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GER IR, rstd FERTERZRAEE T RIBKCEPEIER FF T B3%E B, BORTURIMERTREE rsid K
BN S . 6 JAlE BALB/c /NRUIRIB IR IR 45 R BN, rsed SURKRAESRE . Bl . B e (97l
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AT S o TCSs 3 A 85 I X 1Y
B RN AR T A% 2H 22 2 1 i I8 32 T8 AF (Sensor) [
HAH R A %8 TG (Response  regulator) B #1543 41
W B2 ITIFRERE RN R E FR S S e, IF
W15 S ALy RN oo G A, TS AL R0 T
fF, AT EERS SRR E S b, NmRET
We S IR (% s 263k, RstA/RstB FR G0 JE—FhgLg
IR RS, WIS 25 1 RstB N HAR I Y
ROV RstA . BFFEEH] RstA 45l gk
A2 BT Y RstB AR s ER AL , NS RstA
(') DNA 2554503, JRMHDCOER Rk, 1
SMIFFE R, TERIHFE . RstA/RstB ¥ L 24 14
XTI 2F . 3 iR R TR RS R T E
RstA 1) ZH 5 D RERS I 265 ATP B yjeE H
PRI BRI BORE R A, R A2 ATP i
A &R ; Ogasawara S50 48 H KM HFF 3 H Y RstA
Al UE asr (BRI RNA)E L FIRP, BAPIR A
BAEVDITRE T, RstA 7620 R XU IR 5 4 Fh
IO R R B SRR IO EAh, RstA Xt
F AR N R TR -t ke RN,
PR B R W A AE T a2 e &, It AT 2%
HINHZRG TS SRR W BoR o #, (HEk
D EH RS IE S .

A5 T T TCS RstA/RstB H A% 3 [
rstA 5 UPEC BURTERIRFR, FIA] A Red EHAH R
45, MIEET rstd BLIRE UPEC Ul7Arstd, S1EDE
— T TCS #£ UPEC 80 il 12 iV F SR A
5% UPEC [WECRHLHL,

1 AR

1.1 TEBRAIEOR

UPEC U17 TRk AL % i Il R PR 18 8 e
) oy B TR SRR, s R R R . Ok
pPACYC184 HAKIR[EsRE MG . A5
() BORLFN TR R LR 1
1.2 2 & Red E4 R G 8 HE F 5 &K%
U17ArstA
121 SRt RAEERL pKD3 P81, #its 1)
AF/AR ¥ 3@ RN, S 5'5m 535
50 bp 1Y rstd b RS A R IEEZH AY [ (R
RILEERST). 519 BE Fl BR 4 rstd FFRHEHE | F
WiEFes, 454G CF Fl CR T rstd SRGHRIVEEE . 5l
¥ HF F1 HR ¥4 rstd ORF K B s TAEN TS,
LIRS MR 5149 QF il QR I T99tE & PCR
Krill rstd FERFRBACE-. 51975103 2,

® 1. KFIRPERERMABR

Table 1. Bacterial strains and plasmids used in this study
Strain or plasmid Characteristics Source or reference
Strains
u17 Wild-type strain of UPEC serotype nontypable Human
Ul7ArstA U17ArstA This study
DH5a endAl hsdR17(rk mk")supE44 thi-1 recAl gyrd (Nal®) Invitrogen

RelA1A(lacIZYA-argF) U169deoR ($80d lac A(lacZ) M15)

Plasmids
pACYC184 low-copy expression vector, Cat" Tet" gifted
pACYC184-rst4 rst4 fragment cloned into Hind III-Xba I site of pACYC184 vector This study
pKD46 Amp; expresses A Red recombinase [14]
pKD3 cat gene, template plasmid [14]

actamicro@im.ac.cn
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F2. ARAWHFERTIY
Table 2. Primers used in this study

Primer Sequence (5'—3") Target gene
AF ATGAACACTATCGTATTTGTGGAAGATGATGCGGAAGTCGGTTCAC pKD3

TGATTTGTGTAGGCTGGAGCTGCT
AR TTATTCCCATGCATGAGGCGCAAAAAGATAGCCTTTGTTACGCACA pKD3

GTTTATGGGAATTAGCCATGGTCC
BF ACACTATCGTATTTGTGGA Upstream region of rst4
BR TTCCCATGCATGAGGCGCA Downstream region of rst4
CF TTGTGTAGGCTGGAGCTGCT pKD3
CR ATGGGAATTAGCCATGGTCC pKD3
HF CGCTCTAGAGGAATAATCGGCCACATACT rst4 for complementation
HR TCAAAGCTTAGCCCGACCAGCAGAGACAT rst4 for complementation
QF CAGGTTACCGTAGAGCCG rstA for qRT-PCR
QR TTCCAGTGCCAGGATGTG rst4 for qRT-PCR

50 bp up- and downstream region of rst4 are underlined.

122 EHRBEWYH: L) pKD3 KBk, 1
5141 AF/AR 3383 [ P it 45 50 bp rstd [A]UE
A Z LM PCR =Y, FT A Red [AIJHE
2H N B ERMEFTHE DNACPCR §7 38 F B4 1.1 kb,
PCR /" ¥pid it 0.8% I AEli B i UK AT 588 . &
H, Pk 48 78 A TR BE ) PCR 724, Fi Agarose Gel
DNA Purification Kit B[ 4fifk, DNA FBEt.
1.2.3  U17ArstA BREBRMIER : F PCR & 14 19 20
R BOREL RIS pKD46 Bz A4 U17 W,
i3 A Red FA RGAWHIEH B U17Arsta!™,
1.3 FBIEHRAE

| TE 28 A4 (http://www.fruitfly.org/seq_tools/
promoter.html)FUM rst4 FEH B G 81 AR B
50, WIt51%) HF/R, ¥ 344G rstd ORF ¢
RS TFAENRT S . A B R B i B A Tl 2 sk
pACYC184, HHEE L Tk pACYC184-Ppyiversido
W F2H TR L A A BRI, A Bl A bR

14 BURBRAEYIERFERIPTSE

141 #E7E LB TEMAKEFREPE RIS
BRI RE = 73 591K BEF A AR ke 2 R P B TR i ol

T 5 mL Brfif LB Kige gk, 37 °C. 220 r/min
PREEFRIA, 55 2 RIS % 10 mL 1Y LB
WH B A 200 pumol/L 4k 2 T2 A7 2,2'-dipyridyl
(DIP) LB #8533 H ), JAHT ODgoy 2 0.05,
37 °C. 220 r/min FEHRI5SE, i%EZL4 h; & 0.5 hill
S BEFEWI ODgoo T, SR JE AR BRI 7 14 {ELXF 48 7T 1)
AR IR A T2, 43 BT B A k5 i MR AE LB
WA PSP AR ZES
142 RSMERBENIBEEE . 408 XX LB
Wi b, 37 °C #rE 3R 16-18 h, PRI 10 P EA
FVEFE LB [EARRFREE iR RIZk, 37 °C §EKE
F&4ho Fl 1 mL % 15%H A PBS ¥ LB ¥4l I
AN, KA BB 2 1x10° CFU/mL,
K100 L ZH AR 4515 900 uL pH 4.0
AERYE LB B35 %L . pH 10.0 ) 100 mmol/L Tris §i
VWL . 10 mmol/L H,O, IR AT, 37 °C i FRAfith
FHEAEH 30 ming 5545 B 100 pL 20 T 20 43 ) 5
3 mol/L JREE . 4.8 mol/L NaCl IFHE 1 - 1 ZAFH
1RA], 37 °C 574 #EAVEM 60 min, VAR
T 15%Hh PBS 3B Homks, ~PAlit4k, 18h

http://journals.im.ac.cn/actamicrocn
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JEMEEEE R

1.43 BERAEGEEARM . ¥ Srdjan Stepanovié
S 00 S L AR A e ARG Iy U TR T, BRI
AT R LB B35 Bt R 55 3% B 100 L
BN 10 mL LB WA SR, 220 r/min,
37 °C HiRFE 557 2 h, P45 WK E 2 ODgoo 4 0.1,
96 FLEFFEN R AFFLIIA 100 pL B, JCA 37 °C
BAArh i E R 24 h, /NOFEERFRW, PBS
V3, ALRKT, BALIN 0.1%%5 i 58 e il = i
Yefd 30 min, PBS & 33, XUTJEMIA 100 uL Z
REIE A, SRS A AR S, BT A
5E ODssofl, T 3 IKBCFHAE.

1.5 45 RNA REUEKIEER PCR

1.5.1 4iE RNA B3REC PR U7 W% 2 3 mL
LB AIESRSEH, 37 °C. 220 r/min FFREGFRR
5 17100 L4 A 258 LB A1l LB-Fe (200 umol/L
DIP)i i F7%EH, 37 °C FEIRIEIRE ODooo N
0.4-0.6, HEEUAIE RNA, HUAERIEHIR TaKaRa
/A ) RNAiso Plus Total RNA 48 Btat i B 43 14
17, FfiF gDNA Eraser (TaKaRa)Z: [ 3k K 241
DNA {535%, WI5E Aseo/Aaso 5T RNA HIHSE o
1.5.2 cDNA B4 8 : FIJH PrimeScript“RT reagent
kit (TaKaRa)#t 1T cDNA H& 8. AL T
4 pL 5xPrimeScript” Buffer, 1 uL PrimeScript® RT
Enzyme Mix I, 1 puL RT Primer Mix, 10 pL RNA,
Jin RNase Free dH,0 #ME 2 20 uL, JR2). #1717/
FESEROB, FEFFH 37 °C 10 min, 85°C 5s.

153 FOLER PCR: FIEIFBET rstd 2OEE
i PCR 19514 QF/R (% 2). IERIEEN gapd
WS, FIHZDEEE - PCR A rstd 3 R 7E LA
B P AR R IR Ko SOE R PCR BN R R

actamicro@im.ac.cn

% ® SYBR Premix Ex Tuag (TaKaRa)i#{7, 20 pL
FAARZHIA 2xSYBR Premix Ex Tag 10 uL, |,
TS 19145 0.8 uL, 50xROX Reference Dye 0.4 uL,
cDNA Bt 2 uL, MKRE LK ZE 20 uL. R5IE
£ ABI 7500 Real-time PCR ¥ 38 {Y vh k47, 2 i 2%
H: 95°C30s; 95°C5s, 60°C31s, 40 M
s 95°C15s, 60°C60s, 95°C 15,

1.6 6 JE#: BALB/c /) BURERYRL:

FIH 6 A BALB/c /)N BRI ekl

3 50000 A R L I R R T A N B B0
Mo fE/NRIRIEICFERT 24 h, AR IRIBIF R4
T, THEEERAE 102 CFU/mL LLEAYT LA
NI Z AT, BRET R UL T e HES
e IR, IS R 2% L 240 (40-70 mg/kg
TREE)IE W VE SRS . #5#8 Model“117Plus Syringe
Pump B9 R, B %2942 0.28 mm (19504}
AF PRI RN 50 pL W 10°CFU), #RfEZ
AR 1k A i RS S R A I . LSS 48 h
FA, BUELBEE . B RN BT, PR ATIUR
WA BRTTEER, ARG DN 24H  8 PRI SR 48 h S TE/)
BRI B A i

2 ERFpH

2.1 Ul7ArstA SRBRIGHIEE R4

W38 AT rsed RV 0 S A R Uk I A
B rstA-cat WAL AT A pKD46 1A #E UL7
Wk, ESREEEL, PORE AR R AR
AR BB vERERR AT PCR %55E, LA BF/R 5
Y1 i R R PR A B, YRR AE k1
JBeA 720 bp, SRABRARAT R/ 1100 bp (4 1),
FERHBRIAR ULTArstd FIEERLEN
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bp M 1 2

2000

1100 bp
1000

720 bp

1. Ul7Arst

KLk PCR ETE

Identification of Ul7Arst4 by PCR. M:
200 bp DNA marker (TaKaRa); lane 1: the amplified
rstA fragment of Ul7 by primer BF/BR; lane 2: the
amplified rstd-cat fragment of Ul17ArstA by primer
BF/BR.

Figure 1.

2.2 ISR KR

o (0] 42 JFokE pACY C184-Poyiverstd i, HLE%
1k U17Arstd B2 bk . PCR %5 i e i 4R 5 0] 42
Bk, PCR P HEHK/INA 720 bp 2471 rstd BPARESE
1, VA rstd RIS I 44 0 ReU17Arstd (K 2).

23 GURPREIAE YR

231 U17 BRBURHRE LB TEFHRETHAEK
Mgk : M5 U17 R R ARTE LB th 2 slldfi 3 0.5,
1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0 h BffJ ODgoo
MZER, Zh AR LIE H rstd LR SR
PR I8 £ R 32 A B A AR L TE T i 2 5% (K1 3).

232 U17 RBHRHRTE LB HEREFREPHERK
MLk : P UFLERRFNZE AR R A B4R T 10 mL &4
200 pmol/L £k F# A7 DIP 1Y LB #4773
t, WAEKIMERTLUE S, A 3h 5, sRbkry4:
B R A A R AH EEBH S T B (e P<0.01) (B 4),

2.4 RHNIRIE N BSL
A58 B 2 o R A ik 0 AN [) ) A 058 1 2% 44

TAEETEOL, 45 B R BURFRTE pH 4.0 IR
LB 55353 . 100 mmol/L Tris . 3 mol/L JRZ .
4.8 mol/L NaCl 5838 KW LA M 10 mmol/L H,0,
H AT 2585 B AR RRAH DL (P>0.05) (18] 5), 2B rsed

) ik 2R XoF T A TR FE 3K LR IR BE 451 T I A AR I
5\’} ﬂﬂ o
bp
2000
1000 1100 bp
720 bp

B 2. [ElS# ReUl7ArstA PCR £7E

Figure 2. Identification of complementation strain
ReUl7ArstA by PCR. M: 200 bp DNA Marker
(TaKaRa); lane 1: the amplified rst4 fragment of U17;
lane 2: the amplified rst4 fragment of ReUl7ArstA4;
lane 3: the amplified rst4 fragment of U17ArstA.

3.5
——U17
——U17ArstA

3.0+

251

2.0F

ODGl)l)

0 05 10 15 20 25 3.0 35 40
t/h

Bl 3. FARIERARAE LB PRIERH
Figure 3. Growth curves of wild type strain and
isogenic mutant in LB at 37 °C, and their optical

density checked at different times.

http://journals.im.ac.cn/actamicrocn
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1.6
L4~ Ul
—+—U17ArstA

OD(yl)l)

1I.5 2I.0 2I.5 3I.0 3I.5 4I.0
t/h

E 4. FFAEBRFIERAHRTE LB-Fe 15 E P RIE K2k

Figure 4.

0 05 1.0

Growth curves of wild type strain and
isogenic mutant in LB-Fe medium (200 pmol/L iron
chelator DIP) at 37 °C, and their optical density
checked at different times.

100 =U17
OU17ArstA

Relative survival rate/%
i
()

o > .
< < : O o
e \\\’0 ¢ \\\’Q&

o N%
M-

Environmental stress

B 5. FFAEMRFIR TR INIRE R B0 38
Figure 5. Bacterial resistance to environmental stress.
Each strain was tested for different environmental
stress including acid, alkali, high urea, high osmolarity
and oxidants challenge. Results were expressed as

survival relative to wild-type strain.

2.5 TEMRAYeERI
AR RN 25 R R, BPARRR UL7 ODsso

actamicro@im.ac.cn

5 0.326+0.022, i Ul7Arstd () ODssy 5N
0.342+0.018, SHFAPRAH b 22 A 125 (P>0.05),
M rstd FEPI BRI UPEC AW TR A BE 4
AR,
2.6 WHER PCRER

qRT-PCR Z5 5 /R, U17 76 LB FIEIRE T,
rstA LR A e LB IEW B R &4 F F % b
P8 2.38 f5(** P<0.01) (& 6), H /R FHRFRIR AT B &
rstd RIERON RIS
2.7 6 JEi# BALB/c /) R ERYAL

48 h WIRN SIS R BoR, S84
BRARLL, SRk ULTArstd TEJRW . Bl . B
FROAH T R W] I R R (*P<0.05), 6] retd Bk s
D3 WA, T [ A A i R O e B A R K
(# 7).

_ rst4 expression

g
=]

%

Fold change
S
[} W S (o)

o
W

LB LB-Fe

6. U17 7£ LB-Fe IME T RY rstd #AXFRIKKF
Quantitative RT-PCR analysis of rst4
genes’ transcription levels in wild type strains U17

Figure 6.

under LB-Fe environment. Transcript levels were
measured in cDNA preparations from each strain and
normalized to the gapA level, and results are shown as
fold changes relative to wild-type level. Asterisks
indicate differences (**

P<0.01).

statistically significant
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B 7. FERMREKNRIERANESSHIRE
Figure 7. In vivo colonization in 6-week-old BALB/c
mouse. A: urine; B: bladder; C: kidney. Data are
presented as logl0 CFU/mL of bacteria from urine or
log10 CFU/g of bacteria from tissues. Horizontal bars
represent mean values. Each data point represents a
sample from an individual mouse and the detection
limit is 100 CFU/mL or CFU/g. The data points that
are below detection are on the line for limit of
detection. Statistically significant differences are
indicated with asterisks (* P<0.05 as determined by the
Mann-Whitney test).

3 itk

UPEC 7 A 1215 E T JRIE YL i fgrp, 28
T B — A~ 2 ISR R . IR —Fh
BREZNARE, HPhEER . /N2 KA

i

TR SF o mARME, KRt RIRE M. UPEC
REASTE I PRI AR R A I, FERAHZ K

FSERRAE IR, HAE KRR T 53 4 — A
HEMEFFCR—RE T, (R A Bk 11

PRI P i 5 i 2 AR P, UPEC X IR 3H 11 %
Pebr T2 BRTEFA, b e —RIH

IR T), WGP SRR, pHAE, *MA
AT MBCR Y0 LS e MUE Y R e 4 5
SEAECU TR Ak B 5 S S BRI ) 1 36 R T
UPEC BE 3 B 7 e 2 CH %L,

TCSs TR REEE 5, W45 20 T R BRAC G L
N3ty T R A AR . TR,
WX K-12 RSN AT 91 08T, BIAEAE 29
PPl S BRI IR 7 o0 . 32 RPN TIEA 1 Fh4l
BRI IL 2 71, RN D RGfES S
PR R B E M R AR, AR BB R IR E 1Y
WEAGS, g, fERFREE R GESm
IR, AR ST AN I WAL R G S 5N,
R AR TR S N . TEARZ A R, B
AT RGNS 58] UPEC MUk,
filtn, TCS BarA/UvrY REGE A &5 04 il i s (1) b
G fR RO S AR IR AR W 4, {2 iF UPEC MU 1E
FAP; TCS QseC/QseB ', QseC #FAIHLL , fiE
0 S5 AT IR . AR DA R G, JF
258 UPEC # I FREPY; 5541, TCSs
PhoQ/PhoP il AirS RZZE W HIA N5 UPEC 180K
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PEASCEEPY ), HAl, J&F TCS RstA/RstB [
BRI E S U KIZR GG S5 UPEC UK
PR DL AR E

7E TCS RstA/RstB Z4iH, RstA fEREONE
RGP DIRE, AVFFEN X retd 3500 R
R FHSE R AR 1, AR T rstd BIR TEAE K
T AT LA R I A R 1 A 2 R T R B0
P, DU T rsed SRR A Y203 XARE, G
X oMy TR SR, T 4 O A5 UPEC
5 ) R

T ARSI N 15 RIS, LR T rstd

B REFN BT A BRAE BRI . SRR . mORIEIRK . &
BBEE. RN IR R T EArRE S, 2
RN, BRRHRTE R IR KT A A BE 18K
Y A MR LU TG B B 22 5, SR W] st AT REXT T UPEC
X b AR TURP BRI i b A vh R 0 A A PR
BAELTRRINR  , rsed IS R A A R B A BT A
BRAHELBH R R R, 34h, qRT-PCR &5t iR,
TR, rstd SRR TR BB IEH FT
B FOR, XSRS RR, SR RESE rstd
RN I —Fh RN 5 5 o

AR, Bl bk 5 B A BRAH L, 75 6 JRl i BALB/c
/INERIRIEEFARE ) W3 TR, FERIAEIRME
5 FOE R O 1 B i B SRS, RBH st R
FE UPEC U17 W8/ FRE, J3 oM w sk ik
W rstd FERPEAT RIS, SRR IR S AR AE FRGE Y
JE A RE 2 T B AR KT, U B 2R AR B T Y
TREFEIRE T rsed SRR, SETTULRH rstd 30
IR UPEC MYEUK I AHSCER , Ft AT UL TCS
RstA/RstB  7E bR 8 S50 P K #3119 B0 1 72 vh
RAE—EIER
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Deletion of the rst4 gene of uropathogenic Escherichia coli
strain U17 led to attenuation of virulence in mouse

Qingqing Gao, Qiwen Shao, Zhenggin Ye, Le Xia, Song Gao , Xin’an Jiao, Xiufan Liu

Key Laboratory of Avian Bioproducts Development, Ministry of Agriculture, Jiangsu Co-innovation Center for Prevention and
Control of Important Animal Infectious Diseases and Zoonoses, College of Veterinary Medicine, Yangzhou University,
Yangzhou 225009, Jiangsu Province, China

Abstract: [Objective] To study the role of response regulator rst4A of TCS RstA/RstB in pathogenesis of
uropathogenic Escherichia coli (UPEC). [Methods] By using A Red recombination system, we generated the rst4
knockout mutant Ul17Arst4 and the complementation strain ReU17Arst4. We then compared and analyzed the
characterization of the mutant strain and the wild type strain in vivo and in vitro. [Results] The growth curves in LB
showed that the deletion of rst4 did not affect growth kinetics of mutant, whereas in LB-Fe medium, the growth
rate of Ul7ArstA was lower than that of the wild-type strain Ul7. Under the selected environmental stress
conditions in vitro, the bacterial survival experimental results showed that the mutant was not sensitive to acid,
alkali, high osmotic pressure, urea and oxidants. Strain biofilm assay showed that the biofilm formation ability of
the mutant was similar to that of the wild-type strain. qRT-PCR results showed that the rst4 gene was significantly
upregulated in LB-Fe medium, indicating that the iron-deficiency environment may be the stimulus signal evoking
the RstA regulator. The mouse model of ascending urinary tract infection demonstrated that the deletion of rsz4 led
to attenuation of virulence, because the mutant showed significantly decreased colonization compared with the wild
type strain in urine, bladder and kidney, whereas the complementation strain restored the virulence to resemble that
of wild-type strain. [Conclusion] The rst4 gene was a potential virulence factor and associated with the
pathogenesis of UPEC.
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