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Cloning of CTB-PROIN Fusion Gene and its Expression in

Escherichia coli
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B E MZEZTELAEEDB L2 (Cholera toxin B subunit, CTB) 5 M & % & (Proinsulin} #9 2 & K 1§ CTB-PROIN ¥ iZ & %R
A E K WA A A B PET-30a( + )P A FEAE pETCPL A K A B H A X B F# BL2I(DE3) T, E M HH &
IPTC# %6 £ Ak “HEiL 15% SDS-PAGE S W AN EAH TUA LSRG Z O A5 TFTEAA 216 kD, L EUEHKY
EAEE HELFEQH IS, 2 CTBPRON EREON O AF B EEMEHE CTB-PROIN TRl kst a Mt A AR &
# #H . Western blotting 4+ % # £ # %1 ¥ 44 CTB-PROIN EaT4ARELEFAN A PREEORKRAN HNEEGRLAE
AR BbELERAE. B LK CIB-PROIN &8 T 54 & % 48 GM1{ monosialoganglioside ) 44 F 42 & & AR T
HEAEALR L E LA, REMA S EAF AR HAD AL EAHHEN HAY IV BAARORAYELLT
Ak

@R FAAFBRis, mEER, #AAE CTB-PROIN, #47 F 85 GMI
hESEES Q78 X REERIDES A I E K-S 1000-3061 {2005 }02-0204-07

Abstract A fusion gene CTB-PROIV, in which Proinsulin gene was fused to the 3’ end of CTB gene by a hinge peptide
"GPGP’ . was constructed and cloned into pET-30a( + ) to obtain a prokaryotic expression vector pETCPI. Subsequently the
recomhinant plasmid pETCPI was transformed into E . coli stain BL21(DE3) . After induced by IPTG, the expression product was
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analyzed by sodium dedecyl sulphate-polyacrylamide gel (15%) electrophoresis (SDS-PAGE), and its result indicated that the
recombinant protein CTB-PROIN was expressed and accumulated as inclusion bedies. The recombinant CTB-PROIN protein ac-
cumulated to the level of 25% of total bacterial proteins. After inclusion bodies was denaturalized and refolded in vitro, signifi-
cant assembly of monomers had occurred, and the recombinant protein represented assembled pentamers. The results of western
blotting analysis also demonstrated that the fusion protein could be recognized by the anti-CT and anti-insulin antibody, respec-
tively. In addition, the result of the CTB-PROIN-GM1 binding assay, that the protein could bind to monosialoganglioside specif-

ically, showed it pussesed biological activity in viero . These results provided the possibility of developing a cheaper and more ef-

ficient oral vaccine for type I diabetes using such constructs.

Key words Cholera toxin B subunit, proinsulin, fusion gene CTB-PROIN, monosialoganglioside

T & F < #t #4 $5 PR 9% (insulin dependent diabetes
mellitus) B —F A BREHRER. CHEERG TH
B RS ERHAEE T REELWZREN, SHT
HATEERR A B SRS, ORBSES
MESTETEFRRmMZ, BFItAXHEA FR%
BWRBEMEE ", BEASHORZ (OB S)
ERATEE TEBRBFENNITFE A S aEts
RERBERH . XAOBRHIFERORE DR
KRB (ER) R MR A& = W
AGEERE BREXHBETERANTZNHZE
R4

CTBE—THHEWBESF . HLESF5 CTB
85, 5% H XM E 4% (Gu-associated lymphoid
tissues, GALT ) 4fi fid Fe | 4 f# 42 Y 7 BF oMI B H &
W RN A RO B TR M R iR At 3l
BORMZ . Bl CTB BIE&E S FEFB S5 AT
HERRARRN LR EAPERTE KME
A HREH BB EE k¥ FkS CTB
da i, HAEHRT LA A 100 510 £ .

X F CTB 398 O R 52 6 i BR nZ FA k3%, &
1IEREEORLALESHIMEEAERERE. &
EBREENEM. KX . BEIRARMNBESEN
NPT -PERY—MWEAMErMEEOFEE
E—RAIRAN CTB B &R " . Sadeghi
FHABRSEBHYS CTBMA R, B E I
B2 AYESENEHME Er " .

AXMAET CIB SRS FREMBAEN CTB-
PROIN, H £ K IEFFE h 3K 18 ik ; R ad 4 F k= 8y
#E#T [ SDS-PAGE ¥k 43 ¥7 . Western blotting & il L4
EMETHE M A0 SR RHREESR
HELASEABRS EMOWNEN RS AT 5HE 1
HHE M1 HERE N B A EATHERELT
CTB AREM Ko FEYEESE.

1 A op e %

1.1 #H

1.1.1 B ¥k 5 A K #F & # % DHSa. BL21
(DE3 )AL RERE: A AENASEB T ERE
MR pET-30CTB AL R F Toatd B4, &%
B ZEEEM R pPINS i B K28 H 2
At XX K pET-30a( + ) M [ Novagen 4 H;
pMDI18-T # /A ¥ B TaKaRa £} 7).

1.1.2 FZA4 A Tag DNA B4 8, INTPs, B
E, M TRATME S YW A TaKaRa 24 7; 59
HEBETHAWITERHEARABREERAAE S HE; phu
DNA B & B IPTG( R W EHABDEAHE).
BCIP(5-iR-4--3-M| MR8¥ B — 8 2L ) NBT( R AL B &
VU ) % # Promega 2> Al P fh; IH B LT BB 4
Amersham A Bl /=i, EA G FRIFHEY B Ferman-
tas GmbH F1 NEB 4> d] -

1.2 A&

1.2.1 CTB-B&SENRLEGEE CTB-PROIN ¥) B
EF o k48 CTB ) B 5 7 ( GenBank GI:
847821) It T M EEMS Y, E#F3I Y CT-
Bin-s: 5-AAAAAGCTTCATATGACACCTCAAAATAT-
TACTGATTTG-3',5' 5 &R N T Hind [ #l Nde 1 BR#
M {7 i3 T #F 51 ¥ CTBin-a: 5-ATGGTCCAGGC-
CCATTTGCCATACTAATTGCGG-3' 5 S ¥ I 1 4 13 3
/DK “GPGP™ 1 12 4~ 4% B “ TGGTCCAGGCCC™,
ATHERER.

HHEBES RRMEBEFF (GenBank GI:
4557670) , I it T 1 ZEH M54, L1514 In-s:
5"-CAAATGGGCCTGGACCATTTGTGAACCAACACCTG-
TG-3",5" W B T 5 51 # CTBin-a f 5'-ATGGTC-
CAGGCCCATTTG-3" & %b fic #F 5'-CAAATGGGCCTG-
GACCAT-3' {ff CTB & 3" S SEES HERN 5 8
F—BEAEXMFR ETVSBEENE; THSY
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Inpro-a: 5'-AAGAATTCTTATTAGTTGCAGTAGTTCTCC
AGC-3' ,S'SRER N T P2 L % 5+ TAA Al EoR 1
B ) 7 53

314 CTBin-s.CTBin-a, I & % pET-30CTB A
BT 4% CTB 2B ; A3 In-s. Inpro-a, LA %L
pPINS A B IRy WS KR EE . PCR KA &4
H94CTH A 5 min;94C A M 30 5,56°CiR K 30 s,
T2CHE § Imin, 30 {GF; 72°CHE M 5 min. B L&
CTB EH MfES EBERLFEM PCR & 1 pL AE
#, 314 CTBin-s I Inpro-a,{fﬁ#ﬁ"]ﬁﬁj%#—l:
Pl & #E CTB-PROIN .

¥ CTB-PROIN RE& B EH R B w & %] pMDI8-T
ik, H 2 E R R pMDCPL, R ik & B
TaKaRaZy 7] 89 pMDIS-T (i, H#ITR G EH
BEHFBRES i (H EBEEEYRARERL A
T -
1.2.2 CTB-PROIN @& #PHIFBEEHEEHE &
Nde | /EcoR | SUES ) B 4 Bk pMDCPI 3£ 15 9 600
bp 2 A M B2 S RE A RIKE & pET-30a( + ) By
Nde | fEcoR] vl m ), BB HHEREK
pETCPI. SREHA PCR.EYI REHFRFI oy
B At E 4 Rk pETCPI #E T4 F . DNA R BBy
W, R R S RATHEARER L,
HikB R 15]).
1.2.3 CTB-PROIN B BEHEHMES R EREREAR
W4 - BEECE pETCPL B9 7 53 B (BL21(DE3) K 18 £
BT LBMRIE (K 50 mg/L FMEHEE) D,
ITCHRFHIEF 12~ 14 h R IFHE 1:100 H IR A
HEBHE IICEFEFRE 0Dy =0.5~0.6,11
IPTG ELWE XA 1 mmol/L, 5+ #F 0.1.2.3.4.5 h
BT ECRE RIS 395 S & pET-30al + )R IKE
BL21(DE3) fE & 4B . 47 12000 v/min B.[> | min
W R LR, B (R B 1 x SDS B B b 48 i (50
mmol/L Tris-HC1{ pH6.8), 100 mmol/L = &i i ¥E B2,
29 {m/V)SDS(HLIKEE) 0. 1% B, 109 (V) H
HOHEE,I00CA T 10 min {FHEF 20, HEYHE
1T SDS-PAGE 40 #7 . rk S B 15, . FIH UMAX
Astra 3450 91 S0 7 (AT SDS-PAGE LI E R &£
4T . F F Gel-Pro analvzer Ver. 4.0(Media Cy-
bemetics, USAVRAE A EOTEEELEO R
S iPS =
1.2.4 CTB-PROIN f & & [ B Western blotting &
WA A& A BB pETCPT A9 5 34 & £k # 8 F 500
mLIBHBAEEX. BSREGFMBANEER

PBS EE, 2 A EKG, B0 NI A EHRE,
HAPBS REWKKIRKGER. REHBEEFINT
B g E . A Bradford ttﬁ?ﬁilé: MERBE
IR B S ug 2850 SRR 0 B YRR B 4 2l
B O T SDS-PAGE, Ik G R G M ¥ E MM
AR (NC)RE, 4 51 A& HL CT M5 (Sigma C-3062)
IR R E L7 ( Biomeda V2024)E M8 —
&, LLB 1 B AR 1R B B E BT R 1gG $1 1 (Promega
$3731) FIFEH K R LG HL 1K (Sigma A-5062) 1E N 5E
ZPLik, 4T Western blotting 7+ 7, 7 i & B UMK
(101, CTH (kK HMSEHME FHEHRE FHHER
iy BILL 123000, 1:2000, 1:5000, 1:2000 F
I x #HHEEFERE.

1.2.5 CTB-PROIN Mkt arth.h r el
CTB-PROIN B & B EM A WEEH, KN HTT
GMI-ELISA 7+ %7. &% x#k[12.17,18]) , 1R H
LAF A8 B GM1( Sigma G-7641) f18 96 FL B I5 K
(Nalge Nunc intemnational, Denmark), 8 fL 2 pg(PBS
R, 84 100 L) [ af B2 FL 8 (Gal) . BSA,PBS
e BRI MTERE 4CHE. FRE
B EAEKELE MR 4 W 19% BSA(L g BSAIFT
100 mI. PBS,pH7. ) E A , ER FHE2.5h. HFR
P, AR K M 4 1R 42 0.085 pg CTB-PROIN @
AEANBETEEEE CMI MEEE L 37CRE
2h:FEREEY, Bkt 4 W mA 300 L A
b i (0.05% Tween-20, 0.05% NaN,, 1 mmol/L
FDTA,0.25% BSA, 0.17 mol/L. H,BO,, 0.12 mol/L
NaCl, pH8.5),25CHH] 30 min, REZE Kk 3 1K,
BHINA 50 oL BEAZEPEHEY CT ik . £E 2
hs FHEZE K b ik 3 KA, IOA S M & nrh i H A 10
min, BFRAEZE K ik 3 K, WA S0 L FH A% H
R FE(1: 7500) AU PE B RERG I BR A SE — KL E
P2 h E KRR 3 KA WA 75 oL NPPIF R LS
mg NPP ¥ T 50 pL &K FH NPP 28 /F3 (0.1 mol/
L Glycine, 1 mmol/L. MgCl, , 1 mmol/L ZnCl,, pH10.4)
100 EP#E s FREGE 1 hE.IMA 25 ul
0.5 mol/L. NaOH #& 1t Fz [y ; 4f BRYE AR A 4b 1. FH i
FR{L (ELx800LY . Bio-TEK ) il 3 % FL if¥ ¥ &9 )¢ R
fi . B & LW A 405 nm.

2 % R

2.1 CTB-PROIN BEEEAMNRTEREEFIME
NTH CTB MBS ERa S, M50
EETHAFER CPGPEES ZER 4 F CTB
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BERMBMESER CTB-PROIN, H AR I XS
#& pET-30a( + ), F RS EAAE T7 Bl FEH
ZTF#TREEL,

T7prec  RBS

el

3
g

I TTITTTTT]
EJ309bp 12bp }——258bp
[em frod =] <[4

1 B&EE CTB-PROIN fEFREHK
pET-30a( + ) PR EHE
Fig. 1 The schematic diagram of fusion gene CTB-PROIN
in pET-30a( + } expression vector
T?pre: T7 ; RBS: b
CTB, Cholera toxin B subunit; GPGP, hinge peptide; B, C and A repre-
sent B, C and A chain of proinsulin, respectively.

binding site; T7ter: T7 terminator;

S RF 5% CTBin-s.CTBin-a 1 In-s. Inpro-a,
MR pET-30CTB H § 3% it} CTB £ B ; M M
pPINS i BB IR EH ., BA5IY CIBin-s,
Inpro-a, L1 CTB MIBE 5 /7 PCR =R GO A
By B4 5 CTB-PROIN; PCR = #14 2% 3
e B 2 o, 3K 4 BT R A D I A B (O TR S
ERpwES) S B R/ 5, CTB 4 338 bp, &
BEREN28T bp, BEEHE N 613 bp, ERLHE 2
(a)o ¥ Bi& %M CTB-PROIN # PCR 7= ¥ % f& 3
pMDI8-T $fk eh , & 8 i ik B Fy 7)) Je GE PS4 24 1E i .
2.2 CIB-PROIN REEBEBEARZRZEANHRS
5%

# Nde I /EcoR 1 XUBS Y & 4 i ki pMDCPI 3K73
B CTB-PROIN Bh& L H A B 5L A pET-30a( + )
EHE) Nde 1 M EcoR T Z 8], K78 KX R i pETC-
Pl, F b pETCPI B9 Nde 1 /EcoR 1 416 BRI
BV E% 871, pETCPI B 1) /5 7148 B 590 bp £
KB, 5T —2 4 8 pET-30a( + ) B HI B 3K
HBEAE 150 bp 24 (B 2(b)), X EH CTB
PROIN RABECE EHHBTEA T7 B3T3
MR TRHEF , £ FF UE B e ) R B RS HE B9 IE B L @
EERE T RIS FERHZTHTRE.

2.3 CTB-PROIN REEHENFESRZX

REH MK pETCPI M EZXE EWA 1 mmol/L
IPTG % T 55 3% 5 h, B & R W # 17 SDS-PAGE 4
o SMBHE, 23 FXWEHAAUKNBRY A
21.6 kD A HHABHWE K TFREMIBEEORT,
ZEAS TR SWMA CTB-PROIN Bt & EAM 2

FE—H(H3), XKH¥ CTB-PROIN S EE £
KBHE T EAH CTB-PROIN RAEHAE AR Y
HEAEEAN 25%., REBBSNBRBER
LI PHF7E CTB-PROIN A EH, B RLEAU
ARAEEAFE. SRESEER BEE, B ESE
Bridy sk # AT E 4, 45 B 4 8 F 49 CTB-PROIN f#
&&EH.

@ M 1 2 3

bp

100—

2 PCRYMW CTB.RE IR MA 2R CTB-PROIN 2%
R 0 O v 3k () Bo H 41 SR B pETCPI BB 47 % 5 (b) B 3
Fig. 2 Agarose gel (2% )} analysis of CTB, proinsulin and
CTB-PROIN fusion gene's PCR amplified fragments (a)
and restriction endonuclease analysis of
recombinant plasmid pETCPI (b)

() Agarose gel (2% ) analysis of CTB, proinsulin and CTB-PROIN fu-
sion gene’ s PCR amplified fragments. M: DNA marker DI2,000; 1:
CTB, 338 bp: 2: proinsulin, 287 bps 3: fusion gene CTB-PROIN, 613
bp. (b} Restriction endonuclease analysis of recombinant plasmid pETC-
PI. M: DNA Marker DI2,000; 1: digested products of plasmid pETCPI
with restriction endonuclease Nde I and EcoR I ; 2: digested products of

plasmid pET-30a{ + ) with restriction endonuclease Nde] and EcoRI.

2.4 CTB-PROIN # & & 8 BJ Western blotting #
;||

B 4iik @ CTB-PROIN Rt 4 2 1T Westemn
blotting ¥, ZFBILUBEABTEMNNRAEMKEI TN
VLR — Pk TR N . SREN,
CTB-PROIN @& H7E4> F & 108.0 kD £4b 1 21.6
kD tEER R SRS EMHE (B 4(2)) MEALEER
MYk (E 4b)) RAERFRER N, RAZMREEA
AAENSEABRSENNENIREME. £ Western
blotting 2347 &, 4+ 71 108.0 kD b E A LW 5T
BIW LR CTB-PROINRAEHN A TE—BL 2
&4 CTB-PROIN A RAMBRKEEH B2
FEBRHEALRARAEHNMEER:; TR
21.6 kD 48k A4 5 H 4K CTB-PROIN @5 HE B
FTFR-H EAEEHEER LARAS AN AER
AEA; A FELB_BEREH, X —-EEEH
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MERARATEEE, HEERMEEA 0%,
M 1 2 3 4
116.0—

s

667 dmma T e e e

450~ o

IS0— o S ————
e e e
250 o z i “ . kD
- -1
184— . sl B
44— s : =
B3 MA&EA CTB-PROINERRIEG
2 15% SDS-PAGE 47 3 Y B 3§

Fig. 3 SDS-PACGE analysis of fusion protein
expressed in E . coli after induced by IPTG
M: protein molecular weight standard; 1 and 2: total proteins of control
bacteria stain with plasmid pET-30a( + ) non-induced and induced; 3:
lotal proteins of control bacteria stain with plasmid pETCPI non-induced;
4: 1otal proteins of bacteria stain with plasmid pETCPI induced .

(a) (b)
KD 0M | 2 KD kD M 1 2 kD
— 175.0—
s3.0- 108.0 e — 1080
620— 830— :
480— 620—
80—

B4 BAaEE CTB-PROIN #f Western blotting B i%
Fig. 4 Westem blotting analysis of CTB-PROIN fusion protein

(a} incubated with the anti-insulin antibody as the primary antibody. M:
protein molecular weight standard; 1: CTB-PROIN protein non-boiled;
2: CTB-PROIN protein boiled at 100°C for 10 min. (b) incubated with
the anti-CT antibody as the primary antibody. The lane numbering is the

same as in (a).

2.5 CTB-PROINRAFRAMEWEEN
HTRESTHEHZENKBHEREN
CTB-PROIN G HEH BT RAAEYH¥EH,. KINK
MTZEAEAS CMI WETHIBZEAEKISE
ASHMEES ., MAETIE oM REANS CTBEAS
EHZE" SERRLEAMNECSTERARERK
B, CMI 2T HEZRNEELRERT
BEREHA CBR CTBRAEANLIEREAE
A, WAV ELISA FEAH T ABHEZEN
CTB-PROIN S EHSE CMI AN FIRZEE S

HIgE, ¥ CTB-PROIN RS EABBETESESE
GM1 .Gal .BSA = PBS (9E§t5 M I, A CTB ¥ 2 MH
EHTRE., 45 F%%,CTB-PROIN AS EHS
GM1 ARBAFEMYE, M5 Gal \BSA 5% PBS H B H
ERHE(ES), XUAEKGBHEPREND CTB-
PRONBAEZEARE S CMI #HE T HIEHFREA
HI8E 77, 1189 CTB-PROIN & E O UK ERE
#EHZE. TRERLBAEGH, SR EES
HEAMBEERS THBE WK, HRERN
£1%%, 233 100°C iy $a 4k B A9 CTB-PROIN fit & &
Hf &% CIB-PRON BMAEHNW L EEARE
GMI-ELISA T EA F X I F R Hk, X a
BEMLABEEAREBE S M HETHE, X
PHRBAEEANNEERERER (BHERIIL),
5 oMl ETH R Z KNS & & CTB-PROIN @&
B A &S 1 BHE

1.47
1.2 4

1.0 4

Qs 0.8 1
< 06
0.4 1
0.24

0

B4 BA A
Gal BSA PBS

M5 mA&EA CTB-PROIN 5 GMI MV IHFIEMES
Fig. 5 GM1 binding assay of CTB-PROIN fusion protein

3 it #®

RE#FORBES RFBRRE 23 PE
BB ERGRH > HES R GFEIRFE
VA R ETHRGES . — T REERRZ O R
MBS EHRE KK . DR K L Mg,
DHARBHMEMORACERE, MRAFEAREA
PR A A i, A PR A T R A= . Bk,
5 F B S EIRIT R, L AUE R — E MR, LI
ERORWZHAEES ZHOMNE™ , BRHE, L8
BES CTBESFETEBEE, RALREHR
J& , 2K 7] 7E NOD /J» B (nonobese diabetic mouse) # Fit
By 1 RBERAA . RS CTB AR H SHREA
BeegmZ BAFRSIBRTE2EZHITEN
eEEg;MAAFREIB 7L -1 R R &
¥ CTB ﬁ%%ﬁﬁgm'"i  REH /DR REF T I
AEEMES, TS oMl ZAZEE" . B, @
AEHMEH RO AT R A T4 78 T BN A A
ZeRER.
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ARG RE#AS - E 4 P EERAR
MREHEEK GPGP 5 CTB B & . GPGP 4 F4H
AR RN BB CTB S BES EFEST

ZEEE A, HIEFRE, FBT CTB 585
ERZzAmMS TR MTRSEORBHE
CTR-PROIN W EHEZFERNS VT RBEEN.
RITRIIMET &FH CTB-PROIN S REHEMN EYH
F ik kL pETCPL, 3 & K & oF 35K 1§ %k i85
Western blotting®e il B4 & # 22 W7 1F g GM1 458 41 ¥
HRENEAROBRAELSEMELRENTEN
FtE HA 5N HIE CMI i RE &, BB IE R
R CTB EEEMNFEESH HARTAELRE
RN CTB TS5 oMl ZikE S . ELUERFEN
FLEE N E — KB Western blotting 7 #7 if o] &
L ATELE ) CTB-PROIN @ S EH. BT EE &R
$¢§}—FZ% AAEVER_FER EEHAERER
50%, —BEHRFEELURES EROHEELS—
ﬁﬁiﬁﬁ Western blotting 73 87 97 {00 7 48 X 8 1K, & &
EEHAERROELRAS CTB WMERMN £ H
EHALFRFEF. 5§ CTB-PROIN B & EH K7
BETHEZEEHER I REANSREE—THER
IR, ZFEEEERFVMER, RIMNEBAMWA
E{& CTB-PROIN fE & H A9 HE X & 82 e X
HEMEEARFHE £, CTB-PROIN B+
FE ARG AT E R @A 3 15w A8
BHEANEH, LTEME CTB LR &K FiE
THIEMGEREE " . SFHEBHXKRE AN
FUEERERIEm, B P E R AR ET PR

FARMEEAME" . FHHESKERER Y
BE*CIBEMEERMEESE AR %,
BRRAKEGT I UERAN —-TEETHE. &
fiT# A CTB-PROIN ff-& H H R NOD /) B 3853 i
— MWL RIEZE O ERN 5E7 1 BRR
AP RIER
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