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ABSTRACT

Induction and regulation of spy transcription in Salmonella

Enteritidis and Salmonella Gallinarum under envelope stress

Kang, Bo-Gyeong
Advisor: Prof. Bang, lel-Soo, PhD
Department of Dental Bioengineering,

Graduate School of Chosun University

Maintenance of protein conformation is essential for all organisms to sustain their life in earth.
The proper folding of translated proteins and the recovering damaged proteins to their
functional forms are mediated by chaperone proteins. In eukaryotes, chaperones are acting
mostly in cytoplasmic spaces but little is known about the existence and function of chaperones
that assist the protein conformation in extracytoplasmic or extracellular spaces, which draw
attention to bacterial chaperones acting exclusively in extracytoplasmic spaces. In bacterial
periplasmic space, many chaperone proteins are known to assist the proper folding of proteins
secreted to extracytoplasmic spaces. While most periplasmic chaperones in bacteria have much
narrow substrate ranges, the membrane-stress inducible expression and crystal structure of Spy
(spheroplast protein y), a periplasmic chaperone recently identified in E. coli, suggests it’s
binding on a very broad range of substrate proteins under envelope-damaging conditions.
However, cognate substrate proteins and the physiological roles of Spy during bacterial
pathogenesis have been remained unexplored yet. This study investigated the spy gene

expression and the role of Spy in intramacrophage survival for the enteric pathogen Salmonella
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enterica. Using the spy-gfp operon fusion constructed in two zoonotic serovars, Enteritidis (S.
Enteritidis) and Gallinarum (S. Gallinarum), | found the transcription of spy in both serovars
was largely induced when Salmonella were forming the spheroplast and were treated with
ethanol or a membrane-disrupting antibiotic polymyxin B. These induction of spy transcription
were abrogated in the mutant Salmonella lacking either of two two-component signal
transduction systems, BaeSR and CpxAR that operate regulons for maintaining the envelope
integrity of many gram-negative bacteria. After infection to the macrophage-like RAW 264.7
cell, spy mutation in S. Enteritidis and S. Gallinarum severely reduced Salmonella proliferation
rates compared with those of their parental WT. These results illustrate that the induction of
Spy expression can be efficiently triggered by two-component signal transduction systems
sensing envelope stress conditions threatening bacterial survival, and thereby promotes the
fitness of protein homeostasis in periplasm for Salmonella proliferation inside macrophage
producing a variety of antimicrobial factors. This study also suggest that monitoring spy
transcription by spy-gfp operon fusion would be very helpful to determine if developing
antimicrobials can target Salmonella envelopes, and that the inactivation of Spy can be
considered for developing the attenuated vaccine strain to control salmonellosis of zoonotically

important S. enterica serotypes, Enteritidis and Gallinarum.
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Figure 1. Overall structure of E. coli Spy.

Spy ZES 2 spheroplasting stress@t extracytoplasmic toxicity =2 JE&EY 2F
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©J|= S. enterica serovar Enteritidis (S.

e

2 dIA0NNM=E =B85 dgsS
Enteritidis)2t S. enterica serovar Gallinarum (S. Gallinarum)2 AFE0tA 1D, spy
promoter2 =0 GFP clZH RKRNEXNE &Rot= promoter TAH HIH ZctADEQ
pFPV25E ALE0t0 2= spy-gfpS S. Enteritidis 2 S. Gallinarum 0Off &2 &8 AlA
Ol Z6tRULH O &0l AMEE SHBO0| @+= Table. 101l H2|otRATH == HHLS
?I1et X2 = Luria-Bertani (LB) S2ZHHXIE ALZSIRULE AIES 2E 2FE 25
e BHII(HST, Korea)llAl 37T, 220 rpm X422 HIYGSIH AlSoIA20
St Xl= ampicillin (200 ug/ml; AP), chloramphenicol (20 pg/ml; CM)2 BHXIO €O

AtE AL
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S MES
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AACE. PCR SZE0U AMEE FEES S. Typhimurium 14028s SMI0l12, HX|

HAEDl AMEQ spy S& KA XH(promoter) 220 HMetSAE 20 spy linker Sacl

Forward-2 Z2t0|H 2+ spy linker BamHI Reverse-2 Z2t0|HE AtE0HYA

pfu DNA =& = 4 (iNtRON Biotechnology Inc., Korea)E 0/&0di PCR &=
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22 PCR & HI3| E(GeneAll Biotechnology Co. Ltd, Korea)E

Ct(Table.2). i-

MBI 2, Zold 220 292 Sacldt BamHI (NEB Inc., USA) =R<{IE

HeteAE O0l=ot0 ZotRUCh Sacl U BamHI Kgt=2A XclE 8 pFPV25 BIE 2
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3. & & Xl (spheroplast) &

spy-gfp & ZSc4A0EE ERot= S, Enteritidis 2 S, GallinarumS LB

AUNXIOIA A BHSE & OIS, MZ2Z2 LB 2 X0l 4:12 &#E6t0 37T, 220

M0

ol

rom2 &XE BHZDII0A O.Dgyo nm=0.801 = [MHMX HiEH = 25T, 5,000 rpm2 =

r

2022 AMZRIGH0 ASUS HelD 1L M Tris-HCl (PH8.0)S 0.0IME 3|4 A2
ooz 22 U2 HIIGIN B HE AIZCL CAl 8 B 2AR2(5H0d

AZSHES HIH = 0.5 M sucrose (Bioshop, Canada)Jt & & Tris-buffer2 22 22=2

ISt A 20 M 102 BtSAIZ2I = lysozyme (Sigma Aldrich Inc., Germany) 200

ug/ml=S EOIot) 102 BHSAIZ2I = Tris-buffer2 1:1 HIE2 &EItst =0 20 mM<e

N

EDTA (Welgene, Korea)S X 2Iot0d 37COIA 4AI2ESCH BESAIZICE O =0
Axioscope Al (Carl Zeiss, Germany) S 0|Z2Z spheroplastdt S@&d&E Z0E

22 ot A CH24].

SN
g
03
rgl
E
O,
rk
e

o

spy-gfp QHE 8& Z24A0E=E ER6t= S. Enteritidis 2 S, Gallinarum2

ax|

—/

Hl

t21 2o 0.01 M Tris-HCI (PH8.0)2 13| M= GtLCH MEZHS A

ol

Al

=
=

Rl

-

20 1% agarose & DESH £ S HIISHW 100X 2| Axioscope Al (Carl Zeiss,

t ol A CH25].

ruml

Germany) 810|222 2t& ot Ol0IX= Z2& &Xl Jtiet=2
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5. Al 4& =& =3 (Bioscreen)

i

2 =ot

rr

LB FAHHXINA SHZE HHZE spy-gfp QHE & EA4A0E S.
Enteritidis & S. Gallinarum =#3E PBS (phosphate buffer saline, pH 7.0)0il O.Dggo nm=1.0
O &&= SIAAIZCE el 8 ug/ml, 6 pg/ml, 4 ug/ml, 2 ug/ml2 polymyxin B (Sigma
Aldrich Inc., Germany)Jt Z& & HL ZSE X £2 LB S AHXI0l O.Dggonm=1.02 2
SIMARE @FE 0.Dgp =002t ZIEE =St 2d2= Microplate (Honey
comb)0l & Z06tRALE Microplate= Bioscreen C Microplate Reader (Transgalactic Ltd,

Europe)Oil Al 37C2 2S0A 24A12t SO WBHGHY BHGIR D 302 24HAC=Z

O.D600 nm a)l:% §IO-| 6"91[:}-
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6. =& H&A Ct A (green fluorescence protein; GFP)
£33

spy-gfp & Zc2A0EE ERot= S Enteritidis 2 S, GallinarumsS LB
SUHHRIOIA A B & CO2, MZ2Z2 LB S2HHXI0A 1:100022 3| A of

o

830t 37C, 220 rpm2l ME BHZDII0IA CH==J1Q! O.Dggo nm=0.4 Ol = [HIFX]

HSt =, MEZE 4% O0lEtS(ethanol)t 2f ZFF0UHA HE =8 spy-gfprESE
20HF= =& 2 S. Enteritidis= polymyxin B (2 pg/ml), S. Gallinarum= polymyxin B

(6 pg/mh=S HMcl = 1At FIOtE o BH2otACE PBS (phosphate buffer saline, pH

i

7002 29 HIE £ Black 96-well plate (SPL, Korea)Ofl 4 ODgy nn=1.02] &2 2%
DTX 880 microplate reader (Beckman Coulter, USA)Z GFP= 485 nm excitationdt 535 nm

emission@ & =& ot A CH25].
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Jh

7. HAKHIZZ LH S. Enteritidis & S. Gallinarum M&EE2 4

CHA MIEZ O Raw 264.7 cell (ATCC TIB-7)E 10% FBS (Fetal bovine serum) Jt Z & &l
RPMI 1640 (Welgene, Korea)llAl 37°C 5% CO, GHLIIOIA  HHSHRUCEH
Hemocytometer (Neubauer-improved, Germany)E 0l &6t0 MIXZE2l =& d = 24-well
cell culture plate (SPL, Korea) OlA 1well2 1 X 10° cellml22 seedingdtOd

BHZOtRACH LB SABHXIOIA ol=RE BHZs @5 3 mlie MZ2 LB BiXIOGIA

ol
x

1:1002 2 3|40l S0t 37T, 220 rpmel &E HIZII0A 3AI2E |2 = 3 mI2

adFE 25 13000 g, 128 X2AH2Z JAMZE2 F 0.Dgonm=1.00l T&EF OtRARE
EZE Xl 22 RPMI 164022 S|AGHH S. Enteritidis= MOI (Multiplicity of infection)
10 Ol ZAHIE, S. Gallinarum2 100 Ol TIHIE Raw 264.7 cell 0ff 302 =0

ZSAIZCH 302 =0l PBSZ 1% A& o1 10% FBS 2t gentamicin (10 ug/ml)S

o

LSSt RPMI 1640 BHAIZ 1w 2tot0 1AI2F, 3AIZE, 18AI2 =0l PBSZ 3|48 1%

Triton X-100 (Sigma Aldrich Inc., Germany)S X 2I6t0 LB DU Xl (LB agar plate)dil

20 WA E A CFU (colony forming units)E 2t & 6t %L L.
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Table 1. Bacteria strains and plasmids used in this study

Strains

FB248

FB254

1B2126
1B2129
1B2203
1B2204
1B2205
1B2206
1B2209

1B2210

Plasmid

pFPV25

pSpy-gfp

Genotype

Salmonella enterica serovar Gallinarum

(S. Gallinarum)

Salmonella enterica serovar Enteritidis
(S. Enteritidis)

S. Gallinarum/spy-gfp :: AP

S. Enteritidis/spy-gfp :: AP

S. Gallinarum/spy-gfp :: AP AcpxR :: CM
S. Enteritidis/spy-gfp :: AP AcpxR :: CM
S. Gallinarum/spy-gfp :: AP AbaeR :: CM
S. Enteritidis/spy-gfp :: AP AbaeR :: CM
S. Gallinarum Aspy :: CM

S. Enteritidis aAspy :: CM
Genotype

gfp fusion vector

spy promoter containing the entire gene-gfp

fusion,

spy promoter-gfp fusion

12
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Source

ATCC

ATCC

This study
This study
This study
This study
This study
This study
This study

This study

Source

[26]

[25],
This study



Table 2. Primers used for construction of clone in this study

Primer name Primer sequence (5’ — 3°)
spy-gfp 1 clone
spy linker Sacl Fw-1 TATGAGCTCTGCTATATCATGCTGTTGTA

spy linker BamHI Rev-1 TATGGATCCAGGACGGCTATAGAATTCTCTG
spy-gfp 2 clone
spy linker Sacl Fw-2 TATGAGCTCTGCTATATCATGCTGTTGTA

spy linker BamHI Rev-2 TATGGATCCTACCTTTATGCTG CATCATT

13
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1. spy-gfp fusion XIZE.

SalmonellaOll A spy JlsS ZXAtoldl <8t spy-gfp clonesES XMIZotLCt spy-gfp
fusion 12 Salmonella = S0 A 1,388,351~1,389,202H B SHJ[HKl & 852 bp2
spy S&XtS| promoter 2% RERMEX EXOt EZEE BHAH, spy-gfp fusion 2=

1,388,351~1,388,683%H M & J|IHAl

Of

333 bp2l spy =&XASl promoter £ 2HO
IL & & A CH(Figure 2).

S. enterica serovar Typhimurium 14028s0il spy-gfp fusion 1 S£&= spy-gfp fusion 2

SEMEAIA OS2 U=JI2t EHXIDIONAM spy-gfp &A2l ZE&EE2 XI0IE
AL=H= Soll &0 oFRULE spy-gfp 10l HIoH spy-gfp 2= =@ =F2 tH==J[2t & XID|
DF L0 2 N2 =OIEAUCHFigure 3). 0 Z2H=Z spy-gfp fusion 20t L&t =
o= U212 EXDII0AM 2 ZLEES UEHWIl =200 spy-gfp 8AH 242
?st AEZFE 08000 HHAS0l JUCtD EHCE O spy-gfp fusion 12

MEZBIACH spy-gfp fusion 1 L= spy-gfp fusion 22 SHZEMEE S, Enteritidis &

Salmonella Gallinaruml M & 22 Z2HE 2= = UACHdata not shown).

14
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pFPV25

4764 bp

l Sacl BamHI
spy-pFPV25

(A) — — 5616 bp

spy
Sacl 852 bp

BamHI _|_

pFPV25
Sacl BamHI o
(B) —— — FaoTon
333 bp

Figure 2. Construction of spy-gfp fusion 1 and 2.

To construct spy transcriptional fusion, | used a promoter probe vector plasmid pFPV25. (A)
A DNA fragment containing the spy promoter region was amplified from S. typhimurium
chromosomal DNA by PCR using i-pfu polymerase with primer pairs spy linker Sacl Fw-1, spy
linker BamHI Rev-1. The purified PCR products were digested with Sacl and BamHI, and then
ligated with Sacl/BamHI-digested pFPV25 and transformed into the DH10p.

(B) A DNA fragment containing the spy promoter region was amplified from S. typhimurium
chromosomal DNA by PCR using i-Pfu polymerase with primer pairs spy linker Sacl Fw-2, spy
linker BamHI Rev-2. The purified PCR products were digested with Sacl and BamHlI, and then

ligated with Sacl/BamHI-digested pFPV25 and transformed into the DH5a.
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WT / spy-gfp

g 80000,

(@) @ Log phase
= - Stationary phase
= 600004

=

3

< 400001

Q

Q

=

3

Q200004

] —

1

S

i 0-

spy-gfp fusion 1 spy-gfp fusion 2

Figure 3. Difference in spy-gfp fusion 1 and 2 expression in log phase and

stationary phase.

Fluorescence was measured to determine the induction of spy between spy-gfp fusion
including the promoter containing the entire gene and spy-gfp fusion including the short
promoter. Cells were re-inoculated at 1:1000 and grown to log phase and stationary phase.

After dilution with PBS, O.Dgy n=1.0 was adjusted and fluorescence was measured.
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2. S. Enteritidis # S. Gallinarum Ol A spheroplast @4 Al spy

HAle F=h

& M2 S. Enteritidis & S. Gallinarum == 0l Al spheroplastE &4 & [ Spy2l

b

rr

S.

280l ==&

rr

N

Jon

e

otJl ?loll spy-gfp QHE & SctA0=E ERot

r

Enteritidis & S. Gallinarum2 0|35l GFP2l 22 =0l oFARLCH Sucroselt

Xl 2L, sucrose,

ol

lysozyme XM2IDtXl GtAS M= spheroplastt SSXGHH & &

cl

0
I
Pl
ro

lysozyme, EDTAS 2 spheroplast)t S@AEASM, O GFP HES

o

2ol g £ UUCHFigure 4A and 5A). 0| Zt= sucrosetl 218 MAE01 O

i

= F, lysozymeOll 28t BIEI==2/2t2 Soll 12l EDTAO 2let ANIESte oFst

S5t spheroplasta 80| =&4ZE ([ S. Enteritidis2t S. GallinarumOl Al & spy™ Akt

SEES 2eI6HRUL
BH3 cpxR1 baeR Z&E SHPBIOIE HET A2 Z@F0ME GFP Z&E =0l
g = SIA 1 (Figure 4B and 5B), Ol= spheroplasting stress& S8t Spy Z& &0

e

({ot= TCSC! BaeS & CpxRIt 2HE S 20 ELCH.
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Sucrose

Sucrose
+ Lysozyme

Sucrose |
+ Lysozyme
+ EDTA

Figure 4. spy transcription is induced in S. Enteritidis upon spheroplast

formation.

(A) S. Enteritidis/yspy-gfp was visualized at each step for spheroplast formation, including
during cumulative treatments with sucrose, lysozyme, and EDTA, as described in the Materials
and Methods. Notably, to normalize the incubation time for all samples taken throughout the 4-
h process, all cells at each stage of spheroplast formation were partly isolated and incubated for
4h prior to microscopy. (B) cpxR, baeR transduced strain into S. Enteritidis/,spy-gfp were
visualized after completion of spheroplasting process. All paired images for bright field (BF)

and fluorescence (FL) microscopy were taken from the same samples.
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| !
ONC

Sucrose |

Sucrose |5
+ Lysozyme

Sucrose |
+ Lysozyme
+ EDTA

Figure 5. spy transcription is induced in S. Gallinarum upon spheroplast

formation.

(A) S. Gallinarum/,spy-gfp was visualized at each step for spheroplast formation, including
during cumulative treatments with sucrose, lysozyme, and EDTA, as described in the Materials
and Methods. Notably, to normalize the incubation time for all samples taken throughout the 4-
h process, all cells at each stage of spheroplast formation were partly isolated and incubated for
4h prior to microscopy. (B) cpxR, baeR transduced strain into S. Gallinarum/yspy-gfp were
visualized after completion of spheroplasting process. All paired images for bright field (BF)

and fluorescence (FL) microscopy were taken from the same samples.
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g F= polymyxinB s& 238

&0 &
Mz &2 2l&ote S4H 2 polymyxin BOl CHSE S. Enteritidis 2 S. Gallinarum
spy NS MAIREE =HoI| Aol spy-gfp LHE & ZtA0ESE JHE S
Enteritidis 2 S. Gallinarum Z#3=2| polymyxin B0l st 2+&dS =ZEGHRULCH LB

AU XA polymyxin B € s& 22 Mol 8% 242 2F6iA0 1 2

82 80 XNAZ=E sSIF ERUACH S, Enteritidis = 2 ug/ml0ll A (Figure 6A)

S. GallinarumOlA= 6 pg/mlel s&2 HelotAS M (Figure 6B), =2 & E0|
A 240t AE =0oIR L, 0l =55 spy S AL SZ0| AHE0HLCH
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(A) S. Enteritidis / spy-gfp + polymyxin B

10
-0~ 8ug/mi
-2 6ug/mi
1 - 4ug/ml
5 - 2ug/mi
a - UT
O o1
0.01+4 T T T 1
0 6 12 18 24
Time (24h)
(B) S. Gallinarum / spy-gfp + polymyxin B
105
E -0~ 8ug/ml
0O 6ug/ml
c - 4ug/ml
S - 2ug/ml
3 - UT
o

0 6 12 18 24
Time (24h)
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Figure 6. Growth curves of S. Enteritidis/pspy-gfp , S. Gallinarum/yspy-gfp

treated with polymyxin B or not.

(A) S. Enteritidis/yspy-gfp was treated with polymyxin B containing LB media at 0, 2, 4, 6

and 8 pg/ml. It was measured in O.Dggonm at 37°C for 24 hours. (B) S. Enteritidis/,spy-gfp was

treated with polymyxin B containing LB media at 0, 2, 4, 6 and 8 ug/ml. It was measured in

0.Dgoo nm at 37°C for 24 hours.
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4. polymyxin B= S. Enteritidis & S. Gallinarum 2| spy-gfp

HAIE |sEstht

Mzl &2 XHAIsE sE5 0180l MZ2 Y AEYAE FUS M,
spy2l 20l REE=X OIS UL spy-gfp LHE & ZctAO0EE JHA S,

Enteritidis/,spy-gfp 2 S. Gallinarum/yspy-gfp OlA && =& JASIA=0, S.

Enteritidis = 2 pg/mIZ S. GallinarumWlAl= 6 pg/ml2l s=2 XMlotH Z2UE =0l
OIRAUCH 2 LB ZIUBHXIOMAM CH==J12 ODgyp m=0.40A ZBSIHA 2= AS
OISR LY OFRXNET HMeElotkl &2 o =(untreated; UT)0l HIGHA polymyxin B
AEYAE FUS M spy-gfpll LSOl A SOtote A2 SHACHFigure 7).
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(A)

g 250000 - = U
2 200000- polymyxin B (1ng/ml)
2 @8 polymyxin B (2pg/ml)
2 150000+
£
& 100000-
c
Q@
b
g 500004
[=]
= 0.“ 1 -
b S. Enteritidis / spy-gfp
(B)
g: 30000 O uT
> polymyxin B (3pg/mi)
§ 20000 s B polymyxin B (6pg/ml)
£
Q
e
S 10000
Q
w
g
S
T 0

S. Gallinarum / spy-gfp

Figure 7. Induction of spy-gfp transcription in S. Enteritidis, S. Gallinarum by

exposure to polymyxin B.

(A) S. Enteritidis/,spy-gfp fusion was cultured to O.Dggo nm=0.4 and polymyxin B (1 ug/ml, 2
ug/ml) was treated for 1 hour and fluorescence was measured compared to untreated control
(UT). (B) S. Gallinarum/,spy-gfp fusion was cultured to O.Dgy nm=0.4 and polymyxin B (3
ug/ml, 6 pg/ml) was treated for 1 hour and fluorescence was measured compared to untreated

control (UT).
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(A)
200000-
150000-
100000-

50000+

Fluorescence intensity / O.D.

0-

(B)
40000
30000
200004

10000

Fluorescence intensity / O.D.

WT AbaeR

Figure 8. Induction of spy-gfp transcription in S. Enteritidis, S. Gallinarum by

exposure to ethanol and concentration of polymyxin B with the highest

expression.

(A) S. Enteritidis/,spy-gfp fusion were cultured up to O.Dggonm=0.4 and then treated with 4%
ethanol or with a concentration of polymyxin B, which causes high expression in cells, for 1

hour and then fluorescence intensity was measured. with untreated control (UT) was also

Collection @ chosun

WT AbaeR

Ot
4% EtoH
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S. Enteritidis strains

0O ut
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S. Gallinarum strains
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included. (B) S. Gallinarum/,spy-gfp fusion were cultured up to O.Dgw nm=0.4 and then treated
with 4% ethanol or with a concentration of polymyxin B, which causes high expression in
cells, for 1 hour and then fluorescence intensity was measured. with untreated control (UT) was

also included.

27

Collection @ chosun



6. Spye WHAHIE WSS S. Enteritidis ¥ S. Gallinarum

HEN 20610

S. Enteritidis®! OFME ZWT)2H & spy 2& SHEBO0| S. Enteritidis &=+2

HL

AtZ0ot04 S. EnteritidisIt CHAMIZE LHOIA &4&0HD] ?loi Spy)t 228Xl 20t 2D
FlolA THAMZEN ZSAIH SAHES ZAtotRACH(Figure 9).

HANEE Raw 26472 OlZotR D, WAAES 43S AHA IFN-yE
MclotALH AN ZTEAIIILD 3AI2E = OFME 20 HIoHAM spy 22&
=HH0l S Enteritidis @It SA801 ZAiocte AS Qo] 18A12H 0Ol

Ol= 3 2XJt O A Sotots RS &2 GtRULH

o

22 9HoR s Gallinarume OFME ZF(WT)Q &M spy Z& S80S,

Gallinarum T AME0IH HAANEZ W ZHAHA SAES =ZAGHILCH S
202 oFXKIEH 3AIZHOIA 18AI2H 25 spy ZE SHHEHO dF2 HE=Z0|

Orde Z==0l dloi 2Z0l ZAES &QIoHRULE 0l 213t= SpyJt S. Enteritidis &

S. GallinarumO| CHATAIEE LHOIA &S] SA6H)] ol ERES € &= UL
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(A) S. Enteritidis
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p —
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o
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Figure 9. Spy is required for infection and survival of macrophage.

(A) In the RPMI 1640 medium containing FBS, IFN-y treated or untreated Raw 264.7 cells

were infected with S. Enteritidis (WT), Aspy mutant transduced strain into WT at MOI
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(Multiplicity of infection) 10. (B) and In the same medium, IFN-y treated or untreated Raw

264.7 cells were infected with S. Gallinarum (WT), Aspy mutant transduced strain into WT at

MOI 100.
(A), (B) 1 hour, 3 hour, 18hour after infection, all strain cells were counted for CFU (colony
forming units) by treating with 1% Triton X-100 in Raw 264.7 cells. The experiment was

repeated three times with essentially identical results.
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2 A0 M= S. Enteritidis 2 S. Gallinarum2| Spy ZSHLGEHOMM spy FEX
HAl R0 29 AEYAS ZHed Y AL MAF RZ0 HFOdte £E
, O LIOFJF CHAIMIEZ LH Salmonella Az &
SA0 Spy2l =0l A0 =EMet=S 7 HOHA, Salmonellall H& A Z& WA 0
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spy SEX HALY] K& E #0I5t)| ol HZEZSt spy-gfp S&X= = promoter
o2 HESH AS promoterd® OtLict spy REREX MME ZESH 240
HiohA CH==212 EXJIHWAM 25 L0l IA UEU=s H2=2 LIERH
(Figure 2 and 3). 0| Z= M&X R H22AM spy SEX A SEDLFO

U_AAM E. coli OlM A& Cpx%t BaeAlAE 0201 COE =X=&E QIXte

HX2l MAt= M0l spheroplastE S&3MS N2 antimicrobial peptide 2!

30

polymyxin BE XcldE il IAH SItE= XS &2I6tALH(Figure 4 and 5 and 7).

Jm

ol polymyxin B2 sTE SItAIA MES d&ES XNHAZ=F spy AEOI

Jtot A

rr
o
W

AU, HE=2=2 Mot stressE == XZHUMHE

ol
1

Ol

polymyxin B 2t HI==GtHl spyQl &AIIb 7% Z= XS 2 = URACHFigure 8). E.
coliOfl Al Spy2l Z&E Cpxdt Bae S JHA AEHA BtES AIAEON 2K

Aoz A& E|=0[12-14], S. Enteritidis £ S. GallinarumOlA S Ol & AIAEO0]
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