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W OE: AT REFAEKGGEEE RTIREE (Cross-reacting material 197, CRM197), AAF5 A A o -F 142
pG-KJES 5 &40 /f #i pET28a-CRM197 A K MATH BAZ KL AP A7 Rk, RIS A EG W EHIT L, #
M FH CRMI97 BEa W TaM KA., BRABEHELERMHEEHFFLERARNES, Filid SDS-PAGE ik #
&,. Western blotting % # Rt Fr 45 & & #ATAR M AT, 6 RZI: A MK ELABE KR #F2| T pET28a-CRM197
FUERORBAL R, B CRM197 TARKEG ERBALZGE Y TR QBAH XA, @R &L, #
FTHFEONREREFARE, SmALRKREA 1.0mmol/L IPTG. 0.5 mg/mL L-Fl&144 . 5.0 ng/mL W3R%,
B 20 CHEMTHS 16 h BF, BWIEONTHERRRFINIERSG, TEMHAKLY CRMI97 THEGTLE
CRM197 —# KX A4FF s, BB MR, Bit, AREILS T2 pG-KIES T A42 3 CRM197 £40 %
G EKMATE FATIEMEN X EL, HiERGFHE CRM197 —# KL A4 F s, E5% CRM197 €404 @ B4
BT S RORL M, H CRM197 & & &) Tk fv A = B Al % T — & 69 A ah.
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Molecular chaperones facilitate soluble expression of
recombinant non-toxic mutant CRM197 of diphtheria toxin in
Escherichia coli
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Abstract: Diphtheria toxin is an ADP-ribosyltransferase toxic to human cells. Mutation of the active site in its catalytic
domain eliminates the toxicity, but retains its immunogenicity. A non-toxic mutant of diphtheria toxin known as CRM197
protein has become an ideal carrier protein for conjugate vaccines. CRM197 can further improve its immunogenicity by
cross-linking with other antigens, so it has good potential to find broad applications. Unfortunately, inclusion bodies are
easily formed during the expression of recombinant CRM197 protein in Escherichia coli, which greatly reduces its yield. In
order to address this problem, pG-KJE8 vector carrying molecular chaperones and plasmid pET28a-CRM197, were
co-expressed in Escherichia coli. The results showed that the recombinant CRM197 protein was successfully expressed and
appeared largely in inclusion bodies. The molecular chaperones DnaK, Dnal, GrpE, GroES and GroEL5 expressed can
facilitate correct and rapid folding of CRM197. Furthermore, it can also improve the recovery rate of soluble CRM197
protein. The soluble expression of CRM197 was maximized upon addition of 1.0 mmol/L IPTG, 0.5 mg L-arabinose, 5.0
ng/mL tetracycline and induction at 20°C for 16 h. The soluble CRM197 protein shows good immunoreactivity,
demonstrating the molecular chaperones expressed from pG-KJE8 facilitated the soluble expression of CRM197 protein in
E. coli.

Keywords: CRMZ197, prokaryotic expression, molecular chaperone, soluble protein
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CRM197 1E MR BB AREN, HENER
Pt B UEEMAEEE 1 (ABPE3) 3Bk BIMARPY, I & 4k
SEMEBT ABPE3 BLikm A . T ABpE3 HAAIRYT
B JR ok i BRORE B9 T RE L 45 RUER] CRM197 5
ABPE3 M 454 AT LA™ AL e 51 AD £ 1 . Yotsumoto
a0V T IR AL BT £ 454 EGF REAEK KW T
(HB-EGF) 1E& EGFR 2878 B filidea it iR J7 H bR
AR K CRM197 HEAEH 5 2 A 845 EGFR
fifisEa AN, 5 526 HH CRM197 1] DL S 41 i 4
T B R . Hu %P5 CRM197 5
GEAG Y AT I 20 WA CFP10 A1 TB10.4 W i 5
HE, RWZBEY 5] CFP10-TB10.4 @A
EE RSN 196 TR, HXTOME . FFE &
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CRM197 & 133k ks 11 8k FEFF T,
{EL P MR B 1 2 TR 2 PR Rl 2, L TR AR 3
B, AFITF TolAb A = AT R EA
K BL T s o . BT & SR
B ORI TR EEMRILA RS, CRM197 &
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WABF S, I E AR Ef TS, F%to
3 3t A T R B LR KL 1 SO0 R Rk R S
AR CRM197 25 11 B 7T ik 2 3 5 i 05 25 120
FIH pG-KIE8. pGro7. pG-Tf2 il pTfl6 4 Ffi/r
TR R AR 2 4 SRR i Pl PR IL
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i GenBank My i) FE [ CRM197, H:%
54 No.KU521393; 3 LAk i 2 21 Jokr
PET28a-CRM197 ti/E T/4EY T #2 (Lifg) KA
FRAFIE L ; KIBHFHE Escherichia coli DH5a.
E. coli BL21 (DE3) B #k Hh AW 5T FFARAT 5 43 F 1
18 pG-KJIE8 M4 F s #k R A PR A BR A F o
12 FERFIRNE

RAER . MR RIER . FHNEE-p-D-wiAL
FLBETF (IPTG). VUM E . L-BalHifpfie [ miX
P A= B A R ] F AR5 A Sigma 24 .
DNA marker 1 [t 50 RARA: P47 FRBHE 24 /) 2
Al o SRR IO & W B e s MERE AR R
FRAF . BREER. BRI H OXOID A,
FAbanmg B E 258 25N A R A A BRUE His
HTEFERUA (mAD) . HRP #RiCHYFHT R 1gG ¥y
At h 2 S AEME ARG R A F . & CRM197
2 e BT /N BRI R AR S 30 & P At At lifh
KA G B R KA AR A BR A\ o
AR A BRANSON 23] 7% = s ik
IR E.OHLIE H BECKMAN COULTER 22 #l .

1.3 EHEH CRMI97 AR RIALE

B 2 pL E4H ik pET28a-CRM197 i 3] %3k
#i A& BL21 (DE3) 1, & F vk I 30 min; 42 C
P 90 s, VK EFE 10 min, $REDERIRE X
A B JR BB BT 37 CCHHIR B A P E R
15 min, BRI AR AR SIRAE RN R B
FRHEp, BIET 37 CHEREEFA PR . K
H PRI e b TR R AR Fe B, 37 Cid
WG  FR R L 1 2 100 FY Ho 4 m A 2138 e 1 5
FErp P RREFR, 24 ODggo 2 0.6 B, ALK IE N
1.0 mmol/L IPTG FF Rk FRE, WHER
W, Fl SDS-PAGE #1714 HT %5 -
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14 HFHEHEFREFKRMEER SDS-PAGE
DEE

B> THEMB PG-KJIES JikifE 1k & ik H
Pk BL21 (DE3) 1, JrikMi 1.3, K HPRECH
W 2 O A R R R 3R 3, 37 Cait ik
Bt , B R A, B2 ub 34ROk
PET28a-CRM197 ¥4 1k & &% 7 {115 pG-KJIES8 Ji
Kif) BL21 (DE3) Fikptrrd, HEW 1.3, K
HPRHCR 5a b 2 5 A R R AR R A & R4t
PERR AR R, d B 1.3 WO T SR
ko WEERW, 4 °C. 5000 r/min &.0> 10 min,
bW, AR HBERRSE sk (PBS) BEEPIIK,
VR GFRE, 450N 5 mL A9 PBS 1%,
W 20 min (65%, TAE3s, (&K 2s), 4 C.
12 000 r/min B.0> 5 min, W4 B ST, T
M5 SRR PBS A, A 5x EEEZ
WA 10 min, B 10 pL F i FIUTRESEFT 10%HY
SDS-PAGE 41r#fr, LIAE o FAEIEHE R EHH
AR Ay BH A 5

1.5 BMEBRFSEHHML

BT AR K CRM197 Al IAMEE 1, A
0 X% S 0 A v B R i R L EA T T — 2 AR
b, FIFEASS:, @ 8% IPTG, L-BTHi rbk
R R S R EE , JF k4T SDS-PAGE 41
Br, B RRNE S R ARENES
W4y I AE 20 ‘C AN 37 CHEIRIEIRFIHES 16 h &
6 h, WHERMW, T SDS-PAGE #H{7%5E, /it
FIRFERE
1.6 BEWEBAMZXS SDS-PAGE #i%EE

AR SRR, 2 PBS PEUk)e, HA
%A 20 min, ZEAREL S 25.CHLH 4 °C L 12 000 r/min
B0 10 min, WA B, BVE4 0.45 pm HER
1wk, SRIF AR E A, AR AS TR R bk
MEHEATRR R VRV . EME, Nk B A kiR H
M. WS A5, #17 SDS-PAGE 43, L
54 10 pL.
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1.7 BHHEBRY %R R

B4tk )5 i B B9 14 10%0) SDS-PAGE
WKJE, MBS PYDF I, 40Fk 250 mA,
1.5 h, ¥ E1J5 1 PVDF R 5%/ A5 2R 54 37 C
FEIR E&A 1 h, & 0.5%09 Tween-20 1y
Tris-HCI Z& vhile (B TBST) R UER 3 kK, FFIK
10 min. A &A CRM197 Ay KL BH PE 1L 3
(1:200) #ifE, 4 CHBEL®K, WHM TBST
PR Ve 3K, RFIR 10 min; JIA HRP 45id (1)
PR 196G (1 : 5000 Fks), EHIFHE L h, TBST
PEk 3 WA, ECL B,

2 HER54M

2.1 FHAER CRMI197 AR ERIED
£ 1.0 mmol/L IPTG R )5, WAERMBIT
A, LIRS SA/EXTIE, 51T SDS-PAGE
K, WEE H & AT Bl 1 o SDS-PAGE
o H & A A7 58 kDa &b, 51— i
R TEM B HMEANE, RIMEMEN
FE PR AR,
kDa | 2

70—
55 _ —

1 CRM197 EHEHMIFAMED T

Fig. 1 Solubility analysis of CRM197 recombinant
protein. 1: protein pre-stained marker; 2: RM197
recombinant bacteria precipitated after ultrasound; 3:
CRM197 recombinant bacteria supernatant after
ultrasound; 4: not induced (negative control).
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22 HFHIEHFTIER SDS-PAGE 2

¥ 4 1 £ 1R pG-KJIE8 Jii ki 5 pET28a-
CRM197 H 4 FukifE KAHTF# BL21 (DE3) 3RKik
AR RIR I 13 I R TIAES,37 C
P 6 h 5, WUREW, MABE, F#ES SR
B SRS AT SR A LT
SDS-PAGE 4r#r. Kl 2 &M, 4rF1F18 pG-KIES
JkiRESE R CRM197 25 Y AT Rk . &0
A Image J o drARh, EoarFHHEM LT E
EANRBREANS AR 3.2 %, mhitt

S2o3 AR pG-KIES BURLRE i 25 32 = H i A

CRM197 My AT ¥ PR Rk
23 BWMERFSEHHMK

R T HME AN RB R, AR
SR B S T AR A . X SRR
FIEAZR T35, M SDS-PAGE Rl & 8 5
FEAER S A (K 3-4). [FEFH 37 ‘CH120 C

kDa 1 2 3 4

58 kDa

B2 afFHEBESTasFHBEELAEAN
SDS-PAGE 43 #7

Fig. 2 SDS-PAGE analysis of recombinant protein with
or without molecular chaperones. 1: protein pre-stained
marker; 2: pET28a-CRM197 recombinant protein
supernatant; 3: uninduced bacteria (negative control);
4. pET28a-CRM197-pG-KJE8 recombinant protein
supernatant.
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TR IR T HES 6 h 2 16 h, WEERW, A
WerE, A& AR SEAEWN LG T
SDS-PAGE 4341 ; UESE H MR I 7E 20 “CHY 1Y SR
KB L REI B E T 37TCHREE
(& 5) , PR 20 CHEHiH SR AR,

kay A8 S TS 1)

70
55

58 kDa

N

IPTG (mmol/L) 0.25
L-arabinose (mg/mL)  0.25
Tetracycline (ng/mL)  2.50 5 0 10 O

B3 FESFREMMLSH

Fig. 3 Optimization analysis of inducer concentration.
1: protein pre-stained marker; 2: 111; 3: 122; 4: 133; 5:
211; 6: 222; 7: 233; 8: 311; 9: 322; 10: 333.

20

n
T

Relative expression (%)

NE

n el
1 2 3 4 5 7 8 9
Optimization of inducer

B4 EXRESNEREFSTNIRE

Fig. 4 Orthogonal test analysis of optimal inducer
concentration. 1: 111; 2: 122; 3: 133; 4: 211; 5: 222; 6:
233; 7: 311; 8:322; 9: 333.
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kbDa I 2 3 4 5 6 7 8 9

58 kDa

5 CRM197 &8 20 C. 37 CiE&E X ZEH
SDS-PAGE 4 #f

Fig. 5 SDS-PAGE analysis of CRM197 protein induced
expression at 20 °C and 37 °C. 1: protein pre-stained
marker; 2, 3: supernatant of recombinant bacteria
induced at 20 °C; 4,5: supernatant of recombinant
bacteria induced at 37 °C; 6,7: total bacteria of
recombinant bacteria induced at 20 °C; 8,9: tatal bacteria
of recombinant bacteria induced at 37 °C.

24 HBEBWH LS SDS-PAGE ¥ E

Y& A5y TR pG-KIES By 4 1 #E 4T
TFRIE, IWEREMK, WIKA PBS UEEMIK, B
FH PBS [HI%5, #F MR 20 min, 7EARIR & e
DHLH 4 °C . 12 000 r/min Z.0> 10 min, B BT,
% 0.45 um JEMELT B8 S O Ni A4k H & H .
Gt ZWEWIRE, KR KVERBE N pH 7.0,
200 mmol/L Y RKIEET, 288 11 A PRI BE 1 3047
MR A pH 6.5, 500 mmol/L BRmERT, 248 1
ARV, REFHOEHNEA (B 6). &

E 6 CRM197 EH% LB SDS-PAGE 43 #f

Fig. 6 SDS-PAGE analysis of CRM197 protein
purification. 1: protein pre-stained marker; 2: uninduced
bacteria (negative control); 3: recombinant bacteria
containing molecular chaperones; 4: pH 7.0, 200 mmol/L
imidazole eluent; 5: pH 6.5, 500 mmol/L imidazole
eluent.
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SERTEAE Image J 4rHT, dE—AARH HEAR
W2k 91.4%, B pH 6.5, 500 mmol/L fit sk
J AR AL .
2.5 RIEFTHIH Western blotting £ E R ®IE
Bz MR 25 R

Western blotting 45 5 & 7 , 24 {#i F & CRM197
BRI A PRV Il 5 A — P, CRM197 EAHE M
REBEILING] (B 7A); MBEH His BbifEh—3t
B, RiB-WIRets 52 RAER RS S (B 7B);
Wi 5 7% 58 kDa Ab t BURE S 2577, Ul AN 45
RA—F, Western blotting 4% 26 B 4lifk )5 #1:45
) CRM197 20 25 [ HA R4 19 S i S vy 1 o

3 Wk
Hil, CRM197 B ERIR Iz, H2h

THAEA RN A S IE A, X IRZEH 5
EAL A —E R, Hi CRM197 B KA FRAFAI

071 e <58KDa70— 5  wem<s58KDa

- -

v

-

7 #ifkfz CRM197 B9 Western blotting £ E & %
7 K% 5 #R

Fig. 7 Western  blotting identification and
immunoreactivity analysis of CRM197 after purification.
(A) Western blotting of CRM197 reacting with anti-His
monoclonal antibody. 1: protein pre-stained marker; 2:
purified CRM197 recombinant protein; 3: negative
control. (B) Detection of immunoreactivity between
CRM97 and mouse serum containing CRM197
polyclonal antibody. 1: negative control; 2: protein
pre-stained marker; 3: purified CRM197 recombinant
protein.
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AR R — A MERE . A T $E R CRM197 [ W] ¥
PR IA, 22 [ SCRR LA S — 5 I SEBGHR 9T, e 1
FH A — B o F AR R4 S LT PR

KM FF TR TR A% 258 2 40 B AR v] DA Bt S 9L 5
TR AR m kRl , AR E7E B E A A 5
JoK A, T A T 22 R A T A g B DR A LA
TIURN: 1) EamREEELR, wET R, &
SR B0 B 1 BT AT AR 8 BT [ A s [ 4 2 A Y
gERPSY; 2) FeIKIN, AN T AL PR S
MTTTAS BB 850Hh 58 i — i st i 8 Ak 3 &5 3) 5%
WEE LR, MY pH #EE H A E A0S S
FRZM T MRS I 2 e E ; 4) BRI
— S T E AT T o S FEFI R, B nAE
S T S R o) N A= 07 379 UG OV
PO ) kA SR RE | BFE] . pH 2%, AT LLARL
Hh A LA A ) AR A, DT B R T I R A

LB 2 5B pG-KIES ok 5 dE 4
Ji ki pET28a-BMP2 ILi%h{h % KA FE #k BL21
(DE3) i HALFE L, A FERE, ATHE
RBAWRIAE gD, BAEBRE, rTEEEA
BEWZ ., EFEFREANSRES, Bl RERES
TRBE | 5 I R) S A5 1R i A B AR s 3R
BARMBEFIRE R 20 C, S 16 h, HEMME
REEwE, HIG TSRS .

CRM197 AXA] LA FIVERE i 7], i BA
—E WP/, Hik, CRM197 EHAHE
A —FOB T IRE 258 o ARWEIE B AR R T U]
M CRM197 28 By Rl i o @ s A4y 1A
5 H W Bk L bR 2L U B i E A E TS,
WAL AR A R, AT I I R s e Bl
e atifb iy H & 5 &4 CRM197 BRUIE 1 BH 7%
M5 #E4T Western blotting Fz ), %5 #4041
CRM197 My nJ5idtk . BAEARE, 4ifk)s &
FA TR LR . A58 CRM197 AT
PEER 1A Tk Ak A 7= RS S BB 9T B8 8 T —
SERYIERY, [EIE L CRMA97 SB[ 47 i 4t 1
— N S
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