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B OE.[84)] KWAFHIE 3B LPSH S AARIE AL F LM RE 5 H 547, B R1. R2. R3.
R4 Fo K12, i@ it & % 1 K M4 H (Avian pathogenic Escherichia coli, APEC)%#k. L. L
AT T BARGAE B AR S A SR E LR, ST RS XATE £ 2 & AR X6
BEIRFA, VABA APEC Wi R Felrib 3455 [7%] * 4 B %49 76 # APEC, #]F PCR
kT BT LPS A B A S Fode A R BN, 44T LPS s B g 5 Fi e H A . AN
Zza egAR K. (4R ] £ 76 # APEC - BT, 68.4% (52 #0)A4 R1AZSA, 158% (12#)%
R3 A, 11.8% (9 #k)4 R4 &, 3.9% (3#k)AH R2 A, R4EME| KI2AZSA, AHERLZLER T
yijp. mat. fimC. ibeB = ompA 69405 ke 338 3] 90%A b, TTHEA APEC #9RFHAE, L+
LPS #3% R1 5 neuC. cvalcvi. irp2 ¥ B4 % EA8 X 1(P<0.05), R3 5 iroN. irp2 ¥ Ex 2
# AL A8 X H(P<0.05), R4 #uR Y aatA B % EA8%(P<0.05). [4+] APEC 4 LPS SR £ 2
J) R1. LPS A% Al st 3ps-& A KB A B B E 7.
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Distribution of lipopolysaccharide core type in avian pathogenic
Escherichia coli and its correlation with virulence gene
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Abstract: [Objective] The core type of Escherichia coli lipopolysaccharide (LPS) is divided into 5
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types, R1, R2, R3, R4 and K12, based on their different chemical structure. The aim of the present
study was to study the distribution of LPS core type in avian pathogenic E. coli, and its correlation with

virulence genes. [Methods] LPS core type and 17 virulence genes were detected in 76 strains of APEC

by PCR. The correlation of LPS core type and virulence was analyzed. [Results] The core types of R1,
R3, R4 and R2 were 68.4%, 15.8%, 11.8% and 3.9%, respectively. The virulence genes Yijp, mat, fimC,
ibeB and ompA were conserved in APEC strains. The R1 core type was significantly positive correlated
with neuC, cva/cvi and irp2 (P<0.05), the R4 core type was positive correlated with aatA, whereas the
R3 core type was negative correlated with iroN and irp2 (P<0.05). [Conclusion] R1 core type is more

prevalent than other LPS core types and associated with high pathogenicity.

Keywords: Avian pathogenic Escherichia coli, LPS core, Virulence genes, Distribution, Pathogenicity,

Correlation analysis

& B W e K W #F I (Avian  pathogenic
Escherichia coli, APEC)HA] 5 [2A , fi§ & HAh &5 251y
Wi AN, WA OER . RBER . TR
25 PR A] 5 R MUE K A seT- Y ARk,
biE LB LR, 2 EHZ3RE LW
AR S, TR E 2 R g, PR T JR Xt
APEC By Wi Arsy , B B A5 Mt 2 X

S0 APEC 0w tE e 1 4G BN .
WILE . KRG . I8 Z P (Lipopolysaccharide,
LPS), 2%, #X%M, LPS 76 APEC MEUL
P EHEEMEM, LPS &4 % [RAMER (G W)k
B ZER RS, AURN BRI FEORIE, 1 H I
) O BRI R (— A EEREE Y, LPS
IR AL B0 2B A IMZOLRINAZ.C)FT O $iT
JE =R R O BRI E 22278, s
ZHARRT RS . TEATRIE S, O Z2PENZO0
SHAEE IR, AMZTRSr B T 2 b4 HES AN ]
MAFEARAL AR S MZ U 2R 22 57, KIGAT I LPS
43 5 FhSEEL, 2RI R1. R2, R3, R4, K128,
MR R, AMZ L 200 2 55 KT E 20k
P el DL K g ) B R A S AR ) 2 R A G
B, Currie ZPMZi#E R3 .05 LPS 577 vero 4
W& E. coli {778 81K R s van Dijk B HT LPS
KO RIBT I I EAA £ X R0 Y E. coli JERY Y Gk
R ER, A 2% e = i B 2= 5
Dissanayake 25!''M}3 1% APEC (%) LPS #.0>%) R4 5
tsh, iss PiFlhaE I BE A AE BB AHOCHE . Rk, JF
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JEXT LPS 0B B8 N R KIBAT #I(E. coli)
SO IE LA B RRE B (4 1 U

Ny N - = 7 A N, NN Wt (57 L Ea )
T APEC TR FRIT) LPS 420 Y33 7 AH S R 43 A ik
A3 TR, XF LPS #2044 e 55 1 7148
KM IAT T 208, LI APEC #0 BUE B A A
FNZR B s R 57
1 #REFE
1.1 EFRFIR T

76 ¥k APEC FHPR A AR SE 56 % 7E 20072014 4[]
OB TR T RN RS T A &
DNA marker Fll 2xESTagq MasterMix g Bt 5T R
MR w519 B DL IR R 2 A RS
RIS AR 3 D L B ORI & A bt KRR AL
BHEARAH
1.2 HEERREEBNGIE

APEC 4 BSHEAE LB ISR (R R 10 g,
SN 10 g, BERHEEW) S g, KZE 1 LA 37 °C
RFR XU E K], B 1-2 mL B, 6 000 r/min 5
O 5 min YR, HAEAHE RN DNA HEBGRH
ORI A5 HEA TR R 2 USRI 4t B A
e, 4R OD,g 55 ODago HUIETE 1.8-1.9 ZJH],
1.3 BERMERKBHEEZECLPS)ZLEEE

Z: M Amor 251V L SCER-A L 5 B LPS Bt
IR S 14 (% 1), FJH PCR Ji:A6il APEC 4514
FREY LPS AZ0 8
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%=1 APEC BJ LPS #%LBII KRB HEELEESH

Table 1 Primers used for the identification of LPS core and virulence-associated genes of avian pathogenic
Escherichia coli

I ik Gib7)s 2]l PR
Gene Description Prime sequences (5'—3") Size (bp)

LPS core
R1 F: GGGATGCGAACAGAATTAGT

R: TTCCTGGCAAGAGAGATAAG >
R2 F: GATCGACGCCGGAATTTTTT

R: AGCTCCATCATCAAGTGAGA tial
R3 F: GGCCAAAACACTATCTCTCA

R: GTGCCTAGTTTATACTTGAA 1785
R4 F: TGCCATACTTTATTCATCA

R: TGGAATGATGTGGCGTTTAT 699
K12 F: TTCGCCATTTCGTGCTACTT

R: TAATGATAATTGGAATGCTGC 216
Virulence-associated genes
aatA APEC autotransporter gene A F: CATAGGCGTTTCTCTTTCCGAT

R: CCTGTCGTTCATACAGATTCGTT 1226
papC Pilus associated with pyelonephritis F: GCTGATATCACGCAGTCAGT

R: GTCAACAAGAAGACGTGTTCC 768
tsh Temperature-sensitive haemagglutinin F: GTCTGTCAGACGTCTGTGTTTC

R: ATAGGATGACAGGCTACCGAC %
fimC Type 1 fimbriae (D-mannose-specific F: GCCGATGGTGTAAAGGATGG

adhesin) R: GGGTAAGTGCGCCATAATCA 47
mat Meningitis-associated and F: CGACCTGGTCAGCAACAGCC
temperature regulated fimbriae R: TCCACGCCCACATTCAGTGT 238

ibeB Invasion of brain endothelium F: GTTCTCACTCAGCCAGAACG

R: CATCCAGCACTTCCAGATAAC 7z
vat Vacuolating autotransporter toxin F: TCCATGCTTCAACGTCTCAGAG

R: CTGTTGTCAGTGTCGTGAACG 939
yijp Invasin of brain endothelium F: TGGCTTGATTCTGCATCCGAT

R: CATCGTCTGCTGGTTGGTGAT o1
ibeA Invasin of brain endothelium F:. GTATGACGGTGGGAACAAGAG

R: TGGCAATAGCAGCGGCAGTC 321
OmpA Outer membrane protein F: AGCTATCGCGATTGCAGTG

R: GGTGTTGCCAGTAACCGG o1
neuC K1 capsular polysaccharide F: GGTGGTACATTCCGGGATGTC

R: CATGGTGGTGAAAAGACATTAGC 792

(F%E)
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cva/cvi Structural genes of colicin V operon F: TCCAAGCGGACCCCTTATAG

R: CGCAGCATAGTTCCATGCT 2%
iss Increased serum survival F: ATCACATAGGATTCTGCCG

R: CAGCGGAGTATAGATGCCA 309
iroN Catecholate siderophore receptor F: CCTCCGACGATGATAATGACG

R: GATACCATTATGCGTAATGCC 866
fyuA Ferric yersinia uptake F: ATGTGAAACTGCGTCTGGCG

R: CGCAGTAGGCACGATGTTGTA 728
iucD Aerobactin synthesis F: GAAGCATATGACACAATCCTG

R: CAGAGTGAAGTCATCACGCAC 613
irp2 Iron-repressible protein F: CTGATGAACTCACTCGCTATCC 440

R

: AGCATCTCCTGGCTCTGCTC

DISRHLA 76 Bk APEC L[ 4] DNA Mt ,
KEMZEAR B2 DNA W JERFE S 100 mg/L.
PCR JZ W& % J9(25.0 pl): 2xESTaq MasterMix
12,5 uL, F RIS #1(10 pmol/L)4$ 1.5 uL, ik (G
(K121 DNA) 1.0 uL, K B RZE K 4P 2 25.0 pL.PCR
JW 2644 : 94 °C 4 min; 94 °C 40's, 55 °C 40 s, 72 °C
130's, 35 MEFF; 72 °C 10 min.

14 BERMXBAESNEXEEAEN

ZSCHR[16], BT 1S aatA. papC. tsh,
fimC, mat, ibeB. vat. yijp. ibeA, ompA. neuC,
cvalevi . iss, iroN, fyuA. iucD. irp2 4 17 4~ APEC
B JAHOCHE R ARSI 5 [P0 (% 1)

PLFEEUK) 76 ¥k APEC JE[R4H DNA 1 Wit
ifi B K B W ZE KK 2L 4 DNA MR E G B 2
100 mg/L, [V 4 40 PCR S T4 3 %5 . PCR
JZWiAAZ(25.0 pL): 2xESTaq MasterMix 12.5 uL,
RS 1#5(10 pmol/L)4% 1.0 uL, #EAR (FE2H DNA)
1.0 uL, HKERGEKANE 25.0 uL. PCR J W 4414
¥1%%: 95°C 5min; 95°C50s, 55°C50s, 72°C
80s, 30 MEFR; 72 °C 10 min,

1.5 5 # LPS #&% LB SHHBEEXBITR B HEE
TIHITER

APEC WIEURAEFI AT LAF 8 Fhds f13£ K PapC.,
iucD. irp2, tsh, vat, aatA. iss fil cvalevi 53 AR
HATPEY, — MR A B Bk 8 R i A
g 4 b K DL B Ryt Some AR AR X — b,
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A APEC 43 BSRR G LPS 420 75 1 KL PR G 43
MBS 007, PEMY LPS #0305 8otk
FRAE DG
1.6 #HiESH

fdiFH] IBM SPSS Statistics 21 %X {4 5250 5 4
1143#1. FIF Fisher’s exact test J5 £ LPS #.0»
RI(R1. R2. R3. R4, KI2)W 34, VIKS APEC
BB Z A ARG . B KB /KF-h 0.05,

2 HRE4H
2.1 5 LPS #%LBIE APEC Y ERFHN T

iz FH LPS 20 BU (1) 5 FhRE S 5 | 0Tl AR 5 25
) 76 #& APEC B9MZ LRI TS . 455K, 7
P4 KNI 551 bp (R1). 1 141 bp (R2).
1785 bp (R3). 699 bp (R4)AI4FF: 454 (8] 1), LPS
KO RIRHIN S5 5k, 78 76 ¥k APEC 4 BiRk , 68.4%
(52 ¥R) A R1AZ0 AL, 15.8% (12 #k) R3 B4, 11.8%
(9 PR)h R4 Y, 3.9% (3 k) R2 AU, RAGINF K12
b T(E 2).

2.2 FHHEETE APEC S BT HSHIE)

XF 17 4~ APEC % JIAHCHEE A #E1T PCR A6l
ZERF 2, KNEE R, vijp. mat. fimC. ibeB
1 ompA J& APEC HYPRSFEER,  TEAGIN pbk b BE A
KL 90%; A iroN, iss, fyuA. iucD Fil cvalcvi
I RRBEYE R AT 76.3%-50%; 1fij aatA, tsh, irp2.,
vat., papC. neuC il ibeA 755 bk i & ek,
PR AR T 40%.
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bp M 1 2 3 4 5 6 7 8 bp

2000 1785 R3
1000 1 141 R2

699 R4
551R1

1 KEAFEDEZHEZ OB PCR 418

Figure 1 PCR amplification of LPS core genes from E. coli
strains

7F: M: DNA marker; 1, 2: R1 %, 435§ H APEC CE03
PRI APEC CES8 Hitk; 3, 4: R2 7L, 4354414 A APEC CE02
H#kH APEC CEO04 Bitk; 5, 6: R3 2, 41Jil47 4% A APEC CE23
WikkA APEC CE40 T #k; 7, 8: R4 B, 43544 [ APEC CE26
F#EA APEC CE65 HitE.

Note: M: DNA marker; 1, 2: Type R1 (Amplified from APEC
CEO03 strain and APEC CESS8 strain, respectively); 3, 4: Type R2
(Amplified from APEC CEO02 strain and APEC CE(04 strain,
respectively); 5, 6: Type R3 (Amplified from APEC CE23 strain
and APEC CEA4O0 strain, respectively); 7, 8: Type R4 (Amplified
from APEC CE26 strain and APEC CEG6S5 strain, respectively).

80 r
[ RI1

W |- I R2
= B R3
X
§040 | Il R4
g J1KI12
8
220

i §

Q> O D ¥

El 2 76 ¥k APEC FRE S OB D HIE R
Figure 2 Distribution of LPS core types in 76 APEC strains

2.3 LPS #ZLBIBF TN

SfA[AE] LPS #%.0>% APEC H PapC.iucD .irp2.
tsh. vat. aatA. iss. cvalcvi /\FIaE J7 3L K 19 50 A5 ik
TTTWISEGER 3). S5, £F 52 Bk R1 ORI
APEC 4tk , 8 i 3L [FIREAE 4 FhLL B
i 50.0%, T R2 %, R3 %Y, R4 BUFN K12 R
FEBI(A3 50 0. 33.3%., 22.2%. 0); [RIHAELE 3 FhLA
SRR & 82.6%, [FFEE T R2 K, R3 A,
R4 BUF1 K12 (3510 33.3%. 41.7%. 77.8%. 0).

2 76tk APEC IG/R 7 B#kT LPS #LBIUK 17 N EHRXEESHER

Table 2 Distribution of LPS core and 17 virulence-associated genes in 76 APEC isolates

[ AT APEC il 1) JEIH 0Ky Hi %

0 Distribution Percentage of virulence genes in APEC isolates with different LPS core (%)

LPS core OfL(P;/i)core yijp mat fimC ibeB ompA iroN iss fyuA iucD cvalcvi aatA tsh irp2 vat papC neuC ibeA
R1 68.42 962 962 923 942 885 827 750 654 673 596 34.6 423 442 346 327 23.1 154
R2 3.95 100 100 100 100 100 66.7 66.7 66.7 66.7 333 0.0 0.0 0 333 00 0 00
R3 15.79 100 833 91.7 91.7 100 41.7 50.0 750 50.0 333 333 333 83 250 16.7 0 8.3
R4 11.84 100 100 100 889 100 889 66.7 889 77.8 222 839 333 333 11.1 222 0 111
All

100 974 947 934 934 921 763 69.7 69.7 658 500 39.5 382 355 303 27.6 158 132
Samples

#=3 76 ¥k APEC %54k papC. iucD. irp2. tsh. vat. aatA. iss. cvalcvi FEIEREEIT

Table 3 Percentages of papC, iucD, irp2, tsh, vat, aatA, iss, cva/cvi in 76 APEC isolates

iEE2 A A WHE=4 (A4, %) WHRE=3 (Hor e, %) 4
LPS core Number of strain=4 (Percentage, %) Number of strain=3 (Percentage, %) Total
R1 26 (50.0) 43 (82.6) 52
R2 0 (0) 1(33.3) 3
R3 4 (33.3) 5(41.7) 12
R4 2(22.2) 7 (77.8) 9
K12 0 (0) 0(0) 0

http://journals.im.ac.cn/wswxtbcn
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Wt Ewers 25 SEM APEC 2 7 (05 v (a1
FEALE 4 P Sy 3L R B s BERR) , P58 5 Fh LPS
OB APEC 43 B bR /AR SR 87 0 TR RR Y R
REVNHEFK I R1 AL, R3 7Y R4 B, R2 7Y
K12 7,

2.4 LPS #LES APEC S HERZE/IMHE
X

{#iF IBM SPSS Statistics 21 ##47 Fisher’s exact
test J5 V53 HT APEC 735 HEIY 4 > LPS L0 81 53
JIBEE AR 253 R LPS .07 R1 5 neuC.,
cvalevi, irp2 R IEASCHE, H P EHAHA
0.014, 0.025. 0.021; R3 5 iroN. irp2 ¥ HA 53
FARSEHE, P B 0.005, 0.046; R4 B0 HY
5 aatA {4 IE A (P=0.002), A Hr4i R4 B LPS
A0 B R 438 7 BE R oA B B 25 )

3 Wi

BT3B B LB 95 R R A
il 76 Bk APEC ¥ LPS B0 A T4, 45503
B R1 BORPLHEAZORY, 5Btk 68.4%, iX—
SRS EIMRIE LPS %0 BITE RT3 (%) 50 A1
51—, Appelmelk “#U"™ % B A I PR BT AE 6 #5
SRR 138 Bk E. coli 7 68%74r Btk R1 #%
L, Amor S5V 72 MR RDRIERY E. coli KB
£ 69.4%~ R1 #Y LPS, 2008 4, Dissanayake X 193
MRE R RIAFE o ERHEATR, LB 61%M Rtk
A R1 LA,

ABWFFERR HZB, 1L, L S g G X
) 76 Bk APEC 73 5 Pk &% .0 B o3 A B ds 5
Dissanayake X435 B # B > R 2 HoIX ) APEC
(9 LPS A% ORI S S Ay &1, 215 K
FFEA AR IR IAFF R ) LPS 3 RI A e AR K2
SISOt ARSCHEIARTR] LPS 4% 0 g ik AT
REAFLEATRI A TE T Om b, SRR FRIER R
WAFFTR LPS #%0BS3 A AN —E

Ewers Z54RiE, K4 APEC W2 GAALE 4 JOF
Z R EE S RE R (PapC., iucD., irp2. tsh, vat, aatA,
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iss il cvaleviEIEHT APEC J& 75 B s som el
AWFFTLEREE R BooRd, BAREURETER
APEC FkE H 5 55 (50.0%), HK A R3 %1(33.3%)
1 R4 59(22.2%), FEHAARNT T HAl LPS 4208 1 1
Bk, R1 #0 AU APEC 7E& 2L BRFREE h HA 1T
W B

XPIERERY 17 Fhag S 3L A 5 s 2.0
SIAT TR DGR ST, S5 RRI LPS #0854
B EER AT HA AR OCPE. R1 BUER APEC
FIEH LPS #Z.008, H5 neuC, cvalevi, irp2 HA
I IEAHDCPE(P<0.05). R3 5 iroN, irp2 A%
FAHAE(P<0.05), R4 .0 aatA & IEAE
(P<0.05). HEMAMFFIE LPS 1.0 4R 25+ vl fig
Z 5 YRR S AR o e, IS e B ) S
(534

N R IEURS B =S E 7S GNAIG NN w2 I
S48 TH APEC TH PRI LPS A%.0 B FIEE 7 L PR AH Xk
PEFT MM, LA APEC BB RS %
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