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Abstract — The optimum cuitural temperature and time for the pullulanase production by Bactllus
cereus subsp. mycoides were 35C and 48 hrs, respectively. The addition of egg albumin and casein
to the basal medium increased the enzyme production. The enzyme was purified by ammonium
sulfate fractionation and DEAE-cellulose column chromatography. Specific activity of the purified
enzyme was 82.37 U/mg protein and yield of the enzyme activity was 62.1%. The purified enzyme
showed a single band on polyacrylamide disc gel electrophoresis and its molecular weight was
estimated to be 66,000 by SDS-polyacrylamide disc gel electrophoresis. The isoelectric point for
the purified enzyme was pH 5.0. The optimum temperature and pH were 50C and pH 6.5, respec-
tively. The purified enzyme was stable below 40C and in the pH range of 6.5~10.0. The pullula-
nase activity was greatly inhibited by Ag™, Hg?' and EDTA, and its heat stability was increased
by the addition of Ca*'. The hydrolysis product with the enzyme on pullulan was maltotriose.
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Table 1. Basal medium for the enzyme production

Component Content
Polypeptone 2.0%
Soluble starch 0.5%

K, HPQO, 0.3%
MgS0,-7H,0 0.1%
MnCl, 20 mg%
HHO’: b-ﬁ
Huf2t @ 7] Eu)x] 50 mJE 200 m/ 4H2) flaskel]

al 120T off A 2087F 7istaetdt o3 FAFTE
293 HE3slked 35C of|4] 24417 z15ul SHOscill.
120/stroke 5 cm/min)3lsic}.
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5 ¢cm/min)3}t9icl.
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.A]—Rt:} o8 = F A4 qﬁg_i A}%E’]—ﬁt’]—,
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7|1& : pullulang Mcllvaine buffer(pH 6.5)°l 5o
1% §olo] =HrxE 3t

FHYH | 1% pullulan 0.1 m/°f
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Polyacrylamide disc gel electrophoresis
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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 sources on the enzyme pro-
duction

Nitrogen sources Relative activity(%)

Egg albumin 151.1
Casein 132.6
Urea 104.2
NH.NO, 53.6
(NH).HPO, 46.7
Yeast extract 32.1
Control 100.0
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Fig. 2. Second column chromatography on DEAE-cel-
tulose.

®—©O: activity, C:— O protein.
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Aerobacter aerogenes2| extracellular®} intracellu-
lar pullulanase(7-9)2] #+#}=F-2 Z2H7Z} 58,000~ 66,000,
80,000~100,000, Bacillus stearvothermophilus pullula-
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Fig 73} 2to] Ca' o) A7ke £s] dye 37}
Al Zith & 50C oAl 2027F dxje]stede o Ca®t
%’7}:1"%?: °F 60%2] FEEAE veldglent T
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Fig. 3. Polyacrylamide disc gel electrophoresis of the
purified enzyme.

Table 3. Purification procedure
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Bacillus cereus pullulanase(12)«= # & & 7} 40T,
Aerobacter aerogenes(7-9), Bacillus sp. KSM-1876(11),
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Fig. 4. Determination of molecular weight by SDS-pol-
yacrylamide disc gel electrophoresis of the purified enz-
yme.

1. Lysozyme (MW 14,300}, 2. a-lactoglobuline (MW 18,
400), 3. Trypsinogen (MW 24,000), 4. Pepsin (MW 34,
700), 5. Egg albumin (MW 45,000), 6. Bovine albumin
(MW 66,000), 7. Rabbit muscle phosphorylase C (MW
97,000).
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Fig. 5. Gel electrofocusing of the purified enzyme.

Procedure Total actiity ~ Total protein  Specific activity Yield

(mg) (u/mg protein) (%)

Crude enzyme 1512.0 3951.0 0.38 100.0
(NH,),S0O, fractionation 1146.0 466.2 2.46 75.8
1st DEAE-cellulose column chromatography 1005.0 71.5 14.06 66.5
2nd DEAE-cellulose column chromatography 939.0 114 82.37 62.1
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Fig. 6. Effect of temperature on the activity (A) and
thermal stability (B) of the purified enzyme.
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Fig. 7. Effect of Ca’’ on the thermal stability of the
purified enzyme.

®—©®: with CaCl, O — 1 without CaCl.
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Fig. 8. Optimal pH (A) and pH stability (B) of the

purified enzyme.

Table 4. Effect of metal ions on the purified enzyme

Metal salts Concentration Relative activity

(mM) (%)
ApgNQO, 1 184
11,50, 1 106.9
BaCl, 1 1098
CaCl, 1 120.4
CdCl, 1 104.9
CoCl; 1 120.4
CuSO, 1 100.0
FeCl, 1 104.1
Hg(Cl ] 2.0
MgSO; 1 109.4
MnCl, 1 1264
Ph(Cl, 1 95.9
SnCL 1 91.0
ZnS0y 1 113.1
AlCk 1 112.2
Control 0 100.0

Ca®' o] 23}o] WHedAle] 27 =]t

A pH2F pH 284 | pH 4.0~7.5= Mcllvaine
buffer, pH 8.0~10.5= Atkins & Pantin buffer(Na.
CO;, H;BO;-KCl buffer), pH 11.0~12.0-& Ringer bu-
ffer(Na,HPO,, NaOH buffer)5- A}8-s}led § 4 9o] zl =
pHE FA% H3il= Fig 83 #to] <F 659} pH
AL mAade] pHE 4% pHz #A"sta 4C
o 4 24217} vlA] = pHE 652 :43te] st E8A S
SAstader], 1 Habe= Fig 8ol 49} 3te] pH 6.5~
10.02] H oA A}



Table 5. Effect of various reagents on the purified enz-
yme

Reagents Concentration Relative activity
(mM) (%)

EDTA 1 35.9
PCMB 1 80.8
SDS 1 102.9
IAA 1 110.2
Control 0 100.0
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ﬁ
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Fig. 9. Hydrolysis rate of pullulan.

Aerobacter aerogenes pullulanase(7-9)2] %2 pH:=

6.0~6.5, Streptococcus mitis pullulanase(1)y= 54~
5.8¢11L, Bacillus stearothermophilus 2] pullulanase
(10)= 6.0, Bacillus sp. KSM-1876 pullulanase(11)=
10.0~10.5% 4.

Aervobacter aerogenes pullulanase(7-9)2] pH <t#

W= 5.0~11.0, Bacillus cereus pullulanase(12)+=

6.5~11.0, Bacillus steavothermophilus pullulanase
(10)= 6.0~852 b=Fell izt zle]E viehdigict

250129 Pa: H ool ZHE Faolee £
= Ho| I FEE 1mME x2Ad3s5 30C o4 30

H7F Aefsr 3 AREEA12. &3 A3 Table 49}
o] B g4 H He' =t Ag’ ol &fsbe] 27}k 98%, 82%

T Eae] AEHAE —"; 4g A= Table 5} 7ho)
w Aol 42 EDTAC o& zA Hs)E ok
¥ E4= EDTAC 98 24 AHalsls 202 Hol
ot el Sl maE Aty
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Fig. 10. Paper chromatograms of hydrolysis products
on the pullulan.

G1: glucose, Gy: maltose, G;: maltotriose, G,: maltotet-
raose, Gs: maltopentaose, Gs: maltohexaose, G;: malto-
heptaose, Gg: maltooctacse, S: Standard oligosaccha-
ride.
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cellulose column chromatographyel] 2]sle] a4 &
A sl 1, AR AEAL specific activitys= 82.37 U/
mg protein, yield+= 62.1%°]dc}. A A & 4+ polyac-
rylamide disc gel electrophoresisel| 2]3}e] single
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