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ABSTRACT Based on the specific region of y-cyclodextrin glycosyltransferase (y-CGTase) , a gene
was explored from the NCBI database by sequence alignment and biological information analysis. The
gene was cloned and expressed, and a recombinant enzyme was obtained. The reaction product was i-
dentified by high performance liquid chromatography-mass spectrometry ( HPLC-MS) | which indicated
that the enzyme was a y-CGTase. The molecular weight of the recombinant enzyme was about 80 kDa,
the optimum temperature was 50 °C , and the optimum pH was 10.0. There was no detectable a-cyclo-
dextrin production. The enzyme activity was activated by methanol, ethanol, cyclohexane and dode-
canol, but was inhibited by isopropanol and butyl alcohol. The product specificity of the enzyme was
affected by the reaction time, the concentration of starch and the volume fraction of ethanol. As indica-
ted by the HPLC analysis result, the proportion of y-cyclodextrin was increased from 40. 11% to
78.20% and the specificity increased by 94. 96% in the presence of 10% ethanol. This research
could not only provide a novel y-CGTase but also provide a research basis for changing the product
specificity of y-CGTase.
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AR K 78] 25 B 2L 55 32 B ( cyclodextrin glycosyl-
transferase, CGTase) & —Fl 22 I B BY ity , g {1k 4 Fh
AN TE] R S <3 ot R S I (B A B iy B A e Iz Al
184 BN ) FK AR S . BB BE, Ak 8 A 3
T A A A A A DL LB AR
W' B AL TS A7 32 B T A P ERBORS (cyclodextrin,
CD) o A3 SR A0 317 4 i £ 2 CD e 1Y
CGTase 43 a-CGTase, B-CGTase , y-CGTase, 1 T
v-CGTase ) 327 ¥ v-CD FEA1E 5> 25 R IR v 47
Stz A v B R A B, L AN R y-CD Al
Yo i AF 1 O 4 A% W 0 7 «-CD L B-CD AN e e i
1% v-CD TEEE 25 & MR IR Akt i 55 I
HERIRBIH . I, y-CGTase ff Hy y-CD
H ) O B ol ), R R AT O R ki R H AR 7 y-CD
LA — BT

v-CGTase 15 70y 8 HAG A= W0 19 7 1 9 -CD |
B-CD y-CD WYIR & ¥, RAEF: & S By B B — CD
EFmiE . HETC B y-CGTase L4 8 Fir, ok i
F Bacillus sp. G-825-6"""" ffj y-CGTase =4 h y-CD
b B CD Fe il s B P2 2R o-CD {38 #3554 R AT 5
S8 T Bacillus clarkii 7364 v-CGTase j=4 -
CD el AEAA R AEFE R a-CD K ff B = 45 -
CD SPralifby R AAE . ik, B N SIF 58 & 7
PE RS T EAT THIDEBE S AR AR T
Bacillus clarkii 7364 1) v-CGTase 1 F 7€ ¥ 5 i 15 £
A 5% (m/V) 5| —EK AT y-CD =% F
5l ) TR RE B9 y-CGTase, 76 JZ R 1A 2 H IS il
2% (m/V) H F R & y-CGTase ¥ [b ] ; 2% #k
7[9[(“4: VL Bacillus sp. G-825-6 y-CGTase by J:fili, 1 i
B 211 L I 2 IR 58 Ry 58 B TR DU 7 W s S L
Yr&e —1TER R T 40.94% .

SR, B NS IA Y y-CCTase Bk, H.
v-CGTase ) F¢ S ML 2% . it , A WF 504 v-CG-
Tase AT PR DX S5 A 24 56 B AR O 4 W 98 4, 18
£ EERXAEYE B 0 (National Center for Biotech-
nology Information, NCBI) %4 ¥g &+ , 18 33 ¢ 71 He % M
AT 2 A B, U S L — Tl AL R DAL O e R
IR G153 y-CGTase ; 8 3k [ )i b5 8] L JE ¥ ot = vk JiE
Lo CTEWRPEE R B y-CGTase 77 ¥y s 5 1, LA DT $2 41t
— PP y-CGTase L & K7L y-CGTase 7= ¥ §7 57
PESE AL REAL

1 #or 5 &k
11 SSHHH

111 5K A

a-CD .B-CD \y-CD, iR T A (b B B A
PR w5 TSI E B, ] 24 4R 1T Ak 2 300 A B WD 5 98
gk, bifE 22 sk A AL BHECA BR2S 7) s BCA 150 &,
PR REVEARGRAT EE B, 1
A AR TR R A R W UG 5 S hn i,
A A AR BN 7] 5 LI, 5€ E TEDIA 45 FRA A o
AR 8 Ry o B, [ 24 4R AL 2 X R A BR 2 v
1.1.2 BEL5%EE

EEHBIKRSE BRI RS, hE KA RA
F R U R AR, DA R A R R
OBl 5804R, SUA T [ 57 5 A FR A w5 B br A, 36 [H
Molecular Devices 2 ] ; 6 75 I 248 i i 62 AN, 77 I 2
A YIRHEUBA A R 2 W) 5 pH 3, Mettler Toledo 23w
HL K-, Mettler Toledo 23w 5 imy O AR (4335, H A S
S ) 5 Milli-Q- 8 4 7K il #5 4, BR 58 A BR 2 | 5
ROV AH €238 - 0T 15 356 A, 5 [ waters A ]
1.2 XWAHE
1.2.1 K RWZIBEE I 54

¥£ NCBI %48 % o, DL H A R 38 9 y-CGTase N
BN, HEAT FF B AR AL 1 A, 6 488 b ok 235 S o A {01 2
1£30% ~ 90% W) JF 5N — L5 Hr . Lh 6 A RSFIX
3 AN R FERR Ay CGTase Y FHEAS FI W 45 45 , -3
{7 s 47 {7 % FE R Thr -3 WA 55 )5 5] HP_G (E) GF
T A7 5 (145-152) D---—-1 X3}y y-CGTase $#1iE
Y AR, B 4T 45 Bk A T Bacillus sp. FJAT-
44876 1) — B AT . FIH MEGA6 A4 1) Muscle
B FBA «- B-.y-CGTase JEAT ¥ 51l LL XS, IF 22 1]
v-CGTase {57 X 48 M 5 8 v 51 Eb o A
1.2.2 BEyey iRk

et at A KIE P 23 | & 8ok B T Bacillus sp.
FJAT-44876 1y 3 [ J¥ %] ( NCBI % 3¢ 5. WP
096185680) , L4 pET-15b N #{k, # & E. coli BL21
(DE3) i#f47%3k . ¥ E. coli BL21 (DE3) & F & 100
pg/mLZ N HEHERMN LB Wk, 7E 37 C
200 r/min Z5F T HEIREE IR H 2 0D, 353 0.4 ~0.6,
BE S, I AL B S 40 umol/L (1) TPTG #4715 5 3=
K, F 18 C 160 r/min 2k FH5%: 24 h, 7E 4 C .
10 000 r/min () 2544 N 850> 8 min AT 4, b5 H
20 mmol/L Tris-HCI (250 mmol/L NaCl, pH 7.5) &
WV 2 WO B SF B0 o 3 80 5 1Y TR IR
BT KK A Y S B 20 min, & 4 C
10 000 r/min {4 25 F 850 30 min FAFHLEGE
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1.2.3 85 & 44t

B 5e ) 25 B F 7K il 20 mmol/L Tris-HCI (250
mmol/L NaCl, pH 7.5) X} £ 3 Fl % e #F 17 78 Uk F1 F
i, 1R R B, EE ) 2E S AR ORI B AN [ R
e BE R I VA W& 19 20 mmol/L Tris-HCI (250 mmol/L
NaCl, pH 7.5) #EATVRIBE , I W B DRI , 45 )5 % B 2%
AIEE S AT A S ARAF, DA L3 VE S 7R VOK T 2
HEAT o Bifl 5 SR FH 3R VY M T g 5 i L Uk (SDS-PAGE)
M 58 il 43 1 & A Bradford 2] 22 it 4k T
1.2.4 #EHMNEF %k

%% FUWA "R 4t (BCG) Bk IR 1R stk ,
XF bR A BRI £ CGTase i BRAL T J1 9B 47 00 % o #5
900 pL 15 mg/mL AJ 3% 1 3& 3 A1 100 pL CGTase 7£
50 °C .pH 10.0 &4 F 4415 10 min, B /K 10 min K
i , T 10 FR AR A 50 WL 1 mol/L HCI,100 L
5 mol/L BCG D M 2 mL 0.2 mol/L ¥ #ig 2% th ik
(pH 4.2) ¥ RWVIR G W7 = N BCE 20 min J5 T
630 nm b 5E WOGAE , Herb A BN ER NG

Bt 1% 7 AL SCR B A B AR 1 mg y-CD i
IRy 1A EE AL (U)

1.2.5 y-CGTase &% M &

B 900 pl 15 mg/mL A] ¥ PE 3¢ 8 F1 100 plL
(0.09 U) ~-CGTase &£, 73 4 K S BE 3% & 7
30 ~70 CHEH M, [EFE 10 C,7E pH 10. 0 Z& 4T 1
fit 10 min, @ 7K 7% 10 min K, W & A F R E T y-
CGTase it} 1% J1 o ¥4 KBS J1# % X0 100% , 115
AT BEG A7 0 DAY AR AL b, A X Bl 35 T R D A b
22 1) Yk B - R X T ) o
1.2.6 ~-CGTase & i& pH | &

Fie il 20 mmol/L pH 3.0 ~12.0 {45 vh %% ( pH
3.0~5.0 B MR +h 22 vk ,6. 0 ~ 8. 0 W R £h 22 v ik,
8.5 ~12.0 W& MR- AN i) , i Fi% % oh i
WL A /] pH R #Y 15 mg/mL 0] 3 P 3E ¥y , B 900
pL 3R ATy METE RS 5 100 pL (0.09 U) y-CGTase iR
4,76 50 CF AR 10 min, # 7K 10 min K, I &
ANTA) pH N y-CGTase il 1 o 4 55 K EGIE 1 & LK
100% , 5 AHXS IS 770 LA pH g Aa A, AR X il
T3 G\ bR 2z ) pH A i ) 2k
1.2.7 #hFhHaz

PL1.2.5.7.5.10.15 .18 .20 mg/mL /R [f] i & ¥k
JE (8 AT P R VE R AR IS ), E B 3 IR EE S0 °C il pH
10. 0 W55 1 F RO, I 5 il 2 3h )1 2 S 80
1.2.8 A HIEF 2 y-CGTase B i& % v
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P L ARBU B 1% (B L SN L OE
TEE O KT BN A B y-CGTase 1,4 C 4
THCE 1 b E S R LY A R R AR TS T R
RIINA HLEE R ) y-CGTase BiG Jj & L 100%
1.2.9 RE R & E A y-CGTase = 4 4 51 % "R

B 15 mg/mL 0] & P 7€ #) Fll y-CGTase (5. 23
U/g TE3E 0 ) #i b BiliE 4, 78 pH 10.0.50 C 1 5 4F
TR 2.4.6.8.10,15.20.30.40.50.60.90,120,
150,180,240 300 .360 420 min, | i HPLC ] & AS [A]
IR T) T 7 0 608 A 8
1.2.10 REEH#H R EA y-CCTase = 4 4 7 M % A

$+ 10,15 .30.50.70 100 mg/mL 7] % 1 UE ¥ Al
v-CGTase (5.23 U/g T HEUER) % B &, 78 pH
10.0.50 C 2 F T R 6 h, F ] HPLC il 2 fx 4
7P
1.2.11
e RS RAAC)

LA 50 mg/mL A ¥EPEVER HIEY , IS y-CGTase
(5.23 U/g THWERH) MBLEEBRSTHERN 1% .
1.5% 3% 5% 7% 10% 1] £ &, {E B id iR 50 C |
i pH 10.0 @254 F S 6 h, #| il HPLC I 5E fix
2 i 7/

1.2.12 &k 48 &3 (HPLC) &) 2

S 1R IR B . HPLC (438 4% 1F
4 : XBridge Amide (4.6 mm x 250 mm, 5 um) 3#7
sy VIZIE) s V(IK) =65:35; 4l 30 C;
ik 0.8 mL/min; AL & 20 wl,

1.2.13 A & 20k A8 &3 - % 3 A (UPLC-MS) ot &

UPLC f#i Jij 4 4 & : Waters-Acquity UPLC {4 3%
{¥ ;BEH Aminde (2.1 mm x 100 mm, 1.7 um) 43t
TS A 2l S0 (A W) ,0. 1% 2K (B ) 5 VeI
MR T5% A WS 25% B T 5 min J5 PRI 15
min,65% A 5 35% B ¥ PEME 15 min,50% A W5
50% B g PEML 15 min, A 100% A AR AEHE
F MR 40 C R 0.3 mL/min; AL 1 pL, MS
MBS B G BB R 3.0 Vi A
IRLEE 100 °C 5 filf 18 RE & 6 V5 BT 1% U [ (m/z) 100 ~
3 000,

1.2.14 HKFALEF *

SRR AR 3 YR A S E, LA AR i i 25 %

NIRZEL, AT Origin B0 04T B4 3 B S AE L

2 BEREAHN

2.1 ~-CGTase £¥{s BEHH

TR 2B AR AR B y-CGTase = 4 4%



K MEGAG6 4k {41-% NCBI 45 ZE 7 Bacillus sp.
FJAT-44876 (3 17 5] 5 € 1% ik «-CD,B-CD
v-CD f) CGTase J5 51 17 Ho %, 25 A& 1-A FioR o
F VR T Bacillus sp. FIAT-44876 (& A FH4LA 5 4>
2RI OB R AR BL) T 6 AR AE X 8.3 A KR
B2 RSFIXIL LV Asp FIfRSFIX IV Y Glu J2& CG-
Tase 5 fb (9 {4 ~F 5 56, o g <F X A Asp
NS AT AR E A, GRS IX IV Y Glu 2y
A RE BRI R ST IX VY Asp g i 40 45 4 07
W58 %W, CGTase 7E-3 -7 WA A5 A7 B IL BRI 22 57
¥ 87 W SR Y, Sk T Bacillus sp.
FJAT-44876 (% 2 1 )7 4] 5 & # CGTase 74 )7 41 It
Xt 45 AN E 1-B FiR o -3 WAV 5 47 {7 2 S R 2 X 0y
a-.B-.y-CGTase [ 3 5 v i, KR U T Bacillus sp.

HRWE

FJAT-44876 1) # H ¥ 5 1E 1% AL s A7 7E y-CGTase 4§
HE IR Thr, 1] a-,B-CGTase 7EAH N {7 #1 F E Ny
Lys 8¢ Arg, % W] 47 (L IE R 1t CGTase ¥ 'y 5 1
A E RO F, M T «- B-CCTase, y-
CGTase 2y H 45 B 2 25 [A] 45 & Wi 3L 4% LUE i CD, , 75 -3
WAL RAFAEST 4 HP_G (E) GF_, 1 a-,B-CGTase #j
AT INYSGVN(N) ™o Jedh, o 1 1A 3K 11 %
], y-CGTase 7E-7 WA i (145-152) 2R 6 > 2 KL 1R
JE B D------ T3, DL AR i y-CD 3R 1, T«
B-CGTase 435l &y SSTDPSFA [ SSDQPSFA , #% 3t Ay
51 5 NCBT %4 2 )7 91 47 BLAST b4, & %751
5B M #) y-CGTase: Bacillus sp. G-825-6 Fll Bacillus
clarki 7364 FHLBERI 70% AKYE A= W1AE B 40 B 45
W5 I W v R 2R R (M A y-CGTase

) 4s 159 251 280 349 687
Bacillus circulans 251 QIF S 1 A 1M K FL VTEERGE S M H
Paenibacillus sp. xw-6-66 QI F S 1 A 1V K FL VT G A MR
Bacillus sp. strain 1011 QIF S 1 A 1V K FL b G AN R
Thermoanaerobacterium EM1 QIrvy \4 1 A 1L K FL 1T G S. H
Paenibacillus sp. C36 QVF L 1 A 1 RV K FL 1T N & N N H
Paenibacillus macerans QI vV A v A i1 L K YL VT G G N H
Bacillus sp. G-825-6 Q1Y Y 1 v il A4 A FT Vs S G H
Bacillus firmus/lentus 290-3 Q1Y Y 1 v IV A FT Vs S NN H
Bacilius clarkil 7364 HIvV K v v N % A FT 2 8 @k
Bacillus sp. FIAT-44876 QI vV H v v LI A FT VT S @DNH
A
I il v VI
(B) 72

Bacillus circulans 251 NERLgC

Paenibacillus sp. xw-6-66 N@RLEC

Bacillus sp. strain 1011 N@RLEC

Thermoanaerobacterium EM1 S K K F

Paenibacillus sp. C36 NEKLEC

Paenibacillus macerans Nk L ¥

Bacitlus sp. G-825.6 DT KMC

Bacillus firmus/lentus 290-3 pTKMC

Bacillus clarkii 7364 DT KMC

Bacillus sp. FIAT-44876 pillT x¥c

A
N
Bl 1 y-CGTase i<y X4 J 55 )y 1) 43 Hr
Fig. 1 Conserved regions and the key amino acid sequence of y-CGTase

T (A) B b ARITRAE B SE IR ; (B) B A KR o- \B-.y-CGTase 47 fALf A EHERR , KR y-CCTase-3 -7 WAL LA JF I - B-.y-
CGTase NCBI & 5% 5 N . Bacillus circulans 251 ( GenBank P43379) ; Paenibacillus sp. xw-6-66 ( GenBank AGG09664 ) ; Bacillus sp. strain 1001

( GenBank BAB18101 ) ; Thermoanaerobacterium EM1 ( GenBank P26827) ; Paenibacillus sp.

C36 (GenBank CAP72286) ; Paenibacillus macerans

(AGT95840. 1) ; Bacillus sp. G-825-6 ( GenBank BAE87038) ; Bacillus firmus/lentus 290-3 ( GenBank CAA01436) ; Bacillus clarkii 7364 ( Gen-
Bank BAB91217) ; Bacillus sp. FJAT-44876 ( GenBank WP 096185680 )

2.2 EAEARMSBE4AL

FIH SDS-PAGE 3t 45 2% Fl 5 i 4l 1k 5 1) y-CG-
Tase #F 174> F & W & . KW T Bacillus sp. FJAT-
44876 it i) R AT H 711 A SRR AN, ZIE R )T
FUTFSE I B8 43 T 80. 039 kDa, SDS-PAGE %%
WRBRENRE S FERKA N80 kDa(E 2) , 5Hip
{ELAH AT, ¢ B o 4 i I 2 20k
2.3 y-CGTase E M5

L1900 wL 15 mg/mL 0] 3P 3E M AR YT, A y-
CGTase (0.09 U) 7£ 50 °C .pH 10.0 &f F/Z M 2 h,
FI T HPLC X 77 9y i A7 2 %k 43 #7 , &5 R &l 3 iR .

HPLC [&3& 7R , )i 2 h i 27281y y-CD; it 4k,
MM UPLC-MS (¥ 4) it — 5%k, f& 8wy
8.370 Wy BTG R, Wiy [M-H] ™ =1295.5, M
FAXE o> T o 1297, 55 y-CD Ar e il H 06 007
SRR 35 o — 2 CEUE R R ), 058 % W Bl
v-CD, H1 3 CGTase Pt 2&AK 8 Sz I 40 3 G 3= 7= W) 26
AT I, O3 — 25 58 % y-CGTase.,
2.4 ~-CGTase WRiERE

U5k 2 5 W) Tl A AR T — D R T ik
T EE T, A AL 0 P i ol ol A0 o I 33 3 e R, 24 B i
T B R T B T A A R B I Tl ) 38 2 A T s
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Kl 2 4ifk)5 y-CCTase ) SDS-PAGE 43 #7
Fig.2 SDS-PAGE analysis of y-CGTase from purification
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(13 . L L L )
12 14 16 18 20 22
{5 1 8) /min
3 y-CGTase /4 25 R0 AH 1% &1

Fig.3 HPLC analysis of the products formed by y-CGTase
I o= B-y-CD AR AL VR S04 8 mg/mL

W A/

%

0.68

J 0.82 24005 59
3

2.00 4.00 6.00 8.00 10.00  12.00 14.00
R BRI 1)/min
20190321-3 242 (8.370) = os = 1:TOF MS ES-
100- 12055 el
12065
&, 647.3
6473 12075
e 5872 0648.3 1307.1 e
611 9400 5152 5872 - hms.a
B8 P RS N rosu VNN (RO
200 400 600 800 1000 1200 1400 1600 1800
{54 i [8)/min
Kl 4 y-CGTase ¥y 11y 8 2 R0 AH €335 - BT 1% 1k 141

Fig.4 UPLC-MS analysis of the products formed by y-CGTase

) B A2 S N7 3 %8, Il S AT T, y-CGTase 19 B 3 it
BEH 50 C, 5 HA B I y-CGTase fzidi ifi FE 40 ~
65 CH =™, y-CGTase [ 77 bl 52 17 36 & 1 T
I A TR, Y B R B 50 °C i, JLERTE iR,
FEEAIE Sz o7 38 3 e B, B S Ve B2 1 AS W - v A B I
FREL N I, B LA i DR e U0 50 it 2 ) 25 4 5 IR, il 0
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Fig.5 Effect of temperature on the activity of y-CGTase

2.5 ~-CGTase fjfiE pH
HZmB s s A EERN R, £ %
J?IIEZ:H pH R85 ] 5 0 {5 M oo A g, LR
M I A Al B 28 BB AL S PRk 2 Y BB 6wl
JN,v-CGTase fixi& pH & 10.0, [A B 7E 7.0 ~11.0 7§
Fl N A 80% L 1 AR X BT ) , 2 W] y-CGTase 76 i
PESAT T BTG 38w , 5 R IR T 08 25 H AT R R A
Ko BLHBTHRIE M 5 , y-CGTase fxi& pH 5 Bacillus

sp. G-825-6"""" Bacillus clarkii 7364""" #135F , T k. Ba-
cillus sp. AL-6'% \Bacillus firmus/lentus 290-3[23]§'§iﬁ

pH {E B &, XA F T w ik B IE M IR ORI AL o LAk,
y-CGTase £ pH 6 ~ 11 i [l I, 5% A& B 1% J1 49 K T

70% , & pH {0 H 2], 5 CGTase A ¢ 4t 1 —
ﬁt[zs-zs]
120
100 F
§80- {/"i\.i\l/{/
£ 60|
gzxo- ;
= f
20} /
() E—’.i 1 1 L 1 1 1 1 1 )
2 3 4 5 6 7 8 9 10 11 12 13

pH

K6 pHXf y-CGTase i iF J1 15
Fig. 6 Effect of pH on the activity of y-CGTase

2.6 v-CGTase i hZESHNE

it 02 B L 5l 3 2 2 BT RAE — 1> Tl 1) BE AR 1 S
KICHB(K,) TRk, ) Bofie KR R ( Vmax)
AT ) D ity ) o 365 DS ) L S NS W R N ) RO IR
B B 50 SN R BRI R 1 TR, 5 E&
W W) K JE T Bacillus clarkii 7364 1) y-CGTase 3fj J;
SR, b, B8, U] y-CGTase 5 1] ¥ 1 ¥E
IR DK



F1 y-CGTase Iz hESH
Table 1 The kinetic parameters of y-CGTase

Vo [ mg (mL + min) ~'] Km/(mg-mL’l) kml/s’l
0.29 4.53 39. 64

2.7 BHBEFI y-CGTase EiE 51K %0

A LY FVTE 2 B PR ZE 7 e AN al 2 AR AR
A Bl A8 7= My HG A, 38 % CGTase il i 77 77 A — 5 520 .
mE 7 g, WEE OB RO BE T X y-CGTase
Wit % 1A — E W4 = AE L AN T, S EEXT y-C6-
Tase [ 77 4 w5 %50 R 57 Sk B 0, 10 S5 7N R OE T
fii y-CGTase [ J7REAR , 32 B R FE A ] CGTase X
A B R AT AS ) i 32 M 28 15T 45 4 ol AR R A
[e] , 3 T 5 S G AT

120

100 F =

FAXSREEE S1/%
5 8 8

o
S
T

(=1

Bl 7 AL RIS y-CCTase i 71 195 1

Fig.7 Effect of organic solvents on the activity of y-CGTase

2.8 R NZRYERGEM IR EXT y-CGTase F=# 7 1%
A0

TESE PR R ot &2 o, P CGTase i 77 76/l & . 7K
fife JBARIE T3, 8 A R CD AT AR S IS Ak 22 SO,
T EOAS [R] S5 Ry B[] AN [] 8 B vk BT 1 7 4 L A O
[l 4anl&l 8-A fif/R,7E 0 ~6 h [ ,y-CGTase 2 b {A &
YR y-CD H y-CD & 2 EABEH,B-CD &%
HEMEW M, 6 ~7 h,y-CD &, B-CD 378
B, 7y A A W A A, RO T AT R A
AL B AT 9 R IF, y-CGTase # [ AR J Y CD Al
ZAFMRREE IR @ 8 A R CD AR s v
2 SEAR IR WS, y-CD b B-CD 3G A 1E A y-CGTase
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Fig.8 Effect of reaction time( A) and concentration of

starch(B) on the product specificity of y-CGTase
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Table 2 The proportion of y-CGTase products under

different concentration of ethanol

2% vol BB HL— CD BT b fil/ %

HeAe R/ % p-CD v-CD
Xt i 22.38 59.89 40.11
1.0 23.43 56.96 43.04
1.5 23.16 52.97 47.03
3.0 22.45 46.20 53.80
5.0 20.18 40.59 59.41
7.0 18.04 34.94 65.06
10.0 12.90 21.80 78.20
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