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Abstract

A strain of alkalophilic Bacillus sp. C-21 has been isolated from soil. The strain was capable of producing

large amount of cyclodextrin glycosyltransferase (CGTase) in the high alkaline pH medium. The preferable

medium composition was determined to be as follows: 1.0% soluble starch, 1.0% peptone, 0.5% yeast ex-
tract, 0.1% K;HPO,, 0.02% MgSO, - TH;0 and 1.0% Na,COs(pH 10.0). The highest enzyme production was
observed after 30hours of cultivation at 33°C. The optimum temperature and pH for the activity of crude

enzyme were 60 and 6.0, respectively. The enzyme was stable between pH 6.0 and 9.6, and up to 55C.
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Table 1. Morphological, cultural and biochemi-
cal characteristics of alkalophilic Bacillus sp.

C-21

s.d@e] A Bacillus sp. C-21°1] £

1. Morphological characteristics
Form Rod

Gram stain Positive

Size (0.5~0.7um) X
(1.5~2.5um)

Spore formation Positive

Spore shape Ellipsoidal

Motility Motile

2. Cultural characteristics
Glucose-nutrient agar (pH 7.0) —+
Glucose-nutrient agar (pH 10.0) ++
Medium I (pH 10.3) ++
Medium I (pH 10.3) ++
Medium [ containing 7% NaCl +
Anaerobic growth -

Pigment Positive (yellow)
Growth at pH pH 7~12
Temperature for growth 30~40C
Acid-fast test Negative

3. Biochemical characteristics
Voges-Proskauer test Negative
Indole test Negative
Catalase test Positive
Utilization of citrate Positive
Utilization of lactose Positive
Utilization of fructose Positive
Hydrolysis of casein Positive
Hydrolysis of starch

Positive
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Fig. 1. Effect of temperature on the cell grow-
th and CGTase production.

Alkalophilic Bacillus sp. C-21 was cultured at
pH 9.5 for 48hrs in basal media.
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Fig. 2. Effect of initial pH on the cell growth
and CGTase production.

Alkalophilic Bacillus sp. C-21 was cultured at
33 for 48 hrs in basal media of various pH.
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Table 2. Effect of carbon sources on the grow- repressiong ¥7] wEolztn Azt 28] 3 sol-

th and the CGTase production of alkalophilic Ba- uble starchE 712uj=]oll 0.5~5.0%7 27135t
cillus sp. C21 A ¥EE Yo} ¥ Az Fig. 349 2ol 1.0%

Carbon source Cell growth CGTase activity H71e o 71 e a4 eERIZITH

(1%) (Agox10)  (unit /ml) Z+ze] AAYL PEOZ e yeast extractet

Glucose 0.70 0.16 Zisted BAYMC pixE %S HEY BiE

Mannose 0.63 0.26 Table 3014 B ule} o] peptone yeast ex-

Sucrose 0.78 0.16

Maltose 0.76 0.15

Lactose 0.69 0.18 40t 120

Soluble starch 0.61 3.31 . *

Potato starch 0.72 0.46 ! aot l1s 2

Corn starch 0.69 0.30 g ) ’ E

Wheat flour 0.77 1.56 3 $

Rice powder 0.68 1.83 > 20t {10 =

Glutinous rice powder 0.70 1.65 é :’;
a ;
8 10} 405 3

9le] pHolM 4% wrhe 9% wA wkedt g E

CGTase®] A4toll= pH 100] 7 ABss o + o

AR ° 1 2 3 4 5 °

71Bu]R]o] Z+Eo] B AYS 1.0% 71 uix= Conc. of soluble strach (z)
Ehaglo) Jaks Aske] Table 26 YehiRich =& . .
o] AARS Elasle] Wt 2 2polE LFERAQ T sol- Fig. 3. Effect of soluble starch concentration

on the cell growth and CGTase production.

Alkalophilic Bacillus sp. C-21 was cultured at
Age gl TR T*’-“"i"l ¥zt UEPETE.  33¢ and pH 9. 5 for 48 hrs in basal medium con-
#lat Aol Yehte 2e Kim 599 349 ¢ tained various amounts of soluble starch.

uble starch7} &4 713 Hsigon ol

Table 3. Effect of nitrogen sources on the growth and CGTase production of alkalophilic Bacillus sp.
C-21

Nitrogen source Cell growth CGTase activity
(Asso, X10) (unit /ml)
Casamino acid 0.5% 0.45 0.59
Beef extract 0.5% 0.25 0.02
Tryptone 0.5% 0.43 1.13
Peptone 0.5% 0.45 1.93
Yeast extract 0.5% 0.34 0.09
(NH,)»S04 0.5% 0.06 0.46
Casamino acid 0.5% + Yeast extract 0.5% 0.58 1.94
Beef extract 0.5% -+ Yeast extract 0.5% 0.38 1.18
Tryptone 0.5% —+ Yeast extract 0.5% 0.48 2.64
Peptone 0.5% ~+ Yeast extract 0.5% 0.52 2.96

(NH,),S0, 0.5% + Yeast extract 0.5% 0.11 0.15




Vol. 8, No. 3(1995) &9 7kl A Bacillus sp. C-21ll 1% Cyclodextrin Glucanotransferase] 44} 257

410 (10
Table 4. Effect of peptone and yeast extract T 5o T
concentration on the cell growth and CGTase pro- ., los 9 4
duction s “lg &
3
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(%, w/v) (%,w/v) 3 20r {os 2
0.25 0.47 1.24 P E
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0 0.5 0.53 2.68 B 2
1.0 0.50 3.34 . . . . B
2.0 0.69 4.07 12 24 36 a8 2
(5]
0.25 0.49 3.45 Time (hr.)
05 0.5 0.69 3.26
) 1.0 114 453 Fig. 4. Time course of the CGTase production by
20 1.41 4.19 alkalophilic Bacillus sp. C-21.
025 0.59 169 The strain was cultured at 33°C for 48 hrs in the fer-
’ ’ ’ mentation medium contained 1% soluble starch, 1% pep-
0.5 1.15 3.37

1.0 Lo L3 ' . tone, 0.5% yeast extract, 0.1% K;HPQ,, 0.02% MgSO,, and
: : 40 1% NaCOs; initial pH was adjusted to pH 100,

2.0 1.38 4.17
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menterol 4| w5kl A o] SA%, a4 3 pH ic Bacillus circulans= T2 7F veko. 2 oo Ea A4t
W3le 24 sto] Fig. 40 YehiAoh, FA1Y S417 g4 grS Uehdths A7 B)asE E4oloh,
of ARe A7he) ZAze} g Wl Frlshe RS "
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‘C, B. okbensis®' 9} B. stearothermophilus™ ] 7% 60C,
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Fig. 5. Effect of temperature on the activity
of the CGTase.

The reaction mixtures consisted of 0.1ml of the
crude enzyme solution and 1ml of 4% soluble star-
ch was incubated at the indicated temperature
for 10min.
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Fig. 6. Effect of temperature on stability of
the CGTase.

After heat-treament of the crude enzymes at
various temperatures for 30min, the remaining
activity was measured by reaction at 50°C for
10min and expressed as a percentage of the ac-
tivity without heat treatment.
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Fig. 7. Effect of pH on the activity of the
CGTase.

The pH was adjusted with the following buffer
systems; 50mM acetate buffer(pH 4.0~5.5), 50mM
phosphate buffer(pH 6.0~80) and 50mM gly-
cine-NaOH buffer(pH 8.5~10.6).
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Fig. 8. Effect of pH on stability of the CGT-
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The enzyme was incubated for 30min at 50C in
various pHs and the remaining activity was meas-
ured by reaction at 50C for 10min in 50mM phos-
phate buffer(pH 6.5) and expressed as a percent-
age of the activity without pH treatment.
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