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F R SH AR S ER LR ZG Y S5 AR LR =
266071; 2. LI HERFEMNERE LI
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201306)

WE  AREREN oM F, KA S EZ LAy b w2k, M EAFHE. K
Wik . mEEE ., BE{ER B, (ERRE M pH £S5 NREE, MEFFHAATE Y2 8 oM
YR b B P o TR I A AT T i o #8J5 FI A Plackett-Burman 525 £ 1% 2| 7 o-
IR NENIANAEERE: JRWRE .. B pH (H, &A% BT A7 547 2 0 & 4 L
FUENGREZRRIRE N 5%, mEEE 200 U/g(E#), pH {E N 8.4, #&JE 30°C, 200 r/min K 5L 6 h,
o-FA M RE LRI H 28.67%, Wb LATH mREE T 248 £,

ES a0

hESES S932  THEHRIRAS A

IRIAE (CD)2t Fh FOWIRG ) 2 4l 5 5% 7 i (CG Tase)
VB F 7 1B U #3100 77 A G SAOIR A SR B (Valle et al,
2004), HULEA a-. B-FI y-PRMIKG . ERRIDRE AT LA
SIS 1 B NN T i R N e R (1
EATHI AL R (Biwer et al, 2002), AR 191k
JEBIARRAE , o-FORIRG 26 1R 9 A AR FH e 18 5L G B¢
(Arima et al, 2011), PIHIRITERS 25 (CRAESE, 2016), 1L
Mofh (ZEREAE, 2016) . IRERAIRCK LA, 2014)55F
LA L FH IS5, T LA S — ot 78 1 R £ 2T 24 2 4
EAANTEALEF (Artiss et al, 2006).,

KZH CGTase A= MU 2 Z P ARG 19 TR G 14
Bharat %5(2001) ) F 2k A iti % 5 TRAA B AS-22 43341
CGTase fifi4= ™ o-FRHIHKS o Duan 5£(2013)LA a-CGTase
M TER BEEH T 528 EIER, CD A" & ik F|

o-FWE R AR, A E N o H; BT E
XEHS  2095-9869(2018)05-0143-09

84.6%, L FA i ] a-CGTase M5 AL RIS T 31.2%.
HAT, PRI IR AR R 32 B ARG P i il 2, 4k
SENF I AR R G P R A B R X

A5 X5 AT 0O 32 ) 04 R 1 R VA I S 0 96 1 2
fIAFFEE Y112 f9 a-CGTase 477 o-FRAIKS 09 S5 h kAT
ofk, BESRE a-FRIWRE A5, DU R T ah 2y
il A

1 MR E5ERE
1.1 EgRISRIR

a-CGTase M. ™ BARIEEVEZF T E Y125
Bacillus agaradhaerens DSM8721 W [RIVE TR 100%,
AR S0 A 43 B [ v I VR K ) e TR BB A5 R A
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1.2 EFEERF

o-FROWIRE bR i (Aladdin, HPLC 2%); st
K, EOKUER, HRETEN, ZFMIR(EKE); K
W VE R - W) (Aladdin, 25 9%); W A% (Aladdin,
AR); HoAthfb2zil5], B 254 Bk 2E 50 A BRA A

1.3 a-CGTase E3iF BN E

SCEOA B4 g AIEPEVERY, FHECH 4 pH=8.5
[ 0.2 mol/L () NaOH-H ZfR 5t 100 ml (BLH L
B ) ¥ i I SE AT I BORI A AE R R W, 1R H S R
0.9 ml VW AARAE R, A 50°C K8 TP HTA 5 min,
SRJEINAE S5 BB A ML 0.1 ml IRA 95,
50°C /KN 4 min, BUH F G ATA 1 ml B R
(1 mol/LY& IR R, B Rl 4 ml #i kg 4 F5A0 2
B, WA, ERFE 20 min,

YR . BUKY) 0.9 ml Fi45 A, i S min,
it SI2 38 2H T A KIS BN 4 min J5, DA 1 ml $hFRIA TR
RAVSIG, FINA S840 AR R AR, HAfb b
P SCI A AR . A EBETTAE 507 nm I 5L
HAG XA PG . 1 ARG i ok IR A
TR 1 ng o- PRI TR ZE R (RIREAESE, 2015),

1.4 ZLFIFRAEZ

B— 304, A 1 ml VR B 1Y - BOR
FEPREIR N 1 ml 1 mol/L FUFLAR, FHINA 4 ml i B¢
4 A5 R A T, B2, EEFHE 20 min,
1€ 507 nm ABMIEOERE . Hip, SEAE - RN,
HAPRAEAME . DAPSRIRE R B MRS AL bR, IO TS 2548
R, dlbRERZE . OB 22{H(AOD)=%5 H
VWL BE A RO
1.5 o-IFHRBSENE

R i I8 1.4 fPBRIEATINE , AR bR ifE
IZIT AR o-PRMIRGROMREE, SRIGTRH o-PRHIHG
e

1.6 BEZEZEMKMN o-CGTase {EHEMTT o- IS

&

1.6.1 J&MFr £t a-CD = 4% B 5%
M RTEN . D BTER . 22 ZFRRS Rl i PR VE By i
WA 100 ml IR, FRREE, B 30C, pH A
9, JNMEEE 200 U/g FEHT, 200 r/min, 6 h BUH &K
T o-CD 7ot BEEEEM 3 U, BCFYIME.

1.6.2 &M IR a-CD = Z 8 & oh 3L 3%
5%. 8%, 10%. 15%. 20%H%JE 1Y 4 E ek In 4%
100 ml AR, FRR A0S, IEE 30°C, pH M 9,

JniE 200 U/g 3EH5, 200 r/min, 6 h B 20 K%
M o-CD j= &, BB 3 W, BOFHIME,

1.6.3 EfiimEst 0-CD ZZ6 %" 5% E 1Y
TR BERERY R 100 ml, RN 30°C, pH N 9, 4
SIA 100, 150, 200, 250, 300 U/g 45 ZE ek )
a-CGTase FEATR W, 200 r/min FEPRJZ N 6 h J5 K%
M o-CD ;= &, BB 3 W, BOFHIE,

1.6.4 BE3 oa-CD FE#H %" 5%k 1 44
EFENATR 100 ml, pH Ry 9, HIfEERE 200 U/g B4 %
TR, ZBIFE 20T, 30°C ., 40°C. 50°C. 60°C KN,
200 r/min ¥R LY 6 h J5 2 KIE I E o-CD F= & .
FEABEEEM 3 W, BOEME.

1.6.5 R af A Af o-CD =& 6% 5% BE 1Y
CHA S FERYA I 100 ml AR, FRe AR, RE
S 30°C, pH R 9, JNEghEN 200 Ulg B ETER,
200 t/min, KWHIEIT 1. 20 4. 6. 8. 10, 12,
24 h 5 W KGN E a-CD =, BRI 3 K,
BOFHIA

1.6.6 pH % a-CD = &8 % 5%k B 1Y 4y 5
VEMIVATR 100 ml, IRJE 30°C, Jnffs 200 U/g B35
TEMY, WIAE pH N 6. 7. 8. 9. 10 & F R,
200 r/min $& RN 6 h J5 23k K&, U %E o-CD j= i,
BB 3 K, BOEME.

1.6.7 Mg " E s a-CD = &8 %h 5% BE 1Y
LA BEVER W 100 ml, pHE R 9, THJE K 30°C,
Jnfig o 200 Ulg SRR, Bl A LR IE N
0~60 mmol/L HYEEES T, 200 r/min $EK IV 6 h Ji K
fit 2 o-CD ;=i . BEABREEM 3 vk, BOFAME,

1.7 MR ERMRA T o-IRHIE 1

1.7.1 Plackett-Burman % % R B IR 2 525, ik
BURYIREE | i . BE . A pH 3t 5 AN E,
L PB S Ay Wi 7 T S 56 7 o ) T Ak T M A B -
PRI Y EE N T

%= 1 Plackett-Burman 3248 % 11
Tab.1 Experiment design of Plackett-Burman
A JEYIR = JEL
B CiR N
KF Substrate i T i D fi[a]
Level concentration Enzyme lemperature Time(h)
0 added (U/g) (C)
(%)
-1 3 150 20 4 8
+1 7 250 40 8 10
1.7.2 Foab s ki AR PB IS

JH Design-Expert 8.06 %1% 11 BBD 5256 3 3k 4T 70 M7
(F 2)(FEIEIHEE, 2016),
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% 2 Box-Behnken 3£I8i%it
Tab.2 Experiment design of Box-Behnken

7K Level -1 0 +1
IRV 5 6
Substrate concentration(%)
13 & Temperature(C) 27 30 33
pH 8 8.5 9

2 HREHHR
2.1 o-FRHRTEROARAE Bk

-G bR ERR R DL 1, 5 FEh 3=0.0373x
(R*=0.9994).,

0.10
y=0.0373x
2
0.08} R*=0.9994
0.06
a
Q
<
0.04
0.02

04 08 12 16 20 24
o-FRHIE VR
a-CD concentration/(mg-ml")

BT o- BRI OB T h 2k

Fig.1 Standard curve of a-cyclodextrin

22 BERXEEITSSHW

221 JRMFPESS a-FRAAE A 6 R 7]
Xt -G FEAL R R an i 2 Bros o R 2 AT LA
Fih, ATEMEVE R I RIRS AL R R, 2 SRS )
EALRIAN, DR ETEN AL RIS T rIA e R .

30

N
W

HH

HH

[\
(=]

HH

HH

o- TR R
a-CD conversion rate/%
S o

(%]
T

IR DRERN  TIEMERE BRER
Maltodextrin Potato starch Soluble starch Corn starch
JEEYI2E R Substrate type

K2 AFEIEPIXT o-CD 7 15
Fig.2 Effects of different substrate on yield of a-CD

PORIPAE AT LA b ARRS BEVE FH TR R A 2R 5 )
WA . AR TSR A SRRV R =k, A9 B R LR I
i 118 JEC 0 2 Uy o 17T 93 A P L A R S Y 9 2
B, BT HARER SRR AESIERESGY ., A5G
PERIVER ; SCBETERY A o 21038 )50, 5 AR FE R A
U AE 2B, LASBEVE By S I i FRRORG 7 8 T B
HEVEW (Pishtiyski et al, 2006), A TER UM LT
AR, (AT P2 PRRIORG B AR AR, R, ASAFg
Ih R BEGE R T8 A A IR 1R KW o
222 ERMIKRES a-FRAAE AT WA J[isb 771
JEE Xt FR MR e AL R B 2 an &l 3 FioR . IR 3 IT LR
LY TER I N 5%, o- BRI A LRl 25.9%,
MTEMTEETEE] 10%0F, o-FRBIRE (5L L R AT 5%}
LT R 50%, A AMHZERK, dhE RIKYRE,
FEAL RGO . PTRE R PN R T 4% S My vk B i
K, BRI JE ARG Mt K, AR TR 5 Y 14 [ ik
Fio MR, IRYIRERUN, IR AR, K
ATHE, BRI, GAEEE, B S%mM DR
BERERE AR o-FRRIRS A TE R R I

35r

o-FWIRE LR

o-CD conversion rate/%
N C I S
(=) w (=] W (=)

W

(=]
(=)

4 8 1‘2 1‘6 Zb
JEYIYEE Substrate concentration/%
K3 MR BERT a-CD 7 i (14 0
Fig.3 Effect of substrate concentration
on yield of a-CD

2.2.3 e AT a-ZRAAE A T 6 R0k Kl 4 B,
TE—EJL N, a- BRI 075 1k 5 Bifi 25 T T o2 %) 348 i
PG LA IR, gl 200 U/g B,
LR Sux|Foa=]

A S Y 33 5 0 R SN, e 3
fEmE R AL . RS SN RE ) Y HG 0 , 60 TR R
O FHERAETE , RS SOV R HEA T, B175 o- PRI
] B-MWIAE AL, AR T o- MRS A4~ il i
(RS i ] A AR v o ARG 178 7 D/ i )
ST DAREARRAS .l A B R 2R S, i 8E 200 Ulg
FR) N it



050 100 150 200 250 300

146 woooor B % 3 R ¥ 39%
Br YEF(Mau et al, 2007), 7E A< % 22 W i 2 2 75 %
30r Bl R — 3 W it — 25 BT .
°
%325 )
Nz 2
2 207
3 © 20|
£E 15f S
i 5%
< 10 &e P
3 X}E §
3 gglm
8
3

Jini& & Enzyme added/(U-g™)

Kl 4 EEAMEX o-CD A7 150
Fig.4 Effect of enzyme addition on a-CD production

224 BEX a-ZRHIHE Ak M 5 AL
Fih, ANE IR ALR s e B I, bR
TE 30°CH fe i, ZIGBEE IRE M4 TR, o- PRIk
) Btz Ak 25 a6 NGRS 8 86 R I B A e 3 B I T
55C, #E40°CLATRE, M T SO°CXITE G K,
5 e RIEARRFF—8, EAREHRET,
30°CHf AT AT a- I RAES A 2B 77

35¢

301

o- IR R
o-CD conversion rate/%
[\*]

(=)

520 30 40 50 60
1B Temperature/'C
Bl5s  REEXT a-CD A" RS20
Fig.5 Effects of temperature on a-CD production

2.2.5 VERETIA AT a-ERAAE A 6 H R hE 6
AL, o- PRI e AL 50k B e i B TE] Dl 6 hy, 4k
LM B REI [A], R A AT BRI &, R I Y
RAC A 3 o Bt 5 g I () A Jm K, g A LA A P 3
AL a-FRMIAE B Ao D3 — 7T, SN [R] A s
B R F LA

2.2.6 pH 3t a-3R MMy A& = 89 ¥ ol 1 3 25 BN [+
pH T oMK LR, 59 oR(d 7), with pH
9 i, FeAb R R, L RIR o-PRAIORE B A i) B id
SN pHo AR CGT il 52 N 1 & 1Y) pH {E & AN IR
1, RZEOE S A BT (Jung er al, 2007), £
WFFERW], R vl i 28 B PO A H 22 1Y

W

4 8 12 16 20 24
Bt [B] Time/h
K6 JhHFEI%T a-CD A= ;= i) 52

Fig.6 Effects of reactional time on a-CD production

30 ¢

o-FIBIE R LR
o-CD conversion rate/%

6 I7 8I 9I 1I0 1I1 1I2
pH
K7 pH{EXt a-CD Az (I
Fig.7 Effects of pH on a-CD production

2.2.7 Mg KRBT a-ZRMHE A& 0 %ok Z Y
SR, Mg XS A — 2 AR, AR
F& SN S R 0 g X S g s e . H T 8 AT, HR
T o- IS B ] e, 7E— S P Mg
R FE B3 RONT PO B 5 A SO IO AR K52, [
I, JE S O A R B RS N

30

N

a- IR R k2R
a-CD conversion rate/%
— N N
IS S G

—
(=]

5

0 10 20 30 40 50 60
Concentration of Mg?"/(mmol-L™)
B8 Mg ' WREXF a-CD 2L = i 52

Fig.8 Effects of Mg>' concentration on a-CD production
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i) iz T SE 36 1% 1+ 5 43 #

23.1 PB £E%ZR JH Design-Expert 8.0.6 ZK{f:
XS AE AT AR, 1595 PB SLER T AN 4,
JEYIMREE | R pH 1Y P {E/NT 0.055 Sl 3,
U, i =3 R AL VE R A 7 o- FORTRG (14 S 5 )
HF

232 PoaAsFEREHTSER I Design-
Expert 8.06 X {1 % 52 5 45 R 47 Z St MHAA (3K 6),
KIZAALE B R, FAER 506.71 F£R1UA 0.01%

2.3

(AT RE & M 1R, Hd AL B. C. AC, A®,
B2, C* i P HI/NTF 0.05, WM, %8l F
{HH 0.96(P=0.4921)K/RIZBEARI Y RN W E, Bk
MRS, TR R7=0.9985, Uil a-PRAIRG
SEAL SR SINAE -5 TR0EL 9 40 B A, i R BB AR
IR R FOMIORG r= R 28 Ak . PR, SR 1
XoF S5 8 bR 0 SE e R OK o R O 2240 I R AT AR
FA=369.36, FC=303.67, FB=33.64, %X & X}
Tl 28 198 5 e R 8 DR/ IN DU Ay I 4k s >p H> T

&3 PBLRFITRER
Tab.3 Design and results in PB

. TR i it R . el
Number Substr_ate Enzyme Temperature (C) Time (h) pH Conversion
concentration (%)  added (U/g) rate (%)
1 1 1 -1 1 1 12.26
2 -1 1 1 -1 1 12.91
3 1 -1 1 1 -1 7.43
4 -1 1 -1 1 1 18.58
5 -1 -1 1 -1 1 10.50
6 -1 -1 -1 1 -1 28.65
7 1 -1 -1 -1 1 9.50
8 1 1 -1 -1 -1 12.29
9 1 1 1 -1 -1 12.93
10 -1 1 1 1 -1 23.41
11 1 -1 1 1 1 6.40
12 -1 -1 -1 -1 -1 19.76
x4 PBEEHERSM
Tab.4 The analysis of the results of PB
SES S {E SUERE F P M
Factors Impact value Contribution value Significance
A-JRYIHJE Substrate concentration 1 234.09 22.57 0.0032 *
B-Jllfif & Enzyme added 1 8.54 0.82 0.3991
C-I&J¥ Temperature 1 62.83 6.06 0.049 *
D-Hf[f] Time 1 29.51 2.85 0.1426
E-pH 1 98.14 9.46 0.0218 *

xRN 2 5 3 (P<0.05)

“WkETiA TR
Y=+28.58-0.914+0.28-0.83C+0.0124B+0.574C~
0.13BC-1.304%-2.30B*-2.76C*

HRAE 1= 5/, Ao 1o i P (1 9)0

Ao A4S B B K W AE 7 /) BF AL B C Xt
N EAESLI A R IRYIREE 461, IR 30.2°C
pH=8.4. FWEIE] 6 h, a-FRRIKS AT L 3
28.84% . 14 HESZUG T v HH A B A 4R R, R (S

* means significant difference (P<0.05)

e, TEIRYIMWIE 5%, IRJE 30°C. pH=8.4. Nl
200 U/g. KW 6 h &M FiltAT N, SEhrfbib RN
28.67%, SHERS(HIEIT.

3 iTig

KA AE (201 6) 3 3 7 a1 A5 AE HOR 15 3
CGTase 721K N623T, 7M1 feid il B 60°CHl pH
N 6.5 FAFF SN 24 h, TEM BRI 11.3%58 5
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Tab.5 Design of Box-Behnken and results

Sy I i3 H‘ﬂ:ﬂ“{i
Number Substrgte Temperature pH  Conversion
concentration(%) () rate (%)
1 -1 -1 0 25.72
2 1 -1 0 23.79
3 -1 1 0 26.14
4 1 1 0 24.26
5 -1 0 -1 26.73
6 1 0 -1 23.86
7 -1 0 1 24.04
8 1 0 1 23.43
9 0 -1 -1 23.93
10 0 1 -1 24.84
11 0 -1 1 22.44
12 0 1 1 22.84
13 0 0 0 28.49
14 0 0 0 28.65
15 0 0 0 28.54
16 0 0 0 28.43
17 0 0 0 28.77

£ 39.7%, H, o-FRRIRE . y-FRRDR T & EE 45 40 )
H 32.8%F1 7.7%, o-FHIRE )RR 13.02%,
FHRAEQ017)FHE LAY o-CGTase ;1L 5% 5%

RN, 58°CIUM 15 h J5, PRI B9 s AR AT Ik
40.7%, LA o-CD. B-CD Fl1 y-CD .43 51
43.6%.41.8%71 14.6%, Al o-CD B 1L 17.75%.
5T B 0 77 2OWR B s 1Y B AH LG (Duan er al,
2013), BFE Y112 779 CGTase Wi 7551 PR 55 o8 i
s, VAT 6 h, KRR T A=A, H
AN INA ML ST, bRl i85 28.67%,
N T FRRIORE B BRI, AR FORDRS NS R,
FealeBegy, |ih, ety m, BEAA il
g

4 i

ARWFFER A H R L5387 T a-CGTase fEfLIE
Kl 2 a- BRI IS5 08, W1 T AR B 551 . DA
IR SERERYTR WO , S%R M, N 200 U/g
(TEKY), W 30°C, pH A 9, NASE 6 h; FH
Plackett-Burman SIS 52 M o-PRMIAE 5 AL R 1Y
5 A ZREIEATIRE, 3T /BT A0 2B P 2N Ik
Yy B IR EE R pH {H o SR TR S T 73 AT 2 % 0-CGTase
AL TER & o- TR S5 AT A, 15 30 0 e A
S NI I 5% . pH 8.4 % 30°C . 200 r/min .
B 6 ho TERAEZMETHIA o-CD 5 LREE N
28.67%, HARALHTI ™R eEm T 2.48 5,

Fo MEAFEAARHHBEN

Tab.6 Significance of regression coefficients for the model

Siéu{f;e Sumjizjiares A df MeaiquZuare d Sig\%ifcrice
I Model 82.02 9 9.11 506.71 <0.0001 ok
A 6.64 1 6.64 369.36 <0.0001 *ox
B 0.61 1 0.61 33.64 0.0007 *ox
C 5.46 1 5.46 303.67 <0.0001 o
AB 6.25x107* 1 6.25x107* 0.035 0.8574
AC 1.28 1 1.28 71 <0.0001 ok
BC 0.065 1 0.065 3.62 0.099
A? 7.09 1 7.09 394.43 <0.0001 *ox
B? 22.28 1 22.28 1239 <0.0001 *ox
c? 32.14 1 32.14 1787.26 <0.0001 ok
5% 2% Residual 0.13 7 0.018
2482 Lack of fit 0.053 3 0.018 0.96 0.4921
Hrix 22 Pure error 0.073 4 0.018
S B§2 Cor total 82.15 16

R*=0.9985 Adj R*=0.9965

Pred R?=0.9883

ok IR 2 AR B 3 (P<0.01)

** means highly significant difference (P<0.01)
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4% Conversion rate/%

w
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(53
g 32 E28
g 31 226
g, 5]
£ 30 Z 24
o o
~ &) 2
i 29 ¥
e =
& 28 # 30
By

4.5 5.0 5.5 6.0
A: JIEYIHEE Substrate concentration/%

4k #R Conversion rate/%
9.09-17

8.8
= 8.6
e
© 8.4
8.2
8.0 © oW
4.0 45 5.0 55 6.0 et
A: JEYIURE Substrate concentration/% s
4k 2 Conversion rate/%
9.0 o =
E
8.8 -
g
8.6 E
= S
© 84 Pl
o
8.2 ®
8.0
27 28 29 30 31 32 33
B: & Temperature/C
B9 PP R SCEARH 3D IR AE 2 1A
Fig.9 3D and contour plot of interaction between two factors
&7 SEHMHARMRELER
Tab.7 Comparison with other research results
B3 g T o-CD F A% EEPEN
Sources P time (h) Temperature ('C)  Conversion rate (%) Reference
Klebsiella pneumoniae AS-22 7.5 6 40 41.2 Bharat et al, 2001
a-CGTase il -5 V€ ¥ i 5.6 24 30 79.8 Duan et al, 2013
Geobacillus sp. CHB1 A5 N623T 6.5 24 60 13.02 FKAEAE, 2016
Paenibacillus macerans YLW 5.5 15 58 17.75 FIR%, 2017
PR ZEAAT B Y112 8.4 6 30 28.67 A5 This study
% % X W 2011, 32: 91-123

Artiss JD, Brogan K, Brucal M, et al. The effects of a new

soluble dietary fiber on weight gain and selected blood
profiles of cyclodextrins, cyclodextrin conjugates and parameters in rats. Metabolism, 2006, 55(2): 195-202
polypseudorotaxanes. John Wiley & Sons, Inc., Hoboken,

Arima H, Motoyama K, Irie T, et al. Recent findings on safety

Bharat G, Anant P. Alpha-cyclodextrin production using
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AS-22. Starch Starke, 2001, 53(2): 75-83

Biwer A, Antranikian G, Heinzle E. Enzymatic production of
cyclodextrins. Applied Microbiology and Biotechnology,
2002, 59(6): 609—-617

Dong YJ, Hao JH, Zhang HF, et al. Optimization of the
fermentation conditions for xylanase-producing
YS1069. Progress in Fishery Sciences, 2016, 37(3): 154-159
[FEAELH, AR, KRk, 458 PRRBmG R YS1069
R EEsc L. ol Rl #ERE, 2016, 37(3): 154-159]

Duan X, Chen S, Chen J, ef al. Enhancing the cyclodextrin

strain

production by synchronous utilization of isoamylase and
a-CGTase. Applied Microbiology and Biotechnology, 2013,
97(8): 3467-3474

Guo YH, Chen JC, Cai HS, et al. Saturated mutation effects on
catalytic efficiency and product specificity of starch binding
site. N623 of cyclodextrin glucanotransferase from
Geobacillus sp. CHB1. China Biotechnology, 2016, 36(11):
30-38 [k, BRUFER, ZiFEH, %. Geobacillus
sp.CHB 1 PRI ) 26 Wi A MRHAE A 205 (37 45 N 623 (L 11
AR S P R SR . op A ) TR
&, 2016, 36(11): 30-38]

Jung SW, Kim TK, Lee KW, et al. Catalytic properties of
beta-cyclodextrin  glucanotransferase from alkalophilic
Bacillus sp. BL-12 and intermolecular transglycosylation of
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[k, A, ANV, 45 PRMPRSTE otk it Uk b iy
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Optimization of Conversion Process of a-Cyclodextrin with Enzyme
Using Response Surface Methodology

CHEN Xiaotong'?, HUANG Liping'?, SUN Mi', HAO Jianhua'”

(1. Key Laboratory of Polar Fisheries Development, Ministry of Agriculture and Rural Affairs; Laboratory for Marine Drugs and
Bioproducts, Pilot National Laboratory for Marine Science and Technology (Qingdao); Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071,

2. College of Food Sciences & Technology, Shanghai Ocean University, Shanghai 201306)

Abstract In order to obtain a higher yield of a-cyclodextrin conversion, we use a single factor
experiment and response surface experiment method, to optimize the production of a-cyclodextrin
conditions by o-cyclodextrin glucosyltransferase. The enzyme is derived from strain Y112. First, the
single factor method was used to screen six factors including substrate species, substrate concentration,
enzyme content, reaction time, temperature, and pH. Second, these main variables affecting the
conversion of a-cyclodextrin were evaluated with the Plackett-Burman test. The results suggested that
substrate concentration, temperature, and pH were the most impactful factors. Finally, the optimal levels
of the three factors were determined with central composite design and Design-Expert 8.05 software. The
optimum conversion conditions were shown as follows: the concentration of potato starch was 5%, the
amount of enzyme 200 U/g (starch), pH 8.4, 200 r/min, reacted at 30°C for 6 h. Under the optimized
conditions, the average value of a-CD conversion was 28.67%, which was an increase of 2.48 times
compared with the pre-optimization yield.

Key words a-Cyclodextrin glucosyltransferase; Response surface analysis; a-Cyclodextrin;
Conversion process
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