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Abstract
gene from Bacillus cereus were studied. Based on this, four mutant strains A47R, A47M, A47S, A47Y were constructed to explore the rela-
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In this study, the cloning, expression and enzymatic properties of the cyclodextrin glycosyltransferase ( CGTase, EC 2.4.1.19)

tionship between key amino acid sites and product specificity. The results showed that the maximum specific activity of recombinant CGTase
was 5 292 U/mlL, the molecular weight was about 68 kDa. The optimum temperature and pH were 55 °C and 8.5, respectively. The main
product of starch-based catalytic synthesis was B-cyclodextrin (B-CD). Through sequence alignment, the 47" amino acid ( Ala) was selected
for sequence-directed mutagenesis, and A47R, A47TM, A47S, A47Y were constructed. It was found that the active-site residue 47 had certain
influence on product specificity and yield, among which hydrophilic amino acids were more conducive to the synthesis of CDs (especially B-

CD). This study provided a method for the industrial application of enzymatic synthesis of 3-CD.
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1.3.2 #4] B-CGTase PRIk MAlifl, M v B b 42 HUST
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Table 1 Primer design of mutant B—CGTase

b eIk KL 5191¥51(5'—3")

No. Primer name Primer sequence

1 A47S—Forward TTCTCAGACGGAAATCCAAGCAACAACCCAT-
CTGGG

2 A47S-Reverse GCTTGGATTTCCGTCTGAGAACCGGTCGGTC-
ACAAT

3 A47M~-Forward ~ TTCTCAGACGGAAATCCAATGAACAACCCAT-
CTGGG

4 A47M~-Reverse CATTGGATTTCCGTCTGAGAACCGGTCGGTC-
ACAAT

5 A47Y~Forward TTCTCAGACGGAAATCCATATAACAACCCAT-
CTGGG

6 A47Y-Reverse ATATGGATTTCCGTCTGAGAACCGGTCGGTC-
ACAAT

7 A4TR-Forward TTCTCAGACGGAAATCCACGTAACAACCCAT-
CTGGG

8 A47R-Reverse ACGTGGATTTCCGTCTGAGAACCGGTCGGTC-
ACAAT
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2.2 =2H B-CGTase BIKE Kl 3A FWF 4 B-CGCTase [
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DKy e e BE 1 TPTG ] ISR AR 4 (&1 3C.3D) o
2.3 B-CGTase FYZAL R EGFMER  ld BIREL ITTVE L) 4l
At B—CGTase, #R J5 1T Sephadex G-100 #1247, 4ifkhd p-
CGTase 7£ SDS-PAGE I il 75 i 40 F1 Ky 68 kD [ B4~ 2% 77
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Fig.1 Electrophoresis results of recombinant plasmid
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N 30.91%(F2),

H1 SA SB AT I i R 55 °C e pH Oy
8.5, AL pH oy 7.0~9. 0 IHARXSFEE (18] 5B 5D) , W%
PEFAUFFBERIE B—CGTase R A& IS FLSSIRIE , 15 SCHikHR
i CGTase FfE pH(S5. 0~8.0) SR —3™ . [ 5C £,
HREETHZ 70 “CI, BRI B e AE I XA T HAEA L e
3G CDs o RO TERZ5F Hh 0 & JCE I RIS A X, i i
W LNAHES I, B 2 BN B 5 R SUR i
SR AR R SRR, [ AL Bk B-CGTase £
JI B T 6 85 , A A ¥ A 3 08 9 FLFG
PRESHPREIR XA FI T B—CGTase AR AN
PRI =
2.4 IS EMRBIEER
2.4.1 REEXS B-CD " RAYRM . TERER AL SN, iR
XA i AR . 7E pH 8. 5 FIAS )i (40~ 70 C)
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Tase AT, HIl&El 6 AT, IREELL 2 Fh 32 m B—CGTase
PR SR ARSEA 1 5, THETRURE (40~ 55 °C) 2By o3+
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Note : A. effect of culture temperature on activity of 3-CGTase;B. effect of ODyy, on activity of 3-CGTase;C. effect of IPTG concentration on activity of 3-CG-

Tase; D. effect of induction time on activity of B-CGTase

3 PB-CGTase FixR L EFZMEFHIMRIK

Fig.3 Fermentation optimization research on expression of recombinant 3-CGTase
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10040 /i B-CGTase & (145 HI53 T-HARE, X S AE e (4 U
70 kD FRRIVEAEAE ] ) WIS , T3 BE/E ) 4+ B—CGTase [ =4
60 kD LK), RERR S 3L B-CGTase 2 ALEHINAFAT R, AT B—CD
0K TR (28. 49%—13.23%) . H1IE] 6 T, i & B-CD 4
0K AR 55 °C , B B-CD &5 , Xt 5 AR IR CG-
— Tase [ 55 A AR AT , IPROIR ZFHUAT B E192 i B-
_— CGTase HEREN 60 C™ 5 Qiu 45 ™ MU P LA AL
V. (B. licheniformis ) () CGTase, 7E 55 °C I y—CD e K= % Hy
M. 2 15T Marker; 1. HUR B~CGTase; 2. BRAREULIE /S HIAG B~ 32.9%; % H TEPL K 2 AT (B. clarkii ) 7364 1) CGTase 7E
CGTase;3. 4fiftJ5 1) B-CGTase 55 °CIREL CD Rk f 45. 305

Note : M. Protein Marker; 1. crude enzyme B-CGTase;2. enzyme after am-

2.4.2 pH X} B-CD FERAM, 7EANE pH(6. 0~10.0) AR

monium sulfate precipitation;3. purified CGTase

E4 KB BL21(DE3) B-CGTase B SDS-PAGE 447 JE£ 55 °CF K5 800 U/g BPHLIAAL S 0. 3 mol/L I PEHER ik

Fig.4 SDS-PAGE analysis of the recombinant B-CGTase from the SEo HiB 7 Al 24 pH Oy 8.5 i, B-CD A7 A fxemy . fefd:

E. coli BL21(DE3) pH(8.0-9.0) (i ih2: T8 B-CGTase 1AL M A HL S &4

2 WHLH B-CGTase WEGEREAR A4k, B-CD [ Fmg AT T F (28. 27%—25. 94% Fl 28. 27%—

Table 2 Enzyme activity and protein content of purified B-CGTase 26.47%) ;24 pH ZRAKAR K (> pH 10. 0 Fi<pH 6. 0) i}, F £ 4E+F

‘ B BEARL OWE s p-CGTme SASSIOMERTION, X SRS, 11

i ooy enome Pt [0L R MBS CCTose 5 8 10,08, CD 577358

U omg Umg activity /% - 5{H1(35.5%) 7524 pH Ay 10. 0 B, K [ S AU 7364

FH Crude enzyme 60330 11.40 52921 — - {1 CGTase SZHL T K1) CD 723 41.6% ™ | 3% 2 F CGTase

60%(NH,),S0, 41 132 4.80 8569.2 1.62 68.18 AR EAE pH( 10. 0)%33;5‘:{&;'&%59 CGTase,ﬁl]ﬁ%?ﬁﬁ]@ﬁ-
SephadexG—100 18 648 0.33 56 509.1 10. 68 30.91

B (B. firmus) (pH 5. 5-9. 0) Fifili 4 52 8111 FC# ( Klebsiella pneu-
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Note : A. effect of temperature on activity of B—CGTase;B. effect of pH on activity of —CGTase ;C. effect of temperature on stability of B—CGTase;D. effect of

B-CD~% B-CD yield Il %

B-CD~% B-CD yield Il %

pH on stability of 3—CGTase
&5 E4 B-CGTase KB
Fig.5 Properties of recombinant B-CGTase

30

251

20F

15F

10

7% E Temperature | C

6 REXT p-CD PR
Fig.6 Effect of temperature on yield of B—~CGTase 1 2 3 4 5 6
1. Wild;2. A47M;4. A47S;5. A4TY ;6. A4TR ;3. DL000 DNA Marker

8 ERTEFH PCR §i8&S
Fig.8 PCR amplification band of each mutant enzyme
SRR S e W Fr 45 S LI 9, fi &l 9 & a1 1
0} SFRT1, 4 SSRGS 47 (2 EHERR (1 5 R UL 81 T GCG
(AR T) 278 COTOR BRI BT T) ATG (B4
RIS T ) AGC (22 SR (85 T ) TAT (K 4202 £ 2 )
10 . . \ , F) , RIHZAERHE AATR (A4TM A47S A4TY F#EELT)
. ! : b i 2.6 FEEREI B-CGTase BHE AR KAWL &
o RN 5T L, 51505 A4TM A4TS FOREEA T
7 pH X p-CD PR ORI EE (RIS, T A47Y i A4TR (ORI 25 (ke (5 3)
Fig. 7 Bffect of pH on yield of =CD RIS BB LT, T P TR 5

30

251

15+

2.5 ZREEGAOMEE  hIE 8 AL ASULAE 8 000 bp ZEAVAMT 5 g momoewnyt oDs EREOHM JELEEE Wild IS
AR K/ HIARH AR A4TS AUTM ADTY AGTR HEIE1. 3. 67 Fik 7 v il 4 S kol 2
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47R G G
47M G G
475 Acclca G G G
47y BGGAGE: G G G
B9 B-CGTase 7 47 (i SEFEL = RERIF 5 EL XS
Fig.9 Multiple sequence alignment of the region around the residue 47 in 3—CGTase
R B-CD y~CD [/ F 27 P S (B—CD/y—CD) 25 (6) 1274-1284,
e . PN e A " [5] PISHTIYSKI I,ZHEKOVA B. Effect of different substrates and their pre-
WA—(F4), MRZGAEIERRAE F KM ZHER (Ser, liminary treatment on cyclodextrin production [ J ]. World J Microb Biot,
Arg)fB-CD y=CD bW A4II 1T FL B=CD/y-CD LA - o2 o169 11
N . . L . 6] LI Z F,HUANG M,GU Z B, et al. Asp577 mutations enhance the catalytic
HER, B SRA KM HE SEM T CDs 5B, Herpid g-CD i) efficiency of cyclodextrin glycosyltransferase from Bacillus circulans[J]. In-
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