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7, DL RA it M 4 Btk RAGO6 2 B 41 4 AR AR A 3G 7F 57 14 %9 % 2 2R K AT & OmpA 2, #4# pET32a
—OmpA EHREM R AR, B A E BI2I(DE3) R A4k, EAFEE S HF 4LE,
# it SDS — PAGE 71 Western blotting 47 % & 3K %5 OmpA = 4 & & A /N4 57 KD; LA OmpA = 4 &
B BB E AT L ELISA 7 R b, & 2 k7 Al 4 R B 77, OmpA & & P12.243 mg/mL
By ok E SEAT A, f DL 12 100 FR B, UR BB 4 CIE R H A A 37 °C 120 min, L7 R
LB 8]y 37 C60 min B AT AU TAE WK O 1: 1000 | B AR 370 4 K B2 B[] 4 37 °C 60 min , 2 & 1 8] 4
15 min K& EA M, B2 RME N 0.389, #F 53 MHiK% KW RA MM 3% A 357 KM 4h, 3 fn v
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Abstract: This trial was conducted to develop an indirect Enzyme Linked Immunosorbent Assay ( ELISA) for
Riemerella anatipestifer (RA). The recombinant prokaryotic expression plasmid PET32A — OMPA was constructed
and transformed into escherichia coli BL21 (DE3) competent cells. After induction, ultrasound and purification
of the recombinant strain, the OmpA gene of RA was amplified and cloned using the RAG06 genome of Guizhou
strain RA as template. About 57 KD OmpA recombinant protein was identified by SDS — PAGE and Western
blotting analysis. ELISA method was preliminarily established and optimized by using OmpA recombinant protein
as coated antigen. The results of multiple square array detection showed that OmpA protein was coated at the
concentration of 2.243 mg/mL and the serum was diluted at 1: 100. The optimal conditions were as follows: 4 °C
overnight for antigen coating, 37 °C for 120 min for sealing, 37 °C for 60 min for serum reaction time, 37 °C for
60 min for elisa concentration 1: 1000, 37 “C for 60 min for ELISA reaction time, and 15 min for chromogenic
time. The critical value is determined to be 0.389. The specificity test showed that RA positive serum had good
reaction, but no obvious reaction to other serums. The coefficient of variation within batches was 2. 77% ~
8.00% , and the coefficient of variation between batches was 1.10% ~7.80% . When the dilution ratio of positive
serum is 1: 1600, it can still be judged as positive with high sensitivity. 120 duck serum samples and 65 goose
serum samples were detected in Guizhou Province, which proved that the method could be used for the detection
of RA from waterfowls. The serum and egg yolk antibodies of ducks immunized with inactivated vaccine were
detected by this method, and the results showed that it was consistent with the growth and decline rule of
inactivated vaccine. The ELISA method established in this study provided a serological diagnosis method for the
epidemiological investigation and antibody monitoring of RA.
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5 s HLBR B FT 181 ( Riemerella anatipestifer , RA)
SRR SR AR A 2R A, TR R Y R 22 IR
J/AMFEE . TR E S LA A8 | A T —
(LI PSS N R N R N D A
2R EIRKNAR— 0.2 ~0.4 pm x1 ~5 pm"? |
RA TEA &z 004, BAENS R rh BA % ek
YuAR | 2 B 3 P W A5 B TR A A5 %, ] 28
BRI AR RS I R R
ERFIE A AE R MR AL AR | £ 48 32 P T 458 0 i s
REZFGEVELAIESY FEIGIK - RA 51 5 5%
T G A R I PR IO T R SR B 5
KR ARG Bk @ e fa

5 72 L8R EC AT TR /MR B 1 A ( Outer Membrane
Protein A, OmpA ) B 745 %558 A9 50 28 J5 Mk A1 s 1 i
P, AR IR OmpA JE[H Rl JRPERL 5, OmpA 35
FIJ& RA 1Y FZAMER I 4R AN T e 2, [W iy 2 T
W B R T A A, A B CER T

OmpA /& RA W B2 i, A5 A
R ZRE R4 T E 4L OmpA 11, I
— ST TR RA TG PRy )82 ELISA 7k,
1 MM5FZE

1.1 R A R RA ZFE R (GO6 BR) ARSI =
SYESIFORAE s RA BH P B PR I3 | 22 % 1 B TG AT
WP ERRR AT 3 7 KT B BRIl 3 A
SR EARAT ; pET32a R AE R IR EAK I B w5 BP0
AW ARA FRZA 7] BamHI Xhol \BL21 1 H A=)
TR (K ) A BRA F] ;s DNA B i 5 & L Bk /)
PG & F| OMEGA ;IPTG Urea W [ 24 T E
Y TAR (B ) Bedn A FRZ A 5 Tris | Glycine , SDS | i
Frtle [ TMB (3% PBST 14 A bt R ERHE A R
/3] HisPur™Ni — NTA 44k a5 & 00 [ 58 2R« i
IRBHEE (R ) A BRA B HRP - 2SR50 190G I 1 55
E KPL A ], M5 A Y PSR 9 — A KGR (1 A
RAf63 Bk +2 A RAf34 #R) Il B K H B A P HoR
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1.2 54t oA H4E RA BT OmpA 2
KUY 51 F0 pET32a [ A% 3 18 B A 14y 4] Hh 11 o e
D15, R PrimerS. O 5 F—XF R #5149, i H
BamHI Fl Xhol 1E AU, 51 B A T8
A, EHEI .5 - GGATCCATGTTGATGACTG-
GACTTGGT -3', FXIZ A BamH T BER A0 5 F
Wi514: 5' = CTCGAGTTATTTTCTTTTCTTTTTTAC-
TACT - 3", FRIZ A Xhol BEHEAIN AT ; B A9 R BEK
INZYH 1149 bp,

1.3 pET32a - OmpA JE % &k 3k LA 6y 2 $RIL
RA BAZER, PCR ¥4 OmpA 3£, K BamHI Al
Xhol PRI P9 VI g WU ) PCR 7= 49 [ B XL )
pET32a JFA% R IR 4044 #4315 i Ze kb B 1Y 5 A
5 BbralikiE 1, E Y AL E. coliBL21 (DE3)
JESZAS AR, PRI T il SO, U S8 5
DU FF B0 IE . DU 5 285 2R 5 3000 P 9 AT e X, B e
IEH A TR A 444 pET32a — OmpA

1.4 OmpA EAEBWFE T RELSA4 WK
pET32a - OmpA #4514k 2 K AT BL21 ( DE3)
JRSZ SN ML, B I AL P B b i B B AT R
Fto W IPTG 55 3RINH AW 37 °C,4 h; L1 mL
B, 10000 g Z IR B0 2 min 3545 3%, i PBS H
R, ERE, TR 4000 g #5.00,10 min, 5
T8, PBS H & J5 M I A, 43 R b Y R UE
R

1.4.1 OmpA THF G TS H  BUHER S
7518 h,#% 1:100 4% Fh 50 mL LB( Amp + ) HEFEH,
37 CHEF) 0D, [EZI N 0.6, A HKE 0.5 mmol/L
) IPTG 553615 4 h, 5.0 5 min, YIHEH] PBS 8=
i, i 20 mL PBS HEL B A IR T 4 °C B IR
FLIRAA

1.4.2 OmpA B Gy 4At ALK ] Tris 22 0
VRT3 e, 2 mol/L JRE Y Tris 2% thil Ik
EAE I, B OHTE N 8 mol/L IRE M TGE 22
MRT 4 CRE R, B0 B TS s,
3 6.5 .4.3.2 mol/L JRE W) TCGE & M7 W
U NE | R4

1.4.3 OmpA & & Al ¥E AR 5T
17 22 viOBCIR 5 1 28 A ot A SR AR A T A A i
PRAL 8 HisPurNi — NTA BEFEHE 700 ¢ B4 2 min,
FRAFAH LR W 5 1) AR i A A R R A AR
VT, A2 vt AR JZE 700 g 5.0
2 min, WCHE 22 MR 5 o 5 4 1) 2 1 AR U I A A
(I R TR IS R 700 g B0 2 min FH A% R
R K BRI Bk ¥ 22 b WU YRR B, 700 g 5 0
2 min, WHEEOWEL L AWK, LR 12%
SDS - PAGE,
1.5 OmpA E 4% A # Western - blotting % /&
Walifbfs i EZH OmpA #1H EAEZ SDS - PAGE J5
FEENZ NC 5% WLRE A £ WCE A 37 C1 h,
PR R B —PT (RA TS BEPE L7 ) |, B —Bos B
W 4 C b, W H BRI JS A PBST 3 i
4 W AR5 min , F 3 PR B: 50 (HRP - 45005
IgG) o WEAE 40 37 C/I 1 h, Jehiseke)s it
JEEIBUH I BT i & T PR 4 Y, 4IRS ming
ECL 5%, Bt
1.6 OmpA [ # ELISA & 7 & ey 4r 2k #r R
Sk B R, ZE AR A L ARie . A
PR OmpA 35 BT A BE U5 2R B2 TR A1 IR
IABR T BALINA 100 wL,4 C VKA 12 h, 8%
WG, FERR AR, VA 3 W, BEFLINA 200 pl 5%
BSA W ,37 CHEEME 1 h, BUHERR, 7
BRaFPAT, PEM 1 ¥k, RA PHPEILYE 1: 100 f55 B,
4L 100 wL,37 CHHIREME 1 h, BCHEEIRR, 7%
FENW, TR 3 WK, T AL I A 100 wL i B4
Mg br —Hi: HRP — 515, 1: 1000, 37 CIHIRMFF
1 h, BCREEFRAR, 7525 00, Ve S W, BFLAE A
200 L TMB 2 3, 2 15 min, &EFLAN 50 pL
ZEWE 2B, BDZIFERE AR 1352 OD 50 1B
1.6.1 OmpA a4 ELISA #0l 75 = et LU4l
L/ OmpA AP, £ 901 - HRP S — i, X
AN AT AL, PR AR (1:5.1: 10,
1:50 . 1: 100, 1:200,1:400) . £ M & (37 C
15 min .37 °C 30 min 37 C60 min.37 °C 90 min,
37 °C 120 min) L3 B 4544 (37 C 15 min 37 C
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60 min 37 °C90 min 37 °C 120 min) bR 554
(37 C 15 min.37 °C 60 min.36 °C 90 min 37 C
120 min) | % @ B [8] (5 min, 10 min, 15 min,
20 min) ,

1.6.2 MrakisRaeF 2 4xk  FHEIEW
S5 L () Hz ELISA J5 %t 40 44 RA F14E i 1+
ASFEATHGIN M 5E OD 50 (EIF 15T 40 43 1ML ¥ 1724
(X ) FbR#EZE (SD) , TR FAE A 20 ¢ i 5
6= X +3SD, 4 OD,,, =X +3SD F & Fy FHHE, 24

0D, < X +3SD HIE M BT,
1.6.3 #FFmiXs RS SR
EORAF I 2 AR NVE L IRAF I VD 1T IR TR | 6 4 Bk A A
FIGAT TR P 3 AT A, JF 5257 RA B BH P il
TR R PPAR O B A R
1.6.4 EHMHRXE  HHESRE. #HE it
WAEAGEY OmpA I ELBERERRAR , XF 6 4311 PR FH 1
M A TR, B A 3 fL

e8] F A PR ] 3 bk 4l Ak iy OmpA
R RE AR AR, R [RIRE 04 6 4y PR I 38 A
THRAE AT ) A2 S 2R 55, ARG I H 5k
1.6.5 #EAEXE  H 5 4y RA PR FHME: I o
AR LA B (1:50 ,1:100,1: 200 ,1: 400, 1: 800,
1:1600,1: 3200 ) , FI @ 7 0 ELISA J5 vk 4746
P AR
1.6.6 s RAEmgR R AR E A Om-
pA [E]3% ELISA J5¥EX%F 2020 4F - 2021 4E76 57 M 3
DR 120 4315 76 (338 MLIE SEATRIN , 1155 RA
UM
1.6.7 OmpA a4 ELISA #0) 75 ik #9414 & A
40 H 1 H @A BEHL 0L 2 20,20 H/4H
Gyl A R IGEEE2H (0.2 mL) B 41 AR PR
JKBAMEXTIRZH (0.2 mL) . XA 2 7 H 4 e e 4
W 53 IR FH B T TS AT e A f 28 (T ), RIS 1
Jil (14 H%) I A7 e, fEE (7 d SRIf)
MR AP (14 d ki) J5 21 d.28 d.35 d.42 d,
49 d.56 d, £ ABEPLREE 10 HAERS S8 E AR AR, 2
B , ME OD 5 M,

W 40 HAgRRE ™ EERG BEML 4> 1 2 41,20 H/4,
I3RS A A R IEREW41(0.40 mL) B 41 A B
FRARBATEXS IRZ (0. 40 mL) o X 720G 70 511 2R FH B
TRTES AT HR S () LB B 1 RS X e AR
AT R SR, WA SR S 0.1.2.3.4.5.6,
7 w NBYRE, B2 10 BUE, R FI 4% ELISA J7i%
DU BE BB M E 0D, fA
2 HRESW
2.1 OmpA 2FH PCRy W R EAF k% =
OmpA 38 P~ K WUV 5 41 Sk pET32a — OmpA
{14 FL VK 45 R34 5 T e B — 0, e WY F A4 R i
EW(E L),
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1 FRERRNEYIEE
Fig 1 Double digestion identification of prokaryotic

expression plasmid

2.2 OmpA B4 ZAWESRAGA JFEE
KR pET32a — OmpA RSMFE R RIB G4 12%
SDS - PAGE 43#7, 455 7w, 75 57 KD 4bF s K
N B &, BARE A EEADIE T, BT
B A5 (81 2.1) , %] OmpA EAHE A FE LA
ALK, #E— BRI His Fp28 8 1 4l ki
R &XT OmpA HAHHE HF T4, F 11 pg dif
JE 4 1 ERE 12% SDS - PAGE, &R, 1F
57 KDALA B B — 2547 (181 2. 2) , K W] OmpA 2R
AR AT . ] BCA 758 (9 464k OmpA &
H M EEZ) R 2. 243 mg/ml.,
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M: & H TR 1 oRIAS 2895 3.5 s L
4 5 RIRE IR UUNE 5 BEWEJE AL BIRE & 6 Tt 7. DRI
2 EHBFRIZLTE SDS - PAGE 71
Fig 2 Protein expression identification

SDS - PAGE analysis

2.3 OmpA & At Western — blot £ &  FFgRz B
R ECAT BR B 4% PH - I 37 4 22 461 OmpA R .
Western — blotting £5 53 i 7, 7E 57 KD &b A — 4505
Wi (1 3) , R UIFE L OmpA i HAT R4 #Y RO
2.4 OmpA - ELISA ®eJll & W LR &%
YT MR I 25 3R .71, OmpA 2B (A LA 2. 243 mg/mL
R B AT AU, LT LA 112 100 i B, P40 1 4%
PR 4 C B 4R 37 C 120 min, IfL7E R
N E] A 37 °C 60 min, il B BT TR MR E N
1: 1000 | FFFRHUA B E] 24 37 °C 60 min 5 (A
[8] 4 15 min,

KD

M. FR BT B bnifE 1. 4i4k)5 OmpA &
3 A Western — blot £E 4547

Fig 3 Protein western — blot analysis

2.5 OmpA - ELISA A FE M5 A5 8 RIEA
R EE ST ) OmpA — ELISA J5 %) 64 {7 OmpA [
P LT R A 00 5 TR 235 SR o B I T A
A ( X )20k 0. 242 FRUEZE (SD) 2909 0. 049,
0D, [l &/ ME N 0. 147 , B KAE N 0. 374 A0 Ik 7
HiEAR X £3SD~0.389 (&l 4), S4RFMEE 5
0D, fH =0. 389, JI 5 N RA HUIARIKF R BHYE ; ¢ 0
K 0D, fH <0.389, FI%E RA FUARAF- R,

0 10 20 30 40 50 60 70
Number of serum samples

4 EFERTE
Fig 4 Calculation of critical values

2.6 HEMERE FIHES A OmpA - ELISA J
X ARSI = LR AF B 22 R P L IR VD TTIGTA
AR DA R I R TR PH P i e AT A I 918 ST
RA B PH M i % B8 25 R 7R, B RA AP I 75 A
BT N A, Sk Al 1 I 24106 B S R R, U BH %
ELISA J5 4 RA ¢S dchy

2.7 EAMWRE  EPEFEHE S ELISA iz, #
Frdtt oy H 52 a0 RNt 1) 3 42 00, 25 R R, HE Y
WS RE 2. TT% ~ 8. 00% , 4tk 6] 725 S & 50K
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1.10% ~7.80% , % 5+ Z B34 /N T 10% , iiF B i%
ELISA Jrik ] 84,
x1 HRERE
Tab 1 Specific tests

i 0D, fH 2

22 M L T A B 10 7 0.237 5]

YO A B il v 0.119 551

W8 Y1 A5 5 4 B L 0.171 3]

KA B B L 0.225 3]

5 932 FEL R A 7 B il i 1.021 FH

5 92 LR ECF B8 9 il v 0.132 3

F2 BEEMKRK
Tab 2 Repeatability test

., MHNES HeH E R
P e T BRRE RE THE SRR
1 0.0675 1.0264 6.58% 0.0648 1.010  6.42%
2 0.0815 1.0183 8.00% 0.0796 1.0208 7.80%
3 0.0682 1.0780 6.33% 0.0731 1.0579  6.91%
4 0.0382 1.0324 3.70% 0.0498 1.0407 4.79%
5 0.0294 1.0632 2.77% 0.0189 1.0446 1.10%
6 0.0556 1.1008 5.05% 0.0310 0.9742  3.19%

2.8 HREMRE ZHE K OmpA - ELISA JF
PK RA BAVEIME AR B 7 ANB6 T, 45 3 s 24 BH
PEILYE 6 B L9 R 10 1600 1), OD,,, {5475 K T
0.389 (&1 5) AT AWy B, 3 B 3% )5 12 Uk

1.4

1.192
—12 1.167

1

0 values

z 08
0.6

D45

05

v 0.4

)D4.

~ 0.2

0 S
1:10 1:50 1:100 1:200 1:400 1:800 1:1 600
LB FE H A (Serum dilution)

E5 S
Fig 5 Sensitivity test

2.9 AR SR K S OmpA

ELISA J7 %5 S2 M4 120 7315 76 3R ifi 35 RE A E
AR, 25 5 7R, 120 1305 1 35 AR AS v 57 053 i 37
BEAS Sy BH 1, 63 03 I 1 B A S B, BH R R
47.5% . 76 R IMLE A 17 43 103 A A A BH
PE,59 Oy MIEREAS Ry BAPE Bk 22.4%

2.10 OmpA 8 # ELISA # Il 77 3% 6 %7 3 5 F

o AR I 27 1Y OmpA — ELISA 77 BEAG I 28 K 1%
P T 0 FE AERS RA BUAR S e = 2 G J 1 A
GREHUA A K-, i 6 K T FiR

1.61
L = JHPE
’ o R K EH
121 N
107 / ‘;"‘\{.
= 0.8 o 5
(= T
0.6 p
0.4 A 7
0.21 i U

7d  14d 21d 28d 35d 42d 49d 56d
SRAEA](d)

6 4RSI ES RA HRIER AR
Fig 6 Detection of RA specific antibody in

serum of ducklings

0.8
0.7 [
0.6 :
0.5 | t t ~
[=) |
0.4 i
s
0.3 _ T 3 _
S P _ ®
0.2 ¥ - B 4 ® ?
T T T T T T T T 1
Ow 1w 2w 3w 4w 5w 6w w

KA (w)

E7 MEINES RA FREFREEI
Fig 7 RA specific antibody detection in yolk of duck eggs

3 5%t

RA J 2 F RAG F/K & 9758 ™ d 2 B 40 T
WAL Z —  RA A PE Ao VE s | O fe e
JRAETE AR AR RGNS HAIR P HERESE K, XK & 57
SEPAT R ER Al A 2R AT % 1
SR, P R BUE RA 5y 7 AR 2R 2,
RS SS ) ALY/ A WO 7S R DN (23 A
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HE TR 24 1 Bt 2 M A ) ) 25 SR FH
BRI AT SR Y T A A R RO iR
e B ARG R AR R RA LR
LAY, 30 AT B R I T LA AT 3 b RA LA K
S, AT 5 A R B P48 Tt . [A] 4 ELISA J5
Rl RA Hofkry s 22 T B, {0 i T H Fi Ak g ik
& 22 DAL R AR B0 20 1E Bt et i i
FEAERE 22 X L3 TR G ) e S LA I 75 2 4
X PR, R 45 5 S B B P s R B
S % i FH VL O B 4 W) g B LG AT A (RA
Ab) ELISA a5 &0 K6 I 375 8 1 4 S22 1S If 35 o aAk
R S5 S AR . PR, S — i PRAG I AN 7]
MR RA PR B3 ELISA J7 AR A B,

HMEEE A A (OmpA ) JE 20 B AN A9 241
B Y, P e F5 40 TR 45 7 1 s s b 2 5 B HR 7%
T EREERE E RS & R BRI
ARSI F A OmpA J& RA 4% Il 75 A A 114 41 i
AL H AR S R SE SRR A BR
AU AR TG R BLBR ECAT B OmpA 32 PR A HE A1
LA K TR pVAX, — OmpA , 18 3 S 2 458 5 2
BHIZ R RE S 15 S MG ML ™ 2 RA R S Ediik, I
HEA B R B AR 35U Yang e IgY
Fe JEH 5 RA 19 OmpA R A& B Rk 444k
ER R RE 2 GRS AR S RS W AR S LT
U B, B R R SR e 0 D B 2tk
A FE R 8 T pET32a — OmpA B J A% 36 31K 5t
Bi, MINZRIE T OmpA EALE A, LUK E A NI
JER A0 ST ELISA J7 ik il ke ek U@k H R
PRI 2 A9 4 37 1) (8] 42 ELISA 7 45 S
S, UM R MEAR . R AS D7 R 2020 4F:
9 A %]2021 49 A Bt 120 (RS IMiEFEAS 5 17
Oy MIEREAS Ry BHAE BRI h 47.5% . 76 4 3 1i
THREASH 17 D3 IV REA D B R, BRPESRN 22.4%
IE FH A2 A ) K355 2 W A 5 I S 0L 37 R B
ok G5 RAG A KGR IR

A2 FRAE T RA R R, 2 H B Xt
A R 2 A I, B AR MR DR L T A
TR RA M 28 & HA BEEAEM LK%

MR R BT, OmpA & H [B]4% ELISA &l RA It
RSB, X TEHT IR AR B A FR it T
EWIB &

S
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