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Purification and Characterization of B-Cyclodextrin Glucanotransferase Excreted by Bacillus
firmus var. alkalophilus. Shin, Hyun-Dong, Chan Kim, and Yong-Hyun Lee*. Department of
Genetic Engineering, College of Natural Sciences, Kyungpook National University, Taegu 702-
701, Korea - Cyclodextrin glucanotransferase (CGTase) was purified from the culture broth of the Bacillus
firmus var. alkalophilus, using ultrafiltration, starch adsorption/desorption, ion-exchange chromatography on
DEAE-cellulose and gel filtration on Sephacryl HR-100. The molecular weight of the purified enzyme
was determined as 77,000 by SDS-PAGE. The optimum pH and temperature for the CD synthesis
were 6.0 and 50C, respectively. The activity of this enzyme was stably kept at the range of pH 6.0~
9.5 and up to 50C. However, in the presence of Ca™, the optimum temperature for CD synthesis was
shifted 55~607C and this enzyme was stable up to 60°C because of the stabilizing effect of Ca®. The
purified CGTase produced CDs with high conversion yields of 45~51% from sweet potato starch, com
starch and amylopectin as substrate, especially, and the product ratio of B-CD to y-CD was obtained at
range of from 5.8:1 to 8.4:1 according to the kind of substrate. The purified enzyme produced mainly
B-CD without accumulation of o-CD during enzyme reaction using various starches as the substrate, in-
dicating that the purified enzyme is the typical B-CGTase. The purified CGTase produced 25 g/l of
CDs from 5.0% (w/v) liquefied corn starch and the conversion yield of CDs was 50%, and the con-
tent of B-CD was 84% of total CDs after 8 hours under the optimum reaction condition.
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Cyclodextrin glucanotransferase(CGTase, EC 2.4.1.
19 AEo a-14-3FC2H5E]  cyclodextrin
(CD)E #A8= &AM 2ol ¥kg-(intramolecular
transglycosylation), Z#-o]v} CDEYE 29 27| &
E_E%y X]-Oéi/_\_, K“E]—j’,]- 7o Aot} T2 o XJO]/K]
7= E27F o] ulk-$-(intermolecular transglycosy-
lation), a=]m A& CDell et 7hgsl wkg, 28

3 REgE|uFE E74U3}t A]7]= disproportionation
‘3]“—* 55 Foishs fanelrH 23]

CGTase°ﬂ «]6}] AR =l CDE &9 F5(cavity)
of g7 §7] ¥ 77| 3§HES A= AAE 23 9
c}h. o]’ ZTAAL-E o] 83t TF 5}3&@4 =45

Nz EAER FREe] & CDE AF, oU4FE,
SAE, 3 2wk S FHAA oj8=z ot

[14, 23].

Ha7FA] eIz gl CGTaseBAt F55-2 Bacillus
Zo] A fREEo 2 Bacillus macerans, B. circulans,
B. megaterium, B. coagulans, B. stearothermophilus, B.
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licheniformiss Fd Bacilli{15] ¥#51F oz} =52 &
el Bacillus sp.[3, 7,191, B. brevis[10], Bacillus
sp. KC201[13], Bacillus sp. E1[21], B. ohbensis|24] &
2@ Bacillus 5% e W7=Eglow, Kleb-
shiella pneumonia Mb5all1] 18122 Klebshiella oxytoga
[18]¢} 2-& a3 AT 2324 Thermoanaero-
bacter sp.[20]% &&= ¢}

HA7ER] A E df-E-e] CGTaseE2 a-, B-, 28]
I y-CD Al E72 CDE 54l A7) wEel ol&
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Adsh= CGTase} /e A7 3 5 9l
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vlslE FFE(13, 21, 2413 o- ¥ B-CDuHE AAdste
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At 232 y-CDE AAksh= CGTaseE #4[3= Al
2 3oAelAd AlF Bacillus firmus var. alkalo-
philus“g* Helgled 2 EAS e v e} [6]. =3
o] 55 NTGES o]_Q_‘cﬂ- EO:}B#O] k=8 °t”-/q7:} ¥z}

o Hgk m"}"‘lﬁ"jﬁﬂ A Wola H wrAde] {le A
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E At A B AN Foiel olge
CGTase A4t 2A4712te] g AF-= 533 v glct
[5, 11].
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Mz 3 dHy
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line basal medium[8]4l4 ¢l E<4t 37ClA )
oFgl ¥ gAEasle] FAE AAYT FSAL
CGTase AAE 3 H AW 2 ALE-33dc).

Sl WR AXFE2O| M=

Z3AHA E-(Wako Chemical Co.) 200 g& 20%(w/v)
ammonium sulfate <4 1 /o] dehgt F, A3 wHks}
A 7hdst A AR 5ot 83~92Tr)
=HH 7t Sl d2elA F53) YAAZIY &
A7 AEAAE dgde] 2ot A0 R Y=o}
o SRFE 33 oA AHE ¥ dEYS A3 F
Aol BASIAA F A Aol A3k

Cyclodextrin glucanotransferase®| 22| &X|

wjekrrso 315 koot (Amincon Co., MW,
20,000)E °|&3t 108] 5% ¥ 10 mM Tris-HCI <
Z8N(pH 8.0) 2 T4} o] Ao ammomnium
sulfate—a 20%(w/v)E A SR F, 334470 A4t
AR 150~200 g& H7lste] d=RA7l oh5 4Tl
A 1/‘]71} o »AaHA CGTaseS 7FAMA Rl &3

Brg-gol o 33 uhEale] xﬂZ%tz —_Er’: B-CD7} 10 mg/
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35 X85 F CGTase A4S zZe B35 Zo} &9
AR E o]L3l thA] FH H FAE AR F,
Sephacryl HR-100 column ZLEU}E:RHAE 4303
CGTaseBA & Zv= +T & Rol x4z 5
3l 8.8 FHER O Z AAE CGTasefHoz A3}
g}, AAAZE native polycarylamide gel A7]193%
2 sodium dodecyl sulfate gel 37]%%(SDS-PAGE)
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1 ol phenolpthalein®¥-S o4& %53/‘]74 ALg-steich.
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400 plE EF3 gAol AW F, 50T ellA 3083 1t
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CDEEE 32 & 34 842 Axslsir}h CGTase
A1 1 unitE 189 1 mge] B-CDE A4tst=d Zag
Ao g ARy
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Native gel 71935 Davis®] wh4]e] we} AA
313l 2™, sodium dodecyl sulfate gel %7]%-5-(SDS-
PAGE)+ Lammli®] ¥W[17]e) we} A Alslgdc) A xﬂ
5 izl Bal A4S Y AR EEWAES

Bio-RadA}®] SDS-PAGE standards[phosphorylase B
(M.W. 97,400), bovine serum albumin{M.W. 66,200),
ovalbumin(M.W. 45,000), carbonic anhydrase(M.W.

31,000), trypsin inhibitor(M.W. 21,500)}& o1-£-3t3itt.

SHEQ| &

A fhol THHE dolRr] 8l isoelectric
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ARS8 o}
CHHE] N2

Lo o] chuld ekl Bradford®[2]el =2} 595
EEFTH o2 RE sl
on, oluf FFEAL hovine serum albumins A3}
oA}, A%l e} 280 nmellA FR =S SR s,

CD % JIEI & 24

CD % 7)&} 379 4o+ HPLC(Gilson Co.)E °|
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Cyclodextrin glucanotransferase®| &l

Bacillus firmus var. akaophilusZ5€ f31= CGTase
o] 24 EAL FHsr] dsle, F5¢ wjok A5
< o, TIAR AR RS 0] 4% CGTase
o] F33} &3t DEAE-cellulose o] &u% 22rtE1
#9], 283 Sephacryl HR-100 column ZZvhE 1)
g o]43}le] CGTaseE AHAstAtt. Fig. 104 e
ule} zro] B3] 56~7004 CGTase?] &A1& #alslad
A1, o] #3& native polyacrylamide gel A7) % %
SDS-PAGES AAI% 27 ddi=sls Falstgict.

Table 1> AA AL gkt AL 2 AP RS o] &
gk CGTased &2 ¥ =halabA] o)A specific activityZ}
oF 12v] A= Frislich. 71 el 3371 53R A
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CGTase®} frAlgt Exlekolt), =g Fig. 2(B)-2 A A=
CGTases isoelectrofocusingg 38k ZAF2ZA AHA|
H CGTased 342 pH 6.2~6.32.84], $]9] E4E

15 2.0

16
- E
< 125
® 2
8 g
© 8 o
O]
(&

4

oo

0 20 40 60 80 100
Fraction number

Fig. 1. Sephacryl HR-100 column chromatography of the
partially purified CGTase.

The enzyme was cluted with 100 mM Tris-HCI buffer (pH8.0)
at a flow rate of 20 ml/h. The volume of each fraction was 3 ml.
Symbols: O; protein concentration, @®; CGTase activity.

Table 1. Purification procedure of B-cyclodextrin glucano-
transferase from Bacillus firmus var. alkalophilius

Purification step Total Total Specific Yield
activity protein activity (%)
(units) (mg) (units/mg)
Culture broth 6,030 162 372 100
Ultrafiltration 5,909 1325 44.6 98
Starch adsorption 3,357 73 4599 56

and desorption

DEAE-cellulose ion- 2,291 4.3 532.9 38
exchange chromatography
Sephacryl HR-100 1,126 1.8 6254 19

gel filteration

Z3g 22 CGTaseSo] 4.0~5.5 Alo]al 7ol v|3)
tha =2 32 vERsiedt, B. brevis [1019] CGTase
o= frAbsk T

M= CGTasel) AN EAf

2 U pHO| Y& Fig. 3(A)= AAH 549 &4
7 gk Aol gk pHY d3ks A= Aatzx A
CGTasex= pH 6.0414 A2 A& vepligied,
pH 6.0~9.5 H ol A wi-$- kA 31932, pH 4.50] 8}
2 pH 10014 M = Aol FA3] 7hAaste] 79
A= g

Fig. 3(B, C)2 =0l gt &43A wishel o obAd
Ae AR Zloez A uherE Ca™'g AH7IsHA
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Fig. 2. Molecular weight (A) and isoelectric pH (B) of B-
CGTase determined by SDS-PAGE and isoelectrofocusing.
The molecular weight of the purified CGTase was determined
by SDS-PAGE and the molecular weight marker (Mw) was used
as followes; (a) phosphorylase B (97.4 kDa), (b) bovine serum
albumin (66.0 kDa), (c) egg albumin (45.0 kDa), and (d) car-
bonic anhydrase (29.0 kDa). The isoelectric point (pI) of the pu-
rified CGTase was determined by isoelectrofocusing using am-
pholine-polyacrylamide gel electrophoresis. The pl marker was
used as followes; (1) trypsinogen from bovine pancreas (pI 9.3),
(@Q)~(4) Lens culinaris lectins (pI 8.2, 8.6, and 8.8), (5)~(6)
myoglobin from horse heart (pI 6.8 and 7.2), (7) carbonic anhydr-
ase I from human erythrocytes (pl 6.6), (8) carbonic anhydrase
I from human erythrocytes (pl 5.9), and (9) B-lactoalbumin A
from bivine milk (pI 5.1).

fqr

2gks S 50CcHH, Cat'E AV A5
55~60C2 tha o} M}l =3 CGTased] & YA

of tE ZAlME Ca®E A7FHA ¥%S 75l
50001401] A F453] AgE oY, CaM s HrsE
L A$E 60TAAE 147 oAk fRetA T &AJo] &
X]E]“D} o] Ca’o| CGTase—4 o kA Aol W
2 =931 g2 3= AL ofw)gic)

JIE E0Id U MMEQ| 24 Table 2& AHAH
CGTases] 71A B0l & ZESV] $15t A7 $7YY
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o 35-9] 7)Ao 23~51%7F CDE A&, Al
¥ CDe F2 B-CDEew y-CD= &% AE= AR
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231918 ¢ CDAFEo] 45~51%2H =2 A&
Bglon, B-CDe}t yv-CDS) MAIv]&= diZF 5.8~8.4:1 A
32 B-CD7} vf$ &2 u]&2 A=) o]Ake] A=
2 3ol AAE CGTaser A=l B-type?] CGTase

[o3

2 rlr

corn starch,

100 (A) (B) - (C)
80 L

ES

>

£ 60 L I

B

@

Q

2

£ 40 = = ;

g \

4

20 L L
0 1 S | I A1 I 1 1 | i 1 L
4 6 8 10 4 50 60 70 80 40 50 60 70 80

pH Temperature, °C

Fig. 3. Effects of pH (A) and temperature (B, C) on CGTase
activity and stability.

(A): Effect of pH on CGTase activity (O) and pH stability (@).
The enzyme was assayed at variuos pHs. The enzyme in 0.1 M
buffer containing 10 mM CaCl, which had various pH values
was kept for 1 hour at 50°C and an aliquot was withdrawn for
assay of the reamaining activity. (B, C): Effect of temperature on
CGTase activity and stability in the presence or absence of Ca™.
The enzyme was assayed with 5.0 % of soluble starch for 30 min
at various temperatures in the presence of 10 mM CaCl, (@) or 10
mM EDTA (O). The enzyme in 50 mM Tris-maleic acid-NaOH
buffer (pH 6.0) containing 10 mM CaCl, (@) or 10 mM EDTA
(O) was incubated at the prescribed temperature for 1.0 hour and
an aliquot was withdrawn for assay of remaining activity.

2 2559 B-CDAA frejd A o2 oakxch
AF7A BA"E A9 CGTasesS a-, B-, y-
CDE uw5F AAst= Zlew od8x glow, ©3] Ba-
cillus sp. 11211, Bacillus sp. 1-1[15], Bacillus sp. KC
201 [13], 18]35 B. ohbensisi24]¥20¢] CGTaseso|
Bacillus firmus var. alkalophilusf-2}2] £ &4} 7ol
o-CD9 3 gle] B-CD% y-CDRHE Aikste Aox
_‘53_.1_5] il o]r,}_
SAHIEY Kinetic Constant 7414]51 CGTased] &4
Ll $18ted CGTase

—_
kinetic constant&-<

Table 2. Substrate specificities of B-CGTase from Bacillus
firmus var. alkalophilus

Kinds of starch CD formed, g/! Co'nversion
B-CD yCD Total CD VYield (%)
Soluble starch 4.40 0.72 5.12 26
Corn starch 8.00 1.04 9.04 45
Potato starch 6.80 1.02 7.82 39
Sweet potato starch  9.20 1.09 10.29 51
Amylose 4.60 0.81 5.41 27
Amylopectin 7.80 1.34 9.14 46
Dextrin 4.00 0.66 4.66 23

2% (w/v) of starch in 0.1 M Tris-maleic acid-NaOH buffer (pH
6.0) containing 10 mM CaCl, was digested with CGTase (0.1
unit/ml) at 50°C for 24 hr.
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Table 3. Kinetic constants of CD synthesis, coupling and dis-
proportionation reaction of B-CGTase from Bacillus firmus
var. alkalophilus

Vix (MM of
Reaction Substrate Kn B-CD /min -
mg of protein)
CD synthesis soluble 1240 mg/ml  5.82x 10°
Coupling o-CD 16.45 mM 7.67x10°
B-CD 1.03 mM 1.20% 10°
v-CD 45.84 mM 1.75% 10
Disproportionation maltotriose 3759.76 mM 237x10*

K, and V,_, of each reaction were analyzed by double reci-
procal plot. The CD synthetic reaction was carried out at the
condition of 2~50 g/l soluble starch, 0.1 unit/m! CGTase, pH 6.0
and 507C for 10 min. The coupling reaction was carried out at
the condition of 0.1~0.5 mM of CDs, 0.5 mM of maltose, 0.5
unit/ml CGTase, pH 6.0 and 50C for 10 min. The dispro-
portionation reaction was carried out at the condition of 10~50
mM maltotriose, 1.0 unit/ml CGTase, pH 6.0 and 50C for 30
min. CDs and maltooligosaccharides were analyzed by HPLC.

7} EFolshe 242wk i ®4 ¢l vkl CDFA vks-
(CD synthesis), @3] ¥H&-(coupling reaction), L]
3. B3}t "-$-(disproportionation)ell @g K, o
Vi 252 double reciprocal plotg o]-83lo] ZAls}e]
71 AFHE Table 30 £9F8todc}. Table 3014 M= w}
o} o] CDHA ubs & BAle] whgelxe] Kot ¥
U3} ukg-9] =xE} w9 Ik V5 B
uk-g-9] e udE W A4 vepgel ol ¥ 540}
73} vherckes CDIARRES FAde] W2 T
Lol3lA| Fulshs A v}l JAe] vh-elA 7}
A ¢ FFAARZE B-CDR o]& 71A Bold = A
é% A ol|A2] Ae} Y= HALRE o] AUt A
A4 B-typed) CGTased S Vel Atejr}

SH0| HISHIAMCl E8Hl E014 Table 4= AA|
CGTase®] @Ale] ubgollAle] 7 g5l g
Ao} uhg-A-S 7 ERE 7ot} Table 4014 X+= uje}
o] maltose, maltitol, cellobiose, ~Z2] X stevioside”}
vz Fe el 84 40~50%F vEhd Wk,
inositol, T &}, Atz 72 72 Gfafol= oo}
2 B ¢go] A wdsirh ol= o] A4Vt -, B,
v-CDE 2% AAsE o2 CGTaseSoll vlsl AF33]
L W99 “L—r-&ﬂlﬂ]“‘ S-S vl = o= o)

>

o.,ﬂ. r‘ﬂ

1

m\l

Lol A4V} EL& F8E 7559 B-CDE YA3l= &
A3t A3he] gl Zio® f3Hr}15, 24].
2B SH0I2 « SISEAIC| P& Table 5= AAH

CGTase?) 2% F40)2 2 33-540] 3484 9
A& %S 7 & Zlolch Table 504 Bz whe} 7o)
amylaseAld &40 gt A} 2 A Stol| 7]of3}
= Aoz geiAl 27) oFe]2ql Ca®*of Mgl 23 &
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Table 4. Acceptor specificity for transglycosylation reaction
of B-CGTase from Bacillus firmus var. alkalophilus

Acceptor Conversion Acceptor Conversion
(5%, Wiv) yield (%) 5%, wiv) yield (%)
glucose 4.90 xylitol 12.90
xylose 17.80 sorbitol N.D.
fructose N.D. inositol N.D.
sorbose 15.70 maltitol 44.70
maltose 50.88 manitol N.D.
cellobiose 43.90 salicin 5.69
sucrose 8.16 stevioside 41.67

Reactions were carried out at 50 g// of each acceptor, 50 g/l of
soluble starch as glycosyl donor, pH 6.0, 50°C, and 10 units of
CGTase/g of starch, for 12 hours. Degrees of transglycosylation
were estimated by the decrease of each acceptor. N.D., not detected.

Table 5. Effects of metal ions and chemical reagents on CD
forming activity of B-CGTase from Bacillus firmus var. al-
kalophilus

Metal ions and

Relative Metal jons and Relative

chemicals activity (%) chemicals activity (%)
(10 mM) (10 mM)

None 100.0 CsCl 1149
BaCl, 71.6 NaCl 114.9
NiSO, 100.0 FeSO, 63.5
CuCl, 45.9 p-CMB 21.6
MgSO, 1284 DMSO 93.2
CaCl, 128.4 DTT 104.1
KCl 108.1 (CH,COO)Pb 100.0

Reactions were carried out at 50 g/l of soluble starch, 10 mM of
each metal ion or chemical, pH 6.0, 50C, and 1 units of
CGTase/g of starch, for 30 min.

Abbreviations; pCMBS  (para-mercurobenzoic acid), DMSO
(dimethylsulfoxide), DTT (1,4-dithiothreitol)

A3hxdo) 28% Z7Vetel 0w Na*, K 18] ar Cs™of 23
o 10% A= F7lsteict. 18] 3 sulfhydryl? 15 343
= Ae® 94¥R para-mercurobenzoic acid(p-CMB)
o osl FAdAe] FAsA A ??H”L?J"‘ﬂ Ba®*, Cu*"<}
Fe*'7F S8 75 H78HA] oshkg 7%l vl3l 45.9~
71.6% T2 "/H\— A S e 7o Yepdr),

AMIE CGTasel| CD it HIRFEA

SARTIZO| WS Fig. 4= Fh A7Ie] Wt
g CDARE-S AR Ao 713 1 “61' CGTase &
7VeFo] 25 unitdl - 7F & CD A#E-S vehigd
o}, &3] A4 AH7eko] 50 unit/g of starch o144+ 7%
ol A CDAZEl= & ¥she g, B-Che
A3 eFo] Atk 7343l a o] R} e AR A
Sl AEEH R od3ks o-CD7F A= 7] A= 1] 2
Ha Al Z714E o-CD7F s A== 73
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Fig. 4. Effect of the amount of CGTase on CD synthesis
reaction.

The reactions were carried out at the conditions of 10~200 un-
its of CGTase/g of starch, 2.0% (w/v) com starch (DE: 5~10),
pH 6.0, and 50 for 24 hours. Symbols: O; a-CD, [J; B-CD,
A v-CD, @; total CD.

ol& A2 B FAA49 22 B-type CGTasedl B.
ohbensis[24] FrA 2] EaolA = FH vl gled o=
B F2d g3 z3e] £& B-CD7} #eke] CGTase
o o3 CD 7ighikg- 2 Auld uh-g-5o] 2314 ol wh-S-
<= 97 2o}l a-CDE ==t 7)Ushs AR Al8
Hc}

JIE8s5E0 ¥E Fig. 5v 7|A%5x2 w3l oigh
CDAEHE-S AEZ AAZA Ao g 7AFREr) &
7t 45 AA CD A= 7t o, wbd CDA
8-S Fashes %S By ols 71AY T2 F
7Vhel| whe} uh-g-A ) A5 54 A a4
S0l Aauty] wfolr} weld w482 CDE 9719y
e Arxe] 7| Algo] niEkAshy, vk wks
3l & B A oA o]z go] glo] A
FTE AAe] Wasdhe, B 49 A CDAYAE 2
-85 2% o HEgo] i 35~47% +F4 5~
10%(w/v) "9 71A557 A2 o2 Q7

COMAO| HAIM ZHE Fig. 62 Yol 2413 2=
2] CD A=A 718 F% 5.0%(w/v) corn starch, &
2718 25 unit/g of starch, 281 ¥H¢-2% @ pH
50Tt 6.0014 24 A|7Hg<l wh-E-A17|HA] A7 HE
234 CDE HPLCZE #4% ZAsjolr}, Fig. 604 A=
vle} zro] B-CDE= y-CDRub: $A-e 7 QA=
uk-g- 8A17F Foll= A A CDke] oF 25 g/loll =stol e
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2 o

]

=

Concentration of CD, g/

I
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Substrate concentration, %(w/v)

Fig. 5. Effect of substrate concentration on CD synthesis
reaction.

The reactions were carried out at the conditions of 2.0~20%(w/
v) corn starch (DE: 5~10), 25 units of CGTase/g of starch, pH
6.0, and 50°C for 24 hours. Symbols: O; a-CD, O0; B-CD, A; ¥-
CD, @; total CD.

N
(3}

N
o

Concentration of CD, ¢/
> &

0 O
0 4 8 12 16 20 24
Reaction time, hours

Fig. 6. Time course of CD production reaction from the li-
quefied corn starch.

The reactions were carried out at the conditions of 5.0%(w/v)
corn starch (DE: 5~10), 25 units of CGTase/g of starch, pH 6.0,
and 50T for 24 hours. Symbols: O; o-CD, O; B-CD, A; y-CD,
@; total CD.

o, AA CDHFE-E oF 50%°0 ol=%ch 2} o
CDAFHgoll =dh= ukS 8417 Folls A A CDo)
b ZhAaste] 2447 Folle oF 23 g/igdT). ol FE
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B-CDeke| 7hAsted Vet ZH vk
318 o-CDE ¥k 12A17174%] &= ekgkon, 1
Fol= sk AAEY] ¥k 24 A7 Foll= 2.5 g/IT)

ol9} & AAZE HESA] ¥-E] CGTaseslA #&
He 35 dAteE 53 2 Eae 2 B-type
CGTase?! B. ohbensis[2412] 7-$-oll= #2= uv} )}
ol= A= CDell &3k product inhibitionoll ©]3) -+
L 2RE CDE Al A=A 2dx A= CDY HE
2 kg F A" TEge|ugoRe] FRe] vk
728 2214 ¢l vkgo] dojur] wjel Zog A=)
&8, Bacillus sp. E1[21] CGTase= 2.0%(w/v) 718
A Aol 35 unit®] CGTased 2H&-3loisu 2547
3 Ho 25%2 CDAZHE-S 2.3l o9, Bacillus sp. AL-
6[7]1 CGTase® 7% 4.4%(w/v) 7H&A AEel 30.3
unit®] CGTaseZ #H&-A17Sw <oF 847 o] F
25%2) CDA & Rl w3 Bacillus autolyticus
11149[251-#1¢] CGTase 735 10%(w/v) 5.3t ZFabAd
Fol) 2.0 unit/ml2) CGTaseE 2}H-4-A17& o vhg 124
7r & F o 30%Y CDAZES Balvl gl 282 Ba-
cillus ohbensis[2419) 7% 5.0%(w/v) 784 A&l
100 unit/g of starch ¥ &2 4§ A8A7S o 9§
2447 & Hd] 25% CDAHIHEE Byt o8] By s
2 7 .[_01 Hol 2 A9 A v & ¢ QA
Tk CDAEHE ol 71828 BaSel Ho 25~30%2
Ao vldl B Ase Ho 50% A3ES 2o 3"4
) HFSGgof] TEshe A 7FE BB 12~244]7F A ¥
B ZAvb g~124 7008 oha whE A9 Rl rﬂr
g B ZhE 71E9 B-type CGTaseol vl&l] A4
FgmoA S5 F R At

2 o

397Vl A Bacillus firmus var. alkalophilus?} A34¥3}
£ cyclodextrin glucanotransferase(CGTase) & 5.3}14]
BE7AA A E-S o8¢ F2 H 3, o,
DEAE-cellulose ©]&23 =zmgrleae#dy], oelxw
Sephacryl HR-100-8 ©]-8-} gel filtration 59 #2134
A A& B3] AA G AAE CGTased] EA1&
2 <F 77,000 Da°]$.2H, %Jéi 6.2~6.3°]1Ac}.
A FAauke 2% 9 pHE 47 5009} 6.09L, 4 2
pH A A-& 50C7HA¢} pH 6.0~9.5 Atelsiet, A=
CGTasex Ca*oll 2lsle] o abAdo] =Al A3 3¢
Holom A g4uke 259 o AT 55~60T2}
60C2 713l rh. CGTased) 7|1 Sl & AT 2
3} gz 272 AEEZRE B-CDE T2 A3
o, v-CDE &% "B"é?‘?}ﬁii‘% a-CDE A9 A=A
9¥okcl. Sweet potato starch, corn starch, ZB|3

amylopecting 7|42 & of H& CDAIE& Bylom
B-CD%} v-CD9] AAul7) 5.8~8.4:124 B-CDE 2 &
$32 AQaksl= A3 A2l B-type2] CGTasegrt. 3t £
A48 F#HA CD AAz7E 7|&AFE 5.0%(w/v) corn
starch, A4 7}eF 25 unit/g of starch24] #k8- 847t
Fo] AA CDEE oF 25 g/IZA 3§ 50%% 1, ©]
o} B-CDE%e 21 g/IZ2A A A CD % 84% vt
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