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Construction and Characterization of Avian Pathogenic
Escherichia coli Mutants with iro and/or tsh Gene Mutation
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Abstract: Iro system and temperature-sensitive hemagglutinin (Tsh) genes were identified by suppression subtractive hybridization
(SSH) and selective capture of transcribed sequences (SCOTS). To get more insights in the distribution and the occurrence of the
iroC and tsh genes, we examined 243 avian E. coli strains for the presences of the these genes. Among 243 avian E. coli isolates, iroC
gene was present in 84.4% strains (205/243). Of the 205 iroC-positive isolates, iroC gene was found in 184 (89.8%), 18(8.8%) and 3
(1.5%) isolates with high, intermediate and low pathogenicity, respectively. Of the 167 tsh-positive isolates, #sh gene was detected in
146 (87.4%), 21 (12.6%) and 0 (0%) isolates with high, intermediate and low pathogenicity, respectively. Among tsh-positive isolates,
89.5 to 100% of the highly pathogenic isolates of O1, O2 or O78 serogroups had the #sk gene, while 53.3% of the highly pathogenic
isolates of non-O1, O2 and O78 serogroups had the tsh gene (P<0.01). Suicide vectors for deletion of the iroBCDEN or tsh genes
were constructed as follows. The 715-bp fragments of iroB and 603-bp fragment of the iroN were generated by PCR respectively.
Both of these two fragments together with EGFP gene were cloned into pUC18, termed pUC18-iroBNEGFP. A resultant suicide vector
containing the iroB-EGFP-iroN fragment was obtained and named pMEG375-iroBNEGFP. Similarly, both of the 685-bp fragment of
tshF and the 692-bp fragment of the tshR together with gentamycin gene were cloned into pUC1S8, resulting in pUC18-tshFRGm. A
resultant suicide vector containing the tshF-Gm-tshR fragment was named pMEG375-tshFRGm. Mutant derivatives of strain E037
were generated by allelic replacements and were named E037(Airo), E037(Atsh) and E037(AiroAtsh). The 50% lethal dose (LD50) of
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E037, E037(Airo), E037(Atsh) and E037(AiroAtsh) in commercial day-old chickens experimentally inoculated via intratrachea were
determined to be 10>°, 1084, 10°° and 10°°CFU, respectively. In the chicken challenging model, the mutants were tested to determine

the individual role of this system for virulence and persistence in chickens. The result suggested that Iro system and Tsh were impor-

tant in the pathogenicity of APEC.
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(Avian colibacillosis)
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, , 243
APEC [3] DNA [6]
1 Iro-1/2  Tsh-1/2 iroC  tsh
(Uropathogenic E. coli, UPEC) ,
APEC 1.3 EREFBEREER PCR ¥ 18
UPEC , GenBank R
i , iro tsh EGFP Gm 8 (1,
, 078 IroB-F/R  IroN-F/R  GFP-1/2 GM-1/2
(21, 1351 TshF-1/2 TshR-1/2 Iro-1/2  Tsh-1/2
, 078 271, 715 603 900 588 685 692
20.1%, 31 800 660 bp
, 14 HEEHEXEMSSEEEE
, APEC E037 (078 I7]
) SSH SCOTS (&1 iro
(451, (Iro system, Iro) tsh E037(Airo) E037(Atsh)
(Temperature-sensitive hemagglutinin, E037(AiroAtsh)

Tsh) , iro tsh

1.5 BRARMRFENBIL £ RN E B 145X 30

E037(Airo) E037(Atsh)  E037(AiroAtsh), 1
, iro tsh , 170 1
17 10 E037 EO037(Airo)
E037(Atsh)  E037(AiroAtsh)
10" 10° 10° 10'CFU/ ,
1 3] Karber
111 EHRARR LDso !
1 SPF SPF , 50
112 RFFER 15 SPF 5 ’
DNA Tag X-gal E037 EO037(Airo) EO037(Atsh)
IPTG Promega ; DNA marker E037(AiroAtsh) 0.1 mL(10® CFU/mL);
TaKaRa Fermentas ; D- 6 24 48h SPF |, 3 3 4
Sigma ; PCR TaKaRa ,
; : , 3]
(Ap)100 pg/mL, (Sm)100 pg/mL, 48 h
(Cm)30 pg/mL, (Km)50 pg/mL, 0~4 0~2
(Gm)20 pg/mL; 10% B3 0~2
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Table 1 Strains, plasmids and primers used in this study

Genotypes and phenotypes

Sources or references

Strains

SM10/pir
CCl1184pir
E037
CCl118-2
CC118-3
SM10-2
SM10-3
E037-2
E037-3
E037-4
E037 (Airo)
E037 (Atsh)
E037 (AiroAtsh)

Plasmids

pMEG-375

pUCIS8
pUC18-iroBNEGFP
pUC18-tshFRGm
pMEG375-iroBNEGFP
pMEG375-tshFRGm
pGEM-T® Easy Vector
pCR"2.1 Vector
pEGFP

pFastBac

Primers

GM-1
GM-2
TshF-1
TshF-2
TshR-1
TshR-2
Tsh-1
Tsh-2
IroB-F
IroB-R
IroN-F
IroN-R
GFP-1
GFP-2
Iro-1

Iro-2

thi-1 thr leu tond lacY supE recA::RP4-2-Tc:Mu, Km®, Apir
A(ara-leu) araD Alac X74 galK phoA20 thi-1 rpsE rpoB argE(Am) recAl, Jpir
Wild-type avian E.coli serotype 078, Sm®

CC118 (pMEG375-iroBNEGFP), Cm"*

CC118 (pMEG375-tshFRGm), Cm®

SM10 (pMEG375-iroBNEGFP), Sm®, Cm®, Km®*

SM10 (pMEG375-tshFRGm), Cm®

E037 (pPMEG375-iroBNEGFP ), Sm®, Cm®, Km®

E037 (pMEG375-tshFRGm), Cm"®

E037(Airo) (p)MEG375-tshFRGm), Cm®

Stable Airo mutants of E037, Sm®, sacR®, Cm®, Km®

Stable Atsh mutants of E037, Sm®, Gm®, sacR®, Cm®, Km®
Airo Atsh double mutant of E037, Sm®, Gm®, Km®, sacR¥, Cm®

sacRB mobRP4 oriR6K, Cm®, Ap®
Ap®, a-lac/MCS

pUC18:: AiroBCDEN:: EGFP, Ap®
pUCI18:: Atsh:: Gm, Ap®

PMEG-375:: AiroBCDEN:: EGFP, Cm"
PMEG-375:: Atsh:: Gm, Cm"

TA cloning Vector, Ap®

TA cloning Vector, Ap®, Km®

EGFP gene, Ap®

Ap®, Gm®

5’ -gg tctaga gaacga attgtt aggtgg c-3’ (Xbal site underlined)
5’ -ga ctgcag cgatgt ttgatg ttatgg-3’ (PstI site underlined)

5’ - cc ggatcec ttattc tettcg ctacag-3’ (BamHI site underlined)
5’ - ga tctaga gatgac aggcta ccgaca g-3° (Xbal site underlined)
5’ - t tetaga ttcact gaccac tatacc-3’ (Xbal site underlined)

5’ - a gcatge agagceg ttcaac ttee-3” (Sphl site underlined)

5’ - aga aca tcg gaa ggt ggt gc-3’

5’ - cag ggc ata gtc cag cgt ga-3’

5’ -ctc ggatcc ctatgg getgtt gta-3” (BamHI site underlined)
5’ -ta ctgcag geagga tgatct cgg-3’ (Pstl site underlined)

5’ -aac gcatge teetgg ttgggt tgaata-3’ (Sphl site underlined)
5’ -aaa ctgcag cageca gaggee cacta-3’ (Pstl site underlined)
5’ -at gacgtc gagcgce aacgca attaat-3’ (4arll site underlined)
5’ -gca ctgceag tttact tgtaca getcgt c-3” (Pstl site underlined)
5’ -gca gtt atc agg gat tgt cg-3’

5’ -gct gtt cgt ggg ttc cgt at-3°

[10]

[10]

(4]

This work
This work
This work
This work
This work
This work
This work
This work
This work
This work

[10]
Promega
This work
This work
This work
This work
Promega
Invitrogen
BD Clontech

Invitrogen

pFastBac
pFastBac
AF218073
AF218073
AF218073
AF218073
AF218073
AF218073
AF449498
AF449498
AF449498
AF449498
BD Clontech
BD Clontech
AF449498
AF449498

1.6 Fitoih

Fisher’s exact

SPSS 10.0 for windows
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243 iroC tsh
, 205 (84.4%) iroC
, 167  (68.7%) tsh
205 iroC s
89.8% 8.8% 1.5%,
(P<0.01); iro"
(

2) iro" s
167  tsh

, 87.4% 12.6%
0%, ,

(P<0.01); tsh' ,01 02
078

89.5%~100%,
53.3%, (P<0.01)

( 3) tsh” , tsh”

F2 205 ir0BIRS BHREMBFRMBUR LRI X R

Table 2 Relationship between pathogenicity for 1-day-old chicks and the presence of iroC gene in avian E. coli isolates

Percentage in 205 iroC-positive isolates

Serogroups Numbers
High-pathogenicity Intermediate-pathogenicity Low-pathogenicity

Total 205 89.8 (184/205) 8.8 (18/205) 1.5 (3/205)
078 124 87.9 (109/124) 10.5 (13/124) 1.6 (2/124)

02 46 91.3 (42/46) 6.5 (3/46) 2.2 (1/46)

0Ol 12 91.7 (11/12) 8.3 (1/12) 0(0/12)
Non-O1, 02, 078 23 95.7 (22/23) 4.3 (1/23) 0(0/23)

3 167K tsh' RN BHRHMBFRMBHREN KR

Table 3 Relationship between pathogenicity for 1-day-old chicks and the presence of tsh gene in avian E. coli isolates

Percentage in 167 tsh-positive isolates

Serogroups Numbers
High-pathogenicity Intermediate-pathogenicity Low-pathogenicity
Total 167 87.4 (146/167) 12.6 (21/167) 0
078 114 89.5 (102/114) 10.5 (12/114) 0
02 30 93.3 (28/30) 6.7 (2/30) 0
Ol 8 100 (8/8) 0 (0/8) 0
Non-O1, 02, 078 15 53.3 (8/15) 46.7 (7/15) 0
2.2 iroB. iroN #1 EGFP £ [ Y5 & (AF449498)

PCR , iroB  iroN (
DNA ), 715bp 603 bp
2 pUCI18

pUC18-iroBN pEGEP Hindlll  Kpnl
, GFP-1/2 PCR pEGFP
900 bp EGFP ( ,
), pGEM-T ,
, pUCI18-iroBN iroB
Pst 1 EGFP ,
pUCI18-iroBNEGFP( 1 2),

GenBank

E037

Pst 1
iroN
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2.3 BHRMEH K pMEG375-iroBNEGFP B E
pUCI18-iroBNEGFP  BamH 1

Sph 1 , iroB-EGFP-iroN (
2200 bp ),
pMEG-375  BamH 1  Sph 1 ( 2),
pMEG375-iroBNEGFP (

iro ), ccll8 ccl18-2

( PMEG375-iroBNEGFP),
pPMEG375-iroBNEGFP,
SM10 , SM10-2 (
iroBNEGFP)

pPMEG375-
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1000 bp bp bp
%00 by 2500
P 250
700 3000 5000
600 2000 — 2000
500 1000
400 58 b 1031 500 750
200 7 P 700 400 ;
k 600 —6 5
41 —1900 500 300
31 —800 i
200 —700 250
—600
A

B C

1 APEC iroB. iroN #1 EGFP EFH R 5L E
Fig. 1 Cloning and identification of iroB, iroN and EGFP gene
A. 1: 100 bp marker. 2: the amplified fragment of iroN gene; 3: the amplified fragment of iroB gene.
B. 1: A DNA/Hind lI+EcoR 1 marker; 2: pT-EGFP digested with Pst I; 3: pCR2.1-iroN digested with Sph I and Pst I; 4: pCR2.1-iroB digested
with BamH I and Pst I; 5: 100 bp marker.
C. 1: GeneRuler 100 bp DNA ladder plus; 2: the amplified products of pUC18-iroBNEGFP by IroB-F and iroN-F primers; 3: the amplified

fragment of iroN gene of pUC18-iroBNEGFP; 4: the amplified fragment of iroB gene of pUC18-iroBNEGFP PCR; 5: 200 bp marker.
D. 1: pUC18-iroBNEGFP digested with Psz I; 2: pUC18-iroBNEGFP digested with BamH I and Sph I; 3: DL2000+15000 marker

BamH 1 Pst |

iroB
pCR2.1-iroB
4600 bp

Kan

iroN
pCR2.1-iroN
4500 bp

Sph |

Kan

Amp

BamH 1 | Pst 1 Pst1 | Sphl BamH T Sphl
BamH | “
Amp iroB
pCR18-iroN st |
4000 bp Pt 1 Pst
Sph 1
Pst | Pst |

pMEG375 pUC18-iroBNEGFP
Amp

__SacRB~

BamH 1 Sphl

pPMEG375-iroBNEGF
10300 bp

RGK
R SackRB RP4

Amp

2 & iroB-EGFP-iroN REE R K B R HKRIHE
Fig. 2 Construction of the suicide transfer plasmid containing the iroB-EGFP-iroN mutant gene
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2.4 iro BEERAREROWEIEE

E037 SMI10-2 ,
, E037-2 ( pMEG375-
iroBNEGFP E037 , Sm® Cm"®
Km?® ) E037-2 . 10%
Sm s Iro-1/2
PCR o , E037(Airo)
E037(Airo)
GFP-1/2  iro-1/2 PCR ,
, E037(Airo)  E037-2 EGFP ,
E037 E037-2 iroC ,  E037(Airo)
iroC , E037(Airo) iro
( 3

3 iro BERKELTHRE PCR £FE
Fig. 3 Identification of E037(Airo) by PCR

1: 200 bp marker; 2: the amplified fragment of EGFP gene of
E037(Airo); 3: the amplified fragment of EGFP gene of E037-2; 4:
the amplified fragment of EGFP gene of E037; 5: the amplified
fragment of iro gene of E037(Airo); 6: The amplified fragment of
iro gene of E037-2; 7: The amplified fragment of iro gene of E037

2.5 APEC E037 #1 E037(Airo)#k8Y tsh EFE Rk

PRIV FILE
PCR tshF  tshR(  EO037
DNA ) Gm ( pFastBac ),
685 692 588 bp tshF  tshR
pUC18  BamH l/Xbal Xbal/Sphl ,
pUCI18-tshFR,  Gm pCR"™2.1
, pCR2.1-Gm tshF  tshR
Xbal Gm , pUCI18-
tshFRGm BamH1 Sphl
, tshF-Gm-tshR ( 2000 bp ),
pMEG-375 BamH 1
Sph 1 , pMEG375-
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tshFRGm( tsh ), ccll8
, ccl18-3( pMEG375-
tshFRGm), pPMEG375-tshFRGm,
SM10 , SM10-3 (
PMEG375-tshFRGm) E037  SMI10-3
, , E037-3,
E037 PMEG375-tshFRGm
s Sm® Cm® Gm® Km®
PMEG375-tshFRGm E037-3
,  10% Sm , ,
Tsh-1/2 PCR ¢} E037(Atsh)
[3]
E037(Airo) SM10-3
E037-4, E037(AiroAtsh)
E037(Atsh)
E037(AiroAtsh) Sm® Gm® Km® Cm® ,
GM-1/2 tshF tshR
PCR , E037(Atsh)  E037-3
Gm , E037-3  E037 tsh
. E037(Atsh) tsh
2.6 FTIHRET LDs FIBUR 1%
, E037  E037(Airo)  E037(Atsh)
E037(AiroAtsh) LDs, 10 10%* 10%°
10°°CFU 3 LDs, ,
E037(AiroAtsh) , E037(Atsh)
E037(Airo), E037(Atsh)  E037(AiroAtsh)
6h , E037(Airo)
E037(P<0.05),
E037(Atsh) E037 ,
(P<0.05), (P<0.01),
E037(AiroAtsh) E037 ,
(P<0.05),
E037(P<0.01),  E037
; E037 24 h
E037(Airo) E037
(P<0.01), ,
E037(Atsh) E037
(P<0.05),
(P<0.01), E037(AiroAtsh) E037
, (P<0.05),
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(P<0.01); E037 E037 , (P<0.01),
48h , E037(Airo) E037  E037(AiroAtsh) E037
(P<0.01), (P<0.01),
(P<0.05), E037(Atsh) E037 ( 4

F4 E037 MIRTHIEMIGFEERNERE MG P HMAEH LR
Table 4 Comparison of ability of APEC strain E037 and its mutants to persist in internal organs and blood samples of
chickens experimentally inoculated via the airsacs

Mean no. of bacteriaxSD

Strains

Heart Liver Spleen Lung Blood
6 h post-inoculation
E037 5.78+0.7 5.45+0.7 5.40+1.0 6.27+1.1 4.17£0.5
E037 (Airo) 4.21+0.7" 3.50+0.9" 5.16+0.7 6.07+0.2 3.32+0.6
E037 (Atsh) 3.07+0.9” 2.82+0.6" 4.73+0.8 4.87+0.7 3.00+0.7"
E037 (AiroAtsh) 2.98+0.6" 2.54+1.4" 4.7240.3 4.83+0.4" 2.75+0.5
24 h post-inoculation
E037 5.80+0.5 4.87+0.8 4.77+0.4 6.16+0.3 3.29+0.3
E037 (Airo) 4.33+1.4 2.24+0.4" 4.05+0.8 5.41+0.4 2.09+0.4"
E037 (Atsh) 2.15+1.2" 1.03£0.1" 2.67£1.5° 3.73+0.6" 1.23£0.4™
E037 (AiroAtsh) 1.82+1.4™ 1.00+0.0” 2.17+1.1° 3.02+1.7" 1.00+0.0™
48 h post-inoculation
E037 4.80+1.0 4.06+0.3 4.4240.3 5.18+0.8 2.85+0.6
E037 (Airo) 3.24+0.6" 2.1240.2"" 2.62+0.7" 3.67+0.7 1.47+0.4™
E037 (Atsh) 1.44+0.8" 1.00+0.0"" 1.52+0.9"" 3.504£2.2 1.17£0.3™
E037 (AiroAtsh) 1.00£0.0" 0.99+1.0" 1.56+1.0"" 2.84+1.2 1.13£0.4™

“indicates values significantly lower (P<0.05) than those observed for strain E037; ““indicates values significantly lower (P<0.01) than
those observed for strain E037; Bacterial counts are presented as the mean logl0 CFU per gram (per milliliter for blood) +standard deviation
for 3 birds from each infected group

E037 48h -
( ) , (131 APEC
E037 ,3 , (Siderophore), s
(P<0.01); E037(Airo) ,
E037 (P<0.05), E037(Atsh)  E037 ,
(AiroAtsh) E037 R APEC ,
(P<0.01);  E037 .3
, (P<0.05)( 5) [10]
3 b RS E037 MIREHRSEEMB 480 fF
wWy KB F B 2 B L
Table 5 Comparison of ability of APEC strain E037 and its
> mutants to induce colibacillosis lesions in chickens experi-
mentally inoculated via the airsacs
: Mean lesion scores+SD
irod ’ ’ E. coli strains - -
iroN iroBCDE TroN Air sacs Heart Liver
(1] UPEC CFT073 UTISO 536 E037 3.50i0.6** 2.00ﬂ:0.0* O.38i0.5*
. E037(Airo) 1.38+1.1 1.000.7 0.00+0.0
iroBCDEN ) E037(Atsh) 1.00+0.7" 0.63+0.5™ 0.00+£0.0"
IroN (1121 Russo IroN E037(AiroAtsh)  0.75+0.5" 0.63£0.5"  0.00+0.0"
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LD50 s
E037

E037(Airo)

) E037
APEC
205  iroC s
89.8% 8.8% 1.5%,
(P<0.01);
iro"

iro s

Tsh 1994 APEC x7122
Tsh (26~30°C) , 26°C ,
42°C , Tsh ,
, Tsh
v
APEC 47122 tsh
s colV , Ish
Tsh APEC ,
Bl Tsh  APEC ,

4133 bp,
colicinV ,

>

(4] Tsh
Tsh  APEC ,
300
90.6% 3.4%, tsh
68.7%(167/243)
, LDs
, E037 , E037(Atsh)
APEC
tsh 167
, 87.4% 12.6%
0%,
(P<0.01); . tsh’ ,01 02
078
89.5%~100%,
53.3%,

s Tsh

(P<0.01)

LDs,
, E037(Atsh)  E037(AiroAtsh)
, Iro Tsh APEC
, APEC ,
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