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Abstract

The RcsFCDB phosphorelaying system originally identified as a
regulator of capsule synthesis (Rcs) is also involved in regulation of the
expression of other virulence properties including flagella production,
swimming motility, and O-antigen chain length control. RcsF is a
periplasmic lipoprotein; RcsCand RcsD are two inner membrane proteins
respectively exerting histidine kinase (Hk) and histidine phosphotransfer
(Hpt) activity; RcsB is a cytoplasmic response regulator. We have
previously shown that the deletion of rcsB from Klebsiella pneumoniae
CG43S3 reduced the levels-of not only the capsular polysaccharide (CPS)
biosynthesis but also the type 3 fimbriae major pilin MrkA production
and the acid stress response. Here we investigate if the regulatory activity
of RcsB could be correlated to the RcsFCD phosphorelay. Firstly, we
generate K. pneumoniae CG43S3Arcsk, CG43S3ArcsC, CG43S3ArcsD,
CG43ArcsD-hk, and CG43ArcsD-hpt, and compare their deletion effects
with those of CG43S3AresB. The results showed that CG43S3ArcsD
exerted a similar phenotype as that of CG43S3ArcsB. However, the
deletion of rcsF or rcsC had no apparent effect on the production of CPS
or MrkA; overexpression of RcsC increased the CPS production; deletion
of rcsF rendered the bacteria insensitive to polymyxin B stimulation. We
have also measured the gene expression using promoter reporter assay
and gRT-PCR analysis. The results revealed that P,z had much higher

activity than the activity of Py, Presps, and Prse could be induced by

iv



weak acid while Pycc, Prss, and P Were polymyxin B inducible. Finally,
the set up in vitro phosphorelay system revealed that the non-specific dye
ProQ could be used to determine the phosphorelaying activity between

the signal transferred from RcsC, RcsD to ResB.
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1.1 5% ¢ <% X4 & (Klebsiella pneumoniae)

E e AR AR - REIFIELER BRYN AF
(Enterobacteraceae ) » & L8 L o > ¥ A WAL K
CAESBEG R R . HWNARL AL EA N REORE A - BTR
Bed s F o AOE LR R €S ARIE L s TR s RER R RN
LR R AR B e Ao el 0 AR R PRV F 0 oA v
s A EHREFERPEFF Lem RS = [57]e 0B B
& F B HPFIR R (LiverAbscess) i Fita s ¥ IR 0 T Y
A AR AT A SR IRE97% 0 @ + % & 7 (Escherichia coli) &
He oS p AANER 1S 2 BE AV SRR FET 3 F Rk
%ﬂﬁlkwk’&ﬁﬁﬂ%ﬁﬁ”%%ﬁﬁ%ﬁﬁﬁﬁu*%ﬁ
7 ~ 483k [/ (Streptococcus spp.) fe/ik3 A= 2 o Flt > sug @ L
1A o i# % BER RS & EbrilAs R4 R [5-7] ¢

Sug e R AT Laa ¥ 5 0§ pE s (Capsular
polysaccharides, CPS )~ #; % @& (Lipopolysaccharide, LPS) ~ Zk*t #]+
(Adhesins) &2 %4839 » e GBI P FF 2 5= 2 - ~ Lo
R AW IEH LR T R LG HEAE LR
( Complement system ) £ 35 it (Anti-phagocytosis) eig 4 5 gt ¢k >
7 % pE%8 (Lipopolysaccharides ) % TR G R R TR ek T g
Sl mA A S pr Bk F g R B[5,8] e - ~ AMFF LV
FHERB LA P FARLE 0 TP R - Mgkt A ARE
P blded - A& (Type 1 fimbriae) fv % = A%< (Type 3 fimbriae)
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B RS P m A A R Al Y 77 f[14] 0 2 ¢ 1 Kl
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FimEi e L3 < £ % pEtY (Polysaccharides) » izt 44
# 5 #E4% (Glycocalyx) 7% ™ MRt A L E S PRE T 4 52
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BT AR K2 %5 i 2 B < 5 [54)-Glu-(1—>3)-a-Gle-(1
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¥ — 3] 5 % E[20] -
AL S R s S F P B AR o gt L A Fm W L Res
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FovE AR RREL YA F s v [21] o
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AEASFAEBEF Y > FFE LD R SR
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i #5 fi= (Histidine phosphotransferase, Hpt) » ¥ & H g2 & x B 357

320 @i PR R T g & & 4 [3435] -

1.4 8 %94 & 2 5 ResFCDB i %
Bk o B ARG %R 4 g (Colanic acid) > A & &
d # % #(Glucose )»-+ 5 #&( Galactose )= % % #:pz i« ( Glucuronic acid )
w L@ o o B4 Al (Wild-type) ehime g ¥ o AR ¥ 04 FBIRBET
s w2 2 F o e & 4 lon ( ATP-dependent cytoplasmic protease )
AFRRORKR? FRIE DI 2 EF P REOL] S FF RS F
o lon AFIHRE E & S8 A aged FARE F A[36]
FEshlon A FI AR L R * TR AFIRGECES R BH PR
B lon A FIR %1 §RHE A EH e A H lon G E RS R
Pap e g £[37]-F1* FLpEdk S5 (Lac operon) gk & 3R 1 44 Lon
S| F o b L hocps e Blon AFRREF L Cps A E RS
L#lon A FRBemie AR % PR A6 2B A TFIRFE ops
ZIBEFE AT E A EES BiE A B L 5 resA(Regulator of capsule
synthesis A) ¥? rcsB ( Regulator of capsule synthesis B) ; = # lon £ 7]
T F e RO FR- B RE S s AREAERA
TP R =% 4 %5 resC (Regulator of capsule synthesis C) [38] » rcsA
I s - BRI LR BALTFT 0 B 2EY F A4 Lon
v fi* (Protease) &4 fE#[39] o £ 8- H A Flofrfr T h 218 0 &

M oresC ¢ W4k @R v jcps (Sensor kinase) o resB ¢ 4k K



#1771+ [21,40] - ResA ¢ £ ResB 2 = = 4] = 48 (Homodimer ) »
Tligreps A F14E:F > & ReSA#? 2% 0 F 2 44 A f& > #70is hdk JR-K
T @ g lon AR %218 0 ResA F 2 &4 mﬂ*ﬂg kg + = [35] -

Res i B A F A ks - > U B G BIRfppsa F R
FEFRF o ev @ d - BHEOELSF BRI A P ke g
#P A - A S A S gip R L (multicomponent phosphorelay ) » & ‘w7
fwPz eb s b i B3 (sensor ) RcsF (Regulator of capsule synthesis F)
# o Fan e fOBEL id R+ ResC (Regulator of capsule synthesis C )
EX kp et s miz p gl gL > FF @ ResC p ANERpL Y o T oR-E
fe 12 1 838 F 250 ResD - (Regulator of capsule synthesis D) > ResD ¢
H BB VR e T 35 ek A 2 %13 ResB (Regulator of capsule
synthesis B) » RCSB# M H jHha = 4g E WP DT 25 Vv B s o H S

Lo LR TH REE K- AiE- £33
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;ﬂéa@uwﬂaﬁ%ﬁa
~ B~ 4 <R (Salmonella) ~ 5. & @ % /A~ & 3 = 7 (Shigella)
FUARE T Al WA T S B AR £ KL Wi e R
oA & Aqp i > B EL. 4 & = (Flagellum synthesis) ~ o 7 im v &
(Cell division) ~ ‘mp# # (Motility ) 7 Jz BT L i e

B3t RCs k sienA S+ E gL PR A FE G v;g ERIEI
A B AAEME (200) 2 F AT S B3 EAE (ImMMZnCly)
HET O gEI PR AASPEAR [41] @ S48 e R4 (envelope
stress) 3 B en%]+ > 2 djIA ~ [olA~ ompG = B A FleiE £ R+
g Bt B kb [42-47] X 4R R P Res i Stac D b %A

T4y [48,49] ot A F & 45 W WS BERE R LS chd & & [38,50] % -



Bt Bk R (periplasm) &R 4 5 gy B F] [51]e ¥ ¢k o
RcsB g%gé Afrs BE e FimB ~ FIME sndgé K541 % - 3]

I [52] 5 2 Fd P aES B e o G M B ftsA ftsZ ki e
e & [53] o i P < 7 (Salmonella)® - lgaA B ¢ § = 3447 Res i
Soo AL K SR [54-57] - ResB g VPP X A7 R c’v’ﬂﬁf}?ﬁi‘%"‘

] //} U:

-

BoruafzEsrio WL 2 3ot Emc:

féﬁi

Flenie ric 4 0 il R Rend RIS [5859] i hih Pt R R

(’

7 (Salmonella enterica Typhimurium) # - Res & st ¢ 3£ % % o2 &
o FHEI Res ks & e ki eend £ 8 TR N A
BALB/C % B4 1£ [60] + @ RCSB « ¢ fid ;3 4 ¥ (flhDC)
e flEL sk gk [65,61] 5 ¥ ¢ Res ki € AT A A FEA R
$k Bl PR A0 coydel A F) - 2 & 5 pEAY lipid A8 A B
1 ugd- £ F] [62,63] ~ £ 3 {4 4p B gk (¥ F+ srfABC % 3 |+ %] SPI-2
[54,55] 5 @ it 7 é;,?e:}% B AP RRY O ARBIf g1 ResB >
e AP a A F spvA ch4 I [57] -

\ 2

EL

)

WG T E A AR ] K2 1 3 cps A& B3 e (cps gene
cluster) # %z 7 19 ## &z = (Open readinf frames, ORF) > » 5 = B

weH o 2P o B A F] wzi- wza-wzb-wze 0 & < & i/ ;;]

il
palS

%
Bl e @ R E S LM AR FFFE Y 0 Far Res AR RS A
SEEMNA £ 0 APFIA T 9 L% L4 F CGA3S3 resB A FakAf

SR EREA AR R0 > P B A4 4R [64]
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ARHEZDHFAYF IR RSB A FAIE RS LT
[19] ; % = Al& L hie = v MrkA £ 2 £ 7% ('fBl- ) 2 ¥ %eh
43 BEFTE S ATRFTE oA AT o AR A A 47 CG43resB
BRI R BERE Ty Mo R R F RS FYfAX 2 2 2%
v > yfdX A E At dps o (acid fitness island, AFL) » 2¥ it & - SR
e B 4 cnid 5g 39 (chaperone ) > yfdX 5 #1571 “,f "5 ) R TR
BT g E S 0 @ rosB R Bl 4 W m Fendapi i 4 (CHBlZ ) ©

YdX chi i B % (HB= ) [4] -

167§ B
A it v NI LR 7 CGA3 Atk Res pipa 1T @ik jo @ o

RcsF~ResC 2 ResD 3w 22 ResB # 4#% it £_F G 4H4ab o £ > st
&4 resC ~ resD ~ resF -~ resD Hpt feresD Hk 2 F13x 38 R4k > 3 4 47
T A Pl H CGA3 wiA & e f pEend & § ~ 5 =AM S

MrkA en& IRE ~ 2 F 0 enA) 2 it 4 e B F ReB I T 2
fFai? @ ifig [T ™ 5k e RCSB cid st e B ¥ap i 5 ¥ b o A
4§ LcaZ-3F #H % % (LacZ reporter system) % 47 RcsF ~ ResC ~ ResD
22 RCSB & B B fd o S Eh v BaE 2 E Y ResFCD giph i vhen
AT LA R BB F A TR AWM G ERA SRR R
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2.1 Atk
PR A AR FCGA3 F R AL B L F ke 4 i
Ak A E 0 B¢ CGA3S3 Hd §5% % HEL T ik 2
(Streptomycin) HR % FIR[17] o *F BT ¥ R 2 TS
Wik - 2 A o MG AR 4 SR E s % oo Luria-Bertani (LB)
BEREEAA SRTRA > 3IC; 32 22 kR A B 5 148
# 2% 500 mg/ml~ & + & +r(ampicillin)100 mg/ml~ + 7% & % (kanamycin)
25 mg/ml~ 2 3§ 2 (tetracycline)12.5 mg/ml %2 # /& = (chloramphenicol)

35 g/ml o

2.2 RAFE e

ATFE 2P %k Y R A2[65] B £ Ml 4y & ( polymerase chain
reaction, PCR) #1i# * en3l 3 (primer)+ # a =& ( MDBIo, Inc, Taiwan )
EaFEA A=z A PCR i * aapz% & Blend Tag DNA polymerase
(TOYOBO, Japan) %* Taq DNA polymerase (MDBio ) ; PCR & 3 %
DNA # g p) ¢ * Gel/PCR DNA Fragments Extraction Kit ( Geneaid ) ##
P~ ; RNA i# #* RNeasy Mini Kit (QIAGEN) # 2~ ; *U4|f2 2% 2 DNA
i3 4% fi¥ % 4 %] d New England Biolab (Beverly, MA) # MBI Fermentas

(Hanover, MD) p% » » iz RERFERD> V@ * o

23 2FFRAH
10 B A Flernt g 8 4] NCBI =k 2 Vector NTI 48 ; feds + chif
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B 12 Softberry (http://linux1.softberry.com/berry.phtml ) ¢ Bioinformatics
@ MolGen ppp (http://bioinformatics.biol.rug.nl ) 4 47 ; 3¢ B RNA 322
B3 7154 RNAhybrid (http://bibiserv2.cebitec.uni-bielefeld.de )

PRE (T AT o

2.4 R FIHF REBRNEH

B AF1* PCR#ig P 1Rz Flef b T 325 5 £ 1000 4 A $+( base pair,
bp) e DNA > #eii 2 a8 % ELg & (535 ~ p A 8 pKAS46[66] >
o E e E R R %5 3¢ (electroporation) i# »~ E. coli Apir > % & i
(conjugation) #-p B REE » 55 8 K% 1k H CG43S3 ¢ 0 ¥ U 7 G
~+ 7iik % (kanamycin) % % = fik=% (Campicillin) 3 M9 F /& 35 % 7
iR gd BRI HIEY @ik~ 44 Maadx £ 5 (transconjugants ) - £
oo SpE - RBEIFHEN LBREERIICHERES L £
72 PCR fE:tiz B A4 ~ % 4 M7 » B 75 pl Fint g 7 48k 3
(streptomycin) e LB 35 % i 37°C# % 8] pFis > A7 L 10°1
P~ 100ul chFAiRdsg gtk 7 7 AR Z OB RHERA A TR A ALY
BRARR BEMRRFRT RERFEHS0HHE - Hiz o ARFE T T
A P EERE TR OB ALBAAL X PE N L
BERMEREFZ IR E L T RE R SR KL I
PCR# % -

2.5 A Fw i FHEH
F1* PCR 3 tg p A 778 » yT&A $448 7 » 5 d =t i 78 (subclone )
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I pRKA15[67]14 # i § 8 {11 % 7 34 » E. coli S17-1 Apir> £ 114 &
e g~ CCA3 P » R4k 7 = k% (tetracycline) M9 % i
BERAOINCHARRUIS IS FHT REPPEL > 2535 E - HF
SR EN T4k E e RENIBHEBAA Y RS PERFLLE
WE >~ TREFUOEE > L PCRHEFIFY ATFIF 4 |

262 £ & SE R
W LBRARY B ARG > 2200 RFFI LB iR
E3ICER > AFIEL1 IRl & 600nm ™ amx ki@ ; & =t b
FRBRME LA T IoE 2 LR Y, F Ry 5 = b

%7 Ll N A = o

27T 2SR

G IHEIM SR R eAELBRERER Y BA &S 11200 3
HED LBiAip? AR 37CHE 161/ 12 4000 a4 5 A
BURPIEE R - RIBTE N i wHALBEBA R BEER
s » £ B 500 pl ﬁ;& 42100 pl 2 5 1% & {2k ieH (Zwittergent 3-14
detergent) 2. 100 mM 4% #5p& (citric acid ) /3 /% »> 1.5ml 3. 5 ¢ > 1
50°C #v £ 20 A 4 fs 4 14000 4 ~ 2 A 45 > B~ 250 pl + iFi e » Iml
G $HFHE S B2 4C 0 30 A 4 12 140000 s 54 4k E iR
t6 020 200l = % -kw g oAk d 0 4o~ 1200l 7 3 12.5mM £ (borax )
gt (Sulfuric acid) 2% ® » R & {812 100°C4c#t 5 & 45 > (5.4 4r

fg T 4e ~ 20 ul 0.15% 3-#5 & = A= (3-hydroxy diphenol) % ¢ #&| > T p

11



BH AR E 520nm T ek B oo MrrR BB RS M Rk

B2 W R FPTEREE BN E RSP &EE Y 1x10°

& > % &8 (Western blot)

#-Foo BRIV HIR S G0 B A& (0.0626 M Tris-HCI pH 6.8 ~ 2%
SDS -~ 10% glycerol ~ 0.01% bromophenol blue 2 2 100 mM
dithiothreitol ) » & 12 95C 4r £ 10 4 45 > P~if B 3= H (4 15 pg) e
~ 13.5% SDS-PAGE 7 # 4 #r3-v (100V ~ 200 mA > 140 4 45 ) - v
BB R A Bts w1 2 Foe TR 100 A48 (140V 400 mA -
100 ~45) #EF R G- 4 ¢ ’T“sfs: ( polyvinylidene difluoride, PVDF;
Millipore, Billerica, MA, USA ) * > & 12 5%er%s Pg 4wk AC k2 1 1% o
¥ ¥ 4 Bl anti-Blactamase & R T 2 ) 0 £ 2 5000 4% R 2
S iR L kMR pe B B ahdid & Ik k9 G (alkaline
phosphatase-conjugated. anti-rabbit immunoglobulin G) &3 8 & 2 1
| FE s g {s 4o » B d & BCIP (5-bromo-4-chloro-3-indolyl phosphate )

NBT 2 # |+ wipi s % 7% (alkaline phosphatase buffer) %k & & o

29 4 $a4 ¢

f‘:m*ﬁ?]";}_LB ERReBRZIERE > 11200 T%ﬁ?%i 4mlLB 1 % 7%
SR BTCHEE R 2L bR A R - kRS &
£ Aml 1% 5

w0 = 4 45 60 # (revolution perminute, rpm) #&

/

FrRILT L o kEfs > £ - :’zv}(‘,‘-)?‘;ﬁa}_:'( 0

12



2.10 gt it 4 =&

Bfse &S SR T 2 g [68]5 B ARINA K B m A LB B £
RITCHRERLE 203 HFI LB ERY » 343 ODey ¥
0.6~0.8 =+ » P~ 1 ml i 12 15000 f e 5 & 4B 15 4 h 1 ifi o 4o »
ImipH44 H B & RF R 1P &EH T pHI A MI £ ¢ 12
% 45 & 48 > P~ 21100 pl ﬁﬂﬁi&ﬁ?ljfﬁ%i 10° 2 » ¥ 39 i >0
LB %A 3ICH B kFAZ R FEF L EMIE %
P Ak A5 s > & 1ml g EaEEfes £ 00 Iml Ao
RO - BV ) F - Sl s TR R

211 e+ 47 2 PR

MApplegcds F P B BE P B2 PCR 3 118 0 & YT&A E 5
e g 4] g+ 4R 48 pLacZ15[60] ¢ - it fads F 3 Bt lacZ
I H 4 FIARE o f 5 B2 TR e (B-galactosidase) i 1= i 4 2

Exds 3 s 1 o

zu&i%%ﬁﬁ%@#%

195 Miller = ;2 [70] » #-f§ o3 & 2 Fik 2 100 & ﬁrﬁ%“ LB = %
® P o FF% ODgp ¥ 0.6~0.8 =+ » 4 » 3 pHS5LB & 7 5 kA& 5 4
kR ?HFEB (polymyxinB) LB 4 » 32 % 40 445 > 2 100 pl
{8 R Fi% 4e ~ 900 pl Z buffer (60 mM Na,HPO, -~ 40 mM NaH,PO, ~

10 mM KCI ~ 1 mM MgSO, 2 50 mM B-mercaptoethanol ) ~ 0.1% SDS %

13



= % "= (chloroform) 2 &% ¢ » £ 30C-kigH# % 10 ~ 48 > F
W 4e » 200 pl 4 mg/ml ch4% A AL ¥ -B-D- 2 545 (o-nitrophynyl,
B-D-galactopyranoside, ONPG ) ;&

\.J

53 4 530 30°C kg o 1 B 4t
PFRREREAF S L 4er 500l IM e %0 F 0 RIE R

420 nm T Rk B & = S 35‘6}'}‘@"‘@§£}7§ J‘.,%-li“’mi’}ﬂ.?-;

2B FE FriidHzeERy

¥Ap & Adengen B2 B DNA 1 PCR B g fs - 45~ YyT&A F
Y A 35 FARFMPET0 # > # 4x A S0 F DNA
* Bt pET30 4k & #5482 ~ < 5 1% &7 BL21 (E. coli BL21) # -
7 ;%gﬁ £ 7 A-B-D-%i i 2L 5455 (Isopropyl B -D-Thiogalactopyranoside,
IPTG) # & » ~ B E B @2 3v o

2.14 30 8

BF G R PR S EFHBL2L mA A LB &k 37T CH &
%18 012120 SHEIZ + R Z LB AR 232 % 3 ODgy
0.6~0.8 =+ » 4 » & A A-B-D-Fi it L F HEHTE H 6 - & 0 14000 & 4¢
b A s A ik o AR ENS R (20 mM Tris-HCI ~ 500 mM
NaCl ~ 5 mM imidazole ~ pH7.9) ¢ » 42§ & & T AL A - 4 13000
10 A 48 ,_in/T‘/,—,;,gK%—rmm}’ef PRS- GR s F AT S

Ik

Fid2 0 €73 Y o I Ea ik (20 mM Tris-HCI ~ 500 mM
NaCl ~ 1 M imidazole ~ pH7.0) ® % » jz f 2 39 & 12 13.5% SDS-PAGE

q_‘,\év\%ﬁ'_gxn ‘P E—P\J

14



2.15 4 ¥ qp b gk iv 9 % (In vitro phosphorylation test)
i#@ﬂ&ﬁﬂ?%ﬁﬁ&ﬁﬁg%Tﬂéﬁoﬁﬁiﬁ%ﬁ
(histidine kinase ) £ zrapeit 2 P Rdo R & > T4 2 B3R (10
mM ATP ~ 25 mM Tris-HCI ~ 1 mM DTT ~ 5 mM MgCl, ~ 1 mM EDTA -~
pH7.0) ¢ » > 37°C-kigth® * & 30 » 48> “§1s 2 95 C4e 4 10 » 48
b Ko 12 13.5% SDS-PAGE & e s#-Feu 4 3o -7 A {2 799 11 Pro-Q

Diamond Zifis v Bk A H A & > i&d L7 §d FppL i iR .

2.16 TR & pvid & F RiPl (Real-time Quantitative PCR Detecting
System)

A LB AR TCRRERL » N 20 BRI LB RRY 3
% 3 ODego +) 0.6~0.8 = 1 » ¥k 14 13200 &4z« 5 ~ 4884 iR
£ 2 RNeasy Mini Kit 4 2~ > F %45+ & (Ribonucleic acid, RNA ) » {1
* AMV & fE4xf+ (AMV Reverse Transcriptase ) % &¢# 5!+ (random
primer )pDN & #4523 4 2 ¥ 4% ( Complementary DNA, cDNA )
tg »4r » SYBR Green PCR Master Mix 2 2 &Fp|51 =+ -5 4] * 7000 HT
platform ( Applied Biosystems, USA ) 7 SDS 2.1 software 3% = T & % &

ARG -

15



51
3.8 %

315§ v <% k{5 F7 RcsFCDB it & W yEp i
3.1.1 RcsC 12 2 RcsD 3¢ B % 3 7 il
3t @ v A9 4% 7 CG43 ¢ ResC~ResD #74 i ek & > Flpt
WP F e W 4R e ResC 123 ResD F-v ko~ A #cdd Pfam
(http://pfam.sanger.ac.uk/) @ i& F R > FFRIH Fov Frenr g w2 &
F R RS o & ResC b ()

2l iR cn® Bt o B TR F B T R

-~

N i

regulator receiver domain)» iRl § 8 = %% X 4% 7 ResC & 7 Bifkfix
(phosphatase ) i i e s I % FAEH= 38~ § & 32 ResCip| H %
% o i ResD 1 (Bl - B) - %0 Rl g &g mupid
(histidine-containing phosphotransfer, HPt) 7% 3 b » » 3 % g fkjpcps
(histidine kinase) % 2 Jifl@ 8 =% L {5 A ResD 3-8 ¢ o
Bl v o BT rlaE 4 0 A AR Flakdp R ¥ a0 48] 5 resD Hpt s 11 2

I’CSD HK ?\: fa‘—i E‘%”-,ﬁ ;J"'g_/?lj o

3.1.1 &4 rcsC ~ resD > resD Hpt ~ resD Hk ~resF A Flax3f R #4&
4o Bl - A > ResC 5 - Bi B pps 0 R gt Pfam
( http://pfam.sanger.ac.uk/ ) 4 45 RcsC K,ért TR R A R E g A
+ 3% & (Response regulator receiver domain ) ; ResD K,ért 7k fk
F e #% = (histidine phosphotransfer domain) ¢t~ B 5 #ips jgcps
E I (Bl- B)e %7 7 fj2 ResC~ResD 2 ResF fs § v %04 4% 7
wd £ aiy ko A ulzE 4 resC - resD ~AresD-hpt ~ AresD-hk >

16



resF A& Fl 3 2 #1k o § & > f1% PCR # 15 & @ & 7% 15 ¥ 1000 #
A4 DNA P (Bl A~BI=Z A-B-C-~Flz A)» #8222 -
Fisdh r f AREE O PKASAG © 5 4 )18 5] 444 pPKNOO9 - pPKNOL0 -

PPKNO35 + pPKNO55 ~ pPKNO31 » £ 1445 & 1% A 6] %4 @ §3 4 1% »
RGN E CGA3 o B RRAFIE T HE il FEE D
ERAFRIF PR FEHR 541" PCRZ & — a3l 3 hmnt BA
Fehit4F o Bl- DBz DsE~Fs Blz DA u)it i CG43 4ok %15
¢ PCR A Fie+ B eh:x % » #2337 ArcsC ~ ArcsD - ArcsD-hpt »

ArcsD-hk ~ ArcsF & i 4% 3 0 5 B o

3.1.2 resB s resC ~ resD % resF zk Flad 45 4 % R o

A %’%ﬁﬁ_\ﬂ%#ﬁgﬁ@ﬁﬁv BTN s o R E URAECE ¢
BRI LR AR 12 PN =R L) PR R es Bl A resC
% rcsF A Flat 45 {5 > ODgoowk @22 CGA3 m P kg £ B > e §_rcsB %
rcsD ODggp e =6 ie it &g+t CG43 % » B 7 > resB 2 resD z8 Fl44 35 18
2EERSE L AL BATRERE (BZ B) resB 2 resD
AT FE IR R EREREEE A resC 2 reskF A&
Flakdp e CCA3 Apvt i MR L R o st b A4 H T4 &8
A (B~ A JI# IR R B E IR o resB 2 resD A FlAA AR
SR EIRERT KT B X I ERE(B > B)» #FHresB % resD
AT RS BERIEE E T '8 5 resC £ resF g FlAAF A iid ot
B XS M R AT A A EF LR G hediplresB 2 resD

AFRFLS L EXFS 0 2R A2 LER S

17



3.1.3rcsD Hpt domain £ FI# 3 R ¥R w42 RE T %

2 BREIG G W R F CGA3 ¢ ResD ELF € p AmpL T
“rriE g feresD b oA B R L WAA 3 hresD Hpt % 3¢ 4 % resD HK %
BAFIRIEREHR TR ZWHEARE o 4oB - 0 resD Hpt &
AR B THEERE LR L AAHEIER D rcsD HK B # ‘o »
Rx A E TN A A a5 PR EECE 0 P 7 ResD HK % 32 7

g pgiptit SResD Hpt £.€ & ez > ¥ BRI L g 3t H @ g

gL

3.1.4 rcsCresk B2 Fl#3d4p R R HRH 2 2 £ 225 B F

i [ % 77 ResC 14 2 ResE #50f  # X 3G e g & [Th] e fi i
Z 3¢ AT > resC ~ resE A FIAA R R RHAF M CGA3 L5 & ¥ ch4
B gl ResCoResF & H @ — fal A pes ¥ - faif ¢4 - H i o
Flpt o =4 resCresF A Fla 3 R ¥ 4x (Ble C)» Rl 8 %9 5 B
BWIE (BN ) 8% REAFIEFHEILIFESR, 15 B

3.15rcsB~ resD 2 reskF AFRAF R S AR BRRg AT

FLE R - S #3212 5 (Bacillus polymyxa) =74 &t %
Fid F o B A KPR AR R RFE BT - AR
BERE R F DR 0 # ¢ HE N e W AR o B e e
FERR s @ H e [72,73] 0 BV PR %ﬁv‘ » RcsF ﬁ’Eﬁ/\ AR g S

FE LRI A R BT B T 5 (Rl ) @;I;u;,
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S b 0 @ H bt b ResF { 4R o ResC W M E
Res & suis (v [74] e t k7 sk orie z’v’ﬂ%%fﬁ% B %% L FE un-k
Mgt o Hrf i AR B BAE SRR T 4

R mE s BV RFRSF LR R Y R &AL R
e A[73] o M-t 3 & F) 2 200 B AR > 4e ~ 4 H = (4unit, 4U) 7

FFE B 12B > 2CGA3 ¥ HFIR o 4 » FfLFZE BloFa i
SpERS 3 o TE A F LR oresB vresD 022 resF AR dE A S KA E
B4 TRESHMEI S Ly Byad§ (B4 ) &+ %

I A% e ResE i Rl ¢h B B3 R o T HS gL T

3.16rcsB 2 resD A FIRFHARKF = AL 2 M2 4 F ol e P
F2AMLF E RN AL R AR 05-2um T A Y S 2-4um>

A Alens §oa AR R

F_k

FENEER([7576] 5 1 & 24

A
MrkABCDF i& /5 i & F]4 =0 2 3 #2[77] -

A—b—

TAp i &2 Al i
Fr A ey F F R DR o @ ‘m“:i%“%“”g HEAy= 24
WHNWIRARE AT s P E- BEF LR DL ofpt2 5
ZARSE L P T R A HE S P A T E e
e ARG YRR AR @ mF T F A AR L [78,79) -
RpLa k7 >resB AFEF R E 5 =AML AL 8 7% vy
Bl A7 > #resBa4feamadipt > €3 8FOT % (HEHT
54%) ; terosD 4 4F 154 ¥ 04 f AT g (9 R F1T 63%) 0 iz &

&rcsC\rcsF%éEﬁéﬁz APEENER od W H =AML AT <
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WO EY P - BER RS 0 TR B2 RBA TR

—-\\

SAPUREARE N 0 AN IR E 12 96 ¥R LA AT
M RRGE e 2t H T (B - A) BIRi % 7Y 200 & 447
B% 12 B ) pFEET] > resB 12 resD #4F 1 0 ARIEE L A8

40 PR S resChresF AR A AP R E R oo - 1k

=

SRR o R~ 06 R BIE Y A SRRET A 12
(BLt-B)mz 24 [ (RLt=Cfl* Bhisd Fit* 01%
SDS -k i #-3 4= 9% > 4% ODsgs ek £ BLZF] rcsB 12 2 resD 4+
Fie > 96T LAk cnd Feiy P AR T T TR F AL
2o 12 R 2ol pE Y G - gk B T ied A
TARF g R 0w P g 9 LR F] CGA3 L7 ik
g B A F]F A 4 S i@ resB 14 2 resD A A (SR § B

4 gy o

3.1.7 % v *i K& ‘Eﬁ CG43 ¢ RcsC i Bk i ing &

B VR A A AR K AR kPt 1R 5 B
A% i 17 2[80] ot Pfam < GEipl & T E BB 3 2SR (F-
A)> FriRlie— B R § P E L TR E § o 2R resC A Bl
FRERY g2 LaB2 gz & > o7 % FRivir sy < 244
ResCEZH 2% - Bt - A JI* IR A §o “ %™ U HFHY ~ & 4

i ResC o H#ff 3t % A1 200 B AR % 16 B ) pr o> plH &

e

-~

g o BEFR LR ResC gREIEAEETE > A #% resC

I%

s 4 )

$AALE G RE MKA 39 TAEY 4 FR (R

)ur

et

F] g2
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ZB) &% ResC# I MrkA &g T " (56% ) i35 &
G AR R CGAS ¢ T i A AR Y e e o 47 ResC
XA I B HRCSB T > BWAME S T o R Y

ResF £ ResC 4 Wl id ¥ B st 3k ~ w2 3 (periplasm) 2 &

e # R g e [71]

3.1.8 w4 RcsD 14 2 ResD hpt %38 294 BE

#- CG43 ArcsD ~ CG43 ArcsD Hpt & 74 T & 22 CG43 4p 1t T "% 2%
5 0 U 748 pRK415 = 4% ResD 122 ResD Hpt %% o 5% 45 (]
+ = ) &= CGA3 ArcsD # w48 RcsD> & % 5 pE € F = ;i w4 ResD Hpt

21w i % HT A pRKA15 32§ £ B » f CG43 ArcsD Hpt » F — #erig -

3.1.9 B2 IR B T Res & stermid o N
LE A LRI RSN AR ¢ g o] R
B W B S N e i ARl R T 2R ST L R

PR DB R 2 pdp 01> < S FECSB AR AT (8 0 i ]

F_&

H
X

Bl TR T chvy s T ¥ [46]0 6t 3 o

E=t

WO 2] PR I A

g

PH2.0 12 © engf st » B %0 > AP 7 Aril F oo S R Fenda ]

S TR PR 2 15%[81] Bl F A pHAALB 2 R P 90 480 £ e

dpdi > resB AME T XTI pH EE @ g Tt 1 4 b
T AP FT S BYBRERE T LA EPAT HP FR - B

AT BAF I3 3F 5B ResB %468 » npldpr i o &2
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ResB 7 %7 M a » #v & &5 yldX > A § v =% 4% 7 GC435S3
P Bk R YidX BR R BEERET s RS 4T AP R
A &R ks yidX AR B Y 3 £ & DR I[68] o Kw
Fre & pHSS AR Y o i F R B R MY REB A 12/ F > )
*oyfdX fasfse e s (Bt w B)o> $%4pd > & pHS5 #c§ BT
rcsB ik 4p ¢ i@ yfdX 2 mE 2 > @ & resC ~resD -~ resF ek 4f 1
P EHPYIAX chEid ' ik e pHSS AR » R * HA R BN AS

REE £ 12

Ny

[ i yfdX e e & (RS2 C) o B5ipth -
% pH5.5 L ¥ FEB T > rcsB ~resD et dE € @ yfdX 2B 4 0 A A
3]

rcsC ~ resk et 4f 32 € A8 yfdX enk i o 11 FenB S WP > Res i
R

WeE V2 ded TR T 6 F 7 e dEE IS 0 ResB 4448 yfdX i

F_&

Nu-

% ¢ 4o JResD  /f & pHE5 2 5 kBT 4 € £ iy o
3.1.10 rcsB ~ rcsC ~ resD % resF gads + & (4 47

AV kR Softberry % 47 resB ~ resC ~ resD %2 resF gk F) F p5E
FE (BT A s KRS8 B 5 B P ™ Presc ~ Presp ™ Prese
Anr LacZ 4R E A & it LacZ A F A F 0 St
e 0 F 2 EBIEPRET G B b lacZ AT RN L k&

VR R & R ¢ i 5 b e § 3-nl R SR 3

‘P

( 5-bromo-4-chloro-3-indolyl-beta-D-galactopyranoside, X-gal ) ¥ # 5 &
donFFREEFELYESOTRE AL T DAY (BT
B)e MPEMIRBE 2 5 AFF B &7 JL 0 resB b F AR TRE 1L E
AFE Balisog lgEant 2 &7 resB ¢ X FIREIRE U E AEF
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% Bt (B + A)oresCad+ & 5 4 AF A2 F L = (F

-+ B)eorcsDB fad+ G RB AJLSEF L (B-+ = C)-rcsF

Fadh & AR TRE R ARFE Baaiiees By a2 (R+ = D)o
i

FEM P RS oresB a2 H B Z BEE I AP G RGBS R

7 ReSB iz ® ko suv :}n,ﬁ—"z—g‘gmig (B-Lt-= E)o

3.2 % F 6 ¥ X $E B ResC-ResD ¥ 3 ¥ B {9 ch @i i
3.2.1 RcsC £2 ResD ¥ dwm e ¢h s 19 8 3E
1% PCR m3 % ) rcsC HK ~ resC Hpt ~ resD Hpt %32t » #-H 3 gl ~

Fo 4 AR pET30. 7 o syl R - < B4 ] BL21 £t > x
*E kT g o Pro-Q° Diamond s i 3v H 4 #% 4 %% 5
#c & pal%: % pe ( Threonine/Serine ) jcfis » @ A & & 4] # Pro-Q°

Diamond % & % fit cfie o #704 #- e is i ResC Hpt v &R 3 Ik
B it 17 SDS § & A & o A 314 44 SDS % 2 Pro-Q° Diamond % #| 4
& (B~+=+ A)» %% 4 > Pro-Q° Diamond & #|¥ 2% + RcsC Hpt >
T EOERRTELS FOURPBIE] Bl A B AR I EFELRLI D
Bh o RF > BERSDHK 30 £.F ¢ p SAghpat > {1 ATP AU is
BAET € p AR > B+~ C 4 Pro-Q” Diamond % &4 ¢ &%
B> D5*3EELHMALI s > JI* S HBEFT A7 R

Bt E> % ATP AR # 2 fam (s S % 87 27 48
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MR AN H BT HEE TG A T AT kB 4G
AR A e R IR AFR T REOPR O blde 5§ ik

B pH R 2 S R

P
Ak
du
3
50
A
et
bl
;‘i
A
T
A
‘a\
s
3
?.L

HILTE P o AT KRR LA FIT) mEY > hwmEd R H
W RME AR AT o Bl BRI F A R RGBS R A
B8 2 HHE & (quorum sensing, QS) & [71,82-86] - Rcs i 7w
Bt s+ i mih- i RS AR F R T R E FE S A
& 2 e [38] o Bow-Resk SLf i § 6 N L FAEIRS S RS
PEend £ =% 2 rCcsB A Flahdp R RHROR L S RS S & € 0 [64] 0 2
i % BT resB A A (S mpAd R aitdcd LRl 2 RS LR
CGA3 - (B= ) "M A F| i B 22 30 %04 &> @ 4Pt B % o
CGA43 sirresD A& Flakjpx ¢ " ML E - iz resC & resk 4% %

N

HRWSEA SR BED

)
o
=
NI
N/
el

cq LB 2 37
B £ iFET o RCSF 4 ResC e & (%1% > FJpt H A 74k 2 ehl
1

22

gk plae o #rrd &5 ReSF fo ResC 4 Tend i i 48 Bi% ¥ AR
RcsF fv ResC fe ' iR By K ML T €8 £ 4 o R » &)

S A% R [55,61] 0 B v X% 4% F CG43 ¥ ResC t- RIRHE T 4
2L B g 2 F L LR ResC ehds Fata (- A)
A RcsC # FRRIFIF B3 & F £ X % £ (Response regulator receiver
domain ) #42p] ResC As § v =4 W 4% 7] CG43 ¢ /7 24 mifik it e d
Al FHwA A EAMReSCRFHF I X5 (B2 A)
2z AL hE 3% MKA (B~ - B) 23870 » 8 2525
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M RcsC s g v 5~”¢¢£+&fﬁ"CG43t‘# HE AL d o
bl e R iEET o 4L resD frdk £ resB - k0 S pER

MET% 52l anE %9 MrkKAZ2ZEE 7% (B+) » %

F_*

>=1
\§4-ﬂ

BFHFoE P 2P E 2 T% (BlH- A)> 7 ABDE > AEH
Bt A 25 FR(BL- B2 C)# 2 resD frér 2 resB
APHAE LS GWP T AR RHETY AN e RY TR
F]F o L7 FEIL resD £ Flak 2 & 7 B F) 4 dd oo (polar effect)
Fi F ek 4 A resD-hpt > resD-hk $1 e 7 Bk dRdR > B R BT o § 9 S
LLING - ];{'-‘]CG43 RcsD ¥ s Hpt % & £ -l s~ ResB chE & & ¢ »
BUPAA LB TR e (Bl ) kel B RRP LT 9
g %ﬁ CG4A3 ¢ # a4 &= pie g @if» 2 HHE © ¥ ResF—ResC
—>RcsD—>RcsB - 13 #2752 j5 o

PR P FooF 5 AT R e e e o BT E R U e
FERADER mFF = o ReSF hlm®e b og b o p7 5y g ve oh g
AL R b e ResF e O fEfp i ReSC o @ g & F-v Y FEEEAR

TP RN A A LT AT pr el ARSI 0 3 e B R4 i

_\\

[74] - tehpr g @ -ReSE B SRS £ 3 h- BRI 47
LAB (F7 ) feder 4RGN By S H % B (R4 )
ResF 4 4f enim e PRt LRI 7 31 5 A% B enis o A0 s 0 A0
%ﬁﬁcmsﬂ’M§%£%ﬁ PHRBFF AT g LH B A
S G pkdp N[46] 0tk iR Y o resB A FlaAAE 0 € 'R M 4

SN R &L T Rk A S RIS AL

FRA T A FPAPRE > T2 &2 AR AERT Y R R



dooomB AR A M AR Tl AR g8 A EY
ResB #.2+ &rdapbac 4 7 M5 B % A resBaJpthe » R4 T
BE g TEM] R AR v AT HR PR g AR (Rt
A) oyfdX A FlaAdF R FHRE fiphae 4 gIF A AT EF S 0 FLE U
o yfdX err g e dp M [4,87] 5 1945 YTAX Fuig s o - YfdX 3¢ eh4
BZ I ReSB et v A $r 0§ ResB 44 4F 8 i &£ 72 BRI YIdX F-9
2 (F+ 2 B C B%4adia#hd § B LR85 BET > ResB
TPRTEF- BRER SV E T Ay TR R R resD 4
233 g HEYIAX 9 i R (B2 B)>» R+ 2 Adilghe
FoFFHey § f v P ReSD R RBLES INFHER DL oy
ResD 444 pF YfdX 3o end L T8 (BlLw B)r i b & %3P &0
AL R RRLT FREY §R Y AR AR IR ABIT AT
e m s % F Mo ReSB i m P m H (£ & enk 4 o I fad
FHANBRA AT DL EE > EE PR resB AT A E R L H B =
BAFEEZ (80 Brild ) %P ResB A g o =i X {5 7 CG43
Pend BB (BT 2 BE) o i * 2 RE ASLEERT| rcsB 1 2 resF
AT g XD E S ALAR Bausit (B~ A-D)> @ rcsC &4 7
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E. coli:

RecAl supE44 endAl  hsdR17 Laboratory
JM-109
gyrA96 rolAl thi A(lac-proAB) stock

Tp' Sm' recA, thi, pro, hsdR M "
S17-1Apir [88]
[PR4-2-Tc::Mu:Km' Tn7](pir)

K. pneumoniae:

CG43 K2 serotype [89]
CG43ArcsB rcsB deletion mutant in CG43, Sm"  [64]
Z01 lacZ deletion mutant in CG43, Sm'  [69]

CG43AyfdX yfdX deletion mutant in CG43, Sm"  [4]
CG43AmrkA mrkA deletion mutant in CG43, Sm"  [3]
CG43ArcsC rcsC deletion mutant.in CG43, Sm"  This Study
CG43ArcsD rcsD deletion mutant in CG43, Sm"  This Study

rcsD Hk domain deletion mutant in

CG43ArcsD Hk This Study
CG43, Sm'
rcsD Hpt domain deletion mutant in

CG43ArcsD Hpt This Study
CG43, Sm'

CG43ArcsF rcsF deletion mutant in CG43, Sm"  This Study

CG43ArcsCArcsF  resC resF mutant in CG43, Sm' This Study

36



3o AP R TR

W 18 e
! B 5=
¥ 342
PKAS46 Suicide vector, rpsL, Km' Ap' [66]
pLacZ15 A derivative of pYC016 [90], containing a promoterless lacZ from K. pneumoniae CG43S3, Cm' [69]
PRK415 broad-host-range IncP cloning vector, mob", Tc' [67]
T&A PCR cloning vector, Ap' Yeastern
y J yy Biotech Co.
1253 bp fragment of upstream and 963 bp fragment ofdownstream region of rcsC cloned into
pPKNO9 This Stud
PKAS46, Km'Ap'
965 bp fragment of upstream and 869 bp fragment ofdownstream region of rcsD cloned into
pPKNO010 This Stud
PKAS46, Km'Ap'
563 bp fragment of upstream and865 bp fragment ofdownstream region of rcsD HK cloned into
PPKNO35 o This Stud
pKAS46, Km Ap
865 bp fragment of upstream and 536 bp fragment ofdownstream region of rcsD Hpt cloned into
pPKNO055 This Stud
PKAS46, Km'Ap'
1035 bp fragment of upstream and 986 bp fragment ofdownstream region of rcsF cloned into
pPKNO031 This Stud

PKAS46, Km'Ap'
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pRK415-rcsC rcsC complement plasmid, Tc' This Stud
pRK415-rcsD  rcsD complement plasmid, Tc' This Stud

PRK415- rcsD Hpt  rcsD Hpt complement plasmid, Te¢' This Stud
pRK415- rcsk  rcsF complement plasmid, Tc' This Stud

P st 356 bp PCR product carrying putative rcsB promoter cloned into pLacZ15, Cm' This Stud

P resc 426 bp PCR product carrying putative resC promoter cloned into pLacZ15, Cm'’ This Stud

pHY064 424 bp PCR product carrying putative resDB promoter cloned into pLacZ15, Cm' Lal;:;orgliory

P resk 245 bp PCR product carrying putative rcsF promoter cloned into pLacZ15, Cm' This Stud

pHY123 rcsB complement plasmid, Tc' Lal:ftjorgt(ory
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KNOO1 ~ CTCGAGAAGCAGTTATGTGAAACGCTTGA
KN002 ~ GAATTCCCTAATATGGATGGTTATCGCCTG
KN003 ~ TCTAGAAAGCAGTTATGTGAAACGCTTGAG
KN004 ~ CTCGAGCCTAATATGGATGGTTATCGCCTG
KNO013 ~ TTCACCCACTCAATTTGCTC

KN014 - AATTCTCCCTGATCCCCG

KNO015.  ACTACCTCTCTTCCGTCTCGC

KN016 = ATCGCCACATTGAAATATCTTGC

KNO17 = TCTAGATTTACCCCTATTTCAACCGGATG
KN018  GAATTCCCTTCTACAGCAAGCTCTTGACG
KNO19  TCTAGATATTTTCCCGGCCCTTTTTG
KNO20 ~ GAATTCTTATTCCCGCCCTTTACGCA
KNO31  CTCGAGACAGATCGGTAAAGCACGCATAGTATT
KN032 .~ ICTAGAAAGTCGGCGTTATCGTCGGG
KN033 « CTCGAGCTTAACGTCTCGGCGCAATGA
KN034  GAATTCTGCCCAGCCTGAAACAAAAAAA
KN035 ~ CTGGCTGGCGTAAGTGGTGTT

KN036 ~ AACGTTTCGCCCTAATCCCATC

KN040 ~ GCCACTTCCCGGATCTGTCGA

KN041 ~ GAGAGACGCTTTCCGGGGTGA

KN042 ~ GGGGATAAAAATGCGCCGCT

KN043  CTGAAAAAAAGCCTCTCGCCGTC

KNO044

CACCCAGATCGCGGAACGG
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5l B 8.(5'>3")
KNO47 AGATCTTGGTCATCGGCAATAATTACGTTC
KN048 AGATCTCTCGTGCAGCGCGTTGAC
KNO49 GGATCCTGAAAACGTGGTGGGTCTGCA
KNO52 AGATCTGAATATTCTCAGCGGCGCGA
KNO53 AGATCTGGCCAGTGCGGAAAATAGCC
KNO54 AGATCTGAACTTTAATATTAGCACGGCGATG
KNO56 CTCGAGGTGAACGAGCAGCCCCAGCG
KNO57 CTCGAGGCAAACGCCCTTACCTTCTGG

KNO058

GAATTICAAAGTTGACCCGCAGTTGGC

40



(A)

HisKA His Kinase Adomain
HATPase C Histidine kinase
RcsC RcsC Alpha-Beta-Loop(ABL)
Response reg Response regulator receiver
domain

(B)

HATPase —.—

HATPase Histidine kinase
Hpt Hpt domain

W- *RcsC2 ResD #v F# it %2R
F1* &+ g8 Pfam Chttp://pfam.sanger.ac.uk/) g RcsC (A) %

ResD (B) e 5p 2 R i o
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(A)

| |
ip NO13 pKN014§

2511 bp |

(B)

2500bp 2511bp

1500 bp

1000 bp
750 bp

500 bp 500 bp

250 bp

M WT P A
W= ~2ZHresC AFRFRPH

(A)rcsC 2 & fa] & F55 2 B pKNO13/pKNO14 % 2k 3+ k3 ArcsC 2
IR F ) BRI LT AFEEERE - (B) f1* PCR R
ArcsC % %tk o M : DNA &~ F [ fhizd > WT @ B4 4|tk > P 3
T R Y B pKASA6 48 (pPKN009) » A @ ArcsC % %tk o 74 Flé

Weriim s 2 0 s H LR Y .
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(A)

1950 bp deletion
500 bp r_ 7
| |
ompC resD rcsB
! DKND15 i
P pNgTE |
resD: 2655 bp I I
2409 bp
(B)
336 bp deletion
500 bp r- ]
—_— resD | |
HK Hpt
ompC domain domain rcsB

resD Hpt domain:336 bp I

1107 bp
(C)
477 bp deletion
500 bp | |
| , resD
HK Hpt
omp c domain domain resB
Lpapes g
resDHK domain: 4770 bp [ 1407bp |
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(D)

2500 bp

1500bp 2409 bp
1000 bp

500 bp 459 bp
250 bp

(E)
2000 bp
1500 bp
1107 bp
1000 bp
750 bp 771bp
500 bp
M WT P A
(F)
2000 bp
1500 bp 1407 bp
1000 bp
930 bp

750 bp

500 bp
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W= ~&H rcsD ~resD-hk 2 resD-hpt & Fl#3F R %
(A)rcsD % & ] & F57 2. B » pKNO15/pKNO16 % 7r:a resD # Flak %

51 3 5 IR F or A FIEA 4 = % - (B)resD histidine phosphotransfer
(hpt) domain % & R4 F]+ £ B » 71+ ¥ pKNO028/pKN030 i* & /rid
ArcsD-hpt erfz g # fudr 4 > B RINA A A FEAdp =8 o (C) resD
histidine kinase (hk) domain % % ]38 F]7t & B > pKNO55/pKNO058 % 7z
o ArcsD-hk 47 e # Bodk 2 3l 5 0 B A Aor A TR =% 2 (D)
F1* PCR #£z3ArcsD R %4k o M : DNA % &+ * |- {Ezed » WT @ ¥ 4
Y EK P AF F RN £ pKASAE 4 (PPKNOL0) » A * ArcsD %
%4k - (E) 11 * PCR 2% ResD-Hpt domain s34 % - M : DNA 4 3 +
THEieds  WT @ B4 A4k - Pt § R& 2 B pKASAE a8
(pPKNO035 ) A: ArcsD-hpt % % t&-(F )7l * PCR #z 3% ResD-HK domain
ik % o MT DNA & + = ] fRgesde - WT D 2 Al FHR P F 5 R %
* B pKAS46 448 (pPKINOS5) > A.iArcsD-hk X % 2 4 AL Fak

I tkemiin S 2 5 0 SRR
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(4)

500 bp 414 bp deletion

<: " <:F _< o

resF: 405 bp | I

(B)

2000 bp 2022 bp

1500 bp 1608 bp

1000 bp
750 bp

(C)

1500 bp

1000 bp
700 bp

500 bp
200 bp

M ArcsF P A B
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Wz ~ &4 resF o~ rosCres FA Flak 38 R Rk
(A)rcsF 2 & ] 4 Flo1 R B pKNO31/pKNO034 4 2% 3+ ksxin ArcsF 2
BRI ) BAINAS AT AFRF R o (B) fI* PCR BRI
ArcsF % %4k o M 1 DNA » + + ] fkied » WT @ B4 A Fc > P 3

T %% 5 B pKASAG 48 (pPKNO31) > A @ ArcsF % %4k < (C) 11

* PCR L%'IE—LE{E& e DN A A}’;J"J‘*}i}fé\a", ,
ArcsF : rcsF Ak F] 4

(pPKNOQ9
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12 1
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@
0 08 1
O
06 1
. ——  Wild type
04 f corsmmenennennenee Deletion resB
2d 4 === Deletion resC
—i—.—= Deletion resD
—+=——.—  Deletion rcsF
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Wi ~rcsBrresCresD2 res FAFIxAFthind £ o & (A) e
A6 (B)
(A) mFARLBE AR Rag®it > »20ul /1 4ml LB »

G EN3TCrE FE 1 | PR BdgE 600nm TekiE o (B) WT
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(A)

(B)

30 -

25 - ™ -[ T

20 A

1

10 -+

Glucuronic Acid Content{mg/10° CFU)

Wildltype ArcsB ArcsC AresD  ArcsF

W= ~rcsB~resC o~ resDE res Fiah FI 3 b %504 e 5
(A) WT 2 & 5 A4 FI4k 3 % %k Fji% 12 4000 4z 5 42 4 - (B) 'm
AelBr &R 2Rk > 2500 ul FAig B2 2w f pEag > 1

F¢mES > FHARE B20nm T erR kB o T2t

¥ & 1x10°CFU %

RS S pERE o % % cpvalue < 0.01 -

Y
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30 -

25 4

20 A
* *
*ok
15 -+
10 -
5 4
0

Wildtype ArcsB  AresD  ArcsDHpt  AresD Hk

EShYY

Glucuronic Acid Content (mg/10° CFU)

v g 1CS D

i > Br S pERE AR

" \ Edotcry i s - e

L
ﬁ%%ﬁo*:p ).05 ~ % * :pvalue < 0.0

=k
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Glucuronic Acid Content (mg/10° CFU)

35

30 4

25 4

20 -

15 -

10 ~

Wild type

ArcsC
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ArcsF
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]

&

GlucuronicAcid Content{mg/10° CFU)

10 -

Wildtype Wildtype  AresB AresC AresD  ArcsF
+4U +4U +4U +4U +4U

o R e
B~ 200 ul f i .’r%,’%;ﬁ%—ﬁ%?4ml LB %% # # % 3 ODeo &

0.6 P4 » 4 H 12 Gl
SEER I R RE S 3 : Onm T g kg > #3218 A

1x10°CFU % % % > &% 5 pERY - % :pvalue < 0.05~ % x :pvalue <

0.01 ~ % % x :pvalue < 0.001
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D

dafae dfo@@ 4/"0&0 4/-0&0 4/.06',0
GADPH e s s
] —
MrkA R — N —

Fold 1 054 106 063 1.09
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(A)

©

OD 595

OD 595

0.6

0.5 4

0.4 4

0.3 4

0.2 -

0.1 4

0.0

16 4

14 4

1.2 -

1.0 -

0.8

0.6 -

0.4 -

0.2 -

Wild type  ArcsB ArcsC

ArcsD

ArcsF

0.0

Wild type ArcsB ArcsC
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WL - :rcsB>resCresD2 resF A Fl R st 2 #0507 & el 4
WT 2 & BAFIZF REREFLREEZT > 2B d (A) 2 F a7
F o AN AN A 120 (B) & 24 F (C) 2 F i & o

% % :pvalue < 0.01 % x % :pvalue < 0.001 -




(A)

40
5
[E5
U ‘|'
5 [
‘FED 30 4
% Fk
(=]
D20 - T
=
3
=
.2
g
5 10 -
O
0

Wildtype  ArcsC[pRK415] ArcsC[resC]
[pRK415]

(B)

Wild type
[PRK415) AresC [pRK415]  AresC [resC)

GADPH
MrkA

Fold 1 1.12 0.56

WL=- ~ResC+x £ w52 R w2 MrkA 22 + 2
F1# 48 pRK4A15 w48 resC 3« & A v Pl H 2% «(A) WA= LB
BAERYBAKRS > 2500 ul Fie 558 2055 pEgl > 1% & ¢ Al

§ o BH £ 520nm T awRkE > £33 E & 1x10°CFU 53 % 0

e

s pEM e Ix10°CFU @ 54 5 > %95 pEdg - (B)ResC + £ 4 &

PF% = AL H k9 MrkA (h4 28 - % % :pvalue < 0.01
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Glucuronic Acid Content(mg/10° CFU)

35 ~

30 -

25

20 -

15

10 -

Wildtype AresD
[PRK415] [pPRK415]

AresD  AresD AresDHpt AresD Hpt AresD Hpt

[resD]  [resD Hpt] [pRK415]
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(A)
60 -

50 4
40

30 A

Survival %

20

10 -

Wild type AresB AresC AresD AresF

TR Y
i iR ARG

s & x A G A mﬁ"]ﬁi‘ff’%"’ﬁp

) AP el

s R A AR 4 A ]

Fl#iceovt & o % % 1pvalue < 0.01
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(B)

4
(o4 e J?&" “Cg 0 4/~000 <1/~C:s}¢
vidX  o—— | R e i@
Fold 1 004 007 103 094 087
©) ‘y Q'
//
%, pe 4’ o“‘@ 0&0 Coun

GADPH ---*——

dex — —_— —
|

Fold 1 009 009 097 0.19 00986

/3

Fold 1 ND 044 042 092
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WLz Bz C:ircsBrresC~resD2 res Ffh Flad 4t e/l
36 YfdX 34 22§

YTAX 2 %o 5 s B o B~ 400 pl Ff o33 & (6 R o B (S w iRt

100 pl = =Kok ¥ o 4o Fod B AA AR R E Fod FRE F0 FEEY

TS His o AR 2 Fed B A 100 4 48 (140V ~ 400 mA) & iE

R B) ¢ ToLBRAERE

%34 (C)pHSE B % RELE R (C) resD Hpt 2 resD

Hk £ 74 ; X e < 0.05
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U B Ipapr=mmmmay O &
= "'\u;}'.’» e LT ‘{ &
® N\ — 7

Prqu PrcsF
- & E E p

W1 :resB~resC - resD3 resFecd 3 2472 24f
FI* s+ 8 SoftBerry (http://linuxl. softberry. com/ ) 3 B & fx
w3+ =% o (A) resB~resC -~ resD -~ resF A Fla g + FF R % v FF
Rl % (B) #HAERIF Fcr LacZ 4487 > 3 % LacZ 4 3f chim
AP 2d > J RO HYT AL ES AP o
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(A)

1200 -

1000 -

800 -

600 -

Miller units

400 -

200 -

0 -

rcsB .

No treatment pH 5.5 treatment Polymyxin B
treatment

| izl \E

Miller units

100 -

80 -

40 -

PrcsC

R

No treatment pH5.5treatment  Polymyxin B
treatment

63



(C)

PrcsDB -

18
16 -
14 -
12 -

Miller units
=

No treatment pH5.5 treatment  Polymyxin B

treatment

P :

rcsF

4
oAl
|

15

Miller units

10

No treatment pH 5.5 treatment  PolymyxinB
treatment
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(E)

1200 -
1000 ~ W PrcsDB
== PresC
B PrcsB
1 PresF
800 -
2
5
« 600 S
o
=
400 -
200 -
0 - |-][ — /M - |_|I —
No treatment pH 5.5 treatment Polymyxin B
treatment

WL ks S3LF AR T resB ~resC s resDE res FEcd 3 E 1t
% v

[ 33 %2 Fk 1 200 4R 0 Rt » A RS TEHLB Y 0 1

e

% 16 ] priss Foa BERl TH fode + E M o IR RIS & L R 4 200 AR
B LA T RERS THLB R o A 16 P > LA N T
Hpxds+ Ftex cpvalue < 0.05-% % :pvalue < 0.01-% % x :pvalue

< 0.001
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(A)

150 ug/ml 120 pg/ml 100 pyg/ml 70 pg/ml 60 pg/ml 50 pug/ml 40 ug/ml 20 pg/ml

(B)

T - - - - ——

150 pg/ml 120 ug/ml 100 pg/mi 70 pg/ml 60 ug/ml 50 ug/ml 40 pg/ml 20 pg/ml

W-L- A2 B>ResCHpt %4 39 ** Pro-Q 5 ¢ &% ¢ %%

(A) F* % 554 ;;]"\% 2ERF o L -‘E%&’ff}’”RCSCHpt R0 S
oo B AT PIRRIET SDS RAR A #L BRIk D
% 14 Pro-Q Diamond Zif& v B & Sk A A G J o vk £ 595 & {7 BB o
(B) RcSC Hpt % 32 F-v » #-3ov it {5 -8 5 7 bk A {512 (7 SDS

T AR A g % 3L % & (Coomassie brilliant blue) % ¢ 8 eni & o
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(C)

150 ug/ml 150 pg/ml 100 ug/ml 100 pg/ml 70 ug/ml 70 pg/mi S0 pg/ml 50 pug/ml
ATP treat ATP treat ATP treat ATP treat

(D)

®. g ——

150 ug/ml 150 pg/ml 100 pg/ml 100 pg/ml 70 pg/ml 70 pg/mli 50 pg/ml 50 pg/mi
ATP treat ATP treat ATP treat ATP treat

(E)

14 -

12 4 T

1.0 4

08

Fold

06 +

04

02 4

0.0 : :
No ATP treat ATP treat
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W-+= C2 D~ RcsC HK % i 3¢ * ATP &2 Pro-Q & & #|% ¢
S 8

(C)fI* <~ B+ B4 E LT v U 5 F ResC HK & 3 3y »

oA I HRLIARER LA AR - i ATP AL ¥

- ®mRIE > AJZiSie 7 SDS 7 A M4 3t o 4492 Pro-Q Diamond & fis

U P A RAML S &35 o (D) ResC Hk %

RIS W 5

M%ﬁ Sk

o (E) i %8 Imagel
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(A)

70 pg/iml 70 ug/ml 70 pg/iml 70 yg/iml 70 yg/ml 70 pug/ml 70 pg/ml 70 pg/mi
Hk domain Hk domain Hk domain Hk domain Hk domainHk domain Hk domain Hk domain

100 pg/ml
150 pg/ml 150 ug/ml Hg 100 pg/ml 70 pg/ml 70 pg/ml 50 pg/ml 50 pg/ml

Hpt domain Hpt domain Hot d ' H - Hptd 3 :
i i omain Hptdomain Hptdomain Hptdomain
ATP treat  [iPtdomain  ATP treat Hptdomain KTP s - ATP treat

(B)

G 70ugiml 70ug/ml 70upg/ml 70 pg/ml 70 pg/ml 70 pg/ml 70 pg/ml 70 pg/mi
Hk domain Hk domain Hk domain Hk domain Hk domain Hk domain Hk domainHk domain

----—‘—-—

.-
- ——— -

/ 150 pg/ml 100 pg/mi 70pgiml  TOpgiml  50pg/ml 50 pg/ml

in 150pgiml  Hptdomain 100 pg/ml ] !
Potoms i o . Hptdomain Hptdomain Hptdomain Hptdomain
i o R KTP treat i ATP treat

(C)

14 -

S—

12 1

1.0

0.8 4

Fold

06 1

04 4

0.2 4

00 _ _
No ATP treat ATPtreat
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W+ ~ ~ ResC Hk £2 ResC Hpt % 38 3¢ 8 fofé 3¢ ATP 218 Pro-Q
MR E

#- RcsC Hk 2 ResC Hpt % 3% 39 2 fo 3 4e » 3 73 7% (10 mM ATP ~

25 mM Tris-HCI ~ 1 mM DTT ~ 5 mM MgCl, ~ 1 mM EDTA ~ pH7.0) * >

W 3TCRip P F 30 245 g1 95 CAe# 10 A48 % 0 F i > 1Y

13.5% SDS-PAGE 7 i # U o BT A 5 12 (A )Pro-Q Diamond

PRl B B B A ie brilliant blue )

A d 156 e < 0.05
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(A)

: Periplasm

ResB

& mrkA

/

ResC ResD ~
/ cps{wea)

&

.=,l-‘

Microaerobic
weak acid

(B)

(C)

Sufficient oxygen
% weak acid

= Periplasm

ResB
‘/
ResC ResD k
P
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(D)

Polymyxin B %

: — Periplasm

RexB

ResC ResD \
/ cpsfwea)

Per‘lp lasm
&Y ResB
RezB

~P

WL 4 ~F4F38 800 4T TR PR

(A) BA 3 3an k5 - SR Y Smb i (B)) A F 34t

(E)

BOTHCE BT PR (C) B P B F F A URR Y
Rk (D) A+ ian S4EFAE BHRE P atirkis (BE)

RCSC *t A F 4R h sL? 91 iFend & o
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WT ArcsB ArcsA ArmpA ArmpA2

fold 1 0.43 1.18 1.08 1.3

Y [ 3 7 e dX thi R E

MrkA = % = A4 R S F 44 FIETE B
400 pl Fg &
ram

E’, ?ﬁ"l h

73



&

—
G
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