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A RO R R AR BA I PCRY B MRE o FR M AEERE 6 FHEFGesa
#1 Gepe 3 7 % F pETDuet—1 AL, %10 E.coli BI21(DE3) , Hi5 S £ Fix 2 AR LR K,
Jl SDS-PAGE f#t Western—blot A F /N B % e iR 30 | 90 5 & AL 7F W A i B0 3 5k 3k 7= 4 #0474 € 5 415
FEWKATE RKE R KB ERE Y 1 mL/ R R TES AR R 2 K, W E &7 iE A
M, ITMID WEMREHERMD AFAEBEREFZMNEE, FRER, THMEN E.coli BL21
(pETDuet—Gesa—Gepe) ¥ DA ] Bf & 3£ Gesa 1 Gepe, 35 P-4 845 5 5§ IRAR B A0 D AL P= A 3K 4 &
FhERN; EERNRBAEE, RAER 2 HNER—RMER, A RS o 5l R K &R
F R R, Fo % M X E BOR W F W R AR B 5 2 MLD/0.1 mL, X D A= S E R W E F W
AR =50 MLD/0.1 mL; Bl 2 #r & E k&, R AR R ABEP , A BHALH AT, K E(F L
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Abstract: In order to prepare co—expression of Clostridium septium a—toxin and Clostridium perfringens (D) e—
toxin, identify its toxicity and reactionogenicity, and evaluate its immune efficacy, in this study, Gesa encoding
Clostridium septium o—toxin and Gepe encoding Clostridium perfringens e—toxin were amplified and cloned into the
co—expression plasmid vector pETDuet—1 respectively, and transformed into E.coli BL21(DE3). Gesa and Gepe
were induced and co—expressed in medium for auto—induction, and the co—expression was identified with SDS—
PAGE and Western — blot, toxicity and neutralization test. Besides, the co — expression was inactivated and
prepared into vaccine. Rabbits were immunized with 1 mL of the vaccine twice. And the immunological effect was
evaluated by 1 MLD C. septium or C. perfringens (D) toxin challenge and serum neutralization tests. The results
showed that E.coli BL21 ( pETDuet - Gesa—Gepe ) was constructed and used to co—expressed Gesa and Gepe
successfully. And the co—expression was toxicant for mouse and could react with C.septium and C.perfringens (D)
anti—toxoid sera peculiarly. Furthermore, only the two kinds of anti —toxin sera together could neutralize its
toxicity. In addition, the co—expression vaccine generated 2 MLD and =50 MLD of neutralizing antibodies against
respective toxin after the rabbits were immunized twice. And the rabbits were completely protected from the two
kinds of toxin challenge,which reached to the principle of Chinese Veterinary Pharmacopoeia (2015). The results
suggested that C.septium a—toxin and C.perfringens €—toxin can co—express in E.coli, and the co—expression may
be developed into a bivalent vaccine candidate.

Key words: Clostridium septicum ; Clostridium perfringens; a—toxin; g£—toxin; co—expression; immune; vaccine
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Tab 1 Primers amplifying C.septium o—toxin and C.perfringens e—toxin genes

HH 2 GenBank K/Ibp 5|14 51T H(5—3") s3I
Gene Name B NO. Molecular weight Primer Name Sequence Restriction site
Gesa Fesa 5~CGGAATTCGATGTCAAAAAAATCTTTTGCT-3" EcoR 1
(C.septium AY829447 1327
a—toxin gene) Resa 5~GCGTCGACTTAATTAATATCAATTTTTTTAT-3" Sal 1
Gepe ( C.perfringens \IS0837 488 Fepe 5'~CGGATATCGAAGGAAATATCTAATACAGTA-3"  EcoRV
&-toxin gene) Repe 5~GCCTCGAGTTCTAATAAATAATCTTATTTT-3" Xho 1

1.2.2 PCR #% MAKZE (25 pL):10xPCR %
M 2.5 pL,dNTP 2 L, FFi#51497 (20 pmol/wL)
0.5 uwL, BiMg 1 wL,5 U/pL Taq DNA 4 i
0.5 wL,ddH,0 18 pL. 735 LAE ISR I C55-1 #k
Fl D =SSR T C60-3 RFE N 41 it PCR
P Gesa RS 2544:94 °C10 min;94 °C 1 min,50 °C
1 min,72 °C 1.5 min, 30 PE¥;72 C LA 10 min,
Gepe KUV 2644 :94 °C 5 min;94 °C 30 5,50 °C 40 s,
72 C 2 min, 30 MER ;)5 72 CHEfH 10 min,
1.2.3  pETDuet—Gesa—Gepe #9 ##  EcoRI, Sall
W) Gesa PCR F=#) 1 pETDuet—1 JFUkL, B [
J& 16 CHEHI, FEALESZ A E.coli BL21(DE3) ,
URAT Amp+LB VAR, PEIBCHL TR 7% , PCR XL D) %5
FE . EcoRN Xho 1 XUV 22 % 52 BHA: 1Y 5 2H Jookr
pETDuet-Gesa Fl Gepe PCR 724y, ¢ 8l it Ji5 i 43,
FEAL RS2 25 E. coli BL21 (DE3) , % 4i Amp+LB -
B, PRHCER T 7%, 4T PCR RN 1) 45 5 | [a] i) %
AT A A FIT

1.3 BEREARKRFTHNER

1.3.1 SDS-PAGE % #r %@ G H& MY E.coli BL21
( pETDuet-Gesa-Gepe ) #M Amp + H 175 5 55 57 3k,
28 °C 220 r/min %1% 15 53Rk 24 h W3k, SDS -
PAGE HLIKHUK BE 4 7t Rib i

1.3.2  Western—blot 52  DLBS WAL F U RE R M ™
SR BT R LG 73 08 —$0, HRP Fricfi

PLF 1gG AE R —HUHEAT Western—blot #5J,

1.3.3 Fifedit PR HiESUERN E. coli
BL21 ( pETDuet - Gesa — Gepe ) T W 25 4 7 % 24 it
0.2 mL/ FUE B /N S 1, 5508 Rk =Y i) B
P KBS IORR B BT EE R LVE AN D AR IEEAR
PLRER MG /0 SRR 1 - 1(WV)IRA,
37 CH#E 40 min,0.4 mL/ HE I S/INRA 5 H
WM R W SRR 1: 11REG,37 C
i 40 min, 0.6 mL/ HJE RS /NR S H, #5478
PEFR ARG, [ E. coli BL21 ( DE3 ) 2L/ 1# K
2 FHUEE R ILE AN A 75 T3 SR R R 7 d
1.4 FR I P4 8y f 0 B0 A

141 REERGOHE AHFWIKN E. coli
BL21( pETDuet—Gesa—Gepe ) B, il 0.4% F RV
37 CKAE 3 d, R 4~5 W K2
T 209% K A EE AL SRR S AR JOE 2
142 AHKKLEZAKE EHEBOPESZY
#2015 bR = RLE AT B R R
4 KA R SR 5.0 mL, WL 10 d, #EF7%
1.43  REZAFH EH 1.0 mL/ I EEL T
WS R T 10 H XA 10 H g 20% 45 ik
PBS,21 d J5 VA[ERE B 5 kAT — e, s Oh E
P2 ) AR OGPE BRI B T i, DN S 8 1L ¥ R
M IR R B, R — % 21 d J5 R e
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14 d J5 I3 K 170 2 1) YR SR 4 118 1L 355 45 s TR 5 7
TRA LI , 5 2038 R 1 J Wb v R ™ A AR
HERSH 1 2 1RA,37 CIHFE 40 min, 0.3 mL/ H
RIS /NS 2 HOU%E 3 d, BLE I i NI GF RE
HRIFEZR . A 14 d JF R R 5 HRXT ij
05 HEZEKES 1| MLD B ETE R, 5 BU5G
FELL S HAINTHRLL 5 A4 | MLD ) D RU7=/5 3¢
JERR R BER , WA T d,

2 % R

2.1 ERABARME R PRHURE S E R I 1Y BURL
2t EcoR 1 \Sal 1 XY, 54 Fesa 1 Resa PCR
YE , WLR/INGY 1330 bp IR BLS Gesa TR /M
it F EcoR V., Xho 1 XUEFY], 514 Fepe 1 Repe
PCR %5, W.K/IN1 900 bp F Bt Gepe HHIK /N
R (K1) s F 25 R R, Gesa Fl Gepe J7571 Fil 5]
PLAEIEHR, LA ESE R, IR IBHAK pETDuet -
Gesa—Gepe fEE T,

2 3 4 5 6

bp 1

15000
7500
5000
2500
1000

750
500

250
100

1330 bp
900 bp

1:DL15000 DNA AHX}2F BT AR ;2 EcoR T Sal T 3FY)
pETDuet-Gesa—Gepe;3: EcoR V Xho I SUE§FY] pETDuet-Gesa—Gepe;;
4:DL5000 DNA AHR43 T Biiitbife; 5: PCR %5E Gesa;6:PCR % Gepe
1. DL15000 DNA marker; 2: pETDuet—Gcesa—Gepe digested
with EcoR I and Sal I ; 3; pETDuet—Gesa—Gepe digested
with EcoR V and Xho | ; 4. DL5000 DNA marker;
5: PCR product of Gesa from pETDuet—Gesa—Gepe;
6: PCR product of Gepe from pETDuet—Gesa—Gepe
Bl1 HRAHEHEE

Fig 1 Identification of the co—expression vector

2.2 SDS-PAGE #1 Western—blot £ % HiAS
E.coli BL21(pETDuet-Gesa—Gepe ) #3577 M4 SDS—
PAGE 43#T, LU IOM: BT 85 2 1L 3% A D AL =< 5
HEAR PRI AT 22 1LY 43991 9 — T Western—blot Kl
SER IR FELY 49 ku Ab UL S A5A1 REAE 5 MO
PRLTE 2 LI RN 457, 8 50 0.28 mg/mL, 7£
2 33 ku b W] 5 7 S IENRAR B DR 3R LI SN
S, RIEEN 0.39 mg/mL (B 2), 45R £,
Gesafll Gepe SEEL T He3kak | HIEAT KO Rtk

49 ku

33 ku

1.4 1% Maker;2:E.coli BL21(DE3) ;
3:E.coli BL21( pETDuet-Gesa—Gepe ) 55311 ;
4.E.coli BL21(pETDuet—Gesa—Gepe) 53 )5 5
5. 7S MR BT R LIS E I —HT Western—blot;
6 : JEWOR T HTRE R IMLIEVE A —$T Western—blot
1: Protein Marker ; 2: E.coli BL21(DE3) ;
3. E.coli BL21( pETDuet—Gesa—Gepe) before induction;
4. E.coli BL21( pETDuet—Gesa—Gepe) after induction ;
5: Reaction of co—expression with C.perfringens anti—toxoid sera
in Western—blot; 6: Reaction of co—expression
with C.septium anti—toxoid sera in Western—blot
B2 #RIEF=HH SDS-PAGE F1 Western—blot £
Fig 2 Identification of the co—expression
by SDS-PAGE and Western blot

23 HFWEmEFEFARE NRES TRA A
I EA— U RE 2R LT R R TR, 7R L
WARTRFET TS T 1T 2 A a5 2% b Fi i e DA
E.coli BL21 (DE3) WK PUEER LG FI B 75 31 %
BN BRI (R 2) o SRR HRIK Y IR
A 2 Mg R EEME, 25 ESE Gesa Fll Gepe
Meds T HRIL,
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24 FENAWERRMZALE  EEMEIE

T TOT A, HR R 5 e MBI N A AR A 17

SRR, v ] £ 1) B B 0 R 96 R 2 A R
%, AT AR T B8 1 A

K2 HRIFUHNSEREHNE

Tab 2 Result of toxicity and neutralization test of co—expression

E. coli BL21 oy D BT I ) e i i
o (pETDuet — PORBIHL e 2FBUER Bt mem D?i}ﬁ .
Fdh FRERPML Hrn Lk . e A T B 7 o=
Gesa—Gepe) Lk K fdt o (DE3) HE %
stk B ! =
/MRS 5/5 5/5 5/5 0/5 0/5 0/5 0/5 0/5
Mouse death rate
2.5 REBAITFH M RIERR, —RUMLIE X F1 D B 7= IR T R R il ek WS B PN fe s

JE R B 2 A R AR R 1 MLD/0.1 mlL, % D &l
PRI T T E WA A 5 MLD/0.1 mlL;
AR LY X T TEORR TR 7 3R 0 T RS S 2 MLD/
0.1 mL,%F D B3 P 0 23 2= 10 Hh i) =
50 MLD/0.1 mL, %5 A 1 MLD Ji§ Wik i % %

I 100% R4, X IRAH ¥y e T (3R 3) o &
W, Gesa Fil Gepe MYFLZRIR =W HAT fo% Jsid: |
I PR P SR R A T L] B K e O B R DAY
PR IR R U

£3 SELEFPMRENTERPREER

Tab 3 Results of immune serum neutralization and immune protection tests

1l 37 FFAA/ (MLD/0.1 mL)

Al L e
— )
A Bl B
3 @Jﬂ‘glﬂﬁ:/’\ { 5 5
P C.septium toxin
Immune group | i A L s e
D R 5 =50 5/5
C.perfringens(D) toxin
M He 5
Fg}i&g}ﬁ? 0 0 0/5
St A2 C.septium toxin
Control group D T P S
RIS IENER T B R 0 o s

C.perfringens (D) toxin

3 amEitie

eIt REF BN HTHYEA S5
TR H B0 T A A Rk
e, B h TSRk R IR EUR N TR
[z (AR G NS A 16 P4 . Zhang YU 2 AL
FR UK pETDuet-1 $EFLFER B WL, CTB 5
SRR SKP — [R5k, w1 CTB Al itk
K FE AR AR B0 E P 5 Liu XL 2505 5 28 A iR A i
I 2R R TR R U 4L A 23k e

BT ARV 0 A ) 205 LA S 19 22 53 0 9
IR Lo XY 22T 2R T A
PAIATR 7 A R T 1,2,4 T =R/
P, MR TT AR B B RS DT T, Yu
Y2 A B X R 2 R 1 (THe ) 158 A i
(Trx) H3RIK LA THEAMAR, 25 T THe B9
iR, S oh AR N A5 S el ] 1 Ik
IR T SRR

IR Z MR S M 5 20 2 EOW R 35 7 A 1
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PR PRI PETT IR, WS R W, Jd i R ) TR R AT
B AT DR HA e i YR B AR K R It
PR TR T 34K B 22 IR TR 8 1 ) Ak
AL R R A A 7, sk ARk ek
TR =B D B IR o« TR e R
PIRRNEE R, 245 S e /N, UE S 3 RER] N
ARG R e o, ASEIARAT T 2 PRI, 2351
JEEBMRE o BRI D BN E & FERIY
JESRIK, W TR I R 5 FLAS B A 03 1, Rk
P G e SR R, — U I3 v A RV AT L
IRF [ 2 ) A R B bR R I R A T
7L 5 A R 2 B ) R T T RO R T
] I BE B, — T3 T I A TR B KA Y [
If X RE T W REAL B, PRAIE T A 24 o —
J7 TR EE AR R B8 A B A B S e A b A 4% T
AR, o M 0 B 2 1 3 1 S o1 /N B e
FIBES AR S TR AL 7R s i
RS N S POTEL IR A SRR L =R A B O
BEAh SR & SLBE I F 5 S 15 IR A R N 3R A
OB TAHBEMER IPTG, $m T A2 et 27
I AR A R TR R R TR 2 R 2 B 1 Y O
KRR T SRR
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