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Abstract

It has been demonstrated that the seven-gene pmr operon and ugd respectively
encode the proteins for the synthesis of 4-aminoarabinose to modify the phosphate
residues of lipopolysaccharide (LPS). The decrease of the net negative charge by
the LPS modification allows protection of the bacteria from the attack of the
cationic antimicrobial peptide polymyxin B. In comparison of the pmr upstream
sequences of Klebsiella pneumoniae, Salmonella enterica, Esherichia coli and
Yersinia pestis, the putative PhoP;and PmrA binding boxes were identified in the
counterpart of K. pneumoniae and Y pestis. Different from Y. pestis, the pmrD
homologue was only present.in the genome of K. pneumoniae. Deletion of either
pmrH, pmrF or ugd reduced the resistance to 2 units/ml polymuxin B. The deletion
mutants of phoP, pmrA, or pmrD also appeared to decrease their resistance to
polymyxin B. Promoter activity measurement using LacZ as reporter revealed a
reduction of Py activity in phoP or pmrA mutant. However, deletion of phoP,
pmrA or rcsB had no apparent effect on the expression of Py, indicating a
different regulation of polymyxin B resistance in K. pneumoniae from that in
S.enteric. RT-PCR analysis demonstrated that the ugd with the upstream manC and
manB are organized as an operon indicating the presence of another promoter of

ugd, namely Pygq.o. The activity of P,y reduced in the rcsB mutant. However, the

deletion of rcsB had no apparent effect on the polymyxin B resistance. Finally,
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deletion of pmrF, phoP or pmrA was found to reduce the bacterial survival in the

cells of either THP-1 or RAW?264.7.
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g v A% W ) (Klebsiella pneumoniae ) & - & % p F A

(Enterobacteriaceae ) hi fF <5 1LfE > » £ - P HERE - Ui Sk

M

PR R AR AR A &ﬁiﬁﬁﬁﬁﬁﬁ&@&,ww%

. (pneumonia) ~ Pz J& (septicemia) ~ Fju & (bacteremia) ~ #o% X
(meningitis ) ~ kg forf g g 4 (43, 47) o T RFIM > G L F e g 9 N
N ﬁﬂfra‘%f}?} I 39k 5 (liver abscess ) 7 ¥ ® & 49 B 1L
(11) -

B 3 I fE5 F i it K4k Feia L F] e SRR AR
%2 (capsule polysaccharide )p S+"5° 7 & %8 ( lipopolysaccharide ) ~ %k %t v
(adhesin ) ~ A48 F]+ “(siderophore ) fess 7% # %]+ ('serum resistance
factor) o ¥ ¢b > F A< B F{LF 6 W L FHY SR LR ER PR
% fi= (extended spectrum B-lactamase ; ESBL) » ¥ it frs § 8 <% I & Fh
RFEARMG2) 0 ¥ A2 R LR E LN NERG pFNL T 9 N LR R
(ESBL-producing Klebsiella pneumoniae) =3 35 5 A% kA% B i 4§ > Flm

B 4v 0 TRA b e enFELR (27) o
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FRA e~ @ R 9 O Fk (O-antigen 2 f O-polysaccharide ) -~ i
B O Fhafr s (core region) > fodp A L F B Mg lfep 3 24 14
g A (lipid A) (13, 53) « % % BEREEE ¥ 759 % [ A d25 te Mg enh e
() " F A Ld 4} A BRI PEB-D-GIeN-(1-6)-0-D-GIcN #7 . &
(13)» %% 5 PR B £ §/Fenvi » & T ags Bid 2 (cationic
antibiotic ) £ % & & IR+ o
53 F 7% (Polymyxin) #Fendnd % » wfeh P AW EN 5 20ioh w
0RO R AR 4(61) 203 AR AR A4 5 AT 2 4% 7 (Bacillus polymyxa)
ST HLdY Reh- fE7g Mg4 ph (lipopeptide) #fied % - 4 - BB 4+ Y54 ferk
(polycationic peptide’ring ) el &g J o s fih= X5 4 ft L 42 (tripeptide
side chain) #7i = (24) - gk P2 * i AEAF L & 5 & ¢ Polymyxin B ¢
Polymyxin E ( & # colistin) > = —‘F*f Zu A B IR ‘f@; etk b - Boxik
fa? I (33): AR A AR R AR (sulphate salt) #[3]=> ;N &% > & e

Bl % 54LAZ 7 BEA B co4p B (sodium salt of colistin methanesulphonate ) %

Polymyxin B d & “ 2 fd= A fpiTchf Tl £ > ipe ffle= &
WL SAREE BT B4 @ 2 Bl o B2 2 A& 34 » BB LR A v

fgid 3 (29, 42) - Polymyxin B #dF S 4430 £ 5§ £ B ohi g Jo2bgd



f% 1+ ( non-fermentative ) i fF X £ F4F B 5 2% (14, 25) o i d %
Polymyxin B ¢ #+ 4 §8i¢ = & {2 &[T * > &l4e @ §F |+ (nephrotoxicity ) fo#!
# M (neurotoxicity ) (16) » FJ} A fefk ¢ it 7 L B F o p m¥{3+ T
% 4» #> 4 & (pharmacokinetics ) fv# 4> >t 4 & ( pharmacodynamics ) 4w
Wi o d T E R S £ 4B (multidrug-resistance ) R B N IE R T
slAdz e b B 4 5 3 4o g3 > F]p Polymyxin B * 4% & 735 @ * (33) o
Polymyxin B & -~ # |7 antimicrobial peptides (AMPs) -+ & 3 & (L33 foi
it % ehgF i o Polymyxin Bae 1% F & L faadd P frd A AM i s 3§
Ty S RS S ;ﬁ & self-promoted uptake 7 i#F ‘w [ b W iE T
periplasmic space > i f& cytoplasmic membrane i£%* - 5 B ** Polymyxin B §
AT A& BTER g p T Fi*{’ 3.7 fadfaipl > — 5 Polymyxin B
RIS P A F o REN S A A E P FTTE Y - &
Polymyxin B it i# = ' F e p W fo b W F 24 & F 3§ ¥ *  ( molecular
contact) & {Firehy FHE e % > B M ERP FTIRA B ERI a7 = (2,
61) -
paie e mE e BEH T A hig Ak E Ky S s T 1 R
g1 Polymyxin B AFcrIE 3 Byt 2 eh @ A2 FBR o plde o 15 P S

% %1% 7 (Salmonella typhimurium) - € &% 5 A gkpi{d+c I 4-amino-4-



deoxy-L-arabinose (L-Arad4N) 4= phosphoethanolamine (pEtN) % *% <7y 5 pE
R enfs 7 1440, 63) o @ p 12 AFiEAZE d PhoP/PhoQ 4v PmrA/PmiB & & 4
+ % % (two-component system ) #7323 #2(19, 41) -
A p i wFAR B R RER M i ks i Fl e e st
LR B A S B feB T % A (10, 15, 46, 48, 52) « A+
sid woepl jgrps (sensor histidine kinase ) f F i3t L PR B F BH I
(response regulator) f # 33 ¥ 4 Flin& IR o B B VR oF 3 mie 0
£ 3 leowpimrph g 45 fF (histidine phosphotransferase ) ¥ 3 (260) > g & I3k
Bl gy oo R i rRmI A g d o poM OB T
(autophosphorylation )4 + — BEA&4E » o Bifk 1395 F ¢ AL GRG0 e T
FEE B enx ARl (aspartic aeid) & A F I E BRGS0 8§
HE BRET € T B e B2 A Al T s A Fend
F(T)o B v e 57 A2 180 s + kg sr 2(57) 0 B 7 L +
G €3 TR S Gl P AR A+ & 5 PhoP/PhoQ ¢ B
PmrA/PmrB 74 3R o
PhoP/PhoQ % — £ fcd {4 B engEA + & 5 (PhoQ % & &5 @ PhoP %
FRais) o h% b P S it feod 120 % - Mk B e

(nonspecific acid phosphatase ) % 5 B » F]p 4L & & 5 pho o PhoP/PhoQ



A5 - BPhooR? AFREFTEEBREY ST EA DAL LA RE 2k
BT T OSSR SRR THATMAR > R ¥y LR Suid S
Pl g 4740 T chd TR 5 ARfe4E 4T 4 F AL 00eok % o PhoP/PhoQ it & k= I
#r+ A d *t PhoQ ¢ periplasmic domain $#7F ¥ 5 A% A fL » AR5 T ac fr
BRE=- WHEHEF 5 M7,19,30,50) BREERTT ST PhoP/PhoQ % %t
AT HATNER > B FELEMATED PhoQ R EDFHG, 17) -
PhoP/PhoQ .- £ 7 f A2 k= chfe A 3 4 %o #17& (L e 55 F]# 2= pmrD -
MQtA 122 pagP o 1T a3 87 ) I X h PhoP/PhoQ it #5d 447 PmrD
% TR % B0 5 PmrA/PmrB 526 (195 21, 51y

PmrA/PmrB ¥ &k 7] 55 F B dm B i BN FKELF R B AT 2 da
4 2% Polymyxin B » F]pt 4 ¢ &% pmr (polymyxin resistance ) ; PmrA iz %
G E R s e PmiB AR S (9, 22, 62) ¢ © drih PS4 B
PmrA/PmrB ¥ X & BB § g m = ¢ (1) Mk R i3 F i
PhoP/PhoQ » @ #& PhoP & i & % I PmeD ¥ fefipa it 0 PmrA % & > #
PmrA 7 4% PmrB 2 Bifk it @ & & 3] PmrA #4700 FIEF 3§55 LR (
42 > Luo and Cheng > unpublished results) - (ii) PmrB g /& % & & i 4
FAess Eadt (pH 5) B it {8 > & BRpai? 3% PmrA > £ J FRpa it o0

PmrA 31 T 5 Flehk (45, 59) - PmrA/PmiB » £ - 2 p AR s 3



gk AT M e k5 opmr (» L arn & pbg) # %S (operon)

ugd ©2 2 pmrCAB > 2 ¢ pmr % %3 fo ugd 04 JR e 54838 H{- Polymyxin B

et 5 OB (54, 62) o pmr S Ed - BATFATE A Y~ deilb o & L3
pMrHFIJKLM o pmrHFIJKLM 32 & 2 # 5 L-AradN > H & S5 8 d - B 4
e Pmrl #- UDP-glucuronic acid & 7 ¥ i % 2 & & @» ( oxidative
decarboxylation) # # UDP-4-ketopentose > #* 4 F 4 ¥ € 4% PmrH i {7 §& = ¥
* (transamination ) 4r } — $59%f¢ (glutamic acid) # 25 = UDP-B-L-Ara4N ;
PmrF 3% % ¢ #- 00 F FEEFI ) e+ = & 4 - F gk 19 (undecaprenyl
phosphate ) % & » p A %‘i'}irfj.%;g#}t Pmr] 2 7 4 v (deformylation) - £ %‘%’
d — Koo iE TP sganet £ @ (outer surface of 'the plasma membrane ) - &
o d PmrK #-d ¥ & $ 58075 1 A &7 8 A5 e PmrL {e PmrM eh# it o5 1 A
R AR %«‘fﬁ Va0 ieS BEERE @ (7w A ¥ Polymyxin B et T i
2% 5 (8, 60) °

% Ip o 0 PmrA/PmrB g4+ i S T 25 A %] pmrHFIIKLM 933 35
RS2 - ey 2 Bagdl s (1) BESFAEFEY 0 pmrHFIIKLM “,f 7w
% PmrA/PmrB ehE EA 4 > & 75 d PmrD & 4% 3] PhoP/PhoQ 3 47 » ]
PR B AR AT o ik BB IR B ST 5 1 pMIHFIKLM » (i) + %

F 7 PmrD ¥ 7 ¢ 39 PmrA/PmrB £ B 18 % > F]pt 2 pmrHFIJKLM &+ < 5



PmrA/PmrB 1% #£3#B 4 > @ 3 £ PhoP/PhoQ #7134 #(56) - (iii) A< &
# #% 7 (Yersinia pestis) @ » g2 %45 > PmrD » 2 PhoP/PhoQ f= PmrA/PmrB

7 3 3223 #2 pmrHFIIKLM (57) -

% >

*-h’fl-

Ugd (UDP-glucose dehydrogenase) = kit BERARL Y § #52 4
H &G T E L 2 colanic acid fv L-AradN ¢ 54 UDP-glucuronic acid
(UDP-GIcA) > colanic acid #_ &= %% 5 B cnE £ 4 » I pER v
T NAY CARBE IR E R M AR A TR Z o
PR T md P8 M arp a(47) o~ HEF7 o ugd £ cps
AFE > S BAT D £ 20 BAFE NS > 1B s LSS
p& 48 #1 % ¢0 colanic acid > #7 3 P a‘,; 4 ougd ¢ RITA Fle Fwze AFE S
et > F wze 7 iE i pE g fé ¥ colanic acidémA € 0 (18, 23, 38, 39) o i
AP oougd g RAr  AEF F it Ap B > A % % ¥ PhoP/PhoQ -
PmrA/PmrB 4= ResC/YojN/ResB iz= B A F A iy ) MRS B E
TR %%E* PhoP /& i+ # T 251 %] PmrD v PmrA £ % {si&a 4 # 47 ugd » »
e B R RS RB T E T PmrA 2 47 ugd 5 ResC/YojN/ResB B # 4o
PhoP/PhoQ # PmrA/PmrB i®* & ® £33 # ugd 7% 3.(38, 39) -
RAFL T 6 L CGA3 S X B P NG R MR E A

R A% F e pmrHFUKLM g+ B 7] > 4eBl- #770 B F s d 0 X0 L R



CG43 2 pmrHFIIKLM fx# + fe FFde3  PhoP v PmrA = B A+ s & =
(binding box ) » d * 5 F 9 <% % FY BFF PmuD Fikde > Flpt i
1 PMIHFIIKLM 573 42 59483 7 4% & % » 48473] 4 4¢2% 7 PmrA/PmrB
E # # ¥ v PhoP/PhoQ R # 3 ¥ ¢t > PhoP/PhoQ 7+ ¥ 11 E £ 3 #
pMrHFIUKLM £ 3« 232 F LEEP wF 9 <% {5 ¢ PmrHFIJKLM £
T {c Polymyxin B ehift 3 M - i&- # 3F 34 pmHFIJKLM - PmrA/PmrB >
PhoP/PhoQ i&m E A F AadirM h e ¥4 d M F Rz ADFAT HF R
E Xk F CG430# ugd & ZEHch ) P X - % PmrA/PmeB -
PhoP/PhoQ fr RcsC/YoIN/ResBig 2 B A+ kb dy 5 ~ 47 ugd 2 2 +
Prchih T g > 4ol At b BTG A BT AL SR TR T A U 5 P ir
Pugaz > #1782 B 7|8 R Pyggq ¥ A3 = — PhoP ~ PmrA ¢ ResB % & i
Puga-2 B 45 — 1 3K 0 ResB & £ '(putative ResB binding box ) » F]t > &

P EA LT 0 N R F CGA3 ugd B G o AP S R R

(transposon mutagenesis ) = ;' & iE 3% 7 ugd A 4+ o



B St ik

T Firfr £ e
AP FATiE 2 J];{—f]"]‘%’ff'%ﬁ”gjg 734 - 'fr'%\» Z o AFETE “7Ee ¥ 0 Luria-
Bertani (LB) & & % ¥ %% ¢ & trypton ~ yeast extract # agar £ p Difco o

Bldp o RS 3TC R T e 2 F AL F 0 LB B AR

“{f"}i’%
FH# -

£ 474 DNA il
€ e {74 DNA &.%-7 Molecular coloning 7 % + # 1% % % 3% 9 % (28) -

HE R

R & pr4d4y F & (Polymerase chain reaction ; PCR ) #7i¢ *

= o %48 DNA & * High-speed plasmid mini kit ( Geneaid > Taiwan) P&

2 it B o L4 PN *» fF (restriction endonucleases) #_PEA New England

pga-

Biolab (Beverly » MA » USA ) & MBI (Fermentas > Hanover » MD) » & * {2

B mp ey

2 ¢ %8 DNA eh%l &
#- K. pneumoniae CG43S3 14 LB 3 &k & 16 /| FF > o d g b

& o 4v o~ 800 ul lysis solution (200 mM NaCl » 20 mM EDTA > 40 mM Tris-

-10 -



HCI > 0.2% Triton X-100 - 5 mM DTT > 80 ug lysosome ) & Jpl 2l 3= F - & # 37
CTTi®* 30 A4am 4B A% > 2 {5 & Proteinase K JE& % 0.1 mg/ml > §

S50Cevkip i ivr [R > U BIPF L BRESR o 218 E kY 10 448
dvor 250 pldefed AR o AR o MR kY 10 24818 0 12 16000 x g
B 104480 P~ 400 pl FFR A st A B IS EA g e o B g L a
1000 pl & $ipp dsde o 3 = > 2B ok 20 A 4816 > 12 16000 x g des 15
A gE o L FR 0 A s TS%IERE 0 16000 x g Fes 10 A48 0 B 37 C g2

uﬁ; SARKA o A AR 2EEET 0 S0l Sk o RBRERETT @Y A

o

MR 20°C k4 RF

2 pmrH 2 pmrF R %45

F1*  pmrHO1l/pmrHO3 =" pmrHO02/pmrH04 12 2  pmrFO1/pmrF03 He
pmrF02/pmrF04 w %31+ j%_ K. pneumoniae CG43S3 12 PCR 7 ;% 4 %3 78
pmrH 2 pmrF &+ T 33 K59 1 kb eh? K> BFL L WE3 3 F RS
& > ¥~ T4 pKAS46 (suicide vector) (49) > i# » < % 4% F S17-1A pir (12)
v FEHE TS ERFRFRERE R > B K pneumoniae
CGA3S3 e ® » A BB Il m il aEZEN Il mlir#ESLB? » 4 37C

Bi: ‘ﬂé‘} E‘lmlm}}‘?/fﬁ'f&ﬂmmlsf—i%ﬁ_lu?ﬂ ’l/if&%m
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o H-E A T k> # % & 7 0.85% NaCl £ 475w » €453 > A = >
Mo E e g od SO R Ffed P en R F S17-1Apir 210 2 gt
RE A d i o 80 pl 0.85% NaCl £A7RE - £ 4 i 80 pl i
Bkl o if A LB & AL & Feop gt o B & A0t 37 T 4
P s 12-16 ) PF > 2 (8% BB FEnd S AR A A, LB R
HARRE T ko B I ml g2k i is£  0.85% NaCl £ AT iF
BB 100 pl o gk RS (1X 0 1/100X) % M9 # % A7 (7 Apl00
Km25 ~ 0.29% glucose) i 7 $fH = FEF > A B4 4ml LB ¢
12-16 -] 16 > =B~ | ml PR fB-F 4 ¢ W DNA » 2 &R P Ips iF
F3 4 °CP o * 313 pmrHOl/pmrHO2 2 pmrFOL/pmrF02 i& i PCR /232 > =
—- PR i A DNA 5 F 0 A5 > B 100 pl FE R EIR B
> 4mlLB (3% Sm500 ) ¥ B> 37CHF 1% 8| FF > B~ 100 pl i
R R (1X0 1/100X - 1/10000X) %% LB 3% & (7 Sm500) -
7 ORAEPET S 50 B FE 0 A N E SmS00 ¥ Apl00/Km25 9 LB 3
& 7h P4 ¥ streptomycin F Fuft e ¥ ampicillin/kanamycin 2§ $fd 22l
oML IR DNA L 27 PCRIAE PFF I REYRPFTTL

R
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EHI AR

F1#* 51 % pmrAp03/pmrA06 ~ phoP01/phoP02 f= ppmrFO1/ppmrF02 j%_K.
pneumoniae CG43S3 12 PCR =1~ Vo w35 1 & 3 PipEt i & = (ribosomal
binding site ) 5 & pmrA ~ phoP 12 2 pmrF A F] % £ > & %[4& 1 pRK415 7
f8 7 > &34 (transform) I + % 4% & SI17-1A pir Ftk > f1* F & i8* & 2 R

2k -

4 £ 4 PR

V¥

HFi T 3

She

% ehE iR h DA g AE R0 LB 3 4% 0 B FIER & ODgg

o

gk k@8 0.1 £ w37CRAHIRTE £ > 44— | PFRIE ODgyp e &

s
1B °

Frds 5 HRRE

51+ pmrHp01/pmrHp02 f_K. pneumoniae 14 PCR =17 ;%3 tg 41 pmr 3
I B E S PR BRI F G lacZ R E L FlehpLlacZls (34) TR o A
I = B 4% g S17-1A pir gk > 1% #& & 17 * i » K. pneumoniae CG43S3Z01 ~

ZO1APMIA 4= ZO1APhoP k¥ o fids 3+ & Hipl3 £33 4% Miller 573 2 (36) «

2

Hll T3

-

% e 4 3 #78 7 % fE (chloramphenicol) sh LB %% > 3

- 13-



ODggo 7775 3£ iE %) 0.4-0.6 > B~ 100 pl 7% f= 900 pl 77 Z buffer ~ 17 ul 0.1%
SDS 2 % 35 ul ¢h% # (chloroform) 8 £ ¥ @ £ 30°C# % 20 4 48 - 4c » 200
ul 4 mg/ml =Ho-nitrophenyl-S-galactopyranoside (ONPG) /R £353 > B % &

30CE FIIRF ¢ > Bt 4 » 500 ul 1 M 1 NayCO3 % 0k 7 i » 558 £ ODayyo

ek Sk B o

Rlf B R ORREPIm I £ A lSE A GaF o 21130 x g

¢ NaCl'& 350 ;5 m% a = > 12 11 100 ¢
Wopde FIATHE A S FR 5 I mMES LB EvR 0 37 CEE 34
ODggo 7% & & %7 0.6 » *: 0.85% NaCl € A7/ iF w% & = » L 3780 LB 32
£ kP14 L 2 x 10° CFU/mI > =100 pl 4 ] 96 4 ficifp 24 40 » % M4
el 2 PERDIALFAE > B ER S 24 units/ml (1 unit 2 0.1218
g) > & 37TCHRTRA 1B 100l hEiRE£% LB A% 16

TR RS E

-14 -



Blipme ke 7 AFHE Y L Ik we tk THP-1 fo BL3E E v fm ¥
RAW264.7 (%~ 4 o7 & X fFF % % ) o THP-1 32 % RPMI 1604 2
109 #a2 5 i ~ 2 g/l A& d 4 (sodium bicarbonate ) ~ 4.5 g/l ¥ § # ~
1 mM [ g Bk 4 ( sodium pyruvate ) 12 2 1 9g 4% R & fk/4h ik %

( penicillin/streptomycin) » @ RAW264.7 B] 2 DMEM ( Dulbecco's Modified
Eagle Medium ) % 109 722 i ’F ~32 g/l B E 4t B 196 H R T fR/aaE
BARBZ 3 RweREB R 37C235% COeasz ¢ o 50 F1
THP-1 fm% % vii& |+ » 4% THP-T s th 32 &2 33 uM/ml PMA ( Phorbol 12-
myristate 13-acetate) O RPMI 1640 & iz ¥ > &37C 7 7 5% CO 732 % §4

vE A 48 ) PF o

B o dm ¥ 03 S PR

o £ 1L e THP-1 & RAW264.7 fm%s A Wl 30 24 3 ergs £ 45 ¢

R

%3 %80% % (2x 107 chimez ) » % PBSA= % » 4er 1 ml 73 3 s o
i o L4 e i 30-40 B ehimE 0 & 37C 5 5% COr e & 487 33

2 ) PF RS PBS == o der 1ml e &% (2 100 pg/ml &0

- 15 -



gentamicin) 4 %3 % 448 /] FF > £ &4 » 0.19 e Triton X-100 2 & 10 ~

4518 0 BoIEH {5 iR Ao 18 & 7 ﬁ—ﬁ A R e

F @8R & prsdsl F & (Reverse-transcription PCR)

#1582 % 0 K. pneumoniae CG43S3 & #7312 % *" 7 o2 % 378 LB &2
%" o FliE ODggo™ kK B 5 0.6-0.7 » #p.w 3 “ﬁ%i ‘}’)3"2'1’3‘2 » % 200 pul 10 mM
Tris € 78 iF % > 4v > 20 pl 10 mg/ml 7 lysozyme > & 37CTF 3 & L]
pF o RNA e B~ §_* Highpure RNA isolation kit (Roche ) & #p 2 @& * 4
% ° B2 RNA ¢ ODyg %2 ODaggcfavik B F 2Bk & > ODggo 2 ODygo et 18
& A3 1.6-2.1 2. o B~ 1 ug e RNA 4c » DNase (Promega) % 37CiF#* 1
L PE o 218 A 4r » DNaSe & 08 F % % 2 65CiT* 15 245 o * 23S RNA 3
+ PCR 7233 RNA & 5725 DNAERA » L M4 RNA {1 * F #pvfs
# > cDNA - F # 45 & ekl £ £ * RevertAid™ First Stand cDNA

Synthesis kit (Fermentas ) 4% PRLp 3 3k ivi@ * o

IF R £ % e+ % 4% 5 S17-12 pir [pUT mini-Tn5 luxCDABE Km2](58) *

K. pneumoniae CG43S3 [Pygep] > A %2378 LB £ R 11124 » RT K

- 16 -



£ 30 A4l o god k0 R HA L 0.859% NaClitd LB & &% -
#?Wﬁﬁi*&xﬁulmlijﬁﬂwmﬂgé’%ﬁﬁijﬁéwﬁ
B4t LB s % w bl et o R 10 ) pF > Bl i g

MUE o R E T ATE LB R ARY 0 458G Xegal £ hrfid 40 LB

A

¥ % A &% 1145 chloramphenicol ¥ kanamycin £ K. pneumoniae » #:% X-gal

B4 F Rk HEK

S S W

%7 & 4% pUT mini-Tn5 IUXCDABE Km2, % 4 ¢ #8endd » =% - B8 §

EN
%A% 4 4 DNA RGN 2 pe Pstl i7 % 15 o o > 2 & R A T8 B3
i@ %% (ligase) ® AT pUCIY " HA L g & Fd T 53 > S

(transform ) | = % % g7 IMI09/@F#& » T 4 kanamycin 2 % &:E 2 7 7 42
kanamycin & F] ® BB o Bofs o I B L3S ERE S 2}

ST R 7 o

-17 -



41
® 5

* ke FAARE pmr 3k S PER A RA T

41* BPROM of Softberry (http://www.softberry.com/) 4 7 5. F v = ¥

-

:’E’fggﬁ‘ 2 pg_*ggﬁ S R ];:]Uli BB 1% ’%ﬂ:&ﬂ; ’H‘\B-‘]fﬁf'&m pmr S FAF
B 7 3 Fgeh-10 2 -35 boxes © 4effl— 0 i G0 W LR FE RRAR FY R

FEf3 PhoP fr PmrA & B & A B FHZ2 /PN FHEFR PmrA % &

pmrH fo pmrF A Fla g facud 45
pmrH % pmr & hx— A F o H wilgv & £ 2 L-AradN i 42
ARG FHEEEY S pmE S opmr FHIF S - BAT) > HHEFRY AL
L-AradN iz & f F82 5% o 57 248 pmrH fo pmrF R %4% > 1 *
PCR 17 2 p R A T F T 5 & 1 kb eh ¥ S 7% 342 5] 54 pKAS46 (49) »
# &% pKAHmO34 2 pKAFmO34 o 4% - 1% & & (% B ~» 5L g v <
WO CG43S3 > Sl RI i AEREREA Y GERRRAK P
E 0t SmS00 12 % A4 E A 4 b AplOO/Km25 1 & A 4 £ hitk o A 6]l
* 51 3% pmrHO1/pmrHO02 fv pmrFO1/pmrF02 » 2 PCR 4 473 FEid#7i8 I éh %

%1tk o 513+ pmrHOl/pmrHO2 %% 4 & PCR 3z« 5 5 3,183 bp >

- 18 -



pmrH & Flak 48 > W P B9 5L 1,936 bp (Bl= ) 5 513 pmrFO1/pmrF02 %%
A PCR¥ AT G5 2977 bpo & pmrE A Fladdp > ¥ P £ 5 5 2,071

bp (B=)

pmrF & pmrH & Fl34 3% § X FFHRL &

#1733 % eh K. pneumoniae CG43S3 ~ pmrH 4o pmrF & %k € 3788 %
WRTE LB R AR S e 3 ERSET (I mMFe) ~ 3 kA& (10
mM Mg™") LB £ if o A8 F fp— R R ODgoefmx ki o iz 4 &

T o pmrH & pmrER R el Kb L S g L R (Re ) o

pmrH ~ pmrF ¢ ugd & Fla# 3f €. RS 53k A F it

PmrH f- PmeF i & #5¢ ABIE A E & L-AradN it (7 i 3 18 i (7
* 5 Ugd Bl E_it & & L-AradN e 54 UDP-glucuronic acid » 3 7 A& 3%
PmrHFUKLM 2 Ugd v % 86 5% FulbenB % 12 5 30 5% rufbplie A 4

LR

?Fﬂ

pmrH ~ pmrF 2 2 ugd % %tk o Z 5% 4cB T A pmrH ~ pmrF & ugd %
BER 2unitsml (h3AEFHERET 0 HESHET PR TR pmrF R RRT

" eplEA e pmrH G P EE 0 X R ] 20% 5003 E 5 S ugd R Rz B ST

-19-



FopmrF I AT N R AR SRR O SESFVRF LN 80

% (B B)

phoP ~ pmrA 4o pmrD A& F3*4F € "% M A H 5 27 F s

PhoP {r PmrA © AR E o A fr b 3L FHF o ¥ T A T
PMrHFIJKLM 0 38 » @ PmrD #_— i it 4% PhoP /& it &/ 38 PmrA % R
W36 (56) 0 5 7 B2 PmrA ~ PhoP 12 2 PmrD fr % AL 5% chiuft b 1% 0 4
BIHE#A T pmrA -~ phoP fe pmiD % %15 - &%k he Bl 0 &k A 4 units/ml &0 3
FFFEEBE T o pmrA JphoP fopmrDi = A R e cdift o ¥ T > H ¥
phoP 7% #fkendult TIE B S W B 5 5 S o4 hap £9 30 & o phoP -
pmrA & pmrD I 4 $kiZae wIRFRET S AL A gLl 0 2P phoP I A kv

Lo 4 B E PV IVEART H 42 o

phoP/pmrA B3 Fl444F ¢ phoP 3 4¢ kit & pmrA 3 iF k3 R3B h 5 3EF R o
e

d * PhoP fr PmrA ¥ pmr 5 4t 5 2 FAAR DL S 0 37
# 31 PhoP fr PmrA & § 6 <% L F7Y $ S ALFF L T w4 hE

& AR R > - 9 vt i phoP/pmrA A 14445 04 phoP & pmrA I 48 kv 478

-20-



B A Bl ARF R SRR AR 4 R e B R 4cRBl S 0 kR 4 units/ml
5 AEAFERET O pmrA I A e T B F RS > @ phoP I AT AR G

PhiES > Hwfidftanm 4 v pmrAZT A7 k3 1594 1% o

pmMrA £ phoP A Flax3F € *& 1< Py 78 12

B % AR A SRR Y > pmrA & phoP A FlaA4EE o 41 g KL F b X
WO S AR R ot > Bt i - 45t PmrA &2 PhoP AT GRd S ix
pmr 3 S F & Moa FASE A FE SR o op A 1 * 5 F
pmrHpO1/pmrHp02 #- pmr- i 483 ef B @ kxd - Py 4 PCR 6972 38378 >
Mgt R BRI G lacZ AR F A FIAEE placZls (34) ¢ oo SR A LG
pHYO072 » £ > #-t 548 X @] K pneumoniae CG43S3Z01 Ftkts » 7 F
AEFEETREAEHFELE SRR N 0§ P 2B R RS A R
BARdp+ B ViR 0 B Iea BOERHR S prfliEE TR o A A
Pomrn 574 ¥ it X 53 BRI ety o 8- % & Z01ApmrA §- Z01AphoP
FITR® BIEE Pomen 081 0 SR BT 3 RR Y Pypn A RISV Y
A8 @ & phoP REIRY > Py BT R L S PR eI A RAPEZ Y 4

B0 L% N4 PhoP ¥ it At A HA Y BFE - B RA B d o

221 -



-

pmrF ~ pmrA 4 phoP & Fl4A 3 € *# i< Fik e THP-1 e gk p eh5s 35 5
bamt N 7 S B BERA B SRS B B BT P
g Feendr A4 S AR F & 2(35) o Ft > 5 1 453 pmrF > pmrA 2 phoP
TR P AR AN RS EIRE ZAAMPAT] LewFRE A F L ERIFE
¢ > A THP-1 ‘wfe $RiE 7 5 B > LB G AR L B fd (g i
FEEF AN owza Afex I A £ S APM AT 2 AT E # %

A B E A B EE(18) 0 et wza A FRF R FHRG TH

4
AN
-
2
3

2tk BRAeR4 0 BFHEE 0 [P LEBRE STt ok 08% T o
RA T e R B HRARB R R 2708 B emis 4 o) P pmrF - phoP %

PMrA % B thenw Je 33 ¥ F 43R5 B P pmriE % $HRhw e F i o &5

14
E-

‘?_/,i_f; 8 /J‘ EE‘;‘ » ¥ 4 ‘H‘\fri v}:%mﬁb v]{ IO K%_L —_ F’a -h‘_,, pjiﬁj:’%_ s Z_ FE!F S
X LB o 32— b piE pmrF - phoP 2 "pmrA I Atk b mie p ch3 A S 0 A B

-~

VRS 8B DRI RN FEFER 1L o

pmrF » pmrA §= phoP & Fl#44F € " < Fjik & RAW264.7 fm % ke 35 5
% 7 k&L pmrF o pmrA e phoP A %19 ¢ BT 0 S Fhme poh
Co AR I T - BB im et RAW264.T &7 T ORI o

4Bl o B4 ] pF o pmrF - pmrA 4 phoP % % xf- THP-1 % % -

-02-



RIDER I 4 R M hr ey > B9 pmrF R RO TfTSF L B o ¥ b d
B354 F I RAW264.7 § g tha sk > ¥ i .4 2 THP-1 &2 F 4 7 0

AR E e g A L B

pmrA ~ phoP & rcsB 2 F134 35 7 € 2 38 Puge1 e7E 12

AP A FFFE LY ougd ¢ X $] PmrA/PmrB ~ PhoP/PhoQ %
RcsC/YojN/ResB = & A + i sievdddy » 2 T B f2 ugd fese § 0 =% L 7
v H % s ¢ X3 PmrA ~ PhoP % ResB e 4520 7 L] * BPROM of Softberry
&35 Pugg1 B 7] 3 FE 3010 fo-35-boxes 7 % 55 35 3 o 41 N-acetylglucosamine
& = 4p B e NagC % &2.(44) > & A% 3 PhoP » PmrA & RcsB 2 & = (*iHék
- ) o P AL ¥ 4l ggd03/ugd04 e ugd iR T ELH F Pygeq 4 PCR
eh N > LM P BRI G lacZ 3R A Flen A pLacZlS F oo T
% pHYO069 - 4&% » #-pt F a8 A~ iz » $] Z01 ~ Z01ApmrA ~ Z01AphoP 2
ZO1ArcsB Fth® o BRI S F A % & Z01 ~ ZO1ApmrA ~ Z01AphoP

ZO1ArcsB Fth® > Pygaq s ii4mi2 G PAEL R (B4 - ) o

-23-



mamC-manB-ugd 3 - % %+
it Pugg1 frds F eplig e o T ‘;‘Z’ﬁ BRI a3 o 2- Hodre o

AR F 0 0 4R e A Fle (http:/www.ncbinlm.nih.gov/) - 3

. manC ~ manB % ugd & F|F crpeggzt ¥ 4pi7 0 ¥ ° #i4n wiodp e (B
4= A) o F s gl manC-manB-ugd ¥ it i - S 0 - #HF1* RT-
PCR 7 & kP o 4oBl- = A #77 » 431 ~ 443 4o 510 bp 5 PCR & 4 4 4
% gnd-manC ~ manC-manB = manB-ugd # F]fF chgedt » 12 RNA 5 #F & &
#3iz® PCR 24 > @ rtagenomic DNA % ocDNA % ficfq35% (F 3 P B+

e PCR A (B 2 B) & %5E M manC-manB-ugd & - # 5 -

rcsB z Fl#k 3 € "% X Plgga A

Frig manC-manB-ugd = = Sk € 0 A daR ugd Foacde s % - B
# 3 Puggr 23 manC et P52EE 3% (Bl = A) o 247 Py B 7] 0 R
- BBEZ ResB B&t (14 BYpars 4 Bidsa) (MHeo )
P 3B — I BIFE Pugap E 1A E € X PhoP ~ PmrA 2 ResB el 58 o 5 120p
R R BT Py UEME T f resB R 15 PR T 0 9ol 4 Hhdp

£ 3% > fphoP & pmrA R k7 Rt EFhZE (B+=- C) -

-4 -



rosB 4 Flak 3 € HEACE 1S FjIRH 5 2L FR bl

e Puggo e 1ERIE P > IR ResB 444f ¢ " M H B4 5 F]

Lig -
i

o

W iRl resB A R H S ARFF OB - Bl 2 0 B HHFE
B 2~4 units/ml shiE 2T > resB R RO G A F A RT AP EALRE @

rcsB = A AR s Pt B o

-25-



Ao LB AR AR AN EFABEIEERY ok B R
LBt R wmpFR D g F B TR AET ok
B e AR S AR E R A M A S
H ¥
A v

%34 ¢ o PmrA/PmrB
A Flfe pmrHFIIKLM L Flie ek 3 > 12 & & L-AradN # LPS & {7 2 47 (54, 62)
"/‘

i m(ZO) -t ! j’m’—"- iz Ugd
IR >

A OH S AR U o SRS £ A

7F
Foe EPAEY o i dEd PmrA/PmiB B 43 pmrHFIKLM 2 F) e s
) ;% ,}& -‘E—_—]"ﬂ y 3 Q T

e e B
g PhoP/PhoQ % it PmrD {r PmrA iF* 5. F4x2 34 pmrHFIIKLM ;
= 7 i

ho PmrA/PmeBr 0 8, 3533 £7(56) 5 & B F Y
PmrA/PmrB §- PhoP/PhoQ =ic & 41 357 pmrHRIIKLM (57) °
T e N R My pmr R ES G ER G A s R 0 B
3 B PhoP % — % PmrA 2 &= (Bl- ) » FFEF-> g o = ﬁiﬁ#%"
PmrD il 3= o Flpt > A PARRI 2 Bt Al A F o9 R
BP0 pmrig s o s N T A S e /A 0 40 PmrA/PmiB E
% PhoP/PhoQ ¥ # ¢34 32 7b » PhoP/PhoQ 7+ ¥ 11 B £33 42 pmr 4 %5
ApH kAt A 4 #F ) PmrHFUKLM mF f F 5 4LF % 4
t o iz fpen pmrH o pmrE S R R IREE § AR R o Is 4 4k
®opmrF % gtk x g pmrH & #4k0 (F

SN

A) i

Mo H
SE' =
-26 -



L-AradN o+ > PmrH 3 & # iy S %1% % > & PnuF P f § %7 B2 4
WP M- A IFi24A8) PmrF AFRBE I BE Y VA FE- B
P dEE & o

#— HpE pmrHFIJKLM et %53 573 PhoP ~ PmrA % 2 B éadt 45 -
6 PmrD ¥ % A% ol 0 &% BT 7 % phoP ~ pmrA & pmrD & |3k 4535
g A FME M @ phoP R B HRFLE S Ml AP (Bl= A) 5 &3
A HRES P > phoP ~ pmrA 2 pmrD 3 4 tRiZa w4 $F 5 AR F& ool > #
phoP 3 # thw g fiftcmied G5 ® (B> B) - t» M 7 PhoP & % 3HfF
Z Pl ehE B M o & 9 & phoP/pmrA L Fek 4F kT 2 W w4 phoP
pPMrA = 4tk > vC Ry 4 a4 0 IR T 3 phoP I Af fR e Bty sow
Rooom pmrA 2k PIRAPE (B- ) o &M 2 1245 pmr 3k 55 7%

Fe 2| 47 9748 Iend B PhoP o= i PmrA % i % > B+ PhoP &

AR H AR R TR E - B RARSET > -
phoP Esﬂ%#ﬁfr“ué #EFBILEE > TR AFNER LR PmrA > v AR

drpufba s T AL E 6 U L Y PhoP f pmr 3k HS Birt o

F_k

T &M PmrA 3 o
G frds F E MBI > APEER 7 PhoP fr PmrA 3% pmr 55 9

Fob o Pomen MOER 8 2 3 kRSB S hiE 2T 355 RKE EE (R
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~ B) s - & phoP 2 pmrA R kT BlE 0 Ponen A5 T PREE K
(B~ C) > @t PhoP 45T "% M2, { G » #F Pou ¥ ¢ £ 1
PhoP 2 PmrA i fy > p 4 8 SAFE M RIROE S « Adhigaw g
® » 41* DNase footprinting F & F ti v =% L {% F¢ PhoP i E &3
Foopmrik g3 0 )y f AL e 2o PhoP 4% PmrA & e dret > 0% 9
e AR 4G PhoP ehE 43 7 AR & & 5 FCL (feedforward
connector loop) (37) - HF B F v LR FY H pmrk S o ir o

SR et bz B m ¥ v 8473 = FCL -

ugd = ¥ - BREE S 5 AbA A AuR R R AT o v i $ UDP-glucuronic
acid #_& = L-AradN #m 5547 (18,738) » Tl ¥ 5 A4 bt + HF ¥
- BER LS o F ugd R FIAEIRT 0 LT 8 X F¥IEAR 2 units/ml 50 % AR
FAT G R (BT A) > EREMS [ ounits/ml T A FRED] A S
(ifge= ) > AFFA D ugd G d LY B G T LPS b e 4

4 fe b ALAK oFU A M 0 CPS (31) > Tt ugd - £ At g R LT

SEHIARA LSRR
GAT P S FE R 40 ugd & Fhd 54 703§ PhoP ~ PmrA %

ResB % & =% ® ¢ < $| PhoP/PhoQ ~ PmrA/PmrB = ResC/YojN/ResB iz =

EHEAS AAITGY) A F v N L F ugd R I Pygeq B FIA 1T



¢ 123 4 IT] PhoP ~ PmrA & ResB % & = ("f#k— ) > 8- H = HRR %
T REE Pygga s R3PEZE (B+- ) " 2% fcaid P Fe o
FRIAARR I AFFT RO FE LTG0 NF L FRY ugd 2 T3
A Flende s > F I ugd fet FFeamanC a2 2 manB gt JR FI R RS 4R 1T o

TE2gipk e e (B2 A) > 38RIG 7 i s - P8RS > AP

RT-PCR 2 2/ 7 manC-manB-ugd #£ ¢ » - # %5 (Bl+=- B) » &7
ugd # sc B3 ¥ - BELH F Puggo 3 manC it 25258 F % o 447 Pugao A
7> M- B ResB g & e (Hfdr= ) Bl & =7 it € X I| ResB 33
Frm B3] Pugg 75 B TR o BRR Pugaa s 13 > B I T & resB A Flak
AT iR 3 PR TR (B = C) > 2 ResB 4% € 2 453445 Pugae
E AP L - BT REP o - HRIE ResB Jr § ARFF i
BE % o 3 3R resB Ak FlaAAE AR FOTI A PR R € fUE MR TR AR R iRl
(®-+ =) - RecsB (regulation of capsule synthesis ) ##3F % 31 & fo& % 5 pE4d
s & G BE(55) RAPERE AR 6 MR BER chA B 0 fe b R el

71/" i A i'jx‘});u{;v v X

=N

CHAERIAREF ORI R AR AP ¥ - 2
' BEFR T resB gk FlaA A € FE M Pugap 1 0 2 ResB F F 4t Py & R D

%Kﬁ-\ P F A /E;ﬁd real-time PCR 4c 128 o
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Bofd o A F me B AR L A FIALE A F 2w e R
AFAIPREOGESF I N hme N - BT L R R LR
FRs e B+ gy pheandr B 41 < R o S ALF R 40 1 (35) » i i
HES e R L LA B S - PR LR ERBENPFAELEAR

fRx B IRALR E Ao BT T BB PL AR B FI wmFAX I E

2
g
B
H
}ﬂ\
b
O
1|
b2
\_
A
;”en
N\
ey
Eﬁ
4
‘T._
“ﬁ‘f:\\
yhy
”y?‘
#n
&
F_&
W
b
i
ﬁm
hnS

k257 > pmrF ~ phoP 2 pmrA R % & i THP-1 v RAW264.7 & v fs 32t 27 4 &

[a<}

!

FRMOAFESF (B4 - Bl > @ M7 AP R 0 7 a0 Ad
AL kY T L peen wza K Fle AR PR Sk € B R RS Rl
Zenfld > B FA P AR e R e, 2 L & pmrF ~ phoP 2 pmrA
AFRETREORE FRABE TP ORI gl {oB s Bid 2
FuttAn B ek 7] pmrHFIILM ~ pmrA 2 "phoP 4 48 P g 1 7 413 b 7 Bl 7
PSP BB BT EM PGS KON A R L e o
PPag S5g phorig = eho ¥ P pmrHFIILM ~ pmrA 2 phoP & 4% 3f eh
2RI RE R hd AT o
Ff’f’iﬁ"f*?%iﬁﬂpi’%lﬁﬁ%’ﬁﬁén FEwEADEET 3 € X T

Y R T ?ﬂt“)r 2 ‘F wza A FE A B &B’»%Elv—%’v’ M R
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E5 2 KN E

L
I

E%ﬁ FHEA L RREFASN G E HL-60 mre s it > e

S - RRPEL R B mvg PG o SR EE ST  F BAPRERT R

F_&
‘C‘ﬂ -
=

3
e

BB X HHIABFETOREALY > A PR

PmrHFIJKLM % Ugd #=§ v % &k T;E]';% sl 4p B 0 @ PhoP f- PmA P 2 & 33
PR RFUE ] o AT 0 S EHY pMr oSS HR I BRSSP LE S A%

BN RAEEFR T Z EREIE 0 &35 (1) MER4HS T > PhoP-

PmrD-PmrA cn@F 332 2 (i) BERMSIET T > PmrA 08 B3B8 T %

GHT 3 » FEP (iil) PhoP e B 32 37 pMEFR4ESF o 3= 157 e FREL S

AT PhoP 43t . %

LE e N A ARG Ve R ¥ - 3R g
LA EPT ugd R TR R PR R T PhoP ~ PmA 2 ResB e 4y 0 BE
RAp T fepide + Pugge € X ] resB AR P B R LR

Rl T - P o Bfe > AR N 5SS ik

+ 42 & it Ap B o0 PmrHFIJKLM - PhoP 2 PmA 72§ i § 2 w8 &

A e PTG LK o
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Strain

Genotype or relevant property

Reference or source

E.coli :

JIM109

S17-1A pir

K.pneumoniae :
CG43

CG43S3
CG43S3-701

CG43S3-Z01ApmrA
CG43S3-Z01AphoP
CG43S3-Z01ArcsB

CG43S3Augd

CG43S3ApmrH
CG43S3ApmrF
CG43S3ApmrA
CG43S3AphoP
CG43S3ApmrD

CG43S3ApmrA/phoP

RecAl supE44 endAl hsdR17
gyrA96 rolAl thiA(lac-proAB)
Tp' Sm" recA, thi, pro, hsdR™M*
[RP4-2-Tc::Mu:Km' Tn7]( pir)

K2sserotype

rspL. mutant, Sm"

lacZ mutant in'CG43S3
pmrA mutant in €G43S3-Z01
phoP mutant in CG43S3-701
rcsB mutant in CG43S3-Z01
ugd mutant in CG43S3

pmrH mutant in CG43S3
pmrF mutant in CG43S3
pmrA mutant in CG43S3
phoP mutant in CG43S3
pmrD mutant in CG43S3
pmrA/phoP mutant in CG43S3

Laboratory stock

(12)

(43)

(43)

(34)

This study

This study
Laboratory stock
Laboratory stock
This study

This study

This study
Laboratory stock
Laboratory stock

This study
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CG43S3Awza/pmrF wza and pmrF mutant in CG43S3 This study
CG43S3Awza/pmrA wza and pmrA mutant in CG43S3  This study
CG43S3Awza/phoP wza and phoP mutant in CG43S3 This study
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Plasmid Relevant characteristic Reference or source
yT&A PCR cloning vector, Ap" Yeastern Biotech Co.
pLacZ15 A derivative of pYCO016, containing a promoterless lacZ from K.pneumoniae CG43S3 (34)

as the reporter, Cm'

pKAS46 Suicide vector, rspL, Ap', Km' (49)

pRK415 Broad-host-range IncP cloning vector, Tc* 4)

pYTHmO034  946-bp and 984-bp PCR product of the region upstream and downstream of pmrH This study
cloned into yT&A

pKAHmMO034  Xbal/Sacl digested fragment of pY THmO034 cloned-into pKAS46 This study

pYTFmO034 1034-bp and 1037-bp PCR product of the region upstream and downstream of pmrF This study

cloned into yT&A
pKAFm034  EcoRI/Xbal digested fragment of pY TFm034 cloned into pKAS46 This study
pKAS46-wza™ A 2.0-kb fragment containing a 500-bp deletion in wza locus cloned into pKAS46, Laboratory stock
pHY 006 A 2.0-kb fragment containing a 700-bp deletion in phoP locus cloned into pKAS46 Laboratory stock
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pHY025 A 2.0-kb fragment containing a 660-bp deletion in pmrA locus cloned into pKAS46 Laboratory stock

pHY 029 A 2.0-kb fragment containing a 500-bp deletion in pmrD locus cloned into pKAS46 Laboratory stock
pHY 034 A 2.0-kb fragment containing a 1100-bp deletion in ugd locus cloned into pKAS46 Laboratory stock
pFcYT 1277-bp PCR product carrying pmrF cloned into yT&A This study
pFcRK HindIll/BamHI digested fragment of pFcYT cloned into pRK415 This study
pAcYT 1105-bp PCR product carrying pmrA cloned into yT&A This study
pAcRK HindIIl/Xbal digested fragment of pAcYT cloned into pRK415 This study
pPcYT 900-bp PCR product carrying phoP cloned into yT&A This study
pPcRK BamHI/EcoRI digested fragment of pPcYT cloned into pRK415 This study
pHY 069 BamHI/BgIII digested fragment of 253:bp.PCR-preduct amplified by primer sets Laboratory stock

ugd03/ugd04 cloned into the BamHI site of pLacZ15
HY072 BamHI/BgIII digested fragment of 477-bp PCR product amplified by primer sets Laboratory stock
p g g
pmrHpO1/pmrHp02 cloned into the BamHI site of pLacZ15

pHY 123 1181-bp PCR product carrying rcsB cloned into pRK415 Laboratory stock
porfl62Y A 400-bp PCR product of cps porfl6-17 promoter region cloned into yT&A Laboratory stock
porfl62715 A BglII fragment of porf162Ycloned into the BamHI site of pLacZ15 Laboratory stock

- 45 -



NS N R IE Y-S

Primer Sequence

pmrAp03  5’-CAA,TTG,GAT CaCA,GGG,CTG,TAC—S’
pmrA06 5’-GAG,CCA TGGa,TCT,ATT,CCG,TG—3 ’

pmrHO1 5’-TGA,TTC,AGC,AGT,AGT,TCG,CCA,GCC-3’
pmrHO02 5’-AAC,AGC,ACG,GCG,AAG,AGC,ATA,AAC,A-3°
pmrHO3 5’-GTC,ACG,AAA,AAG,AGA,ACA,GGA,ACG,C-3’
pmrHO04 5’-AAA,TAT,TAC,CGC,GAG,CGC,TTC,CCT-3’
pmrFO1 5’-ATG,CGA, TTG,CCG, TCA,GTT,CAG,C-3°
pmrF02 5’-AGG,CGCICG,GTCAGG, TGG,TTA,C-3’
pmrFO03 5’-GGG,ATA,ACCACC,GAG,ACC, TTC-3’

pmrF04 5’-GGA,AAC,GGCATC, TAA,AGA,GGA,A-3’
phoPO1 5’-CGC, TCG,CCG,TTC,GGA TCCa,TG—3’

phoP02 5’-GCA,ACG.GTA CCaT,TCA,TCA,GCG,C-3 ’
ppmrF01 5'-GAT,GGA,AAA,GCT,GAA,GGC,GAT,GG-3'
ppmrF02 5'-CAG,CGA TATa,CAT,ACC,CGG,CGT,C—3'

ugd03 5’-GCA,GGA TCCa,ATA,ATG,GAA,GC-?; ’

ugd04 5’-CGA.GAT CTaA,GGG,CCA,CCA,C—3’

pmrHpO1 5’-TCT,GGA TCCa,TGG,TCA,TTA,ATT,GCC,CGG,C—3 ’
pmrHp02  5°-CTT,AGA TCTa,CGC,TCA,TCA,TCA,TCC,TGT,TC-3 ’
WzaD1 5’-TTT,CTA,TGG,GCA,GAT,GGT,TG-3"

WzaD4 5’-GCT,GAC, TAT,CGG,GAA,GCA,TC-3’

a . .
» restriction enzyme site
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PhoP PhoP PmrA

Klebsiellapneumoniae CG43 S 10 — -—

PmrA

o _ 35 -10
Escherichiacoli

PmrA

Salmonella typhimurium =

PhoP PmrA

Yersinia pestis — 10 -

- ~ 7k AEF pmr s b AR LR A {5
LR F Y VE S A B EE AR E BERET D pmr FES FERE

7 > I 47 -10 box r-35 box.» PhoP &&= 200 B 4 51 > PmrA % & 14
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(A)

porHOL

- prrH - pmrE prir] pmirJ pnrK pmrL pmrM]
Deletion -

puuHO2
1247 bp
I I 1 kb
3183 bp
(B)

W= ~ PCR &7/ pmrH % %4k

(A) pmrH 2 F * 51 Flle 257 g B » 313+ pmrHOl/pmrHO2 &_%* % & pmrH
A F44E - (B) f1* 513 pmrHO1/pmrHO2 3£ {7 PCR 4 {77235 pmrH 2 44
4 o T4 pKAHmMO34 ¢ 2 pmrH A FF T3 A7 R AT %422 pmrH
REIR oM DNA = [ {&872 7% 5 Jlane 1 : K. pneumoniae CG43S3 - lane 2 :

pKAHmMO34 - lane 3 : K. pneumoniae CG43S3ApmrH -
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(A)

prnFO1
pmrH pmrE pmrd pmrJ pnurK pmrL ppirM
Deletion +
I—I panr
906 bp
; | 1 kb
2977 bp

(B)

kb

3.0 —
2.5 —

2.0 —
15—

1.0 —

W= -~ PCR & ¥ #/3 pmrF % #14
(A) pmrF 2 + T 5 A Fe &7 % Bl - 513 pmrFO1/pmrF02 £_* %k #xia pmrF
A F44E o (B) 4% 513 pmrFO1/pmrF02 & {7 PCR A 477833 pmrF A F4
iF o F A8 pKAFmMO034 ¢ 7 pmrF A F} TR FIMEER R A2 pmrF
R oM I DNA = [ &2 7% > lane 1 : K. pneumoniae CG43S3 » lane 2 :

pKAFmO034 - lane 3 : K. pneumoniae CG43S3ApmrF -
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LB 1 mM Fe’* 10 mM Mg?
10 4 10 - 10 - =

—a— wild type
—a>— pmrF
—— pmrH

Time (h)

Wz ~ K. pneumoniae CG43S3 ~ CG43S3ApmrH4=CG43S3ApmrF 2 £ & R [§
Melf e & R L 1100 v B) { #4735 43 LB~ LB+ 1 mM Fe’' 2 LB+ 10 mM Mg> 8+ » % 37°C ™ 4

F#H A F I 1] 2R ODg 775 £ & o
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5 40
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W ~pmrH -~ pmrF 4r ugd & Fl4x3g % (A) 22 pmrF T &4 (B) # % 3¢
Fl & s A 45

R 7ess & Bt 1:200 0 AT 407 I mM Fe sh LBt &% 0 &
37CT RT3 4 3-4 1 P o HERAFH S 1-3x 10° CFU/ML > 40 » 5 2R % @
BoisER G 2units/mlc A37CTIRIFE S || BFEIRELEIBRAAR
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e
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(A)

40

polvmyxin B : 4 U/ml

[ k)
o o
| |

Survival rate (%)

[m]
1

—

(B)

Wild type pmird

polymyxin B : 4 U/ml

phoP pmrD

I 1P
0 1B + 1 mM Fel*

120 4 120 120
——
100 o L 100 T e 100
&
-
e 80 4 80 a0
P —
b
=
= 6o 50 B0
=
£
£
= 40 A 40 40
[72]
20 A 20 20
: i : : u
Wild type  pmrA pmrd Wild type  phoP phaP Wild type  pmrD pmrD
[pREAL5] [pRIK415] [pAcRK] [pRIE415] [pRE415] [pP<RK] [pREAL5] [pRE4LS] [pHY212]
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Bl ~ pmrA ~ phoP fo pmrD & FlaxJF R 10 2 3 48 Bt 5 LR # e A 47

25 4 $k4v pmrA ~ phoP 2 pmrD A 4445tk (A) % pmrA -~ phoP = pmrD
IAHR (B) kR 4 unitsml 3 FFRBE T A ESF o B4 pAcRK ~
pPcRK %2 pHY212 4 %] 5 pRK415 & % pmrA ~ phoP & pmrD = g3 712 H %

FEAR S & (2R 7] o
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polymyxin B : 4 U/ml
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N 1B
100 { | =2 LB+ 1 mMFe3"
e
S 80 A
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=
.E
=
g5 40 A
wn
20 4 !
0 :
phoPipmrA phoP/ipmrd phoP/pmrd
[PRIK415] [PACRK] [PPcRK]

Bl - ~ pmrA/phoP £ F1443f pmrA e phoP3 4 th =% 3L A &% crdnld & 47
pmrA/phoP % % t&x ~ pmrA/phoP A Fla% 35 s pmrA g9 'phoP = 4% & &k &

4 units/ml e % AL FF BB T 83 E S o
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(A)

pmirH pmrl’ pmrl pmrJ pmrK pmrL pmirM]

I ..o

1 kb
(B) (C)
| dacZ
Im.'rH
140 - 100 -
= T
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= 120 -
= 80
= 100 -
~
P’
*E 80 - 50 7
2 T
—
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= 601 a0
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= 40
o
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< 20
& 20
g.il .
a 0
LB I mMFeit 10 mM Mgt Z01 Z01ApmrA Z01AphoP

B~ ~ pmr 3 EEF 0 Fle S 7 & BlHe PpmeaizlacZ e77E 1R

(A) f1* VectorNTI #c %8 (Invitrogen Vector NTI™ Advance ) A +5 pmr 3 4_
F A Fle S o T PneizlacZ (pHYO072) sz 4= 54 o (B) IR &%
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W+ = ~ RT-PCR £ #7423 manC-manB-ugd 3 %3 v Pygao::lacZ & 133
B2

(A)ugd 2 + T A Fllex7 LB eca~bfoc 55 fI* 53
Rorfl1601/Rorf1602 ~ Rorf1701/Rorfl702 4= Rugd01/Rugd02 i& = PCR *7Hi 7
41 gnd-manC ~ manC-manB f- manB-ugd 2 FI&F 757 £ < | o PyggqlacZ e
Puga-o::lacz 4~ %] 2 77 %5+$T§ﬁﬂugd€i§%4€3&° (B) RT-PCR %~ #7
manC ~ manB - ugd & FIF 1% 3¢ » PCR AP L a~bfrc A w5 1-3 (7
(431 bp) ~4-6 7 (443 bp) 4= 7-9 7 (510 bp) o % 14 4 7 7%
genomic DNA (7 PCR A4 > § it ¥t % o % 254 8 {75 RNA ¢ PCR
AP FIFEHRE % 36479 5 cDNA 7 PCR 24 o (C) If e
% DFR L ATE 23 LB 8 %% 34 4 B o B[R9 4 &~ phoP ~ pmrA &

rcsB R %tk ® 1 Pyggr B o
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o

GATGATCCCGTGGCTGCTGGTGGCGGAGCTTCTGTGCCTGAAGAACAGTTCG
CTGAAATCGCTGGTGGCGGACCGCCAGGCGGCGTTCCCGGCGTCGGGGGAG
ATCAACCGCAAGCTGGGAAATGCGGCGGAGGCGATAGCGCGCATCCGGGCG
CAGTATGAGCCGGCGGCCGCACACATCGACACAACGGACGGTATCAGTATTGA
ATACCCTGAGTGGCGCTTTAACCTGCGCACGTCCAACACGGAGCCGGTGGTG

CGTCTGAACGTTGAGTCCAGAGCGGATACTGCGTTAATGAACGCCAAAACTGA
2

l ugd-1
AGAGATTTTAGCTCTTCTCAAGTAATGCA TACCCA'IgAATGGGAGCCATAGGGTC
-35bhox

AGATTTTAATCGTATTATTGACCTTATGGCTTATTCTTGACTTCCCACTGGTCAAA
-10box NagC element

GCGTAAAACCGCCCACAGCATTATTTAATTTICGTGGCTATCCGCCATTATCCAGT

TAACTGATTAAAGTGTAATCTCIATG ugd

=~ Puga 65 714 4

7 -10 box fr-35 box 12 & —~ NagC & &% s
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GAGAGGGGACGGCTAACTGCCAGGATTCCCGGGGATCTATAAGCGTACTGATAA

AGAAGGTGTATTCCATACCGAGTGGTTGGAATAATCTTTATATGCCGCCCCAGTCAG

GCCATTTGGCCTGACTGTAATCTATTGTTAGTTATTCTACAATAAACTGACCAAGTCAT

CTTGTTTCCTCTCCTTCGTTGTTTTTCCAGCTCTAATAAACCAAATGCTTATCTTT

Ihf element GevA element
-10 box -35 box
TAAGAATTTGCCATATTITATACTTTIGTATACCTATAATAAGCTACTTCTGGCCTCAGAATATA

putative ResB binding box
TCTGGGTGTTTAATAACAGGGTTTTAATTAAAGGATATTAATIATG orﬂ6

‘ﬁ'@ﬁ“: > Pugd-2 =) 5'1’40\ ’H’
%7 -10 box fr-35 box /4 2. Ihf > GcV & & i fr— B 2 _ResB & i o
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