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YR HE AL T 20 o1 A R G R A
FRAHEE, DA R % Ah SR A58 AR AL S AN 25 A
Hiep ) X4 5> 2 BE(two-component system, TCS)
Ve AN B PR S8 TR AR, [ A T A
WAERMER, HS5EIN00 . 250 & Bon
155 HADAT S5 PR AR OCEE I Y Rk . LAY
TCS FH AV T 15 15 XA Ay 1% 8t 1) 2 2 R 2 1 A i
(histidine kinase, HK)FIAH . A4 0% T 41 B J5T 149 s
VH 15 25 1 (response regulator, RR)ZH AL, 4, 1F
Z TCS b & A AN MR IIE T, fEE DR
AR R AR o A 2 R B ) A% A 45 1 e
i S 2% RO AR A, PRS2 SO0 R T
Ik, PO IR B0 PR ) 2 s ek,
Res SH T RG] ZAFAE T w g v, H
VIS E N cps BT IFTTHF, G
JEMEZHERTHIER . Res JE— M EEILHR AR 73 &
gt AL4E 3 MR : AL ResC (A2 G0 ) |
ResD (i 7 2H 22 92 Wi 1R e % IX 3 1 Sz g ) 4% 2K
1 ResB, WF573%HH, ResC BEME 7 IR AR 1b 45
5%, MBI, TGRS, K5 gk
FNE TG ResB, JA4AHE R % 5 Je ik, AT
X AT ) TS0 738 A L 3 O ) R ST R
Res AU J7 F2 40 A 455 0 8 5 R = 2 5 400 7 4 e
ZERAHDG, RH] Res BERRALA B T4 R 2544
A LA X A PR B B 22 4k . Res AU 73 RS0
FEZ AN B S A 2L A YIIROE
34, Res XZH o3 F 48 ) LAY 45 88 ) B R Y 3R
ik, FEVW TR MRG0 Y o #2 rh R AR
FHTOL, 8R1fT, APEC H Res WUAL4: R G4 it
NEHE

PRI, ASCHIA] Red [R5 E2H R 58 M HAMGT

P EE resC SE BRI IE L B AME, FFHRIT Res AL
5y B G AL IR ES A ResC %) APEC AH G AE 274
PER R, it —20 T fi# ResC 7E APEC
A K BUR A R VER LA APEC 19850 134
Pt 5%

1 AR

11 BBk, BRI, HMRISEREhY)

Bk DE719 A S0 2 73 25 % E 1 APEC Il
IRArEIPR, J&T O2 Mk A, shiAme R IHx Ak
XA S EAAHOR ", Red [RVRE 4 R S0 R
ki pKD46. pKD3. pCP20 M H Mgk pSTV28
ARSI ARAT o WY RLLFAEANAE DF-1 F AR S50 2 {7
fFo 1 HIRAERE A TS 0 B V95048 V1A T 35 A S %
(e
1.2 FEEFAEE

2xPCR Mix. DNA Marker 14 B b 5% 5 A i
LAEYPHARA A BRE Tag B A KE
542 ) (TaKaRa) TR A5 BRZA A o Jo R 32 B 7
& RRARH L) A RA A LBz
frk%, WA Sigma A F; DMEM 4035 |
G4 1354 H Gibeo ZAH] . PCR LA H ABI 2
Hl s LU E Bio-Rad 2l A%HR HL KR
K4 AEh B RR RGN H B REERHECA R
/NS
1.3 5l¥irit

WG resC HEBH R TR BRI, 45
4 Red FIERFEAIIRIT resC FEHERKTY)
ek S 5E 51 W s AR RN BUORL pSTV28 Bit
HAMGIPI(ER 1), WS EERERL( B B 5 A IR W
G
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R1. FHRPERRSHY

Table 1. Primers used in this study

Primer Sequence (5'—3") Product size/bp
resCMuUP-F AGAGTCGAGAGGCCATCGGT

resCMuUP-R GAAGCAGCTCCAGCCTACACCGCCAATGCTCTGAACATGT o15
resCMupKD-F ACATGTTCAGAGCATTGGCGGTGTAGGCTGGAGCTGCTTC o1
resCMupKD-R ACGATTCCCGCGATTTCCTGCATATGAATATCCTCCTTAG

resCMuDown-F CTAAGGAGGATATTCATATGCAGGAAATCGCGGGAATCGT

resCMuDown-R GCCGATGACCATCCGATAGTC 848
resC-F CTGGATGCAGGAACGCTCCTG

resC-R CAACGTCAGTCCCAACTGACG 1885
resCOut-F GCCAGTGATGACTTCTGCTGC

resCOut-R GCAGTTATGTGAAACGCTGG 487313085
resCCo-F GGCGAATTCCGTAGGTGATTATCGCATCC

resCCo-R TATGGATCCCGATTCCCGCGATTTCCTGA 3359
dnaERT-F GATTGAGCGTTATGTCGGAGGC

dnaERT-R GCCCCGCAGCCGTGAT 80
ompART-F TCCAGAGCAGCCTGACCTTC -
ompART-R GCTGAGCCTGGGTGTTTCCT

fimCRT-F GCCGATGGTGTAAAGGATGG

fimCRT-R AACTTTCCCGATCCTGTGGC 127
aatART-F CCGTACCCGTGTCGCTGTTAC

aatART-R CAGCATTATCAGCATTGCCACT %8
{shRT-F GCACGAACTGGGAAGTATGGA

{shRT-R GGCATAGAAACCACCACCCC 18
fyuART-F TTGGCGACCAGGGTAAGAGC s
fyuART-R AGACCCGCAGTAGGCACGAT

luxSRT-F ACGCCATTACCGTTAAGATG

luxSRT-R AGTGATGCCAGAAAGAGGGA 81

1.4 FERBURME R B AMERE

HAE Red [F]J6 5 241 R G0 80 2 )y vk, Gt
PIGEAT resC HH IR AT ZPUER B, A
Je ¥ Ho L A AP Ak DE719 Bz 5 4niarh, %
A1 8 R PO T HR i 18 L DRl I ik o PREBCEA S e
K PCR K 7 %58 resC 3E R B Hk

L DE719 FY5ER 2 DNA Mtk , FIFHE AN
ViP5 resC JEH, FAEEE #MNTRL pSTV28-resCo
D TE A /S F A AR AR DET19AresC H, 3
FER H %Mk DE719CArcesC.
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1.5 AKML Kzt e

B g% ¥ 4£ ¥k DE719 . 3[R B %k B
DE719AresC KK B AME DE719CAresC 2 X 54
K4, R 2 ODeo=1.0, % 1:100 #Fh T LB
R T 37°C, 200 v/min JR% 5555, /N
FEFFIN5E TR 9 ODgoo "WOGAEL, 1C I F 22 1 4l 1 A=
K4k,

35K S uL P E ODgoo=1.0 HITE R S FET
B B HR(0.5%3E0E LB F-HR) |, 37 °C #E ks
F# 12 h, SRJ5 0 E TR TE R EAR .
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1.6 AV EIE BLEE 1 E

AR SCHR[ 13105 2% F 96 FLAFL AR 2 0 22 4
R A IR Y B RE ) . K5 3R B AE Rk DE719, gt
RS bk DE719ArcesC 3P B #Mg DE719CAresC
2XHAERM, RIFTHHEEZE ODso=1.0, # 1:100
Wi BT LB+0.5% M g M s g2 5L, IR ImA 96 FLER
W, 5L 200 pL, PLICHEBESEREAE xR
4, T4 6 ANEE, 37°C K53% 24 h, FJCH PBS
VRS MG S 2L 8 30 mine YRR TS
A 95% B, ME ODsos A
1.7 BT

S22 SCHR (1305 W38 3 00 2 100 Ko 38 B 7
Ak DRI bR S AMR R BE AR RE T o KGR
A ¥k DE719. JEFELL K DE719AresC ., JEH H Ap
Pk DE719CAresC ZXHUAE K, ARG HER
ODy0¢=1.0, PKify 10 min Ji5 & T % i , 555 30 min
MBIV R T 100 pL H4, WE ODeoo WA -
ICREE R, il & T TR R i 2
1.8 ZHMEFM 5 RFAK

AN EFHEANAE DF-1 A EE N XA RIS
B CHR T 64T, KRR WP AE bk DE719 ., B K
Ji#k DE719AresC. JEH HAME DE719CAresC &
BRI, FIJCE PBS #Ei%)5 LA DMEM &,
2 100 4L 5 B (multiplicity of infection, MOI)
Y DF-1 4/, T 37 °C. 5% CO, %M THEM
2h, DAJCH PBS VEIAIML, SRS H] 0.5% Triton-X
100 ZfRAMMIFAE LR RIS, WP, TR

M 22 5 A M AR gy A ]
YLD 2 h 5 LATCE PBS VRS 3 Wk, & A POREE
(100 pygmL) DMEM, F 37°C, 5% CO, &4 T
YER 1 h ASEHISMITE . S8R5 H 0.5% Triton-X 100 %4

AT RS, WP, TR AL
1.9 BURHENE

ZIRSCHR[14107%:, BiFRBFAERL DET19, JEDR Gk
Jtk DE719AresC. HEF HAMA DE719CAresC X}
BUbE KW, JOR PBS k. HEE, L 1x10° CFU/H
FIEIRRILABCEE 7 H RS, 4110 2, K
BRI IESMER 7 d, ICF AL TNEOL, THREUER,
1.10 FEER PCR KlE ) 5L F 5% Rk

SIESCHR[15-16], Sl BUF A% DE719, Jk
Rk DE719AresC., 3 HAME DE719CAresC
) mRNA, FIFH S X0 G S % 5% cDNA,
PO E i PCR Kill, RNIAZR N 20 uL:
SYBRGreen PCR Master Mix 10 pL, RS
(& D4 1 uL, cDNA Bifh 2 ul, #ME ddH,O
F 20 uL, SR 95°C 2 min; 95°C 5s,
60 °C 10 s, 40 MEFF. K AACH(Livak)ik! 45y
UIESTIE LY S

2 ERFpH

2.1 EEGRR. EAMRNHEREE
FIFH Red [RVEE L RS LT ANFRL pSTV28
Sa ik ake S es kR v I AN 7 S 1 e 88 (P
Wiv% . FIFSIY resC-F/R 17 PCR %5, 4500
IR TG 1 Y resC JE DR B, 1 P A R A
HAMER] LY 5] resC BRI B 09571 (8 1), LAG]
Y resCOut-F/R N5 |17 PCR § 34 IF MY, &5
T resC He KR K B AMAAL EE L
2.2 ARKEIEAEFAERT
AR IrE R ER, B, BRI
LR A A A P A R — B, R E
(Kl 2-A), £ resC FEF AN DE719 Hy A K 3
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Figure 1. Identification of mutant and
complementation strains by PCR. Lane 1: Wild-type
strain DE719; lane 2: Mutant strain DE719ArcsC; lane
3: Complementation strain DE719CArcsC; lane 4:

Negative control; M: DNA marker DM5000.

o SR, 12 s gsR Eon ik R 2k k2 sh it
BES TR, HAEAMERIZHERE ZE 4
RIKF-(P<0.05)(# 2-B).
2.3 resC BRI 5 M A YRR A TE B

AP R R RE I S5 R o, Bk resC
R I APEC 14 W R 1 B 7 i 5 BRI

(A) 3.
- DE719
=+ DE719ArcsC
-+ DE719CArcsC

OD, 600

17T B A 4 A 19k O 1 e ) 45 AR 52 (P<0.001 5
P<0.01), ] ResC A LIFIH| APEC DE719 A4
BRI B 3)

2.4 resCHEEN APEC HERETTRE

WnE 4 frzs , Bed bk DE719AresC HITTRE 3
A S8 TR AR, T EAMAIIYKE T APEC MY
Witk BE M BEAERE ), S5 RRW], resC R
APEC MHBEER S iR
2.5 HHFMHEZEAR:

MR RE R LE R (R SR, BPAbk . N
Bedtk | EAMEXT DF-1 40 A9 Bh R AE 71 0 8. 22
5(P>0.05); SR, FERIGRRARXT DF-1 41 M 4=
R AT AR R, FAMERIRE B EE ) 1M &
Z YA BROK - (P<0.001; P<0.01), B resC A
7 APEC {278 DF-1 4l i 72 v & #5241 FH -

2.6 BURHIWE

SrHILL 1x10° CFU/H I8 1 EF 4 4% DE719.

bk DE719AresC. HAMA DE719CArcsC 24
B) 10 -

8L

;
i

~
T
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Strains

2. FEEPRRYE K & Fz B AR

Figure 2.

Bacterial growth kinetics and motility of each strain. A: Growth curves, the values represent the average

data of three experiments and the standard deviations were shown; B: Motility diameter of wild-type, mutant and

complementation strains. Difference between mutant and wild-type, complementation strains were statistically

significant with a P<0.05.
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3. SYWRERGE
Figure 3.

M7E

Determination of the bacterial biofilm
formation. The columns represent the meantstandard
deviation of the data. Asterisks indicate statistically
significant differences (**, P<0.01; *** P<0.001).
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Figure 4. Settling rate of the wild-type, mutant and

complementation strains. The data was represent the
mean+tstandard deviation of the data.

ARG, IR WOREFAERR . BURBRFIEAMEXT 7 H
WA 1S B BOE 2 58 50% (5/10) . 30%
(3/10)F1 50% (5/10). 734k, RRARIERGLHEPRAT
HE BE T B - B A DR RN BRI IR L PR A Y, 45
REW] resC HEHBR T30 APEC B0 1 T .

(A)
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~
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Strains

5. BHFMEXBTE RN DF-1 4 FM R R
ZEueh

Figure 5. Adhesion and invasion capacity of APEC
strains to DF-1 cells. A: Relative adhesion rate to DF-1
cells of APEC strains; B: Relative invasion rate to
DF-1 cells of APEC strains. The data was represent the
meantstandard deviation of the data. Asterisks indicate
statistically significant differences (**, P<0.01; ***,
P<0.001).

2.7 FHEREFRKF

XFHPAE AR . SRR LA MR B A DGR
SEACE R, resC SERER T ompA .. aatd
SuA T xS BRI sfoRKE34 i 2 REAR(P<0.001) , T
SimC F tsh B (e 57K V-1 25T (P<0.001 (] 6)
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Fold change of mRNA expression

0
ompA  fimC  aatA tsh  foud  luxS
Genes

6. FHHEXERERKESH
Figure 6. Analysis for the transcription levels of
virulence genes. Asterisks indicate

significant differences (***, P<0.001).

statistically

3 3t

TE A SRPREE AR, A A A A T e 2 058 140 2
AU REANFI 55 o A D T 3 2 R OR R 45 R 5
Pl LR s sk ik, UEMTRE L E SRR &
25, DTG TE B AN R R . S8, BOw e
A LA 1 2 2% A 9 s o 245 TG e el A L O R IR Y
SRR, TGRS I 1 IR EE T B
FEJG BRI AR, 5 2 R Ge A TR A A 1 2 2 4%
W4, TR B A0 T R AL, B B s
LI LA . TCS JIZfEE T amah, HaT DU
WA AR, angRs)y . BB BT E RS,
3 2k XU 43 1 A TR A R 2 TR A VR 1 A0 A
AL SRR, DT AN T 00 2R AR . TR
W, A W R O A T,

APEC AR LG R & R HE , 555 &)l
U E AT, M HAE S AZE ExPEC (9
JIFEf R, G N AR S I T A
S ZREE S H IS 5 APEC B
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MBI AR, BHHEIZAIAR) APEC W& T3
BASERMER . RER . USSR P
RS, MRS, TCS %, HEl, SARE
B TCS RstA/RstB #l PhoP/PhoQ 7 APEC E(iit
PP R AEVE N0, BAR EAMIFIE R Res AL
DRG] AT AR R A E D, HEES Y
MR AE M . JEREG . AR YR TR B B0
PEZE T, 4RTT, APEC ' Res W4 RGEHY
YERMANERE . Rk, AR E Res AR
G IR Z WD IEN resC BIBRAAR I HAME, FF
T ResC X APEC AE W24 Rtk T B0 M52l
ARG LE SRR resC FERBLR AR APEC
AR, (AR LU A iz sk, 5
UEAHTE], Res XAL5> R G0 AT AP KA FF B L V01
WA S AR TR B 10k 3h NSl , X JEH T Res
XU ZGE AT IR AIRDC ¥R\ T-H0%E 55, M
RS HER A 0 2 IR AN B 3
BT WS AAF R Y B — R AR S A, H
A P 1 2 TRV AR R i A R TR BB -
WFE R, Res WUEH 73 FR 4 ] LA A U9 IR 1l
AT R, A48 DR W) 114 240 BR1 B T 976 2 2
TCE 7 0 41 23 1) 3] A W) o HEE 1l Ry — Ak S A
i, Res WALS> RGENT LIDHIHEE . U Agd3 FI
GEEMRIE, 240 R % T4 2R e
IR SR, Res WLH 53 72 G2 ) I [m) 8] 42 400 7
BB G L, HAT A 2R P B
K, resC R R R 9 A: P19k IO 1 e ) i 2
B, SRR K12, YW THEMa AT 5
EE SR —B, BEAETTRELE SRR resC SLR B3
58 1 APEC MBESEETTRERE 1, HATREZ N resC
BRJGHIE | U Agd3 MFREsR" ) s A bRy
RIASHA BT KIGHFF B4
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o Jir T ) 28 T % 152 2% e 0 %o I il M Hk e T
AN bR B e PO AN LR 2 R 4
e W BE DR Bl de MR DF-1 B9ZE R RE )1 B #7251k,
SR BRI R L B A R 4 40 M R 22 BE T (3 A
MR, SEMELE AR L RS R R A TR 42 22 i
L5 PN Rz 240 M3 A R B AT, T resC 2R
PRIGSEREE BBEAIL, HorTRES IS APEC 122868 /)
R, DTS B A Y B0 ) AR T kb
PRIV 22RE 1 K B0 15 22 B koK P, R W]
ResC 7E APEC (30t B R HEET . Sk, ¢
St i PCR 45 R /R85 J1 3 ompd | aatd | fyud
I luxS FED A5G sRoKF- X 25 FRAK, HonT B2 Ak
DRt bk 7 BRI SR P 2 — o SR, SRR Bk
PR fimC R esh BRI A5G S-ACE HR, 580K 1
GERA—F, XTI RE T AN R R h 2
BN R FILEUREEN . JFH, #F5REY TCS
RstA/RstB il PhoP/PhoQ 1,3 i #1443 APEC f % /1
S 2 5 RIS R BuR L 0 54, Res
WS RGEMS G SRR . W
RIGHFF TS5 B BE I o 2ok % S 2 24 43 B R I
Res W5 RGEE PP TTREE S8 1 (SPI-1)
MEE B 2 (SPI-2)RYRIL, AT E RN
JL Ko P27, SR, Res MU AY 2R 48 v 4 1
ResB 38 s AN [f) 5 2% i H I K FF 7 A LEE
B ) By S E R BCHE TOREEAERT, FEAS [R5
RIEVER . 1E EHEC B L, ResB id i # 5%
W F GrvA FiH LEE 51 51085 R IhEE,
J34h ResB L] i it 4% 5% 9415 A F- PehA i)l ifil LEE
F SN

A SCi I 43 BT ResC % APEC F AR 425 ek 1l
Fow P, K3 ResC REUEINE APEC (1932 3hiRE 1 )
BESEUTRE , (HREUSAL HE A= W9l B T2 B S 350 77

FIEAT it ResC X APEC (EURAE IS %
H1 T TCS " iZAFE T, moRTESh A
kI H TCS il a4 4n T By A= KA, AT
Z 580k . Wik, o LLEE k% TCS K
MR FELE B TCS, 5 9 It 1 1 B I
Sy A TR 1 9 7 S 2 0 R B AR B R ),

Z % 3 W
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Two-component system rcsC gene affects pathogenicity and
associated biological characteristics of avian pathogenic
Escherichia coli
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Abstract: [Objective] The two-component system (TCS) Rcs is involved in the regulation of bacterial adaptation
to external environment and survival. The aim of this study is to elucidate effects of sensor kinase RcsC on
associated biological characteristics and virulence of avian pathogenic Escherichia coli (APEC). [Methods] We
constructed the rcsC gene mutant and complementary strain of APEC by the Red recombination system and
complementation plasmid. Then we compared the growth curve, motility, biofilm formation, agglutination,
pathogenicity and virulence gene transcription levels of mutant, wild-type and complementary strains. [Results]
resC gene deletion had no influence on bacterial growth. However, inactivation of rcsC gene resulted in enhanced
motility, decreased biofilm formation and increased agglutination. Bacterial adherence and invasion assays showed
that ResC contribute to the invasion of APEC to DF-1 cells, whereas, it did not affect the adhesion capacity.
Moreover, resC gene mutant strain exhibited attenuated virulence in ducks. Quantitative real-time PCR analysis
demonstrated that the transcription levels of virulence genes ompA, aatA, fyuAd and [uxS were significantly
decreased in mutant strain. Whereas, the fimC and t¢sh transcription levels were significantly upregulated.
[Conclusion] These data indicated that RcsC play roles in regulation of bacterial motility, biofilm formation,

agglutination and virulence of APEC.
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