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Abstract

Gene organization of the two-component signal transduction system RstA/RstB
in Klebsiella pneunomiae is different from that of Salmonella enterica and
Escherichia coli. In order to investigate if different functional role exerted by the
RstA/RstB, deletion mutants of rstA or rstB were firstly generated by allelic
exchange via homologous recombination. Neither deletion has apparent effect on
the phenotype or growth. The drug, susceptibility analysis revealed that the
overexpression of RstA rendered the E. colt am. increase of susceptibility to
cefotaxime. Deletion of IStA or rStB was found 'to. decrease dramatically the
promoter activity of the” acid response regulator Asr. Hence, we presumed
RstA/RstB may involve in the acid'resistance. However, deletion of rstA or rstB
did not change the acid survival rate or affect the growth in acidic condition.
Intriguingly, neither the asr deletion had apparent effect on the acid survival rate or
the growth in acidic condition. Nevertheless, we found that the K. pneumoniae Asr
was also susceptible to the protease digestion and hence two fragments were found
in the cytosol after the overexpression of the Asr in the recombinant E. coli.
Moreover, the deletion of rstA did not influence the promoter activity of the acid
resistance-related genes hdeD, yfdX and yfiD. Analyses of the putative promoter of

IstA revealed a conserved PhoP and RstA binding box, suggesting a PhoP/PhoQ-
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dependent expression of the RstA/RstB. In order to determine the signal sensory
molecules for the expression of RstA/RstB, different metal ions were added into
the medium for the effect on the promoter activity. The results showed that copper

or zinc ion could reduce the promoter activity of rst4, rstB and asr. A putative Fur

binding box was found in the rstB promoter, and therefore fur deletion effect was
studied. Interestingly, deletion of fur not only reduced the promoter activity of rstB

but also the asr promoter activity.
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APS

asr
BCIP
DTT
EDTA
EMSA
IPTG
Km

KP

LB
NBT
ONPG
PBS
PCR
PVDF
rpm
SDS-PAGE
Str

Tc
TEMED

Ampicilin

Ammonium persulfate

acid shock RNA
5-bromo-4-chloro-3-indolyl phosphate
Dithiothreitol
N'N'N'N'-ethylenediamineteraacetate
Electrophoretic mobility shift assay
Isopropyl-pB-D-thio-galactopyranoside
Kanamyein

Klebsiella pneumoniae

Luria-Bertani broth

Nitro blue tetrazolium chloride
o-nittophenyl-#-galactopyranoside
Phosphate buffer saline

Polymerase chain reaction
Polyvinylidene fluoride

Revolution per minute

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
Streptomycin

Tetracycline

N,N,N,'N'-Tetramethylethylenediamine



@ v < F (Klebsiella pneumoniae ) & - k@4 hE

gﬂ\-

R ER R 7 ° &~ % 4% 7 (Escherichia coli) &% M Ff » iRk
FEBARPRL ) FAXA ISR LRI RLI DTG
BT g BlAoRT L gE (septicemia) - % X (pneumonia) PR R
24 (urinary tract infection) > fr¥&% ¥ (meningitis) (32) » & 5 4 > 37
PR T N RS S R R A G R R
1(7,31,47) c 5o @ 6 AR L HE Fea 4 FS 0 (virulence factor) ¢ 7 -
¥ i b £ E B v e (phagocytes ) st A o 4 R RS P
%8  ( capsular polysaccharide ) “Sigi% S w ] @ 7 AR A M
(complements ) sz # 75 5 @48 (lipopolysaccharide ) (45) ~ ¢ ¥ &4 fm
FIAET T A dere @ )~ R ehgkst -9 (adhesin) ~ € A £ CH T R
Bk Bt m )t k2 RF A Hid R R G i
(siderophores ) (27, 40) ; T ¥ & ke 7 HF L & 4 5 (Two-
component system, TCS ) » frlw f 3R Bp Moo Blde Eocolioen

EvgA/EvgS (23)% Salmonella 7 PhoP/PhoQ (28) °



TCS ¢ z g & 39 (sensor ) fr ¥ & 3 & v ( response
regulator ) > H 5L @ yE & L rRpl P X P4 R R 1T B 1L
(His-to-Asp phosphorelay ) i ‘w77 12 F] ¢ 23k B > G4 & ~ %
BRAFRF  CRERE T a B AT EAFDLR - &
B AR AR wE AR P2 R 2 Y R
BTt e P e dr TCS et i@kt = AR50 0 % - A5 L 3
TCS » 4 B d 300 d g i Boo 4555 PI o B U sits o B e vk i
(histidine kinase ) ¢ p {F##fs * (autophosphorylation) > @ d *% b 3
v e PFE 5 #E 8 gt p* ( phosphotransferase) 74 it > “71 B is F-v &
e it 18 ¢ a9 ¥mipl 13 (phosphate group ) @ G0 & lme F ek B3 &
0 0 v &3k B 5% £ (response.regulator domain, receiver
domain) % F* % "fé (aspartic'acid) AT FIREREIRS > 208 kv
P A BT HEATISNAR S $ A5 5Bk Bl
LRGBS PR ARG RIS BRI ®EA 3 (His
containing phosphotransfer ) } sl defig @ 5| T M50k BA & Fv Foep
%Pk e % 2 fBen TCS o ¥ = 4TI 5 5 HBehdil s £
B ERBOART SRS SR By A A B S u S B

Fv 4 (14,26) -



rme ARy £ L RstABo 2P RstB 5 B B 3-9 @ RstA P
AFBHEF0 0 TE ALY BN L AP TCS (6) - F A% M7
PhoP/PhoQ TCS ¢ #°%f RstA/RstB 34 3R > + % 4% 75 PhoP/PhoQ &t
Btk drs (M) kR e @ g (M) g & i i e

i

PhoP/PhoQ > ¢ 7% % 7 B # it » £ 4 A 7| (T/G)GTTTA-nnnnn-

(T/G)GTTTA sfad: 3 » 22 b fade F % L 68 & T 5 A Flehd ) (25) -

Minagawa % A % DNA c'Ls|a 47 > £ 094 =9 % (gel shift
assay ) % P 7 PhoP/PhoQ € D 4+ #cB T34 Flenk > H ¢ & 77
RStA/RstB fE 4 5 23 32 5 56 (25) e m & 2003 & - 4] * &5 4| pc s 5
(Phenotype Macroarray) » 17 A#54& i TCS » & % 3 7 RstAB % %
te ehFE R ¥ ketoprofen  pridinol - troleandomycin ¥ 42 & v* AR
Gly; ¥-FLFR~E LR RtA 2 ¢ & o F¥> cefmetazole
crystal violet ~ fosfomycin #3 i+ (12, 13) -
0B B A & At 1% Hiroshi Ogasawara 3 4 1 #
genomic SELEX ( systematic evolution of ligands by exponential
enrichment) 4 474 I : E. coli &9 RstA/RstB € f » 2372 curli 2 & =
7 MhcsgD 23R frx e Ay fepii iy Moo asr AFHEAR oA &

asr fxd>+ v 1145 1] RstA 305 7 (TACA-nnnnnn-TACA ) » &4



1R 4 p] RStA/RStB f B 35 ki (29) o A 47 C H 4 e

6 %R R E A T ( MGH78578 : http://genome.wustl.edu/ ; 342 :

http://www.ncbi.nlm.nih.gov/) - ¥ 12 45 3] asr & Xk 4 3 csgD 4p 0 &

7] o
Asr (acid shock RNA) 7 #:%- 7 Bi=Af > &% p Af opF

Fih 3t 7 L pH <502 TAAFHEELIR > T2 ARAFREMIR £ R

A E v ALBE R 2 Y % (39) o E. coli Asr & i I B A
(periplasmic space ) #E4%F® > ¢ & {73 B35 A 71| (signal peptide) -

FIOOWCR ROPE o N84 07 35 ] T enCagd 20 B 5 fph chay 4

(38) c — rasrx % - F I i wF a2t 0« ¢ R FE. coli
B RGEOER Qe B2 F gl o ETHELS P2 L Te R
o Bk R ERTL AT FiFF (11) o @ ©2005% -

Fot 2 «‘ffa NS 254 0.2 mM ZnSOy 0 £ 1 * L 5] A 452 A 4730
APk (mRNA) th& E - B %A 7asr > rstA- rstBA E '+ ¢
%38 (20) “,ﬁ—z 7 RstA/RstB#F » E. coli asrend 3+ X g BEFEF %1 o
PhoB/PhoR #734 37 (43) = ¥ 3 #7 3 4p ' w2 & # 11 ¥ ( stationary
phase) - asrenfg4x¥* RpoSH B (39) o i F* < & f;ﬁﬁﬂRstA/RstB"ﬁ% 3w

B I X RpoSHF Ben= B L F1 & M (narZ, spvA, and bapA) * > » F258



RpoS =t iz » B ¥ Frd| 4 4002 & & (6,52) -

B wpEd R ERATEE > wF L G E 44 A F (siderophore) {r

F_&

BE v S FHOGA3Y 0 F =
BALF Lz B (F7) cfcas

: aerobactin > enterobactin > 4

% yersinabactin > # = aerobactin % enterobactin 77 & %] %= jucABCD fr

iroBCDN %t CG43:h+ H 48 + > @ 24 = yersinabactin=iybt A F] e {v

= W4 (Fe™) : 8 iy o712k 7] 2 fe0ABC{rsitABCD R &4 ¢ 481 (8, 9)
2008-F - 7§ 4F #4n i) PR RStA/RStB € 7% 1+ feoAlfeoB e IR i H

A3 FeoB » FeoB ¢ %=k ft = AR (Fe™) W5 wwe p 1 Furk £ 7

+ Fur-Feif & 48 » Fur-Feif £ W g 4@ f + 3 ffeoA/feoBend L » 1 v

FIH W E MR R Fur g hk 14 R (17).8

AR A SRR PR E YR L F 9 L% A {5 FRstA/RstB
fp e Flie S (4e@l- 977 ) 0 X ik FOrstAZrstBE A AR 0 A
X FeorstAgrstBe B Rl = B B3 127 (Open reading frame )

stm1474 ~ ompN ~ stm1472 ; & 5.5 & = %% {45 F ] ArstAZrstBe & 5
¥ Ak F Bk (£ 39 (hypothetical protein) o ' #7% Kk =+
BREF VP NF ME L F 9 S FRA R A 7 7 AoRstAF 91.0
Y4 it K o RstBR] 3 96.5% 4 it & © 2 7 F ek Bl o

TELG YR



O FIRStA/RSIBT &t F 3 - Hihd gy o Fl A F S P 0T A dF
RStA/RstB 5 & 0 = %% { % ¢ 174 ¢ ¢ (- ) RstA/RstBifrs
it a4t 0 B R FIRE 0 BLARSA/RSBET ¢ # 5 m F L ot
i A F B Rasr ~feoABfrH s Ap M A Flend R (2 ) Bk S
&R 2 % A 47 RstA/RstBend > £ F % PhoP/PhoQ #7243 » ¥ 4F
AT XA A H RS 2t TR 2 T L Furtt

R o
Ll



FHRIEZE 32
e

AFHATR Y DEMAE TR A - 2 A o g0 R CG43
= K2 w ,ii‘Jml?ﬁﬁH IF'S/E? 7 * LDso = 10 c.fu. (22) - B TR e 0 4
LA e 5% ~ i@ F 7% (ligation ) ~ #& 35 1% * (transformation ) > 4% P&
Molecular cloning § 2 & # $5 it 177 2 4 17 (35) o 4 B+ 5 4% 7 7 4 & 35
Protech miniprep kit (&L 4F » S4 » S8 ) P 3 17 o
F oA E o kR

LB ( Luria-Bertani )32 & 7k %} & j&# éntryptone % yeast extractptp 2
1 > @ "4 F P p Promega ~ Biolabe* MBI > Tag R ¢ fispbp 4 1 » H s & 5.
PP p Sigmaz Merck ©

BEAZIEER enfe &

LB % 7% @ 2255.LB# % (P 7 Bacto-tryptone 10 5. - Bacto-yeast
extract 5% > NaCl 105, ) £ 4c-k800% 2 » ApHE 7.0 » & {é4c/ kT 12 » &
Afs® LB & 1 A500% 2 4 » 755 FEE R 2 1255 LBk % 0 =
5 HERMIO0OCHE > @2 it 2 REUE > B2 BEr P > HTF
fg@* o M9 R A 1 155 eiE k4 » 2 k1€ 2 800%F 2 {0200 F & 15X

MO SR F FEARMIGCH » #HRELE2F 5] M MgSO, ~ 20% 2 e



20%% & HEFe1008cE 2 el M CaCly > £ 4 » 97 F gt 2 > H B & x @
AES T o LPME %% ¢ — 2 a1k ¥ 250 mM Tris base » 20 mM KC1 > 7.5
mM (NH4),SO4 > 6.5 uM FeCls » 0.6% Bacto peptone = f#fé » £ 4 %[ 4r » 9.6
Hex Al M MgCl, 0 12.88c% 2 el M CaCly > %2 0.4% = e720% glucosefts 2
oo
2% iz fm®e (competent cell ) ] i®

HHEEVLBR A AL > RBEITCE A 0 P H - FHRMEN0E
A LB AR EFE R IERE fif]'}f’z e x500% 2 HLBY 37 CE £
OD600 = 0.4 » #-500% e 4 502 250 2 =L = i 7] 3o # ¢ kg 20
A B4C 113,000 XM 204 &5 Y F i & 150 A B B ke
SR ERLE AR R 0 B BT A S8 A AT £ 213,000 xgE 204
&7 |3t ik 0 100E A = F R E10% Y B RFREATRE 0 B -
SR 0 10%& Fokd b (glycerol) e {6 -3 FL 8 A - AL
B o HFEK A 0 Bts 1 1E 2 HAGYTE £ (10%4 @ 0 0.125% yeast
extract » 0.25% tryptone ) #-iThk 4~ b ¥ 11 #4040 E 2 4 A 1S5E A o g
Poo p B Emie W U E &R T A gtk E T80T o
2 ¢ DNAH &

PlEA IR R DRER P21 08F A ailysisiz g (200 mM



NaCl > 20 mM EDTA > 40 mM Tris-HCI » 0.2% Triton X-100 > 5 mM DTT » 80
ug lysozyme ) 3 f23+37°C3c 8 304 4518 4 » 4 ® 2 F-v 35K (20 ¥ /%
Y s BS0CRIE TR 2 PE > BEE YK 104 4 0 £ 4 2 25050 F A ke
Fea Bok o k218> 116,000 xQ3L s 104 48 0 &~ B B~5004 = 2 o} /Fiu’f?
A BLSED g B 7 0 2L e L000HE G Ak EHE 0 R 2 1
116,000 xg#r-w 104 & > B {8 EH- 1 R o * Ak DTS%IF s X it
TS0 E A = kiR R 18 iR 3207 o

g iEr (L5343)

Rk ix et 80 C kdn ¢ A PR IAVK B R H T RE e E 2 B E
mre P s RETH IR f%}“*g ¢ 25 VR &= (BIO-RAD#165-2098 ) 5% 43 t&
*1E A SLBF R TRE Rt e & THRETE 237Cr £604 480 %
HERAENEERRARY 3T CREE R A AP ETF 2 H
- FERATEELERR LR AL M FHMDNA > v TR
(agrose gel electrophoresis ) & fx T #& 4| S ¥ 27 7 o
EHRFRE I A

7 asr £ rstB & Flit 770 f7 g

DNA3l F ehk P+ A3 4 = »d 41 08 5 &4 £ (asr:

YWp09 ~ YWp10) (rstB : YWpl8 ~ YWp19) PCRA u|#- 7% H % 152 kb

10



R 7 & > pyT&A » £ 11 (asr @ YWpll ~ YWpl12) (rstB : YWp20 ~
YWp21) PCR~ %] tg 2 Hasr (5300 bp) ferstB ( $1300 bp) > F T a0 £
BERE NI kb PR L RS P EREE 0 R FTHPKAS46 0 < 5
5 FS17-1Apir# -

[ 4 TET IR

Bk o TR S FSIT-IMDIrAIE R % > R R HRLT 9 %
LEING - T;EICG43S3F§? "REE - ALBPRIETAAREEREZRINIE DL DFTELBY
WITCH A304 4 £ ABBIE A g F@lSE A e g ? o g g
@ OR-FR A T ko @ vl F0.85% NaCl 3tz m® e » €451 4 A = »
500f % = ¢ xEihn g A LARRR £ 12 A S17-1hpird o £ s 3
“,%_P ;g—;;z, » 1004 % = 0.85% NaClZ #7#t i3 o £ 4= 21000 = = R F] < iF
B FE R (FAARREFR S P RATE R AR ) B R
AR w370 A 40 127160 PF > % 38 Fen & T b e gk R A 0
FTELBY o RZRAMET L 21004 E 2 > r RS (1xo
1/10x) > % M9 % £ ¢ (Km25#c% s./F 2 ~ Aplo0sc® v/ 2 ~ 0.2%
glucose ) ° "THEF PS5 H - FE > A BB & 04F A SLBY 8 (37C -

12~16/] P& ) > B 1% A e B~ A4 ¢ DNA > ¥ b3 2 i 7

P4 C Y o W3- w315 5 *PCRIE D > Ei - BRFREG A5 FRE

11



DNA5. 5 v X *]35] ' BB 1004cE 2 IR e e ,.mf 4% A LB (7 F Str 500
MeE L /EA ) P R R3TCH A8 o B 1004 E 2 R 0k 5'J7ﬁ¥‘5f§ fs
(1x > 1/100x » 1/10,000x ) > # ALB# & & (ZStr500) » * 7 FgsPeE
S0E 0 A Bl e 7 SIS00HCE /E 4 LB % A8 5 AplO0HKE /%
AKm255E 5o/ A8 & A > $4iE Hstreptomycing Foid e Hkanamycinit 7

P s 0 P-4 J BDNAGS - 2FPCRg A P FF 77 R¥ Y EKOF

Z AT AT

2 YWp09 ~ YWpl0=PCR 5 5 1| & 15 asr 2 'Hopr s 5+ F 38 0 8 B
pRKAISF 48 ¢ > F #2132 ~ %5 % FASIT-1apir - 1 * 4 & (% % » R g4k
¢ oo
2 £ W HpE

PR A A DR 200 BcE L e 3 AT 4 £ 4 M9SLB & LPM ¢ o
= Fp— PR ODggo s £ £ 2 T4 £ AR #F
IPTG# HRstA Asr3-v Fehd 1

B200#cE < I T3 & PR 0 4o ~4F A R3TELBALPME & > 237C
BA&E2| P BIPTG e > %27 2 kR 505 mM > §37C 26/ pF

{8 > 112,800 xgi . 104 482~ A48 > &~ I 1USDS-PAGE~ #7 % (£ 5 v &
7]

12



Btk o
it F L%
a3t & DFRB200E 2 2 ATHEAE A LBY > W3TCHAE R B A

2~3- [ pF{s > 4r »IPTGZ 0.5 mMi®* 3-] pF{s » F pFiE (7 SDS-PAGE 4 17 3-v

24 ATy el b

fb B~pLacZ15 ¢ M & %0 A% (asr & YWpOl ~ YWp02 ; rstB :
YWp27 ~ YWp28) fcd:3 % 4 * PCRH# 1§ k2 {8+ px % » £ ¥placZlS:
& - Az BFF HAMER F O L B R FSIT-1ApIr o BeIE kB A FER
2004 % 2 3 37 54 2 M9 ~ LBEALPMY > B >t37°C 3 % 48 2 ODgyo= 0.7 >
Bl% 2 B2t 15% 4 e ¢ 5 % Z buffer (3~16.1 5% Na,HPO,7H,0 ~
4.78 5.NaH,PO,4 ~ 0.75 5. KCl ~ 0.246 5.MgSO, 7TH,Ofie | = - 2 * pH: 7.0 » =
% (e i * m 4e » 2.7% < 2-mercaptoentanol ) % B =t B T R-tm FEIRLES >
boor 1% 2 07 buffer® 2 i - 221004 2 232 F ¢ (8 4 » 355k 2
chloroform » 17 % “ 0.1% SDS > 900 ® = Z buffer) % £353 » #3¢

T r37C 0 104 4818 > 4 »4% 5./F 2 ONPGiB % (4 »1025% 202 M

13



NazHPO4‘2H20 ~ 225202 M NaH2PO4‘2H20 » — 3. ONPG - At ’}( I 250 %
A ) 2000 E 2 @2 F R A FEITH 282 PFR B4 ~ 1 M Nay,CO; 500/
G2 l”?‘l"ﬁ)@ /PEOD4207 vk E T 543——1(24)0

E L%

Kolf R & DER P 200 fc® A 3 ATH pH 7.0 LPM 3 &% ¢ o

fon

OD600=0.6 %4 > & A @ A % - A > LSR8 > pH 3.0 iv* 3

o+

TR SRR L%ﬁf’ﬂ?‘:f'l%”ﬁrﬁ@?}&ml% FoERDMAEe s AA
BpipHA46 2 PP > 2B FEBEPHI0 T A [ L& IRk
3R RGBSR E ARE A E R s s AT (38)

L= EaAnphdh- BP O fRE 739 3 A (SDS-PAGE)

PR R-gl g A goiE JE 4F 2 (8 > [ Running gel (12.5%)
deionized water 3.7% # ; Running buffer 1 = (3 M Tris-HCI > pH 8.0) ; 10%
SDS 804 % < ; 40% (w/v) acrylamide solution (acrylamide : bis-acrylamide
=375:1) 3% < ; TEMED 9% = » 10% APS 100#% % = ) Z g ¥ % & » 1
TP dEdE e I RAM Y 2 > T ETARREL 0 B koKX Ksgg o |
4v » stacking gel (Deionized Water 1.9% 2 ; Stacking buffer (1.0 M Tris-HCI
pH 6.8) > 83% & ; 10% SDS 33 * & ; 40% (w/v) acrylamide solution

(acrylamide : bis-acrylamide = 37.5 : 1) 04% = ; TEMED > 5% = ; 10%
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APS > 60fcE 2 ) TN g FEr &S AFZ e H L HREh o T E 0
T AP > &~ running buffer (35 mM Tris-base > 250 mM glycine > 0.1%
SDS) #* » #4x & 45039 F 4v » 2X loading dye [ 2X SDS gel-loading
buffer : 100 mM Tris-HCI pH 6.8 ; 4% SDS ; 20% glycerol ; 0.2% bromophenol
blue (3°,3”,5”,5”-tetrabromophenol Sulfonphtalein) ; 200 mM dithio-threitol ] -
F100°C e AL A ABts 4t 1 T A Bwell? o 100 KB BT A A 5154 4
50 B IOOREF AP Bfsd BRI AR Y BN T A o BET AL S
SDS-PAGE*r #i-stacking-gel {542 = >+ staining ‘buffer (0.25 5. Coomassie Brilliant
Blue R250 ; 45 % # deionized water ; 45 % = methanol ; 10 % = glacial acetic
acid) % B 3% %304 45 5 & /= *)Destain buffer (130% methanol ; 10% acetic
acid) ¥ 3% 1 ¥ iF Hehp R gdTT L L o
Gst « tag R AL B ¥ i Asrg—o

GST » tagifett # 18 1 Fod B 0 #200F 2 Fiv o 15 AR 4e »
10 2 1X loading buffer;®2 3 ( 10X Extraction/Loading Buffer : 1.4 mM
NaCl ; 100 mM Na,HPO, ; 18 mM KH,PO4 > pH 7.5) it * 42§ i RA-FHE
44T 13,000 xg (BG4 ) 20048 0 FFR P T E G AR G
BoAi#dz 243 kil »GST s tagg 4 (£4 =) > £ 4 » 4% “ loading

buffer® $ 4@ 2 T (E4 =) > L RHFHHEC LD Fird »
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GST-tagpti > 2t TEFE 283 k200 48 FEHFTE W
4% 21X extraction buffer® ¢ {15t (w4 i * extraction buffer » % 5= i#
* 4% 2 é110% sereduced glutathione/10% < elution buffer) - £ i@ » 6% 2
erielution buffer (elution buffer : 50 mM Tris-Base » pH 8.0 » & & #* % B~ 1110
% 2 /b 4100 % soreduced glutathione) I ¥ 4> MR E < F T BB 3% -
B ¢ £ 14 Regeneration buffers/j % GST « tagg 1= ; 40% = Buffer 1 (0.1 M
Tris-HC1 > 0.5 M NaCl > pH 8.5) - 4 ¥ 1240% < Buffer 2 (0.1 M Sodium
acetate > 0.5 M NaCl > pH 4,5) » £ 1220% = Buffer 3 (140 mM NaCl > 10 mM
Na,HPO, > 1.8 mM KH,POy » pH 7.5) '+ B8 #5041 N j3 7% B 4% 220%2 % -
1T E e ¢ Fparaffin o s >4 Gk o #2% 11SDS-PAGE A 47 fc § | e
v Bk R (1,36,44) -
LR

#-F-v i d SDS-PAGEA &t » m i & % e (39 mM glycine > 48 mM
Tris base » 0.037%SDS ) #E & T4k s b » Ris g aw (PVDF) Zw@* 3
7 5% skim milksPBS*¥ - B>MCH#H &S ) pF > * PBST# 2= =t ~ PBSi* %
- = > £ 4o > #1000 & anti-GST » * PBSTi* e = = ~ PBSi* e - =& » ¢
» #5000 % ehanti-mouse AP > & % i #4304 45 > PBST i*ix - = ~ PBS

k- s 0 BRENTE N 4§ NBTHeBCIP sk dg i ie % e (100 mM
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NaCl > 5 mM MgCl, > 100 mM Tris-HCIpH 9.5) # &7 & & o
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2%
IStA & rstB ehk Flax 4 2 P wFhd £
deBl- HTr 0 R F 9 X R IStANSIB 1 T A FlE S a3 oo F o
B om ¥ 2 F A IR0 A 0 T RInAR AN P A w)aE 1‘# IstA g rstB 4% 3f & o 3?1‘#
B R TR AR DT BB T o A1 BRI F D BN A R
THE o LR R IStA (Bl A) 2 rstBaAEHR (Bl B) o gt P
D rstA 2 rstB AR R R ELY ol 4 RaE TR AR FAA IR AU 4
At £ 5 TRE S AP RRRERRTE S LA S LB B AR M2 Tk
b g AL G R MI R R s BBFIIREL £ AT EXBE
d F S enid % BEor rstA 2 rstB AAdptR R S A R ¢ 4 £ A0 4 fkip
~ § % 7 RstA # + % & FA# cefotaxime Fuidff 5 %+
NP UFHRETIRG R EF A4S A 17 RstA L FERE M5 B > R
2z A BT A mIT A FR - rstA 424 R - IStA T AT R *K g s & R £
APKHLIRE - V- 25 rstB AT 2 B BEHd 2o S (Rle

B) o @ cefotaxime %+ & % L RstA %+ % {& 7 AP N =5 RstA 7

!

FNE R £ it (452 mm vs. 36.6 mm) o H @ FEH R P A LR
(®z)
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RstA f- RstB € %+ asr fx# + a4 3R

Ogasawara ¥ A 3 I © &~ %45 F42 > RstA sv ¥ {odape 7 B asr 2 7]
E I o AeBlS A AT o uF o W R F CG43 ¢ L 7 F oasr A F] o T
HpedF R i § v 3T RetA SR FRLA 7] (Bl B) o Flpt v ird-asr # it
e+ % B 43 placZls (Bl- A) > %ﬁé i§ i) LacZ Hlihi Rk g
asr frd+ E F € X | RstA “t4 4y o d Bl- B# 7 > = pH70LPM ¥ > 7
WA TF A PR rstA SRR o asr kil S E A IR E JF’K i o Zhm AR ¥t &
pH 4.6 LPM » - ¥% 4 k32 asr kx> + F 1 L IRE B i 5000 miller units > 7 A
rStA 4 35 $A42 > asr kx#s & % (& IR E #1250 millerunits o d >% rstA £ Fl4:3F
fo o asr frds F E P B 0 0 ANRAE- B B RSB A Fp AT L €
B8 asr fxds F s A e F1 UV R] rstB AT AR T 0 asrgads 3 g 4

Wod Bl CEEET 0 2% rstA&rstB 2L Flerad 4f > ?;rsgﬂg Eg "% 4 asr gz

ks

23 A TR o
[StA chgh F14 45 7 28 hdeD ~ yfdX ~ yfiD gcfe + g B4 7
§ 9t RstA 2 & B FR Basr fafo 3 > FRAPR T 258}

B eyt b coh Fle € X F| RstA #7133 o Gt ER T HR AL o

ApRE = B X 7] : hdeD ~ yfdX ~ yfiD » & B p[3EH fed 3 chg £ - B %
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BT o oz BAFIZ e F EE M2 RE rstA 3tk 2P L2 (R

IStA chA FIS I 2 B P mF BB R T hEkI LY P2 LV R Z BERT

50 L iE- H AL RStA/RStB feie § 0 0% (4% FAR 83 i Fuph (7
ik d oo A Ed PRREARBRER T A R RANEREET T EF AT
BATRIER T 4 £ S B4 41T 0 IStA ARt R A R
fe pH BHE T hd LABHelT 3 Yip b AP leh i B > Ra 2t 4 L
2o rstA A E R 2 £ AR ECN I BRI SR o AT B RS G
rStA 42 3F 1k ~ rstB & JF R T 4 fRefiF e bl o d AP LR (RS A
B) -

asr PR FIFF R A LRBR T DL R b RZ

k=
e
e
A
g;
-
oY
L
R
g
N

by

;’f—l»_ﬁ’;I%\:l’y?;"‘_ » IStA/rstB i AT E g kg2 f,g,fi asr frds F s A IR > 2R

AR R F AR T REL LD PR REBERT OFEF o
FIM oo JEPIE T S R T 8 401E %ﬁﬂ asr enZd oo @t o AP R
3 fE e 5\15\1‘4{# asré,i:fﬁ”fi (Bl+- A) » & ¥ 12 DNA 7 AF£3% asr &ﬂ,#ﬁ'*ﬁ

(Bl+t- B) - &FAI7 asr # 4R ek it £ 4Bt S A A

20



7 ooasr AT G R E 2 RGBT A B o AR R FEF AT 0 Ao
Bl-= Bt BRRFam iRk Ep L A2+ (67.3%
—5749% ) o ¥ - > 5 > T4 FR ~asr A 4p R~ asr I AT R R B o S S
Atrs g RELE (R+=-C) -
BF 6 K KR Asr Bed i TR €Ak 2

1 fF Asr %0 FREEOEH] > AP B ERFALR AL E AR Asr
teded (B-+= A) »#%F GST g% » ¥ SDS-PAGE (®+ =
B) 2 4|% &2 &gz o4 (Bl--= C) - B%k7» ditisamd e Astr &
BORILA Y Beht o] sk B BT G AsrE gy 0 @ ) P B L GST &
b AsrZ2 Nzt g Bi-v > d gbo 508 v 4% f,f] Asr eni®#* 2 ;4 e
<~ B4R AsreniEH S NTEda R o T Ast R RIS B e
rStA i Flakdp 7 € B3 feo frds F s 4 3

& X > RstA/RstB € &1t feoAB cha L » 5 1 fRi g 9 < L
] RstA/RstB & % + & 33 47 fe0AB e 1 » 2\ 94 feo fad + 38 {7 72 424 45
Bt w A AR 0 TF A bk rstA AR AR S4BT ~ § 40 uM 4BapT o
BAer 0.2 mM AESH T MO RRY > H3 feofad+ EHART LG P
AR (BLte A) o gty 57 A rstAa 45tk + £ 4 L RstA & 14 jp] feo

Frds F enE AR 0 Flm 2 RN E X R Y B P4 ~ chloramphenicol (35
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png/ml) % tetracycline (10 pg/ml) = fA4nd % M a4F s AW s &0 F
ErmFL EP RS BEA T T m2 P feo frd G B AR
£F3 48 (B-+e B)

PhoP *t i< 42 83 Jk B € B 5F rstA ~ rstB fad 3 chig b4

deBl T AT 0 R F

RaN

5% 4% ] IStA Gcds + R § PhoP 2 RstA

SRR Gl B R ALT 0 AR AR HY o AR kR D

F_*

PhoP/PhoQ 34 7 % SLE_F € /%5 1t rstA/rstB » fpt 2% it i 2 7% 24 k27 phoP 4%

FHR? rstA 2 rstB gxdc F ciE R IR o d Fr@ed E A TR % L rstA fad S
AR SRR FE A RE RE o B AR B e phoP A FlaA e B AR gk
BT RpERS (R-3) - Fad %3 EMSA ~ 475 % » & BT

PhoP ¢ & — [ et it rstAjad? + % & ('dFo ) o d »t phoP sk Flak4f

4.

g "% M rstA fxde S+ AL 0 £ F phoPUaiAR Flak A E rstB fxde S+ Bt 3 R
B Bt APPRE rstB gxds 3 S AT o rstB fads 3 A AR B M4 S
EREZBAB AL (BL =) 5 B3 rstA fads 3 B REE % phoP i
Flak 3 € 'E M rstB grde F E i A R > Bt P PhoP € B3R rstB gxdt o
Bt A I o & 7 PhoP 425540 A 71 o IStA Fede 3 T ifs F 0 4T RstA 4t

k)

W

FRLAE S (R+T ) A% rstA i R 0 X 5] PhoP A - 4 ¢

RStA f 2050 > Ao d gads A 45 5 % 1 rstA fads 3 S I 4 ko
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ZIEF > M rstA A AFHRY BIEET MR 5 d gt > RstA 4 ¢ 24 58 rstA £k

s

FeER AR (B2 ~) o ¥ b F%% EMSA %%+ B o RstA § 4t
&3 rstA feds + R B (e Z ) o
r3ET € BB rstA ~rstB ~ asr gxd F g i A R

sod v 4R Y RStA/RstB @4k St e LR A AR 0 4
W kS S Bt D RstA/RstB ¢ % 3| g 45348+ )k & 1 PhoP/PhoQ #73
¥Fooomoasr fxdF E AR € B F X T RstA/RstB #7288 o fpt » 2N A4y
7 Fe & HAES ¥ rstA - rstB asr Fads F E AT o R RS R BT ot 4
4P B 4 rstA frds AR R (RIS A A) o Ra ¢ P AR L rstB
% asr ket F aE A (B L 4 BAC)
fur énzk Fl4k3F € 8258 rstAs rstB™~ asr s + dng 4 R

Fur £/ £ & 93 45 %]+ "(global regulator) - # 3 ¥; % fA A Fl 4
o HEESFRIR I ML Q) AP ML FTHERER AP 6 A
& F A FIRE A FPF 0 forstB fad 3+ ® 3 Il — ' i & Fur £ 5RLAE 7

(Bl + A) 5 - Hend s - fur o T3 305 rstA 2 rstB fads +

A=

AN R LB P FRE AT g PREE M asr fxd G E AR (R L

B) -
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ge

2 ,ui‘m EﬁﬁP\ 'Q_\Lu %gﬁ.‘
SRR Mo B - AN L
& (34) -

SRR L I b
PR AR RwFFIET FIRE Y
SREAT FBehr it ARE T RA RstA/RstB 7 3
BRI E A G AL o X 54 F RstA/RstB ¢ £ B B4+ k& D
PhoP/PhoQ #t3#3 43 » & ¥ /& it frdnph 3 M 0 asr £ IR (29) 5
RstA/RstB ¥ & it fe& 487 M2 feoAlfeoB risk
R

VAR
£F » % 4 & 1 FeoB

B ) 18 S R ) G0 1 4B Fur A= Fur-Fe vF

feoA/feoB ~ & 48 4 ¥t 20 8

<
=

4Ry o}
R R TR T
ek F1 &R (17)
d 35 F 9 % 4% P rstA/rstB 2 A
FH R Fla daR H
RstA/RstB 7

=+
A &
<
ER A

bér‘]m%\"fr% % 45 p{]ﬁ v R
R g’ﬁ’""r?ﬁl‘f"'ﬂ”"

B FA AR R PTG R & 4 o
rStA % rstB 43Rt folf 4 R | P AR
j:% % /I’? lﬁh,}"% ]._

% g
% .
— ‘\-'\ nf- :’
Y g

AN g 2R e

E

Ao e
FEi B a4 E 5 %A LB
EZ R MR RY - H 12540 8% 4 $4p
L B oo F]Pt rstA 2 rstB el FlaR 4 T 3 B B m et £ oo

¥ ¢ 50 f2 RstA/RstB £ 7 ¢ 25 H $H42 '
LE e AN Y A

EA S0 N AN AR
$ %% RstA Gf 48 -

%
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RStA > 12 % £ rstB #4F kot A I Fid 2 cnBi 8 F oS 5B 2 B 5

A

¢ X8 £ IR RstA § $Hrdlimre 22 & = o cefotaxime AT H v ) B4R IT
BE AR E > Tl RAFATE RstA ¢ B2 8w F# cefotaxime gt < 1% > iR
2 EE- K s (37,42,49) -

~ 5 4% 71 RStA/RstB © A7 € A {rphip sy Mo asr A F 4R
BA AT H L A SRR LGP S L asr Bk A TE
A - R A AP R AAY asr AR F BRI TG TR o &
foF o0 A asr kil F R E G RStA ST B 2 RApiTant B0 4
S g v A AR B eh RstA ¥ s € Begliasr grbe e rE i A IR o gt 0 A
asr fx#s + Bt A LR AT o fpH 4.6 LPM & 2 @ > rstA ehk Flak 4F
R F R asr g AP AR 0 Ao a A rstB A4 pF . LRI
Fleod WSS plE A RIET R 8 RetB #-mpe 13 @ 1L %8
RstA » &% PIAF e RstA ¢ i8- 9 3457 asr 1% IR (RstB-RstA-Asr)
AT E AT ARk AE o R0 WA A ] 0 T 0L LB
RERDERET S BAR O P L RE > Ra o od S B R
53 D520 d gt A daip] RetB &% DIABL T n BREL (- P 0 € HRRpA 1R

B RstApsy » % £ B2 58 asr eh4 I (46, 48) -
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RstA/RstB #+*+ asr fxd + #2258t~ > Fpt 427R] RstA/RstB # it frin

Peersddy (e% 5 B > 28 @ rstA & rstB el FlRA 4T 2 B wF aplE B v b
BEI A HEEE T A £d AL BEFLE > F) RstA/RstB AL F

0O R AT 2L E R frdife cniT 5 Moo el E B D (R dupe s a0 B AL
@ad Asro gt b RABEFRSGFLT P o B PP R asr 44k & pH 4.5
LPM * ¢4 £ :%—;‘E*fri’?i ’]rﬁ;m L —»‘ 2] { LR & L_ﬁ’ii > asr .j’z‘.;};{'»]:ﬁ

R EF AR BE - P RPL R (40% — 2% ) 38) - KA g

ORI AR ] asr A AR el S PR A MR T hd £ UL R
G E G o P A B R L B A LR s v i

-

T oo Asr T A &R G FEL TR giged o ¥k ool At otk T gl
€7 FAIrRARM A TP A L TG F asr A FR o B %
RAEDERFID GRS F LR R R eEGERET T U EFET R (39) -

od Asr ZRBICZF 2 EEE L APFREEFY Asr+ €5 A
Bl o T E A A B Al R B SR e 2 B AL
Asro d b S FER] Asr 3t < B R R LT 6 N R Feniet lde i o
g3 Asr Bt B EP Ay DE IR € 7R dApeniT Y 0 5 depldp I A

£ 3 # 02 HdeA 3 39 (chaperone) e s » ¥ ™ ik ] e LR T

o

Frogas o J FARRER T Asr FIG P RS e PIRAR 0 B R o AR R
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BTV MG T (38) mid g 7P g BRERRE hh g
g rlmig > Flog P pH BT R 0 WL T BEFEP T DET 0 ¢
¥l ha Y el AW > B s e g il A (Arg, His,
Lys) ez A3tk ? pHE /| H pKa B> A €22 - B a4 P %]
e b v dagEse p pH Eenfa & (33) o AT A 9 K W U4 ] Asr o 2RI T
FRIpa D CHINA KD BRIV 75 a0 5] 5 16/43 o
dONA PSR BES R BRR T L L RL BB A
Bt B APV RSASRERE LT VEREF APFREE ST B2
Futt A F 6 U EEE G RS SO S PBM R ¢ RS hEE S pE
Rv A LR T RS iR (T B0 T B EREMEE
BTHLEY A AR FFRATIET 3 BB v U Rl g s &
EMOFRTREMT LG AHERFAICB ARHR T FREA
TR > NS PEMEP RS > T A MIBRARY HEEBR FES
TAfRAp g BEEFAR > A ATAPATR Y hiE 2T o resB AR
WREBRNFES > FHRSEHE TR P RELR o RIS F A resB AT R
PP RSB E N GE e 2 SF LA AP KT Y ik 2 a2

PYIHES Sl EY 3
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d %t RstA ¢ PP 829250 asr g + e & 3R > Flpt 24 P 4B RstA/RstB
Fis €D H s fodiphivr  MOAT LR A) AT HRFAY oii
£ % 4p B L 7] © hdeD -~ yfdX ~ yfiD - HdeD & - B frdips 3 B %/ 14 3
v PEmd e sia 4t fgadX * £ AR pH S5 MO &A%Y > hdeD ¥
VA AR (15,30) 5 @ yfdX fet s s YR TE 3 evgAlevgS T 0 Fla Ak
jwplerpe s M o(16, 21) 5 F B >Y YD A S iR AR R R hiE Y

NS R S

S
W
A
|
b
%
=
e
¥
T
9
P
s
grL
oH
Fal
o
T+

KEFVIDAAT R EED bilcd SHREST 2RERSE (46,50) KA d 7
ek BT 0 g 9 R Fe RSEAL T ¢ F2E0 hdeD ~ yfdX ~ yfiD gx e
F s A IR o
By X T AR 4y N RStA/RStB ¢ 33 e 4 M < feoAlfeoB & T
J=d

b 3 A A TR M @HARRRE A A PN

LAY A B AR RstA > T ] feo fads F eniE b A TR > KA eyt e pF
'!'E N 53 %éi’m"’ ‘% 1] g_;ffr% %é ,Fﬁ—’?-g F +1" zm F]rgﬁp\ m:hﬁ"—lﬁ'r y P I% j—\‘ Ira ;} -"
FERERE > H T F MR Tetracycline vk R 5 5 McE s /2 5 R

AR ERR > X2 BRITISEELRE L AR FP R ET A
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§ 9 4R FA o RstA/RstB 2 F ¢ 7445 feoA/feoB - 7 v F & J5d H i R
> b4 real-time PCR k %2 -

S B EY g B R ST k& <0 PhoP/PhoQ ¢ #2358 rstA/rstB
O FIR AP fELF 9 L% L4k F ¥ 91 PhoP/PhoQ EF 4 € B ir
RStA/RstB e 3 o 7 L & f 7]k 45+ o IstA b+ %% 5 PhoP %2 RstA
gESFERA A > £ 0 md §5% % EMSA &% 7 ie— % fE % PhoP &g & 4

W IStAEL B F Rl o AL EF ER A G0 rStA T I A AR T Ok

-

BT AILERE 42Ep S E R 01 3 phoP A T4k 45 T RIS AR H iR
4 o d %> PhoP/PhoQ ¢ 2 2 37 IstASxd Fava b & 0 > APy B0 2
PhoP/PhoQ &% » ¢ 2 A& rstB e > d 9 % 85 B o1 rstB fad + 1 &

BAMAR IR T AP F AN LREE LR L 5 XA phoP A& Fledk

AF 0 B € "F I rstB g S eriE (A TS TF R Vi da R rstB © ¢ X PhoP/PhoQ
A SR IIA T 0 IStA FrdrF R 3F 4§ ORStA R EF R 7| Fpt A

F2B RStA € 7 p A4 > &t > F % 2 EMSA 05 % 57 RstA ¢ 4

i

THExR G R 0 TP B S AR S S B rstA gl S BTN
BT ERTARERE o 0 K rstA AT R R EET R d BT ouE
F RstA € p 244 o gt b > G g rstA 3435 0 IStA fode 3+ ciE A R

2

7 59 miller units » 2B & % + 5 PhoP/PhoQ *7# 5 -
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¥ b > @ 5 RstA/RstB ¢ < 3| 4% 32+ % it 5 PhoP/PhoQ #7343 »

B
X

@ 43t RstA/RstB 2% 4 S8 F ¢ R BRF T L HYPF A 4 Fli asr F
W fRE frdphd B E g v P U R DR REHYEF & & o0 PhoB/PhoR #1
DER G ATt gt BB - T R e 3T $T rStA ~rstB casr frdc F E A IR
R o Bt B R BT AR AR i € %F X asr ~ rstB ~ rstA o+ i it A
oo FPM AR rstB R BIIAFAF XV i € 50 RstA B L asrch& o @ o
AT € 53 e MR AR o FIMRRIF S 2 6 R Asr chpg
FAMAR (52) 0 3 F gD ML AR &L 17 0 02 mM hEET A E
rstA ~ rstB %2 asr ¢4k B @ A F BT W ngrdr+ kA 5 1 mM o rstA - rstB
2 asr gExdF E A ﬁ‘uif‘uﬂg RRE Mo NP P R aIRE T 0 ¥ o &3S
ERER 0 ATIE T MR 4 B 3130 RstB-RstASAsr 3 5L @ v o 3% i dip)
By ¢ x4+ TR

Fur 3R E7 A S A FILAR > 57 f2 Fur 2.7 ¢ 3447 rstA/rstB
2R asr it E AR o B A Kd BAA 4T 0 rstB ik G R G
- e FurdE 8§ B 7 0 Ra fad 3 s 7RSS o fur enA Rl e
L F P BERE MCOIStA S rstB gl 3 e R TR o TR 4R 2 3F A rstA/rstB & ¥
2IEFL 0@ ——F% 7 A R B o @ BB asr kxd 3 B e o fur gk

RS A asr frde + e & R (J& 5900 % 3] 3600 miller
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units ) > o p4ap] Fur ¥ &t %‘ﬁ“r} RstB/RstA gt i”g B B8 asr fad S+ e e
I o

FE AL F 0 A0 I 4% ] RstA/RstB c87 7 0 3% i 4 B] RstA/RstB
BITR T 0 Aotk — 977 RstA/RstB 22 % — #1135 X PhoP/PhoQ 33 472 5 » 25

H - cpypfopid Behasr > hut a7 ¥ RSA/RSIB 45 5 507 it 4 {47 e

AR A R L F 9 N R B S IR T LB -
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# — ! Bacterial strains used in this study

Strains Descriptions Reference or source

E.coli -

IM109 RecAl supE44 endAl hsdR17 gyrA96  Laboratory stock
rolAlthi A\ (lac-proAB)

S17-1 A pir Tp" Sm' recA, thi, pro, hsdR M* (10)
[RP4-2-Tc::Mu:Km'Tn7] (pir)

BL21 (DE3) F ompT hsdSg(rB  mB") gal dcm met ~ Laboratory stock

K. pneumoniae -

CG43 K2 serotype Laboratory stock

CG43S3 /\rspL, St' Laboratory stock

CG43-101 Curing the large plasmid pLVPK from Laboratory stock
CG43

CG43S3-7201 CG43=S3 AlacZ Sm' Laboratory stock

CG43S3 ArstA CG43-S3 ArstA Sm This study

CG43S3 ArstB CG43-S3 ArstB Sm* This study

CG43S3 Aasr CG43-S3 L asr'Sm' This study

CG43S3-ZO1 ArstA  Z01/\rstA Sm' This study

CG43S3-Z01ArstB Z01ArstB Sm' This study
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# = Plasmids used in this study

Plasmid Relevant characteristic Source or reference
yT&A PCR cloning vector, Ap' ggastern Biotech
pKAS46 Suicide vector ; Km', Ap', Str® (41)
pRK415 Broad-host-range IncP cloning vector, Tc' (18)

A derivative of pYCO016 (19), containing a promoterless lacZ from K. pneumoniae
pLacZ15 CG43S3 (21)

as the reporter, Cm'
pGEX-5X-1 GST-tagging protein expression vector; Ap” (5)
pHYO015 Sacl/Xbal digested fragment of pHY 014 cloned into pKAS46 Laboratory stock
pHY048 4:50 bp BamHI/BgIII digested fragment of the putative rstAspromoter region was cloned Laboratory stock

into pLacZ15

pHY 089 700 bp EcoRV/Sacl digested fragment of expressing RstA cloned into pET30b Laboratory stock
pHY091 rstA gene with no C-terminal-domain was digested by Sall and'cloned into pET30b Laboratory stock
pHY110 ilr.liok;RIiC‘c:{SI/ Pstl fragment eontaining the putative rstA prometer and rstA was cloned Laboratory stock

3 kb HindIII digested fragment containing putative rStA promoter, rstA, rstB promoter

pHYT12 region, and rstB was cloned inte pRK415 Laboratory stock

pHY070 flOO bp BamHI/BglII digested fragment containing the putative mgtA promoter was cloned Laboratory stock
into pLacZ15

pfeoZ15 :564 bp BamHI/BglII digested fragment containing the putative feo promoter was cloned Laboratory stock
into pLacZ15

pirocyZ15 455 bp BamHI/BgIII digested fragment containing the putative iro promoter was cloned Laboratory stock
into pLacZ15

pYijcC525 :525 bp BamHI/BglII digested fragment containing the putative yjcC promoter was cloned Laboratory stock
into pLacZ15

pYfdX 417 bp BamHI/BglII digested fragment containing the putative yfdX romoter was cloned Laboratory stock
into pLacZ15

pY D02 f);)j ;DZplESSamHI/ BgllI digested fragment of pY{iDO1 cloned into the BamHI site of Laboratory stock
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417 bp BamHI/BgIII digested fragment containing the putative HdeD promoter was

pHdeD cloned into pLacZ15 Laboratory stock

pASI2-2 270 bp BamHI/BglII digested fragment containing the putative asr promoter was cloned This study
into pLacZ15

pAsr-2-yT 2.3 kb PCR .product containing the asr, the upstream of asr, and the downstream of asr This study
was cloned into pyT&A

pAst-m-yT The 4.7 kb fragment containing no asr gene amplified from pAsr-2-yT by using PCR, and This study
then was religated

pAst-m-46 gllézfgz%ment which was digested from pAsr-m-yT by using Sacl/Xbal was cloned into This study

pGEX-5X-1-Asr 200 bp PCR product of asr with no signal peptide was cloned into pGEX-5x-1 This study

PRtB-2-yT 3.3 kb PCR ‘product containing the rstB; the upstream of rstB, and the downstream of rstB This study
was cloned into pyT&A

PRStB-m-yT The 4.7 kb fragment containing'no rstB geneamplified from pRstB-2-yT by using PCR, This study
and then was religated

pRstB-m-46 The fragment which was digested from pRstB-m-yT by using-EcoRI/Xbal was cloned This study
into pKAS46

pRstB 300 bp PCR product carrying Py cloned into the BamHI site of pLacZ15 This study

pAsr-c-yT 550 bp PCR product carrying.asr and.Pgr cloned into yT&A This study

pAsr-c-415 BamHI/HindIII digested fragment ofi pAsr-c-yT cloned into pRK415 This study
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% = ! Primers used in this study

Primer Sequence

RstA04  5'-CAGGTCGAGCTCTTTAAGGG-3'

RstAp0l  5'-GCAGGATCCCGGTGAAATAC-3'

YWp0l  5’-ATGCTGCGGATCCGTTTT-3’

YWp02  5’-CGGCAACGACCAGATCTAATAC-3’

YWp07  5’-GCAGAATGTTCGGATCCGCCTATG-3’

YWp08  5’-GCTACCACCACCAAGATCTCGTCGTTA-3’
YWp09  5°- GGTCATGGGCTTTATTGGATTACTGGT-3’
YWpl0 5°- CATTATGGTGCGTTCGATTGGACTC-3’

YWpll 5°- CGGCAACGACCATGGCTAATACTT-3’

YWpl2 5°- GCACCATGGTCAGGGCGTTAAG-3’

YWpl4d  5-CCAGAATTCGCCGATGCGGCAAGCACCACCCC-3
YWpl5 5-CTTCTCGAGCCATTATGCCGCCGGTTTA -3°
YWpl6  5°-GCTGACCGATATGATTGTGCC-3’

YWpl7 5-TATTTAAACATCAAGCGCAGGGTA-3’

YWpl8  5’-GAGCCCTATCGTATTAAGACCGITCGCA-3’
YWpl9  5’-TCGGCATCATAGTTCAGCAGCTCGC-3’

YWp20 5 -ATAGGATCCCAGAAAGCAGACGAAGAGCAGAAGAT-3’
YWp2l 5°- ATTGGATCCTAGCTGCCTGATTTECACCTCTGCC-3’
YWp27 5- CACGGATCCGGTAGACATTCCTTATTAT-3’
YWp28 5°- GAAGATAGATCTGCACGAACAGCT-3’

YWp3l 5-CCACGGATCCGGTAGACATTCCTTA-3’

YWp32 5 -GAATTCAGATTTTTGCAGCATACCCAGCCC-3’
YWp33 5°- GCAGCGCCAGCCTTCCAGCATCATC-3’

YWp34

5’- GGCGCTGTTCAGCGCCGGTTTATCA-3’
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K. pneumoniae MGH78578
ydgC
rstB tus fumC fumA

)/ <=

E. coli K-12 MG1655 :
ydgG

ydgH ydgl ydgB éstA;:,rfstB tus fumC fumA manA  ydgA

4 !
S.enteﬂcaserovarTy@h"ﬁunuh?LIZ
ydgc | Stmi4ra

1 kb

ompN stm1472. rstB- tus fumC fumA

7 FAf? rStA/StB 2 B FF ER FIA 4T et o T 0 L s B

“BEE P LY RSIARSB AHZ % E A Fe A o FY AT

T S o ydgH 1 B 0 gl SRURN S M R S R R o 8 @ 6

£ > ydgB : ‘®4a% & v 0 ydgC @ X M F-9 o hp @ X F-9 > tus : DNA

AL A R o fumC  at e AR A FF o fumAd R Rk & pE

manA : Bift & ¥R HpF 0 ydgA ¢ BRK 2 F-9 o stm1474 1 & A& F] > ompN ¢

hAt Fod N o Stm1472 1 B AR
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(A)

. 2171 bp |
I 1
Deletion
RstApOl |f——m"]
XA bp
- ydgB ydgC— rstA —— HP— rstB - tus
<
RstA04
Kb 3

2.0 wild type form

15 mutant form

1.0

(B)

1 3154 bp |
I 1
RstAp18 | Deletion Ir .
- 1299 bp.
- ydgB ydgG—  rstA — HP— rstB - tus -

=
7Rs‘tA19
i
Kb 1 2 3 4
35
3.0
25

wild type form

20 mutant for‘rini E

15

Bl . FEIAIStAZ rstBA FladFtk o (A) 1% 315 RstA04 ~ RstAp01.5PCR

tgis o MDNATR AFEL o T2 k¥ W tF2171 bp > @ rstAdL 4F AR 7 3 5 1454

bpeLanel: ¥ 2 t&x » Lanes 2 : rstA4*x4f #& > Lanes 3 © # 7 rstA&:4f «hF 48 -

(B) f1* 515 YWplI8 » YWpl19&PCR% » £ 12DNAT A FEid

o

LER ST

3154 bp » @ rstB4x 4F tA B ¥ W t5 1855 bp » Lane 1 - ¥¥ 2 $& » Lanes 2~3 : rstB

# 4tk > Lanes 4 © # 7 rstBax4f <5 48 o
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(A)

ODg00

LB

M9
—e— wild type
—o— rstA mutant

—e— wild type

—o— rstA mutant

ODg00

0.1 3 T T T T T T T T - .
0O 1 2 3 4 5 6 7 8 9 10 11
hour

0.1
0

(B)

ODg00

1 2 3 4 5 6 7 8 9 10 11
hour

M9
—e— wild type
—o— rstB mutant

LB
—e— wild type
—o— rstB mutant

ODg00

_p":,:l‘%-zlf o Bx — L

Bl=. #37 rstA = rstB & Fl#2 3k & LB 2 M9 32 % %
« M

4
>
%

Bied o BRI

¥enpinter 4 E2 LB ERE MY

PR BE 600 nm ek K B (A) T4 R rstA42 45tk o (B) 7 4 $R 22 rstB 4

K o
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(A)

(B)

Klebsiella pneumoniae CG43S3
Wild type | rstA— pRK415 pHY110 pHY112

Drug inrstA— inrstA— inrstA—
Cell Wall Synthesis Inhibition
Penicillins) Ampicillin (10 ug) 6.010 6020 6020 6.0%0 6010

Carbenicillin(100 pg) 9.6+0.7 112105 |20.0%0 20.010 206105

Methicillin (5 mcg) 6.0%0 6.0+0 6.0%0 6.0%0 6.0+0
Cephalosporins Cefotaxime (30 ug) 22.0%0 232%11 |34.0%0 320t0 332105

Ceftazidime(30 mcg) 2200 222+0.2 | 306105 30.0+0 3200
Protein Synthesis inhibition
Aminoglycosides Kanamycin (30 pg) 152105 |[16.0%0 18.010 18.010 18010
Tetracyclines Tetracyclin (30 ug) 23.0%07 |226+05 |86+05 8.6105 8.0+0
Nucleic Acid Synthesis inhibition
Quinolones and Ciprofloxacin(5 pg) 306+05 [320+10 [36.0%0.1 374%0.1 346%0.1
Fluoroquinolones  ['najiixic acid (30 ug) | 17.2405 | 1600 |196%02 |200+0 20010
Cell Membrane Disruption
Polymyxin B | Polymyxin B (300 units) [140+0 [140%0 [166t05 [146t05 [146%05
Antimetabolites
Sulfonamides | sulfamethoxazole (25 pg) [ 6040 .[60t0 [60t0  [e0%0 [600

Kiebsiella pneumoniae CG43S3

Wild type | rstB—

Cell Wall Synthesis Inhibition

Penicillins Ampicillin (10 pg) 6.0%0 6.010
Penicillin G (10 units) 6.0+0 6.0+0
Methicillin (5.mcg) 6.0+0 6.0+0
Carbenicillin (100 pg) 17.0£0.1 18.0£0.2

Cephalosporins Cefotaxime (30 pg) 23:0+0.9 230105
Ceftazidime (30 mcg) 18.0%1.0 20.0%1.0
Cefmetazole (30 pg) 22.810.2 23.2%+0.3

Fosfomycin Fosfomycin (200 pg) 12.6£0.2 13.4%0.3

Protein Synthesis inhibition

Aminoglycosides Kanamycin (30 ug) 9.8+0.1 10.8+0.4
Novobiocin (5 pg) 6010 6010

Tetracyclines Tetracyclin (30 pg) 220101 24010

Macrolides Erythromycin (15 pg) 110104 9.81%0.1

Chloramphenicol Chloramphenicol (30 pg) |22.0+0.7 21.810.2

Nucleic Acid Synthesis inhibition

Quinolones and Ciprofloxacin(5 pg) 20.4+0.3 216%0.3

Fluoroquinolones Nalidixic acid (30 pg) 178104 176203

Cell Membrane Disruption

Polymyxin B | Polymyxin B (300 units) [ 136£03  [13.8104

Antimetabolites

Sulfonamides | sulfamethoxazole (25 ug) | 6.0 0 [6.0£0
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Ble. 2475 % L FHAY RstA (A) & RstB (B) #* 7 b #4 g X
KPR BT RSB HREFF ARIY FIHDFRRERE AL Y
Ll et e LB R E > % 3TCRAZ L AN > Ui FhisRARE S
L3 r» 2 FEF DRl SHRARZERRIFABL LD ] « H iz
mm ° pRK415 (vector only ) ; pHY110 ( containing putative rstA promoter
region and rstA) ; pHY112 (containing putative rstA promoter region, IStA,

putative rstB promoter region, and rstB) -
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E. coli BL21
pHY089 pHY091
Drug IPTG induction IPTG induction
omM 0.5mM, 4h | 0OmM 0.5mM, 4h
Cell Wall Synthesis Inhibition
Penicillins Ampicillin (10 pg) 19.0+05 | 272105 18.0%1.0 | 23.6%0.2
Penicillin G (10 units) 16.010 11.0+£05 94+02 |[10.0%0
Cephalosporins Cefotaxime (30 pg) 30.01£1.0 (452115 26.610.5 | 36.61£0.5
Ceftazidime (30 mcg) 26.0+x1.0 (38.00 272105 | 33.2105
Fosfomycin Fosfomycin (200 pg) 524105 (512111 50.2+£0.1 | 57.2£05
Protein Synthesis inhibition
Aminoglycosides Kanamycin (30ug) 6.0t0 6.010 6.010 6.0t0
Novobiocin (5 pg) 6.0+0 6.0+0 6.0+0 6.0+0
Tetracyclines Tetracyclin (30 pg) 20505 [ 28,6105 19.2+0.5 | 266205
Macrolides Erythromycin (15 pg) 6.0x0 6.0x0 6.0£0 6.0£0
Chloramphenicol Chloramphenicol (30 ug)| 16.6 0.5 | 24.0+1.0 18.2%0.2 | 19.6%0.2
Nucleic Acid Synthesis inhibition
Quinolones and Ciprofloxacini(5 pg) 22.0%0 32017 18.6+0.5 | 30.6+05
Fluoroguinolones Nalidixicacid (30 ug) | 6.0£0- |120+10 |60£0 |80%0
Cell Membrane Disruption
Polymyxin B Polymyxin B (300 units) | 16.0%0 240110 15.0+0.5 | 206105
Antimetabolites
Sulfonamides Sulfamethoxazole (25 pg)|6.0£ 0 18.0+1.0 6.0£0 19.0+15
Sulfamethoxazde (25:ug) | 8.0 0 8.8%0 7810 8610

M. *BREFAY A EL2RRARDSAIFEF RALNPE F F 24
L RstA (pHYO089) £ # % RstA N #4354 (pHY091) ¢+ *% & & BL2I
(DE3) §H g B trz —43: 440 LBY » 3 37Cxr %2
ODgoo # 0.4~0.5 > 4c » 0.5 mM IPTG 3£ ¥ = | FF (s - 4 =B isB ik 4 4F
W IB AT O LG REFORALE SRERBRE S REFABL L

[

m—)a/yoﬁfi:mmo
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(A)

E. coli K-12 MG1655

ydgu mdtl
ynfK  dgsA ynfL  ynfM a; / ydgD / mdtJ
K. pneumoniae MGH 78578
KPN 02003
ydhC cfa ribC norM a; / KPN 02004

S. enterica serovar Typhimurium CT18

bioD  STY1576  STY1578 STY1579 tnpA  asr STY1583 STY1584

1kb

(B)

cttgtctaagcccgecgctccggegggcttittegttcttcgctataacggcgegttg TACAttccgtTACTC

-35 box -10 box putative RstA binding box

cctgacaccaaagactc gcctcccggcagg cgcttatagtgttgccaacagccccgeagtggg

+1
gttactcaagaaaccaagtcgaggatttcag
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B+ . A3 AR asr 2 THAFINZ AT R ddF AL (A) A
A AR ERENE S LR LRSS GV SRy G EL
ynfK : putative dethiobiotin synthetase, dgsA : DNA-binding transcriptional
repressor, YnfL : transcriptional regulator, ynfM : Inner membrane transport protein
YnfM, ydgU : hypothetical protein, ydgD : predicted peptidase, mdtl : Multidrug
resistance protein, mdt : multidrug efflux system protein MdtJ, ydhC : inner
membrane transport protein YdhC, cfa : cyclopropane-fatty-acyl-phospholipid
synthase family protein, ribC : riboflayvini synthase alpha subunit, norM : multidrug
efflux protein, KPN 02003 & KPN 02004.: hypothetical protein, bioD : putative
dithiobiotin synthetase, STY 1576 & STY 1578 : putative regulatory protein, STY
1579 : putative membrane  transport. protein, tNpA = transposase for insertion
sequence element I1S200, STY 1583 : putative: secreted protein, STY 1584 :
multidrug efflux system protein Mdtl: (B)Wse s & <% W % P > asr # iv gz
w3 RE (5 175bp) 2 B2lA 47 0 A KIRT 5 ¥ i 7 RstA 42370 % 8

(29) -
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(A)

(C)

(2]
o
o
o

5000 -

S
o
o
o

2000 -

B—galactosidase activity (Miller units)
] 8
o o
o o

o

KPN 02004
norM \ KPN 02004
1kb A
(B)
_’glooo LPM pH 7.0
S
3
= 800
2
>
= 600 1
&
(]
@ 400 A
h=l
3
% 200 1
©
[@2]
& o | — | E—
Z01 ZO1ATStA
Bl . rstA & rstB A Fla 4f #F asr £z

LPM pH 4.6

T T

Z01 Z01ArstA Z01ArstB

AR R o (A) asr feds+ E 4

27 A B 0 7 YWp0l ~ YWp02 5313 » & PCR Ht5 > B tgiscn® S 2

pLacZ15 > ™2 lacZ 3 4R ¥ 3 7]

7.0 LPM %% (B) &

“pH 4.6 LPM £ &% (C) » *37Cxr %

o BrZ L2 —IR B A DFR A I ATHE pH

& 2 ODgg 5

0.6 {5 > kg Miller 7 2 3 17 > PIIRBLE asr fxd + ciE (2 & R o
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(A) (B)

w
o

700

) 2
5 = Prgep | 5 == Pyx
g 25 1‘3 600 - T T
= S0l
2] < 500
3 = 400 -
& 15 3
b © 300 1
T 101 3
3 3 200
i) 2
& 57 & 100 -
© ©
Z 0 ; {E :.’_ 0 : :
Z01 Z01A\rstA Z01 ZO1ArstA

(C)
4000
. rzz3 ny.D
T

3000 4

2000 1

1000 +

B-galactosidase activity (Miller units)

701  ZOLArstA

B~ A4 rstA A Fl4E ¥ hdeD > yfdX ~ yfiD fods + 75 4 4 IR e 38
(A) #-imiF# %> pH 5.5 LBMES £ % 2 2 ODggo 9 0.7 » 4% Miller
23T BLR) hdeD fxds 3 eiE A o (B) T??j'ix’?z ERrFEEA LB 2
ODgoo ) 0.5 > i&xFx Miller e j2 4 i® > gLp| yfdX fed + s 2 - (C)

B L2 — I REB R PR AT LB BERY - Fhr | F G

&
)
w
-
a
R
B
I=q
[
7\
o
o
()]
(=]
(e}
J\
]
N
—

&y Miller s % 3 i® > gLp| YD fx

S
4y
3
“h
ﬁi
S
&
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—e— wild type
—o— rstA mutant
LPM pH 4.8 LPM pH 4.4
1 1
8 g
a a
© o
o Q1% :
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 ) 9 10
hour hour
LPM pH 4.0
1
o
o
©O
ja
O
0.1 4

0O 1 2 3 4 5 6 7 8 9 10 11
hour

£ d

Bli. 24452 rstA #4F % LPM pH 4.8 ~pH 44 ~pH 40 &3~ 4

Boo Pz L2 —IE R A DER S~ A7 pH 4.8 ~ pH 4.4 ~ pH 4.0 LPM ¢

% 037 PR ELM P 600 nm Rk Sk E o
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(A) (B)

100 80
80 1
—_ 1l —. 60
S [ g . X
2 60 4 )
S ©
3 5 %0
2 40 | T 2 T
z 2 T
7 S
T ? 20
20 A
0 . . . . 0 _ . . "
Wild type  ArstA  Wild type  ArstA Wwild type  ArstB Wild type  ArstB
Non-adapted adapted Non-adapted adapted

Bl--.rStA 2 rstB enRA FIA 3 REBR T B EF L7 (A) oo L o2 —

PR R IR R R RS SR EE FRECE Ak R 5 E
FoH-mi G ASEEE Bwmpcr pH 4.6 LPM R AR5 | pris L #
.fémf?]“‘?:“ pH3.0LPM %843 [ > NELEI 8 35F3E 335K
&%%@’%&ﬁﬁgﬁﬁﬁﬁg&%ur%ﬁ FEAE G s (B)

¥4tk 2 rstB A 4F RO R B FoooplFeEs AE (A) o
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(A)

VWpoe=> VWpi2=> /(PN 02003

norM
SYwp11 KPN 02004 «=YWp10

asr

Q lDelete, rejoin and clone into
a suicide vector
[ ]

K. pneumoniae Lasr
PKAS46
CG43s3

Kp CG43S3
DNasr

—

Loss of plasmid

(B)

L 768 bp |
] 1
Deletion bp
We1s 294 bp 1000 _
[ asr —  KPNO2004 — 750 — wild type form
W 50 — mutant form
KPN 02003
Ywp17 250
B+ - . asr#df prirud HoT L WY 2 R o (A) £113515 YWp09 ~ YWpl0

% PCR¥tg asr 2 24 {3 2 kb ehi 7] > & 2 #3m 2 Lk 1 pyT&A » £ 1
YWpll ~YWpl2 5513+ 4|* PCREHEe 7 asr ¥4 P EKhwE > L wEEL
12 Sacl/Xbal #%*7 & 18 asr 44 7 & » £33 pKAS46 > E i cnfTig iz &
T M A ko BTSRRI HLEE asr 2k (B) fI v
YWpl16 ~ YWp17 %5 PCR ¥ t5t5 » 2 DNA 7 AFE:d asr 4435tk o 07 2 17 3
tg d) 770 bp e % X 0 @ asr 444 AR ¥ ity 498 bp o Lane 1 ¢ ¥¥ 4 & > Lanes

2: 7% F asr4tdp cnE 48 > Lanes 3~4 : asr 4 4f & o
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(A)

—e— wild type
—Oo— asr mutant
LPM pH 7.0 LPM pH 4.8
1 1
o o
3 3
a a
(e} (o]
0.1 T T T T T T T T T T T 0.1 T T T T T T T T T T T
01 2 3 4 5 6 7 8 9 10 11 12 0 1 2 3 4 5 6 7 8 9 10 11 12
hour hour
LPM pH 4.6 LPM pH 4.4
1 17
o o
o o
O ©
a [a)
(o] (o]
0.1 0.1

01 2 3 4 5 6 7 8 9 10 11 12 0 1 2 3 4 5 6 7 8 9 10 11 12
hour hour

(B) ()

survival rate (%)

100 100
80 1 80 1 T
T ;\3 T
60 1 T E 60 - =
o
S
40 | S 401
=}
1]
20 1 20 4
0 — ; - , 0 = ' :
wild type  Aasr wild type  Aasr wild type \asr ANasr
unadapted adapted [PRK415]  [pRK415]  [pAsr-c-415]
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L o asr Hhi Fla AT AR ESR R MEBHRTORES o (A)
B L2 —FE 3t % ehiFik 4~ pH 7.0 ~ pH 4.8 ~ pH 4.6 ~ pH 4.4 LPM 2
P o0 PR EEE R 600 nm ek kiE o (B) W4 fRE asr 445 R
R B Tag B o BlREE I HEIAFRL A (C)asr I W HRARER
s REA Y 3 PRI £ 1 ODgo=0.6 15 » F A dcE 0 £ F 5
it pH 4.6 LPM 2 % 2§ s | PF{5 L %5 pH 3.0 LPM 22 % R fsip s o |

ERES & RN s Se S E L S Rt S RREAEEY $ 3 o1 SENERTE I
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(A)

KDa

170—

130 —

100 m—

70—

55

A0

35— GST-Asr

25—-

15—

IPTG (mM) 0 05 0. 0.1 05 05 . 1.0 1.0
Induction (hr)I 6 6 2 4 6 2 4 6 2 4 6 6

Plasmid  pGEX-5X-1

(B)

KDa
250 1
130—
100— s
70— .
55— v
40—
35— =

25— =
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Blt=. £2%9 Asrcnd BB 2 73 LEZ 047 (A) * %4 [ BL21
(DE3) [ pGEX-5X-1-Asr |72 7 k& IPTG # ¥ : lanes 1 v 12 %‘J?F e
IPTG ; lanes3 ~4 5> ‘J;]:ﬁ 0.1 mM IPTG ; lanes2~6~7~ 8> ‘Jfltﬁ 0.5 mM
IPTG ; lanes 9~ 10 ~ 11 > % 4x IPTG 1 mM = IPTG 3% # & SPFEF A B 5 5 /]
P (lanes 3-6~9) ~w /] pF (lanes 4~7~10) ~ > - FF (lanes 1 ~2~5~
8~11-~12) {414 SDS-PAGE %~ #7 o (B) " % 12 Coomassie Blue & ¢
(C) GST it d £ & #%e Lane 1 * & F & 3z ;2 BL21 (DE3)
[PGEX-5X-1]:2 0.5 mM IPTG 5 %= |9 F& 53 %BL21 (DE3) [pGEX-5X-1-Ast]
% 4c IPTG 32 % = -] P& ;=4 : BL21 (DE3) [pGEX-5X-1-Asr]rZ 0.5 mM IPTG
F# ] pF; 5:BL21 (DE3) [pOEX-5X:1-Ast]i% 0.5 mM IPTG 3 & = -] p&
o ez g L B erape chitkde 50 60 BL21 (DE3) [pGEX-5X-1-Ast] 1
0.5 mM IPTG 3 %~ /| F% » ‘de 3 kRF X 4 bt Fip 37 5 GST 4

AL S enE B9 Asro
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(A) (B)

£100 £100
c
5 == P, S T == Py,
S8 [T = 80 L
3 =3
2 2 L
S 607 = %]
=) = T
& &
2 40 A & 40
© ©
= =
2 2
= 20 A = 20
: m m c_(é
< ©
=)
Lo : : : : : : Lo , , : :
Z01 ZO1ArstA Z01 ZO1ArstA Z01 ZO1ArstA PRK415  pHY112 pRK415  pHY112
FeSO, 40 pM  2,2-dipyridyl 0.2 mM Z01 Z01A\rstA

Bl m . A 47 rStA shzk Flat dE 3T feo Fad F B o (A) B2 L 422
— IR A PE R D 4% D ST MIBEE R B4 S A 4~ e x40 UM
FeSO, # 0.2 mM 22-dipyridyl {4 +#537C3: % & ODgy0=0.6 > 2 Miller = ;¢
P feo gl F g A e (B) AP 4 FREIStA 424tk ? > $& 78 pRK415
& pHY112 > 3% 37°C# % I ODggp=0.6 * & 45 Miller 7= ;2 3 % - 1 ;] feo kz
# 3 e & R - pHY112 (containing putative rstA promoter region, IstA,

putative rstB promoter region, and rstB )
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K. pneumoniae CG43S3 )
-10
GTTAGGGCAGCATAGCGGATTTAACGUTGTTTATAAAAGAGTAATGGCGGGT

E. coli K-12 MG1655

- -10
GTCGG(Q;-?AAAAGTGGAATCAGCCCGGCGATATAATAAI TTTTCGTTTTTGCTAAA
ACACCAATCAACAGCACTACCAGCGCACCGAGCGCGGCTTTGATTACCAGCC
CCA:rl'l.CMACCTT [CCATAACAAGTCATCAGTAGAATACCTGATGAA

AACTITGTTTAGAAAGGATTGATAGTAAGTAAAAACAGCGCG-GTG

S. Typhimurium LT2

ACGTTésGAAACAGAGGAATTAATCCGGCGA%'?ATAATAATTTTTTGTTTTTGACAG
CAGACCAATCAATACGACGACCAGCGCCCCCAGGGCAGCTTTAATCACGAGTC
CCAT, GCCTT, 3CTAATAACAACAGCATGTAGCATAACGGAACCG
CTCTICGTTTAGAAAAGATTTATG-53bp-ATG

PhoP consensus'sequence (T/G)GTTTA-nnnnn-(T/G)GTTTA

---------------- RstA consensus sequence.TACA-nnannn-TACA

Bl- 7. rstA fade F BB R | fr o @0 % L~ SR F -~ 2D

S B0 IStA ads 5 R kool S e for PhoP ¥R i (25) 0 b AR

RStA $%33 5 71 (29) °
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[EY
N
o

_— low M92+(-)

== high M92+(MgCI2)

| mm high Mg2*(MgSO,)
T

Z01AphoP

[EnY
o
o

[e]
o

N
o

N
o

B-galactosidase activity (Miller units)
(o2}
o

o

01

Z0

T4 A xEDLBE AR A?Vv'l‘ii,”]?ﬁi‘”c A 30mM & U 4% E R pl4s o
37°C#: % 1 ODgpp=0.6 > =45 Miller 1= 2 3% 1% > /18] rStA fbs &+ chis 2 4

mo
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*E 100
5 = 0w Mg®" ()
3 80 | == high Mg** (MgCl,)
s = mmm high Mg** (MgSO,)
>
= 60 1
S
@©
& 40 I
©
@
@]
5 20 A
s
©
(@]
|
Q. 0 T T
Z01 Z01AphoP

Bl = . PhoP #43% rstB fa s E L dg e ool &0 2 —[f %32 & FIR 4o
4L DIPMEZ RSP A ‘*v'J‘Jf\i,’FﬁE\”n > 30mM # it 4% N Rk 4E > 37
T3z % 3 ODgoo=0.6 » 1 Fi Miller&hidi-ie-> 3] rstB gcds + chid 4 £

ﬁ_‘o
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N
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N
o

N
o
|

B—galactosidase activity (Miller units)
(o]
o

o

BlL ~ . RstA $33% rstA £

T AFASHIBRARY

15 R rStA e 3 g (& IR o7
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(A) (B)

—/3 PrslA = PrstB
100 70
60 s T
801 L, T
T 50 1
T s
60 - ——

N
o

w
o

40 1

N
o

20 A

=
o

B—galactosidase activity (Miller units)

)

— MgSsO, CuSO, FeSO, ZnCl, CaCl, FeCl;

o

B—galactosidase activity (Miller units)

- MgSO, CuSO, FeSO, ZnCl, CaCl, FeCl,

(C)

6000

= N w B [
o o o (@] (@]
o o o o o
o o o o o

T T T T T T
- MgSO, CuSO, FeSO, ZnCl, CaCl, FeCl,

o

B—galactosidase activity (Miller units)

BlL4.72 k& B3 rstA (A) ~rstB (B) ~asr (C) g+ & ehgs
e (A) (B) oz Lhz —RE4ER"L 4% pHT0LPM ¥ ;
(C) oz L A2 —RRBADF L 4EZHILPMpH 467 » £ 4> 3
ParF »37Cxr % > # (A) (B) £3 ODg=06° & (C) £ 3
ODgpo=0.5 » 4 %]ip] rStA ~ IStB ~ asr fads F chE fH £ IR o e » chg s A 9
% 1 mM CaCl, ~ 1 mM CuSO, ~ 30 mM MgCl, ~ 1 mM ZnCl, ~ 1 mM FeCl;

30 mM MgSO, ~ 1 mM FeSOy, ©
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-87 cggg gatatc:gataac:attgact cccc -60 rstB
-8  tgtt gataat:gggaat:ctttatc gaca +19 fucA

-82 aaac acaaat:gataat:cattatc atct -55 iroB
-138 tatt gatgat:aaaaac:cattctc atta -111 feoA
-89 g¢ttc tataat:gagacg:cattacg tcgg -62 fur

-.atc GATAAT:GATAAT:CATTATC tac. Fur Box
(B)
LPM pH 7.0 LPM pH 7.0 LPM pH 4.6

-g 70 guo 2 7000

E 0 1 == P gloo == P, g 6000 N = P,
?;50 T % % %sooo

2 40 z = 4000

S & 60 8

@ 30 2 @ 3000

] S 40 3

g 20 3 g 2000

% 10 g2 % 1000

i 0 i 0 i 0

Z01 Z01fur Z01 ZO1Afur, 01 Z01Afur

Bl= L. &35 fur enfk FI# 35 4 1StB S rstA ~asr o F E A RPBEE -

(A) *“ ¥f rstB ~iucA ~iroB ~feoA »fur eh Futd 2735 7] o MR MR N
ETfrdR E Fur £ 870 B SR 2L e (d) e (B) o2 L o2 —p B AR
pﬂ,,z 2 4T H IPMEZ R > F ﬁf]{ I ODgpp=0.6 > i& 45 Miller 7 /= 3

% > & wlip| rstB ~ rstA ~asr fxds F a4 IR o
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i 45—

Low Mg?+ Cu?* Zn2*

|
:' ﬂ PhoQ f ﬂ RstB
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% ] RSUARSB A7 L 0 o FatiTe 5 7 sk i % LB Bl
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Fitdk =

rstApOl
S

rstAp03
S

rstAp04
KN

PhoP box RstA box

H/ rstA

<
rstAp02

o Jo |

i -
“ «—F
e o~ W —c

| : ng PhoP per lane |
I 0 5001000 1500 1500°. 0 500 1000 15001500 . 0 500 1000 1500

= =
Specific competitor Specific competitor
1:100 1:100

}ﬁ\_ﬂ EMSA 4 15 PhoP $#** Piga gt it # cLane 10 2°3°4>5 »5iv 4
4e~ 0> 500 > 1000 » 1500 » 1500 ng % it 2. His-PhoP 3-v F » #7% 2 rstA fz

wF R BTET o T A lane 5 P Ao 2 iEE 2 A M RE T2 PR E

|« DNA 8 39 F2)%4f £ HfE7 5 Co A RFH L Fo

55
ETTRS

ETTRS
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4=

rstAp01
>

rstAp03
S
rstAp04
S

PhoP box RstA box

H/ IstA

<
rstAp02

|o |c‘ [

| ng.RstA per lane
r 0 500 1000 ‘1000 0 500 1000 0500 1000 I
— - |
Specific competitor
1:100

fﬁﬂ EMSA £ 47 RStA ¥3t Pga et 2at # o Lane 102734 & W& & 4¢
> 0> 5001000 > 1000 ng % it 2. His-RstA v %‘r v Bk 2 rStA Frds S+ R B
4ot BT 0 3 A lane 4 P 4e 2 B 2 A USSR T 2 P A 7] - DNA

P dd S LA 5 Co AR RIS L P
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50 -
40 1
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survival rate (%)

20 =

10 +

Wildltype ArlcsB Wilatype AII’CSB
Non-adapted adapted

rcsB ek FlaAdF ARB BT Rz B F At o Boo LA 2 — IR R B A SIFR 4

» pH7.0LPM 3 % % @ - #F =4 ODeoo=0.6 % > i& 17 % - = % F ¥
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