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Abstract

A bacterium producing pullulanase was isolated from soil, and was identified Bacillus cereus and named as Bacillus
cereus JK36. The optimal culture conditions for the efficient production of pullulanase from B. cereus JK36 was obtai-
ned by cultivating with the medium composed of 1% pullulan, 1% yeast extract, 1% bactopeptone, 0.1 % NaHPO, *
2H,0, 0.02% MgSO. * 7H,0 at 40T, initial pH 6.5 for 70 hours. Using the culture supernatant as crude enzyme,
the optimal pH and temperature of the pullulanase of this strain were 6.5 and 50C. In effect of pH and temperature
on the stability of the enzyme, the enzyme was stable in the range of pH 6.0~9.5 and up to 40T, respectively.
The hydrolysis product on pullulan was mainly maltotriose.
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Fig. 1 Fig. 1. Pullulanase producing isolated strain JK36
with halo on PLL agar.
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Fig. 2. Transmission electron micrograph of isolated
stain JK36.
Bar © 200nm, magnification : X 25K
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Table 1. Characterizations of isolated strain JK-36

Characteristics

Isolated strain JK36

Bacillus cereus

Gram staining
Spore formation
Catalase
Voges-Proskauer test
Acid from glucose
Mannitol
Lactose
Xylose
Sucrose
Cellobiose
Glycerol
Gas from glucose
Hydrolysis of
Casein
Gelatin
Starch
Utilization of citrate
Degradation of tyrosine
Deamination of
phenylalanine
Egg-yolk lecithinase
Formation of Indole
Dihydroxyacetone
Growth at pH 6.8
nutrient broth
Growth in NaCl
2%

5%

7%

10%

Growth at
5C
10T

30T
40T
50C
55T
65T
Growth with lysozyme
present

(+) rods

+ + + +

I+ + +

+

(+) rods

+ + + +

+ + + + +

ND
ND

ND

o + a

82/ 4577
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1990] B8 B. cereus subsp. mycoides®] pullulanase 3
AAZEAY 30T, 2541704 A 59 15T, 72417k
& AolE BT
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Fig. 3. Time course of cell growth and puillulanase pro-
duction by B. cereus JK36 at 45C. Symbols : cell
growth(Q) ; pullulanase activity(@).
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Table 2. Effects of carbon sources on the production of

pullulanase

Carbon Sources  Cell Growth Pullulanase Activity

(1.0%) (ODsso) (U/mb)
None 2.596 0.1
Glucose 2.365 0.1
Fructose 4.081 0.1
Sucrose 3.201 0.1
Maltose 3.520 0.1
Amylose 8.360 4.48
Amylopectin 8.888 8.32
Soluble starch 6.303 5.44
Pullulan 9.482 9.66

Table 3. Effects on nitrogen sources on the production

of pullulanase

Nitrogen Sources  Cell Growth Pullulanase Activity

( % ) (ODGGO) (U/ml)
None 0.162 0.82
0.5 Yeast extract 8.556 5.66
0.5 Bactopeptone 9.772 8.57
0.5 Polypeptone 9.119 4.13
0.5 Casamino acid 5.016 4.75
0.5 Casein 5.126 3.75
0.5 Tryptone 7.326 4.16
0.5 (NH.)»50, 0.099 0.48
0.5 KNO; 0.153 0.71
0.5 KaNQ; 0.140 0.83
0.5 NH.CI 0.189 0.65
0.5 NH.No; 0.070 0.62
0.5 YE+0.5 BP 9.117 8.92
0.5 YE+1 BP 9.184 9.22
1 YE+0.5 BP 9.030 9.43
1 YE+1 BP 9.564 9.95

A& HEZAHTable 3). 713299 (NH,) .50,
KNO;, NaNOs, NH.Cl, NH.NO:& #7138 "e 79
o] o} HF3A pullulanase BAE 0.4~0.8 U/
mlE 9§ 2%tc} ¥E yeast extract, bactopeptone 52|
71298 MRS W 7o A§H a2 Qi) 7}
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Fig. 4. Effect of temperature on the activity and stability of the pullulanase from Bacillus cereus JK36. (A) Effect
of temperature on the activity of the pullulanase. The reaction was carried out for 30min at various tempera-
ture in 50mM phosphate buffer(pH 6.5). (B) Effect of temperature on the stability of the pullulanase. After
heat treatment of the enzyme at various temperatures for each intervals, the remaining activity was measured
by reaction at 50C for 30min in 50mM phosphate buffer(pH 6.5).
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Fig. 5. Effect of pH on the activity and stability of the pullulanase from Bacillus cereus JK36. (A) Effect of pH on the
activity of the pullulanase. The reaction was carried out for 30min at 50€ in various buffer. (B) Effect of pH

on the stability of the pullulanase. The enzyme solution were kept at various pH for 30min, the remaining acti-
vity was measured at pH 6.5, 50C. Buffer used : pH 4.0~5.5, 50mM acetate buffer : pH 6.0~7.5, 50mM
phosphate buffer ; pH 8.0~9.0, 50mM Tris-HCI buffer 5 pH 10.0~11.0, 50mM glycine/NaOH buffer.

& 243gen 1 4 Fig 5BIM9 29| pH 6.0904
9.57H& 100% ¢ ZEEAHS Yeflo] QbgstH L 19
o YoM 549 Mg Ao] 843 Hast pH 5.59%
pH 10,094+ o 50% 9] & E4& eItk A ge-
rogenes® S+ B. cereus var. mycoides™ pullulanase?] 33
pHT 6.0~6.5°|1, pH ¢HBHAE A aerogenes 5.0~
11.00|3L, B. cereus var. mycoidest= 6.0~9.08% B 7
FE A aerogenesETHE pH A0l Sk o B cereus
var. mycotdes$He # 3 pHSF pH g4 o] FARBIA

Pullulandf| CH8t &l AZ

2% pullulan® 20mM CaCl,7} ¥ 50mM phos-
phate buffer(pH 6.5) ¥ 100ul9] Z&E AN 100pE
¥1 50CA 4B eI 3 REAHES paper
chromatography 2 7&3 Z%+ Fig 63 2k k- 24

Fi

-Gt
-G2

- G3

Reaction Time { hr)

. 6. Paper chromatography of hydrolysis products on

the pullulan. Abbreviations : G, G, G, G4, Gs
and Gs, glucose, maltose, maltotriose, maltotet-
raose, maltopentaose, and maltohexose, respecti-

vely 5 S, standard mixture of oligosaccharides.
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