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RS 2L R[AENIES REE Lasl M EBURMEXETE
5 1% RS20

TAFY AfEW® ¥E® ER® KRN BAE® Ax ' #H#E£TO
1 LR R B BRA Y2 S BRI s L AR 230036
2 HERBERGE FiEEEDR T B 200241

# E. [¥x)148%% XA E (Avian pathogenic Escherichia coli, APEC)Z & X £ &5 R H X —,
BEAR L (Quorum sensing, QS) £ 4 i@ 45 5 4 T4 LA F 4514, £ APEC ¥1554F AHL
A A FFEGT A S REE, [B 1 HR1E 54T AHL 3F APEC A Y F 4 eia, [
%1 W A4R GRARE I BRI B 22 BB A BIE & A B (Acyl-homoserine-lactone synthase, lasl)# F ¢9 & &
Ji A5 £ APEC B #& DEL17 ¥, M T Ak DE17-lasl, #A Lasl £ DE17 4 AHL. R E
AMPBELAEHRTA AHL 55 50T, A RFH. AWEEH ). B RG 5S4 345
M oG £ F; & Real-time PCR # K, WRFAMFTHAKRT 5 EMPIET K. EFHMHEARFH
BFA X KR 4EFAKF. [£R] sFELFH# AHL 1255 F4n &9, DE17-lasl 4645 =4 AHL
F50F, 5% A4 DEL7 A8k, DEL7-lasl & A IR a6 /) F=i% 5h 1tk 2 % 41K (P<0.01), {234
KA M At 25 M AR % 46(P>0.05); Real-time PCR #m4: R & 8, TLHRFH BT fimH 4% %
K LT 58.8 4%, M ompA. iss 53 TR T 95.4%. 77.3%. 5 A WAL, mAl &AL BE agnd3 T
BT 75%, #HeE b m B flnA T T 80.8%. shsl, AHL %4k sdiA #9463k K- LB T 19.84%, [4
#1410 lasl £ APEC ¥, feftit & APEC &1z 54T AHL, T2 % %% APEC 693544
FoFbE, At —HIRIT AHL R AR & o3t APEC 69 R4 4F Al -,
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Effect of acyl homoserine lactone synthase Lasl on the biological
characteristics of avian pathogenic Escherichia coli

WANG Zhi-Hao'? ZUO Jia-Kun? JIANG Wei?® HUANG Yan? MI Rong-Sheng?
CHEN Zhao-Guo® QI Ke-Zong™ HAN Xian-Gan™

1 Anhui Province Key Laboratory of Veterinary Pathobiology and Disease Control, Anhui Agricultural University,
Hefei, Anhui 230036, China
2 Shanghai Veterinary Research Institute, Chinese Academy of Agricultural Sciences, Shanghai 200241, China

Abstract: [Background] Avian pathogenic Escherichia coli (APEC) is one of the main pathogens of
poultry. The quorum sensing (QS) system regulates its biological properties through signaling molecules.
Currently, the effect of the signaling molecule AHLs on its biological properties in APEC is unclear.
[Objective] To study the effect of AHL on the biological characteristics of APEC. [Methods] The plasmid
containing the acyl-homoserine-lactone synthase (lasl) gene was transformed into the DE17 strain of
APEC to construct the recombinant strain DE17-lasl. Then the biological characteristics, including AHLs
production, growth characteristics, biofilm formation ability, motility and drug resistance was compared
between DE17 and DE17-lasl, respectively. Besides, the transcriptional levels of virulence genes, biofilm
formation related genes and flagellin synthesis genes of wild and recombination strain were compared by
real-time PCR. [Results] The level of AHL produced by DE17-lasl was significantly enhanced (P<0.01),
while the biofilm formation and motility were significantly decreased (P<0.01) compared with the wild
strain DE17. However, the growth characteristics and drug resistance were no significant change (P>0.05)
between DE17 and DE17-lasl. Furthermore, the results showed that the transcription level of virulence
factor fimH of the DE17-lasl was up-regulated by 58.8 times, while ompA and iss were down-regulated by
95.4% and 77.3% times compared with DE17, respectively. The biofilm formation related gene agn43 and
the flagellar synthesis gene flhA was down-regulated by 75% and 80.8%, respectively. In addition, the
transcription level of the AHL receptor sdiA was up-regulated by 19.8-fold. [Conclusion] Transformation of
lasl into APEC can promote the synthesis of AHL in APEC, which significantly affect some biological
characteristics of APEC. This study provides a reference for further study on the regulation of AHLs in APEC.

Keywords: Avian pathogenic Escherichia coli, Quorum sensing, lasl, Acyl-homoserine-lactone, Biofilm,
Motility
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8 N M K W M W (Avian  pathogenic
Escherichia coli, APEC)AESIHE &L KITHE .
PRI i 375 784 52 2 HLft 245 1k H 25 ™ 50, )™ F ] 29 5 )
Feenb iyt E R BN, APEC B WI-F k2 £ A
RGPS, WS RS 57 R G FRHAR ) R
4i(Quorum sensing, QS)%:. WFsLEM, M@ 17
TELZFh QS R4, WfE APEC ZE40E H A7 7E M)
LuxS/AI-2 B QS &4, Al-2 RHfESHTFHAR
A RRFEEER AN, FELET S R0 22 fAE b
Y LuxI/LuxR B QS %5, H Lux! 28 i n fiE
b & A PR R G S F— R 2 AR
WERLAPI(AHLs, XFRR Al-1), LuxR K8
J& AHLs M N Az Ik, 1R R IR 1454

AHLs J5 AT i i 5L M i 2k B 777 T4 4%
M P B Lasl/LasR & QS R LML T
Luxl/LuxR 1 QS &%, TEZRGH, Lasl A aH:
AHL 1552011 LasR 11 AHL 9324k, il id 4%
A AHL JE iR L EL R (0 3Rk

WFR 228, fER LuxR (9EEY, SAIA Bk
MAETBRAREE . YITHE . S8R A 1A
HJE, SdiA 75k AHLs (N4, 2 5
M HZFRERe, BESER, AU B
A= AHLs, {H BB A H A N 248 (4 LuxR | SdiA 45)
GEA A AR A B AHLs 27, N R AR
Wz she. Lu ZBIRoT e BUAR S 0 I 1 7 A 1
QS 155/ F Al ol s KA SAiA, MM RE
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L R A 5 5

5 RY, QS RGN F 5412 S
M ) Z R INRE , AR (Biofilm, BF)HLZ Sk
(Motility);& QS RELIHHENY 2 Fh F LAY HTR R AL
BF J& H 41 18 43 W 14 M Ah 2 2 ¥ (Extracellular
polymeric substances, EPS)fd %% H & ififE m i A &
PRIPZEH, 76 BF JE R ETINAZ 18 stk 52 o 1
ME W ERR 732 QS P, M 5 R
(c-di-GMP) L 5 Xt H#0 He Mgy
BH, 7E2EH7ERE (Enterococcus faecalis) g luxS
JEH BF i i SRR BLAh, Al )RR
2] QS ALY, Cheng &M sE kB,
3 o B DR s (A R 2 A AHL 31, RERRAIR T
A5 BB TR XT R P S e 8

HRij, 76 APEC H {5 5701 AHLs X H A2
IR 1A 2 ] 1 AT A o A 5 A R A1 P R
lasl S A APEC [tk DEL7 wr, Hy# 4tk
DE17-lasl, FIf Lasl £ DE17 "4 AHLs, JFFF
o A AR R B 2 R R AE )RR BRI, AR SR
HE— PR AHLs BRI 2R 5% APEC B 4
TERM#RHEZ% .

1 MEETE
1.1 w8l

MO 553, A TAY) TR A FRA F
ABM 1A F: 3 (g/L): NH4CI 1.00, MgSO,-7H,0
0.30, CaCl,-2H,0 0.01, FeSO,-7H,0 0.03, H &
2.00, ¥ifiE 10.00, pH 7.20,

APEC O, Ifil iR # ¥k DEL7 K4 Lk s i A
PAO1 HHASSZE =17 ; A. tumefacient NTL4(pZLR,)
P L Al A2 B A ol B 355 Al DX R A 5 BT
R im0 . 96 fLANMIEF= T Corning 24
w3 25040 R I TR R A28 | 5 HiScript® Q
Select RT SuperMix., ChamQ™ Universal SYBR®
gPCR Master Mix Il T 5t Vazyme /A ; pSTV28
A BRIIPE IR BamH T . Kpn [ | T4 i3
T TaKaRa 2~ ] ; X-Gal 4 F RARA LR (AL )
AR Rk g . 9Ot E R PCR Mix, F
TUEMEREAE IR IR A A . DO 7 PCRAY, 3§

BRI R B (P ) A R A H]
1.2 REMESHEL

Al NCBI il 21 LML TR PAOL TR AR 1Y lasl
FER 3 AR A MG1655 () NP_416308.5 it
ST, B3 2 3514955191 lasl 1)
ORF (606 bp)LA & KIz#T i i 2l 741 (155 bp),
Iy fa s BamH 1 & Kpn T BEYIAL A (G5 1),

FIFEZ PCR Pt &R shF A lasl 3L
ORF [) DNA J Bt ,PCR JZ i 1A & (50 uL): PCR Mix
10uL, b, FUF54(10 pmol/L)4% 1.5 ul, FEH4
FEH (100 ng/ul) 1 pL, ddH,O % & 50 pL. PCR 2
I 4&f4: 98 °C 4 min; 98°C40s, 58°C30s, 72 °C
1 min, 35 ME#; 72°C 10 min, PCR "3/ ¥4li
b, s Ao

L BamH I &% Kpn Y] FiR PCR 724
pSTV28 ZifA, I H MBS mohr, 4% . #ik=x
KIAFF I DHS oSz 541, 37 °C 1555 16 h JHkIL
TR . PCR S . W% Ay BH Mk 0% Bk Ay 24
pSTV28-lasl,

2 A SCHR[L3]EA T2 S AR Y il 4%, B 200 pL
AN 10 pL kLR & TR AR, 2 500 V.
250 Q HEfrHL A IGE A 800 pL #ifif LB Big%
W, 37 °C. 180 r/min ¥55% 1 h J5iRfi TR&GER T
B2 (30 ng/uL), 37 °C KiF b #, LA Pro-Kpn
I-F/lasl-BamH I-R }5 ¥ %t B 24 B 1T PCR %5 .
1.3 AHLs S 4F#

S BESCHR[ LA FVETE 480, RN E 21 PR iR AHL
HF90FawiEi. (1) BlE ABM [EIREFRIE,
103.4 kPa K[ 15 min J5 241 % 40 °C, ALk
FEA 40 pg/mL % X-Gal Fll 5% ODgoo A 1.0
A. tumefacient NTL4 (pZLR,) W, 7o/ 1RA1)E Hl
F8/RFHR, 37 °C #E 30 min, (2) WA AR
DE17. DE17-lasl ¥i7# ZX50U5 1, 435IHL 3 pL &
THRFAR, [FE ARSI ERMIE PAOL E R BRI
XTI, KIWAFFIR DHSo /E R XTI, 28 °C # &b
7% 12 h e WA 251k
1.4 HKZEREMENE

Z: BSCHR[15-161 VRIS 28 g, I e P A bk 5
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Table 1  Primers used in this study

519 Fe4

PCR /=4y

GenBank %15

Primer Sequence (5'—3’) PCR product (bp) GenBank accession No.
Pro-Kpn I-F GGGGTACCTTATTGATCTCACATATT 155 NP_416308.5
Pro-R GTACGATCATGGAACAACTCCAGGATAC
lasl-F GAGTTGTTCCATGATCGTACAAATTGGT 606 NC_002516.2
lasl-BamH I-R CGGGATCCTCATGAAACCGCCAGTCG
agn43-F GATGACGGTAAGGACAACGC 202 YP_026164.1
agn43-R GCTGAAGGTGCGGATAACAG
fimH-F CTATACGGCGCTGCTTAACC 233 NP_418740.1
fimH-R TTACGACCCGACAATCACCA
fliM-F CGCTGGAAGTTGAGTACGTG 265 NP_416455.1
fliM-R TATCGCGCCAGTTCTGATCT
motB-F CGGCTGCTTATTCACTTCCC 209 NP_416403.1
motB-R ATCTCCAGCCCAAAAGAGCT
ompA-F ACGCAGCTTATTGTACAGCG 266 NP_415477.1
ompA-R CTTGCGGGCTTTCAATGACT
iss-F ATTACGTCTGGTTTCGGT 254 YP_002527496.1
iss-R AACGCACACCACATACAC
flhA-F ATGCTCATGCCATGTTGCAG 222 NP_415543.1
flhA-R TAAGTTTGTTCGCGGCGATG
sdiA-F AAACGCATCAGAGCCATCAG 107 NP_416426.1
sdiA-R TTGTCCTTTTCCCGTTGCAG
dnak-F TGATGCCGTAGGTCCGAC 256 NP_414726.1
dnaE-R GTTATCAACCAGATGGGC

T FRAE RN . S BECHRIL6], il shss
FELURGIES A= Rk DEL7 54 itk DE17-las| (i3
P, RIS E ODeoo 4 1.0 [WHFA: K DEL7 Al
ZH PPk DELT-lasl TR AS 5 pL, T TIMshise it e,
37 °C #1LH55F 6-8 h gl MGt h iz gtz
1.5 THZ5M4NE

K K-B e 240 TR 2451 , D B AR RN
AWM PTAr R . KUWER . SRR E ., HEY
WE, RARREZ . FIfRF-. BRRER . IR, Kl
meis . SkrmEmy . SKOhAs . SkMUfRESE 12 Rt
R 25PE . B IR E ODegoo M 0.4 1Y DEL7 Al
DE17-lasl [#¥ 4% 100 pL, AT LB P4, #2415
PAE TG 37 °C #r1L4555 8 h, MHE&2Zy
B IR PE 1A%, 2 B8 CLSI A e HLAga: o
1.6 A AERZ B EE A1)

ZWSCHR[L7], 76 96 FLAH AR TR o A
ODgoo 4 1.0 ) DE17 H1 DE17-lasl 4% 200 ulL,
FHAF Y MO BE 52 SRR X IR, 37 °C K5 9% 24 h,
FEERIRWOIT HICH PBS BRI 2 ¥k, HIA 200 pL

[ 0.1%%% fH28J5 37 °C W& 30 min, F-H PBS Ik
W2, ARAT . &L 200 uL 95% L EwE &
15 min J5, FEFR{INE ODsgs {E -
1.7 HEEEFEFEFRKFERN

S HECHR[18-19], BEHUANGE &SI 3L . | RIS
E H WI(fimH) . 42 MyEAAE K F(iss) . JMEEN
A (opmA), Hiz g eI« i2 5 B 1 B (motB) .
HiE Dk B A (fliM) . HTB A LR (fInA), 5
AR IETE B SCIE R . B BB 2R (agn43) . AP
LW B 1 (wza) , DL K AHL S22 1 55 [ (sdiA)
17 Real-time PCR, Zr#r 84 B bk 55 P A= BRAH G
A RESR

WA SCRR[L917 1%, ¥ IR B MRS 7 2 X T4
(ODgoo=1.00), #5H 1 mL HRIEI mRNA, FIf%
R & Rl cDNA, FELAAHN Y cDNA K
Kb 4T RT-PCR, RT-PCR [ JiifA % (20 pL): SYBR
Green PCR Master Mix 10 pL, b . FiE514
(0.5 pmol/L)% 1 uL, cDNA ##% (1.5 ng/uL) 3 uL,
ddH,0 % & 20 pL, PCR S2w 2544 : 95 °C 2 min;
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95°C5s, 60°C10s, 40 MG, K 27040k
SIMTF A E AL 8 kR0
1.8 ZRito#h

FRA Gt s b 448 SPSS VA9, BN &R )5 %
S MR TR R 22 5, P<0.05 AN HA G2

2 ZR54h
21 FRAMEREEWL

B AR IR 377 41 (155 bp) A lasl A
ORF (606 bp)i) PCR =4 5 pSTV28 Jivkii% 4% |
Ak 2= KT 1E DH5a, X 2L PH M 7o JEFT PCR
YoE . LA Pro-Kpn I-F/Pro-R K514, ¥ kN
155 bp W s+ FB(El 1 UkiE 1); L lasl-F/
lasl-BamH I-R 2514, 9" 15 K/IN25°k 606 bp 1 lasl
FER F B () 1 3k E 3). L) Pro-Kpn I-F % lasl-BamH
I-R A5, ¥ K /Ny K 761 bp 4 H B H B (& 1
VKIE 5). WP 2s KRV lasl FER A&
20 JFUkE pSTV28-lasl.,

% pSTV28-lasl Hi 5% 2 DE17 W, L) Pro-Kpn I-F
K lasl-BamH I-R 514, #47 PCR %, mY)
PAF A pSTV28-las| () 2H Itk DE17-lasl (& 1
VKiE 7).

5 6 7 8

M 1 2 3 4

1 PCRYEEH#ER

Figure 1 The results of PCR detection

1. M. DL2000 DNA Marker; 1: KIFHFHE 31T PCR %5E;
3: lasl 3E[F ORF PCR %52 ; 5. E kL pSTV28-lasl %5 ;

Note: M: DL2000 DNA marker; 1: E. coli promoter; 3: lasl ORF;
5: Plasmid pSTV28-lasl; 7: Recombinant strain DE17-lasl; 2, 4,
6, 8: Negative control.

e

2.2 AHLs {554 Fnl

%} DE17 5 DE17-lasl i) AHL {5 52> Tkl 4%
REW], FHEM DEL7-lasl REGS #4588 -4 s
W, SEHMXT B2, AR bR DELT WIARE!
R (E 2), %W lasl 78 DE17 & 548 AHL
(ERE2
23 HKih&RmAE

%} DE17 5 DE17-lasl A= 4 i 28 K it 24 ) o
SZERRHA ) lasl Xt DEL7 (A K it 25t A i 2%
S0 (P>0.05) (K1 3).

B2 AHLfESHFEMNER

Figure 2 The result of AHL

T W RN BERS P AHL 43T (U P. aeruginosa, DE17-lasl),
T AL R BI T AHL 43F 7 4E (U1 DE17., E. coli DH5a).
Note: The strains that could produce AHL molecules (such as P.

aeruginosa, DE17-lasl) are blue. No color changed indicated that no
AHL molecules produced by bacteria (such as DE17, E. coli DH5a).

-o-DEI7
—&-DEI17-lasl

10 12 14 16 18 20
¢ (h)

>4 6 %

B 3 DE17 5EHE ¥k DE17-lasl K # £ E
Figure 3 Growth curve detection of DE17 and DE17-lasl
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2.4 BEENERT

iz g R s LR, B ERR DEL7 Wizzh
424 11.040.3 mm, 1 DEL7-lasl (/32 gl 248
8.0£0.5 mm, lasl [k DE17 191z 3)i14:(P<0.01)
(% 4).
2.5 HEYNUERER R BE 1A

AP I 25 SRR, EA AR DE17-lasl
() A 0 Bk RSS2 18 B8 T 55 BT AR AR AH L S 3 R AR
(P<0.01) (& 5).
2.6 MHEXERFERKFELN

%} DE17 F11 DEL7-lasl 3 [R5 s /K SEAG i 235 S
FM, S5¥4kk DEL7 ML, DE17-lasl 1928 S 1A
+ fimH 5%k 1R T 24 58.8 1%, 1fil ompA Fl iss
A S0 50 1 T 24 95.4% 11 77.3% 5 A=l ik
TE AR o B RIBTA agnd3 TR T2 75%,
TN 22 i T 8 1 wza JoH B A8 4k #E A i
fInA 55 55K SF R 8 T 24 80.8%, TMi#iTE ik Jfo6
EH fliM FizshE A motB LI Az k., 1A,
AHL ZAREE T sdiA i RKF LR T 19.8 £5%(1 6).

7 DE17-lasl 3

B 15~
L *k 1
I 1
E 10f
Ez _—
3
2
Z st
1
DE17 DE17-lasl

Strains
4 BHESH
Figure 4 Motility analysis of DE17 and DE17-lasl
e A BIIRRRIIRIBIIRETI R, B: B3R R EE T
**. P<0.01

Note: A: The radius represent the ability of bacterial motility. B:
Data analysis of motility radius; **: P<0.01.

1.0 —_
0.8

0.6

S
0.4+
0.2
0.0 - -
DEI17 DEl17-lasl  Negative control
Strains

5 YIRS B RE S AL
Figure 5 Biofilm formation ability
Note: **: P<0.01.

| . WEEDEI7
60 DE17-lasl
40+
o 20F -
5 1
= T
% NG TR W B B P AR R T e Ry
0.5

O'OﬁmHompA iss Ag43 wza flhA fliM motB sdiA
Genes

E6 HhH. £MEER. EaEEXERNFERKFE
Figure 6 Transcription level of virulence, biofilm and
motility-related genes

3 WikE4w

T AR BN 2 2 RS 2oL 43 WA 5 ol R 4
ANTE) A2 D RE B — R T Ry o R AN 22 5 9
VEA DA Z R E Y ARk, IR AR . W2
3B Bk L 3 1 T B Bk FAE M & A P
TER ZH0CE = VA TP A 7E LAY Y LuxI/LuxR
QS A4, HiF541 AHL i Luxl FEUR, 5
ZAK LuxR g5 G if s P Rk . TER
FRR AR T AR & B AHLs & 8, (HHIFE
LuxR [R5 1 SdiA. Yang ZPp5x 28, 1
T4 E R B AHL 20 FRE-S IR B4 B8 i K i
PR A A TAE, BB E T SiA 8 T 3aE
T el JEL B = e PRI S P BT 9] T A e o
wH, Last /E LuxI 8%, 684 AHL 43,
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FFEUE SR LasR, MR HEE 1

iESINVONEE Y TSI A A A
BEORYE RS WAAAE SdiA HEE, [HH

AHL A LR Je AHL X Az P25 R (5% 1) o A

DLAHOCHRIE o AT 1L 7E DEL7 H 5 A4 S At
LA lasl, iz A. tumefacient NTL4(pZLR,)H 45 7

PREIN AHL 5520 F 1 J57%, kW] lasl £ DE17
FRE 5 7 A AHL 55 20 1. 9K T 41 B bk
DE17-lasl FAE VIR ISTE BLAE J1 i 2 AR, S5 e 2%
BRI P last Ao L AR Ml R B E AR R 29,
ML AT RER R N SAIA 1E 5 R T, nf
ST U IR ) 3 X s, AT R s 40 G A
SRV PR R WA A B0 P KA FF A B sdiA
J& . HA YR RTE BURE Sl AR DG IE R (n 27 4k R
GOV EE besA | HEEZEHE M fliC & Curlin [§E
BRI csgA) e K B, H A B A TR A
A2 S RE S E  AE AT o, APEC H 3 A lasl
J&, SdiA MYEESEKE FIR T 29 19.8 f5, mIAE# L
P A A RS S5 A S SE TR (U agn43) g it T B A1
HAYBREITE . 1Ah, RN sdiA 1]

CESET] E’Jé%%ﬁﬂ%ﬁ/ﬁzﬁﬁ FREERT, LR
PLETS A Ry i — 2D AESE

It4h, Lasl ﬁ%ﬁ%ﬁ? DEL7 iz ik , 1 fliM

F1 motB (1% SRk JC I B A8 4k , {H fIhA 8% Sk
SERIM T 80.8%, #fENN Lasl AT fEE L FEAT fInA 5%
SR KV T R i L HE B A R, TR DEL7
Wiz, FimH E2 KRB EME RN R, 540
WA I RGBAVE ARG, AR5 fimH BiE T
%) 58.8 £, N lasl A GEZ 5 A4E APEC 15
2 O R . OmpA FiI Iss 765 5 4 KU1 0%
I 2 A T 440 A I35 H P b 2 T A
AWFFREER TR, T A lasl J5fd ompA Fl iss % 5%
KT, £ lasl o] g TS APEC S0k,
e APEC AN B AHL 1 RE B A I F Hoxd 15 £ 1
YL B R, BRI TR 2 I R
W% .

AR, #44k lasl & APEC HREfE
PEHAE APEC 4 i AHL {55437, I B3 52 m
APEC &R W4tk Xl itk — B 0T
AHLs RIFEIARIRN 2 G050 APEC YA I $2 At
2%,
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