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HI BRRBL IR (O P . T EHUR(F $1)5) . HEEHT
J(H B )54 ag, Hrh O Hitsi s fE R APEC il
HAM YR, HEL 01, 02, 078 Z{i#suik
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FeRGIERGE, 7=k ZFME R 7, 74
2RI Ge , IBT A RS iRe K fugs
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53 5IH IpxL (htrB)FI IpxM (msbB)J:H 4fn!™! ) 7
SCh TESTIR 2 A L IpxL . IpxM 5 APEC
O1 I O78 I iF A FERRBOTE MR, 1l i E
IpxL. IpxM FEPRERRAR, SEATAHSCA Py Rk 1)
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PR, PAK IpxL. IpxM FEIRTE APEC O1 FlI
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1.2 FERANAR I

Taug DNA %4 F . T4 DNA ¥%E420F . DNase I
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F1. AMRPEAER. FRAFMAM
Table 1. Bacterial strains and plasmids and cell used in this study
Strains or plasmids  Characteristics Source or reference
Strains
E516 Wild-type avian pathogenic E. coli serotype O1 [16]
E522 Wild-type avian pathogenic E. coli serotype O78 [16]
E516AlpxL Lauroyl transferase-deficient strain This study
E516AlpxM Myristoyl transferase-deficient strain This study
E516AlpxLAlpxM  Both lauroyl transferase and myristoy transferase deficient strain This study
ES522AlpxL Lauroyl transferase-deficient strain This study
ES522AlpxM Myristoyl transferase-deficient strain This study
E522AlpxLAlpxM  Both lauroyl transferase and myristoy transferase deficient strain This study
DH5a Cloning strain Invitrogen
Plasmids
pMD®19-T Vector TA Cloning Vector, Amp" TaKaRa
pACYC184 Complementary vector, Cam" Gift from Professor Zhu Guoqiang
of Yangzhou University
pKD46 Amp’, expresses A-phage Red recombinase [17]
pKD3 cat’ gene, template plasmid [17]
pCP20 Cm’, Amp’, yeast Flp recombinase gene, FLP [17]
Cell
HD-11 Chicken macrophage line, chicken myelomonocytic cell transformed by  Gift from Professor Jiao Xi’an of

the Myc-encoding MC29 virus Yangzhou University

(A)
EcoR'V )ECOR 1
yeeE gene IpxL(921 bp) l_‘l yeed gene
-« —
— — LLD LLC <— =<—
LLE LLA LLB LLF
(B)

j

EcoR'V |\ )ECOR 1

_|

& 1.

pykA gene >—< IpxM (972 bp)
-« —

— — LMD LMC <— <—
LME LMA LMB LMF

IpxL #0 IpxM 7 APEC E516. E522 EFEFHAIERSREIALS

Figure 1. Position and mutation site of IpxL and I[pxM genes in the APEC E516, E522 genome. Primers presented

in Table 2.
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R2. FAHRPREAKEGEERRISY

Table 2. Primers used in this study

Primers Sequences (5'—3') Target genes
LLA CTCTICTAGATGGTGCCATCATGATGCA (Xba I) IpxL
LLB CTCGAGCTCATTGTGCATCGCAACCTG (Sac I) IpxL
LLC CTCGAATTCCGGTCGAGCATCGATTTA (EcoR 1) IpxL
LLD CTCGATATCGCACCGGATCATGATTAC (EcoR V) IpxL
LLE CCAGTTTATAGGGGTGTC IpxL
LLF GGTTGTGTAACACTGGCA IpxL
LMA CTCTCTAGACGCGCAATCGTATGATCA (Xba I) IpxM
LMB CTCGAGCTCCAAAGTTCCGTGATCCCA (Sac I) IpxM
LMC CTCGAATTCTTATGGAACATCGCTGCC (EcoR 1) IpxM
LMD CTCGATATCCGTCTGCATGCGAGAAAT (EcoR V) IpxM
LME CCACGCGTATTTTAACGG IpxM
LMF CGCAGCTACGGTTTGATT IpxM
CFEV CTCGATATCTTGTGTAGGCTGGAGCTGCT (EcoR V) pKD3
CRVI CTCGAATTCATGGGAATTAGCCATGGTCC (EcoR I) pKD3
RelpxL-184-F CGTAGGTATACTTTCAACATTGCTCGCAGGT (Sna I) pACYC184
RelpxL-184-R CGCCGAGTACTTAATAGCGTGAAGGAACGC (Sca I) pACYC184
RelpxM-184-F CTAATTCCGCGGTGTTGATTTTGCCATGCCAC (Sca II) pACYC184
RelpxM-184-R CGGCCCAGTACTTTATTTGAAGGGATAAAGAT (Sca I) pACYC184
pACYC184-F GGTAAACCGAAAGGCAGG IpxL, IpxM
pACYC184-R GGCTATTTAACGACCCTG IpxL, IpxM
IpxL-F ATGACGAATCTACCCAAGT IpxL
IpxL-R TTAATAGCGTGAAGGAACG IpxL
IpxM-F GCGAATACATTCCTGAGT IpxM
IpxM-R GATCTTTGCGCTTATACG IpxM

1.3.2  EHAFK pMD19-T-lpxL F1 pMD19-T-IpxM T RIEH B, FRY 3G 7 B4 EcoR 1. EcoR V

RRER . 4T 24 ikl 4 DNA 4", PCR
Yy H AR IpxL F IpxM, ¥ BB B vl
K pMD19-T Simple Vector % 4%, 4% 8 4 Jiii
ki pMDI19-T-IpxL H1 pMDI19-T-IpxM , FF %
LoaTioes

1.3.3 HAFR. pMD19-T-lpxLcat 1 pMD19-T-
IpxMcat WHEE . 1514 LLC/LLD, LMC/LMD
A3 LA 20 ki pMD19-T-lpxL #1 pMD19-T-IpxM
MR PCR S 4738 IpxL K IpxM S5 i 5]
¥ CFEV/CRVI LUK pKD3 Mk PCR ¥ 164

Y], MRS He A 2 R AT DHSo, %7€ 1R
() H 4 TR 43 B iy 44 8 pMD19-T-IpxLeat
pMDI19-T-lpxMcat.

1.3.4 E516 Fl E522 £k IpxL . IpxM FEHE BRI FRAY
PR : 4= v T AR I s, R A WE IR Red
AR RS ES16. ES22 #k IpxL. IpxM .
RSB, 5544 A ES16AlpxL . ES16AlpxM
ES22AlpxL . E522AIpxM; TEMCIERY b, 2 5k
WK ES16AIpxLAIpxM F1 E522AlpxLAlpxM;
R ZGE I L WEFE AR Red [R5 820 245 (0% B
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JRL KRR B BUBR MR AR R PSRN
Je SRS Tk
1.3.5 [E516 il E522 #k IpxL . IpxM FEH B £k )
¥k . i%315 49 RelpxL-184-F/R il RelpxM-184-F/R
(F 2B IpxL . IpxM &R KA RERY S B
T, TR Tkl pACYC184 H. f3 8T
43 #rfd A http://www.fruitfly.org/seq_tools/J3 5j
TN AR T H AT o H R A Y A RO
p184-IpxL I pl84-lpxM , WL A B &
ES16AlpxL . ES16AlpxM ES22AlpxL 1 ES22AlpxM
ARG Il b KR, 4 I A 44 8 ReES16AlpxL |
ReE516AlpxM . ReE522AlpxL F1 ReE522AlpxM.
1.4 BHERE ST KBRS
1.4.1 BRABRTREMEHT: K AT A0 Bl I R AN [ %
RO BIEA T SAE 20 X, @i PCR %@ Ky
LivaT| s T=B ¢ (-3 PN
142 AEREHIZRIIE B eI G bR 7E S a5 77 Ak
(minimal medium, MM) B9 9] 46 Wk FE 98 55 8
ODgp=0.05, 7E 37 °C fHi#% K LA 220 t/min $7
PIEF% 10 h, HEER 1 h WEEFRYEY ODeoo
{8, FFexil mkm AR .
1.4.3 HEME: S5 CHR201 775017 o K i
PIA R IEFRIR SO, 2 B, DABRRRER 22 vhdhk
(PBS)H Ak, 1145 B i 2535 24 110 R B VG 14 09I
B IR % (0 )5 7E3% It Fi. 4% (Tecnai 12, fif 2% Philips
NEDN T AR
1.5 RNA #REUF¥% 5 RT-PCR 27

HUHF AR MR | S SR ke B TR MR B TRV TR LB
BRI R RG RS, BREYRERERET
PBS 1. fii ] RNAiso Plus 7] & 2 BUE RNA.
i ] gDNA Eraser (TaKaRa, H[EKi%E)ZBREEM
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] BE5E B ) DNA, P A PrimeScript RT
(TaKaRa, HEGE)AFEIETT cDNA G, 1E
HIER IpxL . IpxM Wisise it 5193 2), PAERE
f) DNA .RNA ,cDNA N 53514 T PCR %2E .
1.6 IMFEMERE KL

W vl BE IR 2 10° BRI VA TE L7 (colony forming
units, CFU)/mL. Jfl PBS 2% 43 5% B SPF X9
MHEZE 0.5%. 2.5%. 5%, 12.5%. 25%, ik
JE R IILTE DAL 25%AMACK I ILiE (56 °C 4@ i
30 min)Z FIE RIS A M3 . B 10 pL B 55
TR 190 pL AN [R] ¥ BE A I 355 A Y RN 2K 33 IR
F 37 °C #E ;5 30 min, B 100 pL } 379178 LB
TR b HEFTANBAITEL, 18 h SR AR .

1.7 1 HESHEHEG B (LDs) il &

PRARTE 37 °C THIl S5 17 T # B I X0
WOk 4 °C B, WPAERRFNEAMET 15% H i
PBS ZZ vk . BIFIERREE 10°, 107, 10°,
10° F1 10* CFU/mL, SR HIF R 10", 10",
10°,10%, 107 #1 10° CFU/mL . BN B EL 0.1 mL
PRV HEHEFN 7 P 1 B SPF X, W )5iES
527 d LSRRG AETE TG L . LDso MITTARR A SPSS
S5 i3 (IBM SPSS statistics 22, IBM A 1, 2 [H)
AT o
1.8 21 Hi SPF XSk & FiRAE

180 1 21 H¥&M SPF X85k 12 4, &4 15
PO B G A W A RERR ST 10% CFU RYSFAERE . Bl
KRB IR AR, e 24 h J5HMR, B
SRAODIEME 100 pL S ARIBUHME . B . i
BEA 0.25 g WS, FH 15%H il PBS 2% ik i%
Sea e, AR LB RERIE b T an 5, LI
FETERS RS B TP i 40T 50 .
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L9 BB MR IAR

1.9.1 HD-11 FMIMFMGRE: 4 2x10° /ALK
RN 24 FLANMLES SRR, I 10% FBS (1)
DMEM };F23EA1E 37 °C. 5% CO, 5544 T EE 574k 15
BAJEANM, FH PBS PEIRIE SR BN BN,
moi 4 100:1 A HL{EK A B A4l i b . R
1000 r/min .0 5 min, {4 AEVER RS .

37°CH¥E 1 h, H PBS PRGN 3 U, AT 10%
FBS F1 100 pg/mL K KE K DMEM K3,

37 °CH¥HE 1.5 h, RKHMSME. PBS BRik4HH
3 YK, A 1 mL 0.1% Triton X-100 ¥ 7% 2R 40
B 100 puL fiAE] 900 pL 4 PBS, MK F B . 54
i BEJE ORI 100 pL, ¥A0 LB ~FHitt r 4
PR RIS 3 Lo NN 4 ER Y N A =
(A% A\ 360 11 240 A 550+ F LB 0 1 40 P 250 < 100% o

1.9.2 HMIANGFTEIRE: MERa =R AHR
ARMHNE LR 1.9.1, A 10% FBS #l
100 pg/mL PREZK ) DMEM B 5556, 37 °C i
H 1.5 h, B 0 ho F PBS YR 3 X,

A 10% FBS il 10 pg/mL K% % #Y DMEM
BrFRHE, T M AN R A AR RIS . A

10 pg/mL JXKFF % DMEM 8535 BEm P44, 43
WIAEAM 45 4. 8 A1 12 h F, A 1 mL 0.1%
TritonX-100 75 I 24 fife 240 B 64 7 7 PN 4 B TR Al T
%, L0 h B4 PN A 4 PRV S A 1, TR
TR P R N 706 8 . AR 7R IN PR A2 T R =1 — i B
[F1] DAL P R0 240 TR B O h BRF T s 200 L P A
AR
1.10 ZiEAbE

& GraphPad Prism #X {2 J¥ (GraphPad
Prism ZUFRLF, WA 7.00, 3E[E)JHreH a2 5
(4 5 2P o T B AR 242K ] Mann-Whitney 556 3
115347 o

2 HRMAH

2.1 BRICBRANEIRMER B AE ER R AR B HERF R

W T B Ipx L FHE R GR R PR L AR AR AN
Bp A bk S E 519 LLE/LLF § 485 43 5145 5]
1420 bp 1466 bp F1 1371 bp AEA— 4545 (K 2,1-6
B, W F 8 A R FE R P 9 TR A, B AR A
Jetk E516AlpxL. E522AlIpxL. E516AlpxLAlpxM

- ) ) - o )

2. E[E IpxL F IpxM $R&FRE PCR £

Figure 2.

Identification of /pxL- and /pxM-deletion strains by PCR. M: DNA marker; lanes 1-6: the amplified of

IpxL fragment of gene-deletion strains (E516AlpxL, E522AlpxL, ES16AlpxLAlpxM and ES522AlpxLAlpxM) and
wild-type strains (E516 and E522) by primer LLE/LLF; lanes 7-12: the amplified of /pxM fragment of
gene-deletion strains (E516AlpxM, ES522AlpxM, ES16AlpxLAlpxM and E522AlpxLAlpxM) and wild-type strains

(E516 and E522) by primer LME/LMF.
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1 E522AIpxLAIpxM ., IpxM FEPH BB kk . BB
S MRFN A bk FH %2 5 19 LME/LMF 4744 J5 15 2]
KNI 1300 bp Ay — 5717 (K 2, 7-12 38), T
Fr 45 S R L 0 R AR, B o b R i A
E516AlpxM . E522AlpxM . E516AlpxLAlpxM  Fil
E522AlpxLAlpxM.,

W Ae 8 Y T AN 2 FORL p184-IpxL . p184-IpxM
M IE#0 )5 2 B G S IpxL FERBLARA IpxM
SRR BRI, FH%EDIY pACYC184-F/R )5
43 HIAS RN /INAT S 1900 bp F1 1800 bp fl HL— 457
(1 3), WPy 25 R R BIAMR Y IpxL | IpxM 5L 7
YIIE i, B A o Ay g Bk Bk ReE516AlpxL .
ReE522AlpxL . ReE516AlpxM F1 ReE522AIpxM.,
KBk . RMRESL 20 U5, PCR B RK
AL, FRAI P A R0 AR, R AA
R AP R e k.
2.2 HGIWER

EHESHEE T, E516AlpxL (Bl 4-C).
E522AlpxM (& 4-F). ES516AlpxLAlpxM (& 4-G)

3. ERA IpxL, IpxM Bk H PCR £ F
and [pxM-
complementary strains by PCR. M: DNA marker;

Figure 3. Identification of /[pxL-

lanes 1-4: complemented strains ReES16AlpxL,

ReE522AlpxL, ReES16AlpxM and ReES22AlpxM,
lane 5: pACYC184.
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1 ES22AIpxLAIpxM (] 4-H)Hk I Ak 55 1 A R AT
o, A0 AN K R A5 )2 U R AR, R ER R T
gEfE EORSEH, 1 ES16AlpxM (& 4-D) .
E522AlpxL (&l 4-E)RTAIZEFIARRT 58 %% 5 [k ik
9 B 2 T 45 M 5 ES16AIpxL . ES522AIpxM |
ES16AIpxLAIpxM F1 ES22AIpxLAIpxM 5 ¥k A
Fo, WA, (ARSI 2 B R R R T 4G
Ry sE R (K 4-1, T, K., L),
2.3 AERKpiZNE

AR el e 45 R 3R, WY AERK ES16. E522
R B  BIAMRAE MM B 553 o 1 A Kk
HA—FH(E 5).

2.4 RNA BREFLEHF RT-PCR 247

RT-PCR 45 % 7R, IpxL F1 IpxM He PR k26 Ak
LA FRRIEEE, IpxL F lpxM FEH [FJRE S
FRT o SR FTE M A1 % 720 (& 6 FIEL 7).
FIrVE < REANEGE 7, TR R PR b gk B Y kR
IR [ 5 5 G K 2SRRI s B A FRT Ilfs i 2 i
BT 2 SRAS T H 53, 7 L B B S Y SRR Ry < A
oY AR IpxL R BRT, BR T IpxL R
Bel 24 H i 55 bp Jr B, PR ER T 105 bp FRT 5k AL,
K. E516AlpxL. E522AlpxL B AN TR/ N
971 bp, E516AlpxLAlpxM . E522AlpxLAlpxM 7 5k
SRR/ 1021 bp, KT IpxL FEH ) 921 bp
(K 6)o TE IpxM SRRBER, WER T lpxM FFH5]
BEMEY 58 bp FBe, PREA T 105 bp FRT Gk,
. E516AlpxM, E522AlpxM i 4k 5 F K/ Ky
979 bp, E516AlpxLAlpxM, E522AlpxLAlpxM 74k
ST R/NN 1029 bp, KF IpxM FER 23351
Y1 5 BBt 932 bp (7).,
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A
0.5 pm 0.5 pm 0.5 pm 0.5 pm
26500% 26500x% 23000x% 26500x
- s
E F .
0.5 pm 0.5 pm 0.5 pm 0.5 pm
18500x% 26500x% 26500x% 23000x
I J K L

0.5 pm 0.5 um 0.5 pm 0.5 um

26500% 18500% 23000x% 26500%

4. APEC E516. E522 B4 #k. SRR EIFMRRY A IR ER
Figure 4. Observation of APEC E516, E522, gene-deletion strains and their complementary strains under the
electron microscope. A: E516; B: E522; C: E516AlpxL; D: E516AlpxM; E: E522AlpxL; F: E522AlpxM; G:
E516AlpxLAlpxM; H: ES22AlpxLAlpxM; 1: ReES16AlpxL; J: ReES16AlpxM; K: ReES22AlpxL; L: ReES22AlpxM.

-+E516 -0-ES522
—+—ES516AlpxL ——-E522AlpxL
—+—E516AlpxM —2=ES22AlpxM
=+ES516AlpxLAlpxM ==E522AlpxLAlpxM
- Re516AlpxL -0-Re522AlpxL
—#*—Re516AlpxM —e=Re522AlpxM

5. BFAEMR. BRKRIRFIEAMATE MM P RIECHIZ
Figure 5. Growth curves of wild-type strains, gene-deletion strains and complementary strains in MM at 37 °C
and their optical densities checked at different times.
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6. IpxL EFEXRFER. HEKIEH KA RT-PCR £E
Figure 6. Identification of /pxL gene in wild-type strains, gene-deletion strains and complementary strains by
RT-PCR. M: DNA marker; A: E516; B: E522; C: ES516AlpxL; D: E522A4IpxL; E: ES516AlpxLAlpxM; F:
E522AlpxLAlpxM; G: ReES516AlpxL; H: ReE522AlpxL. Sample identities: lane 1: genomic DNA from strains;
lane 2: total RNA from strains, ReE522AlpxL without RT after genomic DNA was removed; lane 3: cDNA derived
from the total RNA of strains.

bp M123123123123123123123123

7. IpxM BEFEBXE LK. BREKFAR MR RT-PCR £
Figure 7. Identification of /pxM gene in wild-type strains, gene-deletion strains and complementary strains by
RT-PCR. M: DNA marker; I: E516; J: E522; K: ES516AlpxM; L: ES522AlpxM; M: ES516AlpxLAlpxM; N:
E522AlpxLAIpxM; O: ReES16AlpxM; P: ReES22AlpxM. Sample identities: lane 1: genomic DNA from strains; lane
2: total RNA from strains without RT after genomic DNA was removed; lane 3: cDNA derived from the total RNA
of strains.

25 MIEHMEARBERILE R L35 X A AR AR JC R g, 25 R 3R
LEVFE Yy 12.50%F1 25.00%f SPE iy, (& APEC ESL6 FABRA, IpxL JEPIXS APEC E516
ES16AlpxL . ES16AIpxLAlpxM. ES22AlpxM,  IRBUIMLTEAMEARRE T AU R . £ APEC

ES22AIpxLAIpxM BAF5ET, SE A 22 R BS22 WAk, pxM FERIXT APEC ES22 4IGHT LY
F(P<0.05), {&T 12.50%F%) SPF XSIMHE LK K 3E  #MARBERE ) A W] 52 m (4] 8).
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(A)

8 P _
Z o[} \ NN NEERIN AN N N RNl ssEsie
£ \ NI NEEEN {HN \ N 11N ES16AlpxL
& 4 N NN NEE N N N N 2 NI| ==ES16ApxM
= | N 1N NEEEN 1N N N Nl == EsieapxLapem
&2y N NI NEEEN N N N = 1IN Re516AlpxL

o NEIEFN AN NEEHND NEEHN HEIN N NN TR ReST6AIxM

2 2.50% 5.00% 12.50%  25.00% HI PBS
SPF chicken serum/%

®)

[l
%

(=)

[\]

log,,(CFU/mL)
S~

CES22

B ES22AlpxL

B ES522AlpxM
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Figure 8.

Influence of the lipid A on serum resistance of wild-type strains ES16 and E522, gene-deletion strains

and complementary strains. Bacteria were incubated in different concentrations serum obtained from SPF chicks.

The graph shows means standard errors. *: P<0.05.
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Figure 9. Colonization and persistence of the wild-type strain E516 (e), E516AlpxL (@), ES16AlpxM (A),

E516AlpxLipxM (V), ReE516AlpxL (m) and ReE516AlpxM (%) during systemic infection. A: blood; B: liver; C:
spleen; D: lung; E: kidney. Data were presented as logl0 (CFU/mL) of heart blood or logl0 (CFU/g) of tissues.
Horizontal bars indicated the mean values. Each data represented a sample from an individual chicken. Statistically
significances as determined by the Mann-Whitney test were indicated by asterisks. **: P<0.01; ***: P<(0.001; ****;

P<0.0001.
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Figure 10. Colonization and persistence of the wild-type strain E522 (o), E522AlpxL (<), E522AlpxM (A),
E522AlpxLipxM (V), ReE522AlpxL (1), and ReE522AlpxM (©) during systemic infection. A: blood; B: liver; C:
spleen; D: lung; E: kidney. Data were presented as logl0 (CFU/mL) of heart blood or logl0 (CFU/g) of tissues.
Horizontal bars indicated the mean values. Each data represented a sample from an individual chicken. Statistically

significances as determined by the Mann-Whitney test were indicated by asterisks. *: P<0.05; **: P<0.01; ***:
P<0.001; ****: p<0.0001.
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Figure 11. Ingestion assays of bacteria by HD-11. Asterisks indicate statistically significant differences. ***:
P<0.001; ****: P<0.0001.
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Effect of IlpxL and IpxM genes on virulence of avian pathogenic
Escherichia coli belonging to O1 and O78 serogroups

Xiang Qu, Zichun Yang, Yanhu Xu, Yaling Wang, Ting Yu, Maodi Fan, Hang Wang,
Qingqing Gao, Song Gao , Xiufan Liu
Key Laboratory of Avian Bioproducts Development, Ministry of Agriculture, Jiangsu Co-Innovation Center for Prevention and

Control of Important Animal Infectious Diseases and Zoonoses, College of Veterinary Medicine, Yangzhou University,
Yangzhou 225009, Jiangsu Province, China

Abstract: [Objective] To explore the role of lipopolysaccharide in Avian pathogenic Escherichia coli (APEC).
[Methods] By using A-phage Red recombination system, we generated the lipid A biosynthesis associated genes
IpxL and IpxM mutants E516AlpxL, ES16AlpxM, ES16AlpxLAlpxM, ES522AlpxL, E522AlpxM and
ES522AlpxLAlpxM. We conducted a series of in vivo and in vitro assays to investigate their biological characteristics
and pathogenicity. [Results] The growth rate of the strains was basically the same. The ability of resistance to
serum and killing by chicken macrophages were significantly impaired, ES16AlpxL, ES16AlpxLAlpxM, ES22 AlpxM
and E522AlpxLAlpxM were significantly attenuated than those of the wild-type strains, and ES516AlpxM and
E522AlpxL had no obvious difference in relation to their parent strains. LDsg results show that the pathogenicity of
mutants was significantly attenuated than those of the wild-type strains. The colonization and survival model
demonstrated that the loads of mutants were significantly decreased compared with those of the wild-type strains in
all bloods and organs tested in chickens. The ability of mutants to enter and survive in chicken macrophage HD-11
is significantly reduced compared with those of the parent strains. [Conclusion] These results indicated that /pxL
and IpxM genes are critical to the pathogenicity of APEC E516 and E522, IpxL had a more significant effect on
virulence of APEC E516, and /pxM gene on virulence of APEC E522.

Keywords: Avian pathogenic Escherichia coli, lipid A, mutant, pathogenicity
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