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Table 1  E. coli strains and plasmids used in this study
Strain and Plasmid Genotype and phenotype Source
Strain
SM10Apir thi-1 thr leu tonA lacY supE recA; :RP4-2-Tc:Mu ,KmK S Apir 9
ara-lew) araD Alac X74 galK phoA20 thi-1
CCLI8Apir riEE rpoB (>1rgE( Ai) recAl ,g/\pir ' ?
DHSo endAl hsdR17 (v, m, ) supE44 thi-1 recAl gyrA(Nal") This lab
RelA1A(laclZYA-argF) U169 deoR( $80d lacA(lacZ) M15)
EO058 Wild-type avian E. coli serotype 02,S" 10
CcC118-2 CC118(pMEG375- aes-31) ,Cm" This work
SM10-2 SM10( pMEG375- aes-31) ,S°,Cm" ,Km" This work
E058-2 FE058 (pMEG375- aes-31 ) ,S" ,Cm" ,Km® This work
EO058 ( Aaes-31) Stable Aaes-31mutants of E058,S" sacR" ,Cm® ,Km® This work
Plasmid
pMEG-375 sacRB mobRP4 oriR6K ,Cm" | Ap" 9
pMEG375- aes-31 pMEG-375; ; Aaes-31 ,Cm" This work
pGEM-T® Easy Vector TA cloning Vector, Ap" Promega

L1.2 519 ARKHSIZE2.
x2 AHRPERBSY

Table 2 Primers used in this study

Primer Sequence(5'—3") Size/bp

Nested primer ! 1240
primer 1 TCGAGCGGCCGCCCGGGCAGG
primer 2 AGCGTGGTCGCGGCCGAGGT

cvaC primer 678
primer F CACACACAAACGGGAGCTGTT
primer R CTTCCCGCAGCATAGTTCCAT

1.1.3 {50 . SPF 4% ih Il AR K & I SPF Mak A A7

L1 H g% gyl ACE XS, W A L5 M T
i X% 375

1.1.4  F 2l . DNA BRI 1 A U] B |, Tag, DNA
Fragment DNA
Purification Kit \DNA marker 14 [ K% TaKaRa 2\ &) ;
PCR i& 7 & . 3% #% 1 . ANTP Wy [| Promega 2% Wl ;
IPTG . X-gal, Ampicillin, Kanamycin, Streptomyecin ,
Chloromycetin 4§ H Roche 2y 5] ({E [ ) ; Agarose Gel
Distributed by Shanghai Yito Enterprise Company

Purification  Kit, Agarose Gel

Limited ; tryptone ,yeast extract 2 Oxoid y= & ; D-25 22
IR+ e HE R 1 (SDS) (NaAc EDTA Iy
Sigma 23 W 5 B H HL R 25 O [ 77 00 A 4l 97 i
U R W E &N PUAK (Ap) 100mg/mL | 5
FFE(Sm) 50mg/L . E%E X (Cm) 30mg/L, FIREE
(Km) 50mg/L,

1.2 aes-31 EE R BT 18

W SSH 52 45 v 0 3 (9 & A7 aes-31 (% H 20 Ji
BT 100 A L WL AR PCR BRI . 16
25 pL #y PCR BB A& 2 v, im A 10 x PCR 22 i ifg
(£ 15 mmol/L Mg>* )2.5 pL.2.5 mmol/L [ ANTP
1.2 wL Nested Primerl /2R (5 pmol/L) £+ 1 pL, Taq
DNA Polymerase (3 U/pL) 0.3 uL, in K & #8 26 /K
F 25 pL, P& MHH.94C 30 5,67C 30 5,72C
90 s, AT 25 MEH  F 5 T2CHEA S min, A4
FEf B 2 pL, AR 4l /K 8 pL.6 X loading buffer
(0.25% Bromophenol blue, 0.25% Xylene cyanol,
10% Ficoll 400)2 wL R 47, 1. 2% B Jig Wil Bt I8 & Ik
2 h, KW A el A T BO T BRI, PCR 9 E T
-20°CHRTF .
1.3 aes-31 EEMRESEE

¥ PCR § 811 aes-31 F BL, K/NN 1240 bp, 72
% 2] pGEM-T Easy Vector 7 (& 1), 4 Sph T Fil
Spe I XUHEEY) Ml H B DNA FBro #43% h Be v b
#| pMEG-375 [ Ak # AKX BamH 1 1 Sph 1 37 53
X R aes-31 LR A B ) pMEG375-aes-31 &
LA OB AL B ccl18 ZARE 34 ccl18-2
HAHW (& A pMEG375-aes-31) , A 2 Jf 4lifk
HH TR pMEG375- aes-31, 45 1% J50kL 5% {L 31] SM10
2R, $45 SM10-2 24 1 (% pMEG375-aes-
31) , &g U) APTTE % FIE AR
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Fig.1  Construction of the suicide transfer plasmid containing the

aes-31 mutant gene.

L4 HFEMEERRE

TN W B e F Uk DNA H 9 1 B 44k [ml i
FARE R A BORL B B BSOS RE A Ay T
AR AR R SCER [ 11 - 12 ] 5B gk 47, M TAE
FH L i I 5 R B AT BR A B 58 B
1.5 HEEHEESILR

e JH I AR 0 M 2 32 7 vk o 4% 4 B 3 TR
E058 BR ALK TR SM10 bk (& B R By s 4 A A4
PEZAR) ) 5 mL LB RS 352 B b, T 37°C R 85
TR o ARG 4+ 1 HG A 437 B SM10 i EOS8 (1) ixt
SR AR S), THIE A i 08, 240 T B s 4R BRI |-,
PR E T IC PP Y LB BAE P Al b (s AT 240
B —Ta [ 1), T 37°C 55 37 7, 1 N B O
M s SR 5 FH A= 3 ER /K R T 8 B b %) 40 TR i AT 4% LU
FeJa, o3 R A T 0 BE 2 3RO RBP4 19 LB Bl
S b L3TCHEFR R .

¥ H A pMEG375-aes-31 [ Fi 1) E058-2 L
Nested Primer fll cvaC 5| %153 B 984T PCR §" 3% ik
PR s (O I I AL E 4 EO058 (Aaes-31) 5245 b
1.6 LD, HNE

H55 P 1 Hid % 2 M ACEXG L8 11
20, B4 S H, 4 S 4 BE R E058 L E058 (Aaes-31)
B, 45 oW ¥ & R & 4 51k 107 CFU L 10° CFU,
10° CFU . 10* CFU #1 10° CFU, & R I . F4 & — K
TE SR W FE T2 A8, JF DLC VR 40 18 43 25 V508,
HEHEME 7 d k7 d JEA0FE TS B RS HEFTFR A,
WL A8 I A 20 B 43 15 % € o DL Karber 353152
LDy, 55 1 2H Ry ft Xt RR2H
1.7 HimiEidie

20 P 35 HIR A SPF A BEHLAY M 3 4, Hovh
2R 8 T IRH 4 H o, LI E058 Bk A EOSS

(Aaes-31)# 24 h LB 7 EEHREYW 0.1 mL(4)
10° CFU/mL) A7 72 g < 86 3 58, 5 — 41 4 H i 4t
0.1 mL ) LB AXf M., BKR L. FF&—Rid®Y
FIBET-EL 22, I LA I VR 40 B 49 25 56, 3 42
P 7 d k7 d AT FE TS B RS HEAT Fh A, W BN
A IFVEAR A 4 B8 %8 . MR XY B B TS £ a8 £058
PRAN E058 ((Aaes-31) # iy B0 PE - 15 BUK K 50%
J50% L 1 B4 R A BT 5 v A5 B0 Bk Sy 42 RO B
TR I 50% 5 AR B0 bk A e M XS AR BT
1.8 HWEBRERZNZFKE

18 31 15 H & kA SPF XY REAL 4y 2 4,
B 5 1) 57, A TS0 43 S| 45 b 0S8 (E058 ((Aaes-31)
0.1 mL(%y 10" CFU/mL) ; /£ 6 24 F1 48h 43 5| 4b
& SPF X8 BRI BRALFN A 3 I, JO TR R A ML O
JHFRIE BRI A Tt 320 AT 240 2 A A T) BN A A O 7 0
g%, MW ELHE FH PBS BEAT A% LU AR BE 1 50 Uk T 42 B
T AR (555 R 50 mg/L) 5.0 UE, HFRE, 8L, 22 i 43 53]
HO. 1 g WHES L ] PBS HEAT A% LU R B X 51 0% T2
BB (5% R 50 mg/L) , B R EE 100 wlL,
37CHFR 18 -20 h, i 8 B W W . FHEE
SR IA AT TR 02 B[R - I V5 XF 43 5 21 0 40 7 E 47
O Prl 285 , LA = 15 M4 AP A

XF 48 h I B X FE AT I R A8 VT« R AR
J0 =4 3 DALREAE N 0 =2 43 G AE S 0 -2
G
L9 Sitsah

FH SPSS 10. 0 for windows Ff4 7 (1 £ J57 K 56 Fil
W )& Fisher’s exact i 3 #E 17 24H 18] 22 7 097 o

2 &R

2.1 aes31 EERREWRESERE
2BV R S R, 4L R pMEG375-aes-31
Shy ) 7 TE AR £ OBV
2.2 APEC EO058 #k aes-31 RETMPHBELE
2 PCR 938 Bud:br &0 1% 4815 1) E058 (Aaes-
31) GEAS KR R AL IE B A 28 AR bk . O Il TR 7R O 3k
FE E058 (Aaes-31) & AEFRAG IR Jy 02 1L %5 5
2.3 LD,E.BFEEREER
E058 \E058 ( Aaes-31 ) B Bk XF X 1) LDy, 43 51
10%* CFU 10™° CFU, i #Z 2= R A B3
TEZO PE St , EOS8 Bk A1 E058 (Aaes-31) £
FIECFE 2 53 R 62.5% F1 75% , 35 36 B0 v B0
PE. H AR E058( Aaes-31) Bk Y ESE A & T E0S8 #k,
EMEN2ZF AR E,
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2.4 MERBLALAFHHNFERBER

EO058 % 1 58 48 % 3 Fp X J5 () 6h, E058 ( Aaes-
31) FE 45 P IE 25 B ORI I T 40 A BRI E0S58 Bk
PG AH 22 5 35 R & 3. B2 RS IS (1) 24 h, E058
(Aaes-31) BRAE MELIE F1 T IE o Y 20 B EOK T E0S8 B
HEFPg, 2% R B2 (P <0.05) ; E058 ( Aaes-31) ¥k 7E
I JFF U 0LV P 40 TR ROR T 0S8 AR ARG, 22
SR E (P <0.01) . 428X 511 48h,E058 ( Aaes-
31) AE O JUE JFFJIE NG UE i) 40 TR 8K LG E0S8 Ak 4% b
XS 22, 22 S S 35 (P < 0. 01 ), T il Jik F1 1 9 v
H A A T R 22 R (£ 3)

E058 # Fl128 A8 bR P UG 5 11 6 h 24 h 148 h,
i LI A5 2E 0 B T R S A R Y RS
EO058 k4N A 2502 5 T K, 24 h J5 T K iR B2 B 5 i
FRAFKRAEFEFN G 24 h, A T I JUE 28 R A O 2 R
FERR R /K BT S 48 h o IV T 1 200 BT B A
PO, H Al T 25 Hh A0 B RO R 7E— 2 K (R 3) .

E058 ok 1 5 78 b 2 Fl 0 J5 (1) 480, XoJ Jgk e 38 1y
KIGFFBERRGAE (CBER O AL R R R R ) 2E47F
fi, 5 EO58 R EEFP XS AH L, 98 48 bk 5 | <4 R RO
R IFASE H E058 f 7 (A 22 5 A B 3% & 5l
AR R A AN B (R 4) 6

R3 EOSBHARTEH/RSEREMNERBZIBERNBETHARNTHFILE

Table 3 Bacterial numbers present in the hearts,livers, spleens,lungs,and blood of chickens infected with wild-type
APEC strain E058 or isogenic mutant E058 ( Aaes-31)
Bacterial number ( means = SD) §
E. coli strain t/h
Heart Liver Spleen Lung Blood

E058 6 2.32+0.7 2.47£1.2 3.86 0.4 3.85+1.5 2.25+0.3
24 1.47 1.3 0.49 +0.8 1.04 1.8 2.07+1.9 0.49 0.9
48 0=+0 0=+0 0=+0 2.22+1.9 0=+0

EO058 ( Aaes-31) 6 3.43+0.6 2.37+0.6 4.59 0.3 5.31 0.7 3.3+0.6
24 6.09 £0.2" 3.50£0.3" 4.49 £0.8" 5.33+£1.0° 2.83£0.1"
48 2.47+0.5" 2.22+0.5" 2.18£0.5" 2.98 £0.3 0.67 +0.6

§ Bacterial counts are presented as the mean log,, CFU per gram ( per milliliter for blood) + standard deviation for 3 birds from each infected group. °

indicates values significantly higher (P <0.05) than those of strain E058 ; ** indicates values significantly higher (P <0.01) than those of strain E058.

&4 EOS8 BRARE/KSEEMNBISh 7
KEHEREHEER
Table 4  Comparison of APEC strain E058 and mutant
E058 ( Aaes-31) to induce colibacillosis lesions of

chickens experimentally inoculated via the airsacs at 48 h

Lesion score (means £SD) §

E. coli strain

Air sacs Heart Liver
E058 1.3£0.6 0.7 £0.6 0.7+0.6
E058 (Aaes-31) 2.7+1.2 1.7+0.6 1.0+0.0

§ scoring values:0 to 4 for air sacs,0 to 2 for heart and 0 to 2 for liver.
3 itk

aes-31 [ By [6] J& 7 02 IfiL{E AL iy APEC = 2L
Jibk E058 A o #k E526 BEAT SSH )5 48 1% 1Y
EO058 #5719 22 5+ i Bt , K/Noh 1240bp, 28 Blastn
R, 5 IR IE B0R MR o AT 2 AL IR A
BRSSP R BN EOS8 R 1E IR Ah K 5
O AR R R B0S8 Bk Y
RALFR E058 (Aaes-31) , EAT S5, H) 28 X aes-
31 B INREHEATIR R

I LR R W] B HIEA R E0S8 A LL, R AE
PR E058 ((Aaes-31) X 53 XS ) LD, B AL 1 5 T 22
SR IA K H aes-31 R A 2 AE, BE 2 HF 2
PSR AE XS A N 1 A R B, 0 AR 2 A U 4% v o

SO (35 3) 5 e 25 30578 bR TE AL W B8 I 1] 4E
GRS A BTN (£ 4) . X BoR T E0S8
PREGZEAE bk E058 (Aaes-31) R B T 3 1 H4 4 (9 4
oo th TAEMS LB A RIS S K 55 T, 5
TP P B9 A R B 05 B B R A 1 2% B, T aes-31 S AE
VRN J7 418 F BN EO058 kR L s ™ 3
(13RI 35 PR H B T E0S8 #k 35 7 19 f 0 35 6
2ok L R R B 10 0 3 i % HL R 4 L i
— BT

%7 ik
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Construction and pathogenic identification of aes-31 gene
mutant of Avian Pathogenic Escherichia coli strain E058
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Abstract: [ Objective ] To find the primary function of aes-31 fragment through construction of defined mutation of Avian
Pathogenic Escherichia coli strain E058 and animal experiments. [ Methods] The fragment of aes-31 was generated by
PCR and cloned into pGEM-T-easy vector. A resultant suicide vector containing the aes-31 fragment named pMEG375-
aes-31 was constructed and transformed to a receptor strain SM10. Then recombinant strain SM10 was hybridized with
EO058 strain in solid state. Mutant derivatives of strain E058 were generated by homologous recombination and were named
EO058 ( Aaes-31). The 50% lethal dose (LD,,) of E058 and E058 ( Aaes-31) in commercial day-old chickens
experimentally inoculated via intratrachea were 10*° CFU and 10™° CFU , respectively. The same way was used to inoculate
with 10° CFU to obtain the pathogenic ability of E058 and E058 ( Aaes-31) in 35-days-old SPF chickens. In the chicken
challenge model ,the mutant was tested to determine the individual function for virulence and persistence in 2-week-old
SPF chicks. [ Results] The pathogenicity test for EO58 strain and E058 ( Aaes-31) strain showed that the mutant had a
higher mortality (75% ) to 35-day-old specific pathogen-free ( SPF) chicks than that of EO58 (62.5% ). In the chicken
challenge model ,there was no obviously CFUs difference in blood and lung in chicks of E058 group and E058 ( Aaes-31)
group 6 hours after inoculation. After 24 hours there was obvious CFUs difference in heart, liver, spleen, lung and blood in
chicks of EO58 group and E058 ( Aaes-31) group. After 48 hours,there was also obvious CFUs difference in heart, liver
and spleen in chicks of E058 group and E058 ( Aaes-31) group E058 ( Aaes-31) had a trend of increasing virulence in
chicks. [ Conclusion | Aes-31 might be associated with negative regulatory gene for E058 virulence and its actual function
needed further study.

Keywords: APEC E058 strain; aes-31; mutant; pathogenic identification
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