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# E: [# %) %% 2 KK E (Riemerella anatipestifer, RA)T 5] A28 5 % F & £ W o Jz F= IR
K, LERBLERTEZFMA. BORGAAG RARENTEZRRZ —, BAl, AKXRAE
WEORFIREREE S, BEEAELZE|E—FORRFFOFFE LR RS, [ 8
#9 ) R 7 4T 118 DnaK. 4[E%& @ A (outer membrane protein A, OmpA)#= OmpA-DnaK & & J& &
EBRAFFORALLE, LR, A RA RGIRALRERE. [Fi%] L% Dnak
Fo OmpA KB 3455 5 pET-32a(H)BAkARE, #) 8 FRF| 4BE 1% .5 Neo | F= BamH 1 ¥ OmpA & 3%
% DnaK AR Li#, ZRBELEFHLACHIFELLEZE DnaK. OmpA F2 OmpA-DnaK. 3 #f £ %
B AT ST AT 2 K, A AR R . KB a3 7 et I B F (IL-2 A= IL-4)7K-F; VA
RA-GH5 LA EH K&, B E LML REF TR EAEEIFE, [4R] AP KL T DnaK. OmpA
F2 OmpA-DnaK £ E G, 5 FE25 4% 90. 60 #2 130 kDa. 3 W EAAHHRFFEL T A
IR e a0 B 2, I B30 BRI RO A2 T RA FI AR MLAIEZHY . 5 FI% Dnak
X OmpA %% A8, OmpA-DnaK 2 232 & 7 i U id 2 . R Cfm o A 45 40, vA R IL-2 A= IL-4
B T K-F. OmpA-DnaK *f 749 % & R4 & 4 50%, DnaK #= OmpA ¥4 30%. [4#1RA £
20 OmpA. DnaK #= OmpA-DnaK & @ J& % 3 485 F 1 %52 R A, 57 H DnaK 5 OmpA @& & X+
1AL B3R 64 AR R S T e 2 0 T TR 2
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Abstract: [Background] Riemerella anatipestifer (RA) causes septicemia and infectious serositis in a
variety of birds such as duck, leading to serious economic losses in the poultry industry. Protein
vaccination is considered to be one of the most important strategies for preventing RA infection in
ducklings. At present, there are few studies on the immunogenicity of RA recombinant proteins, and
their application is also limited by the insufficient specific immune response induced by the single
protein antigen. [Objective] The study aims to explore the immune response induced by the molecular
chaperone DnaK, outer membrane protein A (OmpA) and OmpA-DnaK vaccines in ducklings, and to
evaluate whether the recombinant fusion protein OmpA-DnaK has enhanced immunogenicity, which is
conducive to the further development of RA vaccines. [Methods] We amplified the DnaK and OmpA
genes and linked them to the pET-32a(+) vector, respectively. OmpA gene was ligated to the upstream
region of DnaK gene through the restriction sites of Nco I and BamH 1. DnaK, OmpA and OmpA-DnaK
proteins were prepared by prokaryotic expression and purification. The DnaK, OmpA and OmpA-DnaK
vaccines were respectively used to immunize ducklings twice via subcutaneous injection, and then the
serum antibody titers, lymphocyte proliferation and cytokine (IL-2 and IL-4) levels were determined.
The ducklings were then challenged by RA-GHS strain through intramuscular injection, and the
histopathological changes and immune protection rate were examined. [Results] The recombinant
DnaK, OmpA and OmpA-DnaK proteins were expressed, with molecular weights of approximately 90,
60 and 130 kDa, respectively. The three recombinant protein vaccines induced the humoral and cellular
immune responses of ducklings, and mitigated the histopathological damage caused by RA. Compared
with DnaK or OmpA alone, OmpA-DnaK significantly increased serum antibody titer, lymphocyte
proliferation index, and IL-2 and IL-4 levels after vaccination. The immune protection rate of
OmpA-DnaK to ducklings was 50%, and those of both DnaK and OmpA were 30%. [Conclusion] The
recombinant OmpA, DnaK and OmpA-DnaK protein vaccines all induced immune responses in
ducklings. Moreover, the fusion of DnaK and OmpA caused stronger humoral and cellular immune

responsces.

Keywords: Riemerella anatipestifer; molecular chaperone DnaK; outer membrane protein A; fusion
expression; immunogenicity

552 B 2R [C 1 (Riemerella anatipestifer, RA) HE, EH A MZAEIR, JET- A Ik 75%1
JE TR AP R RS, BA 2R RAXTZRPIRE LR 250Y, B2l oy )& Wik RA
B, R MUK B IR RATFIVR M FHEUR T B RA RO . & T B R R Y
o RGNS LI IMAE FIEF AEVES i o Ry 2 e AR B SUORIPPE I W . HTA ¢
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BRI BE 4. TSy HLER K DnaK. OmpA Al OmpA-DnaK £ [ [ 5o 7 1 1707

RA HEZ R GE R, CHEA %
PEHEN RA B (IALFESMREE 1) TonB K1k
ZAKRE S FEAE GroELY!, BRI 1 Riean 1750
M Riean 175214, Hp, SMEHEE A (outer
membrane protein A, OmpA)FETUif RA ML
RSHERMT, BA SRR, 2aEIIn
FERBUED, SR, AR ZHCGE 1 —FE,
I A2 BT S e e S A 2 A BRI -

I3 T DnaK 2 g BE DR ST I PR 08 24 1
70 (heat shock proteins 70, HSP70)%< A 51102,
TE 26 TR IE o P f g vy 28 Pl 4 T AT, Wl
ST 0 AN PRI Ak | R R R R e D A Y
30 PE G A T B T R R L v
SIS s, HSPT0 AN PR, it
Prs R AR 0 S AAH EAE R, AR SRR AR
PrR R, S — PR S i RS R
By SO, RA DnaK J& HSP70 [RJIFE
I DL AR A B 11 0 it R B 2 1 5 R A R DA 5T
18

BFFE RA DnaK 5 H S etk DLACH:
VERBUREAR S OmpA fl G Rk JE =& HAAYY
S G G 1 A RE T o AT T3 i R AT T A% R
LA G4 T RA DnaK, OmpA F1 OmpA-DnaK
I, TEMSIR NP 3 FhE 28 175 S i e
% LU RA B IR SR SR R 28 50 .

1 #REF®

1.1 E#k. BRI FmE

KIWGHF# DHSa FIRHF T BL21(DE3)
A RRAERHL L) ARA R R ok
pET-32a(+). gy HLERICE GHS (RA-GHS, [fi
5 2 B). RA-GHS BHPERS i i 4 a1l K
WAEY) S ST T 2 R AT
1.2 KIE=h4

1 H 4 AL RS W [ R v S A A

R S
1.3 FEAXAFIMNUSERIERE

PrimeSTAR Max DNA Polymerase, Nco I,
BamH 1, Hind 11, TaKaRa Z\#]; W55 — 43¢
IR B (diaminobenzidine , DAB)BfAR 1+ & AL P fif
WEEH G, PR S RAEYH RN 3T
AR A58 447, Sigma-Aldrich (i)
AR HRP IL2E4HTHS 1gG(H+L), KPL
23w 15 PBMC 43 iR & . MTT 4 s GE A
WA &, R ERHARA A IL-2 M
IL-4 ELISA i &, Bt @Ay TR .

EARNRS . WX . iR,
Bio-Rad A H]; RAEREBUHRELHL. CO, 4l ks
FRAE, TR CHIRBHE A ]

JRE A RN AR SR . LB ARk, 4
TAY TRECEE) R A PR
1.4 pET-32a(+)-DnaK #1 pET-32a(+)-OmpA
B AERE

%% RA ATCC 11845 {3E[KH 541 (GenBank
o5 NC_017045.1), it DnaK 1 OmpA %
K519 1), PCR ¥ 44 4k15 RA-GHS DnaK il
OmpA . FIFHRRGIEREYIA S BamH 1 Fl
Hind ¥ DnaK &5 pET-32a(+)#k iK%,
¥ OmpA FEH @ 1T Neo 1 F1 BamH 1 5 8481 .

% 1 DnaK 71 OmpA EFE TS|

Table 1 Gene cloning primers for RA DnaK and
OmpA

1% Al

Primer Sequence (5'—3’)
DnaK-F CGGGATCCATGAGTAAATTATAGGAATTGACT

DnaK-R CCCAAGCTTTTATTTTACTTCTTCGAAATTGCA
OmpA-F CGCGCCATGGGTAAAGAATTTATGTTG
OmpA-R CGGGATCCTTTTCTTTTCTTTTTTACTACTT

T PRI BamH 1 (GGATCC) . Hind 111
(AAGCTT)HI Nco 1 (CCATGG)FR I i

Note: The underlined bases encode BamH 1 (GGATCC), Hind
III (AAGCTT) and Nco 1 (CCATGG) restriction sites.
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BB B A E. coli DH50, %4 Amp-LB 3
JE(Amp 100 pg/mL)Fik , ) FH R il e B A
J 56 TIE 5 2 7 471 1 A A 4
1.5 pET-32a(+)-OmpA-DnaK K119

pET-32a(+)-DnaK #l pET-32a(+)-OmpA £t
Nco 1F1 BamH 1 XY, [EI OmpAa F Bom
pET-32a(+)-DnaK B4 o 83k PR E U147
45 BamH 1Ff OmpA #3552 DnaK FEH FIiE, W0
Bl 1 iR 4 PCR. FRIGIPEBFTI(Neo 1. Hind 111)
I %5, #4%t pET-32a(+)-OmpA-DnaK
1.6 EHEHEEAMFRESHK

SEH KL E. coli BL21(DE3){E LB 7 H
FiFEE ODeoo M 0.5, MMAZMRIEN 0.4 mmol/L
IPTG T 20 °C #k£E8%555 12 h, 4°C. 7 000xg &
> 10 min, A UTIEETF T Tris-HCI (50 mmol/L,
pH 8.0), ZSEFREREA00 W, TAE 3 s, [Alf& 5 s)a,
BLORAS B TR . DIEERT 8 mollL
JRE PBS W, .05 HIENABEN, R
Jfl SDS-PAGE ZrHrEiHE A MEKIE. MWAER
43R A1 DnaK 1 OmpA-DnaK, MANEH 53+
[l OmpA, FHi Bio-Rad Ni?'Z&&FE4lifk,

1 pET-32a(+)-OmpA-DnaK Bk =&
Figure 1 pET-32a(+)-OmpA-DnakK plasmid schematic.

1.7 Western blotting £EFEHEH

4lifb#9 OmpA . DnaK Fl1 OmpA-DnaK £ [
#17 SDS-PAGE J&, % EI%E NC L, 5%/lifs
445 37 °C M1 2 he #SHT RA-GHS I (1:200
Wi ke T 5%BIRA U —Pt, 4 °C WHERH.
HRP ILEHT IgGHALFTIA(1:5 000)K 4L,
37°C ¥ 2h, DAB B{a)5, MELER,
1.8 B R RPiti
1.8.1 zYRE

B 1 HIR AL RS R SR 2 4 HIR, R A
5 40 (FF4L 10 H/NIS) . XF R4 . OmpA 41, DnaK
41, OmpA-DnaK 4175 (141, F 4 HiEd KR
P20 d), ST AL/ INRG 43 ) B 71 3 S A v i 4 2 1
100 pg, 1M1 H A 5 20 285 1 43 B e AR R AR FR A o8
4 3 FofAE 7 (Freud’s complete adjuvant, FCA)H?
A, B 10 d 5, MRFE PR LA
4 f AR 57 (Freud’s incomplete adjuvant, FIA)MH
F e e o % BEZH A As (AL sh W G 5 TG
PBS 0.5 mL. 4 T #5865 SO, TEARIERT(0 d)
MGRESFEE 10, 17 A1 24 RIBE ML -
1.8.2  MLEHAK TN

[ 2 ELISA A5 M v $T i K% . HA
OmpA . DnaK Fl OmpA-DnaK & 4351 Lk
4.0, 2.5 F1 5.0 pg/mL F 4.0 °C il i, Kk
28 S%BREA-WhE A, FRAG I I % B A HRP 1L =F
Hil IgG (1:3 000)EHIE, #GIMA TMB JiK#)
VW 15 min JEHIA 2 mol/L HySO4 2 11 S i,
ELISA BE## K ODusoe 2% Liu 224557 1Y)
ELISA Jrik, Kol 4fERS e w0 d)Iis , RA 4L
A 52 B R LR S B I3 & 240U IV ODaso
(P) 5 BAYE IS OD4so (N)Z 1, B PAN>2.1, HI5E
R BE R
1.8.3 kA pEIETE A N

36 12 5 A1 ] I FRS % 4 i (peripheral blood
mononuclear cell, PBMC) 43 & i 7 & Uk %
PBMC %77, ¥HELZTE 10%M6 4 10 1
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Pk 5L SR BLER G DnaK. OmpA F1 OmpA-DnaK 45 [ ) 4 J5 4 1709

RPMI-1640 #5335k, 4HHEIE TR0 & E A BT
JEAR R 5 pg/mL. J] 2851 A (ConA, 5 pg/mL)
SR Ry BRI %o R, 4 5% 5 B B PR X R
AN T A L ) A I B SR R 25 IR R MTT 350
SERELAIIESE , T 490 nm KM%, R3S %L
(stimulation index)=(ZbFRLA A OD4oo—55 F1XT HE
B ODaoo)/( FH 4 X BE 1Y) OD4oo— %5 HF XT B 11
1) D490)[25—26] 5
1.8.4 ;& 4ARaE F

Fi B ELISA 1255 G0 196 B 546000 1 35 1L-2 1
TL-4 7KFB7 . MR I A5 B A o ih 2R3 T4 2
M5 A IL-2 F1IL-4 54
1.8.5 KHRE

TSR G 2 J S, Ry v 2H RN HEZH A4S )L
PIVEST BRI 5LDsy RA-GHS5 (5%10° CFU), 25
14 SRR G PBS. MELIFiC % 8 d N/
HE A I PRAE AR FRBE T A 1 o

T 4% Z P (pH 7.4)[EE , Wil A, Hing
4-5 pm MY, FIFZRARS - (hematoxylin-
eosin, HE)Y4f, Fify bl SUm L2281k
1.9 #%itorth

K SPSS 27.0 #EAT ST, A AL
FEA ¢ ¥ 56 (student’s two-tailed unpaired ¢ test)Fll
N J5 229317 (one-way  ANOVA) 351l LA
H I ZHZ NG5, P<0.05 HAST

22 SN
E5-9'88

2 HEREM

2.1 pET-32a(+)-DnaK F1 pET-32a(+)-OmpA
HAEER

PCR ¥ 341583] DnaK 1 OmpA FEH 7 B (K
2), K270 1908 bp #1161 bp, 5
K/N—2, pET-32a(+)-DnaK 4 BamH 1 Fl Hind
I WEFYISEE, Bon 2 A5 UMM L4

W Z97E 1900 bp 15 900 bp, Neo 1 Al BamH 1
X} pET-32a(+)-OmpA #ATHEFY], 975 1 100 bp

1.8.6 ZHIATRIBFHE
RAEFART LTS AT . O E DG 22RO

A B
bp bp M 2 bp bp
5000 10 000 10 000
3000 6 000

3000

2000 2 000 3000
1 500 1500 2 000
1000 1 500
500 750 750
250 500 e
100 250 250

E2 BRERYEMEETIEE  A: M: DNA 53 itrf Marker (100-5 000 bp); 1: DnaK 5:[H; 2:
OmpA [, B: M: DNA 43 T-HbnifE Marker (250-10 000 bp); 1: pET-32a(+)-DnaK BamH I Fl Hind 111
XY ;s 2: pET-32a(+)-DnaK BamH 1 HifiFy]; 3. pET-32a(+)-OmpA Nco 1 #l BamH 1 XfEY]; 4.
pET-32a(+)-OmpA BamH 1 Fi)

Figure 2 Amplification and restriction enzyme digestion of the target fragments. A: M: DNA Marker (100—
5 000 bp); 1: DnaK gene; 2: OmpA gene. B: M: DNA Marker (250—10 000 bp); 1: pET-32a(+)-DnakK

identification with BamH 1 and Hind III enzyme digestion; 2: pET-32a(+)-DnaK identification with BamH I; 3:
pET-32a(+)-OmpA identification with Nco I and BamH I; 4: pET-32a(+)-OmpA identification with BamH 1.
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F15 900 bp Ab B AHT , 6 T . RA-GHS
DnaK 1 OmpA 5K A9 1R )T 51458 2 NCBI
GenBank , 551 53510 MW849861 Fll MW849862.,
2.2 pET-32a(+)-OmpA-DnaK AL R

% PCR %5, 1E£9 3 075 bp &b H BT H
(K 3A) 48 Neo 11 Hind T ], 24 3 000 bp
F1'5 900 bp 4b IR 2 F&TH &4 (K 3B)., #% T
BRI P UESE T 5oL OmpA-DnaK 3% 2 (1 1F
Witk , WA T pET-32a(+)-OmpA-DnaK .,
23 EHEFRMRESSAK

SDS-PAGE /- Hr #4151 DnaK . OmpA F
OmpA-DnaK HERIBIE(E 4A. 4B, 4C). 4R
7R ,0.4 mmol/L IPTG F 20 °C /55 12 h, DnaK
Fl OmpA-DnaK #4181 F 2 LA B A ETE
F B, M OmpA FEPIABEER T X NLH
REE A A4l AL A5 His S E 41 OmpA |

A

bp
5000
3000
2000

1 000
750
500

250
100

3 pET-32a(+)-OmpA-DnaK K PCR FfEE1]%E
Z  A:M: DL5000 DNA Marker; 1: OmpA-DnaK
FH B B: M: DNA 43 FibnifE Marker (250
10 000 bp); 1: pET-32a(+)-OmpA-DnaK Nco I Fl
Hind 111 X{J§Y] 5 2. pET-32a(+)-OmpA-DnaK Hind
111 FA 1]

Figure 3  Identification of PCR and restriction
enzyme of pET-32a(+)-OmpA-DnaK. A: M: DL5000
DNA Marker; 1: OmpA-DnaK gene. B: M: DNA
Marker (250—10 000 bp); 1: pET-32a(+)-OmpA-
DnaK identification with Nco I and Hind III enzyme
digestion; 2: pET-32a(+)-OmpA-DnaK identification
with Hind 111

DnaK F1 OmpA-DnaK & [1, 53 537 294 60 .
90 1 130 kDa (/& 4D), 1ETUH 19K/ FEI
2.4 Western blotting £ &

Western blotting # 45 R W, EAHEN
OmpA . DnaK Fl OmpA-DnaK 7] 5 RA-GH5
BV I3 e A e Sk SOy, B S I vk (B 5).
2.5 m;IRBRRIPEE
2.5.1  MIEHUAIKFAE

300 o A A NN P I B I T 2 R
Xof HE WS i 37 R S DU B (B 6A) . 2551
ETAZNA £ i o LTI A s e N 7 ST gL 1)
IgG i, TS PBS AT RE L /INRES A UL A 5+
PEBUIA A . FEE G55 100 17 Fl 24 K, SR
MRS DnaK m% OmpA HIEAMEL, BiGEFRER
OmpA-DnaK F 5 7E ML 37 IR 1gG % B2 B
7 H.28 Sk B 3 (P<0.05). FEGRIZEEE 24 K,
DnaK. OmpA #1 OmpA-DnaK HoiAiE EE 451 ]
£ 1:1200, 1:12 000 #1 1:20 000,

i oF 9 @A 2 1 OmpA-DnaK #£3ll T
OmpA HI DnaK ey 353 5T KF-(E 6B).
ELISA Z5RE/x, HAMAENRREE S OmpA
F1 DnaK AYBLILIE & AR, AR OmpA 41
F1 DnaK ZHHTAARTE B2 AR 1k 55 I HAR N 193 1 2R
1AL B A5 i R AL . ok Y 2 B
DnaK il OmpA #H 6, OmpA-DnaK Hii& /K i
FTHE(P<0.01) . 7EH %5 5 24 X, DnaK .OmpA
Fl OmpA-DnaK HUAIHEE S 57Tk 1:800, 1:
6 000 1 1:20 000,

2.5.2 HEAIETEGN

wmE 7 R, SXTRAMLL, 3 HEAEE
GRE 1Y Sh ) B B S 3 A T R R e 1 A A
JZJ(P<0.001). ConA fE4 FHIEXS IR, FrA 4k
EL 20X ConA HH0™ A= AR S S s . 5 Foph
) OmpA 5% DnaK #HLt, il 1 OmpA-DnaK
S s n, Ik T 4 G A e PR iR AR
(P<0.001).
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Bl 55

9% FLER [C A DnaK. OmpA 1 OmpA-DnaK £ 1) 5% JiR 14 1711

kDa M 1 2 3 4 5 6

—
-

25 — w—

17_.1'. 8.

33 — -
25 —l—
17 — -

S

4 E¢H%EH DnaK. OmpA 1 OmpA-DnaK FJFRIAFAL A (DnaK)/B (OmpA)/C (OmpA-DnaK):

M. & TbRIE; 1: K155 BL21(DE3)/pET-32a(+); 2: IPTG 55 BL21(DE3)/pET-32a(+); 3 : A5 BL21(DE3)/
FAHRMIEFRY); 4. IPTG S BL21I(DE3YEAZEMETFY; 5. IPTG S BL21(DE3YEA AR
iif; 6: IPTG 5% BL21(DE3Y/H A H AR A M i{A. D: M: 211 )Tih5E; 1: OmpA; 2: DnaK; C: OmpA-DnaK
Figure 4 Expression of DnaK, OmpA and OmpA-DnaK proteins and purification. A (DnaK)/B (OmpA)/C
(OmpA-DnaK): M: Protein marker; 1: Uninduced culture of BL21(DE3)/pET-32a(+); 2: IPTG induced culture

of BL21(DE3)/pET-32a(+); 3: Uninduced culture of BL21(DE3)/recombinant vectors; 4: IPTG induced culture
of BL21(DE3)/recombinant vectors; 5: IPTG induced supernatant of BL21(DE3)/recombinant vectors; 6: IPTG

induced sediment of BL21(DE3)/recombinant vectors. D: M: Protein marker;

OmpA-DnaK.

2,53 HREFKI
mE 8 s, SXTRAM L, BT E &%
I T IL-2 F IL-4 KFEBETHE
(P<0.001), 1fii H. OmpA-DnaK ZH 5% = 4 £ IL-2
FIIL-4 527 T OmpA 2H 1 DnaK #H(P<0.001),
254 KHRARE

Wapi i g R an i 9 frn, OmpA-DnaK

1: OmpA; 2: DnaK; 3:

BEAFIEF N 50%, 1 OmpA Z1F1 DnaK ZH
FEG RN 30%. BOaE ) B2 v i g 1 2R 3R
HOIE , AR EEGR | RERE . JCTR ST . MR AR
Yt Z IETESE, A eTAET . 7 8 d ULES
WY, 25 IR v 4 A 2 2R T B PR i o
255 HAREBFESH

SRR, X HRAL TS 2 RA-GHS Jik s
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Je B E AR AL (B 10) FFANAE 2 A8 3R oAb, A sk g, i/ Rl i) Btk i (&
B, WRZWZEEL, M RERSRERY 5K Fe i, 10B-1). JEE T IS 7E RA-GHS J&YL 5 H BT
M5 FE K P (B 10B-b)o (DR ULEFLERTZER 4K, 400 ILEF S, Ok R R
FE(E 10B-g). EiiRmgmatEanpuit 2, wduf  FRRmAR, (HHn 0Bk,

kDa M 1 kDa M 2 kDa M 3
0 - - =
130 — | 100 —
- 05 —
95 b 70 —
70— 70 — 50 —
53 — 33 — 40 —
- 35—
40 40 —
33 —
33— 25
25 — g -

5 Western blotting £F ZE4H&EH OmpA, DnaK 1 OmpA-DnaK  M: &[Tt Marker. 1: OmpA;
2: DnaK; 3: OmpA-DnaK

Figure 5 Identification of recombinant proteins OmpA, DnaK and OmpA-DnaK by Western blotting. M:
Protein molecular mass standard. 1: OmpA; 2: DnaK; 3: OmpA-DnakK.

A 18 B 18
o E R E * «10d ~ E ke : *k «10d
S16F 2 B L e17d g 6 . o PP ] ek g17d
~ ok /i = sk : z
5:3 14k fi%wﬁ E i E a24d = ak o : : 24d
£ 12 f : : T2 F :
S 1 ] o H
— 1 1] =3 1
= 10 1 n 1 n = 10F ﬂ :
[+ ] ] % ! ﬁ ﬂ
E B ] ] B :
= sp LAl : = St |l
VJ[I I""I: I""I: LILILL 3 It i _
0 0
SyFELE drFEE SIFESL daEE SF¢E el
~ S o~ o 2 o~ & P O S o S o B D
0(\\06\ ;9{\ QO&O& ;90 COQ\'O& QQQ QQ&O& ;’QQ OOQ60® ;’Q‘Q 00‘06 @%;Q(\
N e & & s o

6 SHEMMBRABERNNE A MRS EOEOTESN BT KF; B: OmpA-Dnak
FIFERL TR I B A K. KRR IR PIN<2.1, *: P<0.05; **: P<0.01; ***; P<0.001
Figure 6 Determination of serum antibody titers in immunized ducklings. A: The ELISA plates were coated

by the same antigens, which were used as immunizing antigens; B: The ELISA plates were coated by
OmpA-DnaK. Short horizontal lines indicate P/N<2.1. *: P<0.05; **: P<0.01; ***: P<(0.001.
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Figure 7 Lymphocyte proliferation assay. A: Lymphocyte proliferation level on the 10th day of immunization;
B: Lymphocyte proliferation level on the 24th day of immunization. *: P<0.05; ***: P<0.001; ns: P>0.05.
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Figure 8 Detection of the cytokine level in the serum of ducks. A: IL-2; B: IL-4. ***: P<0.001.
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Figure 10 Histopathologic analysis of ducks. A: The blank group. B: The challenge control group: b:
Hepatocyte nuclear lysis (green arrow), sinusoidal space dilation and hyperemia (blue arrow), vasodilation and
congestion (yellow arrow); g: Myocardial fibrinolysis (black arrow), lymphocyte infiltration (red arrow); I
Strongly basophilic chief cells (black arrow), enlargement and degeneration of nerve cells (red arrow),
vasodilation and hyperemia (yellow arrow). C: The OmpA-DnaK group. D: The DnaK group. E: The OmpA

group.
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