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Abstract

The Rcs two component signal transduction system controls a
variety of physiological functions in bacteria. Deletion of the response
regulator gene rcsB in Klebsiella pneumoniae CG43, a highly
encapsulated clinical isolate, resulted in reduction of the CPS production
as reported for many enterobacteria. Recently, an involvement of RcsB in
the acid resistance regulation has been reported in Escherichia coli. If K.
pneumoniae RcsB plays a similar role is investigated and the regulatory
mechanism also analyzed in this study. The resistance to acidic stress (pH
3.0) apparently increased for K. pneumoniae CG43 after an adaption
under the weak acidic environment (pH 4.4). Deletion of rcsB reduced the
bacterial survival under ‘the ‘acid stress treatment. However, the acid
adaptation had no inducing effect for the expression of rcsB. Homologous
gene search in CG43 genome (http://genome.nhri.org.tw/KP/index.php)
using bioinformatic tools revealed six putative RcsB-dependent acid
resistance genes. Among them, yfdX, hdeD-hdeB1 and hdeB2 genes were
found to be clustered within the putative AFI (acid fitness island). The
putative promoters were PCR amplified and cloned into the LacZ reporter
plasmid pLacZ15. The activity measurement showed that the expression
of cfa or yfdX was reduced in the rcsB deletion mutant. Deletion of cfa or
yfdX had no effect on acid resistance ability of K. pneumoniae. Only
under a statically culture condition, deficiency in the acid resistance
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ability could be observed for the yfdX deletion mutant. Thus, the
promoter activity of yfdX, hdeD-hdeB1, or hdeB2 was analyzed under
static culture. The result showed that deletion of rcsB or kvhA reduced the
promoter activity of these genes. Finally, comparative proteome analysis
of CG43S3 and CG43S3ArcsB using two-dimensional electrophoresis
was also employed. No significant change of expression fold was found
under the growth at pH 7.5. While under the acidic condition (pH 4.4), 2
protein spots only present on the 2D gel of CG43S3 and 3 proteins with
decreased expression level (-2.18, -1.90 and -1.52 fold, respectively) in
CG43S3ArcsB were observed. The proteins ID will be resolved in the
near future. To sum up, RcsB appears to regulate some unknown proteins
for acid resistance response under shaking culture. Under static culture
with micro-aeration, expression of yfdX; hdeD-hdeBl and hdeB2 was
positively regulated by RcsB ‘to increase the acid resistance activity.
Moreover, the 2CS KvhAS located on the putative AFI is probably also
involved in regulation of the acid resistance ability conferred by Y{dX,

HdeD, HdeB1 or HdeB2 in K. pneumoniae CG43.
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ipi;‘."é "% fa iz (DNase, RNase) > 37°C it % 45 &£ 45> i¥% = {511 15000
tpm 4 30 A 44 kA T ch 3 4 {5 et i 4036 10 kDa
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erimicrocon (Millipore) 2 2 ,lr‘,ia%‘r 19 b+ ek ~ 12 Bradford = 3¢ (5)
Pl 30 FIER o 5 #2050 pg hked TREA % A K A
AR FEE AT A8 C AR R R Y o

FREFZATARF S BHEAP-80CrAkEdD > #2250 ul
rehydration buffer (2 M thiourea, 7 M urea, 2% CHAPS, 1% IPG buffer,
0.002% bromophenol blue, 0.28% DTT);% f## # » & 12 15000 rpm &g <
20 & 4& 1L 2 "ﬁ% H T R ehge B 20 18 ¥4k A 4e » holder ¥ o £ #-strip (pH
4-7, 13cm)EgEc » rde 2 F R B FHi o7 F F F 3 & holder
2z ¥ % IPGphor (GE Healthcare) i& (= & § 2L % &  (isoelectric
focusing) ; R E = & 1> Kestrip-p B Tz 3 2 5 1% DTT i3
equilibration buffer (50 mM Tris-HCI pH 8.8,6 M urea, 30% glycerol,
2% SDS, 0.002% bromophenol blue)15 4 &&> £ #-strip#% 1 7 7 2.5%

IAA ¢ equilibration buffer jz/e 15 & 45 #-strip a2 2 & {6 > 8 &1

dir

12.59% chR 5 4 pe i} 48 (polyacrylamide gel)ie 17 = BT % » T4
£ {5 > 11 Sypro Ruby (Invitrogen)% ¢ - & 12 Typhoon 9200 (GE

Healthcare):& 7 ¥ pg ©

ZRBTART LT

T AP 2 41 * ImageMaster 2D platinum 6.0 (GE Healthcare) i 48
AN N ’Ffr,‘?@é’«mlé B~ R ERE R v %‘r,ﬂé-m?;;%_ » T3¢ *  student
t-test kvt g CG43S3 %2 CG43S3ArcsB ¥ % 1+ F-v ' 2herip $H48 77
(% vol)o 3 BE ¥ £ R 2 £2ME (% vo)Z B A 1.5 Bt ehjy B

BLALP X R 3 D o

11



Mp ¥ 4 f# (in-gel digestion)

S EREE EERE NOIRE AP S
v R BLIET AR R 42T 0 4o~ 100 pl wash buffer (50% ACN, 25 mM
NH4HCO3)‘)§“J§E, 15 =48 ° # “,/TT e k81 4e ~ 100 ul 10096 ACN » & %
L1005 ﬁ‘fﬁ}]% » #% ",% ACN & 4v > 50 pul 50 mM NH,HCO; %72 5 &
48 > & ERE A oK v (rehydration) 0 Z_ & F 4v » 50 ul 10096 ACN R &
3 dze 1S40 # ﬁgni’ fs £ 4v » 100 ul 1009 ACN > & ¥} 44
RNt S S ERCRLE §23 B84 » 3l 7 3 20 ng/pl trypsin

(promega) 725 mM NH,HCO;/3 /% » & & 4C# % 1] B> i¢ trypsin

%R AER 0 F e o EE R VAR (25 mM NH,HCO;) 1 i 4
WA AL R S 37 R B 5% r 20l 5 100% ACN

% 19 TFA e % o 425 A R 10 & 45 v 11387475 (peptide) p "4 44

CEBD K PN HEIA T RZEE R A SR e

e

@I enE B e 3 4 2 GFLE K2 (5 MALDI-TOF 3 A 47 12

FE g o
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t 2007 & ﬂﬁﬁu’&*%ﬁﬁﬂ’mB%ﬂ%ﬁﬁ%ﬁ’
€ S Mgt H B F R R AR 4 (10) 5 Ft > AP ARk
BE e SRR oresB L E L AR i e o B R PR
P EE e~ 54 fe ApH2.5 MR % s & 0.5 P14 >CG43S3

2« CG43S3ArcsB 173 7% F 4R CARENRI (=

rcsB & FlaA 45 "% i 5 w0k 4R Eendpt a4

FORFELT 9 VR RS L R R L 4 o A
pH25 chMI R %2 ? By mid Gie Rz g AR « Fpt e 4
YR QD b EpY oA pHA4 DB R AR i |
JPERS RS I pH30 MO B R R - BIERAE A 4 o S5 4cR
-0 RSB KROLBE ARG RS Hinphac 4 AR B 09
CG43S3ArcsB H fupeai 4 Bl# CG43S3 T % 2% %5 1 m § AP A
CG43S3ArcsB i# ~ ¢ % 3R rcsB en /i 88 pHY 123 {6 > H daphi 4 B w

318 CG4A3S34p % ©

rcsA A FI&A 47 € BB F v AW L e 4
%1% ResB ¢ 22 ResA 254 B3] - B# > i2a 300 &4 Flehd
o FP o AP R FEIResA F 4 2B AP 4 o B AcB)
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= » CG43S3ArcsA H fapbic 4 £ F P A T 0 @ 22 CG43S3 49§ o

rcsB e M7 X pH @ 5

Fli CG43S3 apeif futs » B4 4 PREHZBFS > ¥ rcsB
Bk 4 5 PR MR > Flt o SPRE resB hA IR AR
TEHRB oD & B CGA3SI a4 o PT AP A 4 resB
FEp R+ P EehsR £ F R pHYO064 > & A7 e pH &7 R 2 H .
% 4cBlZ 0 3% pH7.0,pHS5.5 & pH 4.4 thif =T 5 resB eh4 R

EAF M TRy RFLE

fl# 4 % Fwa L IEHRF A d ResB A3 endupt A ¥

'-ﬂ?; rcsB Eﬁ%\ ;E-‘Jiz g %E'J pH fﬁ_ﬁ”lﬁifg.‘? y Bl 2\ ]FB r‘“ % rcsB
Bt 4 F M TR AR AT A R A AT Y

LA F e 4o T A 2 fe T LAp R T oA d

ResB 4z sk 2 F15 F 0 20 54 Ap b 2 gk (45,58) 0 45 1+

PR AR B DA R R PE D 14 BRAT] (Rw) R T
H AU Mo * (microarray) s £ Flak4F 2 54 RAERIZ A FIF A & 4
fe3 M .3 F 0 I protein blast v* ¥t & Frense F o0 %% R ) CG43
& F1%8 & 71 (http://genome.nhri.org.tw/KP/index.php) > £ 45 1 10 B
B S ; ' - # o B SoftBerry
(http://linux 1.softberry.com/berry.phtml) 4 #7 } it 10 i & F] 5 =3 X 4

SR T FERGEA T R B - B £ AP A SIHE LF §F RosB
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24 B 7| (GAnnnnnC) (4) - 3 8 BAFgxd+ K 7| ¢ 7 ResB
Z2E&A>m A adiA 2 adiC ¥ it 5 & AfE &I A Fph k3L F 5
AR ST 0 N AR BT AL GO0k S ST A

LpeEHE 6 BAFN kY > &~ w5 cfa, hdeB2, hdeD, ydeP
(KPN_01825), yfdX 2 yhiO » H 4p B s4xit 7>t & w > @ L F] < | 2 3F

B Il ResB 2 & B 7] PlacEle #77 o

rcsB & Fl# 4F % 1 cfa 2 yfdX geds + g i

SRRt 6 BATFIET € X I ResB e g > A 515
G4 AL gt 3 8 B g ~ pLacZI5 39)¢ 0 i@ @A $
A FlEcd + 7 B 88 Pera ' Phder2 > Prden-hdegt * Pyaer * Pyiax % Pynio
L& TR 2 & AE Y 12 0 Z01 2 ZO1ArcsB ¢ 5 #-r0 1+ FiRIE
W RFE LA pH4AHRIBERRRM 1 | RS LB i7d+
ERER B % o BT ocfa 2 yfdX FEads -t resB A Flak 3 ehiE i T
Hipt g wIrd Airis - a B 4 B FlafadF 354 Al G 5 7

S

g cfa 2 yfdX 2 Fl# 3 R R

Fl & cfa 2 yfdX fz#>+ FfE € X ] ResB eog 47 > & H f < 5 4%
FlP SRR B o AT AP AR B F 0 L N CG43 P o
cfa z yfdX &3 » 2dapitp > or 2 A Fla 4 R % k-1 PCR

Hhg cfa 2 yfdX = 2 %) 1000 bp 7 DNA % £ > F &t 5 5 B

&L

1'-‘\\-
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oA p MM A pKAS46 (62)¢ o A w1 3| F A pCHO14 %
pCHOLS» & 1% 42 £ (%% A W[ #-H4EE » 5.5 ¥ <9 I 4% 5 CG43S3
oo R T A R AT R %k o 313+ CHO28/CHO31
* kg cfa B 4 4F R 150 @ 313 CHO024/CHO27 B * % Fa g yfdX

AT RER (Bl > Bl-) -

cfa & yfdX A FI14# 37 ¢ B P wRT2 £

P~ CG43S3Acfa 2 CG43S3AyfdX R #tafe » 2 g Ll
cfa & yfdX A F14AF 4 7 ¢ B P wFD2 £ - % % 4B~ > cfa & yfdX
AT 7 § B B wFHE R -

cfa & yfdX A Flax 352 € B EFERF v V3 L Ferdupean

trEid ofa & yfdX AT AE 7 € BB Fd £ 18 > A PR
cfa & yfdX & FlaA 45 2.3 ¢ B B mpodafikin 4 o Sk 4oB4 0 7 3
_CG43S3Acfa & CG43S3AYfdX » H# Fife it 4 390 F P AT % » @ &2
CG43S3 #p % o

A

e AR AY FRPHERR AT
Fi* A FF a1 B IERI P endife A F]¢ 0 hdeBl, hdeB2 2 hdeD

SRt A Y il b ek B 2 3510 KvhAS % ]

Vo B P 4 A 4555 % 0 KVhAS 7 evgAS E 4 B Bk R (39) 0 @

EvgAS &4 B ¢ » @ 4ol 5 B JAp 2 s (13, 40,
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50) 5 @12 2P FE R KVhAS b 2 TCS » 7 fape s B > & B ARiT enfn

FaR Tl A R g A KRR, (B

rcsB 24 kvhA 2k F]44 4F % 1< hdeB2, hdeD-hdeB1 % yfdX gz #-
F g

¥ 5 Brif G & ek ¥ hdeB2 2 hdeD-hdeBl > H fz# 3 &5 %

=i

PSR IR o 3Ry PR (BT ) FlR AP A
ERAT R LEE A TR S PEE S B DAL b+ o
%A T € X P kvhA e 45 o B % 4o B - > hdeB2, hdeD-hdeB1 #
yidX g+ i b A FEE R R T 25 P AR 4> ¥ e PFEX resB

% KVhA fk T4 45 8 58 o

rcsB, kvhA & yfdX & FIEA4E "% Mg v A% L HAFE

<5

% chpa il 4

F] = resB & kvhA A Fl44 4F > 32 ¢ *# 1 hdeB2, hdeD-hdeB1 2 yfdX

AR R AT RE S anE e s A el 2 resB & kvhA A F1ER R
AP EHFT MU FAFERA T D4 SRR TG

yidX AgE R s T o HpH 3 RGP RTAH o ST A R R
yidX A Flak3 0 LF 4 ¢ BB Hp a4 o B R AW o

CG43S3ArcsB, CG43S3AkvhA 2 CG43S3AyfdX » 8 f#8 % 32 % = i
Feis 4 o $af CG4A3S3 ;@ § 2 i i CG43S3ArcsB i » ¢ 4 I rcsB

VE R pHY123 12 5 & &% CG43S3AkvhA i » ¢ % 3R kvhA /F 48
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pKVhACPP 5 » H Fifid it 4 ¥94 w4 Ol % o

£ wenyfdX e 3 & A % 5] ResB 2 KVhA &34 35

F 4 yfdX geds 3 i f e P F) ResB 2 KvhA ehad g2 @ 44

Ble en & % 4p b2 (32) 0 ¥ vl fedo 3 A 7]F 4 BF il < RosB

‘3\\-

L% 2 1 BPahEvgA B &8 LI RTGET o hE S
PAFFEA NG A APEEI R RSE S B T A Z0],
ZO1AKvhA % ZO1ArcsB ¥ - ip| T g & fabs

F AR - B7F 4 ResB 28 = j%_—i",ért v B A EIRL 0 EvgA

‘z‘bfa
v =

W

pg

e Ry f\«}‘glzﬁ #'RcsB 2 KyvhA 32

KVhA Ec#> + e (2% % ResB &3 43

#] 2 hdeB2, hdeD-hdeB1. .2 yfdX H geds+ 95 14 b P £ $] ResB
% KvhA &3 32 > #5027 2% gt ResB ¥ #t d 23 422 KvhA e 0
i2m A4 hdeB2, hdeD-hdeBl1 % yfdX e 3 5 #rualie i Z01 %
ZO1ArcsB ® >l 2 7 I £ B e kvhA s+ B o % 4e B+ 2 > Punat
Z Pinao B EcH 3 B4 & CG43 % resB & Flab 4 R B4k Y 15 P &g
L wl@m & 7 3A KvhA ¥#5 % (coding region):rkcd + pAlS, pFl5,

pE15 > R P AR o
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a“\-

79 A0 L CG43S3 ¥ CG43S3ArcsB & B HE T

ARELR A s F

=t

o
¥oeb oo e QY - A > 2 47k ) CG43S3 %

CG43S3ArcsB e~ B /% > 1145 d1d ResB iy ehgn F - WmFlf &
BAL 20 RFRIAHESALBR AR PHTS)Y » X F 3% 1 ik
¥ #} (mid-log phase, ODgp=0.6~0.7) » £ 4c H 7 3 3w HiE 7 - &
oA A 'FE'FT L% pH3-10 costripi& 7= 7 A BE W + N

ANk ] %‘“"’an*“ pH 4-7 chi= ¥ » Tt 5 7 B4 f3 47 R > e

pH 4-7 enstrip i {79 B o %% % B > 8278 CG43S3 £2 CG43S3ArcsB
kv FTARBHy L LR LML R R 1S5 B (R
) o

I=q

=+
I 0 %

Fla h? BIRET 0 ARG § 5| CG43S3 &2 CG43S3ArcsB > 5
ARBLBRA D T AP ABERETREF S AT A
S wAIR R AL 203 ﬁ%—%i FTE LB B AR (pHT.5)® » #
£ 3B PSR RFMS I pHA4 HIBE A RERT B £
HvaMleke FF- B3k BRFM > EEERRT » CG4383
%1 CG43S3ArcsB » 5 2 RE AR A iy F (M- B+ - > %
#) o hed 2 0T 0 BR772,972 2 973 - CG43S3ArcsB i mE 4 %

T % 218,190 2 1.52 B ;@ 2817 £ 832 A . CG43S3ArcsB ¢ = >
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it

AR SRR L TES: F R N T
F] o Ak 5 4R ﬁa ) T Pk

Y 3

\

o)
N

S84 22 AR j#:H¢ 512 AR

\3

e
ﬂ
Pl

i

AP PFEA IR X PH FAEdrd> @ RpoS 2 CRP ¢ %

N

BAFEE AN A 5235 4F AR FARPZ R BT AR AR
FHae (9,58): Fob o xR ERELG - ed 12 B AT g

B bhogzs X3 L S e AT A R E ¢ ARERE THRE A
REHFLEEREEAT] Pl gd+ < HHEFA L LpH 2 kB

TR ELE 4 (46) o @ MRS U S F RSl g o B
# R e fur 2 yfiD AFIAAIE 68 LT S s Fenfup i
(65,70) » H &xAp B 48410 & 92 F & o
Res 4 st p 1985 &0 & B ER L P 3 &% F 4 2
g

A S R I A s /R = SV

FWS AR hS &% > A resB R FIRIF R BT > B EW S g ah

A2 E €S (36)c B Res k sbens 3 E 35 P 92 F ¥
PR A B RFAKE Q0C) T H AT RSFEAS

(I1mMZnCL)sh#E ™ » ¢ 5L b 2k shd 0 (26): @ 5 fadr & W
BA G BFF > 2 djilA~IolA~ompG = BAFGEEE LR 4

gEi 2 k5 (10,12, 14,15,34,37) c A i A gt se g 0 R L
7~ B FAZ S F Res i Suanfk ¥l =0 (gene organization)
FRE A F e 4pg s mAPie- A% 2 F SoftBerry 4 4t
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Z fa o 7 ResB g Rl ez ds + B 7 0 Arg IV 8 B I )5
(transcription factor)# & #p e ("ité%= ) > %+ Res i = fEm AP
FHGF AT R F 2R o B F 0 L FY 0 ResB
# ¥ s € X ¥ RpoH2, LexA, NagC % Ihf (347 5 @ < 545 7
? s ResB e ¥ ap € X I ArgR 9342 5 @ & P L F Y 0 ResB
4 LT € X I ArgR2, SoxS 2 GevA o iy e

:‘irﬁﬂ’ﬁv'zgugﬂ:’* <54 ¢ o resB A FIAAAE 0 € ME B g
fe iR i Aldphac 4 (10): A s d o W L EFHTETTN R
resB e Ak Floy fo Flet A PR o ResB s F o9 LW W F YO
TR 4 F B TSR R LRI, B F 0 A U R
ResB €7+ 2 4 & b o Ao PG 2% 3 § L4 CG43S3

2 CG43S3ArcsB ¥ » 3 BT e > 5§ 0 Wi R % 355 pH 2.5

IMI EBERY ENBEEORFT LG 0 AT W LER
CG43 ¥ » 2% B ehppl A ais feo st it 1% 5 ik P4
fachiie 4 5 pEAP L 1% < 4R e gadABC A FIR 7| 0 e Fren
RE U R FCGA3 AT A AIEF > X ARSI RA TS
gk A aandacs e

4o Bl - #7o1 » CG43S3ArcsB H Fpisc # # CG43S3 ™ "8 3% % > 91
LA BERE E LT 0 N U FedEal Y 0 A ResB R

Bk d oo 4ol S 97 0 CGA3S3ArCsA sfrfane 4 I P AT
o AT AP RR 0 RS 9 W Y 0 ResB E95% R4 Z R
B AR AT iR e A B Bl 4 kg > 3 7oA A
Fla33peflprd ResBenZ g » @ W4 T HFREAFPEA IR | i
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SRFATEB T resB fads S+ eiE it TG P AR a4 (B2 )0 dTiu s

Fa¥ it 7147 Res kst Flm i 4cgiph (* o ResB > @ 3% 8 $fh 2L 7]

hBFRE T o cfa 2 yfdX feds 3+ B 0 & Z01AresB ¢ P &g e
M (BT ) v rmancfa 2 yfdX e X F) ResB e 52 o e §_»
CG43S3Acfa 2 CG43S3AYfdX peif & fe chfpin, # > T X5 P AT %
(B4 ) o A P diplis & CG43S3Acfa #ifidic # A T " chv o | 7 5
Cfa 7 ¢ 5 Tk v "= %395 0& (cyclopropane fatty acid) & = fis » # 14 &
mie e b PtAp i AL g S Ap e g A 0 TR g RS B T
AR Ff i 4 (58); Aachr T u AU LY 0 T iR
Cfa # it enF]+ 5 > &8 5 326 5 b imbe Tenfp A7) 7 0
bR FHN 3 B FR AR R e @i S
CG43S3AYfdX Fifh it 4 AT FE e e R F)A b R 2T o yfdX
ERELAF TR RERET § A FRBE AFERRE
ET oo yfdX A E P AR D13F 5 0 A CG43S3AYfdX Fups it 4
Rlp P e g (B2 )

AP * 2L FRLES D6 BAFF P 05 3 B A F] hdeB2
% hdeD £~ %% F AFL ¥ ek 5] > @ gt fh F]40 1220 kvhAS #
e i) KvhAS 27 evgAS £ 3 % R e e (39) 0 ¥ EvgAS A+
B EY 0 B bR M (40) 0 A H AR G yfdX AT H A @
yfdX 7= #tdp % € % F| EvgA ehit » 3y (45) 0 Flt > A Eagip o i
- KPR TF > TR A ARG e AL RO RS e (B
i hdeB2 % hdeD-hdeBl » # s+ Apiif fochlFm™ » #i2§ P&
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A (BT ) FIr AP AFERA2T o Pl E R F auE i
B AT E G A 305 PR s 40 B e BF X I] ResB 2 KvhA

Bl -)e 5 T AR ATF]a e dp b - A i fp d
AT R B I A HiEEREA RN 4 C hdeBl, hdeD 2
hdeB2 2 144 % ® A1 iz 7 o yfdX A FlaA4F R R px i i F %

Fafiean 4 # CG43S3 T3 5 0 F ¥ AR yfdX

@
1§
AT
i
11
a \

S 2 P Ap B 2N PR hdeB1, hdeD % hdeB2 & Fl4%4F % ¥ 4% >

% g% %‘Kﬁ fipkse ? 5 F15 HdeB 5 &% 39 (chaperone)’ ¥ 14 fxfik

85 2
R WAL AV IAKE (43);a HdeD paEe R 2 ol g # iy 5 R
doim P FRL G 4 0 f% pdg o hdeD Bk Tl A € T X gk
BB EAMTAE (2x 10% 4 x 10° CFU/Mml)endrpi i 4 (46) - @ YfdX
Paiad 7 ArE g o b e b g B Y > ydWXUVE 5 - 3k iF

»o@m Bt de YEAW (GRY & % Fre) & formyl-CoA:oxalate CoA

4y

transferase > m YfdU (L { % % Oxc) = thiamine-dependent oxalyl-CoA
decarboxylase > i&® B2 7 Z e B & f£ 1 B 4 (coupled)fit % >
DR AT RS (CHEZ) s LB S S EFRY AR2 3
AR4 shn s 4] f1 % Fehg AR RGP E AN DL 5 00 E T
fiphkenp e m YIAWXUVE 2% ¢ MBS TR B X KRB L fE R
W PR IFE- BT (64) 0 A s F 9 AW LR FY 0 YIAX P
s AArH G 5o AP % F Pfam (http:/pfam.sanger.ac.uk/)

Ak

5

s EFWHIEPARY RE (conserved domain) 5 @ Ar T v
LA AAFIEY > AN 3] YAV che RAF 0 B o YIAV R R
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e - ﬂi%]zz F=v (transporter)’ I ** s F 9 X% 4% FHY > YIAXV
o d Birdapia 4 0 PIE Fie- H AR

YdX fede+ gt > AEFEBA T E A3 > APR-H Lo
¥ HpREF B FOUEIRG - B AP ArcA R A =R
LB Y 0 © dr ArcA ¢ B4 VD ShEA TR 0 @ YD R M &
SHbe cn B A (T1) 0 FIPb 0 ArcA & SR o @ hn T
K FY > ArcA L% ¢ 52 yfdX ehd > R (Fi8- BT o e d
AT S% T aro e B 4T > hdeBl, hdeD, yfdX 2 hdeB2 iz 4=
i 78 7] € X T| ResB 2 KvhA e 45 0 ¢ yfdX 7+ 3 ¥ iv % 3| ArcA
RE S FEAAMP A TEBELF FOEARM AR ET M
FIot 7 & PR e I R A B R L e IR -

b MT AR B AR PBRET 0 RA P CG43S3 2
CG43S3ArcsB sh3-v R A BHF BEhs A R g t HL R
F0o] 4t 15 8 5 CG43S3 2 CG43S3AICSB & @ {47k 5t p% » %40 5 pERg
AR G P REDLIE 36) BAP AR FARTARFINLY
FRARER ARy Fiier AT v FLARIFLFLE

2

PR

TE A RS AL e A Y FAIRE DL PRI
<o RHERIRFLR O FINE SN B ARE T L
TR A F R AP RBRT ROy FEF- AT A A EARELR
fx ihien H A3 ViR T f;’i/é B MR A F RS R
Brodga™ ko AP ARMERE T v s 47 CG4383 2 CG43S3ArcsB
g %gr;r:/ﬁ\]%—];_g_ s TS o T U TS B R0 ’%‘r (Match 1D:

832, 817) % CG43S3ArcsB = > i} £ 2 = 1 3-v § (Match ID: 772, 972,
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973) . CG43S3ArcsB # & T "5 42:H 1.5 B » 8- H A 4710 o A

S RGP A DA B Fe T BIRET CGA3S3 hg AR P . R

7

PR (B ) TR P RRES B TR ASEERT

ERV;

ResB 75 ehfiin ™ gﬁﬁuﬁuﬂﬂﬁwﬁﬁﬁfiﬁﬁzaﬂﬁ3
% CG43S3ArcsB tpeif s » #afea 3 £ R ended T APk
- FEEE e F o ID> 7 R AR RS AR o TR
T ResB by > A 48 7 dfidar 4 o

T AFE T @0 i A Pded 1 ResB i 7607 it 4p B 5
| (B ~): 350k ¢ 4% ResBdr Aoy Hoa %% pha 4 o
MAFER AT ¢ H RosB B4t ug 2@ hik 5] HdeBl1, HdeD,
YfdX 2 HdeB2 ¢4 7 »m & & Fufiass 4 o Jp ¥ KVhA 75 45 % & f ¢
&4 o

Res & St ie~ % & &0 A FoB A
g 52 EA A A T SR
TSP L o AFLHET 0 G0 W U FY > ResB
SE Ry n ARV A AP ST B S N AT o F b A
Fig 4 P Res g g VRS Fad iyt Moo F %% R resB A
FlAE R F R0 § 5 KEHF VRS G (e ) A H R amant

] o RIEIFiE- H AT o 33 Res A Bt g9 <0 L E
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gyrA96 rolAl thi A(lac-proAB) stock
S17-1hpir Tp' Sm" recA, thi, pro, hsdR M” (18)
[PR4-2-Tc::Mu:Km"' Tn7](pir)
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CG43 K2 serotype (52)
CG43S3 rspl mutant, Sm" (52)
CG43S3ArcsB  rcsB mutant in CG43S3, Sm' (36)
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pKAS46 Suicide vector > rpsL > Km" Ap" (62)

A derivative of pYCO016 (35), containing a promoterless lacZ from K. pneumoniae
pLacZls  Ga3s3, ' (39)
pRK415 broad-host-range IncP cloning vector,-mob *, Tc" (33)
pKvhAcTA 698 bp PCR product carrying kvhA cloned into yT&A, Ap" (65)
pKvhAcPP BamHI/EcoRI digested fragment of pKvhAcTA cloned into pCPP45, Tc' (65)
pAIlS 467 bp PCR product carrying putative kvhA promoter cloned into pLacZ15, Cm' (38)
pF15 379 bp PCR product carrying putative kvhA promoter cloned into pLacZ15, Cm’ (38)
pEIL5 180 bp PCR product carrying putative kvhA promoter cloned into pLacZ15, Cm' (38)

Dr. David Bauer at
Cornell University
pHY123 rcsB complement plasmid, Tc' Laboratory stock

pCPP45 broad-host-range cloning vector with the partition region from RK2 plasmid, Tc"
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Pcta 322 bp PCR product carrying putative cfa promoter cloned into pLacZ15, Cm' This Study
Phes2 409 bp PCR product carrying putative hdeB2 promoter cloned into pLacZ15, Cm' This Study
Pygep 330 bp PCR product carrying putativeydeP prometer cloned into pLacZ15, Cm’ This Study
Pyhio 396 bp PCR product carrying putative yhiO promoter cloned into pLacZ15, Cm' This Study
pCHO12 two about 1kb DNA fragments flanking the yfdX cloned into.yT & A, Ap' This Study
pCHO15 EcoRI/Xbal digested fragment of pCHO12 cloned into pKAS46, Km' Ap" This Study
pCHO13 two about 1kb DNA fragments flanking the cfa-cloned into yT & A, Ap’ This Study
pCHO14 EcoRI/Xbal digested fragment of pCHO13 cloned into pKAS46, Km" Ap" This Study
pCHO17 283 bp PCR product carrying putative yfdX promoter cloned into yT&A, Ap This Study
Pytax-2 BamHI/BglII digested fragment of pCHO17 cloned into pLacZ15, Cm' This Study
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Pivha-1 409 bp PCR product carrying putative kvhA promoter cloned into pLacZ15, Cm' This Study

Pyha-2 276 bp PCR product carrying putative kvhA promoter cloned into pLacZ15, Cm’ This Study
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CHO001 5'-CCCAGATCTCACCCCACTCTTCCCACGCG-3'
CHO002 5'-CCCAGATCTCTCATAGCTTCTCCATCACGCCC-3'
CHO003 5'-GACGGATCCGATTATCGCATTCATGGGGGC-3'
CHO005 5'-CCCGGATCCCTGACCTGAGCCTGGCCC-3'
CHO006 5'-CCTAGATCTGGTCATCTCTTTACTCCTGCTGC-3'
CHO007 5'-CCCGGATCCAGCCATAGTGTTACTCCTTCCA-3'
CHO008 5'-CCTAGATCTCTGATCATACCTCCTCCCCG-3'
CHO15 5'-CCACCGCGGCGCTACTCATT-3'
CHO024 5'-AGAAGGCCACCGGGGTCATG-3'
CHO027 5'-AGCAGACCGGCTCCGGACT-3'
CHO028 5'-AACGTCCTGATCTACGCCGC-3'
CHO031 5'-GTATCGACAAAACCCATCGCC-3'
CHO033 5'-GACGGATCCGGGCTAAACGCATTTAAGGTG-3'
CHO034 5'-GACGGATCCGCCTGACGCTGAATAAAAAGC-3'

CHO35

5'-CCTAGATCTATCACCAAACGCAGCCAGC-3'
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gadC putative glutamate:GABA antiporter 11
hdeA acid-resistance protein I
hdeB2 acid-resistance protein I
hdeD acid-resistance membrane protein —
ydeP putative anaerobic dehydrogenases —
ydgK putative oxidoreductase —
yfdX hypothetical protein —
yhiO universal stress protein UspB —°
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