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Abstract

A cyclodextrin glucanotransferase(CGTase)-producing Bacillus sp. I-5 was isolated from soil and
the enzyme exhibited the maxiraum reaction rate at pH 8.0 and 50C. It was found that CGTase
of I-5 produced B- and y-CD mainly but the production ratio of cyclodextrins (CDs) was influenced
by the buffer solution. Sodium acetate significantly stimulated the formation of y-CD, increasing the
content by 35%. The production of CDs was influenced by DE value of starch. The results indicated
that DE value in the range of 3.5-~6.0 were most effective for the CD formation. CGTase was immobili-
zed on the reversibly soluble-insoluble carrier, hydroxypropyl methylcellulose acetate succinate. The
immobilized CGTase was soluble at pH 7.5, and precipitated easily at pH 6.0. Enzyme reactor was
designed to produce CD continucusly. It was composed of three major stages-CD production by immo-
bilized CGTase, conversion of the residual dextrin to glucose by amylase and glucoamylase and alcohol
fermentation by yeasts to remove the glucose into alcohol. The yield of total CDs was 3.65g from
10g soluble starch.

Key words: Bacillus sp. 1-5, Cyclodextrin glucanotransferase, Cyclodextrin, Immobilized CGTase

M B

Tases o-: §-: y-CD2} AA B|go| 2711124 a-

CDE F=& A Bacillus megaterium1:24 1

1A E ste] Aage] A meals YA s Aol
o o8 cyclodextrin(CD) &g&4 AAske Aol

TR Ea akeE degle o)y

2 B-CDE T2 A3k 72 HuEi ¥ y-
CDx &3, A4 WollAe] Eairde] Holvtm FAp
FZo) M AN o8] TR BHE 2P 7 UE
Ao 7IhE 1 gled v-CDE FAEE S AnRE
B. subtilis No.3132] CGTases} 1%y glouy® A
2 2HE v-CDO 428-0] 5%0l] Ea}led AnbH o2
y-CD= a-, B-CDE A4Hst o] g4 2 A4k

14-a-D-glucoside Z3to.Z o)Foixl spataie] 24} &
FAEZA FF2e24 2719 Aol wel a-CD(cyclo-
maltohexaose), B-CD(cyclomaltoheptacse), y-CD(cyclo-
maltooctaose)”} F2 otz glcié &,

CGTased ¥v)3le vl 525 Bacillus% 3} Klebsie-
Ha%ol B1Ee] 9°m® Bacillus macerans® CG-

Corresponding author: Kwan Hwa Park, Department of
Food Science & Technology, Seoul N:tional University,
Suwon, 441-744 Korea

HE Aoz oaid gir)

vt oleddt AFEe) 2Aw|E uhg EZel| uhelA
W 3lg 4 9l em SDS, Triton 59 AW GA43A ) 23l
CD9 xA4do) welAm 1-decanolejy} hexane %2
7] $9lx o-CD =+ B-CDY AL FAA1dx
Husw oloit wmgt FF3 e~ g Eapdelst
1621 glucopyranosyl chaing 714 & s} 71} 32 Fx 9]
maltose 5 acceptorZ 3t a-CD%} coupling reaction&
Fxaleden) 200 mMel sodium acetate® H7lsle] y-
CDe} A Aako] Z7islodc®.



Cyclodextrin *§ 4 7

£ =&l M+ Bacillus sp. 1-57} JAbshs CGTase?)
CD A4 vz Eejstabdel a4 B4 djshod
HESL EoE 23535} Al CDAYA o 3tod
AF-sksich

o E T

BHX| =AMt ui R

Gamma-cyclodextrin®] A4dzFo] mjw=] @e F39
Bacillus sp. -5 Eoko 2 ¥E] Xelsly, slops 93
) 2] &= soluble starch 2%(w/v), polypeptone 0.5%, yeast
extract 0.5%, K,HPO, 0.1%, MgSO,-7H,0 0.02% %
NaCO; 1%l o] & pH 2-dA 24 A}&3 NaCOs=
Hee AFE § W 3 F Aoy Hotbslch

5eje] wa 2 (3= 8 7)(F))el working volume2 2
HE R 3o} E7)=k 20vvm, €% 37C, FHIEE 600
rpme} E7oR wjekstgct

oI &Y

Phenolphthalein method"” : 4% soluble starch(Si-
gma Chemicals Co, USA)Z 0.1 M phosphate buffer
(PH6.0)e)l o] 7|42 Algslelx, 71" 1 mio) &0l
20 WE A7heted 60T o} Aebzol 4] 1057} w471
¥ 30mM NaOH 35m/& 7}ste] whg-& Fx)A|Hch
o] &2 uh-5-9lell 0.02% phenolphthalein £<#(5 mM Na,-
COs &6l =2l 7)) 0.5 miE #H7}eF 3 550 nmel| A &)
FEEE ZAslo Yo| Pad YRS B-CD £FFA T
Hlwsle] B-CD Fx=8 Fabstgdel §497) 1 units
189 1mgd B-CDE A= EAaFed Yslgdd

HPLC method ! 4% soluble starch® 0.1M phos-
phate buffer(pH 6.0)l] =9l 7] 72 8o 2 mlol] F 2] 200
WE 7tete] 55C AlelpzolA] 1417F wbg-Al7l & 5
7 %] &S FA AT o] A wbgoys) Bosl
#5]9) acetonitrileg- 4] ¥ AE2]35t9] membrane fil-
ter(0.45 ym) 2 73 F BEAd] o) g-3lgict

HPLC(Waters 600E)2} £-vh= acetonitrile | water(65
135, v/v)E AT flow rater 1.0 mi/mino 2
3ttt Columne Lichrosorb NH,(10 pm, 4 X250 mm,
Merck, Germany)& A8-58t9l 3 7d%7):= Waters diffe-
rential refractometer& A}&-s}gic}.

CGTase2| =&|

WA 7|2 722 7F wl okt uf ofel-g 7,000 rpm o2 205
b dAReEa g A 39l ethanol(— 60T )&
7¥ste] 4T ol A a5 wA3 & Qe gl FHES
100 mM phosphate buffer(pH 6.0)el] o] £xF AN 7
32 FHEARE she] B Apbgslgd

pH & 2z2| Agt
Wide range buffer& o]-83lo] pH 4.0o)|4 pH 12.07}

Al 74zhe) pHell A 47} 234 HPLCE sbsic) =3
pHell i3t <kl A& Agslz] $13ted pH4.0904 pH
12.09] W$jol A 7+ pHE bufferd] E45 =91 % 50
ColA 308 e F e ArdstE 235y

Bacillus sp. 1-5 CGTase®] &% gt AL 4
25 ol&3to] 30T o4 80T 7h=]9] 7tzre] 2% oA
30%-7 ¥kxg ¥ 60T ol 4] phenolphthalein HPHo 2
Q7 & &g}

7|22 DE(dextrose equivalent) value®| Z product
=4
AEE 7kpdslstel A2 glucose unitd 7+l oli-
gomer® “HEaL 7]H e ¢j2]7}x] DE valueel| ulz} A
A== CD9 =A8& 4A¥stddck 100mM phosphate
buffer(pH 6.0)ol 10% soluble starch& *o]i o] 7}al
B-Aol] A a-amylase(Termamyl, Novo Co)E 1 pi/g
starch F7}3te] 80T o) AN&bpzoA 7} g A7
3 A et 258 A#Hsled DNS wpoR gl
FeFs AEssivh. DE value: ofefe] 2o A4ls)
et
. reducing sugar(g)
DE value= total soluble starch(g)
B 100
" No. glucose unit

X100

&2 1X3

Matrix<?] hydroxypropyl methylcellulose acetate suc-
cinate(HPMCAS, AS-HF, Shin-Etsu Chemicals Co., Ja-
pan)& pH 759 phosphate buffero] matrix 1%<+ 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide(EDC, Si-
gma Chem. Co., US.A) 0.3% #7}3te] vk-gA1 & A4

AN I 4CAA 6A7FE B HelFe ny

A7) vhg F nAsE 45 28] sl# 2N
phosphoric acid2 pHE 6022 & ¥ IHEL ¢
Aeistadct of A48 obA] pH 7.5 phosphate buf-
ferol] o] FA3l F42 Al&3dc)

&5 1Hs Y 2 HESY|

2.5%2] sodium alginate9} th<7]0)) o] & Saccharomy-
ces cerevisige W] oFeY 2 H3E He o}g 02 M CaCl,
Sfo|  Faluls(No2d)e Ea) a4 wojey
bead HAA14 wAstatelt. 743 AY beade]
A7]= 2~3mme FHOR Her} A9 dAsig o
reactor(4.5X47 cm, total vol. 3,000 cm®)el) 4] 10%2] de-
xtroseg 7|AR &lod 27C oA A} 3U7F HEF FF of
o] AdFL 59%F A o] 2H(Y,)9 785%¢ 3l
Do WEES Hooh A" oleg-2 gas chroma-
tography(Pye Unicam PU 4500, Philips, Netherland)Z
o] -&-3le] RAsjgiv},

Cyclodextring A4x o g Makslr] ¢Jg &4 vk



8 5]»%, A) I

phosphorlc -
acid 202
E‘l?

Yeast
Immobliized
Reactor

10% 4

soluble ot

starch

-

Immobilized
CQTase

Immoblilzed
o-amylase &
glucoamylase

J Product

Fig. 1. Scheme for the immobilized CGTase reactor
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Fig. 2. Growth curve of Bacillus sp. 1-5
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Fig. 3. HPLC analysis of the reaction products by I-
5 CGTase
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Fig. 4. Effect of pH on the enzyme reaction rate and
stability of Bacillus sp. 1-5 CGTase
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Fig. 5. Effect of temperature on the enzyme reaction
rate and stability of Bacillus sp. 1-5 CGTase

o o o
» » ®

CD concentration {mg/ml)

o
n

0 - 1 SR L i ]

o 5 10 15 20 25
Soluble Starch Concentration (%)

Fig. 6. Effect of substrate concentration on the produ-
ction of CD by Bacillus sp. I-5 CGTase
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Fig. 7. Effect of sodium acetate on the CD production
of Bacillus sp. 1-5 CGTase
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Table 1. Yields of the immobilized CG1'ase on reversi-

bly-soluble matrix, hydroxypropyl methylcellulose ace-
tate succinate

Enzyme yield(%)
Crude CGTase 100
Immobilized CGTase 434
Recycled CGTase 16.9
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