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Abstract: To investigate the immunogenicity and immunoprotection of oligopeptide permease A (OppA)
derived from porcine Pasteurella multocida ,» OppA gene was cloned, and expressed in a prokaryotic
system to identify the immunological activity of recombinant protein. SPF mice were immunized with
OppA. To evaluate its immunogenicity, ELISA method was employed to detect the dynamic changes of
the specific IgG antibody and cytokines (IL-2 and TNF-e¢) in the mouse serum. Furthermore, challenge
protection experiment was conducted. Survival rate and pathological changes in the tissues of major organs
were analyzed to assess the immune protection. The results showed that OppA was a stable protein contai-
ning 21 B cellular antigenic epitopes. After denaturation and renaturation, the prokaryotic expressed pro-
tein could bind with P. multocida specific antibodies. On the days 7, 21 and 35 post-immunization (DPD),
the OppA-specific IgG antibodies were significantly higher than those in the non-immunized group. Simi-
larly, the dynamics of I1.-2 levels in the immune group were significantly increased. However, levels of
TNF-a exhibited a notable decline after initial immunization, but showed no significant difference com-
pared to the non-immunized group after the second and third immunizations. The protective test results
showed that all mice in the non-immunized group died within 24 hours after challenge, while 7 mice in the
immunized group died within 24 hours. The remaining 3 mice survived during the observation period, with
a survival rate of 30%. Histopathological examination revealed typical pathological changes (hemorrhage
and inflammatory cell infiltration) in liver, spleen, and lung tissues of all died mice. However, lesions
observed in the immunized and died mice were comparatively milder than that in the challenge-only mice.
All these findings suggested that OppA protein of P. multocida had good immunogenicity and could stim-
ulate immune responses in mice, showing a certain degree of immune protection effect.
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FEE R (PMD) . JEEH B(PIpB) . VA B (PHA) . 2R i BREEHE F FE A (FhaB) . FiAHEH 7. & A
S5, WA R MR L2, Tk AL B DL ELF 5 Ry BEe 1~16 A g me Y, SEIKB B A
(OppA)J& = BK [ #5128 5 A A BB . 7 5 2% BH Pk 3 A0 B M v 389 B A R 40 5 o i — RIS 4
SiAEN, KRR AR ARSI, S/E N MR R A2 R, WA CERFEE NSRRI T,
OppA J& FICEEE N, @F ERELEATH ST 1%, EYIREPEKREZ 0, Opp KRG KT,
HEiE OppA R EEFH LI, "R BEAMN 2% ~5% ., A, ZEAIEF RS . 5 GenBank HISE 1Y 4
VR ROV . VR Z Bk Pm oEAT HegE . HEARMIVE R T 99 % . SCRRCT AR B350 20 6 3 & o b or &8 1 10 #k
WEELIRHFF T, o 6 #R D IEME A RL, 4 BROMIERE D R, JF Bk PRI SERE T OppA S, AU 23 B
GERAE 97.27% ~99. 81 00 Z ], #E— R OppA BRI EHA MR & R SFPE, A0 T 1 P AR E AT 9 26 i 7
Hi, OppA JUFAFLE T Fi A I & Pm Bk, (B5 HALF S A e K225 . Wik, OppA T fig 2 —
AN HRHT L A T B R B 38 SCIRPE BT . H AT Opp A & 76 2 R 40 0 58 b 11 B il , e SC#kL9 It
ARG MFF T OppA FER AT T 5a e, K3k, JEME T M8 ELISA & J7 25 SCRRL10 16 A FE U 1]
OppA WIAFENLEIEAT T /081 SCERC11 DX R 98 2842 [CTR OppA & (AT T e P 5¢ s SCRk[ 12 HiE
T OppA BIEHERE R I HFZ—. ST RAAFRFRME OppA FFE KN, EASHWHHFEZS, H
HETE X Pm OppA BYMFSE B AT 8, AR50 o X IR Pm 43 BRI OppA FERBEAT SRR IE, X H A
PBE S A B AR PR IR AT R0 A 3R R . LAY R I K b O B 4 il 570 B9 i 400 2

1 MHe5RZ®
1.1 BE#R., WP RiE

IR Z A EE AP R M YE A BIE B (PM-1), 208 A 2022 4F 9 H 5 K 2 PH R 3% 58 3 0 0 ik, e v
A R 2 Bl ) I 2 B B0 W 5 0 DR A2 W e M5 8 TR A SPE BRI ERL 20 HL(20~25 g, MM, W A R E A
A= 77 Ml i S 5 B g s .
1.2 FEZRKF

Easy Pure Viral DNA/RNA Ki(ER201-01). FlyCut EcoR 1(JE201-01). FlyCut Xho 1(JX201-01) Fll
T4 DNA Ligase(FL101-0D #0 Bt @& A W B AR By A R A 7l ; 2 X Phanta Flash Master Mix(Dye
Plus) (P520-01) Fl DL2000 DNA marker(MD101-01) $J1 [ B 57 18 ME 2 A= Wy B B A FR S 7] 5 Prestained
Protein Ladder (10-180 kDa) (AB116027) I F i X /R =W B A R /A Al Ni-NTA His Bind Resin
(PANF001-005C) W4 { I L1 52 R AE VR A R F] 5 SanPrep #% MR 246 25 F B 191150 (B51503) Fl San-
Prep # 20k DNA #4207 £ (B518191) . BCA & & &l & (C50302 1) 0 { A= T A T/ (L)
JeAn A B2 5 Topl0 JERAZ A 40l . Rosetta /B AZ 4N pET32a FUR AR FF T ALK %, 1FEH R 1gG-
HRP(SA00001-1) ., /MR IL-2 ELISA &7 & (KE10100) /M i, TNF-o ELISA &7 & (KE10001) ¥4 A
Proteintech 23 #l 5 #f FRAE R (P2036/P203 1) 14 A 3 = KAV BHE A B2 75 /N B b B FCFF 5 BH 2 1 3 b vg
T R 27 B ) 12 2 e 50 ) 9 PR 12 R s S 0 T
1.3 FEMNHE

e B AL (Viber Lourmat quantum-ST5) . # & & 48 (VILBER BIO IMAGING-Fusion FX5) |
T HHLIK RS (CAVOY MP-8000) . ZIHEMI#7 1Y (TECAN Infinite 200 PRO) . 8 75 i 40 M #5 7 AL (SCI-
ENTZ-1ID) | 4@ e iR N4 4F (Thermo Fisher) . &3 ¥ VR 250 HL (6-10) . 5 3 15 5T 7L AL AL (RCD-1A) |
Je2F 8 4 (CX31RTSE)
1.4 OppA EHHEWERESN

FIA http: //www. cbs. dtu. dk/services/ TMHMM/7E 2k T. .4 ) Protparam 4387 OppA 2 H FyHA
AL ;s Al http: //www. cbs. dtu. dk/serv-ices/SignalP/7F £k T H.H i SignalP 4.1 Server X3 i /K
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PEFEAT TN s A http: //tools. immuneepitope. org/beell/FE 2k T. B # i) TEDB AnalysisResource il B
AL R AL
1.5 BESZXMERTE OppA EEZEE

2% GenBank H' Pm UNMSM #tk OppA B3 T 5] G55 K . KP660626. 1), F]H Primer Premier
5.0 AT 1 R SEES I, SIFES) . OppA-F: 5-CCGGAATTCGCAGCAGAAGTACCC-3"; OppA-
R: 5-CCGCTCGAGTGTTCTTACCAGGATGS, ¥ 14 Fr BEFii 1 533 bp. #HA#SS K EcoR 1 #1 Xho |
YIE 5, 519t AR R R R PR A3 24 vl 6 1 D — 48 2 PR AR 5 DNA il £ 30 50) & 38 e 4l Ak 1/ PM-1 B [
4, fERJGEE PCR R AR, 3£ OppA PCR RN K FR . DNA Bt 4 pL, 2X Taq PCR Master Mix
25 pL, ddH,O 13 pL, E. F#5I# (10 pmol/pl) 4 4 pl, PCR "1y 644 95 C S YE 3 min, 95 T4
PE15 s, 55 ‘CiB K 15 s, 72 CHEAf 15 s, 37 NG, 72 CALEM 5 min, PCR =Y LA 1% %R HL Uk IFFH
TR F W o (AN X a7/ Bo S R <l NE - 7S I 5 3 /AR L D5
1.6 OppA EREARNHNHESEE

)P BR 1 4% 2 )Y VT FlyCut EcoR T Fl FlyCut Xho 1 43 31%F PCR "84 7= ¥y fl pET-32a 244 k17 i
VIR, JB Il o v B, A T4 DNA JE G OppA R B 5 pET-32a #IKBEAT &, IF ik =
TOPL0 JEZ ML b, WA LB EARE R EECE 126 Amp), 37 Cil &%, PR R IE 1T PCR %& . [
P TR R SR B 3R] 4 B L R, T S R IE RS s 44 0 pET32a-OppA s fRAFT —20 CHH.
1.7 OppA EFHESBRIERTEN

¥R pET32a-OppA FiAb %2 BL-21 JEZ MM, FHTEREA FEFM T LBRMAEEFE G 1% Amp)
HfE R IR R 9E 4 h 224, W B ODyy nm fH, f5F 2 0.6~0.8 J5MA 1% KA IPTG (1 m mol/L),
k22 180 % 37 CHGEF A h AL BUEE T 4 CLILIER BRI E T 4 °C, L8 000r/min Y3 B B
L 5 min, SR 5 U DTTE I L5 . 1 H PBS K i AR TOE 7800 5 . (8 FH 20 i Bl R A i 3 ~5 W, M
=T 4 °C, 8 000r/min B0 UL TIVE . YUVE T INA 20 mL T8 (1 Pl Uk I W 8 /0 I TIR &), #f
10 min J5F 4 °C, 8 000r/min B0 UL DIIE, FIIA 20 mL Bl ¥ (9 P 8 i i (8 85 1 A8 1, & B
10 mL RIX Wik 17 B M 1k
1.8 OppA EAZHELTRABEEEMEIE

Wi SRR R W H A Ol NENTA &k fr s maife, aife)s ik i i 41 SDS-PAGE HLIK ,
Hat ol mmikafmEes R, dibE A — 2l Western blot $F A W16 PE . 248 SDS-PAGE HL ik
JEREENZE NC B, LU/ BT E [CHFF & BH PR 3 7F  —$0, HPR FRid 09 1 E 9t B 1gG AE i 40 1T Western
blot, FJH DAB & &35 £ i 4 3 10 SR 45 4 .
1.9 OppA EHEAGRE/RMEP IgG 1 40 i E F 948

YR T A 1 R, 20 HEME SPF /NRBENLS 8 2 41, Bl 10 B, 25100 e 4 FUR T pis 4l .
b G g 21 V5 R [OAA T FLAR I OppA 1, 4000 745 0 d. 14 d. 28 d 3 35 #F 5 F i i AT 3 s,
BRERN BN 12 pg/ Hs RAREA I F 5 =N A B, WAL/ RAES 0 dCFsERT) . 7d, 21 d M 35d
o4 ASIF ] R AR B IR0, 3B NI, At )42 ELISA J7 40 H OppA £ S PEFU AR K. 38 R )
A A F TL-2 Al TNF-o B9 SR, OppA Hrik[a]4E ELISA & 75 28 B anr . )8 BCA &
F e B 0 52 SR ) AL 5E OppA B AW #5081 pg/mL WRIEA B E 96 fLEEbsM . 4 Cid s FIH PBST ¥
W5 W, BRI 1 ming AT EBALIMA 100 pL 520 BAE W54 & 37 ‘CH M 2 h, B TFLAWMA, FIH PBST
VRV 5 K, B 1 ming AT JE A 20 F5 % B 00 R R /N BUML T 100 pL, 37 ‘CWER 30 min, & P& )E N
A 136000 # B HRP SEH0 R IgG(FFRr —H0) » & fL 100 pL. 37 CHEH 30 min, EEWEE; BILMA
100 pL TMB & &3 , #5637 CHEHE 15 min, HJ5BALIMA 50 pL 4R, B bR AL E % fLIY OD,;, {8 .
Y0 P F TL-2 A1 TNF-a 94 0 42 JE 50 & vl B B kA7
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1.10 OppA EAZ A /MR EREFIPIEXE

W2 AT, PRI PM-1 B AW A RS 3 B 32 I B ODyonm 8. 755020 0. 8 EHCH . BB JE R
B PM-1 BT IR A PO 5 3% . LGP MO S 355 38 W B A5 200 40 18 T B MR E A7 g . P 25 2R
TR/N U AN 1 10° CFU/ FUE /I BUR 208 98 - 3 26 000 0 PR AR 8 T MR 48 X0 15 1 /1 B Ik 26
BIEIE FEAATERE . 45 35 d RIS . W4/ BUE R PM-1 B, 36 0 0. 2 mL(1X10° CFU/H).
BRI, AN R A SR R A, R 4 h W RN R I R R B, 3 3% S0 5%
48 by Gt 45 4L/ B AE TR I I L 2 47 T MR L /N BRE TR 7 BIEAT AR . BORF L ML W 3 A
a2 AU g, B BR S SOk 13 14T, A4 7 42 HE L85 B W U5 T g 2
111 BiEAESZITES

TR IS RO B F) FH GraphPad Prism9. 0 BESEFT G012 4000 AR B . SR FH 7 2250 W7 CANOVA) HE 585 % 328
52 RS, p<<0.05 BEFBE . NEIEEARE ML R Log rank K54 H7. p<<0.05 K%
S,

2 Z#RE5HH)

OppA BEREWMERE S

AT R OppA HEHH 548 A2 FEMR B, Horb i b & A2 N & MR (10. 6%, g i 48 4L
83. 72, KM EEHME —0. 368, AREMEIRECH 29. 48, FIEZEA NEEEH ; FEHKMEH SR,
OppA 1w i K P XA T 50 16 7 22 3 R B 30, & 2 7K 1 DXL T 56 399 o7 &0k R B 3 (181 220 . it
R F AL FUM 7R . OppA SEHA BB IE RN, K RHRAMARE 11~21, 72~78, 119~127 fi 5%
21 MUl RAL(E 2D,

2.1

10 20 30 490 50 60 70
ProtScale output for user sequence | | | | | | |
3 . T MTNTMKKTGLNVALASIFTLFATQTTFAAEVPAGTELAAKQELRWNIGSNPASLDPHKIEGTPEGFTSRQ
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhe c cttchhhhhheeee hhhhhh
2 LFETLVISDAEGHIIPGAATKWEHSPDFKKWTFHLRPDAKWSNGEPVTAEDFVFSFQRLADPNTASPYSS
hhhhheecctt hhhhhhccctttceeeeeectt hhhhhhhhhhhcctt hhh
YLKYLKLLNAEDVVAGKKPITELGVKALDAHTLELTLSASVPYADKLTEHYVLAPVNKKLVEQFGDKWTD
hhhhhhhhhhhhhhtt heeeeeccttheeeee ehhhh hhhhhhtt
f VKNIVGNGAF TVKNWT INEKLELVPNPHYWDHAK TVLTSVTLYPIESENTDVARYRAGDLDI TNHAL PVE
ttcee eeeeh eeeee tthhhhhheeeee hhhhhhhttccee hh
LFSKLKQEYPNEVYTPASLCTYLYEINHKKPPFDDVRVRKALAMALDRDIITEKVTAQAQVPAYSFTPPY
hhhhhhh ee eeeeee hhhhhhhhhhhc thhhhhhhhttt eee

Sore
&

0 100 200 300

Position

a. OppAFEBI7KIE 47 B

400

500

INGGEKIEKPDWIALPQAERNKQAVALLKEAGFDKSNPLNFTLLYNTSENHKKIALAASSLWQKNLAGAV
hhhhhhhhhhhhhhtt eeeeee hhhhhhhhhhhhhtcctee
KVTLENKEWKTYLDTRHQGNYQVTRAGWCADYNEASTFLNYFLSTSSNNTAFYKSAEFDKLLSETYLAET
eeeecttchheeehhccttcceeeet thhhheeee hhhhhhhhhhhhh:
DAQRAEIYAKLEAQLAKDAALVPVYYYVDPRMVKPYVKGFPINHPGKNFYLKDVYLVK
hhhhhhhhhhhhhhhht eeeeccheeccttttt eeehhheeee

b. OppAfLRFAI TN L R E

2 OppA EEEYMZRBELIWER
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2.2 35 Pm OppA EEREREZRIERENHEE

PCR #4438 K/ 1 533 bp A H A 4 H7 (& 3>, 5 WU &5 5 — 5 % 5 A A NCBI %04 &
BLAST T fEHEATAHLME FEXT 2007 . 455 BoRIETR Pm OppA £ 5 Genbank Wl s A 4 (ONT715874) .
I=E PR (ONT715875) , S (JX869945, KX579747) . XM (KY673151) , & (KX579746, KP036620) F1 A
P (MNO080875) 1Y) Pm AHUMETE 99. 6% ~100% Z B (& 3b), UL OppA FEH FERER I . ¥ OppA ALY
pET32a #MARES, AL /5 PRI S RE 1T PCR %0E , 45 RANKEl 3¢ iR, s 8 ik A 6 4~ Pk,
FEPE 20+ 2000 7 5 Wos i d 2, Bk T —20 CRAER .

M 1

Percent Identity

2100 bp 1 [2[3[a 66789
1 000 bp 1 I 1000999 1000[98.1 [992 [100.0/99.7 [98.3 | 1 JIX869945.seq
750 bp 2 | 0o [ 999 1000 90.0 999 [1000/00.7 92 2 KY673151.5eq 2000 bp
500 bp 3 |01 01 1000996 99.7 1000 996 996 | 3 PM-1.58q
250 bp 8| 4 00|00 00 HEMoo7 9991000997 (907 | 4  Kx579746.5eq 1 000 bp
100 bp g» 5 19|10 04 o3 [l oes[1000/07.9 092 s KX579747.seq 750 bp
216 |0801|03 o1 os 000990 998 6 OP550.seq 500 bp
7 |00/00 |00 00 00 0o [ wo0i000 7 ON715875 fasta
8 (030304 032210 00 [l 8 KP036620.seq 250 bp
9 |17 /08|04 03 08|02 00 20 M 9  MNOS0s75seq 100 bp
1234 5|6 7|8 09
a. OppARRY IR b. OppAELFARENE ELER R c. BHPET-32a-Opp AR TELER

aH M4 DL 2000 DNA marker, 14 OppA ZERYIGEER; b i B 68 AR EH N ARR Y SR 5 o 'F M DL 2000 DNA marker,
1~8 4340 8 A~ E 41T PCR %L R,
3 OppA BEEAREREBRREHEHE, LEER
2.3 BEPmOppA EAEOAREEREETHETE
IPTG ¥ SR OppA T (135405 #4T SDS-PAGE HL kA I . 45 5 (8 4a) % . OppA E 4%
KNGy 74 kDa, SHHI RN -8, H&daifh, 78 HPEMR b 24 8 A 250 B Bk 2> . Western blot %85
5 R (Kl 4b) 7R, OppA 4 FIREHE 5 /N BT I [T 1 FEE i3 A& A2 Sony » vl Wiz 8 1 2T S e id 1k .

M 1 2 3 4 M 1

180 kDa 180 kDa
130kDa | 130kDa =~
70 kD 74 kD
: : 70kDa 74 kDa
43 kDa
43 kDa
25 kDa 25 kDa
17 kDa
17 kDa
a. OppAZiifk & SDS-PAGEW 36 45 R b. Western blot4s iR 4%

a ™ My 10~180 kDa R[5> FEARMHE, 1~4 VKB 530 208 0 28 . VEARTR 1. VEAR R 2 MR B 45 R: b b M b 10~
180 kDa # H marker, 1 JkiB24 OppA & 5 /N BT C ICAT B8 BH A I 18 52 i 45 28
4 OppA EAEBWLAN S Western blot £E &R
2.4 /PNRIMFE OppA HFREMEKERNE R
L PESS OppA VESR BB, RT3 ELISA J5%F 0 d, 7 d, 21 d #1 35 d /NEUIILE A OppA F§ 5+
PEHUR K FEATA I, I E 2521 (B 5) B, — )55 7 d, S /N BRUE hyiidok-F 2% EJb, 5508
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Kok, F. HBR S FHRERMME OppA & G 0 L& RMER L IZARY T

/PR ZES W (p=<0.05); ., =Hidls, &

PEAL/IN B BT AR K — 20 T, B
FEHA(p<C0.05) o ARG 4L/ B T A

R PR A 1 ER AR A 5,
INRIERABREFRNER
FIH ELISA 27 & X/ B 3 o 40 g A/ 7

2.5

e
'S

W% ¢ B /om

IL-2 il TNF-o W& mabAT A, 2558 % ol e 41
AINERUIL-2 fE— e il BT (B 6a), — . =
JEA RS E TR, 5 35 d BB R R M K F
FEEE 7 d. 21 d A 35 d 3 AR ES R ES T A%

PEA /N (p<C0. 05) 5 T A R4 /N BRI TE A 11-2

&

TR FLAA. M TNF-o K045 R

6b s, —HJa % 7 d Mo i B F R TR R (p<<0.05),

KU Z M ERF AL FE(p=>0.05),

D 1L-2

- AEREH

-S4 Y ~
= 150 p= 'é
E 2
g 100 ;0
& . -
= 2
%
- 50

0 1 1 1 1 |
0 7 14 21 28 35
A fE/d

a. /NR S A A L2460 552K

2.6 WHF/NRTEEIE

5535 d. WAL/ BRCRE S 34 10 UG P 22 B
SR . B BRI 4 . R 0% I35 41 /)N
IR (FHE 4 hH T, HE 24 h N
1006 5ET: (L 7) 5 e B 1/ WUTE 8 R
8 h HHBIFET, 24 h IWIBET- 7 K, H4r 3 HIN
BUTELEE I N I A7 06, R dIET- % 70%, R
B R T ARG, (AGEiT200r B

B 6 /NER I E & 40 BE E 7 1L-2 F0

0.6

=
¥}

-0~ R
=B

A ia)/d

5 N ILTE OppA $ R 1% 1gG Mk FH &R

B 21 d M 35 d IS B Y ZEE T, 5

100 - TNF- 2
- REELH
gk =o= TG
60 - N o
=x
- ——
40 |
20 =
a— 1 ] ] ] ]
0 7 14 21 28 35
A ia/d

b. NRILEZIR R T TINF- « #4625 R
TNF-a HBIETUER

100
90
80
70
60
50
40
30
20
10

EHFE/%

whe KR RBEH
—— R

R Z I 2ZF AN EE(p>0.05),
2.7 WENRAERREFZNE

VU Ja 48 T2 /0N BM

JHL LU 2 2H 4

FRASAL Gn & 8 7 o AR B RE TR A /N BT E
L 8Urh K BRI b R A, R BEAR R, MW N K E AR R . IR B A BE 4
A, RYEN MR E ; FFIEAL S0 W, B PTAK . 40 A RE O 40 K . S TR AL

4 8 12 16 20 24 28 32 36 40 44 48
ASiEl/h
B7 WEEMREFEHE
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BR B4 0 R RRAIE 5 R G R U B A AR AL, (EL R TR T AR OF B AN U A R i R R P A R

PP i KO A

Il

e

I

200X 400X 200X 400 X

a. RN b RPRBEH

8 WENRHELREZEYE

3 igss

Z AR R B A9 I 35 B 2. e A AR Rz . H R 7 TR R B 09 M 5 R E O AR D
HAN T PN PR RE T L LI R R L SR T K X AN TR 3 A A 2 % e 1 ER
PR 958 SUARBE PRI D 0 2% o BRI A B R A A B R B T R A BR AP R s 55 B AT R 5 O 2R LR 5 B K
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