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Abstract

The two component system (2CS) response regulRiy RscB has been
previously shown to play a positive role in theda@sistance responsekKiebsiella
pneumoniad€cG43. Deletion ofcsB apparently reduced the bacterial survival under
pH 3 culture condition. After mild acid adaptatidine proteome study revealed a
missing protein spot in thesBdeletion mutant which later identified as YfdX.
Deletion of theyfdX located on a putative acid fitness island (ARppeared to
reduce the bacterial survival.at pH 3. In staticall mild acidic cultured condition, a
reduced level of Rxpromoter activity in thecsB deletion andkvhAdeletion mutant
was also observed. HereecsBAyfdX andAkvhAAyfdX mutants were generated. Acid
survival analysis revealed thakvhA\yfdXandAyfdX had similar response to pH 3
treatment, while\rcsBAyfdXrevealed same survival level axsB mutant. These
suggested that KvhA, a 2CS RR encoding gene oARhealsoplays a regulatory
role of acid stress primarily on YfdX expressiordanstatically cultured condition.
Furthermore, A signal peptide has been found orXYdg BLAST but no conserved
domain on YfdX protein. We proposed that theresam@e functional relationships
betweernyfdX and the nearby gereleB-hdeDof acid resistance. Therefore,
AhdeBAhdeDAyfdX andAyfdXAhdeB1 mutants were generated and confirmed the
correlation betweepfdX andhdeB-hdeDunder acid stress. Thus, Recombinant YfdX
protein has been generated for testing chaperdngtyand raising antibodies for
YfdX localization detection. Western blotting argil/further confirmedcsB and
kvhAcontrolling the periplasmic expression of YfdX @ndcidic and static culture
condition.in vitro acidchaperone activity assay revealed the potent pgroteeffects
on ADH of YfdX then HdeB. Finally, co-immunopredigiion test indicated that

YfdX can interact with periplasmic proteins undeidéc condition.
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ADH alcohol dehydrogenase

AFI acid fitness island

AR acid resistance

ArcA aerobic respiration control regulator
ATP adenosine triphosphate

bp Base pair

CFU colony forming unit(s)

CPS capsular polysaccharide

DNA deoxyribonucleic acid

Evg Escherichiavirulence gene
EDTA ethylenediamine-tetraacetic acid

GABA y—aminobutyric acid

IPTG isopropyl-1-thiop-D-galactopyranoside
kb kilobase(s)

kDa kiloDalton(s)

Kvh Klebsiella virulence gene homologue
LB Luria-Bertani

UM micromolar

mM millimolar

ONPG phosphate-nitrophenylf$-D-galactopyranoside

NBT nitro blue tetrazolium chloride
PAGE polyacrylamide gel electrophoresis
PCR polymerase chain reaction

PVDF polyvinylidene difluoride

Pytax promoter ofyfdX

Rcs regulator of capsular synthesis

SDS sodium dodecyl sulfate

TCS two component system

X-gal 5-bromo-4-chloro-3-indolyB-D-galactopyranoside
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AT RBBRERE

AT RBRER S ZHEPFRATII 2 54 41* PCR 5§ & 4 3 9
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ForEr LI MY EE - RTWAHFE LI WY TR EW T
streptomycin LB 33 /% 37CH % 8 [ i - FRIEF kA » X3 §F
7 7 streptomycin LB FlEZ 2 A F R RBAL O F T REWPEIL S 50
EH - B 0 BRI 2 3 streptomycing® kanamycinz ampicillin 7 LB F i
¥ &AL o PeiE 4 streptomycin & 3 duit > ® 4 kanamycinz ampicillin i 7 #

fehp o Bié PCRHA > F3 FHRFEFT RS AR T L R¥EHR -

< £ £ & Wit Hise-YfdX

#-7 0.5 48 pET30a-yfdX£# pET30b-hdeB3E. coliBL21 % 7 7 kanamycin
2.200mILBz &P % » FH 4 £ 5 ODgoo® 0.5~0.6F% > 4+t » 1 mM IPTG
CE R SR N S SERE U R SRy B R i
fs w % % binding buffer (20-mM-Tris-HC1500 mM NaCkt 5 mM imidazole pH7.9)
Yo R F g A R A F (S 4 13000 rpmée 10 4 453 B ke 8 (S MR ]
2. bRl B g AR 47 0 L Hiss i@ 2o 39 T ¢ 't % > His-Bind resin (Novagen)
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hdgd o Je 2 F-v F R 1 SDS-PAGEFEiRE-v F2 B A -

SDSH [ % "= 1 T A
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2. SDSH P f fiet=%% ¢ 52 100 V~200 mAR & 1404 48 - 7 A =2 SDSE S
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¢ 4 +7 £ 12 Coomassie Blugt #] 1.2 mM Berilliantblue» 45% (v/v) methano$? 10%
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(v/v) acetic acidt ¢ 204 450 £ 113i8 4% 5% (v/v) methanok 7% (v/v) acetic acid
416/ o IR F X ) & F F 2 markerz p g AV Bk 2

AFEEER o

7 ELE 3

I d ks gt chded TR YA Y s (nitrocellulose
membrane) = = {& > #-cpl i 4 e ~ 3 blocking buffer (5% milk PBSy %
EY oo AFRTIEY 304 4(SER¥4C) > TBST M 2 TBS ¥ e ij-ik 3
= o 4e ~ = 348 (primary antibody)fe % 8 T i 2 ) pF > 2 TBST 12 2 TBS
bR 250 > 4o N2 B4RAE (secondary antibody) 7 8 T 1T 30 A48 0 1

TBST 12 2 TBS % {mk i % 2= 4 ﬁz: Bkl o 784~ BCIP/NBT & ¢ -

o FE g

Poif § FRIR &S 2 g5 ok 2800l > £ 4e ~ 200 pl F-w B4 % (Bio-Rad
protein assay dye reagentiZ 4 & k& & 2 (spectrophtometerig| £ %4 £ 595 nm
2 GokiE o LR e sk e 2 w9 3-v (bovine serum albumin, BSA #1

AR S 5 R R R

LRGN o I e

1995 HdeBAE cal #F 7 [2ipl3% [20, 24]> » 3% 139 & fs (ADH) i 5
RO TRF o R UERI B TIRAR S o R g pe Rt pH 7.04 45 ok
#ER G I0UM » 4o » BESER 2 FRlF0 Fis > M BED FERREKED pH
1.0F fix 154 48 > %2 15000 rpmis 10 4 48 > A BEITIK 73 (22 39 T

6B R R AR IR e



ABWREE2 30 F

A R ET Bed BT * %% o2 (lysozyme-EDTA method11] - #-firk &t
w6 0 12 Osmotic shock buffee i it i Fik » F 3 Z B F - A4 0 4o r
lysozyme( 2Qug/ml)*> /8 & & 54 &8 o & &is » 12 15000 rpmig.s 5 4 48 -7

PR TP i e e r - TR 2

I - by S

m..
#
4y
7
[k
She
—\D
E‘EE
3
>
o

5 4 4 15 11 15000 rpmiee 5 448 0 ki 5 R R R 2 A g o

WL Ry B

T

\\\Xr

Y g [24] 8 FiR IR R RS R RS A BER T2
B o e~ MR AR R pREk 2 pH 7.0~ pH5.004 % pH 3.00 £ Ji 5 A 41

"2 15000 rpmae 104 4o g ded JHmEE b iR ROt AT -

FIRIERER L MBS R AR T2 30 FoRl T FR 0 FRA
(loading fraction)é » B~ 200l %R B2 Fv 503 i 4c » SplYfdX 748 - e
FHF A4 CTIERE B ot i8> 4~ 50l protein A-Sepharose beads (Amersham)
A4 C TR 30 P T SR e R ee s 6000 rpm A e 3 4 480 02 1 ml 0.1%
DOC i# % = =t (wash fraction) & {5 v » S 2. -0 7 4 H| 44 95°C 10 » &

4e o Fed F R A4 d(elution fraction)e
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3.1

PEAX %536 S L Fe i AL AT

7]

evgAS E § % & ik R [32] A

| 93

T

v— ,

3
=

I

yIdX & 3 3831 A Fl$t wm Fip k4l

Pavd &G ¥ jpdp I yIAXE madapa 4 R O A At A i
Tl edfs A 710 > hdeB hdeB12 hdeD#a />t + % 4% Fenphif & & 2

iR
P A 47 %% 0 kvhAS &

y 0 H 1G> 5t yfdX 12 2 kvhAS 7% i) s]ﬂ;}f;,\
7 EVQAS &< s FY 0 ¢ B R~ R R

EHE P M [19,22,32) @3 A% S B yidX 2 kvhAS & Fa5

TR g o ]S YiAX BT b A T TR G

S ow A R fenpait b (- ) e

2k Fla i R R A
2 5 S W 3 dp 41 o ArcsBTE MBS E R T YIdX i R E 5 AKVhAR]
OME R A E BT yfdXEeE: F anE 1] o 5 0 e e i Fl resB i 2 kvhA

EAyidXE & PEE R R b T g et LA RIE- 2 ArcsBAyfdX

L0 FEsRfadl b § Y2 4 %] hdeB- hdeD 1

v 2 AvhAdyfdX B % % R (Bl =)
Z 1 AnhdeBdhdeDdyfdX 4 2

hdeB1## it + #_F 82 yfdX 5 ffp A& > Vi g
AyfdXAndeBl % 2 a2 4F Fta (B = ~ Blw ) > MRRER % Atk bR

2

% T end 3

s=
Hb" °

LR RS

gt f e A T A BPR T 6 R U CGA3
M9 x5 % i ¢ > AkvhA

%“gr}é‘_ e LB 3 &R s A

ZyfdX~ dhdeBahdeDdyfdX~ dyfdX AHdeBLigth2 # & & &4 2205 4 Ftkdn i o
Hog w0 Bl AresBAYAX B AL FIFIE bR 2

b RDE R BT £ R
d 3t resB R % S AL LR

E-TESE
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kvhA g yfdX R FIAFR P i Bis 4 T i 4
B8 A hiE 27 o AvhA- AyfdX 12 2 AkvhAdyfdX 5 F148 38 ke e &

B A AtkAp 0 2 ArcsB 14 2 ArcsBAYfdX 2 Flak dp i 2 R R S MR I A B

i

A A2 (B=): @ AFE B &2 T AkvhA - dyfdX 2 2 AkvhAdyfdX
FIHR N S AR 02 OB 4 Bk (B ) m T ik 3 30 A F] kvhA enfpg # i
3 & BATE

f}?;

£ TSR PR R AL -

hdeB + hdeD 2 yfdX & F14 b & Pw Fji* & 3 % ™ ik

L4 % 8 % eniE 27 > shdeBs AhdeD % AyfdX Fjtk s & & g 5 % 5 e

Y

(B~ A) o pt2h o it gedhdeBA hdeD v 2 AndeBA hdeDd yfdX & e BF e
FES 0 ERPIRYIAXE R § e RS ke iE 50 R RS R 0
T § %eendp 4% A ) hdeB- hdeDu2 2 YfdX sidaptibja st Eadat - 35 Ap b2 o
¥ - % 5 o AhdeBUyfdX i it s = S AR T 2 55 MO E A TR AR

AndeBlri 2 AyfdX(B]l ~ B) By m F3 A F| AP 7 i bl @ ST A P & J o

FERAFET yidX el 3 gt ] § X IRERE R

d St pLiE R § e 7] hdeBlz . hdeB-hdeD H fxdé + %3 5 » SR ER
HERT 0 Hi G PR [2] 0 B 0 AP A BT & T 0 R R S
W yIAX Ecds 5 cE BB S > % BT 2k & pHT ~ pHB 11 2 pH5 LB 32 %
oo yfdXgehs + E R0 5 P AR A (B4 ) SRR RRREF E S B R
PHREFEAFEERIFER A TR ydX R F i AT g
SHTEERAANPEZ 6P i ERKDLB R yidXER T
EEPRER AR ) P REERET AFER R EET > yidXER S g €

R IR B A
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rcsB 2 kvhA & Fla2 3" 4 § 32 & ™ yfdX fad 3 g i

4o@lt - 0 AP e pFER * dlacZ ~ AdlacZArcsB ~ AdlacZAkvhA i 2 AlacZArpoS
7 %ﬁpﬂﬁ& AR R i T o p2R yfdX fods F grE i o RpoS i .m];ﬂ 4 & TFE
Bz 2 RAFFF[37] ¢ 3 - BEPRS FOBATFOAE > AR AFE R R
% R T 0 RpOST S8 paufh A e 4y o B R Er 0 FHREL LB B £
P> AdlacZArpoS- AlacZArcsB 12 2 AlacZAKVhA Atk kc s + #1428 i3t dlacZ Ftk
%35 %> pH5.0 LB % i p& » dlacZ 11 2 AacZArpoS FtheniE ik B ¥ 3% %
AlacZAarcsB 11 2 AlacZAKVhAz_ s + 5 1R &8 % "% X o &g o+ resB 7F &4 8_kvhA
AT dp 0 AFE R A SRR o Ead A yidX i E T E T R > F 7

£ DI ALTR B 9 % o

3.2 YfdX 12 2 HdeB Fipiac # HENEFv B A {7
YfdX 72 HdeB £ =3¢ pEHR T 2F 7V 3 L
A g Bl 47 453 2 BLAST (http://blast.ncbi.nlm.nih.gov/y 2 Pfam
(http://pfam.sanger.ac.ukggEx YIdX 4p B coife= B2 2 B i T8t A5 S5 5
7 YIAX 7 it ehr ie e 500 F 8- Rl YIdX &2 HdeB fdmph 4 iy + enhd B4
i - g YidX AR §EE pET30a-yfdX @+ =) &Rz Wit g %
7 Lt ] CGA3sHdeB /2 YIAX &% v 7 o BLA v F R H BT i
3 S HdeB g b k5 pH 7.0/ T 3 1 30 F(S)sR i 5 > pH 1.0
PEIR G oo FoasEor adE e A YidX AR R Y BEREFET B0 T
Glgd o 2 pHLOPFA 280> 3o F v 341 - 357 YidX 12 2 HdeB € & $-v
Frsphi™ » <30k Frafkiata 282 mk(Bl-2) &8 5
G- A R YAX AR AP AL kRS SRR B P AL Eg YdX

2.5 Rk -
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YfdX 122 HdeB £ e3¢ A gt &3 LAE 3y st

B 20074 F % fedn ) > = %48 F HdeB & e Ik 5 ™ » i 59 " PR &
2% (ADH) % 7 35 B B itk » @ B IR chiRE B B [24] F R0 A
P iplzR ADH >t ¥ IR BT < 04 endew FAaRE TR AREERT o BIF A B
TR E KRB )BT APREAM TR FREOREE ) BEHT
Bl e > F ADH iE iR B THKPF 0 30 t OD400 e 3k (&b o e e
HdeBik B 4% % > RlFrdlex & Eent 2 (B -+ 2z A) o ¢t > ADH % pH 1.00pk 1%
HHT RS~ HdeBejk R A% % > MR T A% %37 ADH 73 B3 Fin
BIARE (B w B) o fepF o A L R YAX e B Fr4] ADH STk e 4 B
SRR IERT YiAX 3T HdeB £ 5 { & dafriqlscsk (B 7 A B)o& s
d 3 5"J",$ R % AR S FARIT(R A A) 0 AR YIdX 2 2 HdeB &g oF i

LI EE A E R G ok @ ERRTIE B R uAe(F ) -

g 3 BLE G R YIAX £ RAVERF

v }I%;f;] B B F ek A v HdeAd 2 HdeB 'y i it o ) R T
[44] o F]pt > A g L *® 4 P Fa 1 & SignalP 4.0 8] YIAX F-v FEE <5
# 3 4, 742k (http://www.cbs.dtu.dk/services/SignalP/3 & &+ YfdX & 71 1-22 2.
il B AR T A 5 3 L VEPR(M4— ) o Bt A i % B % % R 52 (osmotic shock)
[11] > A g s g o S L4 B F 3o 0 X d 2 gh g R YRAX eh
(B =) F A e YidX Futl o adyfdX Fiky &2 R e F
AWM OB THRMEGIRRE - o AP TR N ARiRA (A2
( beta-lactamase antibodies)¥ z ¥R B iR sdAl o kAT 0 T2 FHRAAR
feend-o FkAR T R E YIAX 39 BRI R B o om YIdX R RN AECR R o
Bt s AP @ BEEE R YIAX B HEER A ORMER 0 RFPER
B(B L AN) 0 b 4o r 2 Mg 4 YIAX W EE B R T i RE  AF9
%J“,f%xr rcsB & €_kvhA» ¥ ig = YidX 8% B HE BB AR E A FE R 7 5
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",% fur A %> Bl s K YfdX AFERZ T2 RE@ 1) -

YidX B R AE 30 Bk A chil s 30 B iE

0 P YIdX AR EBEET o ol R T e AR EUK AP g A
#-% TLFH pRK41517 2 pRKA15-yfdX> 4 & (7% #-fr i i » AyfdX ik o £
HEFE RIS FRER Tk FiaiR o HZT Rk AP AR A BB E
Ak ED PH7-pHBR pH3» R iy TR Gmm (Bl- L) %%
Bt o wpH7~pHSHIRE ¢ - R F 9 TR b mRARR LS Bk B0
ME pH3PF - Bor &3 YidX R3R2 F-v Fiaie i+ 2 4% 55KDa¥
45KDa- & # fi 5 ¥ ipehdn B (B = L HEA)e Ba YIdX 30 F 30

T M3 e R Fedis

LB SRR T YidX ApRERET €% R LR Ty F

LA RITRE RS AT o R e et pH7 SRR P 0 Bk
% i (elution) e B 5 A R o BEoR P RIRE T o YIAX EEEE BT g R
FRESEr 4 (Bl L A) R e B A pHEATERIER T 0 B (S iedk
Menged TG LB 0 B S EETRE T YIAX H R T g T L 4 A (R

- Lo B) wAERNH - £
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LR
FREA MR FR 20 - X RER A S FE 2R R RS

WY N AEEE AL DG BRI R Eed g ek R AR s KX T
B4 oA RN ALY R HBER T B RRR
[12,46] - i MR PR IE S A A AR TR SRR e e X
o MG wmA SR Lz BRG] [4] - Flt o it 25N o F
SR LA 0 F iR R R o

BABEE LG - ad 12 BAFeSEERL e s R RS LG
M b Tl Bl g3 X B AL A pH 2k g T GE a4 [27] %%

SRT A A L F 0 RE R AR G A el b e A - ) H ¢ yfdX A F)

Pl s it o B B R EET ARl T A Pk G A7 4 2 yidX
£F4 Jy o

FERAPF BA R 5 kREBEM T iy (Microaero) #deiT ik
SRR 22 A f yfdX e im feh o e plzd yfdX 2L Flak 4 27

¢ fggs‘mmﬂ-%«ﬁ BERA R G -ﬁi L N O TR L R VA
BRERT 0BG L6 BRI 5 B 8 R g e s £ oo 0

i p iR AyfdX 5% "EB T chig s F odrtiteR T > BB R Rk B S
7o fAX ARG T 2 Atken2 £ Xom £ & gt oh > F4B 4 (siderophore)s § R

F N FRopa 4 [30] S irE i CA Sx & A [23] PIREFARE S 4 o

3

%R AyfdX Ftkenc i 4 XL e (D) o
%)%&%ﬁmgqF,%mm“ﬁ%?a%ﬁﬁﬁﬁﬁnﬁﬁﬁﬁ%ﬁﬁ
S HURS *ﬁd WA HE g Ak 7 B e BRE Ok B 5 & 2010E
T pEAR A L6 R R F cadCo i A Pl 6 4 R AR R LR Al
4 [16]5 FIR o AP AR AL T ¢ S Y o yfdXETE (P A pe

AR Ak S A AR TFIETE € SR o AP RER R TR R E R &
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REFERA 128 24 B pF > At TN A R ek EE MO RIB R RS
RESVPFRERR A ERE R E AR BRI RV RI P PR
SES e PItk A IR LR B AR R A RIB R A PRI ES o @

PEF 12 FARTE RZREE > B R yidX 7 PRt lE L ¢ f B
B AR ek A (e ) o ArcSB R 12 pF i £ R g d BkE 0 @ 24 PEIS

3N

)
N

o

FHY R ENEP 2 SRR A SRR DT K TR o F) L A R resB
AR B AT AT R B mEad B S 0 S AcsBH £ ik %
A Fph k seenk i h B o

Res i $tp 1985#& » A H4% A S0 Ba o~ B FZ2 TSR
FARE FORTE G pdp B o ek g o resB AR IR AL T b e
gﬂgMAu5gwxmaﬁ[ﬁyﬁng‘%ﬁ«%kﬁmﬂ,%igMAua
gadXA > @ Bar ReS & fLfei § 8 AR FERT T 0 RAviE B S 5005
FERch? &4 o e resB A FIRAF R BT A B MR LR g0 o R
PEEFfL R gk ot A RTR R E FE B A N ET AcsB #3
BEYT G %E%’ﬁﬂ%i%‘(%]ﬁ B/ ) 0@ yfdX endiiar 4 R R B 8 R eniE 2
(Bl ~) o 4% > a > BhE 2 (B ~)r 2 Rl 2 yidX geds + o2 g (B~ ) »
wEEOT resB B B A PR E T 1w A yfdX s A oresB hduph enst i oo
AR R YIAX kBB IE e e

=~ % % o EVQS/EvgA B A F 3 4 i@ iR % s (two-component  signal
transduction systens) < 4p b 2 3 47 A F] > & S8 Fid F Fulk AL T Bk A )
2 #7[51] - EVQS/EVgAR K I iR>tE P %4 8 ¢ F(Bordetella pertussjs. # 7
7 F1 BvgS/BVOA [3]> 11 % 5. F b X IR F2 KVgS/KVQA ik se o gt oh o 5§
A NERF CGA3 W EF V- 28 AR AATF KWhS/KVhA @ & = F 2 55 %
B AkvhA 2 2 AyfdX ddaph wm 5 Apis(Bl =) 0 @ AKvhA 7% i< yfdX gxé &
MR Fed B2 AR (B N) o A kvhA fdrpienst iy 0 A& Ay yfdXo

@ KVhS/KVhA 0% & I ik 2 5] KvgS/KVgA sndapie 74 i + 2 F 5o B & L 39 -
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RN
Bt B AR Y FUr B3R 2 EVgA Y @ 25T PRk A Bl [B1]
APREIFEBET > b M BT < B R YIAX R B (RS )0 5 Pl
fur ZAFIRJL A" K YIdX 2 23R8 » Ha G o S AEFTT NG 5
B s F e s
HdeA 2 HdeB & 2535 » ¥ 1 &bk ™ s Jod T eh3 3R - 474
R EVE A o ¥ BB T > HdeA HdeBR| 7 & & B5g v Hid i o g
WY O B PeeEE T pH 28 pH 3o At A B iESE HdeA & §_HdeB s i
Pt B dL[21] o g ob > g v pedp D AP % HdeA e ¥ ier 5ORR T Fv
5
fr B R AL 4 e % Jkddp o NdeD A FIRR € s B e R FE R A

3

F R b —EE T [49] - HdeD P #8822 S mE o 2 i 5 oo 4e

sy 4 [27)0A R % 3 AR TR HeD § 5 S @ 4 7)1 gpag
HdeB ¢ HdeB™ i % 77 | 2131 55 & 7> 8 7 HdeBL fe s § 4 % % 48 geost it »

oA 3 PLITR STHCR R 0 @ d g ATt & 4 o

g9 AR FRE Y 2 hdeB~ hdeD 22 yfdX % = 3] RcsBri 2 KvhA
g ¥y [1,2] o @ (8 fapkae 4Bl 20 7~ &gt hdeB~ hdeD v 2 yfdX & dwps # i
PR R ARRE(R ) o 007 BEEF R & TR yidX A st R .

- HERA O WR U R A A& LA EERETEY 4 B L G
FiEr [21]c B B ® LR FREABERERS > A REE LD
R e ARY M RN R R e R o BT BRREIRE T 0 YIdX -
v s HdeB 'y & 5 A3 iFpE A iR R 5 R R S e gt o wAF YIAX & pH
B0 IRE T » & BT 7 LA SR fEAR ek o B YIdX 75 ¥ i E ki en
R Red e gt b o R ETEKN SF L o ¥ Fhd E0F KpF > YdX hkgeh 2
BB Red W aE M @ B YIAX F2LR F o 2t E b ey (R

- +t-)o
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FEREBHR AR E A HAEI NS > AP aE I YIAX AfuET G E
p bk (Bl L 2) BHREFERR THAE RCSBALEGE R L AT 1
i YfdX & o e pF KVhA 30 £ & e dr & ¢ o phig & § 7 ¢4 %] HdeB

2 YfdX eh Bende B0 B AR IRE T FrADER B 0 AR E R R E UKo
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-t hE PR HEHL wEHK

Ft AR TR Kimg g T A
E.coli:

JM109 RecAl supE44 endAl hsdR17 gyrA96 rolAl/tt{lac-proAB) Laboratory stock
BL21-RIL F ompT hsdg{rs mg)gal dcn{DE3) Laboratory stock
S17-1Apir RecA thi pro hsdRI* [RP4-2-Tc::Mu:Kn¥Tn7] (pir) Laboratory stock

K.pneumoniae:
CG43

CG43-S3
CG43-SarcsB
CG43-SakvhA
CG43-SAyfdX
CG43-SArcsRAyfdX
CG43-SAakvhAyfdX

CG43-SahdeB

Clinical isolate of K2 serotype

rspL mutant, S

rcsB deletion mutant in CG43-S3
kvhAdeletion mutant in CG43-S3

yfdX deletion mutant in CG43-S3
rcsBandyfdX deletion mutant in CG43-S3
kvhAandyfdX deletion mutant in CG43-S3

hdeBdeletion mutant in CG43-S3

Laboratory stock
Laboratory stock
Laboratory stock
Laboratory stock
1)

This study

This study

(2)
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CG43-SahdeB1
CG43-SahdeD
CG43-SahdeBA\hdeD
CG43-SahdeR\hdeDAyfdX
CG43-SAhdeBAyfdX
CG43-Safur
CG43-SAsoxRS
CG43-SApecS
CG43-SApecM
CG43-Samrkl
CG43-SArpoS

Z01

Z01AkvhA

Z01ArcsB

Z01ArpoS

hdeBldeletion mutant in CG43-S3
hdeDdeletion mutant in CG43-S3
hdeBandhdeDdeletion mutant in CG43-S3
hdeB, hdeD and yfd¥eletion-mutant in CG43-S3
hdeB1 and yfdXeletion mutant in CG43-S3
fur deletion mutant in CG43-S3
soxR3eletion mutant in CG43-S3
pecSdeletion mutant in CG43-S3
pecMdeletion mutant in CG43-S3

mrkl deletion mutant in CG43-S3
rpoSdeletion mutant in CG43-S3

lacZ deletion mutant in CG43-S3
kvhAdeletion mutant in Z01

rcsB deletion mutant in Z01

rpoS::tetin Z01

2)

2)

2)

This study

This study
Laboratory stock
Laboratory stock
Laboratory stock
Laboratory stock
Laboratory stock
Laboratory stock
Laboratory stock
Laboratory stock
Laboratory stock

Laboratory stock
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2o APk Al TR

e AT A M TR kg g TR
yT&A PCR cloning vector, Ap Yeastern Biotech Co.
pKAS46 Suicide vectorrspL, Ap®, Km® Laboratory stock
pRK415 Broad-host-range IncP plasmid*Tc Laboratory stock
pLacZ15 A derivative of pYC016 (61), containing a promoésslacZfrom K. pneumonia€G43S3Cm°  Laboratory stock
pET30a Overexpression of His6 fusion proteins, Km Novagen

pCHO15 About 2kb fragment containing the flanking sequeaicgdX cloned into pKAS46 (1)

pLCO1 About 2kb fragment containing the flanking sequeoidedeB,hdeD and yfd#loned into pKAS46 This study
pPRK415yfdX yfdX complement plasmid, Tc 1)

Pyrax 417 bp PCR product carrying putative yfdX promafened into pLacZ15, Ch Q)

pET30ahdeB Hisc—hdeBexpression plasmid; K (2)

pET30ayfdX Hiss—yfdX expression plasmid, K This study
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Az LRI QHmRET L PEHRIF

513 B #|(5 7| 3)

CH026 5-CTCGAGTGGTGGCAGGCAACTGATACTT-3'
CHO027 5-AGCAGACCGGCTCCGGACT-3'

CH034 5-GACGGATCCGCCTGACGCTGAATAAAAAGC-3'
CH036 5'-CCAGATATCCACGGAAGCCTTGTCGCACT-3'
CH037 5'-CCACTCGAGAATAACCCCCCCGGCATCAG-3'
CH043 5-TGCGCTCTCTCAGGGTGGAA-3'

LCO2 5-GTCGACTGCGCTCTCTCAGGGTGGAAC-3'

LC10 5" GAATTCACAGATAGCGCGACGGCAGCGCCAG-3'
LC17 5-AAAACTGTTTACCAGTCTGGCCGG-3'

LC18

5'-TCTGCACGGTTCAGCACAAATTCT-3'
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(A) sip yhiD hdeA  gadE

dctR hdeB hdeD mdtE  mdtF gadW gadX gadA
—
1 kb
(B)
hdeB hdeD yfdX KvhS KvhA  hdeB1
P
1 kb

W- : pEig B §ee(acid fitness island)
(A) ~ % 4% FY sk i e o (B) fs @ s gk F CGA3 ¢ 3l

P AL R 5 R Tl
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(A)

(B)
bp M: marker
1000 1: CG43S3ArcsB
5% 2: CG43S3AkvhA

3: CG43S3ArcsB AyfdX
4: CG43S3AkvhA AyfdX
5: pCHO15

250 -

W= 2 ArcsBAYIX 2 AKvhAAYRAX B3 FI% i 2 %4
(A) yidX A s 2 Bled = CHO34/LCI8 % 2+ LAzt ArcsBAYfdX 2 A

rcsBAYfAX R A5 R84 4 o A Fladdpénizg » (B) f1* PCR krrsa
ArcsBAyYfdX 2 ArcsBAYfdX % %+A - 54 pCHO015¢ 7 yfdX i & 1kb

Gk F] R B
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(A)

CHi7  306bp  498bp 630 bp |
hdeB hdeD yfdX : T
S 1807bp o __. :
L '
; >30T bp '

M: marker

1: CG43S3

2: CG43S3 AhdeB AhdeD AyfdX
3: pLCO1

W= : 24 AhdeBAhdeD AyfdX & FIs44F 7 # 1%
(A) HdeB, HdeD& yfdX# Fle7 &, Bl- 5! 5 LC17/LC18:% 3 % ri3 A hdeB
AhdeDAYfAX % %4k i S04 L 7 & FlixdFcni= % - (B) f]* PCR %5
sz AhdeBA hdeDA yfdX % %t 542 pLCOL ¢ 7 M(A) hdeB = )% yfdX %

] & 1Kb ik F] W o
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(A) CH 34
=] 630bp_ 1

hdeB hdeD | yfdX | Teuws

903 bp

(B)
bp M 1 2 3
1000 ..

750 - —
500 -
250 -

M: marker

1: CG43S3AhdeB1

2: CG43S3AhdeB1 AyfdX
3: pCHO15

Wz 24 AhdeBLAYIAX B4 Fl#4F R #1%
(A) yfdX # Fenm & Ble 31+ CHO34/LC18% 3+ K&z AhdeBA yfdX; & 4
3L A A FaE IR OB o (B)e Ik PCR #Fz ;8 AhdeBIAYfdX % %14

74 pCHO15% 7 yfdX & @] & 1kb ez 7] 5 £
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(A)

1.8
1.6 A
1.4 A
1.2 A
o 1.0 A1
3
8 0.8 1
0.6
0.4 4 ; —&— Wild type
—O— arcsBayfdX
0.2 A —w— akvhAayfdX
" —A— A hdeBlayfdX
0.0 1 —&— AhdeB ahdeD A yfdX
0 5 10 15 20 25

time (h)

(B)

1.2
1.0 A
0.8 A
80.6
©
[a)
0 0.4 A
—&— Wild type
0.2 4 —O— arcsB ayfdX
’ —w— AkvhA AyfdX
—4A— ahdeB1 ayfdX
0.0 —&— ,hdeB phdeD pyfdX

time (h)

WI R BEHK VdX AT HmEDs L2t BF

AL (A)LB s &ir & (B) MO % i et % & » 48 1 47 c1(A) LB

3

A A (BYM9s %% > i@ 2 OD6004 5 0.15> % 37Cs2 4 » © 4%

fo P A 2Eip| £ # e sk 5 (0D 600 )-

33



Survival Rate (%)
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S
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oo™ U W
[> ?&‘5% D b\(\{(\‘x

W= :kvhA 1 & 538 yidX A FIRFE# B3 £ 7 chdap i 4
e LB #5324 20 P #1 pH3.0OMI & d 354 454548
(0B BRI S 13 B Flice (A) AkvhAAYTdX 22 ArcsBAyfdX g

R R Hk A R £ T pa 4 (B) pRKALSYTAX & yfdX 3 4 FaE o
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W~ :hdeB s hdeD 2 yfdX #k Fl& e £ 048 32 % T ey i 4

mpE b LB ER % 20/ P51 pH30HMIs £k ? » 53 % 454 4
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LS

DBk FRAFE R P e BE S R A5 A 4 5 B

e

% e oA b et i@ o (A) AyfdXAhdeBAhdeD = % & itk & i
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3% b 4 (B)AyfAXAhdeB1gE % % Fjtk i B 52 £ T cnfat it
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200

2 ]

= 150

*g N (B

° = pH 6.0
22 B pH 5.0
o 100 -

(72}

i)

g €

< D

(@) .

o = 50 -

32

R I ||

2h 4h 6h

Incubation Time (hours)

Wi : A% T yfdX i+ B R

wiF e LB-pHBOLB: pHS5.0 LBRF# % 2,4% 6/ FF{s » £ 4 5]

g

Bl R H b 3 A 0 H A e enps R BLRR B ek i (OD 600)-
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600
500 -
P
2 . B
S 400 1 | === pH 6.0
@ B pH 5.0
g |
i) 300 - I
n
Sy
3 E
g ) 200 A
S =
Q
82 100- ﬂ i I
O i T T T
2h 4h 6h

Icubation Time (hours)

WL B AT yfdX el anE % T3 pR et
i LB~ pH 6.0 LB pH 5.0 LB# ¥ 3 % 2,4
L

2.6 s 0 LA R

ks
4y

K
a)

o T A7 e enpE R ghiplE H =2k 8 (OD 600)-
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-
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= LB

= LB (pH 5.0)

WL - :rosB 2 kvhA & Tl 450 Ka2 B 55 £ yidX gad s cris i
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NI é acmR
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(A) LC 10 (B)
-l I
| I
:yde :choz M: marker
1: pET30a
1 1
i 567bp 2: pET30a-YfdX(567)
750 bp-
500 bp-
M1 2 3 4
(O
T g E M: marker
35 KDa - S | 1: pET30a
25 KDa - | . 2, 3: pET30a-YfdX(567)
4 Hisg YfdX
E o

W= YidX AR FEa

(A) YfdX 4 3% 57 & Bl %3551 LCL0/LCO27:5 % A48 (B)f! ™

PCR %k faza YidX 2 £ it ad (C)ef 3 YFAX & 3 it B 8 & AT R e
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12 11 10 9 8 7 6 5 4 3 1M

KDa

BEDHT [ pH7 " || pH1 | pHZ |Kaphil | pH7 'l

B S P s P S P s ®.!s RS
w170
55
45

ADH - - \
35

YfdX - - - @

25
15
HdeB - — ~10

M: marker; S: supernatant fraction; P: aggregated pellet
1, 2: ADH(10pM), pH 7.0

3, 4: ADH(10uM), pH 1.0

5, 6: His6-HdeB(20uM) pH 7.0

7, 8: His6-HdeB(20uM), pH 1.0

9, 10: His6-YfdX(10uM), pH 7.0

11, 12: His6-YfdX(10uM), pH 1.0

WL = : ADH ~ HdeB 12 2. YfdX %8 *F it i ik crfiess
FYE % & % ADH (10 um) g o0 Ze 3t pH 7.0 7 73 42 39 F(S)30 i i1
5 o pH1.0pF & 4 + £k (P); HdeB (20um) 2% t 8 pH 7.0 # ;3 |+
B0 F(S)nix s > pH 1O~ 30> 3 H a7 i3 14(S); YfdX (10
HM) 4 “F TR pH 7.0 7 3 139 H(S) - l#F pH 1.0 + 30 3o

AT 3 (S) -
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09
0.8 1
071
Sose
<
a)
Q05
0.4
0ad ! Line 1 (Top) : ADH (10 uM)
| Line 2-5: ADH + HdeB(10-40 uM)
02 v v v v v v
0 5 10 15 20 25 30 35
Time (min)

(B)

Kbam 1 2 3 4 5 6

45 -

35- - ADH

15 -

10 s s - Hisg-HdeB
M: marker

1: ADH(10 pM), pH 7.0

2: ADH(10 pM), pH 1.0

3: ADH(10 uM) + His6-HdeB(10uM), pH 1.0

4: ADH(10 pM)+ His6-HdeB(20uM), pH 1.0

5: ADH(10 uM) + His6-HdeB(30uM), pH 1.0

6: ADH(10 uM)+ His6-HdeB(40uM), pH 1.0

B+ = :His6-HdeB #EAE*t#s LA F0 Fidfd

(A) ADH (10 um)** pH 1.0 > 4c » His6-HdeB (10-40um) > I % % [ epF
B ELRIE H ek E(0OD 400 prxk EA%F > R|i37% ¢ k4% 5 - (B) ADH (10
um)4e » % ek & 1 His6-HdeB (10-40um) » g 3 B~ (8 H v 2 ‘}%‘21’3’2 B

6 B ILATIER T A o
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1.0

0.8 4
© 0.6 1 Line 1 (Top) : ADH (10 uM)
: Line 2-5: ADH + YfdX(10-40 pMm]
D ooooooooooooooooo
OCoad e

0.2 4 :.",_ _______________

e ———————————— _
o~ T
0 5 10 15 20 25 " Y

Time (min)

(B)
kpaM1 2 3 4 56

45--—— R — _ADH

ol = _ His -YfdX
35-°

M: marker

1: ADH(10 pM), pH 7.0

2: ADH(10 pM), pH 1.0

3: ADH(10 uM) + His6-YfdX(10 uM), pH 1.0
4: ADH(10 uM)+ His6-YdX(20 uM), pH 1.0
5: ADH(10 pM) + His6-YfdX(30 uM), pH 1.0
6: ADH (10 uM)+ His6-YfdX(40 uM), pH 1.C

BT :His6-YfdX &iEaeties EAgds g
(A) ADH(10 pm)*>* pH 1.0 » 4c » His6-YfdX( 10-40um) > & %% k ehpF
BEip|E H ek E(OD 400 )o ok EAXE > Bli3 R ¢ uakAx § o (B) ADH(10
Hm)4e » 3 fe kB 50 His6-YTAX(10-40 pm) » &t 3 B8 B 7 2 1+ d % Bt

s iA R BE B o
;Lﬂ_.";: H/ﬁ\’g_g’ W /77\ o
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4 3 2 1 M Kpa

s 45
35 M: marker
1: ADH(10 uM), pH 1.0
25 2: ADH(10 pM) + His;-HdeB(20 M), pH 1.0
3: ADH(10 pM)+ Hisg YfdX(10 pM), pH 1.0
15 4: ADH(10 pM) + Hisg-HdeB(20puM) +
k10 Hisg-YfdX(10 uM), pH 1.0

W+ : His6-YfdX 142 His6-HdeB #4202 7 e ok
10puM =7 ADH 14 3 pesh 255 ik padk 2 1.0 48 > 4 %] 4e » 20 uM His6-HdeB
(lane 2)~ 10uM i1 His®-YfdX (lane 3)% %_20 uM ¢ Hisg-HdeB, 10um

Hise-YfdX/(lane 4)- 3o 3 B~ 8 2 w5 b i 0 ofs RIRER T A o
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Anti-YfdX

Anti- B lactamase

1: WT, total cell lysate

2: AyfdX, total cell lysate

3: WT, periplasmic fraction
4: AyfdX, periplasmic fraction

ML= @ g R R YIdX £ AR
mEIE R R (B 7 Az D gL rbAE (lane 1, 20 % 15 L 2 (lane 3,4F 17 »
W AR SRR L PR T AR T BB T  BEE

e 1 W5 YIOX FRES T B 5O T 2 ket (e P pRreA fREE R k) -
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12 3 4 56 7 8 91011 12

Anti-YfdX
Anti-GAPDH
Lane 1-6 : shaking culture (250 rpm) Lane 7-12 : static culture
1: LB medium 7: LB medium
2: LB, adjust to pH 5.0 8: LB, adjust to pH 5.0
3: M9 medium 9: M9 medium
4: M9, adjust to pH 5.0 10: M9, adjust to pH 5.0
5: LB, with ferric iron 50 UM 11: LB, ferric iron 50 pM
and ascorbic acid 5@M and ascorbic acid 50pM
6: LB, DIP 200puM 12: LB, DIP 200 pM

W~ & e YidX 3y Fei g

b

MR R ER Y RZ(ane 1- 6§ # B (lane 7 - 1200k i 1 232 & |

¢

%A A PR 2w re Bk o IR A e At e IS 0 RG> Bk
%2 Rl B 5 YIOX $dl > T Bl SRR (0 F S-mEpL R & FEiRg) o
mEE &% 2 F LB %ix(lane 1, 7) pH 5.0 LB % iz (lane 2, 8) M9 32
% ;% (lane 3, 9)» pH 5.0 M9%: % & (lane 4, 10) LB = % /% 7 be 50 um 484
+ ¢ 50um fukol fik(lane 5, 11)1 2 LB 33 & j 7 4c Shd+ A° & %) 200um

(lane 6,12)
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12 3 456 7 8 9 10 11 12

Anti-YfdX

Anti-GAPDH
1: Wild-type
2: AyfdX 8: ApecM
3: ArcsB 9: Amrkl
4: AkvhA 10: AhdeB
5: Afur 11:AhdeD
6: AsoxRS 12: AhdeB1
7: ApecS 13: ArpoS

W+ 4 o YfdX £23E £ 5] resB a2 2 kvhA £ 48
A AFPIEFIREPHS0LBR £ FF E 5% 24 | pF{l > & g5 et
Pk BB e 3% 0 OB A B de BT(S 0 BiEF C BEEE R e

Bl 5 YfdX Ful o T Bl A Bekiitl (4 b fE S-EERL % & peditl) o
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KDa

v v, e - | ? ,,,i;_v

R A T @t

A B C D A B CUD A B C D
A: AyfdX, supernatant C: AyfdX + pRK415-yfdX, supernatant
B: AyfdX, pellet D: AyfdX + pRK415-yfdX, pellet

o FUAKE b o RIOTBMT A
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(A) M 1.2 345 6AB

—— T = M: marker
0 - = ﬁ $s=  AB: Anti-YfdX antibodies
45 - B o 1: AyfdX, loading
gg - ‘ 2: AyfdX + pRK415-yfdX, loading
3: AyfdX, wash
15- 4: AyfdX + pRK415-yfdX, wash
10. - .- 5: AyfdX, elution

6: AyfdX+ pRK415-yfdX, elution

B) M 1 2345 6AB

70 - “‘ﬁ-i M: marker
55- .—-‘.—.“_‘“

45 - AB: Anti-YfdX antibodies
35 - ‘ 1: AyfdX, loading
25 - : 2: AyfdX + pRK415-yfdX, loading
15 - 3: AyfdX, wash
2 A 4: AyfdX + pRK415-yfdX, wash
o
10 - ‘ e 5: AyfdX, elution

6: AyfdX+ pRK415-yfdX, elution

W= L- AR EEKY %S YIOX BEEERE T (67 s05R T 3o
4 5 yidX PU E ik 82 yEAXGE O FpR S B ey 0w RS BB R
i E L pH7, pHS pHATS » A B2 T LA L WHRE B - TiAAAg 182
A YIAX PI%% bk yTdX A b e g 0 R 3 4 L
ANRIT Fod B RANE D6 S Lk 9 RAAE T &

YfdX egadt o BI(A) - pH 72 5/ fripire s BI(B) > M MAA EARI pHS
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Mild acid Static culture Acid stress
OM

@
‘ Ferric iron O Q_
Protein

Periplasmic _

v j \ proteins ‘ ’ aggregation
Rcs csD Kvh .
?

X hdeB  hdeD yfdX

DB A h e A Flenv AR BB s e i
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Score

Sequence

SignalP-HMM prediction (gram- models):
! ! ; g e e
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1 L 1 L L L
a 1@ ea e 48 se [1:] 7a
Fosition
FSequence

Prediction: Signal peptide

Signal peptide probability: 1.000
Max cleavage site probability: 0.967 between po=. 21 and 22
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(http://www.cbs.dtu.dk/services/SignalPAz = YfdX & 7| 1-22 =L i & ¥
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O
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1: WT

2: ArcsB
3: A kvhA
4: A yfdX
5:Afur

6: A phoP
7: A rpoS
8: A ompA

St 1 yfdX B FlEA 35 A B AR R e o chi i
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