WE FWum-7 LRENFHEFHRITE CCT BRI

2 0 T OBO%¥ i
Chinese Journal of Biotechnology February 25, 2012, 28(2): 191-202
http://journals.im.ac.cn/cjbcn ©2012 Chin J Biotech, All rights reserved

Tl HE K

—/ CGT

A, BREY, KRR, RA

1R Ry il SEAREZE A=, 110 Jol) 214122
2 MR EM TR A T AEYEARHE I E GRS, {198 8 214122

WA, WG, Bk, 5. WALR-7 AREXTAE B E CGT B Wi kmEm. A TR, 2012, 28(2):
191-202.

Yang D, Tian JF, Chen S, et al. Effect of mutating subsite—7 on product specificity of cyclodextrin glucanotransferase from
alkalophilic Bacillus clarkia. Chin J Biotech, 2012, 28(2): 191-202.

B B ATHRRRTBETAE G - R BB L4458 (CGT 88) A KRS S etk A e,
st E BT P Aok E M BEAT T AT, R L 45 6 -7 R BRAB R TR L ZmFFH. 2 £ 4 PCR
ik, BRI E-T Lifmie ey 6 NEIRBR, ERBARE. ¥ EREARL pET-20b (+) #E47F£ KA
# BL21 (DE3) " &L, VAT MM A R ILATEEIEL, HPLC S48 = b eS8, SR &, 4
st FEF AR y-COT By, REBIAAE R 3AITMATF, y-IRHAFPT & 69l 76.0% T4 £ 12.5% , -+ B-2R 4
AR 8.7 % F2 15.2% - 5H E 37.5% A2 50% . SATHELTHRMNEA: 5 a-. B-CCT BgAatk, FAA y-CGT B49
TAs &7 &Lk 6 NRAIEER, ZMEARHBENOLESGRET ERG TN, A ZiEL y-IRMHEN AR, mEL
LAz &7 L FEN 6 NAAR, ERGARRE, HHBELESOZR T, XM FE AT y- M4 69 £ K.

KGR TR, AR T BB AL, PO AR, RE

Effect of mutating subsite —7 on product specificity of
cyclodextrin glucanotransferase from alkalophilic
Bacillus clarkii

Dong Yang?, Jingfei Tian'?, Sheng Chen®?, and Jing Wu'?

Received: July 5, 2011; Accepted: October 10, 2011

Supported by: Fundamental Research Funds for the Central Universities (No. JUSRP20917), Research Program of State Key Laboratory
of Food Science and Technology (No. SKLF-MB-200802).

Corresponding author: Jing Wu. Tel: +86-510-85327802; E-mail: jingwu@jiangnan.edu.cn

b g RS AR % 2 T I % 4 (No. JUSRP20917), i Fl 2% HHAR H K iU SE 40 FRHJFIE 4 (No. SKLF-MB-200802) %t Bl .



ISSN 1000-3061 CN 11-1998/Q Chin J Biotech February 25,2012 Vol.28 No.2

1 State Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu, China
2 Key Laboratory of Industrial Biotechnology, Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122,
Jiangsu, China

Abstract: To investigate the mechanism of high product specificity of y-clodextrin glucanotransferase (CGTase) from
alkalophilic Bacillus clarkii 7364, we aligned protein sequence and structure model, found out that loss of 6 amino acids at subsite
—7 probably affected its product specificity. Using overlapping PCR method, we inserted 6 amino acids into subsite —7 of
CGTase. The mutant CGTase gene was ligated with pET-20b (+) and expressed in Escherichia coli BL21 (DE3). The extracellular
recombinant enzyme was used to transform soluble starch into cyclodextrins (CDs). HPLC analysis results show that, compared
to wild CGTase, the y-CDs produced by mutant enzyme decreased from 76.0% to 12.5%, whereas the ratio of a- and p-CDs
increased from 8.7% and 15.2% to 37.5% and 50%. The possible mechanism was that, compared to a-, B-CGTase, wild y-CGTase
lacks 6 amino acids in its subsite —7. This conformation provided more space for glucose combination and was thus advantageous
for forming y-CD. When the 6 amino acids were inserted into the subsite —7 of wild y-CGTase, the space to bind with glucose

reduced and consequently resulted in less y-CD production.
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Table 1 Mutant primers used in PCR reactions

Primer
name

F ATGGCCATGGGAAGTAATGCAACG

Primer sequence (5'-3)

GGCGAAGCCGGGGTTGTCCCTGTCGGC
AGGGGAAGTAT

Fm

R GCTCGAATTCGGCCTTCGAAAACT

GCCGACAGGGACAACCCCGGCLTTCGCC
GAGGATGGTGC

Rm

AL FIFm LK RmIR 14, § &
AR S B A B,

PCR P16 4. 94 CHIZAEE 4 min; 94 C
30s, 55°C 30s, 72 °C 2.5min, it 30 PMEHF;
72 "CHEfH 10 min,

PCR /#jalifbs, YENH 2 IES PCR 1Y
it W PCR RNAKRRHINASSEEIRE B A
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2.5 min, 330 MFEH; 72 CHEAH 10 min,

PCR =¥ #lifb)5, 16 Ci%E4% pMD18T-
simple, #&H:7Wi54k E. coli IM109, HkHFHME
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PR vk .
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122 KWL
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10.0) FCHI 3% (WIV) AT T TE 8 I8 Y
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1.0 mol/L W ER R 15 1k B, FJim A 2 mL 0.2 mol/L
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FIF EBI (www.ebi.ac.uk) FJFEZE clustalw2
TH, XPAFSKRIE CGT B LRy 4t T2 H
JEHI T, HAskIET Thermoanaerobacter sp.
ATCCh3 . T
stearothermophylus strain NO, i) CGT i 3= % 7= 4y
9 a-FRHE , TSk JET B. firmus 290-3. Bacillus
sp. G-825-6.B. clarkii 7364 it CGT Jiff 3= %=/ -
PR, HART LI B-SRRIRE T (1 2)P0,

ZH TR ELH] , v-COT BAE A AL
=7 R R 142 RAARAATE, BT 6
MEET o K B-CGT B H AU Z LR

It SWISS-MODEL IS TE L iR 55 %
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SEF AR (PDB 45 : 1CYG), MUUIALHE 2]
FPIERY y-CGT MEMYESHY, HELMT i CGT
fifg SRR ZE A L, v-CGT g ARG A H 15 A K
AL, B[R] B-CGT BF—HE 5 45
PR L, FERERY S [A]E i A —3, TR
BLR-T AL, ety A 1 i w284k (1
3), M TIALL -7 &b 6 N2 IER A ERE, 131k
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Fig. 1 Schematic representation of the interactions of B. circulans strain 251 CGTase with a maltononaose substrate at

the active site'®.
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Fig. 2 Multiple alignment of amino acid sequences of CGTase.
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Fig. 3 Alignment of y-CGTase model structure with B-CGTase crystal structure.
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A BL21 (DE3), HkHBH M v b #E 17 K5 5%,
SDS-PAGE %@ £ 3, RAKMIIZFRE (K 4).
FEGE 2 Ni-tEalifk, MREImkai®Er (B 5).
For I Al Ak 5 5 722 il R0 BT A= il 1) ARG TE LT
GEIFRW, AT TRFAERG, KA v-FRRIE TR
BTG I 14.1 Ulmg [ % 1.3 Uimg, o Fi1 B-34H
NI REPAR R SN 12 7Y =T N LIS 28 ] 57
BCIEFI 0.4 Ulmg FHEZE 2.4 Ulmg, i B-FRH
WG 1N 2.5 Uimg FHiE% 3.1 U/mg, fH 6
A G BE TR 4 A 58 A8 5 BRI AR TE T R AR
(£ 2).

B4 BFERFRTR CGT Bk SDS-PAGE £ 4f
Fig. 4 SDS-PAGE analysis of the wild type and mutant
CGTase. M: protein marker; 1: wild type supernatant
fractionation; 2: wild type periplasmic fractionation; 3:
wild type inclusion body; 4: mutant supernatant
fractionation; 5: mutant periplasmic fractionation; 6:
mutant inclusion body.

5 ifk/EEFAERFIRT CGT BFAY SDS-PAGE 43 #f
Fig. 5 SDS-PAGE analysis of the purification of wild
type and mutant CGTase. M: protein marker; 1: wild
type; 2: mutant.

23 KLFWRIEREMRE pH

R T AR AR RN AR, B TR
AR PR B aE R EE R pH. &l 6 s, BFAE AR
RARRPYEGEIREY N 50 C, HREHARE
60 CHY, ZRASKRHEHE FRERR, 70 CHEFAER
BT R R B R IY 50% , S8R REAR KRG .

5EpAERAHE, pH XFRARR I A AR
K (7)), ERMEMT, FARFNEFAE TR
FREAR, BRPESMET, —FAEES IFAARE pH 1
FHEE K, ARARRN G pH S 9, MilfE
RIS 10, pH Jy 10 B, BFAE R FNGE AR R A TG ML AR
AR, AR LARE 809% 197 11 .

2 KiETF B.clarkii 7364 BYEFE R CGT BRI IRMI#E AL ELIE 1
Table 2 Cyclodextrin forming specific activities of the wild-type and mutant CGTases from B. clarkii 7364

-cyclodextrin formin
Enzyme ey 9

B-cyclodextrin forming

v-cyclodextrin forming Total (Ufmg)

specific activity (U/mg) specific activity (U/mg) specific activity (U/mg)
Wild-type 0.4 14.1 17.0
Mutant 24 1.3 6.8
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Fig.6 Effect of temperature on the wild type and
mutant y-CGTase.
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Fig.7 Effect of pH on the wild type and mutant
v-CGTase.
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501 —m—y-cyclodextrin
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Cyclodextin product (g/L)

=
n

=
<>

50r

45k y-cyclodextrin
) —e— B-cyclodextrin

;LO [ —— q-cyclodextrin
St

30
25 F

20 P
15 //./

1.0 /
05}
0.04 : : : : ' *

Cyclodextin product (g/L)

t (h)

8 FHE (A) MR (B) CGTEEHAMERT 5% (W/V) RIAMEIEM BRI BT 12
Fig. 8 Courses of formation of CDs from 5% (W/V) soluble starch by wild-type and mutant CGTase, respectively. (A)

Wild-type CGTase. (B) Mutant CGTase.

9 B-CGT Eemik&M (L&) 5%H4% y-CGT i
(&) MRLT y-CCT G (HE) R

Fig. 9 Alignment of wild type (green) and mutant
y-CGTase (yellow) model structure with B-CGTase (red)
crystal structure.
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