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Abstract

Fimbriae play an important role in establishing an infection by adhering to
specific host tissues. The available genome sequences of many
enterobacteria reveal multiple fimbrial loci are commonly contained in a
genome. In addition to type 1 and 3 fimbrial gene clusters, seven novel
fimbrial operons were identified in Klebsiella pneumoniae NTUH K2044
and named kpa, kpb, kpc, kpd, kpe, kpf and kpg. We have previously
generated a type 3 fimbrial display system by replacing the mrkD adhesin
gene with each of the fimbrial adhesion genes. In the study, analysis using
immuno-fluorescence microscopy (IEM) and western blot hybridization
were employed to demonstrate theirecombinant type 3 fimbriae expressed
properly. The recombinant fimbriae was found to be able to bind to
erythrocytes of guinea pig, and the hemaaglutination (HA) activity was
inhibited by 0.002 M D-mannose. In addition, the recombinant plasmid for
overexpression of KpfD was generated and transformed into Escherichia
coli NovaBlue (DE3). The heterologous expressed KpfD protein was then
purified for polyclone antibody preparation. The antibody was then used to
demonstrate the KpfD was assembled on the tip of the recombinant type 3
fimbriae by western blot and IFM analysis. The HA competition analysis

revealed that the agglutination activity could be inhibited by 0.001 M
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D-mannose or 0.01 M N-acetyl-D-glucoseamind, but not affected by
D-fucose. Furthermore, the KpfD antibody could inhibit the HA activity
indicating KpfD adhesin is responsible for the specific binding activity to
erythrocytes of guinea pig. Comparative analysis of the secondary and
tertiary structure with E. coli FimH revealed a putative mannose binding
pocket on KpfD D73 to A83.The recombinant plasmids containing
truncation of the KpfD protein with or without the predicted mannose
binding pocket were generated and the recombinant proteins purified for
competition assay of the HA activity. However, neither recombinant protein
could inhibit the HA activity. Cell:adherence analysis indicated that the
overexpression of the type 3 fimbriae on the surface of the recombinant E.
coli rendered an autoaggregation phenotype. In order to prevent from the
overestimated non-specific cell binding activity, the recombinant plasmid
containing KpfABCD or kpfRABCD was generated and the expression of the
recombinant kpf fimbriae was assessed by western blot hybridization, IFM
assay, and HA activity measurement. The results indicated that the
recombinant E.coli expressed kpf fimbriae on the surface exerted an HA

activity that could be inhibited by D-mannose.
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R 7o ot & A HpET30at -

%48 DNA $-ig &5
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i¢ * High-Speed Plasmid Mini Kit (Geneaid, Taiwan) > & P& & &-1% 3% c17i2
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e B 10448 0 FERKA IS PR TE MR A o i T 140R$F204 48
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G5 % FITA RIS K o F B E 219 4% 11(5% methanol, 7% acetic

acid)® 9% 3 i £ L0 F o
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o LB &R ¢ 3TCRIT R A 16 B P20l *TRipk ¥ ik
(phosphate buffered saline, 137 mM NaCl, 2.7 mM KCI, 10 mM Na,HPO,,
1.8 mM KH,POy, pH 7.3) > 1212000 rpm&E < 54 48 1 403 >R % 7% on
B GRS o B w A ImlR Fo Sk o BT i SRR

WA FESIOUE > gt b BV R FRFIT O £OF 25057
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- sl FRETF - PR NBERE BRReS T oo FL
PR ACE SR TR L1008 Hl s Bk R R T @R - ] B
£ RS R et oo B IS F R T ST G F 2 10ulz 3 10%H @

SRRLE B 0 FHEFRT T AT 8 HA O N H LR AELT BLE -

= 3R R

S5 2 BR2,43)% F 0 R RAIL: S S B F R E R 2 R
e # R TAC D A K o 113000 rpm 4°C 4 104 4815 3 5 B> Bk
TR RS 1S 3% G R ek o T 2 B

(tannic acid)fed sz s 3R P ASF GRS BT £ 0.001%H B A rBipL ¥

Py

it o 2237°CKip (£% 1S4 4818 » L IPBSH %A = o lm FAIL: IE 7
¥ &% ehim k45 3 ODe0o ) » 3 3 #pite 1215000 rpma 54 48 18 0%
RS R 0D Ui X o (SRR 5 3% 2 Rzl IR R
3%GH PRASLE DT E R FEHRMIIIRE S AFETHFE30
LBt LR B G o oo IR E g VR @}F?Je"‘v EE
o TRE30A 481 T ATV A SRR 3 e IR che B o R e (T
B BRRAR Y 0 RIFIRG AGE o T g S O E R
B AEHVA G L R E G AERR RIY TS REF ko - HA
SAHR O B BHL G AR F BORERAF

35w & 5P % g HA unit

=
T
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e s %

A g mie 3k HepGy 14 2 5 10% P52 w7, 0.22% sodium
bicarbonate, 0.03% L-glutamine, 100 unit/ml penicillin/streptomycin, 100
UM sodium pyruvate# 100 uM NEAA Z_Dulbecco’s modified Eagle’s
(DMEM)33 & i3 & - L £ % Wiz tk HCT-8121 7 7 10% *52 x iy,
0.22% sodium bicarbonate, 0.03% L-glutamine, 100 unit/ml
penicillin/streptomycin, 100 uM sodium pyruvate% 100 uM NEAA 7RPMI
164033 & 33 & o A 7% witk Int-407 ™4 7 10%%5 2 & jF-Basal
Eagle#z % ;% (BME > Hyclone-SH30159-03)3% % o #-‘m%% k& 3t 3 5%h
JVCEREREAHPBE > SR Y Fle 2 AR % - mie A
LB AEr P Fowm i & R adio e 10 ml RS bR b e - (S
dv » 2 ml% F-v fFi4 % (0.01% trypsin ~ 0.02% EDTA) » s & **37C 128
BAMPMSA 4 R de o HFI0mlIZ o Fhme it B
wkRmrE R A o Blere RIFRS I 15ml e g o 3 R 352000
rpm 54 4B {5 0 Bl iR 2 T e JFEwmERRZRF R
BisgREG PR R ERBA B Er P 0 B BRI BMHBEI0

ml -
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G ALK dm e A 4 R
42 JR(18) i > B & AL e JRINA0T + 4 T4 % o fe % $RHCT-8

/é

A4 HER 0% $kHepG2 537°C 5 § 5% CO el i 55 & 4 11243 m ¥

L

#2 % r (TPP industries > France)3 % ° I # w12 % x w2 H
5
IX10 > rpipe s et e s i3 ptwie g i d AP A 2 o e

ERE R 7 FmE R R R Beme RN ERERERY FY oV - 3G

/’\‘/P'J;-é‘gq,hxf‘]' 4 ik T?E]‘ ﬁ/& w‘»‘%ﬁ-“" {s "M;}z):ﬁ/; 3 R /%‘ /7#-‘?)9. % T =X > T A ﬁﬁﬁ_{‘&m

7
Fk R 5 1X10 CFU/100 ul » 2t & f mPe 33 & 4e > 100 plin 7

37C,5% CO g3 £ T # B 1] PP 2 (8 BRI S i e =2 > &

P
S e 104 48 0 £ 4~ 150 pl 0:1% Triton X-100% 8 T A 177 104 4
e dEL e 18 100 pl i UBRRRE B Ak SUARIR 0 10k

50 @ ARYEA

)

ﬁlo ul = F ;—'—ﬁiﬁﬁi v B B s 3978{34(‘;,5@51*]?]‘@»{?

o
—\

AR TS R R A 0 RF e 08 B AR e e 1w T eD g fiAp

K/% 9% Elmp ARAS E:'r’f—-\ ‘?1’(} o
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ik
*=

Kpf 21 € 41 5 7 Etf 85 35 30 "R A 5]t

d ek 7 Kpf & 'ﬂf’jﬂ%ﬁi_ TR IRAE D T OB F]AT e o KpfA
SHL 2 Bt H - KpfB 5 chaperone 3-v » KpfC % usher
B0 KpfD 5 %L Bk 39 - KpfR Pl E - BT - ¥
NCBI BLAST 't $3 A pe 5 7] » SV P 50§ 0 A0 4% 7 KpfA &
o b g R b R 4% & S F(Edwardsiella tarda) s EtfA 4p iz (34) >
@ EtfA = ¥ S. marcescens 7% — 2] &< FimA(28) » Salmonella
typhimurium 7 LpfA(3) % Escherichia colt O157:H7 2 7Z4971(30) % 7
Fikld > AR & B 5 68.9%73:38.6%% 39.9% > ¥ bl s F
9 S AR B9 KpfD & 8 46 £ X F# L 4 35 BHD o
TR (B-) »#mREF 520%4p A SEFERKHT WF 0 A
KEFAKpf RS S REVHAEI RS AP R A FRATF - S5
FBRS S ERAE £- PBERERE §33 A2 5T ER
(20) > HEtf &L 73 2 5 > poa e o Etf 5 ° d etfABCD 2 Flie

*(34) > @ Etf 8+ 23 38 X 2 Bl o 4 o
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TEFZFRL LARZE R FPELH

TEEZ YRS AR L F ERE @) A AP L T R R

lrﬂk

2 AR AT Edm%;é T2 H BBl B A w2 SDS-PAGE
Z oG > BEEE B MrkA cnE 882 B L8> £ 12 MrkA & — My ¥
KL plmAR G HE EF 2 RS LRI o deB - (AT
1 % 1 F IMIO9[pGEMT] 4 & & i iRl 2] S gleh - H &k
VB BRI T MrkA en kagio it - H B L R 3k
ARSI APRERE B Z AL PRRE G AP REE S B
Bl (B)& 7 » 4 3 KpfD $:F Feddbit v ik
IM109[pmrkABCKpfD]#. 2 3| 5% & T % & ﬁfv% BT iE 32 B 1R
L% = A5 o IM109[pmrkABCDyrun] B 52 B IR % b 3 - H8
Blcs 2 BRFIRMARZIAERY: - Hekfon R RSG5
(48)- 3 » AR FEst € e KpfD A5t 39 mF £ 5 REX L
R hendft o ad Bo (O %8 B e F#pE
IM109[pmrkABCkpfD] # 0.002M jk & e @ pE T .l # i T % 3|4
#1047 KpfD e s % 5 800 % — 4] FimH 17 % oy @ st

B -
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KpfD % — & #pl ) 1%

i pET30a 5 PR 4 73 7 a5t iene 2 KpfD 39 2 &
48 pCS3(R= A) » #-F %8 pCS; #& 4| * < % 1% 5 NovaBlue (DE3)
%ﬂ;&g%%LBﬂ,ﬁBHJAz;w»wﬁ%i%ﬁLBﬂ,ﬁé
3 ODgpo 0.4~0.5 B > fte » 0.5 mM IPTG * 37°C# = T
FlR T AR BES B E Mg A IS > B FTA Y E ON S E h
iR # e ? > ¥ 217 SDS-PAGE 4~ # ¢ w44+ ML 3 1%

Eenfe i 3R B (e B2 (B) ) A0t wojn ey A S
vl L o @ KpfD & < d ikl o £ 5 AR A S LB
NP R BEEFANPUEFHKPD % A% 3 E2 G # o MrkA %

MrkD & - B A 47 & e % = AL A 39 2 RFA5 0Bl = (0)
“57 0 Etk IM109[pmrkABCKpfD]# 12 4 w4 MrkA % KpfD g
BITIEL > @ Eik IM109[pmrkABCD] R ¥ 12 4 %[44t MrkA %2 MrkD
FREGRIFIME > SR TG - B UF > T F e A

Foae N F R e AR TR AR B o

1% KpfD & - P32 45 € 225 = 3|52 374 38 KpfD
% A
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At MrkA 2 KpfD & - P4l ] Ftk
JM109[pmrkABCDyryn] % IM109[pmrkABCkpfD] 4 & e e gk £ £ 35
20 5% % bWl 557 > 1tk IM109[pmrkABCKpfD]# 12 MrkA % KpfD
- - BRI EAMA G RITF R BT A
IM109[pmrkABCKkpfD]#z § 2 112 % = A) 5 < MrkA 3 Fizx & |
KpfD k% 3= * R a2 & L o $F R 2 71k IM109[pmrkABCDyrun]
L MrkA B - - BRMET R A G RIT R R g

KpfD % — 12— ol f p] ] % sk gt o

¥ - 3% 3q 39 FimH & KpfD = & 24 #2 KpfD

=% %—’]‘#_?F /B

d % KpfD @ B v g g peses > 8o KpfD fr% - 3|8+ gt
it -0 FimH 5 4p e e & pEATR 35 31 Flpt Vi - o v 4t
KpfD £ ~ % 4% 5 FimH = B2 = %gﬁ# e AP A FALL

++ PS%service (http://ps2.life.nctu.edu.tw/) FE |5 5 6 < % % A AR

B0 KpfD - s > ¥ 2 < B F% - 418 34 39 FimH - &
B eI (AT 0w F 9 A U FARH R KpfD
£ % - Ba-helix fo+ = B B-strand » * %1% F % — R L Zb 30
FimH R] ¢ 4©% & @ o-helix fv-+ = B p-strand> @ F - & gfg b & -

R AR T A P S R AL B B S AR B
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6 FimH(4) 5 #5% » 4 2 3 F21 & PS service

(http://ps2 life.nctu.edu.tw/) FEip] 5§ & =9 {4 FAE k9 KpfD =

B 008088 PyMOL S Bl Z 3« % % 4oB) T (B)4 7 » KpfD
Receptor domain (% = - = I % - | = -+ ~ @ByeAp) pploz &%
f#ﬁ’ FimH ¢ Receptor domain % erf3-strand %% ﬁj B RPN o
A %3 2002 E F £ v }}gve(19)a‘]z1 A S FRARGER B S
Flo# 2 RFHIRARAE S e GRESE A 4 AP o TR
N46 1 D54 % ¥ fi i mannose-binding pocket » +* ¥+ FimH £ KpfD ¢

BB = @»éfﬁ » i I KpfD a4k D73 3 A83 % # £ FimH

mannose-binding pocket = B g1t 4p (R T (C)) v+ $HiRAPL S 7

R R T A PR A KO s AR 30 KpfD e

ARDI3 T A8 L - BREH@@s AN RS

EEF = AEL < 54 F IMI09[pmrkABCKkpfD] 4 & =

B 4 T2 PEREHRS A 44

d 30w A o T g 4 DKpfDH R 2 R B % X Tl § pEende
F] o Fp AP BT FREEHKpDRE R - Bl (A)
Bty o Bk R G 0.00IMPF > FHRIM109[pmrkABCKpfD] 5% v

AL TR 2F ] DR BEER TR MR RGN 4o e

19



Dk B 5 0.00001MPF 2 5 #rdate hie 4 od 3R {on A & 5 R
4 ik B o Blded LA BT TR A AP AL Fr0% 5 T AR £ -
i# N-acetyl-D-glucoseamine (GalNAc)# & #vfr > @ ¥ — fix If & 32
Lewis A%] 2 Lewis BA| B ¥ 4p £ — B fucose » F]pt 2 38 T ¢ 3 fa g
M- BT s I KpfDs f 14 - Bl (B)& T %
N-acetyl-D-glucoseamines)k & 5 0.01MpF > IM109[pmrkABCkpfD] <
A J%ed 321 7 ' 1812 » ¥ N-acetyl-D-glucoseamine sk &
0.00IMPER| % > # B Frdl#a i 4 - B (C)A 7 § D-fucosesik
B % 0.01MPF > F#xJM109[pmrkABCKpfD] s s T % 1% % 2 % 5 F|$r
ot BE AT B HKpDRE X E Ricn ka4 3 F o
M BRI Gk R G BAH BT L KDL ME LT
ek - (5 B o

EEF = AEL < 54 F IMI09[pmrkABCKkpfD] 4 & =

R T2 FAEEE A

P Kpr-% - MFREER AR SRR PRER T i3 2R TR
F A_KpfD & -9 o Bl (D)AE 7 % KpfD & — s cifffdt i) &

100 & pF > & = > e FiR IM109[pmrkABCKpfD] srst o IR % > 3 5E
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POAFR G S 2 A AR R E s § AR 10000 pEz 24 3

PR TER o

€% = 8L % %4 5 IM109[pmrkABCkpfD] s § % &

Him 2 Fv s L7

s 1 HRFEN PR KpD A BHEEFELT LA APHEAT A
KpfD 35 4 RAR(FI= A)» A B 273 ¢ 7R KpD 4 &
BEd & % pCS 2 ¢ 5 ERhKpD 4 BEL & F 8 pCsS, -
788 pCS; 2 pCS, # 4] % % % 5 NovaBlue (DE3) 14 [§ & 3 % ** LB
Pt p ez -t wjﬁ-{‘ 2378 LB ¥ > & I ODgo 0.4~0.5 FF >
fde ~ 0.1 mM IPTG »t 37 Ci# 3= T B FR T ARG AR E
g Arde 2 s o dded WA S ON R ki g e Y > BY
it 7 dialysis " SIS IR P RF RR > R B E By ik
7 L 47 dp(refolding) » £ 12 18.3%SDS-PAGE 4 dt -5 1 (H-= A) - 3
s EIF A MDY FSEkER A S S D KpfD:0.129 pg/ml %
KpfD,:0.18 pug/ml o £ kA 7 k& g 2 KpfD F-v &7 k-
v OFERE BRI B R AcBl - (B)ror 0 B 9 B kA 0.lug/ml Y
B B I o g I8 FORA L MRS 9 FEta R s
Frd e oG oo P — 5 miEHEP AP IER 9 KpfD mannose % & £

ERITFRET o
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2% = 3182 1 54 F IML09[pmrkABCKpfD] 07 ¢

20 AT F 9 A R AR 39 KpfD $ X 8E e phendb i 4o
AR Z KT etk HepG, (A 8730 m¥e $8) ; HCT-8 (£ #f
& R ime) ; Intd07 (X B e k) > B 7 i AR RS 0 1 i
e R A AR 4 BB N (AT o AP IZ R
IM109[pmrkABC]~IM109[pmrkABCD] %2 IM109[pmrkABCkpfD]4f = tx
A RE e PRerAb N 4 A < R g 0 B ¢ R IMI109[pmrkABCD]
a7 e chimiz h? SR AR B F HT AT 0 @ FIR IM109[pmrkABC]
2 JM109[pmrkABCKpfD] | % 435 2 48 $f i e f2 > @ KpfD
AHE e AR AL 4 0 B AT WAL Y iR
IMI09[pmrkABClAzR 4p & H & § Mo ¥ #h 2 {p b g = $R X %7 dm¥e 44 >
FIE B B4 FE HepG, b chdbriti 4 PR B ¢ e R
Bt HepG, fw¥e £ F S it chlw i A0 o

- e FE R A (geimsa) R A R ¢ nre o AT 2 N EACE T R
ZE 245 HE HepG, w2 A enit ) o S % B~ (O 7 © 7
R IM109[pmrkABCD]# #f - »+ ' 7 2. BF p 2\ & f (autoaggregation)
#BATICF BB @ Fik IM109[pmrkABC] 2 IM109[pmrkABCkpfD]

Bl R H — § et R e b Bt w e o Ar g i 4
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R RS LG G )

P TEHLEES AR L ERARESFH AR ORI AP L
LR S E e Fal AERFDOKpI RS A Fle b - H3l3
Ao L ARF] yT&A 448 > F 0 A H{EEFHIMIO ¥ £, H ¢
kpfABCD 1 "& %% §“ 48 + promoter #27 & & » » kpfRABCD Rl i# ¥ §“ 48
+ promoter (7> v > (B4 A)e & FA P2 0.5 mMIPTG #% ¥ 4
i F R BT ALY SEAcBl4 (B)rr » ¥ 3 16.2%
SDS-PAGE % &t ! gtk IM109[pkpfRABCD]*+ 4 & £ %) 20 kDa fie* £
ZT- Fev Foduiplv o G 8 N L FKplf L ehi & =
H iz KpfA(# + £ & 194 kDa) " Zgh £ 2 § & IPTG <& (73 F3eit
# 3o @ Ftk IM109[pkpfABCD] 4 B35 Bl 27 3% » yT&A {448 ¢
HReFtkiale o PR KpfD & - P4fie7a > 502 >
I E 1% IM109[pkpfRABCD] ¥ *+ 4 + £ %) 30 kDa i ff iR F 30 550
18R A R E e KpD bd AR

A 2 KpfD & - HFf1* LA F L d a3 N R

F 4 Kpfaht S Flm i aens B4 4 o 8= £ L2 5 % 4@

Hf

057 > Etk IM109[pkpfABCD] . i fo 48 % 5 I 5| & k8 @

t IM109[pkpfRABCD] R ¥ 12 fe 48 4 & i p| )4 6308 o ot 2 % 85



Ftk IM109[pkpfRABCD] % i 4 frefa + 34 47 kpfR A F] > 7 12 =&
PEE T O A A Kpf S 3 AR G 50 kel L kpfR
A FIPE Kpf = jo ik 490 0 B KpIR 4k P14 186 & foehd 5 2 BT

A Kpf L end 3R -

Kpf 8L 385 % & Biza BRaFEL 47

A4 F 004 % 4% 3 IM109[pkpfABCD] 2 IM109[pkpfRABCD]:t 7 <
EREeREENR AP A Kpf Lt FEM e Bl - (A)f
7 4 % 4% 5 IM109[pkpfRABCD] 2 § $ i 18 5 #c s 2 eje B L %
B % % 45 #IM109[pkpfABCDIR Trié &1 i Fi ik B+ BB 7 T &
Fh PSRBT ERHRSRAPrAE o NP 1 B R
Bd o B - B)M A4 H AEESIEA & 0.001M /% » Htk

IM109[pkpfRABCD] et s 3 % £ F| % 24| » L 54 BAPE @

% = A8 =< JM109[pmrkABCkpfD] = LRV N BT
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it

At R KpD AR dev hE e X B A G AR gl =
EREsFR AN PT L KpfD & - By L fp m 8 m %o
B A F A B FAL T % cenmE L KpfD v o 5t g
#m % € % MOk R dhmannose HrdE] 0 7 e T E AL E A 7] Etf 4 =~
e n % 3 X D-mannose #r 0 2 ¥4t fetuin 2 N-acetylneuraminic
acid i AFEHE T AR (34) > G o S LR ];-]Kpf e
Fifex B FF - S cnddfap in(13) > Flet ot 9 KpfD
< R F Fim chiR g pe i 7 & 2 s B 1 S }}?&(19, 26, 32, 36)
ip d1 0% % 4% A FimH &7 mannose & & shi%§ B 7| 2 € & "R e > 4~

L E_N46 3 D54 % & 0 £ 5 H_Asnd6: Aspd7 2 Asp54 = B =L o
¥ ebiR 5 proR el ps 54 Phel > Tlel3 > Try48 > 1le52 > Tyrl37
Pheld2: o *>§ 3o Tl 3 = BB HMEA T A E ERARTHE ¥
$HFmH % &4 BpEanic 4 4 § 3 B ARR DT A PRI GRH
Fim “mannose 2 & %5 =% > fap/dise g v X% LR "l;?]'Kpr g
mannose & & NE & B 7|V 4 23 D73 & A83 2L F 5 Fpt A gt
BEG A e KpfD AR 0 - K7 @ 3 A PR KpfD
mannose 55 & £ & B 7] > ¥ - B RE_# 7 KpfD 4% ¢ mannose &
EERRAP2EXLHMEERE A BNH 9 Ty e F

Beo R FRIESR TS Fv kR 0.lug/ml pBFY A FEE e L R o
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Ty B0 FOEAR L MRS Fev (I AE SER A S IR O) IR
R mizmp APsEp s KpfDmannose 2 £ £ & B AT w8 E > ¥ v
R FAER G = 0 (C)REFHRY B ahdd FRA R §0.lug/ml
T FAER X MFM A St e £ A% 2 5 mannose B £ H B
e R e ac F hA N o (Z)d At D O B g AR
RN F AR FIN A 6N A B PR A
F R I FEATIT A LR RO PR AT R
F I hEed FHRAR AT T R bldcR ARB DB S R
o FlAEATE A e BT BHALG 0@ A AR TR R A
BAT o (Z) R jkdp (1) R % FimH hpilin & X #.5 & %3 §
i mannose % & ¥ 37 = B} % fi(allosteric) > # FimH ¥
mannose L e 4 &ty feo; ¥ 2 é)gle# ip ﬂ{“,ﬁc‘ TEF Y RS
EREBHOHD A Z BB TR BRI b IR R g

t» ¢ F5 FimH # mannose & & wc # (19) » F]t Mr‘ 7 AT IR e

i

ARV i 2ix KpD {4 Bprs &

mannose & & =% 2 ¢t > H s

AU s 4 4R FePFImHAL R Fenig & B4 F HOR o RIS
8% LR FIKpID = B 0 2 SLKpfDAR '} -9 dreceptoriz
&% B SHHACS - AR L 3k o0 FimHip 00 R 48% > % 5113212
i B-strand 1t it -F e g e U AR RIS R 0 A K T
=~ £ % &> FimH7$ - ®o-helix fereceptors & ®¥F % 7 &2 % =~ B
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B-strandz_ & > @ KpfDewi - — i a-helixP] fereceptor 2 pilin % & #
g e et HKpfDepilin® 3 = B4 > FrfcFimH? b F @ 2 5
T v % = Al B L FE 39 MrkDepilin & £ ‘“f#ifﬁl 2 s 2 o-helix &
AR A H fUESBstrand o d BT R AR S TR L
FZARL ZMF PR A Y F EERENL RV L AT
B AT R Y FpilinH B E S 2 AR L B e H 2
MrkA & = B 54 F L B o s R 39 BMrkA=x 5 + 4. B & pFen
IR G A e ka PEIL RS PR EEET T LS

Fen S A0 St M ey PR T AR F] S B e

BEY AR AP RALIKpROE 28 F § B PKpfRL i o

4 $5KpfR¥ it trdomain(*itése ) » % IKpfR 3-v FCx 2 7 GerE# st

MR (51703 D) %2278 5 Af % #) GerE/f > LuxR/Fix] 3¢ B

FE M RY FREREFBFIIELS G ZBIRIE (1) BAF D

¥ % 5 (two-component) ® Bifik b 75 1 gy o Blde ¢ BEF P F
5 pE4 = cPResB (2) ® T dw [ fhquorum sensing A+ E 14 &

-0 B o bl4e @ P Frcarbapenemdid % 2 & = ehCarR (3) 7
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b LR AR R Sl |0 Blde 1 Ger o §
helix-turn-helix & #-7)  f4F £ #2 % EDNA (721 o A Rt K

% % - # KpfRirir 3 FrKpfak £ £ Rers 4] o
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