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FRRE T, (2R EFHF e 2245, p-F= y-CD 69 GIARH PT3ghn, G T, FHREKRFT 195 ALK
2t F a-CGT Bty & H At B0 LA 20 %m, Y1951 R EARBERA A T2 BEWE R y-CD. thibe R &
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Increasing of product specificity of y-cyclodextrin by
mutating the active domain of a-cyclodextrin
glucanotransferase from Paenibacillus macerans sp. 602-1
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Abstract: We studied the mutation effect of subsites -3(Lys47), -7(146-152), and cyclization center (Tyr195) in active
domain on product specificity of a-cyclodextrin glucanotransferase (a-CGTase) from Paenibacillus macerans sp. 602-1.
The Lys47 was replaced by Thr47 and Tyr195 by Ile195, and the amino acids from 146 to 152 were replaced by Ile (named
as A6). All these mutant a-CGTases were actively expressed in E. coli BL21. Compared with the wild-type a-CGTase, the
starch-degrading activities of all the mutant enzymes were declined. For mutant Y1951, the percentage of a-CD was
decreased from 68% to 30%, and B-CD was raised from 22.2% to 33.3%. Interestingly, y-CD was increased from 8.9% to
36.7% and became the main product, while the actual yield was increased from 0.4 g/L to 1.1 g/L. Mutant K47T and A6 still
produced a-CD as main product though the percentage of B- and y-CD increased. Purified Y1951 CGTase showed similar
optimum temperature with the wild-type a-CGTase, but its optimum pH shifted from 5.0 to 6.0 with better pH stability. In
summary, mutant Y1951 CGTase has the potential to produce y-CD as the main product.

Keywords: o-cyclodextrin glucanotransferase, a-CD, 3-CD, y-CD, mutation, product specificity

IRWIRG M FE 5 B (Cyclodextrin glycosyl
transferase, CGTase) (EC 2.4.1.19) J&—Fhk B 40
AR MSNEE, JBT o WMEERE (Fik 13)1,
CGT [ e fi Ab e 4 A1 A o- 1,4-50 S A2 iR I8
JEVE R 22 ZE AR M RN IR IAE  (Cyclodextrins A
FK CDs)s

IR 2 H 6 B2 H%EMERITLL (a-1,4)
BT S AR I I RRAR SR, 3 A AR
a-CD . B-CD 1 y-CDPL SR HiHE 1 4h 2% (Rim) 3%
KT (Cavity) #izK, BS54 ZHK% A
bGP ek 2 fig B A BB 40 DA T el 72 4 3
s Ak B PR SR ol T A
BEzl . ol fedlodh oAb E IR SRS )2 Y

A1, 5 q-CD F1 B-CD #H, y-CD HA W
R, AKEVELF, DARCSERIVER /N REE, I
EAEVF 24T 0B 5 R0 R 24 4003 B R Y T
FE 3 MY L {E R BRI B b IR RORS 3
B-CD 343 a-CD, y-CD A= 5 Al ey A AR fifi
BB RN,

HETC A S 4 CGT MR W2 3
Fl CD WA, HUUFEYfaa N a-, B-Hl
y-CGT 3, Horp y-CGT BRRAR/ | T Bk
REJIA PR, 4nve [CZEHAF IR Bacillus clarkii strain
7364 1) y-CGT MR AR AL TE R A B MING 5 1k
KN 13.7%, y-CD P i i 0.8 gL

P, XF CGT WA 798740 eleid LA 2 i H:
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HEALTE B y-CD HYRE 12X S R 7 10 2
— o JPHI XS NG5 #E 3 BT R, o/B-CGT il A0
y-CGT BAE TR 7~ Wy Bk 1A A 2 A M 4b
AF, a3 AE-T ALK (145-152) FI-3 SEAZ A
47) (FMMIRARZEMEATE Bacillus circulans 251
CGT B§MIFSINNT). 7E a/B-CGT [ 4352
SSTDPSFA/SSDQPSFA (-7) Ml K/R (-3), MifE
y-CGT B4 312 DI (-7) AT (:3)M45, 3
AL B BUE A R F 2 A A Bacillus sp. G1 1Y
B-CGTase, fE&4 K43T (%) Bacillus circulans
251 B-CGT Wiy 47 i) %2748 )5, y-CD My LI
10% 32712 39910, £1RF-7 A0 A5 Ak v A ok
H B. circulans strain 8 i) B-CGT fif§, H: 145~151
(LSRRGS N Asp J5 y-CD 7 ik EE s 14507,
[ i A B. clarkii 7364 i y-CGT B 1423 Asp
AR B-CGT P IRSF ) 6 NS5, v-CD [
KT 63.5%, i 0-CD Hl B-CD 43R T 28.8%
1 34.8%, GERH-7 A S0 kBRI 10
il &F %t 195 7 i A Bacillus circulans 251
B-CGT MFy 22844 Y1951, H¥rh o-CD H 13
%% H 0, B-CD Hi 64%3E M%) 86% , y-CD Il i
23%[%AKE] 14% , B B-CD M7= 4 B PE A 4
B, v-CD Mtk A B RN DL E#RE KR
JEHET X B-CGT M7k . A a-CGT [iFhy

R 1 KEERFIRAL
Table 1 Strains and plasmids

AL y-CGT WA cies , i 5 )ik $8: th 75 o0
M oa-CD B %M /\JCIFW y-CD 585, MiAE
LI B-CD, X TEC A w oK WAHRGE , 1 FXF
i — R IR W RS B AL 1Y 23 L3
JE 1) A e, 1 R PR A B A (R S

A FE DL T 540 ZE O FF 7 Paenibacillus
macerans sp. 602-1 [)—F a-CGT [ 418}, i
Xt 3 FERE R A, DL e AR
B-CGT M it 2255, #4451 nl RE B FIE A%
y-CD WG TENL I o ASSCHUORT I S i X Sl
AT oieHs . K47T (-3 WA ), Y1951 (FRfeH
), 146 Hi LIRS 2RI 146~152 1) 6 42
iz (MERNA6, -7 WALS), LAGET XL Xt
a-CGT [/ Wy SR R 52 oy R 1 4544 )2 1T
a8 CGT MRy Wk Bt e m R R, DL st
B y-CGT M N T s $ A S 56 4 40 o

1 MREFE

1.1 w7
1.1.1  JURL AR

FIKTE F T E. coli BL21(DE3) HIvlefs &
E. coli DH5a W 8 4 X4 24 A (AL 50);
pET-22b/cgt A SER A i IF O ; 32 1 tha s 1
ARSI v T A 2 ) TRTAR AR

Strains and plasmids

Characteristic description

Sources

Strains

E. coli DH5a For the host of plasmids

E. coli BL21(DE3) The expression strain for pET-22b/cgt

Plasmids

pET-22b( +) Amp’, for construction of the recombinant expression vector

pET-22b/cgt

Amp', for expression of the wild-type CGTase gene

This laboratory
This laboratory

This laboratory
This laboratory
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1.1.2  iRF

Taq A AN FUR AR U & F KA F
Abat). T4 ZRAZATIRING , Taqg DNA % 45
Dpn I 1§ NEB /A, Ni-NTA #2EfZ i Al
BEREZHTHE S-100 14 H GE Healthcare, 43+
wAREN] H Fermentas, 51416 U i 281
2ol A w] @Abnt) e oAt R Sy [
Mrati.
1.2 REFZE

LI pET-22b/cgt Jou ki it i 175745, H
DNAMAN #3514 (% 2), RAZSI1YIH T4
ZREATIRMMGHTHER AL, 2748 PCR (KR 4N
T 10xTaq 2% MK 2.5 uL, Taq [ 1 pL, 10xTaq
DNA JERERZE R 2.5 uL, Tag DNA % B
0.5 uL, Mf{b5% 1 uL, Dpn11 uL, #iki 2 uL,
i ddH,0 #M%E 50 pL, PCR #4444, 65 C
5min; 95 C 2 min, 95 C 30s, 54 'C 30s, 65°C
8 min, 30 PME¥; 75 C 8 min, PCR P“#IfinA
Dpn I i 37 ‘C /I 1 ho PCR A BOBUEEY 18 254 -
95 °C30s; 95°C30s, 52°C 1 min, 70 C 1 min,
32 MEIHR

RALME A6 (A I TaKaRa MutanBEST
Kit 738647, PCR F=¥im A 1/10 RFLR
3 mol/L [ ESTRENFN 2 AT T K 21, —20 °C

x2 ERRLSMFT

Table 2 Primers used in the site directed mutagenesis

. VITEF WAL E. coli DHSa 82 25410 i
H, A T Amp 19 LB AR ERESR, AR B
PRICA TR VR R AR, SRIUTRL, W5 4B 28
AR IEWIN R IA R L E. coli BL21
(DE3), PRECARVEERD LB KigR3E, (RAFHF.

1.3 EF&H

MR E BRI TR VR AR 5 mL LB B
FH (% 100 pg/mL FRHFEZE) ', 200 r/min,
37 CHFR 12 ho KRB FRAFROR B IR IE 2%
(VIV) B93eFhiE, HRh 2284 50 mL TB i3k
(% 100 pg/mL ZRNEHER) Pl KBS,
37 "C. 200 r/min 557 F A% ODgoo 4 0.6~0.8 Iif
VK, BN IPTG ZAWE 0.01 mmol/L, ¥%
£ 16 CHIK, 24 h M AR 2R 24
WeRE 43518 20 mmol/L 1 150 mmol/L #k&E15E S
72 h,

1.4 RITHEE Y1951 B4 fk

W R IEWT 4 °C . 8 000 r/min £5.0> 30 min,
W 20% (WIV) BRBREUIIE 6 h,
12 000 r/min E.0FR EFRTIREN, HLE 70%
(WIV) BREREZDTREN T . 12 000 r/min .0, VL
WEWHERZ W A (10 mmol/L Na,HPO,,
1.8 mmol/L KH,PO,; , 140 mmol/L NaCl ,
2.7 mmol/L KCI, pH 7.0) i#fi#, HAEZ K A

Primer name Primer sequence (5'—3") Size (bp)
K47T-F CGTTCAGCGGCGACCGATCCAATTTGACG 29
Y195I-F ATTGAAGACGGTATTTACAAGAACCTCATC 30
A6-F ATCGAGAACGGTGCGCTGTATGATAAC 27
A6-R GTCGGCCGGAGACGTGTGGTTG 22

cjb@im.ac.cn




1238 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech September 25,2013 Vol.29 No.9

FEHER . 12 000 r/min B0 ERETE, 155
BRARE SRR ZAT I _EAERE S o BRI SR M A
G _EAE SR)E A A ZE s A LB (20 mmol/L
Bk 50 mmol/L Na,HPO,, 300 mmol/L NaCl,
pH 7.0). C (300 mmol/L BfME, 50 mmol/L
Na,HPO,, 300 mmol/L NaCl, pH 7.0) ¥, 4
AW, &% CGT A 2H 73 FH 3R A Tk i i SR
S-100 %W JE Mk — A 4ifh, DZ i D
(10 mmol/L. Na,HPO4, 10 mmol/L NaH,PO,,
pH 6.5) FEATVEE, % CGT BEEAY AL/ IS
alifbJ5 i B AR FNEE 4] CGT M7E—80 CHR-AT o
1.5 BEREANMEANE

BT 700 E 2 2% 1k AR 1 O kAT B
0.2 % 22 Wi R AT 7R vE#) 0.4 mL, 40 C ik
15 min, JIAGE Y BERIEFE 0.1 mL, XJREFEM
i B A 1.5 mL 0.1 mol/L HCI, 40 ‘C{#ik
10 min, FEREIIA 1.5 mL A9 HCl & 1R
FE G RIS 05 3 mL 1 mol/L 1,-KI &
5 mL H,O $£4], 700 nm PR E R GHE. 75
WAET, BRI 109 W RE T s il e o S
R 1A 7B

E A SR AIE T AR Bradford? iy
EAT, RS SR (BSA) AEAPRER

o129 5% 8 KM S 9% W4 Kt fr
SDS-PAGE % il 25 11 4 % 35 0 ali Ak 185 1 1k 1
e TE RGN
1.6 IRHAREAE BCBE D AN 4IRS AR

Ph1% (WIV) AIEHEmRERNIEY, 1 g iE
WV MRAE 90 mL 100 mmol/L FY iR 2% th il
(pH 6.5) H, FZ % 100 mL, &l 10 min, A
400 Ulg V€ b hn A B A= i Fn o8 A0 Bl , & T
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40 'C. 150 r/min FEPRHSLY 50 h, Fe— & B [E]
B, FEST 12 000 r/min BS.0 30 min, ¥
0.45 pm B UEMTIEF B 20 uL BT, R
HPLC #47r= 53 AT i) 454482 « Waters 600 HPLC
i L, Waters FahitFEgy, 43t Lichrosorb
NH, (4.6 mmx150 mm), Waters 2414 /8 Z A5 5 ;
Wah il (VIV) b 70 % &5 K % W, ik
I mL/min; #Eif 40 'C. 435l#ilfE o-CD. B-CD
M y-CD MbnifEfi e, JFAR 0 i AR AR v h 42
TR PRI 1Y S B 7 i
1.7 REREEERER

B B AR R Y CGT B ¢ 41 & 2% &
SWISS-MODEL % M # # T. /E 3 (http:/
swissmodel.expasy.org/workspace), P25 #1812
[ PR AR 2,
1.8 EEFMRNE

WG RS T HITE 30~80 "CHYK
W SRS RN 10 min, P E RS f1, DR
SR I SN il B o B i B 43 I 7E 30~80 C YK
TP ORI 30 min, I 760 4 i S DURA S O AR
EES

TP 12 A0 B JS R 2 0 AE 50 COKTR .
pH 3~10 B pH 2514 F SIEY R 10 min, E
15 77, 1 s/ pH o BB i AEIRCLE 4 °C
ANl pH Z54F FARIR 16 h, 0 A TG LLA S
fifE %) pH FRE

2 EREHN
21 RTEEEKESMRRERIE

DS A R R A B R S 28 AR R IR 1Y
kLR HEAT I R, H AR S E R AR L B
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pET-22b(+) Jovkr , B A il A1 28 A% il 55 41 Sk 4331
%64k E. coli BL21 (DE3), PEBUHM: vale . Z501F
A RAS A R AE TB Bi 3k dhis Sk, Wk
KW FiG P T SDS-PAGE HiikZ3#r. DL E. coli
BL21/pET-22b(+) Z5 ik ZRik =P %t i, M
VKSR 0T LA A B B, o F
W2 75 kDa (B 1), Ui HME AR THRL
ik, X548 CGT WA EHAE J1 A ELTE )
HEAT AT, 00200 A 578 W TE K /K Sk e T A
iR ke (3% 3).

2.2 RLREGRIINANG S B BE N R

ALK R T 1% T IEHIERY , 28 A Mt i
W 40 CHefk 24 h )5, WE -, B-Fly-CD Y&
(R 4). RASHE KATT FEF A B A FORURS 7
FHRL, #BR 4 o/L 224y, FLALPIFP 58 AL 4 PR
A AN R AR B2 0 R R

5275 i K47T () a-CD i 68.9% %4 57.1%,
B-CD F y-CD 435I 22.2% F1 8.9% 3411 Jy 31%
1 11.9% . AT W, 47 57 i) 5722 {145 B-Fl y-CD " &
Py e s, (RS IREEA KR, o-CD
IR R E =)

ZRASME Y1951 iy CD B =i FFE T2 30%,
3 g/L, H, a-CD H 68.9% %K 30%, B-CD
H 22.2%%#m%] 33.3%; y-CD H 8.9%34 /N3

#*3 BHEMRET CGTEFALN

36.7%, W RFEY), AGEiAE 1.1 gL, 2
FPLEME (0.4 /L) W9 3 4%, FIDLIZ 195 fri g8
Xf CD J7 i Fl ™ s Bt s e o 2

RAFMEA6 FEE CD R T 54%, H
2.1g/L, a-CD H 68.9%F%H 47.6%, {h2F %
778, B-F1 y-CD 439l H 22.2% F1 8.9 %38 fin K
33.3% M1 19.0% .

AT D0, 97 W Y1951 A T 584 CGT
JtE AR S AN ] ) A BEME R AE , SRR R A 7SO
I a-CD hF /Y B R\ JTH y-CD HE

El1 FAEREER) SDS-PAGE £17

Fig. 1 SDS-PAGE analysis of the crude enzymes of
the wild-type and the mutant CGTases. M: protein
marker; 1: negative control (pET-22b); 2: WT; 3: K47T;
4:Y1951; 5: A6; 6: Y195I/A6; 7: KATT/Y1951.

Table 3 Enzymatic and specific activities of the wild-type and the mutant CGTases

Mutant Enzymatic activity (U) Protein (mg) Specific activity (U/mg)
WT 3209 0.345 9301
K47T 3534 0.530 6 668
Y1951 510 0.501 1018
VAN 2676 0.375 7136
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T4 BFHEMET CGT B LR IEEMER

Table 4 Conversion of soluble starch with the wild-type and the mutant CGTases

Product percentage (%)

Mutants Total yield of cyclodextrins (g/L)
a p Y
WT 4.5 68.9 222 8.9
K47T 4.2 57.1 31.0 11.9
Y1951 3.0 30.0 333 36.7
A6 2.1 47.6 333 19.0
Yy, AL ICH B-CD, XTEC AR S A il AN 9 AR ) fedd SNE pHL 4302 5.0

WARIE . F5b, BIRTE B-/y-CGT B REWFE
-3 A R-7 WA s y-CD ATE A AR
M, ABX] a-CGT BRI 578 5 IR R B
FIRERIRCR, B y-CD FE/=4Hh B A B
A, XA R 3 ﬁ@ﬁiﬁéiﬁﬂlﬂ%xﬂ“mﬁ@ =i
TIRErT REIEA e MR . ik, #E— 2P g TR
AR K4TT/Y 1951 F1 Y1951/ /A6, LAMEEXT T ik,
y-CD MBI . 250 R, WRA
K47T/Y1951 Hl Y195I//A\6 FITENR K AREE T L2
RASKEGE— D REAL, FeAbre IR Es, PR
MAK,
2.3 ZTE Y1951 RIS MR

B LR A2 A0 W Y1951 ML BER 2 B o5
FUZHTREER L U8 2 alife)s , 1528 ikalisE
(2,

Y A= i RN 5 AR i 4 SRl S N I R R 2
60 C, MREEET 60 CHIEHE I THRE (K
3A). 1E 20 C. 30 ‘CHI 40 CI# 16 h 5 ## f4
BT 50% UL ERTET), PRAFIRBE ST 40 CIR
& TR (8 3B),

http://journals.im.ac.cn/cjben

6.0 (K1 3C), If HHKTE pH 6.5 fetaE (K 3D),
RAEEAE pH 6.0~7.5 MIEREINIRE T 60% LA I
BITE 7. TSP A BEAE pH 6.0 FI1 7.5 IS S AN
fE50% , 15 B 5 A0 I LU B A i EL A B AT ) pH R
ﬂr‘glli:ko

1 2 M kDa
—116.0

-

o —45.0
. —35.0
-— —25.0

2 AURHFEFMRT CGT B SDS-PAGE #47
Fig. 2 SDS-PAGE analysis of the purified wild-type
and mutant CGTases. M: protein marker; 1: wild-type;
2: mutant Y195I.
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=
® 20t
0 1 —
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3 HAEEFRTES Y1951 MEEEMER (A) miEEE B) BEREM (C) =i& pH (D) pHIEEM
Fig. 3 Characteristics of the wild-type and mutant Y1951 CGTases. (A) The effect of temperature on enzyme
activities. (B) Thermostability of the enzymes. (C) The effect of pH on enzyme activities. (D) The pH stability of the

enzymes. All experiments were performed in triplicate.

S AL EF A BN 23 AR B Y1951 7E 40 CIKIE
HHE PRARTE R A P IOIRE SE 5, AL 4 WT LR
FIFRIRE EAE N 30 h JE ik Bl k. M 4A 7T
A, B AR AL TE R A P PR H o-CD . B-CD
Ml y-CD ZH ol 7.7:2.5:1, a-CD & FE=W), 1
578 Y1951 %1k /=% o-CD. B-CD F1 y-CD
Z N 1:1.1:1.2 (Bl 4B), y-CD iy T E2 7y,
SRAST AL BERR I KA TAR KR RFE AR, =
y-CD Wit RREE o (HARXS THPAE B, 9%
T () LA RN 4.5 g/L B2 3 g/L.

24 {ERAWMERSH
Hi4lt SWISS-MODEL 5 fit) = 4 245 #4450 154

AUES], R Y1951 WAL ORAE N
195 i 24 5L e n9 A8 b T kA B 2 1 45 4 A8 4k
(1 5C), BOAT LA H 2 AR FREPE I — RN AR
I H 23 [ G5 AR AR AN B 3. 7 Il PRI 1
A R ST BRI 195 17 1Y 5 B R Z IR Try
o He BAFITIE IR Ik 195 iy Tyr
A DAHE R T35 2 O (9 7K 41 DA ik 2 7K St IS
RSB o HEALBERRPE I AR I T RESE: 195
87 2 L R A M 2K R0 i 7 g BRI 1 /N
M Tyr 58725 % Tle J7, 195 i G HEMR 004 2 45
(% 5C), J5k Tyr 7 T Ak HoC i Bl 4
55, EEYAEN y-CD. %7450 K47T [ B M
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A B
35 0CD 35 «acD
~ 30 __—A—ﬁ-CD ././0'—‘ 30} 3
2 25 - = y-CD 2 25 - -=y-CD
g i = L
‘£ 20 -2 2.0
gl s
:8 1.5 | ."g 15 [
S 10 S 10 [
Q L &) L
Oﬁ‘! 1 5 1 " 1 " 1 5 1 5 0 17 = A " 1 5 1 5 1 " 1
10 20 30 40 50 10 20 30 40 50
t(h) t(h)

El4 HER (A) FARET (B) CCGTEAINERT 1% (W/V) FIRMEIEH IR TR
Fig. 4 Courses of formation of CDs from 1% (W/V) soluble starch by the wild-type and mutant Y1951 CGTases. (A)
Wild-type CGTase. (B) Mutant Y1951 CGTase.

{

5 EFAEBSANRTERIILGXT L
Fig. 5 Structure model alignment of the wild-type and mutant CGTases combined with glycosaminoglycan chain. (A)
WT. (B) K47T. (C) Y1951. (D) A6.
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y-CD HBI#EAT Fir b, (B o-CD 302 255797
W&l 5B 7 FI| 47 (M 2 B 4% 5 S B LU -3 s
Qb 1S JEE A FITHE K, SEAT R T B-F y-CD IYTE A
RAFEEAG6 B B A y-CD HBlAT i FHE, nlfg
e R 5 5L BRI FRIR 5 AL (AR I 45
TR 2 TA) AR, AT SR A i W e ) 245 65
T RN, —ERE FEIES - y-CD 1Y
A

AL, -3 F-7 S s RIS 2 AT T 1Y
a-CGT MM MEALIEREVEAR —E Ry, B i
y-CD L 45 5, (R I 84T 3k 31 el AR i Ak e 4
PERY R . MAEZEASHE Y1951 () CD =4+
a-CD HJ B 68% /%% 30%, y-CD i Hfilik
) 36.7% , UM A T B R
@%%%ﬁ&w%%mﬂﬂﬁ%wdﬁ%ﬁa
HRIEE— 1 195 £ 2 Leu i CGT B T L Y1951
IZRAEXS T o-CGT B AYME LB ENLIF T R
AHEEE L

3 &%
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