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Fig. 1. DEAE Speharose DL-6B column chromatography of the
curde CGTase. The enzyme was eluted with a linear gradient of
NaCl in 10 mM phosphate butter (pH 7.0) at a flaw rate of 60 mi/h.
The volume of each fraction was 12 m/.
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Fig. 2. Sephadex G-150 column chromatography of the partially pu-
rified CGTase. The enzyme was eluted with 10 mM phosphate buff-
er (pH 7.0) at a flow rate of 40 m//h. The volume of each fraction
was 3 m/.

=2 velbgo 7 AR A4S Table 16 L9ksl¢ic),
Table 1o vehbxo) 2 @), 53] (NHL.S0, 3 eA 9}
DEAE-Sepharose CL-6B column chromatography ¥+7| A}
olol Al W FaFdEH A, F DAL B 75
T CGTase ©l99l proteasex AAFsloz (data not
shown), ©| protease’} AAH A -2 GAN AAE A
83l A5 proteaseol 93 FhrR-EE A7 AE A
Zk3ieh, AAl® &40 specific activity™= 29.8 units/mg
protein® 23 FAAAE7} 438 Zr4E9n g
13%°134th.

AAE CGTase?] ¥A22 oF 74,000 (Fig. 3), 544
< o8 6.3 Aoz ZAHUT (Figd). o] Ane AT

Table 1. Summary of purification of the CGTase from Bacillus
brevis CD162

Total Total  Specific
Steps protein activity activity

Purification Recovery

(mg) (units) (units/mg) 09 (%)

Culture 2040 1482 07 1 100
supernatant
Ammonium 0, 1417 10 14 69
sulfate
precipitation
DEAE-
Sepharose
CLoeB 88 240  27.3 39 16
Sephadex
P 63 1875  29.8 43 13

kDa

97 =
66 —

45 —~

31—~}

A) (B)
Fig. 3. SDS-polyacrylamide gel electrophoresis (A) and zymogram
(B) of the purified CGTase. 1, Bacillus brevis CD162 CGTase; 2,
Molecular weight markers.

) w84 CGTaseZE B. macerans™ 68,000, B. subtilis
No. 313™ 64,000, B. circulans™ 74,000, Bacillus sp. EI*®
81,000, 71814 Bacillus 1-1%* 74,000, Bacillus sp. KC
2017 74,000, B. ohbensis™ 80,000, Bacillus sp. 1011 75,
00002 ¥ aESl=d o] 5 B. carculans, L7Vl Ba-
cillus 1-1, Bacillus sp. KC2019} Az} A9} w3k £
S yERTh

Cyclodextrin glycosyltransferase2| N-ZTHEL2ie) ofnj
LA MY B

B. brevis CD1622 FE] QA CGTase®] NH,-Z¢H9]
o} o}u) =AM A8 automated Edman degradation W} 02
BEAslgdet, N-2dehe] opv| Ak d-2 Ser-Val-Thr-Asn-
Lys-Val-Asn-Tyr-Ser-Lys-Asp-Val-Tle-Tyr-Gln®] $1t}.

Table 2= B. brevis CD162 CGTase$} thE A|tto] A4t
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Fig. 4. Isoelectric focusing of the purified CGTase. A and C, pl
standards (A; 5.9, C; 6.6); B, The purified CGTase.

Table 2. Comparison of the NH,-terminal amino acid sequence of
Bacillus brevis CD162 CGTase with 6 other bacterial CGTases

Strain N-terminal sequence Reference

Bacillus brevis CD162  NH,- SVTNKVNYSKDVIYQ

Bacillus sp KC201 [MVTNKVNYSKDVIYQ 17
Bacillus sp. 1-1 IVTNKVNYSKDVIYQ 28
Bacillus ohbensis EVTNKVNYMDVIYQ 29
Bacillus macerans INVIENKVNESRDVIYQ 10
Bacillus licheniformis IV TNKENGSADVIYQ 16
Bacillus circulans SV§NK@NESEDVIYQ 26

The shadowed boxes represent non-consensus amino acids with
those of Bacillus brevis CD162 CGTase sequences.

3= CGTase® N-Z9 o] :-AtAEE BlitzZEMBL pro-
gram2- ©]-£-3] SWISS-PROT Data Bankol| A ®] &t A} &
olt}y. B. brevis CD1629] N-Zdd opn| b AHgAl-S
Bacillus sp. KC201"3} Bacillus sp. 1-1®°3%+= 93%, B.
ohbensis™ 9= 80%, B. macerans' 2= 73%, B. lichen-
iformis® = 73%, B. circulans” b= 13% = o) =& A
%Hv_ Eoﬂ\;}

Cyclodextrin glycosyltransferase?| EM

(1) 59| 33

AAE CGTaseel 47 <t ik 259 F7
ZAstdch 25C~75Co] 2= W9
== ‘34?3}’*]7] & CGTase 84S A% 27} Fig. 59

m
L

CGTase—‘E 55°CollA HA&4E Jehlttzl 60°Coll A=
88%2] B8 Rl 65CAXE 65%2] o2 A
A42E Bt} o]zld A= Kobayashi® 59 B. ma-
cerans CGTase= 60°C, Kato 5°2] B. subtilis No. 313
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Fig. 5. Effects of temperature on the CGTase activity and stability.
The enzyme was assayed at various temperatures for the mea-
surement of enzyme activity and assayed after incubation at vari-
ous temperatures for 30 min for the temperature stability.

80

65°C, Kitamoto'”5-2| Bacillus sp KC201& 60°C~65% 4
HAXNEAS B A vwd] L W B brevis CD162
CGTase= B]S:3F 25 9ol A —4 AqEAE e Ao
Bt

w3 B. brevis CD162 CGTase= 50°C7HA= vil-$- HA
g ou 55°C ool ME FATA o] Hasithrt
60°C o) ol ME= Al GA& sk 2P 4E Vel

t}. o)== ;LA YA B. stearothermophilus™Z | 2) 3
ThE #39) CGTases} §AHE Pl AT.
—~O— pH stability
100 + —@— Optimum pH
:\: 80 -
£
2 60
3]
«©
O
2
® 40 -
[
(14
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o T 1 T T T
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Fig. 6. Effects of pH on the CGTase activity and stability. The en-
zyme was assayed at various pHs and assayed for the mea-
surement of enzyme activity after incubation at various pHs for 30
min for the pH stability
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(2) pHe] 3
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o2 n|AEZ FE AakE CGTased) pH EA1S A |
H, Kato 5% B. subtilis No. 313 CGTase?] 34 pH=
8.0, pH 2F44& pH 6~8, Kitamoto 52| Bacillus sp.
KC201 CGTase2] &= 242 pH 6.0, pH ¢+44-& pH 6~
10, B. marcerans” = 5.5~6.0, B. megarterium’™-2 5.0, T
7V2l A Bacillus sp.” = 4.7~5.0, B. stearothermophilus™=
5.0, B. ohbensis™= 5.09] pHollA 2% 24g nojuz, 2
CGTasew o}&3} 14 pH 541 S »vh

Cyclodextrin glycosyltransferase gt2AIAS90| EA al
e

10% soluble starch 2.5 m/ol AAE &4 0.1 mlS
7¥ato] 40°Coll A 24417 ¥Fg-A17] 32 100°Coll A 583 &8
43t Azl & glucoamylase®  #}g]dte] AAE  cy-
clodextrin ©]9]9] G2 2+A3] glucose T fructose® 7}
28 3k & HPLCZ #4413 A3} Fig. 73 2l

AAE CGTaseZFE AFAE a-: B-: y-cyclodextrin
of A ¥lEL 02:41:1.022 Yelds AR 02X
cyclodextrin© 29} H2E- a-cyclodextrine 1.3%, B-
cyclodextrin 33.9%, Y-cyclodextrin 9.7% ith.

Sin 579 A-$olMeE AEolA cyclodextrin® HE&
o] B-cyclodextrine 25%, Yy-cyclodextrin® 5%, Ki-
tamoto 57 %= B v-cyclodextrin® A H]&S
6.2:1.0 o]len, d¥oz BE A cyclodextrin®] A

®)

Time (min)
Fig. 7. Typical HPLC chromatogram of reaction products by the pu-
rified CGTase from Bacillus brevis CD162. Chromatogram A, Cy-
clodextrin standards of «-, B-, and y-CD, respectively; Chro-
matogram B, Reaction products of Bacillus brevis CD162 CGTase.

3EL 39.5%, y-cyclodextrin & AMA3H= Kato 579
CGTaseq! 7% amylose=FH cyclodextrin®] &S
5%, B0 2 2E cyclodextrin®] HEE-E 2~3% o

weba] o]E CGTase’t A= cyclodextring®] H#-&
# 1wl W B brevis CD162 CGTase’t AAtsl= cy-
clodextrin®] H¥Eo] R =ow, FAA cyclodextrin
o th3t y-cyclodexirin P &E 55 & 7 U

B ATE 19949 E =St gATe] FRAA A
Hlof| efate] AR ol AR =rUTh
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Purification and Characterization of Cyclodextrin Glycosyltransferase from Bacillus brevis CD162
Myung-Hee Kim, Cheon-Bae Sohn* Young-Hee Lim' and Tae-Kwang Oh’ (Department of Food & Nutrition,
Chungnam National University, Taejon 301-764, Korea: 'Department of Food & Human Nutrition, Taejon Univ-
ersity, Taejon 300-716, Kovea; “Microbial Enzyme Research Unit, Kovea Research Institute of Bioscience &
Biotechnology, KIST, P.O.Box 115, Yusung, Taejon 305-600, Korea)

Abstract : The cyclodextrin glycosyltransferase (CGTase, EC 3.2.1.19) from Bacillus brevis CD162 was pu-
rified by precipitating with ammonium sulfate, DEAE-Sepharose CL-6B column chromatography and
Sephadex G-150 column chromatography. The molecular mass and pl of the purified enzyme were estimated
to be 74,000 and 6.3 by SDS-PAGE and isoelectric focusing, respectively. The purified enzyme was clearly
identified as the CGTase by zymogram after SDS-PAGE. The optimum pH and temperature for the enzyme
activity were 8.0 and 55°C, respectively. The enzyme was stable at the range of pH 5.5~9.0, and up to 50°C.
The amino acid sequence from the NH,-terminal of the purified CGTase was Ser-Val-Thr-Asn-Lys-Val-Asn-
Tyr-Ser-Lys-Asp-Val-lle-Tyr-Gln. The yields of the products from starch as the substrate were 1.3% for o-,
33.9% for B-, and 9.7% for Y-cyclodextrin.

Key words : Bacillus brevis, cyclodextrin glycosyltransferase, cyclodextrin
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