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Development and immune efficacy evaluation of a Gallibacterium
anatis flfA DNA vaccine with avian pathogenic Escherichia coli
ghost as the vector
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WANG Xinwei', CHEN Lu', YANG Xia"*"

1 College of Veterinary Medicine, Henan Agricultural University, Zhengzhou, Henan, China
2 Ministry of Education Key Laboratory for Animal Pathogens and Biosafety, Zhengzhou, Henan, China
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Abstract: [Objective] To develop a DNA vaccine by loading avian pathogenic Escherichia coli
ghosts with the fimbrium gene fIf4 of Gallibacterium anatis and evaluate the immune effect of this
vaccine in chickens. [Methods] Taking fIf4 of G. anatis as the target gene, we constructed the
eukaryotic expression plasmid pCAGGS-fIf4 from the plasmid pCAGGS-HA carrying the chicken
B-actin promoter, which enhanced the efficacy of vaccine. The temperature-sensitive plasmid
PBV-E-SN was then constructed and transformed into the ampicillin-sensitive avian pathogenic E.
coli isolate to prepare a bacterial ghost. Finally, pPCAGGS-fIf4 was loaded into the bacterial ghost
to prepare a bacterial ghost vaccine. Seven-day-old chickens were assigned into five groups:
bacterial ghost loading pCAGGS-fIfA, pCAGGS-fIfA, empty bacterial ghost, PBS, and normal
control. The primary vaccination was carried out for 7-day-old chickens, and the booster
immunization was performed two weeks after the primary immunization. The chickens were
challenged with G. anatis four weeks after the primary immunization, and the immune effect of the
vaccine was evaluated. [Results] The eukaryotic expression plasmid pCAGGS-fIf4 was
successfully expressed in cells in vitro. The lysis rate of the constructed avian pathogenic E. coli
ghosts heated at 42 °C for 210 min reached 99.94%. The specific IgG antibody titer measured by
ELISA, the number of shedding bacteria in chicken cloacal swabs and throat swabs, and the
bacterial loads in tissue and organs of challenged chickens showed that the immune effects in the
bacterial ghost loading pCAGGS-fIf4A group and the pCAGGS-fIf4 group were much higher than
those in other groups. Moreover, the bacterial ghost loading pCAGGS-fIf4 showed stronger
immune effect than pCAGGS-fIf4. [Conclusion] Bacterial ghosts as the carriers of pCAGGS-fIf4
significantly enhanced the immune effect of the DNA vaccine.

Keywords: avian pathogenic Escherichia coli ghost; fIfA; DNA vaccine; immune effect

HE Y5 XY KT 26 (Gallibacterium anatis)J& T G BRAE 98 . GINLAE . BN LS8 FIE AR AR A, iF
HREFGH R, el T8K EaErm T mol & EE FEMET R BT, RElE 7R
AFHIE W —FEAE R, RIERRAW R A TRBeml s ST, BE 51 KIFIE
T IEH R A 2 —P RS AR R A B, e A ) g
TRE, LIRS 5] SRR O RN L B NRE RN AT S E e EF L R
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FE 2011 4, TR R . A AN e AR
Oy EAT AT 2 A, R B B i [X R 43 X A
(9 BH I 2 43 511 R 23.12%. 25.27% Fl 52.94%,
2023 4F, 5K GEIEUI  e 4 db IX XS T A
VNG OB OB AT T A, R BB B g
W A S Fn H b X K R 4 5O 22.00%
13.79% . 9.59%. Wb, St L. mil,
A A 25 .t A WS XS AT B JRR e A RGBS H
A, PN AN G0 1A RS YA AT TR A o 3 3k A AE 22
R 2 e 2 LG TG R A RS R RS T
PEV . 4I% 1 T B 5 45 il o T AR K IR
Kudirkiene 2 VER X 5 5 XS AT 18 19 B B B
FIfA JFJE T et OCH 9, IR E 2085 1 FIfA
AL B AL A 45 i B A B PR K-
A R 0 R IR AT B R S B DR AP VE
AR SE T 58 6 25 1 FIFA. J2 18 Y50 4T 1 1 3
P PEpUR.

I B 75 (bacterial ghosts, BG) g1 i J& A T
P Wy B Ak 2 7 v R 20 B A T s AL
I, ST (B 45 DNA)IE o 78 FL I
TR M R 4w 25 5, HARE T 51 W%
T AHALL T B A AN 4, AU B B R 47
() B ZERICR FVIC B A A, AT DAV A 380 i
TERE A IO HL B R s 78 N AT 2 A
TR, Ty R A0 IR I AR, kel £
REEAR . R, YRR A YY) R
(k% R gl

925 ¥ A T BT A ) 5 8 A Yl i e R S T
Btz —o ST MU FT BT SRS, JEIE XS
EXHEE, UKAHS SKBFFE. SEH
TR R AR A B B R S, B
FH T 100 s il 2 T SRR e 1) 8 B AR T R b
PG, ASHFSE ARSI XS AT TR TR B 174 R H Y
BN, AR B I E AR S TR
pCAGGS-HA Jit % fE i £ i5 2 &, 9 &

pCAGGS-fIf4 FA% IR kL, Bifi J ) 28 Y 42 2
T, I G AL 2 BOW I R T T8 43 B ik LAl
B, Bn¥ pCAGGS-IfA B AHZ, &K
FEHXING [ S RE LR AP R, B AE Sk T 57 1 U XS
FF IR B YL B JE Al

1 AR5

1.1 EHRFEHR

8 Y549 FT- 5 PDS-RZ-1-SLG 73 5 ¥k . XF &
N R BUR B EORE R GFTE 10 55 Bk
P A SR % 3 B TR E . pCAGGS-HA JThi
ARSI EARAT, pBV220 Fokr i o [E Al B2 B
WG IR P A5 T B
1.2 FERKF

B i 1 P9 U B K T4 DNA 3% £ B I F
TaKaRa 23wl 5 ZH 1 FE K 241 DNA il 82380500 &
FoRi 4 UG & 0 [ KA AR dE ) A TR
Ny M R gliAb R & H Omega Bio-Tek
] BRI 3000 % guiall G H B AR
BRI G BRA T 5 MG F-AR I 5 B M
NAE AW ARG R 54T 5 brain heart
infusion (BHD)}5 =50 [ BD 22wl Jif4F- 5 W
H ] R I A A R A BR A W) s AR )
(horseradish peroxidase, HRP) #5 ict B fa $T %Y
1gG —Hi Kl EHi e 1gG —Hi¥M H Proteintech
o] PURSIEXSAT I 2 s EBUAR . pET32a-FIfA
ali Ak 2R 11 34 P T R AR M K 2 A s BT = 4%
FHORAF
1.3 Iz

50 21 H Y AEXS I [ AR M IE A PR A
FRAE], 2t ARG G. anatis.

ABFFERRAT T I Al R s B2 B
S, LS HNND2025011701
14 FEHRNANESERE

R4 GenBank H' G. anatis 12656-12 ¥ fIf4
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FPFEY], FIH Primer 5.0 B — XS
51 ¥ fifA-F (5'-CCGGAATTCATGAAAAAATTG
CTTTTAA-3")Hl fIf4-R (5'-CGGGGTACCCGGTT
ATTCGTATGCGATAGT-3" ) Hl F ¥ % G. anatis
A4 BIWRERE, eS8 5 35 5151 A EcoR 1
M Kpn T EGEVIA A5, HAREE NP K E R
597 bp. PCR JZ I f& & (25 pL): 2xTag DNA
Master Mix 12.5 uL, . TFU##5147(10 umol/L)
£ 0.5 uL, G. anatis 3:H2H 1 pL, ddH,O #b &
% 25uL., PCR XMW FEF: 95 °CHIAE P 3 min;
95 °CAx P 30s, 58 °CiE k 30's, 72 °C4Effi
1 min, 40 MEH; 72 CCAFEH 10 min, ¥ 1™
Py iE AT 3 R W R I PR VR S, DI Il H A
FLH 5 pMDI8T #ifki% 4%, #%1k DHSa J& 52 745
2, HEHPETE ST — IR pMD18T-IfA 5
L, 28 EcoR 1 H1 Kpn T XUEFVT . i[RI 14 FE
A B, TR %) pCAGGS-HA # AR HE47 1) 5
BN, Bl e R A4 B FE R 28 T4 DNA 3% %
fifj % #% 2 pCAGGS-HA #kf{k, #%1k DH5o Ji&3Z
YL, WA TS AANEERN LB P
b, BT 37 CCHEIRE AR R . PRk
W E— B WEAT PCR %858 AN 4652 .
1.5 FHERAAIEIMNRIE

B K B4R HDL 40 AREFL 2x10° 441
MR T 6 FLAN MBS R MR, Fraifiiik 24y
90% I, FFEIEFEEE, JFHH PBS BB 3 Ik, %
HEJIR 0t 44 3000 %% Yo 3 ) &5 19 156 B 45K 2 ng
pCAGGS-fIfA LRI 2 pg 5% Yo il 43l 5%
Y 6 fLANMIE SRR P A, 7E 37 °CHllff
EFFaIEFR o h i, FRIESRE, Wi EA
2% Il A 1% WHTAY 1640 1 77 3 4k 28 1% 37
48 h, FFEKFEL, FH PBS VRN 3 Wk, Jf
JH 200 16 2 A K 247 30 mine  FH 20 K
M0 F T, Lh 8 000 r/min 5.0 5 min J5, W
WG #T SDS-PAGE, HUE R TE M

>4 actamicro@im.ac.cn, 7 010-64807516

HLUK R . FH 5% MGRE W3a B i S IR RS FT B 22 5
BEPLMAR(1:1 000 5 B), 7 4 CIEB ALK, &
3 PR M HRP Aric i i 2 seEHiik
(1:10 000 i B¥), FEZEE T 120 r/min B F 1 h,
S ECL % AT i 52 .
1.6 BHREHEABTREEZNHES
BE
1.6.1 ELA kI pBV-E-SN Btz

ZIESCHR[191/ 77, #4E GenBank [ Wi
A PhiX 174 Z4A%FE R B 4 fith it 3 B 51 f 4 8
BRI ER R IRNE A (SN)ZRASIIEEIN F], ¥t
¥ E LA SN R I 3 A4 H 4 119 (Gly-4-Ser)
JPAl (3 15 N IEIR)VE N Linker K, &
B E-SN R IE R I Fefe 22 pBV220 kA4 I e 4t
i 20 ik, pBV-E-SN, E-SN £ I 5 K] 4 1 &%
H5 pBV220 #AAR 1% E: th RN S48 A R
A FRAFTE M
1.6.2 E!AE DH50 AR HIF IR

T I8AIE pBV-E-SN 275 AE1E H A P 1E # %=
W IIRE, EIE AW, BRI ER
T i DHSo (9 FE 41 8 E 4700, PRI ki
BURVE AN TS 100 ng/mL 2N HE R LB
WARE RS . SIEOCER[131 ik, 1 SR
(I Ol w sh it Ze . [WEE, TR
ST SR LEE 100 L R TRE URRS
B 100 pL Y2004 T34 100 pg/ mL 2K 5 5
2 1 LB - # I #47 4H 74 11 %% (colony-forming
unit, CFU), AR X755 50 J5 00 18 9% 11 402
THRRRR, maX()FR.

iR =(1-155J5 CFU/AB- S RATCFU)x100% (1)

1.6.3 BERMERKFITERERZZAHEREK

ZROCER191 I 12:, K & B P KIG T I
ITERTE 37 °CIR A FR 2 ODeoo (HZI M 0.4, il
HHEAVRZ AN . B 10 pL 6 2e3h B b PR
(4 FE 20 JFORE pBV-E-SN, Il A 2 il & O L AL L &
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o KA R Z S g e, VK 10 min,
V4 20 R R e AL RS2 A I TR S B
e H M AR T T i AL, iS5
WE HFE 200 Q, HLZE 25 uF, HRRE A
HU B R E . BERLHG, HBSCHk[19]
AR, PR ERGES A
100 pg/mL 2 R H 8 R LB AR I, T 28°C
Wit 24 h ZWVE L, PREUG AL F AT R
PCR %5 .
1.64 BEHBEMEABITEEZNAENNZF
YSESS ES

W 28 T S 4 T S SRy PR 1 8 0% M K
FFA B, 28 °C. 200 r/min B3Rt %G, %
MR 1.6.2 Jrik Jr kil HR s s W sl J12e, Of
HRIE S R TR 24 %
1.6.5 BHHRMRKFITEEZIEEREIE

B 1.6.3 Hp il 2% 19 6 O T K I AT B B Y
4°C. 3000 r/min B.0> 10 min 5, JHWE R
2.5% B E AR F IR E 2 h, it — R
Qb (A H T A AR B R TS
1.7 EEREEE5KRE
1.7.1 ATEFEZHTERN

W B ORI R FF R R AT B R T
AbF, B S mg WA R TR T 0.01 mol/mL
(JCER PBS H, JFIR4LMREE % 1.0x10° CFU/mL,
PR WA T &4 100 ng/mL T HHE RN
LB Az I+, 37 °CHi3% 48 ho #EEFt L ICH T
AR, WERMERCE2RNE, EE 3K,
172 BEBFMHXBHEE®E £ 3
pCAGGS-fIfA Fh X LB IS

VAR THEET &H pCAGGS-/If4 i
B (M EE 1 mg/mL) Y 100 pL 28 shig . fin A
CaCl, ffi 2% ¥ J&# ik 3] 50 mmol/L, 7£ 37 °C .
200 r/min YE3% M 5 30 min, B 5 BRI IR % 007
HG T 4°C. 8000 r/min #.0> 5 min, 435t

DUVEM B3, UUEE PBS P ek 3 Wa ,
FH PBS ZZ iy F AR ULTE, —20 °CLRAFE& I, [Fl
HI 2 B3 b R DNA (VR EE, kg,
MAKXQFTR.
e H=(1- [T DNAME B 25 2 iy o ks e ) <
100% ()

[) Bf B 200w il 28 119 TR 5% 258 A% R 58 1
AT T A 100 pg/mL Z N E &R A LB FERE:
Feb b, 7 37 °)CF 155 48 h, DIKGIN 2547 24
WA K.
1.8 EEEMEHNEERIFPMR
1.8.1 FINE. RRRKFIERF

W50 21 H IR AR E B MR R 1R
&, BEHL R S A, BARSAELIT : 1I-IVA
¥ 10 JXg/, 4ol s g pCAGGS-fIfA ki
BG f1 2k pCAGGS-fIf4 iiki . BG X4l . PBS
YERNARIEINFEL ; V 4 (control 2H) M 1F 1R3¢
A, @SN E S TR, BRIy
Rl 1 ERa 2 T 2 Wnak s, A
B 4 G XSRS BCRE, BURES FEOSCHR[14] AL AL I
FEVE S8l , a2k UL P 73 59 2 428 0 0 U 38 FF
PDS-RZ-1-SLG #k L) 1x10° CFU/ R YL 56 19
WEEXSAE 7 d N RTOL, IF3E i HE R B RS
RPN IR ROR
1.8.2  HEEN

T4 G EE, WS R 24 h REEK AN
() R A g s 4, BT IA 500 pL
A 30% HIMAYICE PBS Y, FAMRIER G
PRAFET =80 °C, S WIAd 1 PCR A5 I 4 HE TR 1
&L, PCRJTHILIYIFE 1.4 19 f1f4 519
1.8.3 ELISA M3 ikk

TR ST S R T R R L
I LA E DT G. anatis MG PLAEKE, B
REREUT . ALY pET32a-FIfA FEHAE R
PP (100 ng/fL), 7637 °CFE 4h 5, ¥
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®1 MR EMRETELR

Table 1 Experimental scheme for animal immunization and challenge
g0 Y XK PP IRAE By gr==2y U E 15 QL € 3T
Group  Immune substance Number of Immunization Route of Challenge Challenge Route of
chickens dose vaccination strain dose challenge
(CFU)
I pCAGGS-fIf4 JFthi 10 100 pg UL TSR G. anatis  1x10° JilINaRasAT)
pCAGGS-fIf4 plasmid Intramuscular Intramuscular
injection injection
il BG 253 pCAGGS-fIf4 Ftki 10 1x10°CFU  HLNTEST G. anatis  1x10° I RasT)
BG loading pCAGGS-fIf4 (100 png) Intramuscular Intramuscular
plasmid injection injection
11 2R 10 UL TE S G. anatis il pEER)
Empty bacterial ghosts 1x10% CFU Intramuscular 1x10° Intramuscular
injection injection
v PBS 10 100 uL UL T S G. anatis  1x10° WL G
Intramuscular Intramuscular
injection injection
\% PBS 10 100 uL LA 5 /
Intramuscular
injection
1FIRVEAMEIL R B
/ indicates that group V will not undergo poison attack treatment.
F 4°CHB A PBST ¥k 3 Um, M 5% B MUERGFFEE /A 2 A9 9EE & PCR J7 ik #Ar

HE 4= 175200 wL/AL)YFE 37 °C R & 1 h, TR
PBST ¥4 3 KJE, JIA 100 uL =0 1L %5 (1:800
Wi ke) TR AL, BRI E 3 D EHE AL,
16 37 °CW¥H 1 h; PBST % 3 Wn &ALINA
100 uL HRP #ric (BTl 1gG —Hi(1:8 000 Fi
), 37°CHW#HE 1h; FKH PBST Bk 3 Wn
TE4 B AL A 100 pL TMB 220 43 i (0,71
37 °CH 8 15 min; w5 FE 4L N A LR LA
2k N, FEAEBERR A _E I ODaso Kb 1YW
JE(H
1.8.4 (AL PHEITERN
W 7d, MTAGEEHTR IR, I
PEATEIRE, WS IFiC G R IR A . SRS

SR SR, AU BEE . RNEAIE . (i
#EsE B PCR J7 I 25 24N 1 A ol it

>4 actamicro@im.ac.cn, 7 010-64807516

R EHARYE G. anatis fIfA RO G
5| ¥ f1f4-q-F (5'-ACCTTATGCGGAACAAACT
AAAG-3") Fl flIfA-q-R (5'-CCTGCCGGATTAGT
TGCATA-3"), ¥4 5 BR/N 109 bp, PCR J )i
K% . 2xEasy Tag PCR SuperMix 12.5 uL, [,
N 51 W fifd-q-F F flf4-q-R (10 pmol/L) 4%
0.5 uL, #&A4 DNA 1 uL, ddH,O 10.5 uL, PCR
KW AERF: 95°C 3 min; 95°C30s, 58°C30s,
72 °C 1 min, 30 MEF; 72 °C 10 min, 4 347"
Yy AT TR M B SRR IS, DR Il i e s &
pMDIST # {44 i pMDI18T-flfAq F 41 Fiki,
TE ORI E A 66 ng/uL, ARIEAXG)ITHE EY
g ALk ANE ¢
# D1 % (number of copies)=(FTRi Ik & ng/uLx
6.02x10%)/(DNA lengthx10°x660 Da/bp) (3)
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5/ = A | I v T T AR LB G|
2.7x10" copies/uL.

¥ pMDI18T-fIfAq BrkibnifEdh 1T 10 55 1L
Fikg, AR 1.0x10%-1.0x10® copies/uL ) %
VWL, LA SO A2 2 S A 000 RS 05 X AT T
SIfA BRI DB 28O E 1 PCR drifEth e, 47
51 ¥ K fif4-q-F (5'-ACCTTATGCGGAACAA
ACTAAAG-3" ) Hll flfA-q-R (5'-CCTGCCGGATT
AGTTGCATA-3" ). PCR Jz I & & (20 pL):
2xTag DNA Master Mix 10 uL, [, FiF549
(10 umol/L) 45 1 uL, #i B pMDI18T-flfAq 15 #i
2 uL, ddH,O #p & 20 pL. PCR JZ W 2 ¥ -
95°C 1 min; 95°C 10s, 53°C15s, 72°C 10,
40 MEH; 95°C 155, 60°C30s, 95°C 155,
FEVOUFE SR RY Y nia g, Lk
HEPE VUSRS RO R A bR . A G P I (EL(Cy)
RS, ST ARMERRZE . ARG RS A bR v
LR FIL AR L IS 8 BN 45 1 R AT 98 o i
PCR V¥, ®AMEESRLE 3 K, JFefludt
TERAMERZL

R T W £ LR A TS R AT T A
Frie 0.1 g ZHZ1IF (8 FH DNA 250 5] £ 32 B
DNA, i FHSZEF9¢ 658 f: PCR J7 ik E 451 4
CRUBEI e
1.9 RIS

i G 144 GraphPad Prism 9 JE4 7804553
2K, B8 L) meantSD Ern, IR ¢ K
5553 BB 3R 7 25 3 B it A T 8dE i, P<0.05
FRAGIFEN(EFDE).

2 BERE54M

2.1 = 4B R K pCAGGS-fIfA B B Ih
iAFES

W 1A iz, it PCR ¥ 3645 7 K
}5 597 bp H G. anatis fifA 3R 7 B, # H va

% pMDIST ik, 4 EcoR 1 Fll Kpn T Y]
YE, PCR Y B K/ 597 bp (] 1B),
5 WA K 1C FFox, 4 R Ok
pMDI8T-fIfA # I H /NI k2 692 bp Fl1 597 bp
M2 AR B, XS mmai R —%8, K
pMDIST-fIfA ik si et . #E—20Hh, Fe
E#i B pMDI18T-fIf4 5 pCAGGS-HA #1443 il
4T EcoR 1 Fl Kpn 1 XUEEY], [ H 1) R B
W 2 gk IR R A HE pCAGGS-fIfA, %5k 24
PCR DI OIS 5, 453N 1D s, PCR
REBRUNG Bk —3 W E s, Sl AU
) kb 3 H 2H kL pCAGGS-IfA #%Y) i 4 807 bp
597 bp Zed 2 KR/NF B, 2B AT R
MEJE, IESE pCAGGS-If4 f i) .
2.2 pCAGGS-fIfA HIfFShRIE

hy W IE 40 R pCAGGS-If4 BET 1E 7 £
KNSR FFTE FIFA FEE, #4 BTkl pCAGGS-fIf4
Y% HDI11 400 f5 oEAT 24, WOBCGR RS -
H, RPN EAGAT E 2 s REUARE S —$T,
HRP Fric 9 1 3 Bt R 1gG 1E 8 = it #F 47
Western blotting #il . 4ni& 2 frzw, AT LARGI £
SRS IEASHF R FIfA 25 1140 F AT Y2 22 kDa
)8R 4547, R 4 Ukl pCAGGS-f1f4 g
IERR IR IRASFT A FIfA 21 .
23 BHRMXBITEREZARING &
2.3.1 EH AL pBV-E-SN B9#95#

¥ B LA SNA I Rl i 15 > & R
(Gly-4-Ser)¥ Linker #EHAL K, & AL E-SN A
¥ HERE 2 pBV220 844 |, R HG HELT 1
SRS AL 2 KA AT B DHSa w07 o 1 40 R
. pBV-E-SN, #—4% PCR %% (18] 3). EcoR 1
M Sal 1 AUEFDISEE (K] 4), 34551510 3 665 bp
770 bp 247 2 R B, SR B/ h—2K,
[) A28 P 51 0 22 E B pBV-E-SN #4 2RI

http://journals.im.ac.cn/actamicrocn
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" C
bp M 1.2 34 5 67 8 9 bp M

g
= S —— 597b 5000
500 — P 3000 338508
100 2000
1000
597b
B P
bp M I 2 3 4 5 6 7 8 9 10
E
bp
5404 bp
D 5000 4807 bp
3000
bp M1 23 4 56 7 8 910111213 14 1516 2000
00 1000
1000 750 —597 bp

500 597 bp 500
100

200
100

El1l FEFRKPpCAGGS-AIANMESEE. A: AARKKY BE@GKEM: DL2000 DNA Marker; JKiE1-8:
HAE LN fIFA; TKGE9: BATEXTIR); B: pMDIST-AfAMIPCRAE (JKiEM: DL4500 DNA Marker; ¥ki1-9:
G. anatis fIAZL N PCR™“ ) ; Pk 10: BITEXTBR); C: pCAGGS-fIFARPCRYE E (JkiEM: DL5000 DNA
Marker; JKiE1: AREFHIpMDIST-AIfA; ¥kiti2: A EEYIpMDIST-fIfA); D: pMDI8T-AfA) 1] % & (Tk il
M: DL2000 DNA Marker; ¥kii1-15: G. anatis fIfARENPCR™=4); WkiE16: FAMEXTIR); E: pCAGGS-fIfA
(BT E (VKIEM : DL5000 DNA Marker; yKiE1: AKEFTIpCAGGS-1IfA; Jki2: XWFTIpCAGGS-fIfA).
Figure 1 Construction and identification of recombinant plasmid pCAGGS-fIfA. A: Amplification of fIfA gene
(Lane M: DL2000 DNA Marker; Lanes 1-8: Target gene fIfA; Lane 9: Negative control); B: PCR identification
of pMDI18T-fIfA (Lane M: DL4500 DNA Marker; Lanes 1-9: PCR products of G. anatis fIfA gene; Lane 10:
Negative control); C: PCR identification of pPCAGGS-fIfA (Lane M: DL5000 DNA Marker; Lane 1: PMDI18T-fIfA
without enzymatic digestion; Lane 2: Double enzyme digestion of pMDI8T-fIfA); D: Enzyme digestion
identification of pMDI8T-fIfA (Lane M: DL2000 DNA Marker; Lanes 1-15: PCR products of G. anatis fIfA
gene; Lane 16: Negative control); E: Enzyme digestion identification of pCAGGS-fIfA (Lane M: DL5000 DNA
Marker; Lane 1: pCAGGS-1IfA not digested; Lane 2: Double enzyme digestion of pCAGGS-fIfA).
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HIEHEIRE . B EARELE 28 )C T HFE ODsoy F+, MiEHH TR, HEE S 210 min ZJ5,
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TKIEM: PHLRE 50755 bnifiE15-150 kDa Marker;
VKiE1: pCAGGS-IfAIRINFEIL; Vki&2: B-actin
% Jkili3: pCAGGSHEIAMRINEIL .

Figure 2 Western blotting analysis of pCAGGS-fIf4
expression in vitro. Lane M: Pre-strained protein
molecular weight standards 15—150 kDa Marker; Lane 1:
Expression of pCAGGS-fIf4 in vitro; Lane 2: B-actin
internal reference; Lane 3: Expression of pCAGGS in

vitro.
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Figure 3 PCR identification of pBV-E-SN. Lane M:
DL4500 DNA Marker; Lanes 1-5: PCR products of
CDS of E-SN gene; Lane 6: Negative control.
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Jikr; Vkif2: pBV-E-SNFRIXT

Figure 4 Enzyme digestion identification of pBV-E-SN.
Lane M: DL10000 DNA Marker; Lane 1: The pBV-E-SN
plasmid was digested by Sa/ 1 and EcoR I; Lane 2:
pBV-E-SN plasmid.
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Figure 5 Lysis dynamics curves of DHSa containing
pBV-E-SN.
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Figure 6 Lysis dynamics curves of avian pathogenic

Escherichia coli containing pBV-E-SN.
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Figure 7 Scanning electron micrograph of avian pathogenic Escherichia coli ghosts. A: Normal E. coli cells

before lysis mediated by controlled expression of gene E+SN; B: Ghost cells of E. coli, the yellow arrow points

to the lysis channel formed at the middle portion of bacterial cell.
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2 AR F P RINE Gallibacterium anatis
Table 2 Detection of Gallibacterium anatis in cloacal swabs
Myl YR Yrepwitk  fAms S
Group Immune substance Challenge  Survival  Shedding bacteria (d)
strain numbers | ) 3 4 5 6 7
I pCAGGS-fIf4 5tk G. anatis 10/10 0/10 1/10  3/10  0/10  0/10  0/10  0/10
pCAGGS-fIf4 plasmid
I BG 1128 pCAGGS-fIfA4 i hL G. anatis 10/10 0/10 1/10 2/10  0/10  0/10  0/10  0/10
BG loading pCAGGS-fIf4 plasmid
11T BG G. anatis 10/10 0/10  4/10 10/10 10/10 10/10 10/10 10/10
v PBS G. anatis 10/10 0/10  3/10 10/10 10/10 10/10 10/10 10/10
v PBS - 10/10 0/10 0/10 0/10 0/10  0/10  0/10  0/10
1-V: 5K pCAGGS-IfA kL . BGH HpCAGGS-ffABRIAL . BGXHRZH | RAGFELREA . IEH XL —FoRVAAR

AFERAL

I-V: Representing pCAGGS-fIf4 plasmid group, BG-loaded pCAGGS-fIf4 plasmid group, BG control group, non-immune challenge

group and normal control group, respectively; —

indicates that Group V will not undergo poison attack treatment.

3 TR TN Gallibacterium anatis
Table 3 Detection of Gallibacterium anatis in throat swabs
HHl EEYT Wbk AR HEw
Group Immune substance Challenge  Survival Shedding bacteria (d)
strain numbers 1 2 3 4 5 6 7
I pCAGGS-fIf4 5tk G. anatis 10/10 0/10 1/10 3/10 0/10  0/10  0/10  0/10
pCAGGS-fIf4 plasmid
i BG %4 pCAGGS-f1f4 Tk G.anatis  10/10 0/10  1/10 2/10  0/10  0/10  0/10  0/10
BG loading pCAGGS-fIf4 plasmid
111 BG G. anatis 10/10 0/10  3/10 &/10 10/10 10/10 10/10 10/10
v PBS G. anatis 10/10 0/10 4/10 &/10 10/10 10/10 10/10 10/10
\% PBS - 10/10 0/10  0/10 0/10 0/10 0/10 0/10 0/10

-V: it EpCAGGS-ffAF R4, BGH#EHpCAGGSAfAFRILL, BGXTIRAL, KRG E:

AL B

4, IR —FoRVALA

1-V: Representing pCAGGS-fIf4 plasmid group, BG-loaded pCAGGS-fIf4 plasmid group, BG control group, non-immune challenge

group and normal control group, respectively; —

EHER, TR e B I A A WS Rk
FIRILER, XTHEZ
244 REBEHFMEIAIKELEN

HEE B
() T BT REA S R B

Wi, SXFRZA

indicates that Group V will not undergo poison attack treatment.

TR EES; 1451042 Mo
L W PTAR K SE B T, S5 xR

AH EE P

I 22 Sl 8 25, H 2 A e 4 22 R

g% 1 ARG JS , FERE 7 d R R
i, Ay PR IS, Al ELISA il
FRPEBUAR N . SR AE 8 R, HATd
&, I (S A) IV 4 (PBS 4Pk T E A

5 TS T T AHTAOKE S Pk T,
IENSCLRN TR NV EZE R/ S T =
SRV B G g5 TORLZH A B AR /K - 8 2B IK T 1 52 1
TR
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Figure 8 Serum specific IgG antibody against G. anatis. A: Line figure; B: Bar graph. [~V : Representing
pCAGGS-fIfA plasmid group, BG-loaded pCAGGS-fIfA plasmid group, BG control group, non-immune
challenge group and control group, respectively. ***: P<0.001.
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Figure 9 SYBR Green I quantitative real-time PCR stand curve of Gallibacterium anatis.
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Figure 10 SYBR Green I quantitative real-time PCR melting curve of Gallibacterium anatis.
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Figure 11  Analysis of the load of G. anatis in various tissues and organs. [ -V: Representing pCAGGS-fIf4
plasmid group, BG-loaded pCAGGS-fIf4 plasmid group, BG control group, non-immune challenge group and
control group, respectively. **: P<0.01; ***: P<0.001.

http://journals.im.ac.cn/actamicrocn



1194

MA Lijing et al. | Acta Microbiologica Sinica, 2025, 65(3)

IV, H Bk S 20 (1 40) 09 4 T 45 DUE 25
TR R (T ).

3 W54 #

X6 Ay B A R R B A 4 2y AR X ) T
REW, W REEX T ES TR, RRAUE YA
(R P R B 22 UL, X B RY A 1R 2 18 o
BPEME R A, HRRIE 2 T B PR D0 42 . g N
3 TE R B DR RO S VRS B B
RPN — AN EZRE, EAETERNLE
WP 3 AN AR B GE T, S — R SR O
FO R & B, e A9 B i IEF A
BEM— 5, (RRES R BEXS = H i T AR AL
SRIGINE2 AT G O A A PR 7E T I X B
AT, HAFEm SIS, WAk, xR fE
RN, 51 B RE AR, I EA A
HPAERE L, Nl EEEM. &5
BEAETRT,  H R X PR X AT B 5 | S i Sk
W TCR A E T, LR %4 . AR
MHAEEE X,

] PN M 5% 24 0 B 50 A 1R 7 o B AR
A RAF S v, 2 — i FARL A 928 1 o ik
BT, A0 B AR B HAT R S g 3L
SRR FR A A, AT RAVE A 25000 i 358 922 1 f
PRSI IR AT AR (5 A% R A2 9 55 (1 3
ARG A, R, %SRS BRI T
PRASASAL AT D5 | RS X B B R A o O 5 4
FE . WNORAE R, I ELAAE S TS IR XS AT B IR AR
e, WEARRZWE RS, o DO R L KA
RURYGR BT FIEA, ST, AMRERE
O T KA B AR N BRI A X 4, G NS AT
W B /1A VLR e et 4,
PR B LBl S 319 pCAGGS FkifE
R FIREAR, el T & SR E R AT

P4 actamicro@im.ac.cn, 7% 010-64807516

W, AT DA A% R IR pCAGGS # & T #
TR P50 FT B8 B B 2R 1 FIFA B T 21 63K Ok
SR J5 W T A 3k OB LA — 2 LB T & K
PR, P BR3Py itk AT e e R
VEAY o T 5 X6 D/ B 8 iy B A9 % 5 i O A
i %) 2 1 2R e 37 8 1 A e A G & e 2L
AR S, R A AR X i R A A RN i D A
(14 7 47 B e

TE P B 52 11380 pCAGGS-IfA4 Uk 02 1
XoF HIES 50 KT TR 1 2 PR AP SR I, T i A i ik
ELISA 60 #4435 51k 1gG HiikKF, B2 Xt
T s 4 A HE TR OO DL R 22U 2
9P R R, 45 R Y B OR W 2
pPCAGGS-fIfA Jii Hi 2 A1 5 45 % pCAGGS-fIf4
JoT KL 2 1 G 5 AR 3P O B v T LAt e e A
I H 5 b 4% pCAGGS-fIfA BRI 4l AL,
138, pCAGGS-IfA Fk7 20 1Y) S e PR AP OR BT
i, UL AE R pCAGGS-IfA 1 4%
P S 1G5 T AL R B ) S R AP RIOR . B
WIS, BBURME KRBT R 712 p)CAGGS-
SUA RETRPE VX S X AT TR B U RE A% B o 1)
PR, SR & ORI 5 A B A5l 2
6T [ 78U A4 R R G 1 DR A VR B R A e itk — 2
5k

16 STk = ¥

AL SR AR | R R R AL
HLORSHRE MY T B SR ERAE
Bl a2 ARG . PP SRR T
W PR SERAE s T BORSCRE; A
e PREDSEEARAE; R . BSGIE. BOR
SCRFs BBl 83ChHE . BORSCRE; il 5
BJ7 BBt s . BORSCR L SR
BB

&



AL 45 | BAEaEAR, 2025, 65(3)

1195

1B & A 25 ¢ RATE 7 A

VR P I ATFAEAT AR AT B8 23 52 W AR SC P4l

HTAERME MATH S AR

B3Rk

(1]

w
—_

—
[*)}
=

[7]

P2, W, KRR, IR . FRIEE ST R A5
HERE)]. TP B4R, 2015, 35(12): 2075-2078.
PENG ZF, YANG X, ZHENG LP, WANG CQ. Research
progress on duck derived chicken bacilli in Chinal[J].
Chinese Journal of Veterinary Science, 2015, 35(12):
2075-2078 (in Chinese).

LIJ,L1Y, XIAO H, LI W, YE F, WANG L, L1 Y, WANG
C, WU Y, XUAN R, HUANG Y, HUANG J. The
intestinal microflora diversity of aboriginal chickens in
Jiangxi Province, China[J]. Poultry Science, 2024, 103(2):
103198.

ZETT Aty X ARG YK AT T AT e A A SR AT RO
A FAE TS B SR R AT S (D). KB - T g Al
it L2183, 2012.

LI QJ. Epidemiological investigation of chicken Bacillus
from ducks in chicken flocks and study on infection
characteristics of epidemic strains to chicks and ducklings[D].
Zhengzhou: Master’s Thesis of Henan Agricultural
University, 2012 (in Chinese).

PAUDEL S, LIEBHART D, HESS M, HESS C.
Pathogenesis of Gallibacterium anatis in a natural
infection model fulfils Koch’s postulates: 1. folliculitis
and drop in egg production are the predominant effects in
specific pathogen free layers[J]. Avian Pathology, 2014,
43(5): 443-449.

PAUDEL S, RUHNAU D, WERNSDORF P, LIEBHART
D, HESS M, HESS C. Presence of Avibacterium
paragallinarum and histopathologic lesions corresponds
with clinical signs in a co-infection model with Gallibacterium
anatis[J]. Avian Diseases, 2017, 61(3): 335-340.

T, BRRE, AT —, B, B, WA, BT, B
B2, PR . F L E - DX 25 X A P50 PR LT A T
AT D). T E BT EE 2R, 2011, 33 (2): 114-117.
WANG S, CHEN L, FU R Y, YANG X, ZHAO J, GAO
GS, LI QJ, YAO HX, WANG CQ. Seroepidem iological
survey of Gallibacterium anatis infection in layer
chicken flocks in some provinces[J]. Chinese Journal of
Preventive Veterinary Medicine, 2011, 33(2): 114-117 (in
Chinese).

KGN . T S e S - DX X AR S 5 X AT R )
75 DL A K 75 ) 5 25 MEAS I [D]. FfRiJR : B BUAR R
SRR AR S, 2023.

Zhang JH. Investigation of infection and virulence and
drug resistance detection in layer farm Gallibacterium
anatis in some areas of southern Xinjiang[D]. Ala’er:
Master’s Thesis of Tarim University, 2023 (in Chinese).
TR, 484, BRER, S5 TR, BURTE, XIAEEL, B,
e LB . RN i DI PRSNG0S 5 A

[10]

[1

—_

[12]

[13]

[14]

[15]

[16]

RG], Hh E S Y4k a4k, 2024. DOL: 10.19958/
j.cnki.cn31-2031/5.20240814.001.

ZHANG ZG, JIN XX, LIANG RQ, CAI ML, ZHAO DX,
LIU JC, LUO QP, CUI GL. Isolation, identification and
pathogenicity analysis of Gallibacterium Anatis in the
reproductive tract of laying hens[J]. Chinese Journal of
Animal Infectious Diseases, 2024. DOI: 10.19958/j.cnki.
cn31-2031/5.20240814.001 (in Chinese).

JEvE, DETN, WAL, EE, P, Wk, (EE, 4
PEIGE . T YA AT T 114 7328 M S OH A A P 41 3 i
[3]. TE Y2 4z, 2022, 49(8): 3253-3266.

TANG S, PANG XQ, ZENG HM, WANG Y, LUO Y,
YAO XP, REN MS, YANG ZX. Isolation, identification
and whole-genome sequencing of Gallibacterium anatis
from chicken[J]. Microbiology China, 2022, 49(8):
3253-3266 (in Chinese).

KER, XK, INT, XVLLHE, KA, SR, Tk, =2
&, RIS, R, i, DhA, sk, Aoos . 1k
N TR RIS 7 25T I8 10 S 105 X6 T TR 1) 0 5 S5 ().
A E R 224, 2021, 41(8): 1604-1611.

ZHANG YJ, LIU D, SUN N, LIU HX, GAO TZ, GUO
YG, YU J, YUAN F, SONG SS, WANG YC, ZHONG 8§,
Ma D, ZHANG YL, DU YZ. Isolation and identification
of Gallibacterium anatis causing decline of egg laying
capacity of artificially inseminated breeders[J]. Chinese
Journal of Veterinary Science, 2021, 41(8): 1604-1611 (in
Chinese).

WRIEAL, 56, sk 8, 8RS, [l wife, J20H, £IF),
FEIRUE, SCHT . — BRI YRR AT T 14 73 1 2 K 24 0K
UR1I]. SN B LS, 2020, 44(4): 32-36.

CHEN GQ, WANG N, ZHANG X, ZHAN DJ, YAN CH,
ZHOU BJ, WANG KG, CHENG ZT, WEN M. Isolation
and identification of Gallibacterium anatis and drug
sensitivity test from chicks[J]. Guizhou Journal of
Animal Husbandry & Veterinary Medicine, 2020, 44(4):
32-36 (in Chinese).

ALLAHGHADRY T, NG DYK, DIBAEI A, BOJESEN
AM. Clonal spread of multi-resistant Gallibacterium
anatis isolated among Iranian broilers and layers[J].
Veterinary Research, 2021, 52(1): 27.

KUDIRKIENE E, BAGE RJ, JOHNSON TJ, BOJESEN
AM. Chaperone-usher fimbriae in a diverse selection of
Gallibacterium genomes[J]. BMC Genomics, 2014,
15(1): 1093.

TADDESE R, BELZER C, AALVINK S, de JONGE MI,
NAGTEGAAL ID, DUTILH BE, BOLEIJ A. Production
of inactivated Gram-positive and Gram-negative species
with preserved cellular morphology and integrity[J].
Journal of microbiological methods, 2021, 184: 106208.
MA Y, ZHU WJ, ZHU GS, XU Y, LI SY, CHEN R,
CHEN LD, WANG JF. Efficient robust yield method for
preparing bacterial ghosts by Escherichia coli phage
ID52 lysis protein E[J]. Bioengineering, 2022, 9(7): 300.
HAJAM IA, DAR PA, WON G, LEE JH. Bacterial ghosts
as adjuvants: mechanisms and potential[J]. Veterinary
Research, 2017, 48(1): 37.

http://journals.im.ac.cn/actamicrocn



1196

MA Lijing et al. | Acta Microbiologica Sinica, 2025, 65(3)

[17]

(18]

(19]

(20]

ESLAMINEJAD T, MOSHAFI MH, HASANPORE M,
AYATOLLAHI SA, ANSARI M. Evaluation of the
anticandidal activity of clotrimazole using Lactobacillus
caseie ghosts as biological drug carrier[J]. Daru, 2022,
30(1): 67-73.

YU XL, WANG L, YANG XR, ZHANG SS, LI GW,
ZHANG LL, LI JX, WANG XN, ZHOU H, JIANG YP,
CUI W, LI YJ, TANG LJ, QIAO XY. Lactobacillus casei
ghosts as a vehicle for the delivery of DNA vaccines
mediate immune responses[J]. Frontiers in Immunology,
2022, 13: 8494009.

EXVIDEIR PN 7 a8 L p AL R ISR Ve SUEMINE
Wi PALAMBH R A0 122 1183, 2016.

Wang YY. Development of avian Escherichia coli ghosts
and its immune efficacy[D]. Yangling: Master’s Thesis
of Northwest A&F University, 2016.

JOHNSON TJ, DANZEISEN JL, TRAMPEL D, NOLAN
LK, SEEMANN T, BAGER RJ, BOJESEN AM. Genome
analysis and phylogenetic relatedness of Gallibacterium
anatis strains from poultry[J]. PLoS One, 2013, 8(1):

P4 actamicro@im.ac.cn, 7% 010-64807516

(21]

[22]

(23]

e54844.

FAkE, THa, 2R, Wi MRS A DGR A ¥
WFFEIERET]. S B2, 2017, 37(8): 1627-1632.
WANG JY, WANG Y, PENG ZF, YANG X. Research
process on the virulence factors of Gallibacterium anatis
in poultry[J]. Chinese Journal of Veterinary Science,
2017, 37(8): 1627-1632 (in Chinese).

AUBIN GG, HALOUN A, TREILHAUD M, REYNAUD
A, CORVEC S. Gallibacterium anatis bacteremia in a
human[J]. Journal of Clinical Microbiology, 2013, 51(11):
3897-3899.

FRME, SR, D, R BA R, EHR, THE
i, MRk FIR K pCAGGS i 11 30 & i & DNA
PEE T Y S E R AP RCR [J]. T E RO R, 2006, 39(4):
825-830.

JIANG YP, ZHANG HB, BU ZG, LI CJ, ZHAO YS,
WANG XR, YU KZ, CHEN HL. Enhanced protective
efficacy of avian influenza DNA vaccine with expressive
vector pCAGGS[J]. Scientia Agricultura Sinica, 2006,
39(4): 825-830 (in Chinese).



