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Abstract — Bacillus sp. was isolated from soil for its strong activity of cyclodextrin glucanotran-
sferase (CGTase, EC 2.4.1.19). The enzyme was purified by gel filtration and anion exchange
column chromatography using FPLC. The purified enzyme exhibited its maximum CGTase
activity in the pH range of 6~8 and the temperature range of 50~70C. The molecular weight
was estimated as 114,000 by SDS-PAGE. The isoelectric point of the enzyme was 4.3. The
CGTase of Bacillus sp. E1 produced B-cyclodextrin mainly and did not produce a-cyclodextrin.
The product ratio of B-cyclodextrin to y-cyclodextrin was 7:1.
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A E5} Klebsiella preumoniae(15) Fo] 984 glch

B. macerans= a-, B-, y-cyclodextrin® ~§Adu]go]

o)

Z]
=

Key words: Cyclodextrin glucanotransferase, phenol-
phthalein
*Corresponding author

156

2711124 a-cyclodextring F2Z AAIsly B
megaterium @] 739+ 12412 B-cyclodextrin$
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Fig. 1. (a) Screening of CGTase-producing bacteria
from soil sample on the solid medium containing phe-
noiphthalein and methyl orange.

(b) Electromicrophotograph of the isolated Bacillus sp.
El.
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Table 1. Characteristics of Bacillus sp. El

Morphological  Form Rods
characteristics Size 0.45 pm X 1.5~2.5 um
Motility Motile

Gram Staining Positive

Spore Terminal
Spore size 0.7 um X 0.8 pm
Cutural Nutrient broth Good
characteristics  Glucose nutrient broth  Good
Medium ¥ Very Good
Medium 1+ 5% NaCl Good
Medium 117 Good
Biochemical Hydrolysis of Gelatin Positive
characteristics Hydrolysis of Starch Positive
Hydrolysis of Casein Positive
Catalase test Positive
Indole test Negative
Voges-Proskauer Negative
ase7t 7H3 el WAFEck MR E2Ad wWE A

A7z B4 e % goluble starch(2%) & %
+ yeast extract®} poly peptones &4 ;‘i% UH
7V 2 AAE BoFoiTable 2). olAbe] 4
2 CGTase A &3t w]x)x4o] Horikoshi
alkaline medium I[¢} O‘RI?{}-ET o 4 sl CG-
= 5l Azl ekl A
"g‘ﬁr‘%ﬂ”ﬂﬂ} E_:&‘:*E'"%} profile—% FapElg o 2 A
= Fig 29} 3o} A 4d7k= A-8-F4le] stationary
phasecl] o7t o] ol ke A& F7}ste] 68417 nlj <k
F- o] 7ol =dg]om wiokl o] pHH S 7]
1099 4 =A|&2o g 7histe] #HFx o2 pHr} 87
2 =gl

CGTase &H|

&% 25498 gel filtrationdt 7;;1-4 370
protein peaks <I%lvH(Fig. 3(A)). CGTase
o717} el peak® fractiond FE3ked anion ex-
change columng £2A]17|12, 0.5 M& NaCle| M &
47} &&x5)o] el protein peakZ} vlebdal o]
peakol| /] CGTase activity”} epdcH(Fig. 3(B)).
SDS-PAGE (Fig. 4) ¢} isoelectric focusing A 7]°d 52
g A3 thel band & vep} &40l 2k R HAH
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Table 2. Effect of various C-(A) and N-sources (B)
for the C(GTase production

(A)
Carbon source Enzyme activity
(2%) (U/mi)
Glucose 0.06
Frucrose 0.03
Maltose 0.03
Dextrin 0.86
Sucrose 0.36
Lactose 0.07
Sorbitol 0.06
Mannitol 0.06
B-Cyclodextrin 0.92
Amvylose 0.07
Soluble starch 1.05
Potato starch (.95
Corn starch 0.90
Rice starch 0.60
(B)

: Enzyme activit
Nitrogen source Y y

(U/mi)
Bactotryptone 1% 0.40
Bactpeptone 1% 0.12
Casamino acid 1% 0.20
Casamino acid 2% 0.22
Beet extract 1% 0.14
Beef extract 2% 0.43
Yeast extract 1% 0.91
Polypeptone 1% 0.90
Corn steep liquor 2% 0.89
Corn steep hquor 3% (.97
Corn steep liquor 4% 0.73
Yeast extrct 0.5%+ 0.97
Polypeptone 0.5%
CGTases| 4
CGTase?| =Xzt EXMH A 1115,}_ CGTased]
¥apel 218 9)s) SDSPAGES ¥ Z3b 2ol

114,000 8 A= Fig. 4). B. macemns(S)* B.
megaterium(8), B. stearothermophilus(10)2] -z}
o] zrzt 65,000, 66,000, 68,0002] ?4‘3'“ vlslo] A4
2 ®ul ol Zokzbe]Al wlA)E-Ql Bacillus sp.
217832} acid, neutral, alkaline CGTase(ll)—% e
gko] 85,000~88,000¢) 7=} §- 5(16) 2} Bacillus sp.
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Fig. 2. Time course of CGTase production by Bacillus
sp. El.
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Fig. 3. (A) Gel chromatography of the crude enzyme using FPLC.
Column: Superose 12 HR 10/30
Eluent: 20 mM phosphate buffer, pH 6.0, 0.1 M NaCl
Flow rate: 1.0 m{/min

Detector: UV 280 nm, 1.0 AU
Injection: 400 W/ crude enzyme solution (0.424 mg/m/)

(B) Ion exchange chromatography of the crude enzyme using FPLC.
Column: Mono Q HR 5/5

Eluent: 20 mM Tris-HCI buffer, pH 7.5

Salt gradient: 0.5 M Nacl

Flow rate: 1.0 m//min
Detector: UV 280 nm, 0.2 AU
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Fig. 4. Determination of the molecular weight using Phast system.
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Fig. 5. Isoeletricfocusing of the CGTase using Phast
system.
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Fig. 6. Effect of pH on the activity and stability of
the CGTase.
For the stabitity of the enzyme, the enzyme activity
was measured after incubation of 30 min at 50C. Wide
range buffer (20) was used for the range of pH4~12.

CaCl, &M Aol 50%°)gcl. & CGTased] gel
i3l A Ae CalCl, 2 sfell A 2kzb Zotsh= 7
© g +jebgl(Fig 8).

Al S0} T4

202] 7144 #E-81(0.05M phosphate buffer,
pH 6.5)¢ll CGTase 3.5U%E 7}8lo] 50Ceall 4] 4847t
ul-$-A1 7)== Sotb Ajzbel ule} AAdE cyclodextring
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Fig. 7. Effect of the temperature on the activity and
stability of the CGTase.

For the stability measurement, the enzyme was incu-
bated for 30 min at pH 6.0.

Table 3. Effect of metal ion on the CGTase activity
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100 100 100 100 100
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Fig. 8. Effect of CaCl; on the thermal stability of the
CGTase at 70°C.
—@— Control, — ¥ — 5mM CaCl,, —m— 20 mM CaCl;

HPLCE ZA3slddch(Fig. 9). 4A¥ cyclodextrin-
B-cyclodextrin®} y-cyclodextrine]® . XA4u|8&
7. 1824 B-cyclodextringd -+AXHo®E A st
olu a-cyclodextrin-& H& 5% x] eiqdr} 254|173 k&
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Fig. 9. HPLC analysis of the reaction products produ-
ced by the CGTase.
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AR oS w5 vlatste] AdiFe s Agich
weba 2 8 A7F WSk AEHE B-cyclodext-
ring ot Felshed] ' BAE ARS-shes A
Blalo] fFeld ZAex dntelch

2 ¢

Cyclodextrin glucanotransferase A+ A1'duj
A5 o] &3l F| EckogHE CGTase #HAo]
8t Bacillus sp. E1 452 #g8kic) FPLCE
o] 45lod gel filtration3} anion exchange column
chromatography £ & Zx} ¢+ AME ohd o

Kor. | Appl. Microbiol. Biotechnol.

Ae 28 4 ey, ZAd A4e] 34 28 pH
A= 6ollA 873, 5= 60T A AL

rin®] F9om, EoldA% a-cyclodextring 72
WA R dske) 28 F 254)17F & FHd 9] B-cyclo-
dextrine] Al e, o]g B-cyclodextrind} y-cy-
clodextrin®] AAIw|-&L 7 1o]d).

2Rl o

o] =R FFTIeA I P AAE(F) AFwol
7t
| 8§

ol sto] AFEglen dgm] 2| jlef| ks =jvc}
g

l. Whistler, R.L., J.N. Bemiller. and E.F. Paschall.
1984, Srarch (Chemistry and technology), Pp. 143-
149. 2nd ed. Academic Press. New York.

. Szejtli, J. 1990. The cyclodextrins and their appli-

cations in biotechnology. Carbohyvdrate Polymers

12: 375-392.

Horikoshi, K., and T. Anba. 1982. Aikalophilic

Microorganisms. Pp. 147-157. Ist ed. Japan Scienti-

fic Societies Press, Tokyo.

4. Pongsawasdi, P., and M. Yagisawa. 1987. Scree-
ning and 1dentification of cyclomaltodextrin glu-
canotransierase-producing bactena. J Ferment.
Technol. 65 463-467.

5. Kitahata, 5., N. Tsuyama. and S. Okada. 1974.
Purnification and some properties of cyclodextrin
glucanotransferase from a strain of Bacilluy sp.
Agri. Biol. Chem. 38 387-393.

6. Yang. Y.. M. Sato, and T. Ishikura. 1986. Compa-
rative studics of cyclodextrin glucanotransferase
from Bacillus ohbensis, Baciflus macerans and Baci-
Hus circulans and production of cyclodextrins
using those cyclodextrin glucurotransferase. J
Jpa. Soc. Starch. Sci. 33:; 144-151.

7. Sato, M., Y. Yagi. H Nagano. and T. Ishikura.
1985. Determination of cyclodextrin glucanotran-
sferase from Bacillus ohbensis and its Optimum
pH using HPLC. Agri. Biol. Chem. 49: 1189-1191.

& Kitahata, S.. and S. Okada. 1974. Action of cyc-
lodextrin glucanotransferase from Bacillus megate-
rium strain No. 5 on starch. Agri. Biol. Chem. 38:
2413-2417.

9. Ernest, K., C. Yu. H. Aoki, and M. Misawa. 1988,
Specific alpha-cyclodextrin production by a novel

I~

Lrd



Vol. 20, No. 2

10.

11

14.

thermostable cyclodextrin  glucanotransferase.

Appl. Microbiol. Biotech. 28: 377-379.

Kitahata, S., and S. Okada. 1982. Purification and
some properties of cyclodextrin glucanotransfe-
rase from Bacillus stearothermophilus TC-60. J Jpn.
Soc. Starch. Sci. 29: 7-12.

Nakamura, N.. and K. Horikoshi. 1976. Purifca-
tion and properties of cyclodextrin glucanotrans-
ferase of an alkalophilic Bacillus sp. Agri. Biol
Chem. 40 935-941.

Nakamura. N., and K. Horikoshi. 1976, Characte-
rization of acid-cyclodextrin glucanotransferase
of an alkalophilic Bacillus sp. Agri. Biol. Chem.
40. 1647-1648.

Nakamura, N., and K. Horikoshi. 1976. Purifica-
tion and properties of neutral-cyclodextrin gluca-
notransferase of an alkalophilic Bacillus sp. Agri
Biol. Chem. 40: 1785-1791.

Bender, H. 1977. Cyclodextrin glucanotransferase
von Klebsiella pneumoniae 1. Syntheses, reinigung
und eigenschalten des enzymes von Klebsiella
preumoniae M3Sal. Arch. Microbiol 111: 271-282.
A 1990. Z3z}ae]4d

o [ P
AeE A dEms

16.

[7.

18.

19.

20.

163

Bacillus sp.&] cyclodextrin  glucanotransferase 2]
Aol S Adv]AEE3A] 18 44448,

o] &8 A3%E. o)43F. 1989. Alkalophilic Bacillus
circulans7} A48l cyclodextrin glucanotransfe-
rase®] A A2} Aawkg- 54, 4de] &3] 17
370-378.

g8 Hew, o8l 7], oFgbH. 1990, Bacillus stea-
rothermophifusol] 21gF cyclodextrin glucanotrans-
feraseo] A4k Ablol 5313 2] 18: 578-584.
Park, C.5.. K.H. Park, and S.H. Kim. 1989. A Ra-
pid screening method for alkalophilic B-cyclodex-
trin glucanotransferase using phenolphthalein-me-
thylorange containing solid medium. Agri. Biol
Chem. 53: 1167-1169.

Kancko, T.. T. Kato. N. Nakamura, and K. Hori-
kKoshi. 1987, Spectrophotometric determination of
cyclization activity of beta-cyclodextrin-forming
cyclodextrin glucanotransierase. J Jpn. Soc. Sta-
rch. Sei 34: 45-48.

Perrin, D.D. and B. Dempsey. 1974. Buffers for
pH and metal ion control. Pp. 154, Haisted Press.

U.S.A.
(Received December 19, 1991)



