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Abstract

Emergence of drug resistant strains of Sa/monella enterica threatens milk processing and
related dairy industries, thereby increasing the need for development of new anti-bacterials.
Developments of antibacterial drugs are largely aimed to target the bacterial envelope, but
screening their efficacy on bacterial envelope is laborious. This study presents a potential
biosensor for envelope-specific stress in which a gfp reporter gene fused to spy gene
encoding a periplasmic chaperone protein Spy (spheroplast protein y) that can sense
envelope stress signals transduced by two major two-component signal transduction
systems BaeSR and CpxAR in Salmonella enterica serovars Enteritidis and S Gallinarum.
Using spy-gfp operon fusions in S Enterititis and S Gallinarum, we found that spy
transcription in both serovars was greatly induced when Sa/monella cells were forming the
spheroplast and were treated with ethanol or a membrane-disrupting antibiotic polymyxin
B. These envelope stress-specific inductions of spy transcription were abrogated in mutant
Salmonella lacking either BaeR or CpxR. Results illustrate that induction of Spy expression
can be efficiently triggered by two-component signal transduction systems sensing envelope
stress conditions, and thereby suggest that monitoring the spy transcription by spy-gfp
operon fusions would be helpful to determine if developing antimicrobials can damage
envelopes of S Enteritidis and S Gallinarum.
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AIHEe] Y9l Andleite B8V 19 24 o= Aoy 58 &0 A%sto] thes
AR AES Aok FEIFA(Typhoid)/d FE7HA] et AR dletS(salmonellosis)e L2
CHGrassl and Finlay, 2008). 9% AZd SAE 9 715 Zﬂﬁ-’] AR 9E0] QlojA] Ardlekt
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Aol 9Jgt Hsf= wj- RlMol, Q. AFo] gt HhHQl A5s WY F¢ B3 AAHeR
YIS Ryan er al, 1987; Kousta et al, 2010). €3], 9712 AZ0] AJito] 2ol AlAda} 7]7LE0]

A W sk= AereHbiofilm)o] & HRRIARI, Bt W Andelto] 247t g-1E 1, ofE

of oJaf) HYeh= AN Eot AR dlElt Alojo] WQAS Hol&tHChmielewski and Frank, 2003;

Oliver er al, 2005). AR dehte 79 43 F=0] thkst oF 2500559 B3 7 Salmonella

enterica SOA BIEEH, Q7 &3] SAH 0 E AEFAE U0 7]+ Typhi®} Paratyphi & A3t
= 0] 715 ARdoll 4 - 7Aoo R o] E 4= ArKStaff, 2002).
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Ardeto] JupE AAl tiet Wi AAZCRE F7tske FAlolH, oo wE A2 FHBE
AAY ML Ardligit 779 ZHof| Dot Wales et 4/, 2010; Hur et al, 2012). B2 JolA
& AAEE Al wtt ot o 2 3719 P % oh=tll, IR Alet 9] AAQ P
of e}, Al A& Al Al RSy AlS AGAAE & ilﬁ Ao g Nt F4=
e A M B S e e R S
L3 =RE AMSH= AL of 5] W L ﬂr H|-&S FHHKWolf and Mascher, 2016).
2 Aol I 5 BROIA $8% A4EE A9 AP Enteritidis?t 7HRY £8 MY
A 84Y Gallinarum® Al 2 &2 QIR ]ﬁa 9= H}o] Q414 (biosensor) 24 spyS-EAF HA}
o] IS 2ARIGOn, & E4Y BRolN adide ERlsksith
Spheroplast protein Y(Spy)= 138719] ofn|AkS: 7FA 22 FHA LA (periplasm) chaperone ©
WAZA, Spy HHAL £ coli7t 2] A=l 98l spheroplast7t 342 of AlZAUole 24514
U3 e FHAEZ Z7E YoAek YAske thild 2 -8 SlE|Qit Hagenmaier et al, 1997;
Quan et al, 2011). Spy= 4709 a-helix¥ 7! hairpin¥} 22 722 ZEI F311E FAsloz
A, FAE AU Q7] dhzo] B SF9] Tdo] L2 QHYslo] 7|ofd 4= QlE HOE A/dE
AHQuan er al, 2011). T2 FHA|EZA chaperone THAET G2, SpyRdL £ col®t S
Typhimuriume®llA] spheroplastg F/JstAut dF2et o AEH A0 QJaff 11 ddo] Frkl= 22
2 deilon, 1 e Al o 2B A9 AT AT ofo] Al 9] QkAgt B Aol Zast
-0 AR} do]| FoJdhe= o)A}t Alg A A (two component signal transduction system) 24
AHE91 BaeRY} CpxRS WA E SltH(Srivastava et al, 2014; Jeong er al, 2017). & dAFoAe= An
dzto] spy FARF T2 R E ol AR fAAlol| gfp(green fluorescence protein) BEH F+HA7L
72y G ZAU|EE o] 8olo], § Enteritidis®t & GallinarumUWl spy 42} AARR] At 2F AE
gA Q14 7Rs87}, BaeR# CpxRE] 2 AP} o] 7 EHFoIME HEF=A] ZRlskara} iyl

==

O;

1. A8 #F ¥ o3 Hig=x
B ALAE A4FTE AH9S oY= Salmonella enterica serovar Enteritidis(S Enteritidis)2}
Salmonella enterica serovar Gallinarum(S, Gallinarum)S ARESIAY, o] A0 AREEH EHo]
ZL Table 19] 25ttt 45 kS Q3 HiAZE Luria-Bertani(LB) FHIRAIS ARESISITT
*}*‘101' BE w5 B A% Hig7I(HST, Korea)ollA 37€C, 220 rpm 27102 Hijofsto] Agsiglow,
GRA= ampicillin(200 /Jg/mL AP), chloramphenicol(20 xg/mL, CM)& Bxlo] o] A&315itt
E o] ALEsl SIS WE B7|5K= HE AYehE 25 Sigma-AldrichAKSigma-aldrich,

Korea)25# F{lsto] ARg3IIth

2. spy Z=RE—gfp QHZE &t SADE HIE

spygip QHE &3 EHAnEE 1] ) WA PCR $5< 69l Yoke A44 AFEE YT
PCR 5Z|| ALgH F82 § Typhimurium 14028s GAA0|1, AA| Amdlzl AlsolA spy TZHH
F5o] digols RS SEA717] Yol Algtas Ak 9718 €% spy linker Sad Forward-2 Xzt
o|He} spy linker BamHl Reverse-2 Zeto|HE ARESIAT) (Table 1). i-pfu DNA S8 A(GNRON
Biotechnology Inc, Korea)s ©-&3l PCR &< AJHtt. ©] PCR AFES spy G747} 7HA| 2= o4&
326 bp2t & 34 bpE E3RI}t. SZ5 PCR AFEL2 PCR AA7|E(GeneAll Biotechnology Co.
Ltd, Korea)g ARSI gAJotgla, Zefou] Fiofl 91 Sacl@t BamHI(NEB Inc, USA) H9IE At
45 ol8ato] Zeplitt. Sacl 3} BamH1 AgtiA A2E 3§t pFPV25 e 374 AHA171E(GeneAl))
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Table 1. Bacteria strains, plasmids and DNA oligomers used in this study

Strains Genotype Source or references
FB248 Salmonella enterica serovar Gallinarum(S. Gallinarum) WT Cho et al., 2015
FB254 Salmonella enterica serovar Enteritidis(S. Enteritidis) WT Sun and Hahn, 2012
IB2126 S. Gallinarum /,spy-gfp1 This study
1B2129 S. Enteritidis /,spy-gfp1 This study
1B2203 S. Gallinarum AcpxR :: CM /,spy-gfp1 This study
1B2204 S. Enteritidis AcpxR :: CM /,spy-gfp1 This study
1B2205 S. Gallinarum AbaeR :: CM /,spy-gfp1 This study
1B2206 S. Enteritidis AbaeR :: CM /,spy-gfp1 This study
Plasmids Characteristics Source or References
. Gift from Raphael Valdivia
pFPV25 gip fusion vector (Valdivia and Falkow, 1996)
pSpy-gfp 1 gfp fusion containing the entire spy gene Jeong et al.,2017
pSpy-gfp 2 gfp fusion containing the spy promoter This study

DNA oligomers

Sequences (5-3)

spy linker Sacl Fw-1
spy linker BamHl Rev-1
spy linker Sacl Fw-2
spy linker BamH| Rev-2

TATGAGCTCTGCTATATCATGCTGTTGTA
TATGGATCCAGGACGGCTATAGAATTCTCTG
TATGAGCTCTGCTATATCATGCTGTTGTA
TATGGATCCTACCTTTATGCTG CATCATT

210 | J Milk Sci Biotechnol Vol. 36, No. 4

= %A & T4 DNA ligase(NEBYE °l-83t°] Z@A1A £ coli DH5e0] FEASAA. F2

2 22
US| BArlog Bk, AURAAY PINGS et F dudet 550 34T

B,

3. Mz 8% =3

LB JHAloNA st vt spy-gfp QEE 8% EHAVIEE EASKE S Enteritidis®t S
Gallinarum #5& PBS(phosphate buffer saline, pH 7.0)°1 O.Dgoonn=1.0 ©] H=S S4AHTE.
ol ¥ FHALZ 8 pg/mL, 6 pg/mL, 4 pg/ml, 2 pg/ml &S] polymyxin B7F ZFHe| AU X5
=7 9k LB YAl O.Dooonn=0.027}F =S FL3 FO=Z Microplateo] HEd1At HEH
Microplate® Bioscreen C Microplate Reader(Oy Growth Curves Ab Ltd., Helsinki, Finland)®]
A 37T oA 24417t BRF wHksto] viSHIaL, 302 M 2& O.Deoonm #her SASHATE

4. Sheroplast &4

AdlEto] spheroplast B4 7|20l dEA BEE WFoto] AREoITHBirdsell and Cota-
Robles, 1967). spy-gfp €3 STAVES Efsk= S Enteritidis®t S Gallinarume LB GYHH|o]
A A ot ok AR LB JYHEiAo] 4112 FHESI] 37C, 220 rpme g Hid7|oA
0.Deoonm=0.8°] & w7tA] BieFet 3 25T, 5,000 rpmOZ 2087 YAlEE|ste] AEAe HT 1
M Tris-HCI(pH 8.0y 0.0IMO2 3|4A|7] g0 72 ok F7lolo] SHH AlHAIFITE ThA] gt |
AAEEsH] AFZHS AA T 0.5 M sucrose(Bioshop, Canada)7} E3FH Tris-buffer® 22 Fo &
A7rstel ALolA 1087 HEAI7] F lysozyme(200 pg/mL)yE 718k 108 ¥E3AI7] & Tris-HCI
(10 mM, pH8.0) bufferg 1:1 H&Z 7k $of 20 mM2] EDTAE Azlote] 37CoA 4417t &<t
HSAIA. SpherolastZt FA%= ZF g2 A Ald-2 EolW 1% agarose 2 I F Axioscope
Al(Carl zeiss, Germany) @u|40& A5ty dulAo] AZ4w CCD Mgtz Zdsisich

5. spy-gfp 2 MA =X
spy-gfp € STAUEE Efok= S Enteritidis®t S GallinarumE LB Ui R|oflA] BHA] wiok
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M -AEA Q1Y spy-gfp QTE S2A

3o, A= LB FFHIACIA 1:1,0000% S4s) HEste] 37T, 220 rpm®] A HiF700A tha
7121 O.Dgoonm=0.40] 2 w7HA] vkt & MZE 4% olgk&Hethano)?t 2+ #FolA 7FE =2
spy=gfp =5 Bol5= L& polymyxin BE Ad] & 1A7F 712 o vigsisitt. 4% ofeteelut
polymyxin BE A&ol7] &1 wigHzt A=jst 9] wiFdS dilEalsto] PBS(phosphate buffer
saline, pH 7.0)& 29 Al& % Black 96-well plate(SPL, Korea)olA Z+ Al#H(ODgoonm=1.002] B%
&5 DTX 880 microplate reader(485 nm excitation¥} 535 nm emission; Beckmna Coulter,
USAE ZHsllh

2 1

1. spy-gfp RQUIE g8} E2tADES EY

AmdlaifiolA spy AF FARE AR 3t spy-gfp 2812 8 SHARIEE ARl 7|2
of] AR spy-gfp fusion 12 spy FAAL] promoter FoF L2FAAL AXE T W (Jeong
et al., 2017), & AFo)|A A2 spy-gfp fusion 2= Az D HHOA A&st AAH spy 4R
promoter F-J7HS 23kttt WA S Typhimurium 14028s ©ll spy-gfp fusion 1, 25 22 3
A oI5 tig719F BA7I0NA spy-gfp AAH] WdTE B8 Aol &1 T 4= AT spy-gip
190 I8} spy-gfp 2+ w52 t719t HA)7] BE ddwo] F AR IRIFQITHFig. 1). o] A=
S Enteritidis®} S GallinarumOlAE oRR71R]91 A o& UeRton o]AL o] Ardlet FAHFE A
olofl FARE spy FRA AL AAE 7L Y& BolET spygfp fusion 27F T H5= H5]
o} A7)0 BF F EAFE Uely] wZe], o$ Almuf AEF A et spy R} AAR] FE
£ FHs|7t o9 o, spy-gfp fusion 1 ARESI] o] & o] AREsIGict

2. Polymyxin B& S. Enteritidis?t S. Gallinarum LH2| spy FAIE |TSHC}.

Al T Fsok= YA polymyxin BOJl gt S Enteritidis®} S Gallinarum spy F-38AkS] A
SE2 245 J3f spy-gfp QHE S SFANES 7H S Enteritidis®} S Gallinarum #5352
polymyxin Boll tet A48 WA Z7gst3ith. LB YLHIAIoIA polymyxin B & sk HE A5t

S 80000-

o Log phase
- Il Stationa hase
£ 60000- P
c

8

£ 400004

Q

(3]

[

3 20000- ==

(7]

g _

S

e 0

spy-gfp fusion 1 spy-gfp fusion 2

Fig. 1. The spy transcription monitored by GFP fluorescence expressed in S. Typhimurium harboring
spy-gfpo operon fusions. Salmonella cells cultured to log-phase (O.D.goonm=0.4) and stationaryphase
(24hr) were washed with PBS before measuring the fluorescence intensity. The fluorescence of
same amount of cells (O.D.goonm=1.0) were measured by a microplate reader as described in the
materials and methods section. Data shown are the means with standard deviation from three
independent experiments.
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0

of 4 TAS Tl 1 At FEE o] AEle st G3ith S Enteritidis & 2 #g/mlL
o A(Fig. 24), S GallinarumOlAle 6 pg/mLo] =2 A2J5t%S H(Fig. 2B), @2 44Eo°] A7
sl AL RIS, H £ FEoAE BE Alio] A%o] A it Ald Aol A4

=

Enteritidis/ ,spy-gfp @+ S Gallinarum/ ,spy-gfp oA BB=E 243t A7} ZF LB JPiA)A o
Z71(ODsoonn=0.4)7HA] HiFRE ol ie &G Y A SRISIY, oOFF AR Aol ok
ol =3} polymyxin B & 2|3t #5504 spy-gfp®] Tl 2A S7I5hs 22 olithFig. 3). S
Enteritidis®] 3<% 1 pg/mL ¥ 2 pg/mL 5E9 polymyxin Bol 23 Zkz+ 3.9, 13.84, S
Gallinarum®] 7% 3 pg/mL % 6 pg/mL F=2] polymyxin Bell 2J3 1.681, 28 S7tske 22 &<

stsict

3. S. Enteritidis?}t S, Gallinarum 2| spheroplast 4| spy APt A QEELCE
S Enteritidis®t § Gallinarumw5~5°| spheroplast® 34T 1] Spy] &do] FLE=A] &elsr]

(A)

10
8ug/mi
6pg/mi
4ug/ml
2ug/ml
uTt

titme

0O.Dsoonm

0.1

0 6 12 18 24
(B) Time (h)

8ug/ml
6pg/mi
4ug/ml
2ug/mi
uT

tat o

0O.Dsoonm

0.01-

0 6 12 18 24
Time (h)

Fig. 2. The effect of polymyxin B on the growth rates of S. Enteritidis (A) and S. Gallinarum (B)
harouring spy-gfp fusion. The growth of Salmonella cells were monitored in the absence (UT) and
presence of various concentrations of polymyxin B. Data are representatives of three independent
experiments.

www.ksdst.org
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(A)
4 250000
o 4 ut
2 200000 polymyxin B (1ug/ml)
2 Bl polymyxin B (2ug/ml)
2 150000+
£
8 100000
c
(]
? 0
4 50000+
o
= ol ] :
- S. Enteritidis / pspy-gfp
(B)
8: 30000 = ur
E\ polymyxin B (3ng/ml)
g 20000 T Ml polymyxin B (6pg/ml)
£
Q
2
S 10000
(%]
(7]
2
S
T 0

S. Gallinarum / pspy-gfp

Fig. 3. Induction of the spy-gfp transcription in S. Enteritidis (A) and S. Gallinarum (B) by the
polymyxin B treatment. Salmonella cells cultured to log-phase (O.D.goonm=0.4) were treated with
various concentrations of polymyxin B for one hour. Polymyxin B treated and untreated (UT) cells
were washed with PBS and same amount of cells (O.D.s00nm=1.0) were subjected to measurement
of their fluorescence intensities.

A3l spy-gfp 2= &3 ETAUES BG5S Enteritidis®t S Gallinarum ©]85}2] sphero-
plast B4A] GFP2] €adg &HI51tt. Spheroplast B4 #4%, sucrose?} lysozyme AZ]|7H4] 314
< W& spheroplastZt F56HA FAEA U9k, sucrose, lysozyme, EDTAS 25 A2t 3¢
spheroplastZt @=10H, ofwfo]l GFP W&o| 34 F7ste 2g &Rl 4= ASItHFig. 4A%} Fig.
5A). SHAJRE, sucrose®} lysozyme ¥ EDTAS 217t AejFe Wi GFPY S & 4 QI%itHdata
not shown). ©] A¥k= sucrose©] ot AHFEY] that =2, lysozymeo] oJ3 HE|=F 27| 5,
1731 EDTAOY ofet Ajzeto] ofohs 55t <=AH spheroplast@/de] &€ Wit S Enteritidis® &
GallinarumolA spy AAPE 952 4 98-S Hojzeh

4. S. Enteritidis®t S. Gallinarum 2| Ml 9f AEAN| oI5t spy MAF RE= CpxRo}
BaeR0|| 2=Ho|LC},
E coli% 8 Typhimurium®] spy f784F A fiee o] A15dE AAI CpxRAZH BaeSROT 213
A Z4o| B AoR AHHHBury-Mone er al, 2009; Jeong er al, 2017), S Enteritidis® S
GallinarumollA= ol AA7E BAHEA LRI F Y 25 xR T baeR 0] 24 599
o] w5l polymyxin BE A o HRHWT)N BlshA spy-gfp &o] AL HA Y= A= &l
Sl9tHFig. 6). o] AolME Al goll AEHAS F= T WA 8910E 4% ofgeS Ast]
Enteritidis®t S GallinarumellA spy AA} S7Fsk= 2& SRISIAL, o] HAL f= cpxR 3 baeR
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(A)

ONC

Sucrose [

Sucrose [°
+ Lysozyme

Sucrose E
+ Lysozyme
+ EDTA

Fig. 4. Induction of the spy-gfp transcription in the spheroplasts of S. Enteritidis. (A) To visualize
WT S. Enteritidis harboring the spy-gfp fusion during spheroplast formation, cell aliquots were
collected at each step during cumulative treatments with sucrose, lysozyme, and EDTA, respec-
tively. To normalize the incubation time for all samples, cell aliquots collected before EDTA treatment
were further incubated to reach the same time as taken for the complete spheroplasting prior to
microscopy. (B) Bacterial images from the spheroplast of baeR and cpxR mutant S. Enteritidis
harboring spy-gfp fusions. All images are representatives of at least three independent experiments.

(A) (B)

ONC
AcpxR

Sucrose

Sucrose
+ Lysozyme

Sucrose
+ Lysozyme
+ EDTA

Fig. 5. Induction of the spy-gfp transcription in the spheroplasts of S. Gallinarum. All experiments
and data presentation were performed essentially as described in the legend for Fig. 4.
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(A)
g 200000- —
E‘ 150000 4% EtoH
% Il polymyxin B (2ug/ml)
2
£ 100000-
[}]
Q —
c
3 50000-
7]
e
S Nimb el e ._
- wT AbaeR AcpxR
S. Enteritidis strains
(B)
g 40000+ S
:>' 30000 — 4% EtoH
g El polymyxin B (6ug/ml)
£ 20000-
[}
(]
c
3 10000 -
(” —
e H
[e]
2 0 : : .
v WT AbaeR AcpxR

S. Gallinarum strains

Fig. 6. BaeR and CpxR dependent spy transcription in S. Enteritidis (A) and S. Gallinarum (B)
under membrane disrupting conditions. Salmonella cells cultured to log-phase (O.D.e00nm=0.4) were
treated with ethanol (4%) and polymyxin B [2 ug/mL for S. Enteritidis (A) and 6 wg/mL for S.
Gallinarum (B)] for one hour, respectively. Measurement of their fluorescence intensities were
performed essentially as described in the legend for Fig. 1.

o] A4y EdHo| FFE0A YojuA] USkth TS cpxR T baeR 0] ALH EUHo| #FE9)
spheroplast FATHNAE spy F42F HAL fiee A AotrHFig. 4B < Fig.
polymyxin B} oehE 59 Al 9 &= 8213} spheroplast 347 &3t 471
A3l S Enteritidis®t & Gallinarum 9 spy #4344 T&o] IA F7kekal, o] =gl CpxR¥t
BaeR9] o] A9l HoEL.

fr @
=}
1=}
m
)
[>
i o

niY

2 dtfME H5 ® f7Rs A fEolA Fa3t Ands} gdgdos Adeke IHIE
% S Enteritidis 7t S Gallinarum®| Spy 2&345 spy -84F AR G0 Qlo], 5 AEFH A9
a4 2 AR A o] Fofals 24 THldo] B oS A0 SIS spy RAIAF T
FEE ERIsP| ol A=t spy-gfp §HAE S promoter TS ZF3H A2 promoters °FY
2}, spy FRFIAL QA 2t A wIsiA disrie BAIoIA - EEge] A Y Ao
YERtHFig 1). o] ¥ spy #7834 AL =250l QoA £ coli oA EEA Cpx®} BaeAlAH
ojejof] g 2 IAe] EAIs S AMBIAL $EAYE F3 HisloF & Aow Az 2 A
A= GFP WS RYUHT O 2N Bt & 474 S Enteritidis &+ S Gallinarum®] & AEHA-E
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4I5S AT 4 S ol 2AING BHORN gy-gp §3 FeAv|ES BT Ssink
W2 spy SA% HAS TFIE gfp STA o AEA WS S8 LA us} Arkn B

E. coliofld AZ HAE FHAZANZS] Spy T HFARS o] Tl chaperone 7159
A0 F B FE vy QItiHagenmaier et al, 1997; Quan er al, 2011). -2 AdE52 Tl
9] @& B4 4 Q= chaperone BHEESE AAlok=t], BE o] BEEE Aldto] AEH A
E2EE o AlEEellx Wdo] 3A F7kste] AEAY HAgE o] B0 7jofslal, Al HY
3 Weo= 523 9T SKHenderson er al, 2006). FHAIZE F7hoA W&5}= chaperone
SIS B3 &5 AE W] oefet SgollA Al Al 9F 9 &5 AR HYd g
(effector proteiny& EH[ok= IS F1 Y HAES SHAARIHBurkinshaw and Strynadka,
2014). SHAJRE, o] 79+= FHAIZAY B4 &5 AAY FS gt adE] ElojA 7|52
St} o5 9 LolA, SurA, Skp, DegP 59] chaperone THiZo] FHA LAY childE0] 1% QHY
3o 7]ofoh= AR A, FACY B £ et SA S SF71 A AgtHo]of
A, ol Al g EAdA 11 Ao wlwlet Ao g d#HHRowley er al, 2006). SHAITE Tl
A 2 A= B9l ZRIgt Spy= BT 71d DA E] 2 FFRl] 719D 7140l & AR
et AAZ, £ coli 9 B4 uf ThiARQl [ptDE Skp2t FkpA chaperone TS0 2sjjA]
Eojxog 7 1271 HgEE Aog dFE, skp?t fhpA7t AEE #5olME SpyZt LptDY] 7]
S8 125 BYole vl SEoHA 2Eoke A 0E BuEQtHGoemans er al, 2014). BA7H] ¥
WAt BE WA Spyd] o] HarER] ¥l Qlovk BE £ coli7t ABAleks BldS oF
20% &7t FHAIEAC ok, W W] 71d SiEAEE AT AR olidE= Spyd] HEHo]
Al oF AEgA0] BolA 02 RrHrth= M A7k, Aldt H=/dolA Spy] ddo] A4 okZ Ao
2 o 5 Sl

oj2igt o] fE & Aol Ardleto] uf AEHIA Q1A fJsf Aesial SRIgh AmdEto] spy HA
Aol WA 1 Fa4o] AR drial T 5 Qlth AAR spygfp TS Amdziio] A"
polymyxin B9 ol Bl#|sto] F7151%1 2™ (Fig. 3), spheroplast FAAE HE AEH AT} 7]
+ vpRE oA o] IA FrEE A E 4 AhFig. 49 Fig. 5). Wt o] 2dE2 §
Enteritidis®} S Gallinarum®] 2t AEFA AxE A=Y QlojA, & ALoA AMR3t spy-gfp
QuEE §3 ZHAR|ETL REoH AFEE 4 IS AlARITH

E. coli®t S Typhimurium©lA Spy2] &2 Cpx¥t Bae F 7HA] AEH|A kG AJA—0] s HAL
o7 ALrHE Zog A=Y (Srivastava et al, 2014; Jeong et al, 2017), S Enteritidis® S
Gallinarumol| A% o] & AJAE0] spy HAL Fleo] Q3 202 SRIF|QIKFig. 4~Fig. 6). THt
S Gallinarum® 3<% cpxR ¥ baeR & A& EAHO| FFAME polymyxin BO Hist spy & -4}
AL 47 HE ot 9JQlthFig. 6). o] otz § Gallinarum®) polymyxin B 5-3-49] Xjo|z
T, o Just 24 AARIY EA7NEA ESE HiAE & §ick

W Alte] ot AEF A0 thgt A-goluyt Wgol] Fofehs FARES Bol EAfska, o9 U2
HAdACIA Fedet. o9 FAF fies Cpx@t Bae 2 AlZE9QJR 7|5{extracytoplasmic fun-
ction)] A|Z1HF QIA1 RpoES] AI7HA] AAF 28 AAS0] FEoke AR L FtHRowley er al,
2000). £ coli 9 Cpx% Bae AlARIE 9 AEHAS A oh= o] A QS GA= A-8ok= ot
Q] BaeSe}t CpxA7}H 9 AEg|A0] OJsf &3} o] QMRE, T59 XIS ¥ 24 Q&
BaeR ¥ CpxRE 27} Adsio] 109 34 fHA=2] HAE SASHITI. CpxARS Al 1 AE
g AE ¥ES o, BaeSR 7-2](Cu), oFA(Zn) 53 22 5<% o|AE A0 9fgt oF AEF AR B35}
Hc}. RpoE &= AlZ&atol] 9JA]sk= RseA Tl o] 249 Q= AE=E SAsitit, Azt ejFe
HAH A= F710) sl DegSet RseP F Al2Au} thill s g 4o] 9Jsf RseA 7} EolH 2 =H
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Mz 9-2Ee|2 Q14 spy-gfp QTE S

AEAYR ofsste] H2 GRS FAE LHAAIE 2 A= cpxR I} haeR E& E
© ATHo=E AZSIGoY, rpoF EAHOIE AIXSHA] Kokt skARL S Typhimurium ©]-823t
1 A2l rpoE 07 spy FANE Q3818 S7HIFET, ol mpof B0l 5] B% St
g o AEg A0 O3t A0 E WHEIY, Cpx} Bae AAK: B spy AL freabgol A4l
IS FA) U= Aoz olEdHJeong et al, 2017).

B Al o AEHA AEESS IA FESK= Cpx® Bae AA EF S Enteritidiset S
Gallinarum®| spy AAF F20l| Qotchs WAL F BHFY o AEHA H-GHES E3H T AAo|
A 9fEekE HojErt XS o] A= Spy WAy Aol F AAYL BE 240k A Al
oF fo] QRS AJAFeH, ofnf spy-gfp QHIE £ EHAR|EE 1 BEE fofol=t 34 7-&
o Aos AlrHrh

re
e
o

]

o
=

FO

U 2 {78 A Ak} fEolA Amdet ol Qg Amdaso] WA wlvstH, o] At
FUYE AAC] gt WA S7F @4 E3E AEE L Qlo] MER FHYE AAY 8= FASH
et Al g2 Al BES FA 98T & 71 Wizl dEs FrE AAES FE2 Al
oS #2407 At e AAS0] AAE Ao I&s 2IEH=A] FHGK= AL WS
g3} 8|82 Faiit) & Afolie £ coli AEEE AE A Ofef Tdo] REHI, Al R
Zroll Mgk x5k, 11 24 W ThiA o] 12 QPYslo] 7o A& Al chaperone Tl
Spy(spheroplast protein Y)2| §-%A0]| A-gdk= ARzl spy G-4A0l| gfolgreen fluorescence
protein) QFE SIAE AZst], o] At Salmonella enterica® T EHF Enteritidis®}
Gallinarum®] A28t AEHAE QIA|5t] GFP Tdgo| A 716l A& SRleklth. E3t Aletdt
2EHA ASE Bojgog QIAsk= o]YA}; A5 Y AA(two component signal transduction
system)%] Bae®} CpxE°] F A et @G spy 47 AAL fo] B4A S geleioict. wet
A B AN ARLSt spy-efp QHE FHAE S Enteritidis?t S Gallinarum®] A=Y} g&2 Eo]
o] 1 A&5HA QA= biosensorZA &89 4 Q1S Ao& metEch

1o 4t

i)

b 1o

ZAL| =
B A3Lof AR83E pFPV25S A58t Dr. Raphael H. ValdiviaZ]l ZAIE YT & =52 20163H =
AT Sk AP Wol ATEQIsUTh
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