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Saccharomyces cerevisiaeOl|M LS El Bacillus stearothermophilus
Cyclodextrin Glucanotransferase2| 44
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Characterization of Bacillus stearothermophilus Cyclodextrin Glucanotransferase that Expressed by
Saccharomyces cerevisiae. Park, Hyun-Yi, Sung-Jong Jeon!, Hyun-Ju Kwon?, Soo-Wan Nam?®, Han-
Woo Kim, Kwang-Hyeon Kim, and Byung-Woo Kim*. Department of Microbiology, Dong-Eui University,
Pusan 614-714, Korea,'The special division for Human Life Technology, National Institute of Advanced Industrial
Science and Technology (Kansai), Osaka 563-8577, Japan, 2Mitsubishi Kagaku Institute of Life Sciences, Tokyo
194-8511, Japan, *Department of Biotechnology and Bioengineering, Dong-Eui University, Pusan 614-714,
Korea —The cyclodextrin glucanotransferase (CGTase) gene from Bacillus stearothermophilus NO2 was
expressed in Saccharomyces cerevisiae 2805 under the adhl promoter. The CGTase was purified from S. cer-
evisiae 2805/pVT-CGTS. The purified enzyme exhibited a optima of activity around pH 7.0 and 65°C. Ther-
mal stability of the enzyme was increased fairly as compared with the CGTase of B. siearothermophilus NO2.
The conversion yield of cyclodextrin (CD) and the production ratio of a-, B,-, y-CD from starch were showed
similarly aspect to the CGTase of B. stearothermophilus NO2.
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CGTaset Bacillus macerans, B. circulans, B. obhensis,
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Az B2 452 Aok SD uiA](0.67% Bacto-yeast
nitrogen base without amino acids, 0.5% casamino acids,
2% dextrose)2 3191 2™ flask ¥l ¥ Y fermentor vl FA]
HEFL 5~6.5%(V/V)E 8}, Flask wiFoll A& 500 ml
baffled-flask(working volume; 100 ml)Z. 30°C, 170 rpm®]|
A i, B9 AR CGTased] NS o
e 3H35l7] $13F ¥ EF(Korea Fermentor Co., Korea) 3
Eui kS YPD wlR|(1% yeast extract, 2% polypeptone,
2% dextrose)® working volume, 1.6L; =X, 30°C; %7]
pH 5.5; THH%, 300~500 rpm; 7145, 1~2 wme) &
A slellA Saaelnt.
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=g CGTase2! HA|

Wik AHEAS 70% ammonium sulfate® FAsHod bl
212 10,000 rpmelir] 1087F 94 Helsted Az F 2
AES ko] 50 mM phosphate buffer(pH 6.0l ¥5-0]3L
12,000 rpmel|l A 1087 994 Felgte] £-44 AAES A
& ©}-& 20 mM phosphate buffer(pH 6.0)2 4°Coll A 24
A1 ZF A sl ek 548 2EAN-S 20 mM phosphate
buffer(pH 7.0)E A}-8-3le3 0~0.5 M NaCl gradient® 1 ml/
min®] 222 Resouce Q columns AMH-3F FPLCE AA)
sisich. B4 E3uhs ®obr PEG-600022 53311 5
Z-o88- 20 mM phosphate buffer(pH 6.0)2.2 FA & &
gel filtration column?l Superose 12HRZ ARE3le] 0.15M
NaCle] £3g 20 mM <JAFE £33 (pH 6.002% 0.3 mlV/
min®] 422 §-&3le AAEA.

pH ¥ & otdy

AZN o pH 3.7~5.6 HloME 50 mM acetate buffer,
pH 5.6~8.0 H 9} o) A= 50 mM phosphate buffer, pH 8.0~
10.6 9= 50 mM glycine buffers: ARE3IIch @ A
2 40~80°C WA SA3IA

CDel &M A M

AAEAL) CD AAAEES A7) $isted A2 50
mMe] QA SFA(pH 6.0)o] 71 E 5%(w/v) soluble
starch®} HAEE 7}8led 50°CA A1 F A€
CDE HPLCE ¥A43l9v}. HPLC(WatersAke] LC Module
D) columnZ TSKgel Amide-80(Tosoh Co.)2-E. acetonitrile
TH,0=60:402) Sz Bt | mie) $52% 853l RI
detector(Model 410, Waters)2. 73743} v}.
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Fig. 1. SDS-PAGE and detection of CGTase activity of the
purified enzyme from B. stearothermophilus NO2 and S. cerevi-
sige 2805/pVT-CGTS. M: protein molecular mass marker; lane 1,
4: purified B. stearothermophilus NO2 CGTase; lane 2, 5: purified
S. cerevisiae /pVT-CGTS CGTase; lane 3, 6: lane 2 treated with
Endo H; lanes 1-3 : coomassie brilliant blue R-250 staining; lanes
4-6: 1/KI staining.
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Fig. 2. Optimal pH of CGTase activity expressed in S. cerevi-
siae 2805/pVT-CGTS (O) and B. stearothermophilus NO2 ().
The enzymes were assayed at various pHs for the measurement of
enzyme activity.
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FAA elol M= Bacillus CGTase E4%E 7o) 72+ oFAk
& X.oj(data not shown) E R LT F49] pH
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43t B3} Fig. 404 B= vhe} Zro] Bacillus CGTase?)
At 65°CA HAFAE e, 1 o)9)e] Lol
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X CGTased] 75l 75°Col M % ¢F 90%0] 4] =&
A& e} Bacillus CGTasesl] Bis] detAdAde] =A) 7Y
S ch(Fig. 5). o)A ERA walFold we] heta
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Fig. 3. pH stability of CGTase activity expressed in S. cerevi-
siae 2805/pVT-CGTS. The enzyme was assayed after incubation
at various pHs for 24 h (@), 48 h (O) and 72 h ('¥) for the pH
stability.
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CD M4 pattern

Bacillus CGTase®} &% CGTase?] ¥He- MAEQ o, B-,
¥-CD2] AAE-S HEs] $18] 428 5% soluble starch
E 71AE F4¥8 A7) F HPLCE 843 A3} Bacillus
CGTasei} R " CGTase &F ¢F 3:6:19 a-, B-, y-CDY
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Fig. 4. Optimal temperature of CGTase activity expressed in S.
cerevisiae 2805/pVT -CGTS (O) and B. stearothermophilus
NO2 (M). The enzymes were assayed at various temperatures for
the measurement of enzyme activity.
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Fig. S. Thermostability of CGTase activity expressed in S. cer-
evisiae 2805/pVT-CGTS (O) and B. stearothermophilus NO2
(). The enzymes were assayed after incubation at various tem-
perature for 20min for the thermal stability.
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Fig. 6. Time course of thermal stability of CGTase activity
expressed in S. cerevisiae 2805/pVT-CGTS. The enzyme was
assayed after incubation for 24 h at 60 °C (@), 65 °C (O) and 70
°C (V).
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Fig. 7. CD product ratio of CGTase expressed in S. cerevisiae
2805/pVT-CGTS (A) and B. stearothermophilus NO2(B).
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Fig. 8. Time course of CD formation of CGTase expressed in S.
cerevisiae 2805 /pVT-CGTS. 5% soluble starch in 50 mM phos-
phate buffer (pH 7.0) was treated with CGTase at 60°C. CDs
formed were measured by HPLC. Symbol: @; o-CD, O; B-CD, ¥;
v-CD, V; Total CD.

AAEE Helde] MY w37t 9% 3l(Fig. 7) CDA
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