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ZRKZTEENRFZKEEE B0 EFE B
KEH irp2 0 int ZEE [EE 4%
¥ ONEE MME RET BH BFa ETE Ang

(Bl R L BB 230036)

i E: (B8] ATRHGRAMHE T I RAKEREH HHPYHARKE, T #
g T EORAT & E 2 AR (irp2)fe #4835 B (int) £ R E A4 &R HPT' X AT # 19 49 ) /R
M, =B TR KMATE HPI 948 ME. [F%] AIA L4 ERE&IT, 25
43+ HPI 4% A B irp2 #= fyuA #930E PCR, i& i X & PCR 7 ik 4m & R XK AT i 16 &
B, FExTAd 69 7 4k HPI FEME(HPL) XM AT B 24T irp2 A= int 2 B0 5 &R IR 547,
[l B 45 63X 7 MR K AT H 49 ERIC-PCR A1 4 3%, st oAt int AE ey Ads &, [4R]
LRI T, HHE TR E PCR 445 A1 3 8 HPI A% S A B ; ERIC-PCR 441 £, HPI'
KIAATH 18] 27 ) KT 5%; HPI K AAT# irp2 & B & B AR T (B R4E KT 99%), @ int &
A & RAML T asn-tRNA 4.k, AR FI|EHRsBARAGEEKRER. (L] 22T
— A T AR F HPI 8 AAT R F RS f LI £ 4B 69 E PCR 7 ik, FHEN RIRIINF R E
40T 482 HPI A B £ XK WATH 8 K-F 44569 £ 25 K.
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Core genes of high-pathogenicity island in avian
Escherichia coli isolates

JI Hui SHAO Chang-Sheng TU Jian HUANG Bo-Yan SHAO Ying

ZHOU Xiu-Hong WANG Xue-Yan QI Ke-Zong

(Anhui Agricultural University, Hefei, Anhui 230036, China)

Abstract: [Objective] In order to improve the detection efficiency of high-pathogenicity is-
land (HPI) in avian Escherichia coli isolates, investigate the homology of its int genes and irp2
genes, and finally reveal the transfer regularity of HPI in avian E. coli. [Methods] Orthogonal
experimental design was used to optimize multiple-PCR amplification system for irp2 and
fyuA, which belong to the core genes of HPI, and avian E. coli clinical isolates were detected
with this method. The genetic homologies of irp2 and int genes amplified from seven detected
HPI-positive E. coli strains were analyzed. The distribution characteristic of int was analyzed
comparing with the ERIC-PCR result of the seven HPI-positive E. coli strains. [Results] The
core genes of HPI were specifically amplified by the multiple-PCR method. ERIC-PCR
analysis shows that the degree of difference between the HPI-positive strains was higher than
5%. A great conservation (higher than 99% homology) of irp2 genes in HPI-positive E. coli
strains was found, and all of the int genes were located in the vicinity of asn-tRNA, but not all
of them were highly conserved. [Conclusion] We have established a multiple-PCR method
which can be applied to the laboratory diagnosis test and epidemiological investigation of HPI,
and suppose that the way of HPI horizontal transfer may be mainly based on the homologous
recombination in the HPI-adjacent sequences.

Keywords: Avian Escherichia coli, High-pathogenicity island, Irp2, Int, Homology analysis
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HR/R AR i 2 77 8% (HPD) 5 & BT B /R
wwE, B 5IZJE /N EE R R A DA G T
1344, HPI 24 102 kb, HIVFZINREAHOCHYEERH
W, BRI irp2. irpl. irp3. irp4d. irp5 Al
fyuA 2%, Horp irp2 g s o gl T A
2 (HMWP2) 5 S /RERTE M BRAEIBE A ¢, JFH.
FLA ST, RIER HPT ARSI AR &R 1T fyuA B
TSN FyuA X RBFF B R E %
SEVER, A BB A B, R i ] Bt 4G
irp2 A1 fyuA FEFRXTFSY HPL A & HEAE L.

ERIC J¥ %] (Enterobacterial repetitive inter-
genic consensus )& 77 18 21 R i A7 E 1 — B
KN 126 bp LRSI I ¥4, ERIC-PCR
3 BB LUBIAT 2 M A 1 B A S TR 4 v Y
ERIC FPAIABARES T PCR SRy, §738 HH 228
DNA 3§ —Fh 5k, @iz n] LI K
FFBEHEA T 5 KRR LR A7, g K AT
FEDIAHSCHESR AL RERT . EAT, ZEAS RIS M i
AU K FF i (Escherichia coli) 34 &3 T HPI
1Y, LT HPT AT E KT Z IR K P54

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



2024 A Y £ Microbiol. China

2013, Vol.40, No.11

Antonenka £S5, HPI 285 J& i@ 11 8 45 il
FEIR (int) 2t iTh (1) G T A B R D 2 DR 4 1
asn-tRNA v/ &5; Schubert 2 % ¥ K A H HPI
Al F OOk AR JR AL RS, (H6T HPI
FERIGFFE, Rl & & RKImir i E 2% 5% 7
ARIARGE . KL, BEHEXT asn-tRNA Fll int &
Kry5 14, BEAIifE HPI ZE/H#E53] asn-tRNA
P75, R AT int B4 RF 8 78 HPTAESE
FSE LIRSSy

A E L E RS S, 7 FT X HPL A0 Ak
irp2 1 fyuA f9RCEE PCR Al i, IEHT&
KA TR R 43 B R A, AR =5 HPT A9l
PRASHIN 3, L R bkss th 9 HPT KA i
irp2 il int FLR ¥ 41 K F Pk ERIC-PCR 43 BU4,
Fbd irp2. int PR BRI R R S A L 25 e,
St HPL TE KA B vh 0y 32 2546 7% Jr A4 fit
SEh
1 RS
11 =Hk

A S G IR 4y B IR 8 MRE IR K
FF#E (FRiC M AE-1-AE-8 S#£).
1.2 RAF

SR AT &0 T AxyPrep 2w, I
ORI &, BUIERE . LB MIAREJR2E . 5 xTBE
PR AW A A T A TR AR RS A
/> H]; PCR Mix . DNA Marker W F Ki%E 5 4W)
YN
1.3 SI¥IEHK

HRAE SCHR A B 4 X514 5353 1 F HPL irp2.,
fyuA JE[H | int JEP® % ERIC-PCR 3t P54 1,
Sl B TAY TREARRS A RAR A
Mo BIWIFHIZE 1.
14 EAREFSERARR

FREEFNIAAETC I 5514 F 43 IR EBOR I AT T T
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*1 PCRREFTASIY
Table 1 Primers used for PCR amplifications

AT 51951
Primer name Primer sequence (5'—3")
irp2 F AAGGATTCGCTGTTACCGGAC
irp2 R AACTCCTGATACAGGTGGC
fyuA F GCTTTATCCTCTGGCCTT
fyuUAR GGCATATTGACGATTAACG
int F GAACGGCGGACTGTTAAT
intR ATCGCTTTGCGGGCTTCTAGG
ERIC-1 ATGTAAGCTCCTGGGGATTCAC
ERIC-2 AAGTAAGTGACTGGGGTGAGCG

W, NZAFT LB R ARG IR AL I, 37 °C 1
F% 12 h, PREUREE RS LB WIARE 55,
37 °C }iF% & 10°-10° CFU/mL. 43 HIE 4l 354
Fi DNA 4 B0 & id W] 5 P2 B T L K 24 DNA,
—20 °C 17, %M.

1.5 HPI#:OE R irp2 #1 fyuA WE PCR 3%
B R EXBTEIGKR S BN

15.1 IEXRLIGEI HPI WE PCR il A%:
N THE PCR W H 4 AHFE MR . 1Bk
TLEE I 2 X5k B B K, SR Lig(4%)
EZWIHE 4 DNKE E#FATSER, 519
(10 umol/mL) . RIS AFIA M., PCR 944
02 95 °C 5 min; 95 °C 30 s, X iB KR
30s,72 °C 1 min, 330 /MFFF; 72 °C 10 min, §°
WA Z Hy: 2xPCR Mix 12.5 pL, BXF . Rl
Yy KA DNA (157 mg/L)ySF53 2 35, bk &=
25 uLoLio(4")i T 2 3 2. PCR =4 ERE 5 uL
T IR RE IS HLUK

152 BXBHHEIGKRSBH HPI B8, XE
PCR #&: Zr5iI%F 8 PRI IR BIMR LK 20 DNA
AT irp2 1 fyuA L AGEHE PCR 9734, SR
AL ACE PCR 4 34 2511647 PCR 71, A6l 8
MRE KIGHFF B R 53 B PR A HPL FAPESR, R A5
UERE PCR e Sk S b
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%2 WEPCR EXRE Lis(@)EEKEE

Table 2 Factors and levels of orthogonal experiment in multiple-PCR

ALITIE. . s i.rp2 Pri?nleqz I)y: fCuA Templ:iﬁ)ﬁitraﬁon Anne]flii{l(gﬁifpera-
Constitutions Primers of irp2 (uL) ) (uL) ture (°C)
1 0.5 0.5 0.5 52.0
2 0.5 1.0 1.0 54.5
3 0.5 1.5 L.5 57.0
4 0.5 2.0 2.0 59.5
5 1.0 0.5 1.0 57.0
6 1.0 1.0 0.5 59.5
7 1.0 1.5 2.0 52.0
8 1.0 2.0 L.5 54.5
9 1.5 0.5 L.5 59.5
10 1.5 1.0 2.0 57.0
11 1.5 1.5 0.5 54.5
12 1.5 2.0 1.0 52.0
13 2.0 0.5 2.0 54.5
14 2.0 1.0 L.5 52.0
15 2.0 1.5 1.0 59.0
16 2.0 2.0 0.5 57.0

16 HPI'B KB EIREKD B KB
ERIC-PCR #aill X tH X% 5 #

ERIC-PCR J Jif #& % : 2xMix (TaKaRa)
12.5 uL, 5[% ERICI Fil ERIC2 4% 10 pmol, #Hx
DNA 1 pL, Ffa FIKBERGEKANE S 25 ule X
W25 95 °C 10 min; 95 °C 30 s, 40 °C 30 s,
72°C90s, 3t 30 MMEH; 72 °C 10 min, 1.5%35 5
WHEE RS HEL UK S0 RN 1), HLUK S RAE 2505
X EFARE . FIFHIZ PCR § 84K R, XT 7 #k HPT'
BRIGATHE T ERIC-PCR 4354404, H41RE
EH 3R, S SHES MR s gut
15530, A [R5 SRS Y 43 Bk I R [/l — 43+
UG, X FASFREARAR RS 1838 th i 45408, 78
[ — KR B AT A e 1, W
A H B8 AR iE <07, FHL KRS 0 M ik
f4(Gel Image System, Version 4.00) F a4 Bl5E 4
Ko SR HHEMACT B A2 (UPGMA), FIH]

NTSYS pc2.10 FRAAGERIERARE, HITHRE
Gaxi
1.7 HPI'& KB EIGK S BHEH irp2 #0 int
EE B FIINE KRB XSS

/35 PCR §°14 7 ¥k HPI'& KB E Y irp2
A int, R, ¥ EE) PCR =1k 2
AR TR TARREOR R 55 A PR w347 7 51
M E . F)JF] DNASTAR 5.01 #4435 51 5
GenBank H' & & # 1) Escherichia coli 042 .
APEC Ol .
NA114. Yersinia pestis Antiqua. Yersinia pestis

Escherichia coli Escherichia coli
biovar Microtus str. 910, Yersinia pestis CO92 .
Yersinia pestis D182038 ( % & 5 4> % A :
FN554766.1 . CP000468.1 . CP002797.2 .
CP000308.1 . AE017042.1 . ALS590842.1 .
CP001589.1) 7 A& P AH L JE X 7 41 4% | 1. Hein 7
HATIF AN LEXT, HEE AR
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2 HHRE40MH £ 2L, Bl 0.5 uL, 1B KRN 57 °C,

2.1 HPIZGEE irp2 F fyuA WE PCR 773% i‘é’é ;Ff;uj_ciﬁ:; %gggf:ﬁﬁ':;gﬁﬁézéi
SR AT E IR 5 BRI R o o R It
2.1.1 HPI #ZO0ER irp2 71 fyuA WE PCR EX K2 R I 2A AT AL fyuA ZERIBR AE-2 \AE-8
STIG B RRIZ4LAH PCR 4558 1 s, 16 WML &l 2B FIAL irp2 JENER AE-8
A4 FEZIAASAEN BIES . Fgs 16, VSN, HRBEIONEIME. MK 2C nIHl, BR AE-2.
12 ZORENT, A EALS 16 MactEdl, Bife  AE-8 LISh, $9H8 2 A H A B, 1M AE-2 {1
25 pL SRR, irp2 FfuyA JEE L E LRSI SRR L, 8 BRORIBAT Bl AR 23 B R A

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 HPIWEPCR 4%
Fig. 1 Result of the HPI multiple PCR products
TF: M: DNA 43Tl nifE; 1-16: ARILCEE4 A PCR 4.
Note: M: DL2000 DNA marker; 1-16: PCR products of different constitutions.

A B
bp 1 234 567 8M bp bp M 12 345 67 8 bp

414

C

bp bp

2000

1000
750 948
500 414
250
100

&2 fyuA ZERH(A). irp2 ZEEB)EWNE(C) PCR &R
Fig. 2 PCR products of fyuA gene (A), irp2 gene (B) and multiplex (C)
H:: M: DNA 43 Tl EFRifE; 1-8: PCR Bt/ 50 AE-1. AE-2, AE-3, AE-4, AE-5. AE-6. AE-7 fil AE-8 f%E[RIZH DNA.
Note: M: DL2000 DNA marker; 1-8: Templates of PCR are the genome DNA of AE-1, AE-2, AE-3, AE-4, AE-5, AE-6, AE-7 and AE-8
respectively.
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7 ¥k HPI', % £ PCR )7k 5% PCR
FAMFIRRE R, a] T HPLirp2 1 fyuA FEH]
F14) ) ARSI
22 HPI'& XBB#FEIEA S B+ ERIC-PCR
FE KM A

HPI'#k ERIC-PCR R & R i 3 Ui,
T RRR AT TR 0 28 R B A 22 S0, B AE-S NI
AE-6 DLAMN(7%), AT R Z 0] 22 5 B B A K
(=16%), fa7 7 REAUAE M. 7556, AE-1,
AE-2. AE-3. AE-4. AE-5 fll AE-6 t{& M
YT, WL —28, T AE-7 RAFHIM—3K,
UL HPL Al fE7EF 2SR B R F R
2.3 HPI'E XM E GRS Bk irp2 # int &
ERE e

FHT IR 53 BT irp2 - Be 44 )y 388 bp; int
J BtBR AE-5 7 938 bp &b, #1285 bp, H
HREERLWE 4 F1E 5 Fos . HIE 4 ATAL irp2 LA
P25 ORI S bp, A SRR KT
99%), 7~ T irp2 FEE PSR IS n] 4,
Bk AE-5 4b, int 3L EAT S 0 RVEPECR T
96%), FEHAEIET asn-tRNA i . 455 oK,
irp2 A1 fyuA JE RSB0 4 e PR S P AR 05
R EsF, T A 56 DR X 7 TR 0 8] Ay ) 5k w5 7 b

2027
MR L .
3 Wi

HPI 22—t e 1R H3EHE 5, REAEAS
[F KA TR %, JF BH& A HPL AR A%
BRI BRI A o T (A B 20 B ks
TS HPI 5254k, HPL a] GESG 553 40 1 A9 B0%R
J1o HPI B9 FEE5FFEH R irp2., irpl 1 fyuA .
irpl. irp2 Huf BRI U DG HE 11, fyuA Zahith B TR
EZRS5REREAENEZD, Eak,
EI%t HPL B—FhIER (N irpd, irp2, fyuA 210
) PCR I i E %) ¥z i, H G T3 PCR
Ty Rl AN HPT A A JE R i e b o ASF
FEFENT A AR PCR A 0] LA [R]HHAG: I HPT H irp2
A fyuA PASJEE, A{LRERIN HPL /A5, [lE
AT LUK HPT A58 880k, STRFST 4 i B S0 1A
HEE Y, W BRSO B PRI R i
BIF R AFFTiHE 4 K 4 KFRIERR
5, WFIEEIYMR R . AR R FE SR KRB X
PCR (s, HATLEA AT HotE, sofi TR Rk
6 (R BB, 2 O 0 fe R KT 2H A I B PR AR T
JAEE PCR 7 iy dsr RARACERHE T RTFE 4514

AE-1
AE-2

AE-5

AE-6

AE-3

AE-4

AE-7

0.52 0.62 0.73

Coefficient

M

&R

0.83 0.93

3 7HEIR HPI"KA#TE ERIC-PCR BE S HE
Fig. 3 The dendrogram of seven HPI-positive E. coli isolates by ERIC-PCR
{E: M: DNA 73T BRI AE-1-AE-7 i 7 #k HPL & RIGHT IRl AR T Biik; 208 R st A i e
Note: M: DL2 000 DNA marker; AE-1-AE-7 are seven HPI-positive clinical E. coli isolates. Scales denote genetic distances.
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Nucleotide substitutions (100x)

Escherichia coli APECO1 (CP000468.1)
AE-5

AE-4

AE-7

Escherichia coli NA114 (CP002797.2)
Escherichia coli 042 (FN554766.1)
AE-1

AE-6

AE-2

Yersinia pestis CO92 (AL590842.1)
AE-3

Yersinia pestis D182038 (CP001589.1)
Yersinia pestis biovar Microtus str. 910 (AE017042.1)
Yersinia pestis Antiqgua (CP000308.1)

B4 irp2 EERESE
Fig. 4 Clustering analysis chart of irp2 gene
TE: AE-1-AE-7 4 7 ¥k HPT & KIGHT IR IR /> 5 kk; HAY A GenBank HE s, 155 NSRRGSR S, /KR &

T, 20 N 22 S AL

Note: AE-1-AE-7 are seven HPI-positive clinical E. coli isolates; Others are the datas published in the GenBank, access numbers are
in parenthesis. Branch lengths represent genetic distance. Scales denote numbers of different bases.

AE-6

AE-7

Escherichia coli NA114 (CP002797.2)

Escherichia coli APECO1(CP000468.1)
[ isEclierichia coli 042 (FN554766.1)

Yersinia pestis D182038 (CP001589.1)

Yersinia pestis Antiqgua (CP000308.1

Yersinia pestis biovar Microtus str. 910 (AE017042.1)
Yersinia pestis CO92 (AL590842.1)
AE-3

T AE-1
AE-2

AE-5

540.2 1 1 1 1 1 J
500 400 300 200 100 0
Nucleotide substitutions (100x)

E5 int EEBESHE
Fig. 5 Clustering analysis chart of int gene
i AE-1-AE-7 2 7 #k HPL"& KIAFF B R 2M 25 k; Al GenBank Higk e BUdli, 455 NI 35 20 SR AR

FEIIEY; 2R 22 iR AL

Note: AE-1-AE-7 are seven HPI-positive clinical E. coli isolates; Others are the datas published in the GenBank, access numbers are
in parenthesis. Branch lengths represent genetic distance. Scales denote numbers of different bases.

ERIC JF4 534 FRA LR, HAT S
IFRSTE, F ERIC-PCR 32 DNA SHFRHIE fE
e HE A0 TR RS BRI S R 1 25 5, REIX B
A ERIC XEEHE L FFH AR A AR, Bt
HAT R A S 0 Ty B Rtk se M. H4N,
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W SRAFI o AR R B AT 7 #RIG IR 53
B HPT KA HFF A 7431438, FFXH5r+-45
TR AL VEA 408, & BL 7 Bk HPT KB i A
RAUAFAE B B 22 5, UERH HPL 16 K
(149 4313 -0 B S 94 32 DR R i ek

XiF 7 MRRIAFTF B irp2 AT int B8 EL 5 E
I GenBank " SRT A X R IR, irp2 £EAS
[F) R B FF AR BB IR AR B A R R AR~
1% 5 Petermann 25 F 57 45 AR . irp2 Sk HPI
Az O BE A, o FEORSFIE A HPL D RE & #5
PEALELRE . int & HPT H T asn-tRNA J5—En]
SR L SR IEN, R HPT B Aa),
BT 3E  AT DA 5T HPT SRS AL B L5
fithe AWFFTIELNT irp2 % int B9F 5 HLXT AL A
2 ERIC-PCR 43 #4 K R, (A bk 1] 5 P AU AH
KHEIFAY int FERIARSCHERIRT I &R, HAFR
PER int FERBIARSCE S irp2 JER [l A G Fo g
ik, Hoint JEEZEAS ) AR R] A PR ST LA,
$ORTE R AR b HPL W] RE I AN S LITE
asn-tRNA i s 845 1 )y R A K Fi6H%, T2
PA—FE 584~ HPT LASM X 5k 7] 5 B 41 A9 5 2R3k A 7
KR, (B HPT B B EE RS 2 A 7%
R R A R — 5

2 % X M
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