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Abstract

A bacterial strain No. KY-126, which produced extracellular cyclodextrin glycosyltransferase(CGTase),
was isolated from soil and identified as Bacillus stearothermophilus KY-126. The enzyme was purified
by the treatments of ammonium sulfate precipitation, DEAE-Sephadex, Sephadex G-100 column chro-
matography. The optimal pH and temperature for the enzyme activity were pH 5.5 and 65C, respecti-
vely. And the enzyme was stable at pH values from 6.0 to 11.0 at 55C for 30 min and stable up
to 60C for 30 min.. The enzyme was inhibited by HgCl,. The molecular weight of the enzyme was
estimated to be 67,000 by using SDS-PAGE. The maximum conversion from starch to cyclodextrin
(CD) by CGTase was 43% and obtained at 6 hr reaction and the ratio of a-, B-, y-. CD prodpuction

at this time was 2.9:2.1:1.0.
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Fig. 1. Formation of clear zone on isolation medium

Table 1. Characteristics of selected strain

Strain B. stearothermophilus
KY-126 ATCC 1665

Characteristics

Morphological characteristics

Form Rod Rod
Motility + +
Gram stain + +
Spore L +

Biological characteristics
Anaerobic test
Voges-Proskauer test

Acid from glucose + +
Gas from glucose -
Formation of H,S -+ +
Oxidase + +
Catalase -+ +
Methly Red test -
Hydrolysis of gelatin +
Hydrolysis of starch + +
Growth at 40-65C + +
Growth at pH 6.8,

nutrient broth t +

Growth at pH 5.7,
nutrient broth
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Fig. 3. Sephadex G-100 column chromatography of
CGTase
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Table 2. Purification steps of the CGTase from Bacillus stearothermophilus KY-126

Ste Total Total Specific Recovery
p act1v1ty(l N protem(mg) actlvnty(U/ mg) (%)
Culture broth 31,250 7375 424 100
Ammonium sulfate 16,187 191.1 84.7 51.8
DEAE-Sephadex A-50 8,830 50.2 175.0 28.3
Sephadex G-100(1st) 2,974 11.2 410.0 9.5
Sephadex G-100(2nd) 1,067 23 456.0 34
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Table 3. Effects of metal ions on the CGTase acti-
vity
Metal and inhibitor

Relative activity(%)

None 100.0
Pbh(NO3) 100.0
CaCly 100.0
Mn(Cl;-4H,0O 94.11
ZnS0, 100.0
MgSO, 76.47
KCl 94.70
CuS04-5H,0 91.17
FeSO,-7H;0 84.11
FeCl; 6H,0 92.94

o o] &o] AgkE £AMERY] fate] G o] FHF
Tk 2mMEA Zvhste] 30C o4 3087 dAH =
Foll 2kE A& =) Table 3ol el ZHF
HgClol| 1= sH4 3l As]& nuigkom, MgSO,, FeSO,-
TH,O Sl 1+ <F7F 285 ksl ol+= Fujita®} Naka-
nishi*®e} v} Vo] W m& Fe' . Zn?', Cu’'el] <lsf
Aafuki=vii: Ayke Aoldkgl o) Tomita 5] 1
atgh CGTaseol vlo=gh 43& Bovk

Cyclodextrin M| ZAA|N 2t&E

2% soluble starch 7z} 25 mio] dAgH &4 05

5 #H7sted pH6.0, 55C o] A whgA[Al $- Az =
A1 85 A3 Ete] 100C ol 4 1587 E4F B84 842
chg, whE A 7tel] W& CD4A 44§ HPLCR @3t
Arh

Fig. 92] A= standarde]™, Bi= CGTase] 714 uhg-
147 39 CDAA #8488 vl lelc) Fig 9o 4



380 gl A 3 3l 8} 3] )

A Standard 8 Reaction mixtu-e

$-CD 1-CD «°CD 8CD €3 } i‘
A S
T f— ~—
T 1 T T T T 1
20 10 0 20 0 Q

Retention tive (avn:

50
. .- .
o 40+ e
.3
~ [ 4
ped
X 304
c
2
e O
g i/ T 0——o-—0n
€
<]
o | -
a n
S 10 ./
Oy —— A———A
ol # — Y; 4
0 3 B 9 12
Time(bhr}

Fig. 9. High performance liquid chromatography of the
cyclodextrin produced after Ihr of incubation(upper)
and time course of cyclodextrin formation (lower)

Symbof: total CD (@), a-CD (), 8-CC (m), v-CD ()

A& w4k ZrlelE o-CDE $A™ow gAstelw, p-
CDE W8 % 64127H4) 2hnks) - mwm

R Alzke] 6417 AL o, & CD HEg L of
43%U 2, a-: B-: y-CDO] v]&& 2 9-21-10 ek o)

alkalophilic Bacillus sp.?2l a-: - y-CD2} 4] §ol
235:1.0:1.0, Bactllus circulans®™} 2 :5: 1. Bacillus
megaterium®™o) 2:5: 1, Bacillus stearothermophilus™ 7}
55:8:1 53 v} & Wi &8 Rolx glom, vlid y-LCD
AAE Blgo] tfE FFSoll vl Fo Ao ekl
ofaf3} zho) B 37} Ak CGlases 2 A A A
=7t & PRk opuel we odebH o At 2o
ulbz), 713ql starchd] &3} tjH] agnnel 7)Aol gy
ToR B o, Ak A Rl ¥ o R dvkgich ghH,
the] 59 st ot el fAHPE,

FAEle] 28 4ol 7lgiEch

2 o

Eorg WAtem 3l CGTased Pitehs T8

A 26 4 Al 43 (1994)

52|, Adwatol Bacillus stearothermophilus KY-1262
dgich CGTase2] A& ammonium sulfate precipita-
tion, ion exchange chromatography, gel filtration2] =}
e Fall wel AAsed whe 84F dglev, B
g8 oF 67000010 A wbee HAH 2XE 65C
A Oml 55C o 4 3087t A Aol % uwA oo oty
& . HY 34 pHe 5597 pH55e A 10.57H=)
Hl i % 0“*?5}‘”‘4 HgClyoll 2ls A3 & wigtow, 11
28] 4 o) o= a2 x| orgirl. Soluble sta-
rch2 581 CD9) #1842 43%0]¢ 2™, a-: B-: y-CD9)
A4 wlgL 29:21: 101k

£ #

—

. Horikoshi, K.: Production and industrial applications
of B-cyclodextrin. Process Biochemistry, May, 23(1979)

. Nakamura, N and Horikoshi, K.: Purification and pro-
perties of cyclodextrin glycosyltransferase of an alka-
lophilic Bacillus sp. Agric. Biol. Chem., 40, 935(1976)

3. Kaneko, T, Hamamoto, T. and Horikoshi, K.: Mole-
cular cloning and nucleotide sequence of the cyclodex-
trin  glucanotransferase gene from the alkalophilic
Bacillus sp. strain No.38-2. | Gen. Microbiol, 134,

7(1988)

4. Kitahata, S. Tsuyama, N. and Okada, S.: Purification
and some properties of cyclodextrin glycosyltrans-
ferase from a strain of Bacillus species. Agric. Biol.
Chem., 38, 387(1974)

. Kitahata, S. and Okada, S.: Action of cvclodextrin glu-
canotransferase from Bacillus megaterium strain No.5
on starch. Agric. Biol. Chem., 38, 2413(1974)

. Yagi. Y., Sato, M. and Ishikura, T.: Comparative stu-
dies of cyclodextrin glucanotransferase from Bacillus
ohbensis, Bacillus macerans and Bacillus circulans and
production of cyclodextrins using those cyclodextrin
glucanotransferase, | Jpn. Soc. Starch Sci, 33, 144
(1986)

. Kitahata, S. and Okada, S.: Purification and some pro-
perties of cyclodextrin glucanotransferase from Bacil-
lus stearothermophilus TC-60. J Jpn. Soc. Starch Sci.,
29, 7(1982)

# Sato, M., Yagi, Y., Magano, H. and Ishikura, T.: Deter-
mination of cyclodextrin glucanotransferase from Ba-
ctllus ohbensis and its optimum pH using HPLC. Agric.
Biol. Chem., 49, 1189(1985)

9. Ernest. K., Yu, C.. Aoki, H. and Miawa, M.: Specific

alpha-cyclodextrin production by a novel thermostable

cvclodextrin glycosyltransferase. Appl. Microbiol. Bio-

tech.. 28. 377(1988)

Nakamura, N. and Horikoshi, K.: Characterization of

acid-cyclodextrin glucanotransferase of an alkalophilic

Bacillus sp. Agric. Biol. Chem., 40, 1647(1976)

11, vk olx 229 Awld wlast ol ¥ Bacillus

sp. Elel 4l4tehs cyclodextrin g]ucanotransferaseﬁ’l

Al wl B ale]u] g B8} 8] %], . 156(1992)

[S+)

53]

for]

~J]

16.

T O
12. §7a A8 oA L_\d()dextrm glvcosyltrans-
ferase s M ibali- Zol7velA] Bacllus % v|AE. A+
ofr]Esbs 7] 17, 148(1989)



13.

14.

15.

16.

17.

18.

19.

Bac. stearothermophilus KY-126 Cyclodextrin glycosyltransferase®l A 4 %4

oteF, A%, 753 : Baallus stearothermophilus 7}
A4ksle Cyclodextrin  glucanotransferase : Affinity
chromatography-g o148 A4l dA. 4ksin| W=t
3] 4], 18, 585(1990)

AL, o| A%, o] &3 : Alkalophic Bacillus circulans?)
A 43h= cyclodextrin glucanotransferase®] *#| ¢} &
ANkg 54, aksdel e A, 17, 370(1989)

Park, C.S., Park, KH. and Kim, SH.: A rapid screen-
ing method for alkaline-cyclodextrin glucanotrans-
ferase using phenolphthalein methyl orange containing
solid medium. Agric. Biol. Chem.. 53, 1167(1989)
Krieh, J.G. Halt.: Bergey's manual of systematic bacte-
rioloy. the William Wilkins Co., Baltimore(1974)
Cowan and Steel.: Manual for the identification of
medical bacteria (2nd ed.), Cambridge University
Press(1974)

Kaneko, T, Kato, T., Nakamura, N. and Horikoshi.
K.: Spectrophotometric determination of cyclization
activity of beta-cyciodextrin-forming cvclodextrin glu-
canotransferase. J jpn. Soc. Starch Sci, 4, 45(1987)
Lowry, O.H., Posebrough, N.J,, Farr, L.H. and Randal,

20).

22.

23.

24.

(19941 291 210 A

——
L e,

381

R.J.: Protein mesurement with the folin phenol rea-
gent. J. Biol. Chem., 193, 265(1951)

Laemmli, UK.: SDS-PAGE gel electrophorysis. Na-
ture, 27, 680(1970)

uhE b o] 48 : Cyclodextrin glucanotransfe-
rase 214 wobrbEld Alare] 2ad Fel 549
24, dsio)REstalA], 21, 119(1993)

Tomita, K., Kaneda, M., Kawamura, K. and Nakamishi,
K.: Purification and properties of a cyclodextrin gluca-
notransferase from Bacillus autolyficus 11149 and
selective formation of B-cyclodextrin. J. Fermt. Bioemg.,
75. 89(1993)

Fujita, Y. and Nakanishi, K.: Purification and proper-
ties of cyclodextrin glycosyltransferase from Bacillus
sp. AL-6. | fermt. Bioeng, 3, 150(1990)

Nakamura, N. and Horikoshi, K.: Characterization and
some cultural conditions of a cyclodextrin glycosyl-
transferase producing alkalophilic Bactllus sp. Agric.
Biol. Chem., 40, 753(1976)



