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Production of Cyclomaltodextrin from Bacillus stearothermophilus

Hwang. Jin-Bong, Seung-Ho Kim, Tae-Kyung Lee! and Han-Chul Yang!*

Korea Food Research Institute, !Institute of Biotechnology,
Korea University, Seoul 136-791, Korea

A microorganism capable of producing high level of extracelluar cyclomaltodextrin glucanotrans-
ferase (EC 2.4.1.19; CGTase) was isolated from soil. The isolated strain No. 239 was identified as Bacillus
stearothermophilus. The maximal CGTase production (about 7.0 units/ml) was observed in medium con-
taining 2% soluble starch,0.5% defatted soybean meal, 0.1% NaH, PO,-2H,0 and 0.015% CaCl, with
initial pH 7.0. The strain was cultured at 55°C for 48 hr with reciprocal shaking. At 0.83% substrated
concentration potato starch was the optimum substrate with 50.1% conversion {o cyclodextrin (CD)
after the reaction at 65°C for 24 hr (CGTase 10 unit/g starch). Using soluble starch as substrate (5%
substrate concentration, CGTase 10 unit/g starch), the maximum conversion of 40% was obtained at
11 hr reaction, and the ratio of a-, 8- and 7-CD production at this time were 1.0:1.3:0.4, respectively.
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Fig. 1. Photograph of clear zone furmed around colo-
nies of Bacillus stearothermophilus producing CGTase.

reE 7[Rl Ao 4 55T,
wl| ofol-3- R1A1F-2] (10,000 rpm, 10 5 )opc i | B P2

g Aol mFseiow Ahfeiglch, CGTase 3H4=

A2~ dextrinizing activity (DA S E4]8ledon], DA
+ Kitahata 2 Okada(10)2] vl S o] L3)o] 8LE-o
SSQCOII A EFAedct, &, REAM 05m! S R4 A
+ 0.55% (0.5M acetate buffer, pHH.95, Sl 4 5m/
off ol nRCell4 1027k ube-4]7] t}s o] ukgel (5
Fsted 0.01 Miodine (0.25M KI) & 4m/ 01]

1-61_. ‘?" jc?”“? T 20ml £ .,]” iﬂ% GHO NN Cvﬂ&] """ ,J-}
w24 1 —rl - BETCol| A Buk 19 Fikg o
1:

QX _C’_]"}.}k '{'.

EHNHE bovine serum albumin & 335 Al 2 Flo]
Lowry ¥ (31)efl upe} ZAs)eic)

Cyclodextrin &4 9 Azt
HPPLLC & AFEshedovf o] ul] AR23)

Bondapak NH, column (3.9x 300 mm), £ 2 & o] =
o

column - -

[

LN

acetonitrile 7F 1O 2“0 Zghv|8-2 550 35 2 dholo
v A Bol 1 0m/ 2 S dotector - RIRAGT 4%
' I"'""g_gl” A:KU}‘,

CGTase it 30| Fe|
Ao 7hajoll 4 2 Al gE R ok g 300 & 5 ks (g,



580

Fig. 2. Electron photomicrograph of strain No. 239 Bar:
1.25 gem.,
(ISE CS 130, x8,000)

Table 1. Morphologieal and biochemical characteristies
of strain No. 239.

1. Morphological properties

Form Rods
Size 0.37-0.5umx2.6-4.0 um
Motility Motile
Gram staining Positive
Spore Terminal
2. Biochemical properties
Nutrient broth Positive
(Glucose broth Negative
Anaerobic growth Negative
Growth temperature 45-65°C
Growth Na(l Negative
Growth po 7.0
Catalase test Positive
Voges-Proskauer test Negative
Hydrolysis of starch Positive
casein Positive
gelatin Positive
Degradation of tyrosine Negative
Formation of indol Negative
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Table 2. Effect of carbon sources on the production of
CGTase.

Carbon Cell CGTase Protein  Specific
sources growth activity activity
(2.0%) (0.D. at 660 nm) (U/ml) (mg/mi} (U/mg)
Soluble starch 5.34 2.84 3.08 0.92
Potato starch 4.35 1.32 3.37 0.39
Corn starch 4.56 1.13 3.42 0.33
Lactose 4.69 1.35 3.96 0.34
Sucrose 5.21 (.60 3.27 0.18
Dextrose 2.09 ND 4.60 ND
Glycerol 4.11 0.32 3.34 0.10
Sorbitol 4.87 0.36 3.56 (.10
Maltose 492 ND 443 ND

Cultivation was carried out for 8 hr at 55°C in basal medi-
um contaming 0.5% bactopeptone, 0.5% yeast extract,

0.1% K,HPO, and 0.02% MgS0,-TH,O with initial pH 7.0.
ND: not detected
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Table 3. Effect of nitrogen sources on the production
of CGTase.

Nitrogen Cell CGTase Protein Specific
sources growth activity activity
(0.5%) (0.D. at 660 nm) (U/ml) {(mg/ml) (U/mg)
None 0.20 0.05 0.05 1.00
Yeast extract 6.23 3.36 1.18 2.85
Bacto peptone  5.30 3.21 3.22 1.00
Soytone 5.63 3.60 1.64 2.20
Casamino acid  2.05 1.04 0.67 1.55
C.5.L. 5.40 3.31 1.01 3.28
Defatted 6.53 5.97 1.41 4.23
soybean meal

(NH,),S0, 2.70 2.18 3.70 0.59
KNO4 3.96 3.35 3.64 0,92
NaNO, 6.04 3.24 3.34 0.97
NH/NOq 4.23 241 3.56 0.68
NH,CI 5.19 2.77 3.49 0.79

Cultivation was carried out for 12 hr at 55°C in basal medi-
um containing 2.0% soluble starch, 0.1% K,;HPO, and
0.02% MgS0,-7TH,O with initial pH 7.0.
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Table 4. Effect of phosphorous sources on the production of CGTase

Phosphorous Cell CGTase Protein Specific
sources growth activity activity
(0.1%) (0.D. at 660 nm) (U/mil) (mg/mli) (U/mg)
None 5.13 2.56 1.15 2.23
K-,HPO, 6.05 6.12 1.31 4.67
Na,HPO, 12H,0 5.96 6.16 1.14 5.40
NH,H,PO, 1.52 2.06 1.61 1.28
NaH,P0,-2H,0 6.14 6.34 1.15 5.51
KH,PO, 5.06 6.10 1.25 4.88
(NH,),HPO, 2.24 1.40 1.42 0.99

Cultivation was carried out for 12 hr at 55°C in basal medium containing 2.0% soluble starch, 0.5% defatted soybean

meal and 0.02% Mg50,.7TH,0 with initial pH 7.0.
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Table 5. Effect of mineral salts on the production of CGTase

hor. J. Appl Microbiol. Biotech.

Mineral Cell CGTase Protein Specific
salts growth activity activity
(0.02%) (0.D. at 660 nm) (U/ml) (mg/ml) (U/mg)
None 5.47 4.93 1.38 3.97
MgS0,-TH,0 6.10 6.55 1.18 5.55
CuSO,-7H. 0O 0.37 ND 1.65 ND
ZnS04-TH,0 0.67 ND 1.67 ND
CaCl, 7.16 6.45 1.138 5.71
KCl 4.24 6.13 1.50 4.09
FeCl, 5.25 0.80 1.39 3.75

Cultivation was carried out for 12 hr at 55°C in basal medium containing 2.0% soluble starch, 0.5% defatted soybean

meal and 0.1% NaH,PO0,-2H,0 with initial pH 7.0.
ND: not detected

Table 6. Effect of initial pH on the production of
CGTase

Cell CGTase Specific

Initial growth activity Protein activity

pH (O.D. at 660 nm) (U/ml) (mgml)} (U/mg)
6.0 6.99 3.85 1.02 3.77
6.5 7.02 4.92 1.04 4.'73
7.0 7.21 6.35 1.11 572
1.5 7.08 5.74 1.33 4.32
8.0 6.63 4.16 1.66 2.51

Cultivation was carried out for 12 hr at 55°C in basal medi-
um containing 2.0% soluble starch, 0.5% defatted soybe-
an meal, and 0.1% NaH,PO,-2H,0 and 0.015% CaCl,. The
initial pH of the medium was adjusted with 1 N HC! solu-
tion or 1 N NaOH solution.

Table 7. Effect of temperature on the production of
CGTase

Tempera- Cell CGTase Specific
ture growth activity Protein activity
(°O) (O.D. at 660 nm) (U/ml) (mgml) (U/mg)

45 2.65 0.14 1.72 0.08
50 6.18 4.06 1.78 2.28
ob 7.48 6.45 1.12 5.79
60 7.20 6.38 1.15 5.55
65 1.65 1.18 1.34 0.08

Cultivation was carried out for 12 hr at various tempera-
tures. The basal medium was consisted of 2.0% soluble
starch, 0.5% defatted soybean meal, 0.1% NaH,PQ,-2H,0
and 0.015% CaCl, with initial pH 7.0.
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Fig. 3. Changes in cell growth, CGTase activity and pH
during the culture period of strain No. 239.

Cultivation was carried out for 2 days 55°C in the opti-
mum medium as described in Table 8.
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Table 8. The optimal culture conditions for the produc-
tion of CGTase by strain No. 239.

Soluble starch 2%
Defatted soybean meal 0.5%
NaH,P0,-2H,0 0.1%
CaCl, 0.0156%
Initial pH 7.0
Temperature 55°C

Table 9. Substrate specificity of CGTase for cyclodex-

trin formation. (conversion, %)

A i A v e —
e i s i

Substrate a-CD B-CD 7y-CD Total CD
Corn starch 21.1 18.0 3.9 43.0
Potato starch 24.9 20.2 5.0 5.1
Soluble starch 22.4 16.3 4.0 42 7

2.9 md 1% (w/v) starch solutions (in 100 mM phosphate buffer,
pH 6.0) were put into 0.5 m{ (10 D.A. umt at 55°C/g starch,
0.83% final starch concentrations) of CGTase and reacted at
65°C for 24 hr. The reaction mixtures were heated at 100°C
for 10 min to inactivate the enzyme for subsequent CD analysis.
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Fig. 4. Time course of a-, 8- and 7-CD formation by
CGTase from strain No. 239.

2.5 mil 6% (w/v) soluble starch solution (in 100 mM phos-
phate buffer, pH 6.0) was reacted with 0.5 m{ (10 D.A. unit
at 55°Clg starch, 5,0% final soluble starch concentration)
of erude C(GTase at 65°C. The reaction mixture was heat-
ed at 100°C for 10 min to inactivate the enzyme for subse-
quent CD analysis.

O~-0; Total CD, a~o; a-CD, m-m; §-CD, a-a;
7-CD

283
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Fig. 5. A typical HPLC chromatogram of reaction
mixture.
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