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Abstract: According to the wild used of cyclodextrin,the cyclodextrin glycosyltransferase (EC
2.4.1.19,CGTase) used to product cyclodextrins industrially has become the focus of scientific
research nowadays. In this study,the purification and characterization of recombinant 3-CGTase
from Bacillus circulans STBO1 were measured.The results showed that the recombinant 3-CGTase
could be purified by a combination of Phenyl HP hydrophobic chromatography and Q-HP anion
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exchange chromatography. The recovery of the enzyme was 45.3%. The apparent molecular weights

of the B-CGTase was about 76 500 and presented monodisperse,which indicated that the purified

enzyme was a monomer in solution. The optimum cyclization reaction pH of the 3-CGTase was 6.5,

and showed more thermostable in glycine-NaOH buffer. The optimum cyclization reaction

temperature was 60 ‘C . The thermostability of B-CGTase increased gradually with increased

concentration of the enzyme. The function of B-CGTase did not required the metal cofactor. During

the whole cyclization reaction, 3-cyclodextrin was the main product. The kinetics of the B-CGTase

catalyzed cyclization reaction could not be described by the Michaelis-Menten equation with corn

starch, potato starch or cassava starch as the substrate. However,the kinetics of cyclization reaction

could be fairly well described by the Michaelis-Menten equation while used soluble starch or

maltodextrins(DE 5,15,25) as the substrate, respectively.

Keywords: cyclodextrin  glycosyltransferase, cyclodextrin, Bacillus  subtilis ,purification,
characterization
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1.1.3 E£&ME  PTC-200 BIFLEP L . 52 [F MJ
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B 1.5%FRR Y LB X 97 Jk 5 1 3% F g BAARTC ) 7 ik
2 B SCHR[20]2E1 T

1.2 KWHE
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Ffh R AR 41 0.1%,37 SCHE R (200 1/
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2)KEERE SR % LB 35 IR 5L s Ak B Al FEAT TR
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W (pH 6.5) ; F 4] B-CGT FEHLEF I 1E 10 mmol/L #
2 22 W (pH 6.5) BT 48 h, — i fii F — L 2% 12
A (NH,),S0, [ER L B2 1 mol/L, 4 0.45
m LIS B 8 5 5 SRR 22 vhil A, T Al
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(NH,),80,(0.8.0.6.0.4 0.2 mol/L) .22 Wi B, .4l
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W B, MW A, + 1 mol/L NaCl; &7 B-CGT [iff
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mL/min;; 23 51 Jl NaCl1(0.1.0.2.0.3.0.5.1 mol/L),0.5
mol/L. NaOH 4746 VAR , i /4 5 mL/min,

B—CGT g i 1 M 222 i 1% A1 SDS-PAGE i 17%
JE , alifk B-CGT Mg HE I8k 46 = 734 ,-80 “CIRAF o
123 B-3RiEHemz BTG 1 B9 I & K
FH S PR 32 I 4R 3 2 08 ek 22 G 2 7 B 1Y R 0.1
mL, IMA%A 0.9 mL WG 10 mmol/L #5225 vh ik
(pH 6.5) ALl 19 1 o/dL 2 ZERWIKE (DE=5) ¥ Wi 1 ik
B, £ 50 CF A 10 min 5, JIA 3.5 mL 30
mmol/L NaOH #1 0.5 mL #1 5 mmol/L. Na,CO; ¥ & It
il ) 0.02 g/dL B BV A5 1k N, 76 & T IRk
20 min, 7E 550 nm TN EWOGEE . LUK TG B EEAE N
2 H . — S SRAALE SCRTE BB SR AT BBl A
B 1 pmol B—FRMIHRG T 5 4 i it
1.2.4 SDS-PAGE #tfix w7k SDS-PAGE M Ik BEE
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5 gfdL, 53 B B 0 o B vk B 10 g/d L, HLARTC 7 B
FRAE S5 7 5 Uk B RTRE DG SCRP2Y ) LK S i
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Yefty, JIfl A Quantity One B4 50 g 25 FH 19 K 0
L EDO e Rl
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FE A IR DLA 10075 28 1 (BSA)PE I bmifEsh , B
PRPRAE S UL e B RGI350)  H B E BA 45
1.2.6 B-CCTEARxT 4 F R =M 2 KA B-
CGT it 1) A X 43 1 12 >R H] 22 B2 WO OG #o B
Jie {5 3% 2 48 it 47 I 5 HPLC #: &5 . P8514-806
Shodex Packed column ; F & i FE 1.7 mg/mL (%
T 10 mmol/L W2 %% th i ,pH 6.5) , LL BSA (AHX} 73
T B R 66 000) 1E AR A 5 G 2% 1 < R A
0.2 mL, Jit s 41 4 10 mmol/L B B 2% v i (pH 6.5,
4% 0.02% NaNs, #8745 Bl SR B ), 3 & 0.5
mL/min, B 658 nm, 7 1E & %X 2.5%107°, F i
RAERTEIIRGE 1 s; BCHEabsE . RA RS AW 0
ASTRA 5.3.4 #4750#7 .
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60 °C) T LI, AS [A] B[] 25 ORE | T VKB ¥ 200, 4%
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A 3.2x107 mol/L,60 °CF £ 30 min, A [A] B [A] 45
(10,2030 min) JOFE R KRR E0 4% 1.2.3 7
0 7 T e A I DA R Tl P R S T T E
100% , 1A X5 A |, A B ] —AE X R T i 2k
129 25 & T3 B-RIFE N Hwm  FEEZEW
K (DE=S) JEYh s in—E 29K E N &R &8 1 1%
1.2.3 (97735 00 72 2L AL 1) B-2R k36 J1, AR
& )8 B R E M E S 100%
1.2.10 B-CGT 8 = %45 F 44 A 10 mmol/L
W R 2% 0P (pH 6.5) Bl 5 o/dL 1 22 ZE MK (DE=
SO WAE NI, AL E S 1 Uil 1) 240
BT 40 CHE K (200 x/min) 52 W 12 b, AN [A] i i)
SRR R KB 10 min, A 10 wL #E4EEE (100
U/mL) %46 30 min, 7 ¥ K 10 min, 10 000 r/min
B0 10 min, B VE W, £ 0.45 wm M UE MR P85,
SR JH o 50 HRE £ 3% 1 (HPLC) I 22 B2 1% Y o B—
I y— BRI R e

HPLC il % 4514 : Agilent 1260 HPLC % 4t ([ic
IR ZEPTERIES ), (3% H: Lichrosorb NH, (4.6 mmx
150 mm) , i 8 AH R AR50 20 68% 19 & G /K I,
RN 30 °CL,HiE N 1 mL/min,
1.2.11 B-CGT B3 A1 F A e m 2 H 10 mmol/

L B R 28 Ml (pH 6.5) 43 5 e IS ) ¥ B2 R 0.1~10
me/mL (IR, 2 1.2.3 B 7774 00E B-CGT il (1 iy
I, 3% Lineweaver—Burk XUEIBUEAE R 118 B 1Y o)
TSR, A ORIREE (K,) . SRR 3
(Vo) HEAL T B (K ) FMEEALRIOR (KK

1212 sk LIRS 3 BOTAT S 1 T
KA, HIF- B8 A bs MO 22 7 . R OriginPro 8.0
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21 EHSBE4L
2.1.1 Phenyl HP 5K EH  ME 1 (a) AILLE
H, HE A EEEPFE 0.2 mol/L (NH,),S0,( 54
F)VEER h , HORAE 0.4 mol/L(NH,),S0, (5547 E) Uk
J I A — B TR] S il 3% 6 AE s 0 — 2 E S
T — . BIF&W EF X R, 7E 10
mmol/L #§ fR 2% Wi (pH 6.5) T iEHT 48 h, 47 F —
B T W Z T, At — A H & 1

B-CGT Jig Wy By AH XS 43 F B2 4 77 300, H2H
B—CGT Fit ¥ il ¥ 75 18 J5 5 3E 8 JsUIR 25T /) SDS-
PAGE r#rinE 1 (B) Fiaw, MEHATLIEH,B-
CGT Fiff & U AE ML o 3222 148, 1 HL 3 [ A
e hisE, w4 B—CGT B 4E1L R A Phenyl HP
FE B K JZ BT Q-HP #: B 5 28 e 2 B A0 25 & iF
7o
212 Q-HPAEM&-Fx#EH MNE20)WUAE
2 Q-HP I T3¢ 4 20 ), H & 1 LT
HOAE P AE B P (55 B) , LB A B H gkl g
Gl B XN 1 B 3 — 2L R IR R i A AL 2
()W LAFE H, F 4 B-CGT 4li i 78 i 5 55 38 JFUR
AT RWARXS 7 it A R, 297k 76 500,
SRS H N 2 TR 77 300 $EE, B4 1 R N 7
fE i HLE AR 2 AR D DA R AR R X
FTE,

A B-CGT Mg HLAG W Ay 2l f 25 Rk 1 B
N, 38 5 D R R A Ak A R e O T R HE v
JE % B-CGT B L% 24 296.5 Ulmg, Zifb A%
BOEE] 27.2, MR R 45.3%,
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Fig. 1 SDS-PAGE analysis of the crude recombinant 3—
CGTase and the purification process of Phenyl HP
column
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Fig. 2 SDS-PAGE analysis of the purification process of

Q-HP column and the purified enzyme
*1 B-CGT BN BELEN
Table 1 A summary of the purification steps of B—CGTase

s | S e Clied
U s (U/mg) ok %
mg
FREW 15 920.0  1460.6 10.9
i R
; 13 181.8  465.8 28.3 2.6 82.8
ULIE
Phenyl
HP £ 100933 495 203.8 18.7 63.4

Q-HP #E 7 211.8 24.3 296.5 27.2 453

2.2 AN FRENNE

K 2 BE HOG OGO B IR i R it — b
M7 B-CGT M2 A oy F i, 25 R anfel 3
Fis , 25 AW ASTRA 5.3.4 4347, 1% 5y 1
SES AN 4 TR R 76 600, 5 SDS-PAGE 43 #r 4%
Y B KOS A X o F i, 20 B R
MJM, > 1.001 , Ut BH AH X 43 o i 52 300 10, o ik
— 2 B T AR 5 AR I TR O DL SRR 5K
FETE

2 14 _ _ S 14

g ---— Light scattering detector =
‘% 1.2 f——UV absorbance 112 2
[ Differential refractive index z
- Lot 110 %
2 z
S 08¢ 18 Z
z
'é 0.6 16 E
S 04f 14 2
= =]
02} {2 2
= 2
2 ol e 1o £
= i i i . A
=] 20 24 28 32 36

B3 %O B ST HE A 2 i

Fig. 3 Multi-angle laser light scattering gel chromatogram
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it Ve i E L RS A R O v R B S T B AR
B— AR, EERH 10 mmol/L # 2 2% th i (pH
6.5) K dr sl B-CCT B BE = 4 DRI, 2300l
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SIAFFEIL 60 CF AR 1, 25 AN 4 TR, B-
CGT il vie J v, L ARG 1 B 4y a0 I A 174 il
JE RERE WA AR ILAN 43 [ WA ELAE T, 7F I SR Bl R
T PR AT b Bl MR B B 3.2%107° mol/L,

100 + —e—2.0x10°M
e 51 X107M
A 13 %107 M
= 32%10°M
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AR J1/%
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Effect of the enzyme concentration on the
thermostability of B—CGTase

24 HEBREMMGEMN

FE RN A (45~65 °C) T dE47 i & 77 2, 4
il 1% Hc i 5 7E N 100% , 25 SN 5 (a) iR ,B-CGT
it I Ak 52 7 1) i 38 TR A 60 C

Fig. 4
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Fig. 5 Effects of temperature on the activity and

thermostability of B—CGTase

B—CGT i £ 45.50.55 F1 60 C'F iy Fa i P 4%
UK 5(b) i ,45 .50 .55 F1 60 CHF 42 52 151 43
5K 6.8.4.5 h.55.6 min F1 6.5 min,60 C{#E 20 min
SRR AR G Ty, U A 0 PR E MR
2.5 &i& pH # pH B2 E 4

FEANTR] pH (4~10) 25 44 #E47 B & 01 0 4%
it 105 i = # 0E R 100% , 25 A E 6 fiR , B-CGT fiff
£ pH 5~7 WE iy, BTG e, Higid pH A
6.5;pH T 5 & T 7 i, B-CGT g i 2 4L 3% 1
TREFH, AR pH ERE, B-CCT A e H &R -4
AL B g eh W R A TS R T
Na,HPO,~NaH,PO, 2% #h i 1 (1 4615 11

100 —

1 —u

80 - //i \\
< i
S 60 4
E ]
% 401
= i

20 A

0_

4 5 6 7 8 9 10
pH

6 pH %t B-CGT B 1B 81

Fig. 6 Effects of pH on the activity of B—CGTase

B-CGT BTEANTR] pH(4~10) 514 F 3 e vk
Yyfge 2z i HLAE pH E AR [R] 1 28 BUAS W] 9 22 i
HPFREEWAER R 25 7€ 10 mmol/L pH 4~6
(A6 IR — Y A R BN 22 v P, B—CGT i 60 “CR i
10 min BULT-28 £ 7 (Bl AR W) o KL 7 (a) Fil
F2TWLLEWH, 7 10 mmol/L pH 6~8 1Y Na,HPO,~-
NaH,PO, Z& mi h ,B—-CGT i 60 °C I} Ay #fa w 1:
BE pH Y TH = i A R AL 7(b) AR 2 AT LR
i, 7E 10 mmol/L pH 8~10 Y H & iz - 2 & L a2 vh
W, B-CGT fiff 60 CHT IR E M R FE Rl pH {8 7Y
Tt v 1 FEAK , pH M 8.0 T 2 10.0 B 24, (min, 60
COFEILT 62.7% . B &, H 2 - A i 2% v
HA M T B-CCT By, Wi T H &Ml aese
g3 5 B-CGT Bl i #E e 1 (H 5 2250 50 R B, B—
CGT # 7 & 10 mmol/. H 4 & #Y Na,HPO, —
NaH,PO, (10 mmol/L,pH 6~8) 2% ¥ H , H #4 o a
P 5 R I H &R i LT — BB R BoR ),
TR RA R E NP FE ) pH 2N A
REA T B-CGT Fil 1y Fa i 1
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Table 2 Half-lives of B—CGTases at 60 °C under different
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activity of B—CGTase
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Table 3 Kinetic parameters of 3—CGTases with soluble starch or maltodextrin as the substrate
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