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Abstract; This experiment was conducted to obtain recombinant mutant of Clostridium perfringens € toxin ( ETX)
and subsequently evaluate the virulence and immunogenicity of the recombinant toxin. The ETX gene of
Clostridium perfringens type D strain, GETX,;,p , using optimized codons was synthesized based on the sequence
reported. At the same time, H106 was substituted with proline. Then, GETX,;, was cloned into prokaryotic
expression vector pET30a— (+) to get rETX ., following with purification. The reactivity of rETX;q with
antiserum of Clostridium perfringens type D was detected by Western blot. Meanwhile, Canine Kidney ( MDCK)
cell and mice were used to detect the virulence of rETX,;op. According to the method prescribed in Chinese
Veterinary Pharmacopoeia (2015), four rabbits were immunized with rETXy,., emulsified with oil adjuvant of
ISA 201 to prepare antiserum and detect the neutralizing titer of antiserums after first and twice immunization. The
results showed that rETX ;. was expressed at a high level as soluble form with a ratio about 30% by gray scale
scanning, and it could react with the antiserum of Clostridium perfringens type D. For MDCK cell, there were no
apparent cytopathic effect (CPE) incubated with rETX,;,p of 100pg/mL. At the same time, rETX};,» with the
injection volume of 6.25x10° ng/kg was not fatal to ICR mice. After the first immunization, sera from rabbits
immunized with rTETX;, . could neutralize 450—700 Minimum Lethal Dose ( MLD) Clostridium perfringens type D
toxin per ml, and 3000-4000 mice MLD after twice immunization. Moreover, rabbits in rETX,;,q» immunized group
fully survived at the dose of 1 MLD of Clostridium perfringens type D toxin challenge, whereas all of the rabbits died
(4/4) in the control groups. The results suggest that rETX,,, without virulence retains the good immunogenic
antigen, which is an ideal candidate antigen for genetic engineering subunit vaccine of Clostridium perfringens.

Key words: Closiridium perfringens € toxin; mutation ; recombinant expression; virulence; antigenicity
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2. pET30a~GETX,;,p digested with Nde | and Hind I
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Fig 1 Identification of recombinant prokaryotic

expression plasmids pET30a-GETX ;e
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a. AR KN SDS-PAGE %5E ;b A 153t His B Western blot
M1. %5 F marker;M2. Western blot marker;PC1. BSA (1 wg);PC2. BSA (2 pg) ; NC.Ri%E S 4024 %Y ;
1. 15 °C |16 h A AARY) ;2. 37 C 4 h BRI AARY) s NCL. KR5S A2 13 s NC2. RS AR AR UITE
3.15 °C .16 h FEFMANMALR LI 4. 15 °C 16 h i FRYAIBAUFIIE;S. 37 C 4 h i FRAIIRZUR L ;6. 37 C 4 h B2 TTTE

a.The identification of recombinant protein expression by SDS-PAGE;

b. The identification of recombinant protein with anti—His monoclonal antibody by Western blot
M1. protein Marker; M2. Western blot Marker; PC1. BSA (1 pg) ; PC2. BSA (2 pg) ; NC. The cell lysates without induction;
1. The cell lysates induced with IPTG for 16 h at 15 °C; 2. The cell lysates induced with IPTG for 4 h at 37 C;

NCI. The supernatant of cell lysates without induction; NC2. The precipitation of cell lysates without induction;

3.The supernatant of cell lysates induced with IPTG for 16 h at 15 °C; 4. The precipitation of cell lysates induced with IPTG for 16 h at 15 C

5. The supernatant of cell lysates induced with IPTG for 4 h at 37 °C ; 6. The precipitation of cell lysates induced with IPTG for 4 h at 37 C.
2 rETXHEBRRESEE

Fig 2 Prokaryotic expression and identification of rETX;

23 ETX #Rx R Lkwaif s Sx WE 3 fr
7N, H% BB Ni—IDA 2% FlZ B A B 7 5 1 B A5 X
rETX 00 AT 214k, Wi 52 210 B2 A0 1Y Uk B W
(50 mmol/L Imidazole X & 300 mmol/L Imidazole
MIVEMEIR) AT BT, I R R R E R 1.5
mg/mL, 2RI I5 90% LA I, #24lifb )5 1Y tETX 00
2 SDS-PAGE J5 ¥ E1 %] PVDF i [ i#£4T Western
blot &, 455 ER , tETX 0 BEUE 5 D B =45 3
IR B RE R SO (8] 4) o

24 ETX # 2R REWNHFHNE

2.4.1 *F MDCK #m g8y 7 /52 MDCK 4l fifd
A LAY e AR SR 5% 24 b, WA ML, 5000
FERERER) R AR D BY P S8 AR T B R 2 M0 40 i
I T I AN S (18] Sa) s HERRIHREE S 100
pe/mL . 10 pe/mL rETX 00 85 FI AU SEER 2 (B 5b) |
T TP PRI 75 T T Ak 02 R T 1 T o R 2 B s
0 B ZH A A4 A A R4 oA B A A2 (& 5ce) .

1 2 345 6 7 8 M kD

- e

- <120
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— - — 40
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- - — 20
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M: 1 Marker; 1.5 S 0A0NRRI0NE ;2. 75 AN AR 3
3: LA Ni-IDA WFH S WL ;4 TC Imidazole AGUEMLNL ;
5:20 mmol/L Imidazole HJPEME ;6:50 mmol/L Imidazole FPEME ;
7:300 mmol/L Imidazole FIUEMLHR ;8: Ni-IDA £ it
M: protein marker; 1: The precipitation of cell lysates induced with IPTG;
2. The supernatant of cell lysates after centrifugation;

3. The flow—through from Ni—-IDA resin after incubated with supernatant;
4.The elution from Ni—IDA resin washed with elution buffer without Imidazole ;
5: The elution from Ni—IDA resin washed with elution buffer contain
20 mmol/L Imidazole) ; 6:The elution from Ni—IDA resin washed with elution
buffer(contain 0mmol/L Imidazole) ; 7:The elution from Ni~IDA resin washed with
elution buffer ( contain 300mmol/L Imidazole) ; 8:The elution from Ni~IDA resin
3 PETX 0 B4

Fig 3 Purification of rETX .
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M. ZE I Marker; 1. A SN0 ;2. 4405 19 tETX 060

M Protein Marker;1:The cell lysates without induction;

2:rETXy,g6p after purification
4 rETX 5 D RS EERE
&= R FIH Western blot ¥

Fig 4 Interaction of rETX;,, with antitoxin serum

of Clostridium perfringens type D

2.4.2 s RegFEHM R RIGAZ L RS
FEHY YETX 060 » 200 2A 1,10 100 g/ R 500 R #

cl

JikcEE Gt /N B, 45 SR S - i S A DA KRR A AR RN
T AT TR P A B X BRI B, PR RS 24 h 2
LW AR WATAT S8 . 5 1> MLD RARFHER DY
ANERFEEST IS 24 h N2 EBET, DL 4550
ETX o6 O TR R , BV 28 30 J Al % Ab S5, A 55
BT RN AR SRR TCTE 1

2.5 ETX # F % TR0 &2 R oA

251 hiEdEbPRRAZHGNT  RNE
1R, 3% T A E , DA rETX 00 85 22 1
RPER GG, BT — bt iE il h 1 450 ~700 4~
MLD 1) D B S 2 AR B 35 &R 5 T2 TH Y — A it
Il ¥ AT H AT 3000 ~ 4000 4 MLD 1 D #I5=5 JER
PRFERS, AR FRIRT FRZEL A9 G LT % D B S SRR
HRERE P AER, L L85 REI, ETX 00 1 5
PER L 25 T AT A N B R [ 20 ) ) R
7 (30 4~ MLD/mL) , 2R K A il i s e b I

c2

1

a; fILA 5000 555 BEH K AR TG RSS2 UG 3% 24 h AN b1-b2 . A A E N 100 pg/mL B2 10 pg/mL (1 tETX 000 5 SR
Hig% 24 h AL s e < 35 A BERRIBON B8 s o2 T T HE 3R D B0 WISE A B 00 A BT 1 B AL X I 5 o3 0 A R 2 ) 1R
a; MDCK cell cultured with the toxin—containing medium of Clostridium perfringens type D with dilution 5000 for 24h;

b1-b2:MDCK cell cultured with rETX};,sp —containing medium with concentrate of 100pg/mL and 10pwg/mL, respectively, for 24h;

¢1:MDCK cell cultured with elution buffer control; ¢2: MDCK cell cultured with anaerobic beef, liver and stomach digestive enzyme soup

used by Clostridium perfringens type D; ¢3: Cell culture control
B 5 rETX X MDCK 48 #) 8200
Fig 5 The influence of rETX,,, to MDCK cell

252 HHEHRVER EKI1IEGRER E NG
21 d R tETX 06 G358 2H AR 7] G205 X5 REZH 1Y
Fh, GH KIS 14~ MLD FlH i KRG E

PEAT TR, S5 SRR W], A7) e e ) B A S G A g
J55 A AETRIET, rETX 00 S5 2H 58 B 42 R 0TS
ARIAFATA BRI
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Tab 1 Immunoprotection of rETX,,,,, and neutralizing titers of rabbit antiserum
. tETX j o6p IELL Al 5%t BRAL

R1 R2 R3 R4 Cl C2 C3 C4

— Gy FAALAY/ (MLD - mL™") 700 450 550 650 0 0 0 0
AL RN/ (MLD - mL7h) 4000 3000 3300 3500 0 0 0 0
Yrapsh i S S S S D D D D

°S"RAAF I D" RATET

"S" means survived; "D" means died

3 4

B BFTERITR A, 57 I NRAR T 25 DI AH DG 1Y
FEEHGENEIPRE R 4514 RO DL A BRI 0
AL A BE R 1 ER 4 JC B X (CPA | CPB DL )
CPIHY C A ¥ ") B # 0 # 28 48 /& (ETX I
PFO")) VA 0SS 2 P B R B 2 IE S BB S A3 4K
T AH N O BE MAE , 7EJCEE AL ETX 57 72 1y
MBS | 22 L O AN 3 M 2 R K R 55 106 74
RIRZEE N MR EL ETX EH, e M
BB IR B 2 A5 B R UE T B A Y
rETX 000 AT 1 20 3K B85 7, AT 1 L0 3] 7T 3k
30% , 3 FI g A2 FH TR 58 e RO T T T O 2 11 %5 i
T, X tETX 06 AT T ARAR, AT R S5 22 19 K A2
7L B Ak B A R AR R © A 0 SCER i E
50 ng/mLIY K IR ETX BIA] 5158/ BB T, 5%
ZER B 6.25%10° ng/kg B rETX ;06 ¥ ICR /N KL
R TE ST A T BOEE  IE I ZEHE A AA R
U A

FARIAEE it sh B0 i WA i 2, Hw
ARG, PR AR A s 1) T B 22 R IR 1, LAk 3]
—EZ PR H Y, H AT E R A
hRIREE R A I B2 I il £ i 2 B 2, Hk
FPERE SR, 5B REARE . WA, RS
AR B, A8 10 5 e il K, 4
Sy | 2 Bl W ) IO RN B /0N IR A IR S R
2006-2015 4 [E) ARG B 45 R AT 1 geit o dr, 45 2R
FEW . DA o R 56, 2800 ANAE G BE 1 7
A 33 i, Hob g BERASBNATFERE (KT
1 MLD) W He e, 200 72.7% ), SR, % F it
I P ey ) A PR, O TR EE R B 2K 3

RKAYLLH], S, P SRR T B R WA 1 1
W AR B 7 — P, AT DA R BR
R G SR A 2 O RE DL, DA T H 2 K 1 1
G RAPVE R . AT ZE Tl 25 19 tETX 00 , — P2
B L EE 2 TH AT FR AL 450 MLD DA F, %0 S il s 45
ZTA Fp A 3000 MLD L) E | 8% SR BH B4 F B R
RO ALEE T . X UEI ETX B4 106 1 48 5L 75 48
Je BRI BEARTE R AR R T R A0 S SR 2
FREPAT D B SN T B 3R P B T AU
PR VU
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