-
lamide disc gel electrophoresis and its molecular weight was estimated to be 61,000 by SDS-
polyacrylamide disc gel electrophoresis. The isoelectric point for the purified enzyme was pH
7.0. The optimum temperature and pH were 40C and 6.5. The purified enzyme was stable
below 35C and in the pH range of 6.5~11.0. It was greatly inhibited by Ag', Hg*' and
Zn®", and its thermal stability was increased by the addition of Ca*'. Among various substrates,
pullulan was favorably hydrolyzed by the purified enzyvme and the hydrolysis product on pullu-
lan was maltotriose.
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Table 1. Basal medium for the enzyme production

Component Content{%)
Polypeptone 2.0
Soluble starch 0.5
K,HPO, 0.3
MgSO4 ' 7H20 0.1
MnCl, 20 mg
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Fig. 1. Effect of cultural temperature and time on the
enzyme production.
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Table 2. Effect of nitrogen source on the enzyme pro-
duction

Nitrogen source Relative activity(%)

Yeast extract 91.2
Egg albumin 125.8
Casein 207.1
Nutrient broth 134.9
(NH;),S50, 794
(NH),HPO, 100.1
Urea 91.9
NH;NO., 73.4
Control 100.0

Table 3. Effect of carbon source on the enzyme produ-
ction

Carbon source Relative activity (%)

Glucose 37.8
Frutose 26.7
Sucrose 33.3
Maltose 77.8
Corn starch 88.9
Control 100.0
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Fig. 2. Column chromatography on DEAE-cellulose.
(O—0O: activity, @---@: protein
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Fig. 4. Determination of molecular weight by SDS-pol-
yacrylamide disc gel electrophoresis of the purified en-
zyme.

1. Lysozyme (M.W. 14,300)
2. B-lactoglobulin (M.W. 18,400)
| 3. Trypsinogen (M.W. 24,000)
A B 4. Pepsin (M.W. 34,700)
Fig. 3. Polyacrylamide disc gel electrophoresis of the 5. Egg albumin (M.W. 45,000)
crude enzyme (A) and the purified enzyme (B). 6. Bovine albumin (M.W. 66,000)
Table 4. Purification procedure
Total Total Specific Yield
Procedure activity protein activity (%)
(U) {(mg) (U/mg protein)
Crude enzyme 798.5 5,666.0 0.14 100.0
(NH).S0, fractionation 395.8 135.2 2.93 49.6
CM-cellulose column chromatography 341.6 19.5 17.52 42.8
DEAE-cellulose column chromatography 136.7 4.7 29.09 17.1
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Fig. 5. Gel electrofocusing of the purified enzyme.
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Fig. 6. Effect of temperature on the activity (A) and
the thermal stability (B) of the purified enzyme.
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purified enzyme.

Table 5. Effect of metal ions on the purified enz-

yme

Metal lons Concentration  Relative activity
(mM) (%)
AlCH 1 72.9
AgNO;, 1 0.0
CaCl, 1 105.7
CdCl, 1 110.7
CoCl, 1 1014
CuS0;, 1 97.9
FeCl, 1 72.1
HgCl, 1 7.4
Li,S0O, 1 914
MgSO, 1 95.7
MnClL 1 117.1
PbCl, 1 729
SnCly 1 92.1
ZnS0O, 1 27.1
Control 0 100.0

0.0~11.0, Bacillus cereus var. mycoides pullulanase
()= 6.0~9.00.52 FFo uleb of7ke] xjo]= o}
el it

=H0|Ze HE . st 72 Zhol o Lo
S Yol 2 FEE ImME i@é}i 30T <]+ 30
H =4t A3} Table 59}
= Ag el 9 ‘FPO# Shs] dehE9l 7 Hg?
elato] 77} 93, 73% A &= Mn?,
Cd*', Ca®'& dae e 2z} o 17, 11, 6%

i
4
LN
N
R
AL
<A
a’q‘
B
N
Lot
Tm!
o
io
oﬂi

Kor. J. Appl. Microbiol. Biotechnol

Hydrolysis rate (%)

[ncubation time (hr)

Fig. 9. Hydrolysis rate of various substrates.
®—®: pullulan, O—C: corn starch, ®---@: potato sta-
rch, C---0 sweet potato starch, M—WM: rice starch,

S 0 0.5 1 3 6
Reaction time (hr)

Fig. 10. Paper chromatograms of hydrolysis products
on the pullulan.
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