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AF 3
+ £ %21 F(P. mirabilis) & - 6 & & m,&ﬂl@}ﬁﬂ%’fﬁ AR R g RE S H
FRB BN RIRGE o R{TIE MBI G S RFR «%‘?ﬁ%}ff\’ﬁi FIRH B=F
RAomspEars 2 HeFauE~d L ¢HZFPHESZTH o Mo
751 Az efis FR i B A (urinary tract infection, UTI) € & ik @ 4 3+ 0k R B ¥
o @ 3£ P omirabilis 5174 i UTL » 4 & F viimbe 7 € M EF o
¥ 5 P omirabilis #r R S A H] 0 A B § A B R %2

(transposon mutagenesis) s> 3% > & iE J ¥ 325 mM ¥k R B X MM e P

mirabilis % % t&x(Cu-susceptible % % 1k) > S L F1 A 1716 B 7| hha R ¥tk - A j
3 2. Hha 3-v % Escherichia coli % Salmonella ¥ i 5 % % » ¥ antitoxin TomB
fﬁr}' Toxin-Antitoxin ,& 5t o # E. coli 2 Salmonella ®* 3 # 3 % > Hha 441 E’z:}?a
FlF A Fehid o APy g% AP > Hha 8 4 E 8 P mirabilis ;87 + 1%
TomB ih% £ |7 FE F8E - hha ¥4 ¢ B Bwie g <> T w:%y(},%"]
F o e RRERM A R AR RT3 bldcid T
persistent cells 2} = o AR R] 3 4 BB T hha 4% € 3 4 T 'F o P PR PF IR
hha %355 F]+ 14 2 dose effect eI % o Hha 56 & 3 ¥ fIhDC BAEHLL 3
B4R SR ES A R E B[ o He RIS 4p BE 2K P18 r Hha fr pmpAd v %
mip 2RE L AP > @ d fwfe PR S R S B IR hha R KRR A b e
ARIFARTE oo FURAPH A AT BETD] hha RFHRTRERER Y B EEw
iRk 2.4 3 F % persister cell 60755 it 4 RIF A RT E 0 B RERET] hha R R
€ & spoT ~reld 2 rpoS & &+ Ap B AR F1 & R~ o HFEETD] hha R R
ORE e EE a0l o H{SHE T hha R RIRNK F|A > tomB-hha operon &
autoregulation > hha # % 3132 A F PR 4 crippoE > resB % cueR % ILE T ' o
fdt % cueR % cpxR e R™ > hha 2 IE P ™% > &P cueR 2 cpxR %2 Hha
AT o B S P IAF € A hha AT o W b ¥ @ir o hha ¥t P
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Proteus mirabilis, a Gram-negative bacterium, is an important urinary tract
pathogen in human, often causing urinary tract infections (UTI). Copper is a member of
host innate immune system. When a urinary tract infection occurs, the copper
concentration of human urine will increase, together with the copper increase in
macrophages, to protect from the invading pathogens. Because the accumulation of
excessive copper causes damages to the bacterial cells, the bacteria evolve a series of
anti-copper mechanisms to maintain the copper homeostasis.

To investigate copper resistance mechanisms in P. mirabilis, we isolated copper-
sensitive mutants by transposon mutagenesis. One of the mutant was found to be
disrupted in the hha gene. Hha and TomB constitute a toxin-antitoxin system (TA)
in Escherichia coli and Salmonella in which the antitoxin TomB is an enzyme which
modifies the Hha toxin directly. Studies performed in E. coli and Sa/monella also
highlight the contribution of Hha in regulating bacterial virulence. Therefore, we
investigated the role of Hha in virulence factor expression and found that hha mutant
had a significant decrease in swimming, swarming and biofilm-forming
ability. The hha mutant also exhibited a higher copper susceptibility than the wild-type
strain with a dose-effect. It means that only within an optimal concentration range of

Hha could restore the mutant phenotype to the wild type strain. The virulence test
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of Galleria mellonella showed that the loss of hha decreased the virulence compared

with wild-type and complemented strain. The reporter assay revealed

that Hha positively regulated flInDC promoter activity. Moreover, the expression of the

infectivity-related fimbrial genes, mrpA and pmpA, in hha mutant was significantly

decreased. The hha mutant had lower spoT, relA and rpoS (genes involved in coping

with stress environment) expression by the reporter assay. Accordingly, we observed

that hha mutant had a lower survival rate on exposure to low pH or in macrophages and

a lower ability to form persistent cells than the wild-type. The hha mutant exhibited

lower adhesion ability and induced higher cytokine production than the wild-type strain.

The expression of rpoE, resB and cueR was reduced in Aha mutant, which suggests hha

may participate in the rpoE, resB and cueR regulated pathways. We identified that

copper or urea (high osmolarity) acts as a signal for induction of Hha expression,

indicating the triggering of Hha-transduction pathway. In conclusion, Hha plays an

important role in copper susceptibility and pathogenicity of P. mirabilis. This is the first

study of investigating the TA system in P. mirabilis.

Keywords: Proteus mirabilis, hha, copper, TA system, stress resistance, virulence

factors
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¥ - & F R #7354 # (Proteus mirabilis) s » 4 %

+ R 454 F(P. mirabilis) 5 & 7 < £ RS F o A5 A
(Enterobacteriaceae) ® % 7;1% /i (Proteus) » & % #L > ¥ 123 1.5%
swarm plate } 25 = 2 gk 2_ 254 IR % (bull-eye shaped swarming)[1, 2] - P
mirabilis ¥ & & if ~ 232 FA AP AL R A- LB E LAY B R
[3] - P. mirabilis % & & A g5 it ¥ FE > L E NI EFE 2 b 3o &
AR MT R o RIF A g+ PBILRE % (opportunistic infection) & @ HR
Pra g %?'P%:;,*ﬁ RIS E o A EF L eh i AR R % (urinary tract
infection, UTI) » & 5 € g F P 7 e 51425 F @ [R5 JRiE o 4 > P,
mirabilis % & 3 /c g A5 4 Fos(biofilm) > B4 KB R * RE R o 4 2 B R

k& ooo@oid = e B 4 (nosocomial infection)[1] -

¥ = & P.mirabilis éhzk 5 7]+
P. mirabilis ¥ r235d 5 i & i i~ G B K S[2] 0 Aok EEH R REE D
Fi ko AR A6 B R R RIS FR R L
EATH > @+FTiTARRENTHRE B[] - g F i (fe=z) P
mirabilis ¢ & ¥ 5 4 (£ %3 chger > H ¢ L (flagella) ~ 4 = (fimbriae) ~
fi= (hemolysin) ~ 7k % f= (urease) ~ 2 1~ "(biofilm) ~ IgA 3¢ fs ~ 1R AL & 395
(deaminase) f=%4;4% 7+ 1258 & % (Proteus toxic agglutinin, Pta) # & |+ ]+ $& %
& (- )1, 2] o B & 0 P omirabilis HFR L 5 R ESL > FEIFEMA G T
= MELES 0 €8 H wnfe ik R o swimmer cell 4 i A & 4] E w 72
(multicellular) % ¥ (hyperflagellated) 7 swarmer cell - ¢ pF ¢ < £ & RELL >

WL AR 2] R 0 R A AL % KRR
1
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(multicelllular raft) 12 i& {7 ¥ 48 4 6 > 2§24 P mirabilis # 7 3 % i (7 4 -
A ERFERACFRE T PRMTRE S A TR AT T 518 Lk
2 (e ) o § mE AFM A AL ® 3 swarmer cell 0 1% 4 R 7o £
PERF (S >~ € %% swimmer cell I ik {7 > g pFw E consolidation » ¢ & P
mirabilis ¥ P PEH(HeF=Z) > a PFLFALEREA I TE LR P
mirabilis #% 3 Al S FLREH FREB]- AvEF 2 #HFid e i ety
Pppgde o e 3 g3 R FIRRM4] . AR R AT 417 H  (agar) 0P A
WEwmEAR FEFEARBEFAELFERL - > ML E LGB T4 Dl FA
. medium agar (0.4~1.2%)% & # {7 » Gl4e:Escherichia coli §v Salmonella » @

P. mirabilis ¥ f4i § v 0] agar (1.5%) 2 o 278 F[1,4] 24 o # 7 4p i
A FZER 5 o H P X L ELL & 2 engp i AL T 4o class I fTADC operon ~
class Il flid % class1IlI flad % - fIhDC operon it 43 #& %1 FIhD2C2
transcriptional activator » K3 45T 25 5 A0 Fehs S (g )0 ¢ 7 classIl 2
class III 8L PR Jov B > ied R LWL e g > 29 Classl ¢
7 Fl2r 8L e hook-basal body & = 5 B > ¥ il ¥ L &7 ¥z Woclass [T B 22 85T
Loonig W oeng 5 M2, 5] o P mirabilis > s FE 20 F o€ X DURIR B e
S YIRS T S PR R R S R FIDTE S P
o 0 BEAMES S F DR L[3] o H =X > P mirabilis i0 = BRE2EF § 0 T
#_MR/K (mannose-resistant Klebsiella-like fimbriae) 2 MR/P (mannose-resistant
Proteus-like fimbriae) » # ¥ » MR/P J3% % &% & 5 m%s g 45 BE[1,3] 0 ¥

*b > P-like fimbriae sh# Mg B PFF 1 FT 0l FREH T TSI > @ i SR %
[6] » & BaE A HEF + A F0Eena) & o e e £ P mirabilis T i g P % &
gL 2~ [2]0 ¥ B s g B P mie enfm e W Y o 2R e e A R
LfFoea RG-S c R ATEFTRE papee e P

mirabilis 2% % FIE AT I T L[T] - £ F > T AR pd R R
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# (planktonic cells) f4&{cP|FRB P TEL(S € ) - BRE DL F 0 @ F
FUE DA WRZALFFE > wEAAEH I 85T - RO L ERE - 2
PR LN REF o - LA A R S B R B i g

*&ﬁﬁﬁﬁﬁ%°i%¢ﬁwﬁﬂ GF T F Glhedid £ 2 CHLLE K

F‘_k

I

S g Ry FEE[2,8,9] o AR P ATRBEH b WELTERE 0 4 Y 5
T PAFNSpd FROBHE e PR A DS AR >R -
Bs A wmE i w75 0 SHREREHFERIIRG o - Lop LT s FRo
Yo% P omirabilis g P Ay A NS > QR HEFOR A o ka g
Bfaap B4 B84 P2 2 F]F & 20 ot B & F (extracellular
polymeric substances, EPS) £ Extracellular DNA(eDNA) - eDNA ¢ 2 = £ % .5k
ARFHE[10] > 3 B dwfe e BB EGE i B gkt [11] 0 7 4R #4p ) eDNA &
EPS chjp 3 (8% § BS ot 2 JITR B 5% 0 8B HBRB R4 idnd [12]

b fn A2 autoaggregation i # A5 A TehE - H[13] 0 Fpt 0 A Fue)
S AN A TR B R 0 Pl F AP S o VO AP E AR
Feie® hbE o A2 & (NHa)2 = §F i p(COp) v i fRik2 pHEH B > g 2 8 ¥
O g 4o Ca®t s Mg™ ik > B RRERE S HITHE A
R PG T FHBRAR TR RS RFELEE  RARRFT XIS 5 H
B A[1-3] A 2 > P omirabilis » ¥ k'R A 4 P %ﬁt“ BLigF s

%% A L&k st ¥ [2,3] -

CER P

BEBHAL P - BB AE(14] 0 AAFHP LB NG

5

R Hh - BEBRGE Cu' s - BT ek Cu¥ e AP EHRET £

BEIEAS 0 FFEHE AT B RF R[15]0 AR FAY o 4

._\

3oV ivTE e d % ¢ § i fr(cytochrome c oxidase) % 4F /A4 § it b it fis
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(Cu/Zn-SOD) i 04 F]5 v §vb et wx g 5 @henn 4 18 (7 2§04 2 0 WIS Fle
F 20 Fl6] -
BRedF ¢ {2 P WEX5 T 0 bldc A MEBFHERDERR?

% ik
€ 5% & & ¥ 3 "FA i (Indian childhood cirrhosis)[17]; s @ & & kR 4k 7" €
A

WA= G3 7 - BEP 3 adBERp - g T ELF BT s
A2 - Barfed § 0 % Bar3EF A5 X 7 08P i HoO02% £ Fenton like

reaction > I & 4 S22 A A d I (hydroxy redical) o i #24cF #77 [18]:
CuPt + Qp" ===t (Ut + 0y
Fenton Cu® + H,0, = Cu?* + "0H = OH
il A4 g pd AV UEF e FDNA R RS Eag A - 2R
G EIR[19] 0 B PR AR S T i 3B 27 PF A BT iR A (thiol groups)i (78 & & &
#- Fe-Scluster ¥ erdfi B 3 01 % » Jih BUR v T2 B4R 2 700 o @ AL R 3 )

K e 3 * ¥ 4o HoO2% £ Fenton reaction > 2 48 F 4o ™ #977 :

Fenton Reaction
23 TE 1G]
Fe' + HO, —> Fe + HO* + OH

Farrous  Hydrogan Sarric Hydrowyl  Hydrowyl
peroxide racizal

Fe'® + H,0, —> Fe' + HOO+ + H®

“wdraperoxyl  Praton

2HO0, —>= HO-+ HOQ: + HO
VFEAEY AL % DNA @A G d o d 0T i T
d 3 e R G wpE o FletH fd A 2400 & 4 ﬁ,T} ER A Fiph
R Hore g T M SR

B¢

N

G ) & kfeink F T [19] 0 Ao 2% F
.

Fgﬁ%@i;}%g{%@ I LN =N AR N e

(*‘ﬂ},

% = & Hha-TomB TA system 2§ /i
AP F AT R B AR SF E5E FOATIH O L F F

# % s % (Toxin-Antitoxin systems, TAs) o U i® S #8 ¥r| FTH & Bfa 3 2 7o
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Frdld F Fv FH g s £ 7[20] - TA system d 4p 4% <73 toxin 4 % {r antitoxin

Fu

e
B

A Fled o F 2L S o bldcdrd| 3 L S - DNA 45 @l 4o
mrE REL A R flend EiE R o it Zehd E v 0P fod e 4 21] -
HP s E coli ® chmgsRA 5 ¥ A & 5 fa 4 57842 > bldod P05 {odng
i F R EIE 2 MgsA B & csgD 2 rpoS 3 8 T3 ek iE[22-24] 0 ¥
‘b dind-yafQ & F1¥E - AP g TA system » f 2 30 0075 & pF 48 i 5

i 42[25] % Hha-TomB TA system ¥ > hha % toxin > fomB % antitoxin - Hha-
TomB TA system % Escherichia coli % Yersinia enterocolitica » B H 5 % - B
TA k%> # ¥ antitoxin - f8E 12 4 toxin }-v enzyme o >t L AR T & 5

% VIIA] TA s %o &% VII 4] TA % %79 » antitoxin i F#EFE L E 3 453
% % ¢ frtoxin 3-v - Hha-TomB TA system * = antitoxin TomB £ toxin Hha B#
PEAR S v % Ajai4F & 4+ 73 3§ Hha e0% 1t @ Hha cnCysl8 £ /% 5 iofi s it L
¥ Hha g T 14[26] - 13452 )l?%z“{ﬁ % > Hha-TomB TA system » £_% 58 7 &
f4 et R & 4[23,27,28]¢ ¥ ¢ § ¢ AR Hha 8% wmfims ¢ fIADC
v csgDEFG kx# + R cne $4p 3 (£% KA & fIiD fresgD i > i&m kP &
enterohemorrhagic Escherichia coli (EHEC) O157:H7 ¥ # = %eh3) =0 [29] -

*t > & % Hha € 3 4v persister cell 75 2[30] c ¥ — * & > TAsystem & p 333
FWal e d 2 ¥ € .84 3 ka3 ] TAsystem g &~ 5§ iy i

R T B G MY c R E R RE R NAFES T A R AR -

$7 & Hhaz fLagEp
Hha $ & & E. coli » #% 3 5 % & haemolysin (hly) #% Flend & - fda 5934
deimie ¢ i3 o % (haemolysin) # i£[31,32]° & E. coli ¥ 3 # % % > Hha

PpAlH e 44 RS A Fend E33] - 3 AR E 0 0 E coli ¥ Hha 158
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FIhDC 3 &8 844 o & hha A FIFI% 8 2 5507, 300 4 dppon B pR g 4

[29] -

FAE PR PRp

i A aE B R24% F(P mirabilis) & A - AL & DRk ¥ LR R
B kL ﬁ\éﬁ-? A0 Ré mﬁ\lg RAG M5 ﬁ\lg B4 P mirabilis % »
ek Hpird b kB IS A~ &0 B¢ 0 Pomirabilis 315 FURE
AT RRRYER S 0 R RERFF AR AMTEEFLAF 0y
E o e 5o k30 FTS 0 3 phagosome * )k R R F F A 3K 500 uM o 2
BB E ok § H M S G F 0 S m &R Pk ] S R Ak A
efE g o P 3 E. coli ~ Acinetobacter baumannii ~ Pseudomonas aeruginosa
Salmonella strains % 'w Fshdidr #8412 § 7 A B LG8 f2 0 ¥ P mirabilis
o R S FR LT B 4 W R RS R R AR £ 03
DERAF RPE NHAFR R B 2 RER O K F T 0t 245 0 Pomirabilis 2- 3
Gl o m p v & 47 119 Hha 5 Hha-TomB TA system ® ¢ toxin i & 7 =0 %
I TA toxin & 50 %22 FGE 30 7] P mirabilis 30 %1+ 2 AR o 1395
Transcriptome 4 47 % % ¥ 4v P. mirabilis N2 ® ¥ 3 single-copy 7 tomB %
hha » # & & #2 3 #045 31 Hha »t P mirabilis ® $>i%2- 4 ¢ > W2 £ 3 FFH 3

R S S E R T
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A5 hha 2%tz AR 2 £ 4 H)S

!
AR M A T2 A iAo R A IRRIGEAP M A A2 4 4 F]5 T U reporter

assay ~ real time PCR fv EMSA k483t hha 2. £ F13 #2484
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o8 R&RHHE
(-)F SR EHR Tz
o T 2 FRE TS A D 0 BT TR L5 F BIREARAZ o
S)BEACEH A FE C REZR b
(% 4]
1. Luria-Bertani broth (LB broth): 2 g LB powder (¥ 7 1 g tryptone » 0.5 g yeast
extract 2 0.5gNaCl) #v » 100ml = =t k¥ {2 5 °
2. Luria-Bertani plate (LB plate): 2 g LB powder ' %2 1.5 gagarA #v > 100 ml =
Sk o RFREREEY  FRRELE AR o
3. LSWplate: 7z 1 g Tryptone > 0.5 g Yeast extract > 0.04 g NaCl » 0.5 ml glycerol
Z 2gagar> 4t > 100ml = = k? > REBRESES > FRELE B ER
¢ o
4. Mueller-Hinton broth: 2.1 g MH broth powder (] 7 beef extract 0.2 g > acid
digest of casein 1.75 g » starch 0.15 g) 4c » 100ml = = k¥ {572 7 e
5. Glucose Minimal meidum (GM medium): ¢ 0.8 mM MgSO4 > 9.52 mM Citric

acid » 57.4 mM K;HPOj4 > 8.4 mM (NH4)2SO4 {r 0.4% D-Glucose = o

[ 3 2 (kit)])
1. Gene-Spin™ MiniPrep Plasmid Purification Kit
2. Gene-Spin™ DNA Purification Kit
3. Promega pGEM®-T Easy Vector Systems

4. Invitrogen SUPERSCRIPTTM First-Strand Synthesis System

[#2 %]

Ampicillin (SIGMA® A-9518) » Chloramphenicol (SIGMA® C-0378) >

doi:10.6342/NTU202302672



Gentamicin (SIGMA® A-9518) » Kanamycin (SIGMA® K4000-5G) -

Streptomycin sulfate salt (SIGMA® S6501-25G) » Tetracyclin (SIGMA® T-3383) °

[REF]
1. &< 1%: Biofuge fresco * KUBOTA 3700 » BECKMAN L8-M Ultracentrifuge
Biometra T3 Thermocycler
2. % &% & 3 Amersham GeneQuant pro » Pharmacis Biotech
Spectrophotometer > Molecular Devices SpectraMax M5 » VersaMaxTM Tunable
Microplate Reader » Molecular Devices
3. & % 3 ik: BIO-RAD Micropulser
4. 32 % 48: COCONO Hybridization Incubator > KS DSI500 Orbital Shaking
Incubator
5. Fhdk & P 23t JENCO 6173 pH meter
6. % & fFit 4 & i %k: Biometra T3000 thermocycler
7. W& L fFsasN F i %k Real-time PCR:ABI PRISM 7500

8. 4 kB dEP~ & 4 ImageQuantTM LAS 4000

(]

1. National Center for Biotechnology Information(NCBI ): & 7|+ % ~ 4 %

R
(ur

http://www.ncbi.nlm.nih.gov/
2. OligoAnalyzer: 3!+ 3% 3+
http://eu.idtdna.com/analyzer/Applications/OligoAnalyzer/
3. EcoCyc: E. coli: 2 F]F L E

http://ecocyc.org/
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4. TMHMM Server v. 2.0: 3-¢ & transmembrane helices 7 7|

http://www.cbs.dtu.dk/servicess TMHMM/

10
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FI 6 RERRR IHREERAEHR

[Be8F5 + ® 3 % %83 ;2 (transposon mutagenesis)]) [34]

PR

FI*  mini-Tn5 mutagenesis * £ X # 15 © F] mini-Tn5 ¢ #- kanamycin + ®
Y1846 ~ P mirabilis Ny wild type ek Flie ¥ » gt * Kanamycin v
Tetracyclin X &€ R ¥tk > HF L 7 PEDNHE Cu BT R ¥k o

T Bt

10 mM MgSO4 » NC membrane > LSW plate

R

1. #- mini-TnS Kml cassette 7 pUT *48 (pUT-Km1)j& 7z 3 pUT-Kml 0 E.
coli @ it %k o
2. 1 * 2 %32 % pUT-Kml f@?“"i&’i E.coliS17-1 % iz mbe ¥ » I % 73
100 pg/ml Kanamycin 73 1.5 % LB plate & % % -
3. $+:E 7 pUT-Kml §* 425 S17-1 = P. mirabilis N2 wild type «h¥ — FiE » & ©]
% 5mlLBbroth ¥ i&{7 37°C I e % -
4. 1% p P~ 1 ml S17-1 pUT-Km1 = 1 ml N> wild type i > #-H A~ % & »*
eppendorf ® & {7 g > 3 ",%_P Fiktsr 1ml 10mM MgSO4:2 5w 7% » pH {5 |
* 10 mM MgSO4 $ i <& 7 7% » # 5 4 %] * 100 pl 10 mM MgSOy i 7 %

o

o

i

5. #-#F %15 59100 pl S17-1 pUT-Km1 4= 100 pl N2 wild type ** e g § @ i&

~

FRE

6. # NC membrane ¥ ** LSW plate + » ¥ -8 & {2 chpFR jF £ NC membrane
oo FiR A= 24k LSW plate v fc{s » £ #-plate §] % >M 32 & 45 ¢ 37°C Ig 288
£ o

7. ¥ p #-plate } comembrane #& 4 I 5Sml 10 mM MgSO4 ® > 14 vortex =737 3¢

11
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#-membrane FENEFRFE T ok o 2 (8 P2 500wl R o M-HRHES 150 pl
SRR 16329 % F 7 7 100 pg/ml Kanamycin fr 12.5 pg/ml tetracycline (TK):H
LSWoplate } -7 37°C I e 2 & -

8. =t p #JF b A & hpE A b3t LSW plate - 3.25 mM CuCl 79 LSW plate
4 oA B plate + 4 %% wild type §v cpxR mutant % & H 144 R Aot 1+ $4 B8 -

2 fe g iT 3C B R -

9. I& P #:F &+ 3.25mM CuCl 7 LSWplate + 7 & > = & LSWoplate } 2 &

I -

[ & 71%2 DNA (genomic DNA) 3 2~]

T &M
Digestion buffer: 10 mM Tris-HCI1 (pH7.5) > 10 mM EDTA > 50 mM NaCl > 2%
SDS

P

1. $3E 8 - FE44>" SmlLBbroth * ZFBHIF & -

2. B2 B 3ml Fik oz 13,000 rpm 3o 1 445182 ",/Tfl i 2 der 500 pl
Digestion buffer ™ fix & & ¢ #-lm A= 2R iF(6 > 3 55°C i * 1 ] pF o

3. FRRACGRG IR TS 0 £ 4er 200 il 8 M fiF k4% (Ammonium acetate;
NH4OAc) ¥ 200 ul # i (Chloroform) Jy| Z] & i (vortex)i® & 2 R &% R 5t
iRy

4. 12 13,000 rpm & 10 A48 P R E YT - joE B e g oo

5. 4% ZMAFRE B PR (isopropanol) - dEdEs F T EISFRE 25 Ko FE
WEREY S Ao

6. 1 13,000 pm # 5 A4l ek b o

7. 4~ 1000 pl A 70 %iFpE e 1 = o

12
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8. A gAML o AR Y F RN F BT
9. 4v » 50l = = -k* 55°C T4 §2 DNA > #4c » | pl RNase A * 37°C ™

T% 1] pFd “f RNA » ¥ 133238-20°C k$8 ¢ o

[ 4 38 & 4 R (overexpression)ik ]

TR E

2 P R4 F1%0 pGEM-T Easy {4 #("b57 )

L3 - 3l F (R A2 )RBFRAF2E(F FF AT~ L5 RBS)ie 7 PCR
WA TR URRAr PR EAT P ERY

2. #% PCR A frigfifit » ¥ % TAcloning #-% it 52 PCR A4 #4 1 %
‘e (DH50)* -

3. 4% T7 & SP6 313 & p A Flensl + 8 (72 % /g 0 #4018 lac promoter
o f i LA T wildtype ¢ > 4 ampicillin B iE 0 gt A B R £

Rtk o

[ #:2 3 4 Ftk(complementation)]
F Btk

iz * Promega pGEM® -T and pGEM® -T Easy Vector Systems i& {7:% 78
pBAD33 i¥ 4 if st 4
Tk

1. %3 538+ 5 Kpnl *» =2 forward primer ™ % 5387 5 Xbal *» =2
reverse primer » #-FRIAF 2 £ (F % T AF 4~ L RBS)ie 7 PCR #3# > &
FERY ¥ A S N B A S 1B L
2. # PCR A f iz 1t

3. 1 Kpnl 2 Xbal ®%* * PCR A # (5 png) £ pBAD33 vector (5 ug) °

13
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4. #-p % €% 12 3L F(insert)® pBAD33 F #¥(vector):t (T RE S v 0 2 {83k T

ZEEF TR~ B iE w2 P > 12 chloramphenicol 40 pg/ml & {7 & E » T *

PCRFE3in % 7 & F& W ehF A -

5. 8P 8 P2 FH T T3 3N E ~ P omirabilis R 1k 7 T 1

chloramphenicol 1% & i ™ = = 3 4 FirE g

6. I 4 F ke & BFF *t 4 chloramphenicol 40 ug/ml @& F484F 5 & ;| -
7]

[® &p+i& 4 ¥ B (Polymerase chain reaction - PCR)]

7 St

proTaq (PROTECH) > 10X Taq buffer > Primer > ANTP > Template DNA > ddH>O

A Ek S E

1t 200 ul A g ¢

BE T SR

TR A () A (ul)

Template DNA 0.5 1

Primer mixture (5 pM) 1 2

dNTP (2.5 mM) 2 4

10X Taq buffer 2.5 5

Taq polymerase 0.3 0.6

ddH20 18.7 37.4
R 25 50

5 uM Primer mixture: forward and reverse primer mixture

2. &35 (s Mg Fr PCR EAEHIEY » 27 PCR £ & » PCR

program

KT AT

95°C » 5 min
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95°C > 30s 30 cycles

X°C > 30s(X i Tm &)

72°C> Ymin (Y # PCR A4 = ])

72°C > 10 min

3.F Btéeh PCR A4 11 1 % ~2%38 Pa i e 734 » Fx % PCR A4 &_

3 A ]

[TA F5%]
W %L
25% x-gal > 1 M IPTG > Promega pPGEM®-T and pGEM®-T Easy Vector Systems
Rk A

1, it iseh DNA 27 7[R3R £ e B g 3 9

| BAE@Q)
PCR product 3
pGEM®-T Easy vector 1

2X Rapid Ligation Buffer 5

T4 DNA ligase 1

WAL 10

2. ¥4 &t 0 B 16°C ligation IR (& 16 ) F¥) o
3. P B Spul MAAGE G NH o BT ere ¢ BB ER 200 4
20 ul 2% x-gal 4= 10 pl IMIPTG iR & » £33 %3 5422 % 100 pg/ml
ampicillin LB plate i& {7 & :E o

4 HEREAL > PP 46 tho ¢ 2 H - Fi o pEH TR FF

AP TR A o (B9 HF 47 L RE#R - 578 DNA)
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[ % DNA (plasmid DNA) 53]

F Bk
Gene-Spin™ MiniPrep Plasmid Purification Kit

T o™

1. $+F 8 - F% 44> SmlLBbroth(Z g 42 %) 7 » £ 37°C A%
BT e
2. 72 13,000 rpm Fges 10 4450 2 ",% 7 TR R REER Y o
3. 4v » 200 ul PD1 Buffer (7 3 RNAse A » #53 & 4°C) #-pFHl v & g iFio
5o

4. 4c > 200 pl PD2 Buffer » #-iic & 3o ¢

e
e

g8 FTEE S5~10 KSR S

I3
==

I

LA ERIRMBET TEATwER 2B E -

5. 4¢» 300 ul PD3 Buffer & = %|gigs + T 10 xR EHFEFE 5 &
4 o

6. 12 13,000 rpm 3. 15 445 > B~ PD Column % *% Collection Tube * > #-
oo fs et k@A 2 PD Column @ o

7. 72 13,000 rpm Fres 1 & 45 0 2 f Collection Tube ¥ /% Y o

8. 4v » 700 ul Wash Buffer > 13,000 rpm &< 1 A~ 45 » 3 ",% Collection Tube
PR A o

9. £4F - B3R

10. 12 13,000 rpm 3t 10 & 4507 3 ",’TT % 41 Wash Buffer -

11. #- PD Column =z » ATerjic @ s g ¢ > 4er 32pl55°C g Fpk » # % 5

ks fs 11 13,000 rpm 3o 5 A48 0 T i 4 1 en plasmid DNA » 3% plasmid

DNA # i3 %+-20°C »

16
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[ﬁ.ﬁ Z_BLR #+k (construction of site-direct mutagenesis strain) }
1 WERARFTHEN K F 7 RECHZF wil T HEFF » REMPE
4 F J& (inverse PCR) °
2. PCR 2% F1* Dpnl 12 25 1 &0t ] 4 37°C @ 1 ) PF o
3. B 2ul Dpnl 325 PCR A F ~ 2 ul 10X T4 DNA ligase buffer ~ 1 pl T4
DNA polynucleotide kinase ~ 1 ul T4 DNA ligase 4 %2 14 pl ddH>O i& {7

ligation(16°C » 16-18 |- p%)

[ 2 iz 3m% (competent cell) %% ]
(- )% F 3% (electroporation)
T Bt
200 ml #7# LB broth > 350 ml 10% glycerol
Rk

1. $+F ¥ - B4 SmiLBbroth ¥ > 121 37°C B3 %I &
2. »2ml g ik ?]’/,’?z r41:100 ﬁr% F%48* 200 ml #7# LB broth ¢ > 14 37°C ~ 200
rpm & F 3 & 3 ODegoo 0.5~0.7 (¥ 3 -] pF) »
3.RFARE KL 3044 2 THAKT 4 F S0ml s E P o 16,500
rpm ~ 4°C .o 10 4 45 o
4, 3 Tt Gk o de o B k10 % glycerol #-lwm R F 0 2 18 £ AT 10 %
glycerol = 40 ml -
5. 126,500 rpm ~ 4°C #.w 10 »~ 48 0 # “$ F ik ts e~ 0 £ ke 10 % glycerol
¥wmEARiF o T HRe g &5 gL AH 10 % glycerol T 40 ml -
6. 12 6,500 rpm ~ 4°C . 10 & 45is 2 “$ Fgik o A~ 0 B ke 10 % glycerol
wmpEARE o TS A - g R 4 10% glycerol T 40ml o

7. 12 6,500 rpm ~ 4°C 3. 10 A 4815 ]2 ¢ Fix 0 4~ £ 10 % glycerol #-im

17
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BT (T 0T ) o 2 (5 A 3 100 pl >0y FjecR e B ¢ 5 235-80 °C Ak 4
RSN

(Z) #agLiz % iz mre

T ook

#7# LB broth » 0.1 M MgCl> > 0.1 M CaCl, » 10% glycerol

&>

1. $+F H - FE4EfA A SmILBbroth ¢t 37°C R TR A&k o

2. BoIE 73t & ik 4 1:100 fFfE A 200mILB ¢+ 3t 37°C 12 200 rpm 2 i

3. MR R 30 A4TE 0 AT S0ml s F o 12 4°C ~ 6,500 rpm e

4. L%}

bFiRts o 4 r 4°C 3 0.05M CaCla 2 0.05 M MgCly 272 7% 8 i B
12 4°C ~ 6,500 rpm Freo 10 4 48 o

5. 4%k b ifir o 4o 4°C 0.1 M CaCly 3% Fj# » 12 4°C ~ 6,500 rpm s 10 4
b o

6. 4 ' b i > 4o 5 2ml4°C §§ 10% glycerol #10.1 M CaCly 8 i Fj#. -

AR100 pl R g ¢ B-80°C kg ® Fis

[#4]it* (transformation)]
(- )& %3472 (electroporation)

ol

T &R

ST

Electroporation 25 i fw*2 > 1 ml LB broth ~ electroporation cuvette
F R
1. #- electroporation %5 ix tm?2 j¥-80°C rk44 # B~} » & 3tk f2if o

2. g g e V4 ~ 1~5 ul DNA(pure plasmid: 1 pl; ligation mixture:3-5 pl)

18
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R iEimie Y s R LAY SBHEBEEN K S P REERT
electroporation cuvette # I ¥ 3tk F o

3. 41* BIO-RAD GenePulser & 7 7 # (EB~ Ec2 #3:%) > {6 P~ 1 ml /ken LB
broth #- electroporation cuvette ® iR i* 1) 3 R 4 1 AR s g P o 1Y
37°C ~200rpm B & 1] pF o

4. FREFRIFIF AT RFIREF A ALY 0 37°C 1

RIERIGPEE -

ﬁ;i*k
)
o
e

FtRiE AT o

(=) #ES2% (heat shock)

T Bt

heat shock 25 ix Zm?¢ > 1 ml LB broth

Tz

1. # heat shock 25 ix fm?e j&-80°C /k4g® B~ » ¥ 30 kb 2L -

2. WM AR~ SUIDNA i ¢ 0 BBk 30 A4 o

3. MR & H 1 42°C RIS F B 120 A5fs o WaE Btk 5 A e

4. 2~ 1ml 7k LBbroth e »;2 &% ¢ > 37°C~200rpm RF A1 "> 1 ]
B o

SRR RESI R AR FORALL W 3TCHRAR A

50 PEE - FER A o

19
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Yr& RBPAFLET
F P
F1* Nested PCR fr 2 K 77 ;% kfgindi®+ ® kanamycin & > wild type 2 %]
B g oo
[ Single Primer PCR)
F A
proTaq (PROTECH) » ANTP » 10X Taq buffer
P
I fi* + @ zhe ofse bkt - 513 T-out ~ O-out v O-out2.0 » 14 %
83513 R1 M E R2

2. % 200 pl B AL F PR &AM

A A ()
Template DNA 0.5

5 uM Primer(o-out 2.0/R1) 0.5

dNTP (2.5 mM) 1

10X Taq buffer 1.25

Taq polymerase 0.125
ddH20 8.625
BER 12.5

3.REHEIE - BPpegr PCR EAfZAIEY » &5 PCR F I

PCR program K ZA4c™:

95°C -+ 5 min
95°C -+ 30s 6 cycles
30°C > 30s

20
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72°C > 1 min

95°C » 30s 30 cycles
45°C > 30s

72°C > 2 min

72°C > 4 min

4. F iehg et 1% ~2%0 PR R4 FRARSE R DT Kk

AL &R DNA % £ 0 B|P~3% PCR A% * 513 o-out/i-out v R2 { &7

Z %X PCR F & :

PCR program X T A4c :

95°C > 1 min

95°C » 30s 30 cycles
54°C > 30s

72°C > 2 min

72°C > 4 min

5. £TAMEE TS - AE RS DNA P PIBiZ PCR A4 % 513 o

out/i-out 3 F_F

6. #-T_ R %% & NCBI } 3 % 1 P mirabilis HI4320 B 7|i& 7 > 35 D g+

W T B B P 0 B3 B3R A Ple 7 POR o U 0 At

w3~ wild type & Flledug s ¥ o

(252 HaET A 7]

i * b2 gAY

Sanger’s institute:http://www.sanger.ac.uk/ CBI:http://www.ncbi.nlm.nih.gov/

21
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Lasergene #i4¥

AR TS

1. * 313 o-out/i-out ¥ % = =t Nested PCR # # & {7 T_F -

2. T/ %2 NCBI 2k # cn P mirabilis HI4320 05 7] 0 ¥ (nucleotide
BLAST) » $$ 1+ ® ¥ st O ehA F1 & @ o

3. K- HIFHEHTGATFIZ B S m (T PCR{r T A > MALRE S @ E
wild type #& Flle cggtr = % o

4. 12 Lasergene #x %8 2. SeqBuilder 3§ !y + ™ §F » ciygr =% o

[DNA "% %8 % i« (gel purification)]

T Bt

Geneaid Gel/PCR DNA Fragments Extraction Kit

Rk

1. #4040 DNA f63§ 79589 1+ T %~ e 42§ ¢ > 4~ 500 ul DF Buffer
CGRYEREFE < ) o »% 55~60°C & i 10~15 A 483 3 g @ 2 23 1 50k o

2. # DF Column =t » Collection Tube ¥ # #-F if/® & F 4c » > 12 13,000 rpm
e 1 A 481 0 i Collection Tube ¥ it 4 -

3. #v > 700 pl Wash Buffer > 13,000 rpm &t~ 1 448 > £ 4 "f Collection
Tube * z_ % #8 -

4. EAF - H3R

5. # “,ﬁ?. Collection Tube # + #reric B dpw # > 4e » i & 55°C = Sk AT

FE S A4 1 13,000 pm s 5 A4 E A i h DNA -
[PCR # 4 3 ]
1.PCR A4 ¢ 4t » 5 @484« DF Buffer > #-# + T %23 -

22
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2. #- DF Column #z » Collection Tube *# I #-F 38 & =4 » > 12 13,000 rpm
o 1 #4878 0 ' Collection Tube ¥ & 48 ©

3. 4v > 700 ul Wash Buffer » 13,000 rpm #<w 1 £ 48> £ =4 ",f Collection
Tube # 2z ;%% -

4. EA4FL - H 3o

5. # “,% Collection Tube #% ' ATerjic8 s g » 4e » & 55°C = AR AFET

<

%05 2415 0 12 13,000 rpm A 5 A48T & % it ch DNA o

U

[DNA #:£& (ligation) ]
T SR
NEW ENGLAND BioLabs®Inc. T4 DNA ligase
P

1 #9848 (vector) ##-% it (F4p & ¥ B (insert)2 H & A LT 7| 35 ]

B L
A R A% (ul)
vector DNA 1
Insert DNA 7
10X T4 ligation buffer 1
T4 DNA ligase 1
R 10

(i& {7 sticky end e DNA %L & £ B #t 5 insert:vector =3:1 > @ blunt end >
DNA %-& % B #cv B 5 insert:vector = 6:1 © )

3. B 16°C F sl (% 16 )
4. B 5Spul plimre A% E e d 0 LB 46 tRE - FT 0 BT G

23
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LI pE (v (L pa A € AT ligation = # @ @I P R o

24
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¥ 7 & 4 7| (phenotypes)* & 4 F]3 (virulence factors) 4 5
[ £ & ¢ 5 (growth curve)if] ]

F Bk

LB broth » CM-600-AS1 colorimeter

Rk

1. $¥ FbE - B SmILB - 3t 37°C T 200pm B 15 o

2. ¥-FiRBE ODeoo = 0.01- > 37°C T 200rpm RT3 % o

B 1ml FiRPIE ODeoo >k B » %% PP B2 ODeoo & ¥ 3 )

2Ed M

GLIX T L ES
5 P
LB(7z * F4rkR) > PBS R BB E T ]Jg(;‘r;gwi (ICP-MS)

Tk

1. #-F k> 5mlLBbroth # >+ 37°C 200 rpm R F 3 % IF & 1 > 16 /] BF o

2. & wridz4s ODgo=0.01 >+ 20 ml LB 2 2 mM Cu LB sub-culture 5 -] fF -

3. 14 5,250g = 10 Lk s 3 L/F wRoe

4. PBS wash 3 =x » ¥ 12 4 ml PBS # /% -

5. 14 sonication * ;47 20 5 ~ & 10 §; ~ amp. 80% = 47 8 (7 4F)* 9 4 45(7 7

&) °

6. BLEF e 1 5,250g 4 30 A 4w 0 T R e

7. P~ 1ml b ik R G486 %?&@mPMSﬁ@ﬁ%k&

[ % & 8 7 (swarming)st # BJ3E )
F Btk

25
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1.5% Luriaagarplate 33 # A5 R T ¢ T L e # FE R > Flit 5 HEWHFHAEL
20 ml)

W o™

I P FHRE - F2t SmILB > 37°C T 200rpm RF 3 % o

2. IR pFpR Spl jF*t 1.5% Luria agar plate # + > & Fig = 25 S H#-
plate B ** 37°C 3 & fa¢ > & | PFle frd ot Bl ¥ & FiE 2 FF epfe (7 pE4E(E 0

B E A BB )2 o

[## it 4 (swimming)ip|3# ]
T R
0.3% Luria agar plate
Pk E
I $F FHRE - % SmlLB> * 37°C © 200rpm R £ E 7 -
2. KdRp SVE R A 0 iRk~ 0.3% Luria agar plate ¢ &% > § 3% 37°C

BA@T 18 i RRmEAR L LT o

[ 2 % 5% (biofilm) # = &% 4 ] [35]

&R

0.1% % do % % &[: P~ crystal violet powder (Sigma) ' wt/vol 4v & F kel 1
BRRER 0.1%

Acetone : Ethanol =1:4 % ¢ j&: P~ Acetone {-= Ethanol ™ vol/vol1:4 ' i
feflz R &R

F &

I Iz & eppEiR 2l 4 X 96 344 p 198 pl 9 LB broth ¢

(quadruplication) » — % ¥ 5 LB broth % # blank > ** 37°C# i % 16 /|

26
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o
2. Pl R FiR FE ODegoo BB ©

3. ﬁl—pﬂ,, B fe 0 200 ul & EF] J"F T

4, 4v o 2001 0.1% BFfH %k 4H > 2 10 »45 > = “f ode AW o

5. 14 200 pl & & J"F e 3 0 BN 37 C b oA -

6. *v » 200 ul Acetone : Ethanol=1:4 2. /R &% > *x} 10 #4831 %4 d (£ 4
R fE 0 PIE T 3sdk ODsypo #iclE o

7. 3+ 8 ODs7/ ODgoo ' & °

[eDNA = &2 ] [36]
F B
LB broth » NaCl » 0.45 um filter » Fp¢ » ddH20
-l i E
CPUE FRE - Fi SmILB > 22 37°C 200 rpm 23 % 16 ] o
2. #iwF 1:100 ##f22% LB broth » *+ 37°C # B 5 % 16 /| p* o
3. B~ 500 pl i 0 14 13,000 rpm #3448 > 2 0.45 pm filter Bkt iR
ﬁl‘ 4r NaCl 2 k& 025M I ﬂ]‘ e 1 ml 95%IFp -
4. 11 13,000 rpm e 3 A 482 15 0 GEHF Fe 0 R 2 5 F 4 ddHO v R e

5. 12 ODaso 1P| eDNA 7 & -

[k pridiriz]
%
0.5 M Urea in LB broth » 100 mM Sodium Hypochlorite with 0.28 M NaOH - 2%
Phenol in 75% EtOH

- e

27
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I P AR E - FiE* SmILB % 37°C 7 200 rpm RT3 % MR
2.1:100 =3 %* SmliLBbroth » 17 37°C 2 % 5| f& -

3. BB F ODeoo=11% > &R EH+ 0.5ml0.5Murea LB broth » **
7CTHEERE 2

4. RAv¥a3 ts > 12 13,000 rpm Fs 5 A 48 0 B~ 100l FFe T 96 well % -
5. 4v > 100 ul 100 mM Sodium Hypochlorite with 0.28 M NaOH /R fr323 > £ 4¢
»~ 100 ul Phenol in 75% EtOH » ;2 £ 3553 5 33 55°C £ & ¢ 10 4 4 o

6. BlE

ODe¢2s 2- ¥k & o
7. -2 FR2 Bk B4 & 7 negative control Bk E 0 iR R FRA L 2

NH4 k& o

[Ae R 4 FFuit 4 B3R (Acid resistant)] [37]

T &M

LB broth » pH =3 LB broth - LSW plate

L s

I % FH SmiLBbroth ¢ » 12 37°C ~ 200 pm B F3 % 16~18 -
P o

2. MEiE 1100 #2485 LB 32 % 4 [P o

3. 2% Iml Fikgre o i b ik > & W4 r 1mlLBbroth 2 1 mlpH3 LB

4. FERE 2 PFEPNERY 8,000 rpm o 2 44T R F o

5. 72 1mlPBSwash2 = > 12 8,000 rpm #t~ 2 A 4 o

6. B 7| F 10°~10° g4z = LSW plate (triplication)

7.3 4P > 3+ % colony forming unit (CFU) »  #-iJL i ' w s CFU % 1

% Jed® e sl CFU » B 0% & & (survival rate) »
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[ Persister cell formation assay] [37]

F AR

LB broth » LSW plate

TR E

1. #-FtR4Ef> SmlILBbroth ¢ » 2 37°C ~200rpm RiF % 16~18 /|
o

2. B 1100 4246 LB & 4 ) P oo

3. 5P Iml Fidpe g i b ik - & 54 r ImlLBbroth 2 7 422 % 50
pg/ml ampicillin LB broth °

4. FERZ 2 PFERNER -

5. B E 10°~10° 2L4x 3 LSW plate (triplication) e

6. BEIEP {638 CFU > & #pg2is % eua CFU “,% "R JedR e ]

CFU » & 173 7% ¥ (survival rate) o

[} A w7z 314185 (Epithelial cell adhesion assay)]) [6]

T SR
Medium: RPMI-1640( z 10% FBS = antibiotic-antimycotic[Penicillin >
Streptomycin > Amphotericin B 2. = & - 2 %) > cell lysis solution: 1% Triton
X-100 > 0.05% trypsin

Tk A

1. #-A ggg kg b 4 mre BFTC-905 ™ 1ml 7z 3 10% FBS (HyClone) % i<
4 % 1 RPMI-1640 (Glbco) » 424wz Jk B 5 5%10° cells/ml » 35 % & 12 344
¢ o
2. 115%C0O, 7 37°CE %A % > m% 2PERINPET 279 5% ©

3. P~Fg & Fik 4 RPMI-1640 33 Ak & = MOI (Multiplicity of infection)=10 » *7
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% F 2 (5*10° CFU/well) -

4. fm?e 11 PBS iR s o 4o » BEAF 0 Iml ik oo

5. 11500 g37°C s 10 ~ 4518 > *+ 37°CB % 1| BF o

6. 12 PBS i 2 =& » 4c » 1 ml cell lysis solution (1% Triton X-100 in PBS) ¥ »*
37°CH & S~ s PR APFREG R R AR R AT

FiE BB e AR e

[ =% » &85 (Cell invasion assay)]) [38]

R

Medium: RPMI-1640( z 10% FBS 4= antibiotic-antimycotic[Penicillin -
Streptomycin > Amphotericin B 2. = & - 14 %) > cell lysis solution: 1% Triton
X-100 > 0.05% trypsin

Rk

1. % A&t 4 fmse BFTC-905 (T 5 Mm% » BiRS% e A mie o ¥y m
12 5%10°/ml/well % £ 7 3 10 % FBS 1 RPMI-1640 ¢ 12 344 @ > § fw
£ 9 Ak TTREFTR (93 %)

2. FEE - X PUEW A FRE R FROE - FE 44> SmlLBbroth ¢ If

7 o

3. MR FiR 4 PBS %8 > 12 RPMI-1640 4 k& & MOI=10 > *r % FE
(10° CFU/well) -

4. mrerl PBS % 2 = o 4o @ fedFen Iml Bk 0 B3 37°C %40 B %
60 4 45 o

5.8 4 1Rz £ PBS ks =t o 4er Iml 75 250 pg/ml
streptomycin 7 RPMI-1640 » £ % » 37°C 32 % 6 ¢ (€% 60 A 48 » ¥ 5 fmoe 7}

ek 7] o
Er34 E:]
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6. w4 |t /Fim {s£ * PBS /F e 2 = 'fqu’ B e L5 78 mﬁiféf']&. 2
7. Bz PBS £ 4 » 1 mlcell lysis solution »  #ci* k] & 3R enm® > 3 » 37°C
BaHe Er 30 A 4R wiez 2L o

8. % A 1"1'?13‘5'J7f1¥“*?§i"’i‘i ,]!,g,_:k—‘:‘l-_’g{ﬂ’,ﬁ”)ﬁ;

aRg
¢l

Invasion ratio = CFU after lysing cells/ inoculated bacteria

[ 28 & mre 7] £ B E £ 7 (cytokine gene expression quantification)] [39]
T Sk
Medium: RPMI-1640( ¥ 10% FBS) » TRIzol (IPROTECH TECHNOLOGY) >
chloroform - isopropanol » 75%:Fp# (14 DEPC -kfz %) » DEPC -k - Invitrogen
SUPERSCRIPTTM III Reverse Transcriptase

P

1. B % A ek b g fwmre T24 (%5 % » B3R5 G A mbe o #3% mve 1Y
5¥10°/ml/well % %7 3 10 % FBS ¢ RPMI-1640 1 12 3t ¢ > & mwe £ 5
9 FBOPFEGETTEEFT R (93 X) -

F o - A PEN A BRI RFFROE - F &4 SmlLBbroth ¢ [§

7 o

3. M Fie 1 PBS #Fikis o 12 RPMI-1640 # kR T MOI=10> #r % F&
(10° CFU/well) ©

4. fwmrert PBS £ 2 =t 4o r Afedren Iml Fie(E SR %A bR R ¥
A Bl A Z RIVE P ) T AT b Z IV E 4 » B iR RPMI iT L negative
control » % { ¥ P~!m¥# RNA PFR ¢ [p— ¥ 103 4cfw¥% RNA #cp ) § 3 37°C
BExar B4R 60 ~45 -

5. £ % {43 medium 2 "$ °

6. 2 1mlTRIzol R £353 o (F - 344 x5 333ul £ B3 1.5ml #icd e
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7)

7. #¥ 10 RNA P24 m% RNA P> m% RNA ¢ 54 ¢ & ¢ 20
B F 2 AR o

8. 4r» 20ul55°CDEPC -ki3 %2 RNA > f& € RNA &5 2 pl2d kA TF
& cDNA -

9. ¥ 3]eh cDNA A 4 /,"'J‘ 4v 180 ul ddH20 §& 75 *+-20°C k45 ¢ o

10. 12 RT-gPCR 7 #%:i& {74 47 » £ * GAPDH (Glyceraldehyde 3-phosphate

dehydrogenase):15! + i¥ % internal control °

[ E #io 2 (THP-1)% # it 4 385 ] [6]
F S
Medium: RPMI-1640( z 10% FBS) > 1 mg/ml PMA(phorbol-12-myristate-13-
acetate > Sigma > ;3 ** DMSO) » 250 pg/ml streptomycin RPMI-1640 medium »
cell lysis solution: 1% Triton X-100 in PBS
F ok A

1. £ * Human leukemia monocytic cell line (THP-1) ¢ #- 10° ¢/ % & 5% 10 ml
z 7 10 % FBS 7 RPMI-1640 - 448 & 9 cm petri dish > 3% % * 37°C ~ 5% CO»
BEHYEEZX
2. Bz 3 S0ml 3 g 2 500g FIR P S A P o f1* 7 10%
FBS 7 RPMI-1640 2 50 ng/ml PMA #-‘m%z 34 ¥ = 10° cell/ml 4 FAI 12 well
plate (Iml/well) » 35 % > 37°C ~ 5% CO 82 % §4¢ # % = % o
3. ok - % HFHREFE 5mlLBbroth ¢ B F 8 % 37°C

4. r2 RPMI 1640 3 # F£ 3 10° CFU/ml -

9]

L drp e R PBS ik 2 (iR te T I BB A | e R fE) o

6. % & well & 5lc > Iml 3§ 10°CFU F£ 25 % & > # 12 well plate 1/
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30°C ~ 500g & 5 2 4ats > a3 37°C# % 30 # 48 - 2 PBS 7 ok inre 1 & o
4e » 7 250 pg/ml streptomycin £ RPMI-1640 medium i % *+ 37°C ¢ AJ2 1 -] &
T AR R vk 2 m‘];?] °

7. 12 PBS jrikimre — &0 X4e 75 250 pg/ml streptomycin RPMI-1640 » % »*
37°C 3 & 1] Bl b 12 PBS jrikimbe @ = » 3 1 [ 2 4] pFehigt
¢ ¢ » RPMI-1640 ¥ 3 % 37°C i& (742 % o

8. A ultiz & 1| PF2E 4 ] PRis#-tm®e 12 PBS £ - =t 1540 ~ 1 ml cell lysis
solution(1% Triton X-100 in PBS)** 37°C # % 5 &~ 4& -

9. oM bR RO REE AR R KD XU 4] Eﬁ*ﬁf]f;?gt“f R

1) PFEE B B f s o

[ % 3 § 5% (Animal model of UTI)] [40]
F %A
¥ ¥ =0.24 g Galleria mellonella % £ » i1 5+ %

T &
%P

—

P. mirabilis 48> 5 ml LB broth & & # 3% % >+ 37°C -

D
—

FRBEAFHRAPBSAEL T E AE (10°CFU/ml 2 10* CFU/ml) -
3. B4R 10%-107 {2 845 3 LSW plate(triplication)

4. 4 IE® 3+ CFU -

50 M BE > B 10 pl B A FriL o~ 2 Genipdcy - B & o

6. BLER A IRz EF -

[735:8T3 HEAETEM)#E & 2 % 2]
1. #-#Fp|Atk#f> 1mlLBbroth » * 37°C# % 41 200rpm RT3 % 1§

=y

e
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2. P~ 100 pl Mg 7% 7% % % luriaplate > 332 37°C 1 % 4433 % 5 | P& »

3. B~ 500 pl i ™ 1,000 rpm g 10 4 48 0 2 2 #Fik s 1 mlPBS % 3

= » £ 12 100 pl PBS % 7% o

4. 2427 10 pl j§ % formvar-coated grid (Electron Microscopy Sciences) t > 20 4
i SR MBARREE I AFETHFE 1044 -

5.5 10 Wl 37°C Fp #4850 1 % PTA Jf o grid 2 » %6 15 # 15 * sk iz -

el

ETER 6L PG AR S BN - LEL LT AR T

&
ok

B 1% TS RRERE -

[ = * % (outer membrane) f| 2] [41]

T Bt

20 mM HEPES - 1% sarkosyl NL-97 (Sodium N-Dodecanoyl sarcosinate) in 20 mM
HEPES

P

1. 3£ 5 - FAE4#MA> SmlLBbroth ¥ » A37°CRFB A& °

2. 1:100 Subculture >+ 100 ml LB broth » 12 37°C 32 % 18 -] pF

3. frwdg ki o % 5 ml20 mM HEPES #-fm R T« -2 B 0ok b 17 42
FRARTRWAT R B - 25 B FABERIT204  B4A0F 0 LR
AR FFF LR o
4, B p ’;?]"J‘l 12,000 rpm ~ 4°C &< 10 & 48 o

5. Rt 3mES T R E P o 38200 rpm hggiE ~ 4°C Fro |
)P e
6. 2 “,ﬁii gk is g 4o r 1 ml20 mM HEPES -k 4~ & 5% % » £ 41 38,200
pm ~ 4°C e 30 A48 0 2 " ke

7. B 1ml % 1% sarkosyl NL-97 1 20 mM HEPES #-i7cik 3= %5 > B 3%
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30°C = 95rpm RF T IF% 60 443 ikt = 203 %

8. M-t T AZF e F 0 12 42,000 rpm fsEiE ~ 4°C Fro 30 A4
2o (LR ) -

9. £ =4 > 1ml % 1% sarkosyl NL-97 ¢ 20 mM HEPES » Fi ik (2

ST T L S ) o

=

10. £ =g~ 42,000 rpm ~ 4°C Hw 30 448 B gz 22 ,/T‘.ii’.‘}gé °

11. #fs4c » SOuIPBS % 1.5ul40 mMPMSF #- 35 w3 -

12. 41* 3= B 4 ¢ | (Bio-Rad protein assay dye reagent) | € 39 kR > &
B~ 10pg 1% 15% SDS-PAGE A 47 » 1 54 + £ 182 35 & (SDS-PAGE
Standards »© Low range > Bio-Rad) #i&3ie o 17 chd—v F ¥ *7-20°C ka7 @4

2

¥ °

[ 35 FikRp 2]
T SR
Bio-Rad protein assay dye reagent

NEW ENGLAND BioLabs®Inc. 10 mg/ml BSA & % &

1.96 3445 th well A ®4 » 148l = =7k » £ e r 2l B85 (0.25 -
0.5°1>2mg/ml) &k & °
2. 4v» 40 pl 5X proteindye 323 R & &4 » 10 pl 100% isopropanol 12 iy ",f F

ie o BlE ODsos Bt i B M55 Arcdem2 50 AR (mg/ml) -

[ 7 i& %798 T /4 (SDS-PAGE)]
SDS-PAGE 5X running buffer: 15 g Tris » 72.5 g glycine » 5gSDS 4r= s%&-k2 1L
35
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4X SDS-PAGE sample buffer: 1 ml 1 M Tris-HCI (pH 6.8) » 1 ml beta-
mercaptoethanol

3X Sample buffer: 62.4 M Tris-HCI (pH 6.8) > 24.99% glycerol » 2.01% SDS
0.51% bromophenol blue * 3.01% beta-mercaptoethanol

1 ml 20% SDS » 2 mg Bromophenol blue » 1 ml glycerol > 13 ml = =x -k
Coomassie Brilliant Blue R (CBR)% ¢ #: 1.5 g Coomassie Brilliant Blue R-250 *
250 ml ¥ fig(methanol)i% f#{s » £ 4v » 250ml = =k -k 2 50 ml fif ik (acetic acid)

CBR %t d A&|: 7%ps pk » 25% 7 ff vk i

10% APS (Ammonium persulfate)

Tk E
1 B EGkicEL » * BFEAEDF IS%FHERFgE R 821
R e 2 AR ARk AR R F R R A T R
Z R avkesgr o I BRI > BB REE Ao
% 5% (ml) T % 12% (ml)
Q%E)
(stacking gel) (separating gel)
= =k 3.025 4.3
1.25 2.5
Tris-HC1 (0.5M Tris-HCl > pH | (1.5 M Tris-HCI » pH
6.8) 8.8)
40% acrylamide 0.625 3
10 % SDS 0.05 0.1
10 % APS 0.05 0.1
TEMED 0.005 0.005
Total 5.005 10
2. TR IEWHIREHBI LAY EIN 8 Ak 3w e - K 100%
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isopropanol 1/ /ﬁ",f F e o

3. % 25 p&EEH “,% isopropanol » ¥ L B} b ke pioEg T EC o 10 m SRR 5T A
TR P RTER AR FORSHAELEFE IS ~AEFUY
#F o

4. BRURFSPT L0 o SR R T ek Ao LA AT AP 4

> 1Xrunning buffer & T % & @573 ik &H o

(3% &+ ZB%]

1. #-%v # 22 6Xsampledye ' 5[ &35 143 95°C gz & B4t 10 A
48 0 L FriS R & 42~ SDS-PAGE ch &4 > @ A 4 > f &eh well B 4e »
1X sample dye °

2 RALTRFE S A S0V BFTA O FHREBIF TR el § - b
f6 LRTRAFELT 100V -

3. BRTIAEEREET  H “f +#is > @ * Coomassiae Brilliant Blue R 4
BA S 20 L4E 0PI - KoRF ARSI R I 20 A4E 0 TH

= ok d g & > ﬁtﬁ:* ¢ A~ — ‘«’Ef\f » T A RS o
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$28 AFEE

[ Reporter assay] [42]
T &
Assay buffer: 50 mM potassium phosphate buffer » 10% acetone (B * )

100 ml 500 mM potassium phosphate buffer (pH 7.5): 1.29 g KH2PO4 > 7.05 g
K>HPO4
R
< Transcriptional level>[51]
AP ARA Flawad 3+ & xylE 2 513 pACYC-184 $H (i ):
1. &3+ 5=% 5 Sphl *» =2 forward primer 14 2 5’:8% 5 BamHI *7 =2
reverse primer » #-P &3 FlAeda B F 55 800 bp (F oA ¢ 5 ELH G 2B 2
Tt) % PCR & 3% » Fparmins £+ [ L2 P &5 -
2.PCR i {5 » 1% TAcloning = /% #-fc# 3+ chf 5| # 4] 3 DHSa @ » 4
B~ 748 DNA i 2 Sphl 2 BamHI Fiia s B 148 o
3. 2 Sphl 2 BamHI ¥ % %3 5 fré+ Zk ¥ pGEM-T Easy vector (5 ug) £
H4+ 2. pACYC184-ara- xylE vector (5 pg) °
4. K-pr# v 154 5 kxd 3 A Fl(insert) i1 pGEM-T Easy £ pACYC184-ara- xylE
B (vector)iE (TR I > 2 (SR FALF BRI EA » iz wred > 1Y
chloramphenicol 40 pg/ml i& {7 &3 » £ | * *TH|fF (5% F23% o
5. ®-F 4 DNA #3] » p /¥ > 4 chloramphenicol 40 pg/ml i& 7 & iE -
Catechol-2 > 3-dioxygenase (C230) assay:
1. #-37°C tf 7e33 % ¢ LB broth i 12 1:100 ##f >+ 10 mI LB broth ¥ » %
WITCRERPRE > AHEF 35T 24 pFE Do
2. 1210 & 478 Fi% 3645 ODeoo #iciE » £ B~ 1 ml Bz 2 12,000 rpm &t 1 4

R AR

38
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3. & 4570 > 4v » 1 mlassay buffer > | 7| 4% % (vortex) &L > AT 11 assay
buffer i& {7 ff-f# I e &4 % & (dilution factor)

4. P~ 1mlif % S 2k &2 2 cuvette # 0 1A kL2 RAadE 375mm T
set reference > 2. & 4v » 10 pl 770.1 M pyrocatechol “v 4 & 3 {5 » £ 124 K k¥
FR A E 375 nm Tk (F PR 3 A4 & 1040 R 1 %) o

5. 4% 25N R A

Enzyme activity (nmole catechol / min / ODeoo)

= slope (/\A//Amin) / 22000 (M-1cm-1) / 1000 / ODgoo * dilution factor x 10°

[EMSA £ .2 % i His-tagged CRP 3¢ ]

F AR

I MIPTG
PBS buffer (1.36 g Na;HPO4 > 0.12 g KH2PO4 > 4 g NaCl » 0.1 g KCl1 » 3 % pH =
7.4 -k 3 500ml 0 R FS )
Native binding buffer (20 mM NaH2PO, > pH 7.4 > 500 mM NaCl > 30 mM
imidazole) 1.24g NaH2PO4 » 4.36g Na, HPO4 - 11.688g NaCl - 0.816924¢g imidazole
10 mM PMSF
Native elution buffer (20 mM NaH2POs4 > pH 7.4 > 500 m M NaCl > 500 mM
imidazole) 1.24g NaH2PO4 > 4.36g Na, HPO4 - 11.688g NaCl - 13.6154g
imidazole/400 ml

Interaction buffer (150 mM KCl > 30 mM Tris-HCI pH 8.0 » 10 mM MgCl»)
4.473078g KCl1 > 1.45368¢g Tris-HCI pH 8.0 » 0.380844g MgCl»/400 ml

T

His-tagged #-v it & * His GraviTrap (cytiva) » # 8P| %3 kit *r5f3% P F -

1. P~ BL21 pET15b : cueR i FE #3542 7 100 pg/ml Amp 7 LB broth # >
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37°CEZ. F 52 % O/N -

2. X P 2ml Fig 2 200ml 7 100 pg/ml Amp 7 LB broth # (1:100 #f})
37CRIFI % 2.5 | FF

3. 4c » 50 ul 1M isopropyl-B-D-thiogalactopyranoside (IPTG) (3 % &k & & 0.25
mM) > ¥ 3 23~25°C2. R R T % 6] pF -

4. %200 ml Fir 4 3 SOml 4c # » 2 9,000rpm #Es 5 A 48 2 {5 mH b F
% > & #1230 ml PBS wash — =t » & 1 #-pellets I *+-20°C O/N °

5. g % #-2>3FRehpellets w733 17.5ml PBS ¢ -

6. e~ 1ml 10 mMPMSF(& % k& % 100 ug/ml) » %> 4°Cg# R & 3 4 4s o

7. ¥ % 11 sonication £k F(X =47 15 #) ~ i 10 §) ~ Amp 40% > % 47 10-20 ~ 4&

EF) -

*

1139,000g &t 20 A 48 0 2 (54T E FFR e
9.17.5ml 7 30 mM imidazole £ native binding buffer > % 53+ 4°Cik 5 ©

10. *» %1%

T\4

Rzl > B TR E o Wcolumn et 2 ¥4 % column 5 4 457# %
e kg d) o

11. #ddH20 4¢3 column ¥ - it = =t  #-7 30 mM imidazole £ native
binding buffer ‘¢ % column ¢ - jFie= = o

12. #-7 His-tagged CueR F-v 1} 5% 4 2 ¢ 7 30 mM imidazole native binding
buffer wash i 57 column # -

13. 2. 18#% % column 5 4 45 ¢ agarose p ZRi'% » # “$ column & ¥R cap & &

14. 4¢ > 35ml % 30 mM imidazole 7 native binding buffer - F $#* ¥ column 5
& 4% (¢ agarose P AR "E A " column % %5 cap i i oo
15. B {84 » 3ml 5 500 mM imidazole 7 native elution buffer #- His-tagged

CueR i# # » 34 3¢ 1Sml g § ¥ -

40
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16. #-elute d) 1 3 ml His-tagged CueR # I Pierce™ Protein Concentrators °
PES #-v %‘U};‘{ﬁs@/@? P2 8000g s 3044 (X915 298]
PF) iR E B8 FI30ul 0 TR RHES FCueR Fd o T OMFE

4°CY A F R R

[RNA 3]

T Bt

TRIzol (PROTECH TECHNOLOGY) - chloroform - isopropanol » 75% Fp (14
DEPC -kpe %) DEPC -k

P

1. P~Ie 232 &% D% spread *t 1.5% LBagarplate > 33 % 5 | PR PFHE |
ml (ODgoo= 1.2)2_ Fi% » 12 12,000 rpm 3~ 1 44847 § F# > &7 DEPC -k
wash2 =t » 2 iR s RIF AR

2. 4~ 1 ml TRIzol (PROTECH TECHNOLOGY) /& » i £ 355 -

3. 4r > 200 pl chloroform » | ZI B 15 4516 > B THE 5 ~45 >
12,000g ** 4°C #r< 15 A 4b o

4. %73 RNA b (B4 3P) 4 600l £ I Ak g ¢
5. 4r > 600 plisopropanol * TR £323 > AR THEE 10 4
12,000g 4°C #rw 15 & 48 0 2 “%J ke

6. 4v x> 1ml75%FpF » 14 12,000g4°C &~ 5 &40 2 ",/‘T.J ‘)’E‘?] °

7. B3R LN B 'g Flidch 32 5 A48 -

8. 4u i £ (20 pl) 56°C ¢ DEPC -k » F & i* il 4 k=3 2 RNA » % 56°C =

9. B~ 3ulRNA §5 1% agarose gel #z 2. RNA &% » ¥ B2 RNA kA& » T+

f# cDNA & i%733%-80°C k45 ¢ -
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[RNA & f&4%)

T AR

i¢ * Invitrogen SUPERSCRIPTTM III Reverse Transcriptase » # 28R %= kit *7
RSN

PRk

1. P~ 2/3 ug RNA ** 200 ul #c# &~ ¢ @ » 4~ 1 ul DNase I Reaction Buffer
% ] ulDNasel 4 “fﬁfkm DNA » # 4 DEPC -k3 10ul» ** 37°C * J& 30
Ak o

2.8 4e > 150 mM EDTA » 8 £353 (63 65°C F Jis 10 & 48> 2R{8 B vk
O A

3. P~ 8 ul DNase | &2 (7 RNA » v » 1 pl random hexamer primer % 1 ul 10
MM ANTPs » ;R £353 (63 65°C-Kig F g 5 ~A4a > RRIEEARE 1 £4E -

4.0 - MBS FRET ISP 10l der ik RNA R G ©

A WA (ul)
10X RT bufter 2

25 mM MgCl, 4
0.IMDTT 2
RNaseOUTTM (40 U/ul) 1
SuperScriptTM III RT (200 U/ul) 1
B 10

4. R L3513 PCR BEARLHIEY H-AiFR (3¢ 25°CTF & 10 A

)

0 50°C F Jis 50 & 480 Bfsrd 85°C 1E* 5 A 4d) e

5. #-i¥ 3ch cDNA )?Li#"i,’l? 4v 80 ul ddH2O §E753+-20°C k5 ¢ o
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[+ # =& PCR(Realtime PCR)])
F A
2 * ORATM SEE gqPCR Green ROX L Mix 2 qPCRBIO SyGreen Blue Mix Lo-

ROX » # &% 2 %4 kit “r*3m 4 - & * ABIQS3 A/ & -

PRk

1. — % reaction & JEpe ¥ 4o
Bl WA (u)

Sample Internal

SYBR® Premix 12.5 12.5
PCR primer mixture (5 uM) 0.75 0.75
cDNA 10 2
dH20 1 9
BAL T 25 25

2. bR &g 4o D]~ & F_96 well plate ¢ > H P Rl E_P A Fl2
cDNA B~ % 2 ul » 12 gyrB (DNA gyrase > subunit B) 4§ ¥ internal control -

3. pefl4Fis 3~ ABI-7500 ¥ £ {7 & Ji5 » 3K 25 (shuttle PCR; 2 step PCR): 95°C
20 5 ~95°C 10 45 ~ 60°C 30 #; > = §5 40 i cycle °

4. T2 BEGRBEAITEHE > CtE > #g0RI A F e Ct R grB & Fleh
Ct & ACt» 1% FEp] A Flen mRNA £ R E=28C e ;8 de 3+ B 3gp| 4L Fleh

mRNA fp$f£ R E -

[IE assay]
1. # N2 2% hhamutant &> 1mlLB & ZF IR %3 37°Co
2. 12 1:100 ﬁ‘ﬁi S5mlLB > 2~ 37°C B %3 ODsoo=1 °

43
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3.8 Iml lpsp & (27 26 /[ )% ODgoo 4 %37 1 #0p% >0 1.5 ml e &
Yo f o e d pie o £ PBS ik 3 e

4. 34 B~ genomic DNA -

5. 12 PCR #k# !\ mrp operon £ promoter » £ 14 PCR purification kit ' it &
Fo o

6. T DNA Rk » &% T S MA kR D E S - i -

7. 12 AfIIL *» & PCR A 4+ {5 18 {7 T ik o

44
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-8 BFERGIERELRER
(MBS + ™3 RPS 2SR R 22 RER]

F1* mini-Tn5 transposon mutagenesis ,& ¥+ P. mirabilis Ny 2¥ 2 ki€ 7 R
% o %% 3 pUT-Tn5 F R HE. coli S17-1 &2 P mirabilis %% % {Ri& {75 & 4 7 >
i¢ Kml cassette S 44& » P. mirabilis 3¢ 2 thenfk FIRE ¢ > i m it !
kanamycin 9% % 7 o F| P. mirabilis ¥ * tk & LSW plate } ¥ ficnd 3 4 kR
3.25mM CuCly » # % 3.25 mM CuCl, e LSW plate % &5 3 $H4p g % &+ 2
FRBER e THRE LHERFHRE > FIHHE A2 R FHR

- Jf;:‘ﬁ ﬂ‘;&;ﬁj 4;"1’?‘

[B2RRBLZREAR](H-)

& & 47 214 Kl cassette #raL 3k chfiL F1 & @ » A K * Kml cassette + © 4o
e [-out ~ O-out 12 %2 O-out 2.0 $5 A3 34 2 31 F ¥ Kml cassette *fiT 74k 7]
i 7 Nested PCR » # PCR #3# 7 B i& (7 T B » %% % & NCBI + P. mirabilis
HI4320 1R & {7 ¢ $F > 7 4r Kml cassette "7k F1 A @ > pL {8 L K ix
AT il 3 F A FE T PCR e @B oo it ® 36~ wild type A&
Fledgurtr =% o e #-Kml cassette & » 2. L F12 H P T AT E 5| A
Lasergene #c 48 @ S8l 3 o PR P b AT 3 2 AT ISR R 22 R

hha % %tk (Bl- )

[FEzRBHK2ZREAF] (=)
K- H3 I 3 HZAFZ B+ ™27 PCRIvES > MFERILEF 3 ~
wild type AL Flie agyrnimd o 2% AP A2 %4k ¢ & » 7 — B Km cassette(H]
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=) »d B PCR &% A7 N chDNA Y4 ] #2385 1 hha % %45

kanamycin resistance gene 5 7| it 752 T 5 DNA P B+ ] - R oo

[+ %t P mirabilis # £ # WwFeip 2R ] (B =)
* & f1* NCBIBlast ¥+ E. coli ~ Salmonella Typhimurium % P. mirabilis ®
Hha 2 "% & B 7|38 (7 2 47 > % % B o1 P mirabilis (Pm str. N2) ¥ Hha "< fé &
7|8 E. coli K12 {v Salmonella Typhimurium (LT2) 4p+t 5 F 5 97%<4p 02 &

(=) -

[hha 82 } 73 %) tomB .= - & operon] (Bl z)

Hha-TomB TA /% 3t Proteobacteria ¥ 2 & B %§ |+ > 3557 1 3F % hha &2
+ P53 F tomB .= - B operon > & F f1* NCBI Blast ¥ E. coli ~ Salmonella
Typhimurium % P. mirabilis ¥ TomB % Hha 2 "= f & 7|8 (7247 > B % & T
P. mirabilis (Pm str. N2) * TomB "=ffi B 7|2 E. coli K12 4= Salmonella
Typhimurium (LT2) #p* 5 ¥ 5 64%¢<identity 2 38%¢:7 similarity » @ P,
mirabilis (Pm str. N2) ® Hha %L f 5 7|22 E. coli K12 §v Salmonella
Typhimurium (LT2) #pt 5 ¥ 5 97%:videntity 2 84%¢i similarity o #% 7 52
hha 22 } %4 %] tomB # = - B operon > 8- 58 hha ¥ P. mirabilis 3 # ¥+ eni¥
Poo LM e A AT 4 e mRNA 536 PCR F A 47 0 BAEIRA

# & IF— operon(Flz ) -

% = & Hha-TomB Toxin-Antitoxin System ¥ 4 £ 3§ 5
[ Hha-TomB Toxin-Antitoxin System ¥ 2 & 7§ 38]) (Bl 1)
d 35 éjﬁ*%:}% 7' Hha = TomB 2)= - B E & e TA k3> H 79 Hha 2§ F

% > @ TomB =t ¥ ¥i# % [43] ° P mirabilis hha fv tomB P % = P 5 I -
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operon > & i X #wif P mirabilis Hha-TomB &% & TApaire ¥ ¢ > d 205 2 gk
ipdi Hha v § & % > % & 2 TomB ¥ j5* 33 Hha & 444, 45] o #7120 - hha ¥
Wi % iE 82 % fomB v hha ch% 4 i k4833 P mirabilis Hha-TomB £ % 5 TA
pair - § LBLEI A Hk B AT R BHRSL LR BE M A hha 98 i & iE
4 EfRRAL > tomB ek 2E R 2T 2 KR @ tomB ¥ i &
Fehd EFRAPRTT AR A F LR (FlT)- * % TomB ¢ %% P
mirabilis 'm¥s §. % Hha & 1% o 2 {2 § %3275 #-t log phase ¢ 7 ODeoo 3# A
- REBLPEFFTHR AR ITAEHEI I PH K ORE

FZ6 RERHELELR
[hha % %+x7 348 P mirabilis 2 £ ) (F- )

FABLET Gk~ hha R Rt £ R B % T hha R B HRD £ 4

RMAABRITEART EHFLARE(R ) BPEFTH? 2L B 2224 L 5

3R

[hha % $4tep 2 g £ 12] (B-)

%] P. mirabilis 75 % $k . LSW plate } ¥ fuehk 3 4F k& 5 3.25 mM CuCl, »
g  7 3.25 mM CuCly sn LSW plate % & 3% 11 4F B X HiR B ch A B R %K hha -
PR E- BIPRFERDRE AR L E Lol AR GM 257
S oo Vo B IF A HRE hha R B ETH B kR 2 4F 4 » GM broth ¢ 2 £ Rkw >
2 AP 100 2 500 uM CuCly ® %5 4 k3% hha 3 %tk2 4 £ o 598 F 7 %
B hha 2822 E 0 AEF RIS 2 4 Lo 5(F- A) NP Li5iE
T4 ki hha >t 7 2.5mM 4 2. LSWplate * B4 - I X & & % % % I hha &
7 2.5mM 4 en LSW plate 4p+- ¥ 4 $h 2 £ T2 L (Bl- B)> % 7% hha 4o %

4 ¥k tj 4reh agarplate B T HAF R LG - LN o SRE- B
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RTRE AR W PTR B PR FRIEA Y § R R fORE GE T RIMER b
05005> 02 % 1 mM CuCl, 5 LSW plate BL45 » % I hha ch73 76 5 $Hi0 05 4
W TEARE (B C) o dER hha v i BB H B BFIA A PR E R o ¥ b
oo BRF G T % £ 0mM CuCly 51 LSW plate BL45 > hha £ 56 & $f v

DAk TR AR AP ARE ERT hha X% E B LR -

[hha 8 38 4 24k 3 tomB ch% 2 2 isr 2 B X 1) (B )
#F P32 1 mM CuCly ¢ LSW plate 2:45 » % I hha % 452 hha 5nE i
WA EHRANGEFE T A B T RARS 0 tomB chE A Ew MR T HaF L B

S (R~ AsB)> %4 TomB ¢ % 2 Hha i 4 i& 51 Cu 4 1 -

[hha % %¥+k2 rpoE ~ resB ~ cueR promoter 7SR 3 $k3gFT% ] (B4 )
ET }I%ff? ¥ rpoE % RRE KT A4 SR [46]  resB R % AR B Ok
B enduld g 4 0 s [47] o © & CueR & Acinetobacter baumannii[48] ~
Salmonella Typhimurium[49] ~ E. coli [50] ~ Pseudomonas aeruginosa[51]% %8 »
PR F Ak RIE T2 & o d 3 envelope protein &% § B T4 chg X
[52] ° & P mirabilis > RpoE [53] % RcsB[54]'% %42 adF oh sifg o F]ptie
7 reporter assay # B Hha % F B H fadF+ El o m R % 58T > hha 2 %

k2. rpoE ~ resB ~ cueR promoter &Ry R IF 4 fREF TR (B4 ) o

¥ & hha R B2 2RSS
[hha % #+k% overexpression 2_ 4 # it 4 (swimming)# ¥ 2 $RE F T2 ] (B
-)

Swimming 7 P. mirabilis et i i B ¢ 2 H 62 34 0 T w FIT R

P2 i8R TR P REREF LRI A R hha RBHOTE MR A AP gk s
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G4 BRI hha BB AR 4 AR 4 R Y T % (RS A) - hha
Hip@E4 2 ERARG 4 T2 g T AR tomB hk A E R 2R A
# it 4 (Bl+ B)» % TomB ¥ % & P mirabilis Hha i % i3 & 2_ A # 5 4

4 .

[hha % $4rins £ BF S0 H 2 45] (W -)
AL ) E R P mirabilis E® 2 £ & FF o ad PR o

hha 3% % 3§ = ‘o ] swimming T "% > F]pt g H B 4 5 4 B FE X hha F

o
|~

o T BN T F HAS(TEMBELRI 4 k2 hha R ¥R F 18 > %%

3
s

TR hha %Rt L REF I A (R - )
[hha % %42 43 # 74 4 (swarming)i& % 4 HEEFT% ) (B- )

4 6 # {7 (Swarming) 3 P mirabilis - £ & & 4 F|+ o 7 2 LS Fh R
FRAITH H-&lof LaFEg 8T > hha k% ¢ B E. coli 2
swarming ¢ # [29] > F b #TF 4 FRE hha R ¥ HR2. swarming i * 0 B FE ot
hha % %th2 & # 1740 4 ARROTIT 2 BRI F T (B- = A) o hha hE ik 4
FERLGHENL A TR TEER  omB R 2 E R 2R T A B
7iv 4 (B-+ = B)> % TomB § % f& P. mirabilis Hha i % £ 3¢ & 2 # (7 iy 4 4

4

[hha R #tr2 FERS 2 e ] (R =)

788 4 i (differentiation)k ;% € B B mF % & # 7 > § P mirabilis % % #
FPEE At S AR K Dswarmer cell » @ d b iE R %RV Av hha Gk L i3 2
swarming iy 3 T ' 0 Fpt i RIIF 2 R hha RRFHRAME R o B % F 50 hha

RRRNFME R e B EDE(E S L PN En T k@L2)
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[hha % #4x2. fIADC promoter E 2R T4 (RBEF 5] (B )
d Pt A RA AT E T o hha R R EHETE > 4 2P A AR
WA ZRT RGIFEH L P hohha RRRZ Ao BT d S Ad a4 TS
@ FIhDC % 3 #i@ # |+ 2. major regulator > x#-7 3 fIhDC promoter 2.
reporter plasmid i » ¥ 4 ¥k 2 hha 7 %+k® > #&PFIE & 1.5% Luria agar plate
Z_ promoter &=+ o B % & hha % ¥tk2 fIhDC promoter /5 2 # IF 4 ki ¥

TR ) o

[hha 2 B2 2 FAIG A BEF %) (B 7)

¥ P mirabilis % > REE R ST AR )X A F s Gt RIFARE hha R
FHRNE F AR A > B R AP hha REFRZ A FOEA R0 4 PROTIF A K
BMETE(RLI A)chha s B2 EERL FEA) S04 o Bd4R5 7
FARE o fomB hE A E R 2N A F A5 4 (BT B) £ 4 TomB ¢

% f# P. mirabilis Hha i % £ 3¢ = 2. 2 $ A5 0 50 4 424 o

[hha % %4x2. eDNA 2 S E8gF 7% ) (BlL )
PRI X2 555 (%% > blde eDNA o qe & | 7 ¥ eDNA & {7 4
17 o oSS 4P hha R %th2 eDNA 2 S ERFT (R =) d pt4ap

hha % %kz2 2 F 9,2 § T 4ol eDNA 4 S £ 7% 3 B -

[hha % B4k2. pmpA promoter EFERF 4 RBEFTE] (B -)

PmpA £_fimbrial major subunit[55] - < JF”%#;] ML 3 24 P omirabilis 2=
2 P [56] o Flpt AR G AR MRS v R D IR hha R R $0R)
FA T R R prpAd e R R G TR S S A A ¥] promoter

BM[5T] Fd FEES T o hha R %R Y pmpA promoter & 1HEEF AT 4
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> dp i Hha & 34 37 pmpA ch2 3R o § Hha % EPF > P mirabilis € %8 >

PmpA S F-v " M H 2 Hard a0 4 (Bl ) e

[hha % %4x2. mrp 2 RERFIHREFTE] (B )

MR/P fimbriae §[ 2+ P. mirabilis *¥ *> it Ffiig » 2 phase ON/OFF e 3% #
e A LR R SPER(S8] o R AR R TR - AR
% % I hha mutant <71 phase ON % > 7 (B ~) > 02" mrp promoter i % ¢
% 3| Hha 258 -

[hha R B2 REAFEAERT S REFTH] (R 1)

Pk B5 5 P mirabilis € & & 4 F]F 2 - > VR F A RIS B - F
Ll o i Sk pH B B X BAERE T A [1-3] 0 od gt R m - B EORE
Ay A Pz oo HGRR R AR st R hha RBRE T 2 R IR E RS
thoo S5 KT hha RERIEV T2 R EFAEEF T HB 4 A) - hha
hH B A E R E RS B A kG AR R tomB hE L E R 2 R4
T ek pEE (RS 4 B) > 4 TomB ¥ % P. mirabilis Hha i§ % £33 &+ 2 i %

e ERL

(535 2 R R BRI BT 4 2 ~ R4 ] (W )
CHEPTORER A - LR AL Al 27 L we s pF
WO SRR TRERRE RS - wHE F 0 13 LR LR
dorBEhwte TG o D AENREE A 2 LR K R FRFRI[62] o #rH hha ik %
L3 B P mirabilis himre ZB4a 4 foor i 4 0 00 T24 Bk b L tm e R 17w

AR~ Rk o B R BT hha R ¥R W ~ R4 T (Bl A

B) -
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[hha 2 B4 smoe %2 mRNA 28] (B- +-)

P XAERE S €A A LR e 5l LN E B T
i BRI 0 R Lt F AR E F e e B4 LR
AA[63]c fE S AL EARE % n%e P o i 53 4 A X e £ IL-1B 0 IL-
6[64, 65] » IL-8 2 TNF- a.[66] » " w3 im i € o LmF g ™81 » hha €
% 28 Salmonella enterica serovar Typhimurium 2 & _‘w#2 g% [27] > F]pb 3% 9 3E *

AREIE Bl b L dmfe T24 1Y g L i R %k 0 A e 0 11 RT-gPCR 1]
* IL-6 %2 IL-8 2 primer % ¥ p| P. mirabilis 5 # ¥k % hha ® %R % 14 2 05
Yimie 2 R F LT E - BXHT > hha R RIRATR 4 T24 %%+ 4 m%e »
IL-6 & IL-8 m% % e mRNA £ LB 1T IF 4 B 42 mee g% + 2 (= +
- ) T R hha RERE A Fkimie i RN BF Liwe 2B A AL AR
> LFWErmpms i

[FHELRARBRLBRI RR T2 2EF] (F-+0)

FEOME mER AP EAED LT L ME P BT AL

?W

Evglm® » THBREFTEEIEY > B mFfHa [BE Eiwe p SR ERE > ¥
PR Fad 2 F B m AR ) € Tk TR ERT kA PR
hha 2_ 3 % 5_F 885 P mirabilis 2_ ¥ ic 4 o & %7 hha R $ k2 fiph i 4
(Bl= = AR RBEF T o hha 0¥ i 2 E i 4 B 4 x5
TUEARE > @ AT~ iF £ i fomB hiplasmid FF o &% (k4R hha ¥ g £ it

i # (Bl= = B)e

[HFHE 2 BRARBRLEEWTF 34 (B=-+2)
SEEWES RE w2 3§ R AP THP-1 Ertime A - 54k
Bl hha 2.7 828 P mirabilis B Fvgimie p hd 54 4 o S %87 hha R %tk
52
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Evgime f 3 3RS AREFTE(R - L2) -

[#£33 hha % persistence 78 ) (- L =)

Persister cell £ _n Fei— /[ 84 » &2 5 A Fee g enfiin™ 2 RO #
FLE H[59] o TA 4 3t 2 persister cell 3 B [60,61] - % 2 §_E. coli &9
MqgsR/MqsA #F persister cell 7 # &g ¥ <8 5F[61] - ¥ *t » RelE/RelB ¢ 7 RelE
F % © Xardp 12 persister cell formation 4p B [60] © d 35 < )EJ%#F, 4% % Hha
HAlanre 7= fod Fs At [44] 0 2§ 2 fdp 41 E. coli Hha 3 persister cell
formation [30] o F]pt 2\ 7938 3F & hha R % FRiE {7 persister cell formation assay °
#% % 7 Hha ¥} persister cell formation 32 %8 o % % BT hha % SR 4 %

2_ persister cell formation & ¥ & *# (Bl= t 2 ) -

[ 2 mirabilis 2_i& # }+ % Hha dose-effect 7] (Bl= L 7)
F) & 4 T hha mutant 22 hha 0¥ Jpif % E R EH LT L pRG T R AR
o & P mirabilis 2. 3& % 1+ % Hha dose-effect crg2 58 o #7120 » 2 i #
arabinose-inducible plasmid-pBAD33 i¥ 5 Hha dose-effect % Z th2 {*4 > BZ

7 F arabinose Jk & T Hha dose-effect % i k2 A d i 4 o AP g md 0.1%

-

BN

arabinose 3% ¥ 1 % 9 Hha dose-effect # & r i foa 4 2297 4 i 5 Apig >

BT /f]‘ 4v 0.2% arabinose 7 Hha dose-effect % £ kA #o i 4 L Z(Bl= L7 )

[P. mirabilis 2_ 2 4 %35 = it 4 % Hha dose-effect (P ] (Bl= - )

%] K % 3. hha mutant £ hha S8 f0iE % E 2 4 FouA, A i 4 S8 4 4
3 T EARS > & P mirabilis 2. 4 ¥ %) = iy 4 % Hha dose-effect e 5 o A7
ro A * arabinose-inducible plasmid-pBAD33 ¥ 5 Hha dose-effect # i &

2 §“48 » BL% 7 Ip arabinose )k & T Hha dose-effect # i th2 2 4 547 2 iy
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4 o A d  0.015% arabinose 3% 3 ) % 9 Hha dose-effect % £k 4 4 %)
i A BT A FRE S APIT 0 T ¥ LB T4 40 0.1% arabinose =7 Hha dose-effect

FERAFEA AN LB L)

[ 2 mirabilis 2_#ps it 4 % Hha dose-effect s3] (Bl= - -)

F1 & % B hha mutant 22 hha <03 i 4 E Rz Fifea 3 A Ry TR
A% > & P mirabilis 2. Fufiiv + % Hha dose-effect e 58 o #7020 » 24 i i) %
arabinose-inducible plasmid-pBAD33 i¥ 5 Hha dose-effect % & thz {* 4 > LZ 7
F arabinose k& T Hha dose-effect # iz afidas 4 - AP Fmd 0.015%
arabinose 3% 3 ) %k 9 Hha dose-effect % :E fhinfib it 4 BT 4 k& S 4piT > &7

BT 7 e 0.5% arabinose 7 Hha dose-effect # & thfifhac # { L(Bl= + - )~

[ arabinose(0.1~0.5%)# #3E# vector control i hha R ¥tkehd £ ] (Bl=- -+
~)

F1 & % B hha ¥ 50ph F1+ e £ dose effect 3R % o AP EREF vector
control 77 hha % %1k & 0.1~0.5% arabinose & B T 4 £ R B % BT ¥
vector control 77 hha R $tkeh2d £ & R & 0.1~0.5% arabinose JE B T AR T G
0%arabinose R T X BB F AR (B ) HFP_ P idFk? 2 LR LT

arabinose &k B #TH Ik o

[3Fim 44~ 28 T HBHEAR 4 B3 Galleria mellonella % £ ch%

A1 (Bl=+4)
Vv hha R RIREE R 4 IR LBbroth » 5384 4 F)F B F K -

Ao B R AR AP SR S o @ SBR hha R RIKE B AR A MR B A

F 4 o R § 11 Galleria mellonella % & -3~ ¥7 hha * S8R £ ¥ P
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mirabilis & 4 2B o AL BT A 4K s hha R¥IRE B R £ MRERED
Galleria mellonella % . > 3% % ¥ > hha ® %+k& %L » 100 CFU (Bl= -+ 4
A)& 1000 CFU (Bl= +4 B)> HF 4 g1t M4 fkend 4 ¥ M > 3 4Rk
T ohha R Wz ARA] S A BAE AR EFHIL~ 100CFU (Bl= -4 A)& 1000
CFU(BI=+1 By 234 4pv W4 thend 4 gl F L8 - Apdapld R %5
invivo ¥ 3 # 8 F|F 423 Galleria mellonella % §.5n% 4 > @ hha R %
B T e FeEk o FR R LR K #id fﬁ&aﬁ&rﬁﬁ——, LA 4 TR

2 - o

¥7 &% Hha® TomB 2 %23 {¥%

[ 3% tomB 1%4R hha #:§ % & R 2 & FR L & conserved & cysteine C13
FHI®E=S)

wo I Hha v d 3 % > £ P& TomB ¥ 533 Hhad £ @ 5 éfgks,‘%

31 TomB # Hha £ antitoxin 7% {227 conserved C13 3 B o CI3E ~ < "% <7 F 4
A [CI13Hha 5 1 B %% % 4 chit 4 [45] o Fg° # hha C13 &7 site-direct
mutagenesis X 4£31 C13 % % 5 isoleucine (I)2¢ glutamate(E)%¥+ TomB-Hha % * i%
e BN o 2V i 3 #- cysteine R ¥ 5 glutamate HodE & cysteine ¥ G 4r f R
Jaerc s > |8 7 [CI3E]Hha e0¥ jhi £ s thend £ 70 o 18 5 R - AP

@& % 954 Hha ¥ i 4 o2 L2 P B8 Feh [CI13E]Hha ¥ jhif 4 i&

H

the ppgmpad R S5 Mor > W2 Hha HhE 434K E 5 F T
o WA LR L o tomB ok £ E R 2R 4 & R o 82 28[C131]Hha
FHEpEEEHRET I HTL A E a4 0 @ CIBEHE i £ S &% 0

Hha 14 |+ o @ % 4 » iF % & fomB “plasmid PF » & % $548 [C131|Hha ¥ s

Fodtnd EER(Blz L) 24 CI3 & & hresidue ©
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[ 4 % tomB Y=4k hha %8 % iE ¥R A & 4 (swimming)i £ & conserved
C133 M1 (®=--)

APRFHFEDG R PRAPEE LI OE a4 LT EXIPP -
BRHF > fo hha 58 i L ks o [C131)hha 8 i % &tk § BRAH
fv 4 AL > @ [CI13E)hha ch8 jpiE 2 E e d i 2 PRI 2 RE s g ¥ 4
R otomB 2 ¥4 hhaeht 2 ER2NRBE T hha EhiE 4 EHaidan 4 o o@
B AT~ 18 & E fomB ¢hplasmid pF > & 4R [C131]Hha ¥ jiE £ & i #5 i
4 (Bl=+-) o &% tomB £ hha s 4.3 % 2487 hha ¥ B3 4 R

#5 5 * &7 conserved e CI13 3 B o

[ %3 tomB t=4g hha 8 % 2 R 2 F 5253 5% 4 &L 2 conserved (7 C13
7MY (®=+2)

ANPERFHFFF R PRI EY FFd S 4 1F € £ T
P RET o v hha 9H i & EHAp e o [C131]hha 08 i 4 Ltk § #
RAPEA, X 4 X > @ [C13E)hha (hE i £ i Hhend 00252 50 4 Apd
NIRRT B EFALR ctomB BN hha sk A ER DA T hha H i £ iE
e 2 P05 g 4 0 @ p A~ iE £ E fomB “hplasmid PF 0 & % #4548 [C131]Hha
L ERad Fix a4 (Bl=+2) o 8% tomB & hha ch: 2iE % >

P4 T hha 3 B & EHRend $50A5 5 4 22 conserved s C13 5 B o

58 hha 2. #2310 B A F1A 841
[ Hha-TomB 2. auto-regulation) (B]= -+ =)
Hha-TomB TA s %>t Proteobacteria & & % & ¥ 1% > y5#~ 7 3% % hha &2
+ 5z F]tomB =~ iF operon © FEiLA H & I - operon(Rlw )is o x d 2t A=

T 3R ¥ typell TAsystem & p A2 3 #641[22] - @ 5 #7 7 38 # & S. Typhimurium
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#- Hha-TomB TA system & & % % Il 4] TA k $t[43] - 2 i & ¢ tomB % hha %
%14k ~ hhatomB % %4k I7 4 k¢ 2 promoter /& 1+ » #F 34 Hha-TomB £_F 5
auto-regulation - % % %2 5+ hha £ hhatomB mutant tomB promoter /= 1+ + = (Bl =

)o

L

m

[hha % %+4k2. spoT ~ reld 8 rpoS promoter 7SR 4 $kEFT%]) (B =
L v )
RelA &2 SpoT % F et m AR 2 F-v > § mpFm it ¥ 2422 L RB R
4 p& > RelA 22 SpoT ¢ &i& ppGpp 2 & & Ffie » M3t b & > § 2t w F R 16
MM oo 2 RIR A RS > SpoT £ -k f# ppGpp i# BpAr 4 & s A [67, 68] 0
*t RpoS % !m 7] general stress regulator § § ¥ 2% s F¥IAR B R 4 [69] - H ¥ lw
BjeFis 5 ARD 5 Crp £ RpoS #4572, i %o« F]pt 34 2 5 12 Hha 4p B R 4
H3k % H_F fr RelA ~ SpoT £2 RpoS 7 M o 5% 87 hha % %tk spoT ~ reld

22 ypoS promoter E ¥ T4 (R F T E(Bl= L2 A-B~C)e

[CueR#AF hha 2. £ F12R]) (B=+ 1)

2 g d blast 3 2 45 3 P mirabilis 2. hha promoter ¥ 1% &% £ E. coli K12
% Salmonella Typhimurium 2_ CueR binding site 4p iz <15 7|[70, 71] > #c4ip] f 7
& IRB T P mirabilis » CueR 7 § 34457 hha 03k Fl4 iE o =3 w2 ¢ H CueR
B3 MerR 3v 70% 0 32 RO VU B RS S A0 pe Rl o KA R 2 Ap
Mo 2 A F1AFd DNA S A S 4 % > &9 EE2 4 712 4 :E » CueR AL
d a3 BRrRrEMEeEXgmF R B 29 2 BH ?QJF’KE} + 3 & i helix-turn-helix
motifs 517 N #3 DNA-binding domain ~ » = B % H % 3 (centraldimerization
domain)2 C: £ %L BE9Tes cCueR & BB L RBBP ohd Bop s L

Bt & Pé(copper-binding cysteine) . CueR &2 ¥ § ¥+ chi S &7 FF L&
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¢ [72] ° & B+ ¢ s pe =4k (linear coordination)ih™ N4 4 X iE A B L
g pet > @ CueR e Zips # fe = 4(dithiolate coordination) it # F-v ¥
~ A BT ER[73] o F AP L CueR § T hha o B HRT G
hha promoter 2. reporter plasmids ¥ » T 4 ¥k % cueR % %th7 » T PIEH &
LB ¥ hpromoter &1 o &% £ B > 3 cueR R %+tkm % 0 H hha promoter & 14
B4 REFTE(R= LT ) 255 % T Pmirabilis ¥ i 38 CueR & » 335

hha promoter 2_ FL F]1 & L E o

[CueR A ¥ hhathd B ) (Bl=+7)

d *>3F B Np hha + 773 ¥ ¢ 9 CueR binding site > ¥ d reporter assay .5
5V BF IR cueR R %tk 3 0 B hha promoter /& MR TF 4 FREEF T OE L F] IR
# CueR ¥_i5:i8.% &£ 1 hha 7 promoter B 71| » i&@ B3 hha w4 s R
reporter assay 7 SkBLZ F| K F) & e b o Fpt 41+ EMSA (electrophoretic
mobility shift assay) X 7" CueR 2 _F € B 4&34 47 hha # 3 - g AL BB L {50
CueR #v £ 0.1 ug 17 promoter DNA E 7| fif % ¢ binding buffer » *>* 28 F &
30 #4850 £ 12 5%TAEPAGE 447 > # {611 EtBr 4 ¢ L2 DNA & ¢ # 4 =
#Hood FHRANZEFR > F CueR 39 kR 2 2uM ehpFiz v M F R B
B 4>~% shiftband 24 > 4§ CueR Fv JERH s pF »DNA P EZ AP BT > (B
=+ > slane. 1-4) - 4-% & * ¥ — 9 DNA 5 7|(negative control) » B4 FF )k
B 1 CueR 3v % & =fhband A4 (F1= ~ = > lane. 5-7) - d 1 Sk 7 %

B bt > CueR ¥ 2 $2%5 & & hha promoter i@ 3 2 hha 73 3 o

[CoxRE @i hha2 AFI4RE ] (B=-+-)
I e 2N e 7 ] % softberry 4 #b7E | 2] P. mirabilis e locus t hha £ F1% F
CpxR binding site - Cpx pathway £ - & R iZALF 7 7 two component system
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(TCS) » & CpxA (HK)Eeiz ek B2 4,18 > %ﬁr‘ B s i B i i3 8 CpxR
(RR) » ps it e CpxR-P R ¢ fr™ P52 Flig £ &8 3 574 F14 3R[74] - Cpx TCS
EFPRABY FRF LD d AL R BRI AFTRY AT HE
B oopxA B TL (e s EITRE AT R R TR B F b g R
NIpE[75] ~ FERB A S cndd X)) ¢ 1 opxR > R BT EA TR
@ g P2 envelope F R4 2 )E%é’li‘éﬁ-NlpE ¢ ¥]15 Cu~ROS %
adhesion @ /& it Cpx » £ F| & F i /R4 ¢ & NIpE - Qéf?é}éé HurL g m 8
CpxA R 3 1% [76] > /B4 5 eIk T E. coli e CpxTCS #3421 100 B 3~
0 [77] thd o ¢ dod § A4 ERAE S 24P M 0 DsbA ~ $-v A fEfF DegP
BRA F g B RpoE & > Cpx TCS 4+ if ‘adF mre *hifg g b end & > 1 &
PR A AL G B AR S i A L A ak 6 i RI[78] 0 B 5
R Cpx TCS A4k Fl1 5 htrd ~ dsbA &2 ppid > ik v 528 e B B e
v OB 2 fR[79] 0 - FF L RS $F R Cpx pathway & it {8 € B2 A
4v: E. coli ¢ swarming ~ biofilm[80] 14 it 4 3 4 F]F chi e FEE R
oo Fl A SR CpxR § 45 hha > 24 #-% § hha promoter 2 reporter
plasmids i# » ¥7 4 k% cpxR R %Fhk¥ » ¥ p:EHE 4 LB ¥ “promoter /&1 o B
5 &P > 3 epxR R¥tkm 5 0 H hha promoter MR TF 4 fRE F T ' (Bl= -+

=)o f X% Pmirabilis ¥ i i CpxR I+ w 2 ¥ hha promoter 2_ & F] &

(i

[hha RBBEBHFERBRT AMPA AFHFRIRTLIHI] (&)

L% % Hha v {0t P mirabilis @45 Y kR 2152 0 & § I+
ICP-MS ¢ i k247 B 4r ERRBR T 2 k2 hha R KA ER 2 %
v A2mM AR RRE T hha RERE T A RPN FRER LG LR
(F-)e
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[hha % R4z B 2 Breni g A7) (B= - )

PR hha % % ¥ v i¢ & envelope protein % B HHF R 14[52]
WA TR ORI 2 R o B AP E B A K2 hha R ¥R
£ 18 [ Prenp A b9 o f]% SDS-PAGE it {7 3v TR AL 191 s

F 2R H0 pattern §EALR  BRMA hha # A BT AFRG E RPN

&
T

vz 2 A2 ZRB(B=L ) o 3P hha 4> % B3%IL G B P mirabilis cop

R R ed o R BRF R K - T A 0 F A osensitivity # 53 (5t Jg o

[ i (RBER) €FF hha 2 R.] (B= 1)

i A2 2 3.25 mM CuCl, (7 LSW plate % & 3% J4F g X MR F hr i 2
Sk hha > R4 D2 hha 2 L F14 E > qQPCR % % % ' P. mirabilis ® hha
FAFIZREWSOPM Cu BT HF A (B= -4 A)e @ F15i hha R R
Fod fo A BT A AT E TR Ja R R hha 2 AT RE 0 QPCR B %
#% P P.mirabilis ¥ hha A FIZREF 0OSM RFRETHF 2 (F= 4

By PR MR (RBER) ¢ A% hha LR -
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Fri BHas

-8 ¥%

"2 transposon mutagenesis =77 3\ T#L* REAR T EEIHFEG FRE X
M2 REHR o REEATS I E D] hha R ¥tk o I|FPF{l* NCBI Blast ¥+ E.
coli ~ Salmonella Typhimurium % P. mirabilis * Hha 2. "= B B 7|87 5 47 > %
% B+ P mirabilis (Pm str. N2) ¢ Hha "%\ fk & 7|22 E. coli K12 4v Salmonella
Typhimurium (LT2) A4p+t 5 ¥ 4 97%ndp v & > ¥ 5 & % > & antitoxin TomB
% - A TA ke

APty B % &P > Hha & & £ ¥ P mirabilis 77 # 1% > TomB %
EPIT R

SEH hha RBREE AL R L el F LRI hha R Rk
A ERDBRETALRL > BE5 AP hha R¥FRZ 100 UM 4F 12+ 5 GM
broth 4p 1t T5 4 R 2 & fFindi 4 > S ik— B2 A RIREAD W IRE 0 iR TR
BT F R R FE TR IS FRA EF F ARE T hha R
BHenG A F I 4 B TEARY > AR RB T hha R Rty (SR
Foom A RERB A { St 0 HY Hhadrwx B 44 o

RIS AR

=1

B F I3t hha % B 1R% P. mirabilis ®op TS R &
urease ;E 1~ PR AR S s e 2 X A A S F - 3 R4 (acid ~ A
E)VT 3R FEREF TR 1 invivo Bk BILHEIRAE 4 BEFTE o F
P I g IR hha $E 50k F1+ e £ dose effect 3R e -

M hha RERAF G A UE LG HBITTE S ANPRERRIIEL g SRS
AR oA a4 TR o 5 d reporter assay T 4 hha R % RAP T 4 4R fThDC
e promoter 75 145 ¥ T '% » fIhDC : ¥LX & = 2_ master operon ° hha R #tk2

WEAS R T T 87 eDNA A S S S pmpd B omrp 2T R F OB o R4 Ful
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-

S G 0 LRI hha RERE & spol ~reld 2 rpoS %4 AR 3L Fl & E S
Rt 5 hha RFBRFETRBEFRS LR F2 - o

Hha v g & 2P » & F#4- TomB ¥ 33 Hha # 4 - £ d site-direct
mutagenesis ¥ 4 C13 §_& & chresidue ° ¢#* “t > Hha-TomB £ p A3 #2841 o
CueR ~ CpxR 3 45 hha # 3.; Hha 33 #57 rpoE ~ resB ~ cueR # 3. > @ & € 34 % hha
Z IR o

o1 P B i0 s P mirabilisHha B4r 01 2 3 4 T3 27 o gE L &

£ 4 o
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R
[Hha £ F4 R 2 3 4 73 ]

= 1 f& Hha % P mirabilis § 35 {835 F1+ » £4%F hha R # RO 7
F oA PE P PR F R T ERMHREFTE A AN F T 'E s urease
BETY > UE AR BB TG EEEFT S bdodd £ T persistent cells A
oo AN F 4 BB T hhadk At 34 TR B 2 24P 4 p) Hha 2. #7
MR g > B Y — B R F1E_hha R %2 pmpA promoter EET F

¥ 3% Pmp A+ (fimbriae) 2 =+ & 7" » SR i EBBEL F A S[81] - A PR

5

TIRAIH 357 ] hha R ¥R 5 2 K2 pmpA promoter F
TWTRE > LRI F 24 ] B hha R BRI 4 42 pmpA promoter E
BEFLR - APdapHE R ¥V 2 Hha & #3° pmpAd % 5 time-course
B8 o ¥ ¢t P mirabilis £ MR/P fimbriae % 3% # promoter » i %_» g
I hha mutant ¥ phase ON % ° 7 o 84 H ;22 F|F 5 (5 o bilde
eDNA ~ EPS -~ autoaggregation > sz & j 7 ¥z $» F:8 (7 2 47 o B % B ° hha
%% tk?® eDNA & B F T ' > e EPS 11 2 autoaggregation it # P|&2 % 4 fk &
k7% % B (datanot shown) o F| & % I hha mutant &2 hha <03 JiB 4 L ez F#H
Mo~ AP 2 ke 4 H TR R T AR > X & P mirabilis 2. 38 #
Mo~ 4 P, 2 Fpb i 4 X Hha dose-effect en82 58 o e §_hha ehH jpif 4 i
ERRAPFBE T2 fag P A% o A3l R F]F i 5 Hha:TomB +
FRAF I ¢ ¢ HhaTomB 4f & 4 j&3k 565 DNA @ 3 o ¥ ¢t » L 3R tomB =
DMAE T hha i 2 EEROFHPRALZ 4 FHA S5 4 )L > & TomB
€ % f# P mirabilis Hha i % £33 = 2 FH 22 2 H WA 50 4 82X o @ hha o
Hbi 2 Ehinli 4 A 4Ry T REARE > R G A~ B4 & tomB D
plasmid P¥ > & ;2 $%48 hha 5 Bhif & F R endifea 4 o APPSRl E R F

Hha:TomB * % ¥ i % &_P. mirabilis Hha-TomB 3-v % & I Fupk4p B promoter
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DNA - F|F o ¥4 hha 7R SHUSHEPN 3 4 F TS cnR 7 AP i £
| E R A 4 T R R AR S R e r T AT R d 3 hha R
Rthbie P ai@dad 2 ARN 4 FR Beppt Al R{LiTe%
® e AR A O~ B P TRE > M hha REHREF E Tlgcere ek 4l Flpt R
FoB % i fﬁﬁ—, BT A F A TR Fl2o— o et in vivo urease E
T s ¢ REA A o L7 f% Hha 8 & 4 B(overexpression)tk - P
mirabilis ¢ 5@ &35 F1+ > £%F Hha & & % J(overexpression)tk 1713 5 7]
FoAPEF P RFEORE T ERNAEF TR AL S ERFTE 7
#® Galleria mellonella %> f,3 * 8 ¥ A % > A PP/ H R F L invivo? 5 H
i F1% -2 Galleria mellonella # fy 04 4 o ¥ ¢ha § < pedf & > Hha i B &
fmFsmre ¢ fIhDC v csgDEFG promoter ¥ 3 iHE 4% (¥ % kA & fIhD fr csgD
%o i k9 & EHEC OIST:HT ¥ 4 $ 90 £[29] » hFT§ ¢ 5 4 P4 IR
Hha » ¢ #4780 L 2 fimbriae £ 3R o F]pt A kA PR32 7 EMSA § % > &P P

mirabilis i Hha -9 & F & 3 % & fIhDC ~ pmpA promoter DNA 2_ i 4

[Hha ** P. mirabilis 2_ A #1541 ]

AR E P D A P mirabilis ¥ B FUFAR M hha R F) 0 BB F S B
RERETHRBE T2 £ T4 kA o AU reporter assay R hha R ¥R
rpoE ~resB 22 cueR promoter & 14 ¥ 4 HREF T '% 5 rpoE ~ resB 22 cueR © Ak
AR Y foridr4n M [46-51] o EMSA § % %% %P » CueR ¥ 2 % & 1 hha
promoter i& @ P 3 hha chE B o P AW KK _hha R AR eoRUy R F] o A
gPCR = ;% i B] P mirabilis » hha 0k F1 &2 B E3 50 uM Cu 8 T &g % + 2 »
Pt ¥E 31 & 12 RT-qPCR = 3% i B hha R k2 1+ » B L %] cpxR -~ cueR ~ rpoE
% yesB2. mRNA 2 8 » HFF HEA SRS g 4, 318 o 45 3] 4p B regulator » £

17 hha % % ¥RE hha i8 % £tk transcriptome 4 17 & $5 3% regulator 2_ Fudf 2
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%] o % P. mirabilis » CpxR [82] ~ RpoE [53] % RcsB[54]% %22 4% ¢F 5548 =
s & enie 4 [83-85] o A 4RIR] hha R ¥ F it i & envelope protein T
5 B B R £ 152, 86, 87] 0 fe HLA i % BT hha 4 15T AR
ERRR MR ZEAA R LR HERY - TN F i F sensitivity
PR g o ARG hha REBREH A RE FOR X BT B P
mirabilis T B F R A F ek BAp oo 5389 %% M Hha-TomB TA system 5
. auto-regulation o %] 5 # 4| * Softberry % *t3f f] Hha-TomB TA system 53
promoter » s % &7 3 & & promoter © F A KB EFF 73 B HRHE T 0 A2 Hha
A F] mRNA £ = &7 promoter 3 i@ ?{ P2 & 18§27 5 rapid amplification of
cDNA ends(5’ RACE) R S5 o 5~ jraf - 413 2L ¥ § 55 2 jad 3 g
#1 TA system i dr > & e EenfiiR™ £ 5 M{ed c A BEH RS
FURAFESFT UM B EEAI c KE- NF F/RE F VM REREZ S
H promoter 3 & [22] ° E. coli £ relBE locus encodes mRNA interferase RelE » *»
3] =3+ 42 BE 4 S mRNA - RelB #u4 %2 RelE % & ¢ o mRNA % j2i& 1% o
RelB ¥ relBE promoter region % & autoregulates re/BE #& 4% - RelB ¥ jH+ ridr
#| relBE #&4% > v RelE ~ ~ H#f 5 7 Frf]i€* > k@ > FE I RelE ¢ i¢
RelBeRelE 4§ & 4 jidk %5 DNA ¢ #3jim {li relBE #E 4k o Fpb > 2
relBE promoter B /B 4 f& c8_ RelB:RelE v F » @ % H_ kv %G ¥k B [88] -
FIE 28 W hha $130p F1F ehk 2§ dose effect e % o FJp- A kA i i
7 EMSA 9% > %P ¥_% Hha:TomB ‘' & &_P mirabilis Hha-TomB 3}-v % &

DNA &4 rj_,_ °

[Hha $HUR W 4 23 47]
RelA £ SpoT 5 § et wAFR2Z v » § wFs RS ¥ £+ L BER
+ pF > RelA 22 SpoT ¢ e ppGpp # = i FjHiE » R b 8 > § 2w B 1B
65

doi:10.6342/NTU202302672



iR o B DR 4 fa'% > SpoT £ -kj# ppGpp i H g 4 £ Rt i [67,68] 0
*h RpoS % m 7] general stress regulator f § §T 2% s A4tk 5 R 4 [69] - H ¢
fo ek kS8 ARDT L Crp &8 RpoS #dpz kst 52 }%‘%éﬂz HomR4 /T

ppGpp 1A 2 > iEm i 3§ Prd] exopolyphosphatase (PPX) ff % inorganic
polyphosphate (polyP) f & o @ polyP 3 * € 3% & Lon protease > @ Lon
protease degrade 4 % {3 #- activate toxin[20] - @ X reporter assay 4 7% 3 hha
RERE & spoT ~reld 2 rpoS B+ 4phf A F1& B> » ¥ sr Hha & w3 472
RRA AR ATF > JEBH T i 5 hha RFRIUR A 4 L R F]2 — o Persister
cell £ mpFeh— 304 » i AFeRehlin ™ L RO $HRE F ohfE
[59] « TA & %t» £ persister cell 3 B [60, 61] - £ 2 &_E. coli s MqsR/MqsA #t
persister cell 7 # & ¥ 2§ 58[61] - ¥ ?t » RelE/RelB ¥ hRelE & % © ‘gakdy )
£ persister cell formation 4p B [60] - & *+ 5 < L]?c:} # % Hha ¥ 4w = e
2 LA [44] 0 x5 2 }I?c#ﬁ It E. coli Hha % 58 persister cell formation [30] o %]
pLAV TP iR B hha R % FRIE {7 persister cell formation assay » 45 % 7 Hha ¥
persister cell formation #7858 o & % B 7w hha % %R I 4 $R2. persister cell

formation & ¥ T *% > J&ip| hha ¥ i 422 persister cell formation °
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Tn5 Km1 cassette

sstp l

181bp
>

3630p 204bp 258bp
Bl- -~ % %+k2 Kanamycin cassette 3& » X % f&ur = B ©
(A) (B)
Km1 cassette Km1 cassette
upstream downstream
(b.p.)
~494bp ~705bp
U— -~ Deigned primer1 g-gut o-out %0 i—OLIt Deswg‘rLed primer2
O-out O-0ut2.0 i-out 0-0ut2.0 o iama _w K 183660 »_gmmw__m
+ + + + r
Primer 1Primer 1Primer 2Primer 2 ~394bp 0-out 2.0 ~625bp

Bl- ~ FEil % % 1k2 Kanamycin cassette 3 » R % fe

(A)F* + = } T-out/O-out fv O-out 2.0 & fe 73k 32 51+ i {7 PCR ¥ J& - (B)

T_R {4 48 %7 hha ¥ Kanamycin cassette 2_ 3% » R 8wk k3513 2.7 LB °
Escherichia coli K-12
tomB hha maa
Proteus mirabilis N, 66/102(64%) 65/67(97%
tomB hha hypothetical protein_264
363bp 204bp 258bp
66/102(64%) 65/67(97%

Salmonella Typhimurium LT2
tomB hha maa
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= ~ 8 E coli ~ Salmonella Typhimurium fv P. mirabilis * Hha 2_ =< 7L & F

v

hypothetical protein_264

1
I
-35-10 363 -35-10 204 258

452bp PC cDNA RNA NC

Bz ~ %P hha % tomB % I — operon

(A) P. mirabilis Hha-TomB zk F] = 8k o (B)ZE P hha 2 tomB % - operon 7%
Bl : @it S ) P mRNA ¥ 41 * hha RT-R primer # mRNA & &=
cDNA » £ 12 tomB RT primer & = PCR # 1 < /] 5 452bp A ¥ » PC:u

genome 3 #{r » NC:4 ddH2O 5 H4F o
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=wt

<+hhaov
+tomBov
+tomB-hhaov
ohhaov+pBtomB

Absorbance (ODg)
;d

é
g

(=]

.01
3 Time'(h)
BT ~hha EiE 2 EHh2 2 ERETS > tomBinE 2322k 2 £ F
o @ tomB X i % R R P mirabilis * &

#-LB M 32 % Fik ODeoo 3% 1 0.01 175 2 £ A48 > & ] B2 ODeoo 18R]
Y i HEch R o 4 £ W i@ * arabinose-inducible plasmid-pBAD33 i i
tomB ¥ Jpilf 4 a2z 48 > ¥ 1% 0.015%2 arabinose t& i#] fomB ¥ jbif % i&
thz 2 £ & o wtdp wt-pGEM % wt-pGEM-pBAD - tomB in% % if thd
0.015% arabinoes #H & - M F = st F %k S5 GEL M 5 SD»

**p<0.01, ***p<0.001 by Student’s t test) » wt, wild type; hhaov, hha overexpression
strain; tomBov, tomB overexpression strain; tomB-hhaov, tomB-hha overexpression

strain °
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10 - swt ohha
QLD

=) 1
Q

J

S

2 0.1
o

(7]

D

< 0.01

Time (h)

Bl= > hha % %1573 328 P mirabilis # &
#LB [ %3 & Fik ODeoo 3 £ 0.01 ¥ 5 2 K Axdsi® » & ] FF 12 ODgoo 8] 0 Y
Phi HEY R - LRI HFHRES GEFLME SD o ns: no significant

difference) ° wt, wild type; hha, hha mutant o

(A)
1.2  #wtOpMCu
O-hha OpM Cu %% ;i
—~ 1 | ewtsoumcu %% e # .
(=]
a ~-hha 50uM Cu %
o #
-J 08 4wt 100uM Cu
2 -&-hha 100uM Cu
]
2 -@-wt 500uM Cu
] 0-6 B
- -0-hha 5001M Cu
-4
0.4
L
0.2
0 1 L 1 1 1 1 [ J
0 1 2 3 4 5 6 7 8
Time (h)
(B)
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- ‘ -
1 ) O
(")
c i
.9 2 I i MD m
et »mm“
: 1
©
© 3
(o)
O
N 4
omM 0.05mM 0.2mM 1mM
_ 12 12 12 - 12 - sk
£ 1 1 1 1 1t !
£ 08 0.8 08 | 08 |
e 0.6 0.6 06 | 0.6 |
£ 04 0.4 04 | 04 |
2 02 02 02 | 0.2 | |—_'_|
0 0 0 0
wt hha wt hha wt hha wt hha
12 * % 1.2 *kk 12 Fkk 1.2 k.3.1.3 —
T 1 1 L ' 1 L 1F
2 08 0.8 08 | 08 |
® 06 0.6 0.6 0.6
£ 04 0.4 04 | 04 |
< 02 0.2 I:I 02 | I___| 02 | D
0 0 0 0
wt hha wt hha wt hha wt hha

Bl= ~ hha R iR 2 g < {2

(A)mz 2 ldr kR 2 GM #ff 3t & Fig ODeoo ## 5 025> ¥ & ] g1y
ODesoo M R|H 4 £ o 2 o Y $ib s $#c2 R (5 wt 50 uM Cu 4p 3% hha 50 uM
Cu: #% wt 100 uM Cu 4p #>* hha 100 pM Cu > % 5 wt 500 uM Cu 4p ¥+t hha
500 UM Cu) © ' A = b= %% (L% 5 SD» **p<0.01 by Student’s t
test) » wt, wild type; hha, hha mutant - (B) & LSW plate ® 4 » 2.5 mM 2_ 4% P&
BAtk (Bt ) M2 hha %% (B Z2) 24 &R REHR:

ODeoo=0.08 » T4 = i A #IAHFHR 15 12 5 pl BhdF » 15 % LBBE % % o wt, wild
type; hha, iha mutant - (C) & LSW plate ® 4 » 0> 0.05° 0.2 2 1 mM 2 4F pl:&
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T4 kU2 hha R R A EFIR 0 R R S ODew=0.5 » 5B+ i A -
ferrSul Bz > g FEE (TEIR) foRkEF g (RIN) TAE O RXRRE
FRE P EM A E hha RRBREES o LA Z b FRER > wi wild

type; hha, hha mutant °

(A) (B)

2 r 2 - .

1

3 1.5 Tgv 15 |
E HKK E *
a 1 a 1
I @
-E E 1 3 ',.E
B | ° +
< 0.5 g 0.5

0 I 0

wt hha hhac wt hhaov hhaov+pBtomB

B~ ~ hha B hiE 4 EHRE tomB i doiE AR 2R X 1

(A) 7 LSW plate ¥ 4c » 1 mM 2_4% B33 4 $& ~ hha R B1Rk % hhac (5 4 $R)2
2 ER 0 BB FR S ODeo=0.5 » 5+ & B SR Sl 8 0 IR X LA
BRAF % 5 2 E WA $R s hha R ®IRE hhac (5 ATHR) 35 5 o @ * arabinose-
inducible plasmid-pBAD33 % 5 7 48tk 2. f&%_" o B 4 K ~ hha R %K% hhac (3
A R)5% 5 pBAD33 4 0 %A ¥ 5 vector control © 3 Af $kd 0.00015%
arabinoes #% 3 o (B) & LSW plate ¥ 4c » 1 mM 2_4F ip|:# hha 78 i % 1k %
tomB chx itk 4 KR 0 R ER 5 ODe0o=0.5 @ i+ & A 78025
Wl Zhd5 > FE X LRI 25 > 28 073tk s hha chB i 4 THRE tomB hy £
# ki3 % % o # % arabinose-inducible plasmid-pBAD33 ¥ & tomB % £ iE tk
2 YR8 o B A AR~ hha H B A EARE tomB ik £ ERIBF 5 pGEM %
pBAD33 7 #4 o tomB ihx % iEtkd 0.015% arabinoes 3% ¥ o 4 5 = b %
FEGEAH S SD » *p<0.05, **#p<0.01, ***p<0.001 by Student’s t test) > wt, wild
type; hha, hha mutant; hhac, hha-complemented strain; hhaov, hha overexpression

strain °
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(A)

— 600 Ewt Ohha _éaso Ewt Ohha .90 W wt Ohha
@ 8 @ B o x B
£ E%Sm §5gm
289 S 2Qam . g 270
&5 £ w5 E b5 =
£ B Faoo 2 g3 FEES0
S5 o= Sg=
%8S a0 59 g 5§30
m 25 @ £ 5200 3 Eao
dg 3 Ly Ly
5 C 50 S .. 150 o 5 930
2gs £ £ g0 2 a
3220 823 22520
58E SRE= ETEw
£
=0 ~ 0 <
s 7 2 5 7 7
Time{h} Time(h} Time(h)
500 Wwt Ohha . 250 EMwt Ohha 1an
o = v - 8 =~ B
2 5 Faso 3§ S0 935 £
g g Qan 5 g SQss0 g89
g8 g0 2S5 a0 3;05‘?100
88 Zaw S25 foE
RS 59 T 250 Sc= 0
5 & £ 250 a8 §2
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*#%p<0.001 by Student’s t test) » wt, wild type; hha, ~ha mutant -
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T g
Mg
NS 100 | |
2%
S E
g5
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o I
3 5 24

Time(h)

Bl= 7 ~CueR #¥ hha 2. JL F14 I

#-F 3 hhapromoter 2. ¥¥ 2 k% cueR R FHRIE "3 & > # {5 1:100 ﬁ%—ff? s =x

BAEWLB #H2E X1 % 35724 FpFE&BIE hha promoter /&4 o L B

ZA B R EHEEGELSR S SD  *p<0.05, **p<0.01 by Student’s t test) » wt, wild

type; cueR, cueR mutant °

cueR(uM)
DNA (0.1 ug)
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Bl = + = ~ 12 EMSA (electrophoretic mobility shift assay)#f 7 CueR £ hha 2. B

%:CueR B R 5 2 uM B"?ﬁ%? 22 hha hpromoter k4 o

__400 Bwt COcpxR .
8 1
§§8w350 -
c
§§f§3°° -
3 s £250 |
289200 |
N < -5
NS 2150 | 1
o >3 p—
S 5 0100 [
2570
S8 E S0
= ||
0 1
3 5 7 24

Time (h)
Bl=-+- ~CpxR & »#4 hha 2. L F 2 RE
#-F § hhapromoter 2 ¥7 4 $K % cpxR R # kI %33 & > #4181 11100 18 =
BEAWLB BHEEB LI % 35724 ] PRI H hha promoter &1+ o M A
S A PR EGRLRL SD o *#p<0.01, *¥¥p<0.001 by Student’s t test) » wt,

wild type; cpxR, cpxR mutant °
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(kDa)

hha wt hha wt

Bl= L~ o~ hha 212 T 4 e A4

FBA4 L 18 P2 T A 4R hha R RO R PO R4 3B (7 12.5% SDS-

PAGE 3-v 13 A 47 -

(A) (B)
—_— 5 — 3 *¥k
[ [ |—|
4 325 !
< <
23| : 2
E ) ! ! E 15
2 L 21
81t ®
¢ 1l i
o o

0 0

wt wt 50pM Cu wt wt 0.5M urea

Bzt4 ik (BBER) 64 % hha 27 -

(A) B~ e ik 1:100 = 32 % Sml LB broth » 12 37°C 32 % 4 /] P is %
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ODsoo 74 K 5 1 B~ Iml et » 4o 3 % 4 i > 4~ 1ml § 50 uM Cu ¢
LB & - /] FF{s » i B RNA & 8-H 8 7 F #4218 2 RT-qPCR
* 38R AT hha chE BE > B ¢ 1 gyrB % internal control < (B) P~§ & FiR
1:100 % #2 %>t Sml LB broth » 12 37°C 2 % 4 /| PF{s # ODeoo 3 & 5 1 > B~ 1
ml iR s A% R deor Tml § 05M R LB 3 K - ol S 0 s

fL gl pF Y 8L RNA & 88 38 7 & # 4% > 4 1512 RT-qPCR = 2 % A 45 hha 4
BE > HY L gyrB % internal control ° U B = S B SGELMR L SD

*p<0.05 by Student’s t test) > wt, wild type °
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¥ % %

- ~hha RRBRABFERBRR ™ FAMP AHHEF KRIT2 B

strain LB 2mMCu LB
wt 4.311+0.8 (pg/L) 211.518%2.47 (ug/L)
hha 5.499+1.15 (ug/L) 237.118+31.36 (ug/L)
22 ~F &7 TR Y OARE TR
Strains or plasmids Description Reference
P. mirabilis
wt Wild-type Ng; Tet' Clinical isolate
wt-pGEM wt contain pGEM; Km', Amp'
wt-pACYC wt contain pACYC; Km', Cm'
wt-pBAD wt contain pBAD; Km', Cm'
hha mutant N2 hha: mini-Tn5 Km1, Km' This study
hhatomB knockout mutant contain Km1 By Vivien
hhatomB mutant
cassette; Km' Cheng

hha-pACYC

hha mutant contain pACYC; Km', Cm'’

hhac

hha mutant contain pBAD33-hha; Km',

Cm'

hhaov

hha overexpression contain pGEM; Amp'
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cueR-pACYC cuer contain pACYC; Km', Cm’ By Lu Wang
By Yu-Han
cpxR-pACYC cpxR contain pACYC; Km', Cm'
Yuan
E. coli
DH5a transformation Invitrogen
S17-1 A pir conjugation Biomedical
Plasmid
pGEM-T Easy High-copy TA cloning vector; Amp’ Promega
suicide plasmid for conjugation ; Amp",
pUT/ mini-Tn5 Km1
Km'
pACYC184-relA::xylE  reporter assay;Cm' This study

pACYC184-spoT::xylE

reporter assay;Cm’

pACYC184-fInDC::xylE

reporter assay;Cm’

pACYC184-hha::xylE

reporter assay;Cm’

pACYC184-tomB::xylE

reporter assay;Cm’

Tet, tetracycline; Amp, ampicillin; Km, kanamycin; Cm, chloramphenicol.

2z~ P a3l 3

Primer Sequence(5’ to 3°)

Description
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For Nested
I-out primer  GAGCTCGAATTCGGCCTAG

PCR
O-out CCTGCAGGCATGCAAGCTTC

O-out 2.0 CTGCGCAGGGCTTTATTG

GGCCACGCGTCGACTAGTACTCAACTGTTCA

R1
CGCC
R2 GGCCACGCGTCGACTAGTAC
For mutant
Kml-F CACGTTGTGTCTCAAAATC
check
Kml-R TTAGAAAAACTCATCGAGC

For reporter
xylE-orf-F(R) CGGTCGCATTACACCTTTG
plasmids check

For

SP6 TATTTAGGTGACACTATAG overexpression
check
T7 TAATACGACTCACTATAGGG
Sphl-flnDC- For flnDC
GCATGCAAAAAGTAACATTTGCTATT
reporter-F reporter assay
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Pstl-flIhDC -
CTGCAGCTCTTTACATCCCGTCCGAT

reporter-R
Sphl-tomB- For tomB
CGTGCATGCGGCTACCCATCAAAAAGG
reporter-F reporter assay
Pstl-tomB -
AGCCTGCAGGCGGTACCTTTATCTAATGA
reporter-R

For hha
hha-reporter-F GTCATGTTGTCTTTTCTC
reporter assay

hha -reporter-R CCAGAAAAAATAGATTTAGC

hha F For hha
TAGAGAAAAGACAACATGAC
overexpression overexpression
hha R
TGCTAATACGATTATCTTAC

OVGI’EXpI’ESSiOﬂ

Kpnl-hha F For hha

complementati GGGGTACCTAGAGAAAAGACAACATGAC complementati

on on

Xbal-hha R

complementati GCTCTAGATGCTAATACGATTATCTTACAA

on
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For hhatomB
tomB upstream
GGAAAAAGAGGGTAAAGGG knockout

mutant

Xbal-tomB
TCTAGACCATAGCTTATTGTGACTG
upstream R

Xbal-hha
TCTAGAGCAAGTAACCATTAGTATCC
downstream F

hha
CGTAAACAATAGGCTTATGG
downstream R

For gyrB
gyrB-RT-F GACCCGTACGCTAAACAAC
gPCR
gyrB-RT-R AGAAATAACCGCAATCAGG
For hha
hha-RT-F AATGCACCTCAATCGAAACC
gPCR

hha-RT-R CAGATGCTGGGATCTTGTCA

For cytokine
TNFa-RT-F  CACGCTCTTCTGCCTGCTG
qPCR

TNFo-RT-R  GATGATCTGACTGCCTGGGC

IL-8-RT-F CACACTGCGCCAACACA
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IL-8-RT-R TCAGCCCTCTTCAAAAACT

IL-6-RT-F GGTCTTTTGGAGTTTGAGG

IL-6-RT-R AGGCTGGCATTTGTGGTT

GAPDH-RT-F CCTCAAGATCATCAGCAATG

GAPDH-RT-R CACGATACCAAAGTTGTCAT

32 > hha % #thend RAY S ER

Phenotype hha vs wt

Virulence factors A Swarming motility (f/ADC reporter ) l
Swimming motility l
Biofilm formation (eDNA|) !
Urease activity l
Copper resistance l
Stress tolerance | Acid tolerance l
Adhesion 1
Invasion 1
Cell colonization | Macrophage survival l
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Yk

IgA-degrading proteasc

Fimbriae 7
mvrl mrl nvl NAFl /é\(

~—* [Keto acid|3 Fe3*

 __ Amino acid

Urea NHj3+CO;

Flagella

Pyelonephritis
Flagella
Urease

Hemolysin
MR/P Fimbriae
IgA Protease

Cystitis
Flagella
Urease “—
MR/P Fimbriae
PMF Fimbriae
IgA Protease

) Bladder

Urethra

Microbes Infect. 2000 Oct;2(12):1497-505.

“ték— ~ P mirabilis 2. % 4 ¥+

Virulence factors produced by P. mirabilis and possible sites of action during infection
in the urinary tract. Top. Proteins produced by P. mirabilis that are known or
hypothesized to be virulence factors important in urinary tract infections. The urinary
tract showing urethra, bladder, ureters and kidneys. A list of virulence factors

produced by P. mirabilis important for causing cystitis (infection of the bladder) or
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pyelonephritis (infection of the kidney parenchyma) as assessed in animal model.
Abbreviations: MR/P, mannose-resistant/Proteus-like fimbriae; PMF, P. mirabilis
fimbriae; ATF, ambient temperature fimbriae; NAF, non-agglutinating fimbriae; IgA,

immunoglobulin A.
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Nat Rev Microbiol. 2015 May; 13(5): 269-284.

Umbrella cells

Actin depolymerization|
vo o

Y=

g

Transitional cells

4= ~ P mirabilis 2. FiiE R B AR

CAUTIs mediated by P. mirabilis depend on the expression of MR/P pili for initial
attachment, and for biofilm formation on the catheter and in the bladder. Subsequent
urease production induces the formation of calcium crystals and magnesium
ammonium phosphate precipitates in the urine through the hydrolysis of urea to
carbon dioxide and ammonia, resulting in a high pH. The production of extracellular
polymeric substances attached to the catheter traps these crystals, allowing the
formation of a crystalline biofilm, which protects the community from the host
immune system and from antibiotics. These structures prevent proper urine drainage,
resulting in reflux and promoting the progression to pyelonephritis. Finally >
production of the bacterial toxins haemolysin (HpmA) and Proteus toxic agglutinin

(Pta) is important for tissue destruction and bacterial dissemination to the kidneys.
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HpmA induces pore formation by inserting itself into the cell membrane and

destabilizing the host cell, causing tissue damage, exfoliation and nutrient release. Pta

punctures the host cell membrane, causing cytosol leakage and resulting in osmotic

stress and depolymerization of actin filaments, thus compromising the structural

integrity of the cell. The release of nutrients via these toxins also allows the bacteria

to scavenge iron using siderophores.
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“dk= ~ P mirabilis 2. % % # {7

Swarming cycle of Proteus bacilli growing on solid media. Swarmer cell

differentiation and swarming motility are cyclic. A short, vegetative bacillus

(swimmer cell), as observed in liquid culture, differentiates on solid media into the

highly flagellated, polyploid, elongated swarmer cell. This process is controlled

through the environmental signals, e.g., reduction of flagellum rotation and/or

glutamine, a specific chemical stimulus. Then, the population of swarmer cells

migrates rapidly and coordinately away from the initial point of inoculation until the

number of swarmer cells is reduced. At the consolidation stage, swarming motility is

stopped and swarmer cells, after dedifferentiation, revert to a swimmer cells, i.e.,

short rods.
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P. mirabilis swarm cell differentiation have revealed a complex regulatory network,

with most factors acting on the flagellar transcriptional regulator (FIhDC). Some of

these factors alter gene expression, and others modify protein level; in the figure, all

factors are shown as affecting FIhDC, for simplicity. The regulator of colanic acid

capsule synthesis (Rcs) phosphorelay, composed of a response regulator (RcsB), a

sensor kinase (RcsC), an outer-membrane activator (RcsF) and a phosphotransferase

(ResD; also known as RsbA), ultimately results in phosphorylated ResB, which

represses fIhDC. When P. mirabilis contacts a surface under conditions that are

favourable for swarming, this signal is sensed and propagated by some combination of

the inhibition of flagellar rotation, FliL, WosA and changes in the cell wall involving

the O antigen of lipopolysaccharide (LPS). The signal is relayed by inhibition of RcsF
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and increased upregulator of flagellar master operon D (UmoD) activity, leading to

activation of UmoB and, consequently, a reduction in phosphorylated RcsB,

alleviating fIhDC repression. The importance of the Rcs phosphorelay in the

regulation of swarm cell differentiation is further underscored by the finding that

disruption of rcsD alleviates the requirement for surface contact and allows the

formation of elongated cells in liquid culture. In addition to the Rcs system, Lon

protease negatively regulates swarming by degrading FIhD and possibly also leucine-

responsive regulator (Lrp). RppA negatively regulates flagellin synthesis by

decreasing expression of fTADC as well as modulating LPS synthesis and RNA

polymerase ¢ factor RpoE may respond to membrane stress sensed by the RppAB

system by decreasing expression of flADC. The putative tyrosine decarboxylase DisA

also negatively regulates swarming by decreasing expression of the class 2 and class 3

flagellar genes. The carbon storage regulator (CsrA) homologue RsmA inhibits

swarming when overexpressed, possibly by regulating fIADC expression. The amino

acid glutamine promotes swarm cell differentiation under normally nonpermissive

conditions, and the polyamine putrescine (generated by agmatinase (SpeB)) is

required for swarming, although their mechanisms of action are not yet known. Thus,

initiation of swarming requires the integration of numerous signals and is intimately

connected to the metabolic status of the bacterium, membrane integrity, and cell wall
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changes associated with surface contact.
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Figure 3. pGEM®-T Easy Vector circle map and sequence reference points.

pGEM®.-T Easy Vector sequence reference points:

T7 RNA polymerase transcription initiation site 1
multiple cloning region 10-128
SP6 RNA polymerase promoter (-17 to +3) 139-158
SP6 RNA polymerase transcription initiation site 141
pUC/MI13 Reverse Sequencing Primer binding site 176-197
lacZ start codon 180
lac operator 200-216
pB-lactamase coding region 1337-2197
phage f1 region 2380-2835
lac operon sequences 2836-2996, 166-395
pUC/M13 Forward Sequencing Primer binding site 2049-2972
T7 RNA polymerase promoter (-17 to +3) 2999-3

"+4%7 ~ pGEM®-T Easy cloning vector map (Promega)
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