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Effects of chaperone co-expression on heterologous solubility
expression of thermophilic cyclodextrin glucosetransferase
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Abstract: [Objective] To improve the soluble expression level and enzyme activity of CGTase in
prokaryotic expression system, the expression conditions were optimized. [Methods] The cgt gene was
cloned from Geobacillus sp. B1 and cloned into expression vector pET-28a(+). The optimum induction
temperature was selected by enzyme activity assay and SDS-PAGE. The molecular chaperone
co-expression system was constructed and the optimum molecular chaperone vector was screened.
[Results] The results was described as follows: the cgt gene was amplified and cloned into vector
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pET-28a(+) successfully, the enzyme activity and soluble expression level of CGTase was highest when
induced at 25 °C; in the molecular chaperone co-expression system, the five vectors containing
different molecular chaperones (pKJES, pKJE7, pGro7, pTf16 and pG-Tf2) improved and the enzyme
activity and soluble expression level of CGTase in varying degrees when co-expression with
recombinant plasmid pET-28a(+)-ompA-cgt, and pKJE8 was confimed to contain the optimum
molecular chaperones combination and the enzyme activity of CGTase improved 48.6%. When
L-Arabinose concentration of 0.5 g/L, molecular chaperone plasmid pKJE8 made extracellular enzyme
activity increased 68.5%. [Conclusion] These results can provide a potential value for further studies

of CGTase.

Keywords: Thermophilic cyclodextrin glucosetransferase, Soluble expression, Molecular chaperone,
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5 CGTase 7EHAH KM B H Rk
FELUMAIE RIS, "B, RiEg
Tl AR B A5 o Jin 0@ ik pH R
FIFE—ERE LS T CGTase M AR L.
wu ZEU0%g 4 T ok J5 T Paenibacillus macerans
JFB05-01 FJ a-CGTase % [H ) 43 6 10 36 ik 28 4

pET-20b(+)/cgt, & & 90 h J5 Iifd 4 B i 7] 35
22.5 U/mL; 5K 44U 5 ek ik & o A
HG-PGRO7 43 TR Bk 5 B 21 Jiokr pET-32-pfu 3
ik, i HG-PGRO7 ik i FIHHBE HRE A XL
e Plu B AT 2 IR ORGP 5 o 7 it
(IRFFEFR, pET-28a-med-ORF8 54> T 18 kL
pTfl6 k)G, AR T HMEIES, 5
TAIEERR G RN, S5O S g
M CGTase IV HERIE AT FE7E E P3R5 WLARGE o

AR SCR FH R 235 384 pET-28a(+)-ompA HEfT
g B IS B 4F 7 KT I CHBL Mg #% CGTase 7E
Escherichia coli BL21(DE3)Fh Ay RIEFE L, kT
T CGTase H14rF 118 # 1 (DnaK-DnaJ-GrpE |
GroEL-GroES . tig)L3Rk Moy, Ml ikt
FHARE et TR, DU RRE 7 T
PR ARE &M, BT 220 Tl feA: 7= 1 H
B M

1 RS HE
1.1 ##

PR TR : BTG D7 2E 94T 7 CHBL . E. coli
BL21(DE3). #Kik#{Ak pET-28a(+)-ompA ALK =
A7

FERFFLES : b FiREAR . o7
{85k, TaKaRa /Al; IPTG. FURRBGARI £,
FAREARHE AT BRA R 5 L-FIHiqfbE, Sigma /A #];
R K (Kan), AEFE(Cm), WHAEK, BilET
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12 EEZ=[E. pET-28a(+)-ompA-cgt Az
REE

PARERIE 7 25 /AT B CHBI1 B3N 4] DNA
B, MR A T 0% PR RS 8 28 W S 5 RS i L
H1), Wit 51 #7581 : cgt-F: 5-CGCGGATCCAATAAG
GTAAATTTTACATCG-3', 7% BamH T BV A5
cgt-R: 5-CCGCTCGAGGTTTTGCCAATTCACTATA
AT-3', & Xho I BUI; &5, PCR & 4= Hyalifmli
J& FNZEAA pET-28a(+)-ompA 43 5il#4 T BamH 1 £ Xho
I XEEY), Isifb)s, feadh 5 R T 1:3
R4, A T4 DNA #4085, 16 °C EH#IK. %
Fer WAL E. coli BL21(DE3), ~RAREER itk Vi
e A R o PRECEAAS B s b 15 R i, 2
ks, #6417 BamH 1 F1 Xho 1 SUESHIEHIE, 3 HLA%
PR e T35 AR T AR TR BRA RHIT o
1.3 BREBMRESFRIEFHRL
1.3.1 BEMEEWMRIE: PRPCRETEEMT 50 mL
100 mg/L RIREE R LB 537 5E(g/L, BE
10.0, E#FEHY 5.0, NaCl10.0, pH 7.2-7.4), 37°C.
180 r/min #1575 % ODgo=0.6, MMALUKE N
0.6 mmol/L 1 IPTG, /55335 72 ho 10 000 r/min
B0 S min AR TR, b M4 RS A
B AT & T 50 mmol/L PBS Z& i, vk vl
MR, 208 L3 FITTHE , SDS-PAGE /M #5724
1.3.2 FRBEE/FE: E. coli BL21/pET-28a(+)-

ompA-cgt FEIRF /T HILE 20, 25, 30 Hl 37 °C i
3572 ho KWER 10 000 t/min 250> 5 min, FiHHT
JRLA NG A o O FR TR, vk
FEIGHE, 43 ES FWSFITUHE , SDS-PAGE 236574
1.4 HFHEEEREIRZRFEHHETAMERIE
FHMHMK

1.4.1 FBFEHK pET-28a(+)-ompA-cgt 55 F1{8
HREKXKRZABWBE: K E coli BL2l/
pET-28a(+)-ompA-cgt FA AP F% 100 mg/L
B 2 AW LB Ki 325+ 37 °C. 180 r/min i
SR, RrdiE AR K S ODeo 20K 0.4-0.6 I, HIH
F CaCly Jrik il 5 Bz A5 20 il . 8 pKIES . pKIE7.
pGro7. pTfl6. pG-Tf2 HFHFAHRFR(E 1)5
A BT & 0B S A, F 20 mg/L AR
100 mg/L RAREEZR M T8 PHE se 2, ARATHRIES
% pET-28a(+)-ompA-cgt F143T AR Bk () 3L R T
A . KSR pET-28a(+)-ompA-cgt 1763k
FARAE A BT R

142 BHIEBRIFSFKIES SDS-PAGE HB K53 #:
PR IR R AR AL 4R 715 100 mg/L
RIREF R A 20 mg/L SA& R W 50 mL LB 55758,
37°C. 180 r/min ¥53% 8 h Ji7 , 4t Tt 55 3ty
M ODgoo 294 0.5—1.0 A 0.6 mmol/L IPTG
110 pg/L BPUA RS 1 g/L 1 L-FThifrbs LLis
I FARA R (pG-TR2 MU E S, pKIET .pGro7
F1 pTfl6 H L-BlHi rbi%5 T, pKIES FHPUPAZE A L-

R FREHER S FHEER

Table 1 Expression vector and molecular chaperone plasmid

g A IrTHRA S JAgh T Y BiiEbric

Plasmid Molecular chaperone Promoter Inducer Resistant

pET-28a(+)-ompA - T7 IPTG IR
pKJES zﬁsgé?;ijé%ﬂi araB E§§1ﬂﬁ AER
pKJE7 dnaK-dnaJ-grpE araB L-Fahr At ARR
pGro7 groES-groEL araB L-Fal Rz {fis aEE
pTfl6 tig araB L-FH s AR
pG-Tf2 groES-groEL-tig Pztl 7S AER
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BRI S, 25 °C AT 72 h, KR 10 000 r/min
B0 Smin, W TRIMSMGEEY:, DEEST
PKFIV ()R 2% m vk OB P AR, 12 000 r/min
B0 3 min 438 LIS FIVIE, SDS-PAGE 43 3Rik
Y, VIEZ ORL pET-28a(+)-ompA-cgt b3k
15 E BL2UDE)E XTI, B E R 15%1)
SDS-PAGE HLyk Al H i & 1 T R i 0 o
143 HERERGHREFSEERTE: KILE
IR A AE 20, 25, 30 Fil 37 °C i S #£ ik 72 h,
10 000 r/min 50> 5 min YR FREIR, FIHWHT
JHLA N TG FAOASHIN B A R UK TR 1 S %
UK ARERE , 12 000 r/min 2.0 3 min 4385 LG
HMIVLTE, SDS-PAGE /3#r#iki=4).

144 HRERGHREFSTIRERE: £IHLE
KBRS SR IGET, ZrmA 0.25. 0.50. 1.00.
1.50 g/L (1) L-BuHifroll, ALK N 0.6 mmol/L
[ IPTG, 25 °C . 180 r/min i/ 543k 72 h, 10 000 t/min
B0 5 min WCEERR, FIEH TSR, Hik
BT UK FBAEBE, SDS-PAGE ZrHr n] ¥t 283k
T

1.5 BENERERREENE

T SIS A MR R il o3RI T
2 Lejeune %155k | DL 3% (B (R L) T i1k
TE R A AT PRI A B A o- BT
TIRE o — AT 7 B 28 SOAAE SR R 4544
BB A R 1 pmol o-FRRG T OB & .

2 [ Bradford Uy gt b A7 2R P I AE .

I3 FH#K/ Bandscan 5.0 4347 SDS-PAGE Hi ik £
TR AT T B, I A vkaE T B R
FIFGR HRFUREEE, T AT B S )
el

2 ER540H
2.1 EF4HFEH pET-28a(+)-ompA-cgt HIHIE &
E ¥

PCR 4"} CGTase &K i BE, 73T 57 2 000 bp
KA, SHRFEKER/N—2, PCR =¥5

pET-28a(+)K A BUki £ W), sifbibl ™4 T4
BRI RA E. coli BL21 ", ZHi# PCR 1
UE, A5 7E 2 000 bp Ze 475 E AL FURDW I S0IE
RIS B, 43S B 0 RS B R N3
(B 1); 535, MFARZ T B oR) P50 ER, ik
A TR pET-28a(+)-ompA-cgt fEE T, HitkF
M LA R 1 T % B R BA M SR
2.2 CGTase HiFSRIERETE

R pET-28a(+)-ompA-cgt/BL21(DE3) £t
HRAAESRSE 20 5, BOKRERR, IHEREK,
AR S B 0003 B E IS FITUE, SDS-PAGE Hi ik
SrHT(E 2), G E 2 MZERFENEL CGTase HIAH
XF4rF BT TE 75 KD 245 A6 FUW H B E RN
CGTase 133 7 KiERik, HEMMHEENEASE
AR, KA AT PR AL A E XA AE T
1, DL 3% (BT iAFR L) T e A ki 24 e
S FIEMET, Z5R BoREEE R 6.69 UmL (K 2).

bp 1 Ml 2 M2 bp

1 CGTase & PCR FFH#flEHRIERM
pET-28a(+)-ompA-cgt BYEG I8 IE

Figure 1 PCR product of cgt gene and the restriction
analysis of recombinant plasmid pET28a(+)-OmpA-cgt

7:: M1: DL2000 DNA #r#fsrFot; 1: cgt 3£ ; M2: MHind
I DNA HRr#fEJ> T4 5 2 L4 okl pET-28a(+)-ompA-cgt £ BamH
I 1 Xho T XEEVI R IE.

Note: M1: DL2000 DNA marker; 1: cgt gene; M2: A/Hind III DNA
marker; 2: pET-28a(+)-ompA-cgt digestion by BamH I and Xho I.
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Figure 2 SDS-PAGE analysis of the purified CGTase

H: M: RS EA; 1 R4 CGT BE; 2. 4ifkry
CGT .

Note: M: Protein marker; 1: Crude enzyme; 2: Purified CGTase.

2.3 CGTase ByRIEL{L

HHWASIEFRIBGE, SRR, IR
WemsE, BOJEEL R, i Ni-IDA R, WCEEVER,
SDS-PAGE (Il 2)/#7 i /n 28 AE 4lifb f5 1) 2 (A 41
JEIRE] 95%LU L
24 BFREENFIE

¥ E. coli BL21/pET-28a(+)-ompA-cgt 4351 T

20, 25, 30 M1 37 °C 5 33Rik 72 h, Rk WL
{55 A1 SDS-PAGE 43-#r. W&l 3 Bz, MaohEE
FH BRI ARk AR S IR 25 °C i
RERR; HRIREMTEE T 25 °C#AHTE
¢ CGTase MU NER, TIEHEEMEA S SEA
b, MOAME PEREAR, PRI$E 25 °C N
EE TR
25 HTFHESEHBERH®FIX

e NT HAH BRI AN 3 T REAR BURLRY E. coli
BL21(DE3)Z WL PR 7R Lk, R UTURIET T
AR SRS E, £ 5 Fior TR0 S5 &
R AR T R — R . B 4 R,
pET-28a(+)-ompA-cgt 5 5 o+ PR Bk 5k
B, HREAM R e MBS . £
4 Bandscan 5.0 K H (£ 2), E. coli
BL21/pET-28a(+)-ompA-cgt HplFRiAR;, HEEE
1E FiEaS N 5.8%, 5 pKIES ., pKIE7 . pGro7.
pTfl6. pG-Tf2 /BRI HIHERIK G, AT
PEE RN 7.0%. 9.1%. 7.4%. 6.4%F1 6.9%.
Hrp5 pKIE7 s PR B ERA S HE AR
AT PERIA IR m RO, 5 T 56.9%.

I AN, 25 R R B A ok oy
TABIERE)E , ARG A R R 2 e
Hirf pKIES Fll pGro7 JFURE X =5 B T A FE B g
K, HHRE T 48.6%FH1 48.0%. TM4rTFEAR K
pKIE7 X4 CGTase MISME MR/, BHEIL
PET 6.1%.

R2 5 MAOTHEFRHFIAHIYBRER CGTase BFRIAIT

Table 2 The expression level of the target protein CGTase aided by the co-expression with five molecular chaperones

Jr AR Ok

Molecular chaperone plasmid

AR A S A )

Soluble protein of total protein (%)

pET-28a(+)-ompA-cgt
pKJE8/pET-28a(+)-ompA-cgt
pKJE7/pET-28a(+)-ompA-cgt
pGro7/pET-28a(+)-ompA-cgt
pG-T{2/pET-28a(+)-ompA-cgt
pTf16/pET-28a(+)-ompA-cgt

KO L
Extracellular enzyme activity (U/mL)
5.8 6.65
7.0 9.94
9.1 7.10
7.4 9.90
6.4 7.23
6.9 8.20

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



FRK AL

I T HEARIER IR 0 B RRS H 4 WL R Tl DR T 2R ) S

523

E8 Percent of CGTase expression
g -3 Enzyme activity -8

Percent of CGTase expression (%)

20

25

Induction temperature (°C)

30

Extracellular enzyme activity (U/mL)

B 3 AEFFEETHBER CGTase AliAERIEMN
s BgIE RO

Figure 3 Effects of different induction temperature on
soluble expression and extracellular enzyme activity of
recombinant CGTase

2.6 FEHFTEZFEML
2.6.1 GEENHFIEREM. WK 5 R, 7EARHE
TR X USR] R T R R R, R E

72 h Ji, CGTase 54r TR IRL pKIES BYFLFIA,
B AMNEEE B 55 ik 9.94 U/mL, $BiBH 25 °C JEfxE it
FIRIRE s REEIREE N 20 °C 137 °C B, HadhiG

TG IR RRAR, Hu/MNERS 2 4.68 U/mL 1 1.29 U/mL.
GEREW, MRS, BARIEARERIAER,
{H CGTase (ZiRAZFBH BANH]; 42 KACHT,
AR HERRNE, FEEA CGTase H HFHK

i, AR TEERFRIEFTW. FHTRER: (1) &
AT, BORLR) 2R BT, sEm s 4 A L™ ;

(2) 585 014 % T Tk 3 (5 T 20 g 11 15 Sk R P
AR FEFAESIT S, MRARIIREE, B A
R,

2.6.2 L-PTH{A#ERENLRIEBZM: 7ELE
FEFRIMACKRFEIE R L-BTHA B T 00 AR
BT, SiRWE 6 B, L-Bar R85 5
CGTase &35, Y L-Fahi{fik -4 0.50 g/L B,
TR pKIES L35KJ5, HuAMIGIE k%)
112 U/mL, $85 T 68.5%; 4 L-Bilhr vk B 55
1.50 g/L i, 545rFHAR pKIE7 FERAH R A s
it e Ik R A 3.2 U/mL . SRS 78 L-Filhifroiik
JEk 0.50 g/L Bk FR R, ULAAEGE Y L-Fil Rk
JEH 0.50 g/Lo L-Fal-Hfripvk BEAR T80 T 0.50 g/L

Control pKJES pKIE7 pGro7 pG-Tf2 pTf16
kD M S I S I S I S I S I S I M kD
M= =¥ =
100 — :_i{%ﬁ
80 — =« — ——
TO — S — ——10
60 — - — — 60
50 —a— - - 50
40 — = == e ——40
—
— -
25 T - 25
20 — .9 -—20
- ” ——10
10 — - 4
el e m o = - -
B4 5o FHEERERESEMED CGTase FRik/KF RN
Figure 4 SDS-PAGE analysis of expression products in five co-expression systems
e M: FRERSTEM; S: ANATERRY; I AATEMERRY.

Note: M: Protein maker; S: Soluble fraction; I: Insoluble fraction.
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25°c 2 30°c [ 37°C

Extracellular enzyme activity (U/mL)

El5 AREIREX 5 Mo FHELRIEREMBINEEERN

Figure 5 Different temperature for five molecular chaperone co-expression system in terms of extracellular enzyme activity

200
150
100

50

Relative activity (%)

E 6 AEKE L-FAAHER 5 #oFEE1FRERERBINETFRD
Figure 6 Different concentration of L-Arabinose for five molecular chaperone co-expression system in terms of
extracellular enzyme activity
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AR FELA CGTase N EMERIL, WHREEHRE
() L-BaThi{fTpE & T8O PR R, (A5
IR, AFIT RTsvERR o i AR, TEfn
NBARHEE L-FIhiff s, o AR RE a5
ik, XE4 CGTase WIHiBIITBAE AT, HiLE
2l CGTase AT MHEFRIA EK,
3 wig

SRR AT B 4235 22 G X AR 2 560 2 0 e 31 1)
—PRIEIEE AR T CHB1 PRRPRS 75 280 b 3L R it
ik, Wtk B 25 °C B SR MGE H i & 1)
MRS . LR, ATREt TR A KR
RRAR T TG P R AR AT 1 1) s R A g KA BLAE
T T AL AR i, DA SR A — e
B Eal IS CGTase YR EMEE L, (HEH
CGTase iR Z UALBMMIERAFTE, AT ERR /-
/b, AT LR AR AT E R S R AT T R G5
FHPE) SRR, Ak, SlF SRABRGE: (1) &
BFE A EREED Q) Mk RIKEME, R
BFRRE; Q) e, e EA . rEmndt
FRU (@) Rz RGN, AR AL
AR BB TR P T D

Iy FARB S — SRR U B LB R A AT OE
WS . A%, Fiz . BEMWEZERT, EI7EH
i P S B L B T R 2548 S U E B A R TR R,
M HAEATE IR G 525085, ANH s S22 11 BTk
frongery ot BT, KR e 3 FhaE
#> T-BIA % . DnaK-Dnal-GrpE . GroEL-GroES
FTF, BN e AT & i B i 2 A BT SOAH
FRAVE FAU™ S8 B b ] LUE iR R4 T FE1E
A IR . ARG IA T 2 FAALE
FIKARG, KR T 5 F3F 1B BURL(pKIES .pGro7
pKJE7 . pG-Tf2 Al pTfl6) 4} % 5 pET-28a(+)-
ompA-cgt #4173k, SDS-PAGE /M4t B s,
HRIAF D FHBIREL T, HEAK ST
FIR RN T AR NS, I EMIMEE B
TR S . Ui TR/ T e T RExT

N

PR H R A AT R A I R A BT AR [ 1020
Ferbr, pKIE8 73 TR TR R IK S , CGTase 7]
Vs 2R IR B RN L AT T R i A B . R T
W, %t CGTase MM, pKIES ki A HefkEmrT
TR A, Wb T CGTase tLRIRRIIE R, &4
i T CGTase T HHFRIN . pKIES 7 FFE(R R
ol 3 P FAEABZER, RIEFFRIA 3 FharF B &E
F(DnaK-DnaJ-GrpE. GroEL-GroES #1 TF)f &,
X 3 ME A PMER Y B RN IEMTTE . 4
. iz, MBI AR BUR AT B R 3RA—Hag
PR AR A, X AT R pKIES 73 1R i
BB s =y H i B Al R A RCR R
SR, AR 2R3 0R R G002 = M A s 1
AR, KIBFFEFIEFE CGTase il A7 EIE K
AL ARG P AP0 A R R A3 A A s SR
I SRR BORTE G ACF AT IR CHBIL Hhiff ATk,
B 3 A AR 5T R v A i 1 S () 5 A
LR TE 155 7 i i — 0 B v M ANt % M

i LRk, AWFRXTEHAZEHFTE CHB1 #Y
CGTase #4171 ML, KB CGTase 7 25 °C Ik
TSI AT ER A R e s HRRERE N 25 °C
1 L-FIHAAaER S 0.5 /L B, 50T 1R
pKJE8 MERIKAENS I # CGTase HYn] i ERIA
RSN . AR IR S R AL CGTase
FFJE CGTase B TLALA: =N ST 28 T RA4F
i

5 % X #t
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