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ABSTRACT

Spy-dependent pathogenic mechanism identified by comparative

secretome investigation of Salmonella Typhimurium

Kim, Jung Sung
Adyvisor : Prof. Bang, Iel-Soo, PhD
Department of Dental Bioengineering,

Graduate School of Chosun University

Protein secretion into the extracellular space during bacterial pathogenesis is crucial to
bacterial metabolism. Chaperones are proteins that play important roles in stabilizing and
activating proteins such as folding, loosening, binding, and membrane permeation of other
proteins. Among them, Spy (spheroplast protein y) is known as a chaperone protein expressed
in the periplasm when it is in the spheroplast state formed by the partial removal of the cell
wall of the gram-negative Escherichia coli or when exposed to protein denaturation conditions.
Structural studies Spy preview predict that it may be helpful in the proper folding of a wide
range of proteins in the bacterial periplasm. However, the physiological relevance of Spy to
bacterial pathogens remains unknown. In this study, we will show through analysis of secreted
proteins that Spy is necessary for the pathogenesis of Salmonella enterica serovar
Typhimurium. The expression of Sa/monella pathogenicity islands 1 and 2 (SPI-1 and SPI-2)
through the Salmonella strain with the spy mutation was analyzed. There was a decrease in the

secretory protein necessary for the formation of SIF (Salmonella induced filament) necessary

vii
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for the proliferation. This indicates that Spy not only helps folding of other proteins, but also

affects membrane permeability of secreted proteins and is necessary for the pathogenesis.
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22t HAHE  AEHQl  spheroplast)t & ZAZS M periplasmOl E=IHdt=
CHER A O|CH19]. SpySHEH & 2 Two Component Regulator(TCR)2! CpxAR, BaeSR 12|11

Rcs PathwayOll 2o A& & Ch= A0l M UCH20, 21]. 22l spheroplasting

S43 SEE2 spy SAN LEES SAAIZICH22). MetstAMol 2AHAZ Soll Spy
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Of HF0UAM AtESH FF= 0FME Q! Salmonella enterica serovar Typhimurium
14028sE AFZSIRA 1D, 0l AW AMEE plasmid2t SHBI0| ZF= Table 10
HelotULt. 2FE tHYot= BHXI= Luria-Bertani(LB) broth £&= LB agarS
AMESIALCE SPI-1 R L= fIGHA 0.3 M NaCl LB broth(LBN)E ALE5HA 1D,
SPI-2 & A £ S ?I0H M Magnesium minimal Medium (MgM, 170 mM MES, 5 mM
KCl, 7.5 mM (NH4)2S04, 0.5 mM K,SO4, 1 mM KH>PO4, 8 uM MgCly, 3.8 mM glycerol, 0.1%
casamino acids, pH5.8)2 A0l CH4, 24]. A 2E 2F= 377,220 rpm X219
JE BHLIIUM BHEGHH AIERCH MM Z= chloramphenicol (20 pg/ml ; CM),
kanamycin (50 pg/ml ; KM), ampicillin (200 pg/ml ; AP), tetracycline (20 pg/ml ; TC)S

BHXIOI €01 AFEGHAL
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2.SPI-1, SPI-2 &0 A2 =2Hl SHHa 3

LB broth 37COl A O/NSt 2 strainsS SPI-1 condition®! LBN(LB+0.3 M NaCl) 20

ml0fl 1:10022 FEo6tD 3412 S¢ JIAA 0.D~1.32 XFLCE 4T, 4,000 rpm0il A

40= S92t centrifugeAlI| ) A SH 10 mlE conical tubelll SHE = 0.45 pM filter2

c

ZH AIHZLCH NormalizeE <IoH B-lactoglobuling =& ==Jt 2.5 mg/ml0l &=

200 A2 =0 22 6JH2 1.5 ml tubeOll 1.35 ml2 LS &30 100% TCA 150

ul(10%)E € =1 invertingE 1081 =10 4CUHA O/N AIAZTCE OS €

4

a

12,000 rpm2 2 15272+ centrifugeAl?2! = &ASHES Wl Acetone PrecipitationS

ro

LIl 100% Acetone 1 mlES 20 vortexing

-

= ChAl 8 H centrifugeStO CHEHA

pellet2 L LH UL Pellet2 A 20 A 15~2022F 2 = = 80 mM Tris-HCI (pHS.0)

buffer 60 pl0il =012 5X sample buffer?t S MHAM 95COUH A 522t 20/12) SDS-PAGE

gelOllM MJ] = GHTCh LB BrothOlA O/N cultureSt cell2 MgM BHXIZ 28

MIEst = 1:502 HIE2 0.1% Casamino acidsE &It MgM BHXI0 &350 O/N

culture{ Ct. 4000 rpm2 2 4COH M 3022t cell downAlI| ) ASHE ZH CoringAt2

0.20 um pore size syringe filter2 = 0tA= bacteriaS KM HSUCE NormalizeE <IoH B-

lactoglobuling® %EZ %It 2.5 mgml0l S&F €10 A F L B-lactoglobuline 2+

S AFSHN E0 2H|sl SH8HEol k=2 H|WotJ)| ol normalization control=

DI—Ol x| X

[

>
s
o
el
m
ro
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o
o
I
[l
0=
e
1o
1
=
1

=0[J] <IoH MilliporeAl2

Stirred Ultrafiltration Cells 82002 AtE0 10,000 NMWL pore Ultrafiltration

Membranes@ 2 10KDaO|AtQl CGiBHAOE WD) ZE PO 2 5 mldtEo

ASHES EtOH & MEH(EtOH 73% Acetammonium sulfate 2% sample 25%)2 2 -20C

O/NHLCt 12,000 rpm2Z 4COHAM 1522+ centrifugedi Al downAl2l = &t
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BHel2 100% Acetone 1 mlE 20 vortexingSt & CHAl & 9 centrifugeStOd pellet2
2O YUCEH 80 mM Tris-HCI (pHS8.0) buffer0il pelletS =0[1 5X sample buffer2 &M
95COl 522+ 220 M SDS-PAGE geltfl =22 21CH4, 25].

Y8t gel?l HHMAE =ZAZ RIoH in-gel digestion (Choi et al, 2014)1t LC-
MS/MS(Moon et al., 2012) ZEHS S&t H8E IHZ2 =) USAF A7
QEME A XEHSIACH 2+et5| dHSIANH SF+2 HROI MESH gel2 tryptic
digestionZ¥ 2 22 50mM ammonium bicarbonate, 37 COIA 12~16A12F X2l 5tRULCH
DigestionS XX 3totI)] ?lol OHXIZ trypsins £5  10ng/mlZ  GtRUCE  Trypsin
peptide®| == <IoH 50mM ammonium bicarbonate, 5% trifluoroacetyl acidJt =<2t
50% acetonitrile EHS ALZ0IUCH MHE peptide TE== 20t 52 HAX AL

=
0.5% trifluoroacetyl acidll =04 LC-MS/MSIIHE A5t ZA3HALCE

3. Gentamicin protection assay

-

Hela cellOll CHS' Salmonella®l 222 &EX8H =

rr
Rl

ot 20l &I

— o

ol
o
ol

F A CH26]. 2

UM A, Salmonella cell 0.3M NaClE &5 8t 37C LB brothOl Al O.D ~1.00| &

in
]

BHF GFRLCE 1eld 2t strains®| bacteriaS MOIJE 1001 &&= HeLa cell0fl
Z0HF1D 37C 5 % CO incubatoril A 1522t B CE. Infection =, PBSE 23]
NEGIH MZ 2 2HelotE MASHLD 10% FBS & Gentamicin(Xl S =% 50pg/ml)

o

gt =otl= RPMIIG400IA =II2 BHSF GOHRULCH GentamicinS X c2lot) 1A[2H

nio

3AIZ2E01 XIt Al Ol HeLa cell@ PBSZ 3% M= = 0.1% Triton X-1002 A& 5H0
Z0AIZCE NE Z20H=SZ2 serial dilutiondt)? LB plate®ll dropotO cfuE Sl

1AI2EE 3A12+2] Time pointOl Al Invasion RateE WTS 100% =22 H AHGHAUCE
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RAW264.7 cells@ At&3dH0{ &t

[

S
=

ro
[\)

4hr& O 24-well cell culture plate(SPL Ab)Ofl A
1 X 10° 2 cells£Z 10% FBSE X &8H RPMII640 media?t &M 37C 5 % CO;
incubationStACH. 2l 2 strains2| bacteriaE MOIJE 1001 EI&= RAW264.7
celloff 3022+ 37C 5 % CO» incubatorOil Al InfectionAlZICt Ct2 2B S HeLa celldt
ZALD 2A2ED 16A12E2] Time point®l A cell2 S0l serial dilutiondt¥ 2 LB

plate0ll dropst cfuE S0l Survival Rate Z2IUHE WTS 100% J|IE22 Hl4&F GHRULCH

4. Beta-galactosidase assay (B-gal assay)

LB broth 37C Shaking O/N2Z culture® 2! strainsS LBNO 1:10022 M&E &0t
O.D~130tAl 21210 L3S0l 2082 20 SRUCH 2ml EP tubelll Iml2 CellS downdt
Ch2 A4SHsS Held 22 volumell Z-bufferE E0 CtAl =0 FCH Z-bufferOfl

=0l = cell® ODE J|I=2

ro

£ MZE& 2ml EP tubell 500ul8 Z-buffer?t Z-
buffer0ff =9l cell 500plE AHZE £ 10ul2 0.1% SDS2t 30ul2l chloroformE < 1)
10%=2t vortexing®{ Ct. 37COlA 52 S©t incubationst CtE ONPG(4mg/ml) 200ulS
o Al2t2 SEFUCE M0l LMoz BI5tH 500u12 NaCOsS

201 Ze Al FEES O CellOl

R

HAE 800uIE cuvette®l FHM UV
spectrometer2 E& T 420nm, 550nmE ZSZICL 2= Z WS Miller UnitsS Al
1000 X [(ODsyo - 1.75 X ODssp)] / (T X V X ODeoo)l CHOH HAHGHH LIEH

2 DFCH27, 28]
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5.SPI-1 &&0AN2 0ISH HAE

r
O
e

LB broth Ol A 37C overnight & HH St cell & 0.3 MLBN Ol E&6t12 3 Al
shacking incubation Al2! £ 0.4% Bacto agar 0.3 M LBN plate 0ff 1 pl & drop 5t12 37T

incubator Al 6 A2t & XIES SEUCH29].

6. RNA =1 ¢DNA &4 %L qPCR 1 (real-time) RT-PCR

LB BrothOll A O/N culturest cellS SPI-1 condition0l A= 0.3 M LBNOIlA culture SPI-

-

2 conditionlAl= MgMBHXIZ 28 MIESH = 3mle 0.1% Casamino acidsE & Jt&l

MgMBHXI0ll bacteriaE 1:502] HIEEZ & &0t O/N cultureCt. 5% PhenolE £ 11
vortexing £ 3022t 30 20 HMAIE HFH L RLE 2= centrifugeAlZ! =

W

ASHE Held Lysozyme(10 mg/ml) 100 plE €1 5& OCH vortexingdh == Af

nio

30=2F A20lM MIEES 2UCH RNA iso Plus (Takara Biomedical Inc, Japan) 1 ml
2 522 &=20lM BtE = chloroform 200 WlE 21 Pink milky2 2 HGIES
10= 72} vortexingot) 522t & =201 ZXIAIZCH 12,000 rpme & 4TOHAM 1522F cold
centrifugeA|2! & FHE ASH 600ulES 1ml EP tubelil F2! =  iso-prophanol
600ulE 210 A20AH 10228 EXIAIIILD CHAl 12,000 rpm, 4C2 1522t cold
centrifugeAlACH A SHE B2l PelletOl & RNAZE -20C0H €0HE 70% EtOH

600ulE £ 1) invertingotOd A {=F=RALCE. 7,500 rpm, 4 CUHI A 522+ cold centrifuge® =
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ASMUE Helld 2022 420AH L= =, 35ul2 RNase Free Water (Promega)S

AL

-

=21 NEBAI2l Reaction Buffer 4ul2t DNasel2 1pl 20 30228 RTUHA
digestionAl 912 70°CUHI A 5=2F heat inactivation® Ct. PrepSt RNAE rpoD primerS
AE36t0H DNA contaminationO0] EIA=X PCRZ =@l = PromegaAt2l Reverse
Trascription KitE AFE0I0H 37T, 602 EBtSotH ¢cDNAE SHSRULE real-time RT-
PCR2 PromegaAl2l Gotag® qPCR Master MixE AFE3t0 XAHGIA 20 QiagenAt2l
Rotor-Gene Q JIHE O0|&of 95C 52=¢t Jtg = 95T 3x=2 60T 30=
45cycles?] 212z X EMGIAUCH SYBR Green 510nm2E =XSIA D 1 Z 3 UM
Rotor-Gene Q series SoftwareS AI&ESt0] Auto-thresholdZ2 JIEE &2 = SPI-1
conditionMl M= spy, hin, spy hin double mutantS WTS| Ctz{dt HlwdH L2229
Foldgt0| LIQEXl 244 2 LEIUY LD 02 22 YR 22 SPI-2 conditionlil Al =
spy, ssrAB, WT(pH8.0)2 CtatES WT(pHS5.8)2 Ctatdt Hlwdl 822l FoldgtOl

LU=Xl 2282 LIEtH &

=

tACH AFEE Primer= Table 20 &2I5HA 1D
StandardJt = control primer= housekeeping S & X2l rpoDE ALESHRULCE el

AEE Primer= MbiotechAtHI A EA3HN 0l 3 CH29, 30].

10
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7. Immunofluorescence microscopy

HeLa cell2  WelGeneAt2l  10%(vol/vol) fetal bovine serum(FBS)2t 1%
streptomycin(vol/vol)0l S 02t RPMI 1640 BIXIGI A 37C 5% CO, incubator®l A O/N
culture Lt SeedingES <IoH HeLa cellS 24-Well cell culture plate0fl MarlenfeldAt2)
12mm coverslips 210 10% FBSJt &EJLE RPMI 1640 BHXIO 1 X 10° cells/well2

20 HES

I €3 37C, 5% CO2 incubatorl A O/N cultureol T CF. 2t

—_
ol

ml

=
e

=
Rl

strains2| bacteriaS 3ml2| LB broth0ll M&ESoIH 3AI12E S IO MMESst

nio

Cell2 2ml2| EP tubelll centrifuge downAl2|) A SHE Hel = RPMIZ 2¥H A =&t
£ 0D~0.101 S=&= SIAAIZCE  Seeding® HeLa celldil Multiplicity —of
infection(MOI)g8t 102 HIE 2 bacteriaS & 30t1) 3022t infectionAlZACt. PBSZ 2
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Table 1. Bacteria strains and plasmids used in this study.

Strains Genotype Source or References
Salmonella enterica serovar

IB1 Typhimurium 14028s ATCC
1B1026 Aspy :: CM [10]
IB189%4 Aspy :: CM / pPBAD30-spy :: AP [14]
1B2186 WT 4sipC :: Tn5 lacZYA :: TC This study
1B2187 WT 4sipA :: TnS lacZYA :: TC This study
1B2188 WT dinvF :: Tn5 lacZYA :: TC This study
1B2190 Aspy :: CM 4sipC :: TnS lacZYA :: TC This study
IB2191 Aspy :: CM 4sipA :: Tn5 lacZYA :: TC This study
1B2192 Aspy :: CM dinvF :: TnS lacZYA :: TC This study
1B2213 AhilA : CM 4sipC :: Tn5 lacZYA :: TC This study
1B2214 AhilA 2 CM 4sipA :: TnS lacZYA :: TC This study
1B2215 AhilA 2 CM AdinvF :: Tn5 lacZYA :: TC This study
1B2193 AfliB :: KM This study
1B2198 AfliGHI :: TC This study
1B219%4 Ahin :: KM This study
IB2195 Aspy :: CM Ahin :: KM This study
1B2211 Ahil4 :: CM This study
1B2182 AssaV :: CM This study

13
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Strains Genotype Source or References

1B2163 WT / psts-gfp(ova) :: AP This study

1B2183 Aspy :: CM / psts-gfp(ova) :: AP This study

1B2184 AssaV :: CM / psts-gfp(ova) :: AP This study

EE638 SL1344 sipC :: TnS lacZYA :: TC [11]

EE633 SL1344 sipA :: TnS lacZYA :: TC [11]

EE637 SL1344 invF :: TnS lacZYA :: TC [11]

M587 SL1344 fliGHI :: Tnl0 :: TC [13]

YKJ227 UK-1ljB :: KM [8]

YKJ289 UK-1 hin :: KM [8]

Plasmids Characteristics Source or References
pIB1902 katG-gfp(ova) :: AP Lab collection
pIB2162 pstS-gfp(ova) :: AP (xbal, sphl) Lab collection
pIB1891 pBAD30-spy (sacl, xbal) Lab collection

Collection @ chosun
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Table 2. Oligonucleotides used in this study.

Primer name Primer sequence(5'-3")
Clone
spy Fw TATGAGCTCCTGTAAGCTCACGTTAGGAT
spy Rev TATGGATCCTAGAGGCAACAAATAGAGCA
psts gfp Fw sphl TATGCATGCCAGGCTGGTCTGGTGTC
psts gfp Rev xbal TATTCTAGAGGCAGAGAACGCGCTCATCG

qRT, real-time PCR

rpoD Fw GTGAAATGGGCACTGTTGAACTG
rpoD Rev TTCCAGCAGATAGGTAATGGCTTC
fliC Fw ACAACACCCTGACCATCCAG

fliC Rev TTCAGCGTATCCAGACCCAG

f1iB Fw ATCTGGGTGCGGTACAAAAC

1B Rev TCGGAATCTTCGATACGGCT
pagC Fw GGGTGTACAGATGAATCCGC
pagC Rev AACCCCGACGTTGAAGCC

pipB Fw TATTTCTGGAGGATGTCAAC

pipB Rev CCATTTTTGTTCACTTCAAT

sifd Fw ATATCCGAAAGTACTCAGCA

sifA Rev CAATAGGTATGTGGGTATGC
sipD Fw CACAGAACATCGCGGTACAG
sipD Rev TTCAGAGATCGGTGGCGTT

15
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Primer name Primer sequence(5'-3")

sse4A Fw GAGGGGAATGATGATAAAGAAA

sse4 Rev GGGGCTTGAGCATTAAGTT

sseJ Fw CTTTACCACCCACCATGCAG

sseJ Rev TGGGCTTGGGATGTGATTTA
Mutation

GTTCCTGTATCGAATAAAAAATTCGTCTTT

hild-P1 Fw GATGATTTCAGTGTAGGCTGGAGCTGCTTC
iA-P2 Ry ATCCTGTTTCCATCTTTTGAACCAAATATT
GTCTTCGTTTCATATGAATATCCTCCTTAG
hild Fw CCGTTAGTACTAACAGCAGA
hilA-Xbal Rev GCTAAGCATCTAGAGTACGA
VoP1 CGACCTGGATGGTTGATATCCTGATTACTA
ssa TCAACCTTATGTGTAGGCTGGAGCTGCTTC
VP2 Ry CGGGTGTCGACAGAAGTGACAATGAATAA
ssa TTTGGCTGACTCATATGAATATCCTCCTTAG
ssaV Fw GCAATGAGTTGTTCTCCACC
ssaV Rev GCGCTGACAAGCTTAATTCG

16
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1. SPI-1 Z2AH0NAM spy SHYOl @F2 secreteome 24 Z 1}

WT 0l HIdH FljB & 2438t FliCc = S5t

Salmonella Pathogenicity Islands 1 condition®! 0.3 M NaCl LBO|l M&ES3t0 3AI2¢

set Il

[0

WT spy SHBO0| 22| secretion protein?] ZAS <o SDS-PAGE
GelOff Z1D 1 Gel2 LC-MS &2 2ot Z2WE LACH I 2 WTHl
HloH spyOl Al FjBE < 1781 2FA0tA LD FliC= 2F 28 SItotRUACH BHHO SPI-1

effector protein@! SipA, SipB, SipCS0l= 2 HatIt SARUCKTable 3). 0 OIOIEH=

%
W
|'II
B
02
ol
=)
o
0
08l
)
2
o
a

LC-MSEAHYHE S
Secreteome OIOIE{S] &fel 21 FIiB 2t FliC WA =AHSH XH0I1JF }ANH SDS-
PAGE Gel 2 comassie blue £ staining St Z 3t Gel &0 A2 IHEES 2 20 ML

S0l [s sl 52~53KDa 2 Flagellin S E Q1 FliB 9 FlC %A CH(Figure 1).

12l complement strain 21 spy clone HIA= ~17KDa 2| Spy SHSHA D &H O A
OHXl O %2 HHE S0l 24 dUSS &2 & = JUJUCHL
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Table 3. Flagellin and SPI-1secreted proteins identified by proteomics analysis

of WT and spy::cm mutant cultured under SPI-1 condition.

Differentially
Accessions Protein Protein Description Expres.sed
name Protein

(WT/spy)
gb|ACY89758.1] FIjB  flagellin 17.46671975
gb|ACY88831.1] FliC  flagellin 0.458571671
gb|ACY87983. 1] PagC virulence membrane protein PAGC 2382739212

precursor

gb|ACY 89895.1| SipA  secreted effector protein 0.876260136
splQ56019.1| SipB  pathogenicity island 1 effector protein SipB 0.817224654
sp/D0ZV21.1| SipC  pathogenicity island 1 effector protein SipC 1.356607939
sp|Q56026.1| SipD  Salmonella invasion protein D 0.446576008
sp/DOZMGI.1] SopA  E3 ubiquitin-protein ligase SopA 0.521341463

gb|ACY 88707.1| SopE2 type Ill-secreted effector protein

gb|ACY87374.1| TolB translocation protein TolB

1.274300932
2757575758
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spy
(kDa) WT spy clone
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45

FIjB
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i

Flagellin

35

25
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Figure 1. SPI-1 condition secreted proteins were loaded SDS-PAGE Gel and

stained by comassie blue.

S. enterica serovar Typhimurium 14028s (WT), IB1026 (spy::CM), IB1894 (spy clone::AP)
was cultured O/N in LB broth. These strains were subcultured at SPI-1 condition(0.3M LBN)
for 3 hours. Proteins from the culture supernatants were precipitated as described under
“Materials and Methods”, and proteins were separated by SDS-PAGE. The arrows indicate
previously identified proteins that were present that spy mutant was faint in FIjB Flagellin. f—

lactoglobulin was added as positive internal control of protein precipitation.

19

(*ICollection @ chosun



o
o

WT 2t Hluol spy It SHBEO0| EAS B2 Hela cell Ol CHE L ES

otJl fIoHA 0.3M LBN UlAl 3 AlI2tS 02 312 WT 3t spy, sipC E HeLa cell 0ff 2

02

=
v
0l

1 A2t 3 A2t 2 LIS O Gentamicin protection assay = serial dilution 2

Soll LB plate Ol drop 8t cfu & EOI5tD HE0H =02t input 222 LSO

HEASZS HAGIALCE WT 2 100% JIELCZ spy @ sipC 2 2 HIE2 BlW5HH
LIEFH Z0t spy SHBIO0l @FF= 1 A2t 3 Al2E 25 WT 1 s Z0E
LIEFLHRA D, sipC S HBI0| @ F= negative control 2 WT 0ff HloH HUE0| X3l
2A ol SE 2 £ URUCHFigure 2). 0|S Sl SPI-1 RHUA spy SHBI0|
Z==Jt HeLa Cell Ol CHEH FLEU= E UE &S XX L=lis RS =0l

ol
8
a
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Figure 2. The invasion rate of WT, spy and sipC mutant.

HeLa cells were infected with each strains for 15min at an MOI of 10. Relative bacterial
invasion was determined by the gentamicin protection assay at lhr, 3hr time points. This graph
shows that WT and spy mutant were same invasion rate. sipC mutant was used invasion

negative control. These data were obtained by three independent experiments.
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3. SPI-1 XZ0UAH2 SPI-1 2@ SEX2 HA =F2

Hl== ot ALt

spy SHE0l 20 2o SPI-1 2& =X et dAF B3I UA=KE

B0IGHD)| fIst &S StUCH WT, spy, hilANl sipC-lacZ, sipA-lacZ, invF-lacZS P22

I

strainsOll TransductionAl{ 2t Z#F=E CSH=AUCH el ONgH
a5 SPI-1 £2¢! 0.3 M LBNO MESGIH 3AI2F IS beta-galactosidase
assay®E 2t =0l TSt sipC, sipd, invF ST BAL =E2 202 ZW0ICH WTH

spy= negative control®! hil42t HlWol 28 SPI-1 2& |RAEIS A 243t

n

S0l RS AN LOSOH 1 AFS MEZ HIx5HA CHFigure 3). 012 S5 spy

SHBO0l @30l 218 SPI-1 effector EHHECSl ZH|0l= HAEQ He0l git=
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SPI-1 gene expression
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Figure 3. WT, spy and hil4 mutant transcription level of invF, sipC, sipA —lacZ

fusions gene in SPI-1 condition.

&
Xy
&

| WT
C3 spy
=3 hilA

Strains were grown under 0.3 M LBN(SPI-1 condition) about 3hr. The expression of SPI-1

reporter gene fusions were measured by beta-galactosidase assay. WT and spy showed similar

transcription level of SPI-1 reporter gene. hil4 mutant was used negative control. Data were

obtained by duplicate two independent experiments.
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o
=}
I
My

Olddst Hatot MAHAE
RNAE =Z06l0 cDNAES

A6t real-time PCRS

spylA - fiB REXE

SIIotRULE 012 &

flicel MM ZE &
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BF=0 Flagellint SPI-1

et ZOICH (Figure 4)
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=
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EAHB0| @F2 Flagellin(FljB, FLiC)2 & Al DA 0l A
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Figure 4. WT and spy::cm mutant transcription level of fIjB, pagC, fliC, sipD

gene in SPI-1 condition.

Strains were grown under 0.3 M LBN(SPI-1 condition) about 3hr. WT and spy show similar
transcription level of SPI-1 related pagC, sipD gene. Compare with WT, fIjB transcription was
reduced and fliC transcription was increased in spy mutant. rpoD was used control as

housekeeping gene. Data was obtained duplication two independent experiment.
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5. SPI-1 XZAWAY S84 Alg Z210 2 X012 20X

& UACH

spy =SB0l ZF 0 A Flagellin® &AL ZEO 28 2540l H3IE Z=X
20t2J] fI3t0 03M LBN semisolid agarBil M 6AI2F culturedt) 1 XSS =2

WA HIDSH EUCH 2 ZD WTS 2.7cm spy fiB SO0l FFE 23cmz2 2

>

tOl= S UCH(Figure 5). 02 OIFHEOF spy SHEHO =0
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9,!
!
w
0
g
Ja

-

240 U2 Salmonella®l 242 2 H

0
o

2A Eeles Z2UE = = UULL
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Figure 5. The strains motility showed no significant changes between WT and

spy mutant.

After incubation for 6hr at 37°C on semisolid agar, the zones of motility were measured for

the WT, spy, fljB and fliGHI mutant strains. a. The picture of WT, spy, fIjB, fliGHI. b.
Measurement of WT, spy, fIjB, fliGHI zone. The fliGHI mutant was used as a non-motile

control.
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6. spy =HHOI0 2|8 Flagellar Phase Variation 0 DNA

invertase Hin 2 &4 1}

20| UL LOotEI| 2ot WT, spy,
AEGHH SPI-1 XH2Z i = RNA 2
RT-primer £ AtE0IN real-time PCR S

HIWGt0 AACt gt 2 LIEtH 2Dt spy

(]
T

Typhimurium

A2 O ACH

S Z2 HEE2 UEHUHACE OIZM spy

2 RNEH2Z 2 It flagellin subunit 2 J+Al 1D

ol0d cDNA £

[1}]

, spy hin 0|& SAHHO| 2

U= 6tLb= phase 1

flagellin @I FliC 0|] CtE GtLt= phase 2 flagellin @I FIjB OICH29]. 2110l phase

1 Ol 2 2 DNA & WA

DNA S & ME0 20ote =t
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Figure 6. Transcription level of fIjB and fliC genes in W', spy, hin and spy hin

double mutants.

WT, spy, hin, spy hin double mutants grown in SPI-1 condition. For real-time PCR, RNA
extract followed material and methods. spy mutation affect transcription level of fIjB and fliC

genes similar with hin mutant.
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7. SPI-2 ZAH0UA spy SHHOI @F2 secreteome &4 Z 1t

W2 SPI-2 &el HHEO ZHIJF S E/UL

Salmonella Pathogenicity Islands 2 condition®! MgMOll WT1 spyE MHES3HH 6AI2t

S0 I supernatant®il ZH|E HHHAEOl 2HE Plof 2= bacterasS filterS S oM

Ol&te] HEBAESS ==AI7|110 EtOH EdEHS Soil =&otUACEH OIZH =2HIE
CIBHE S SDS-PAGE Gellll 210 1 Gel& LC-MS 242 2ol Z2UE
SACE I Z WTH HISH spyOllAH  SPI-2 28 effector SHHEAE SO 20|

ZAGHACKTable 4). Ol OOIEl= LC-MSE4AgsE Soi 38 MG 22

=

Secreteome OIOIE{2 2ol 2t B2 SPI-2 2 CHHAOl ZH|JF EHE ANES
2015t SDS-PAGE Gel 2 comassie blue £ staining St Z 0t Gel &UH A2 EES 2

20t WT Ol Hiol spy OlA 2 HHES0 SHSAL WE Bt AUAJALCHL

12l complement strain 1 spy clone WA= ~17KDa 2| Spy SHSHA D &H O A
X O &2 He8AES0| 24 HAS2S =2 & = URUCH(Figure 7). 01 Sl

ZHIIL S0HSAC=s 2UE &

spy =SB0l =01 2ol SPI-2 effector SHEHE 2

= UAALH
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Table 4. SPI-2 secreted proteins identified by proteomics analysis of WT and

spy::cm mutant cultured under SPI-2 condition.

Protein Differentially
Accessions Protein Description Expressed Protein
name
(WT/spy)
gb|ACY87725.1| pipB  secreted effector protein 5.707762557
splQ8ZMMS. 1| pipB2  Secreted effector protein pipB2 1.172314158
splQ56061.1| sifA  Secreted effector protein SifA 2.95154185
gb|ACY 89963.1| sopD  secreted effector protein 0.03127/0
gb|ACY 87592.1| sopD2  SopD-like protein 2.391452345

sp/DOZIB5.1| steC  Secreted effector kinase SteC
gb|]ACY88172.1| sseA  translocation machinery component
gb|ACY88174.1| sseB translocation machinery component
splQ8ZQ79.1| ssel  Secreted effector protein Ssel
sp|Q9FD10.1| sseJ  Secreted effector protein SselJ
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3.337028825
4.522460857
2.490795217
1.428571429
7.688888889
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clone
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Figure 7. SPI-2 condition secreted protein was loaded SDS-PAGE Gel and
stained by comassie blue.

S. enterica serovar Typhimurium 14028s (WT), IB1026 (spy::CM), 1B1894 (spy clone::AP),
1B2182 (ssalV::CM) was cultured O/N in LB broth. These strains were subcultured O/N at SPI-
2 condition(MgM). WT and spy of pattern were different. spy clone overexpressed Spy proteins

and other many proteins also secreted. The ssal strain defective in the SPI-2-encoded T3SS as

a negative control. p-lactoglobulin was added as positive internal control of protein

precipitation.
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8. SPI-2 XU A spy
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spy SO0l RBEN ol SPL2 A KX
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Figure 8. WT and spy::cm mutant transcription level of sseA, sseJ, pipB, sifA

genes in SPI-2 condition.

Quantitative real-time PCR was performed using SPI-2 related genes ssed, sseJ, pipB, sifA
primers. WT, spy, ssrAB were cultured under SPI-2(MgM) or MgM pHS.0 conditions and RNA
was isolated. spy mutant was not so different in expression of SPI-2 related genes. rpoD was

used control as housekeeping gene. Data was obtained duplication two independent experiment.
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CHAAIZZ QI RAW264.7 MIZE UWOHIAS SAWE H&
2A12E0E 16A12t2 2 LSO Gentamicin Protection AssayS &l SACH 16A12F S0t

culture8t bacteriall cfuS Invasion0] 2= & 2AI2t2 cfu2 ULIE/A=0 012 Sdl

CHATMIZE LHOIASl M= Y SAI0| e B3 A=K &0l 8 4 JUJCH L£dt
O 22 WTES 100%IE22 LIEHLHRACH spy=E 8% MEES LIEHUH/UD
negative control®! ssaV= 5%2 MZEEZS LIEFLHUACH Complement strain®! spy clone

Hotot WTED M2 36%2 MEES LiEt= 2012t M2 Ch(Figure 9). 01

Sofl spy SAHHO0| Z@== RAW cell LHOIA WTOIl Hlol & SA0| ZAsU=
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Figure 9. spy mutant proliferation of S.Typhimurium in RAW264.7 cell was

decreased compared to WT.

Intracellular replication of WT, spy, ssaV, spy clone strains in RAW264.7 cells was
determined by gentamicin protection assay. Infected cells were lysed at 2hr and 16hr and serial
dilution were plated on LB agar for determination of cfu. Intracelluar proliferation is calculted
as the ratio of cfu at 16hr/2hr. WT strain was set as 100% and another strains was expressed as
a percentage of the value for the WT. spy mutant proliferation was decreased similar with ssaV.
spy clone also reduced compare with WT. The ssaV strain defective in the SPI-2-encoded T3SS

as a negative control. Experiments were performed in triplicates, 2-set.
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10. spy =HHO| @3F== WT 0l dldl Sifs 2] &S -0| 2AEC.
spy SHB0l @It ZUS W SisQ FH0H o™ Fe=2 0IX=A &I
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T= BHH, spyE 40l UL Ot A dZHU A2 €401 A @2
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ool 200 LIS EFCIH ZWE URUACH 2 2D WTY 22 & 71%2
SEZ SifsIt LU spy= 26%, ssaVe= 8%2 HIE22 &A% UCHFigure 11).
OIE Soll spy SHBO0 = =FHME W g4 230l tHEAQ ol
SisEd &0 AHM WTH HioH 2A6H0= ZUE & = JUARUCH
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Salmonella

Figure 10. Formation of Salmonella-induced filaments(Sifs) requires the SPI-

2-encoded T3SS.

HeLa cells were infected for 30min with WT, spy, ssaV and incubated for 6hr in the presence
of gentamicin. Cells were fixed, immunostained by LAMP-1 (red) and Salmonella marked by
psts-gfp (green) fluorescence. Arrow indicate the Sifs formation.Confocal immunofluorescence

representative image of three experiment.
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Figure 11. Forming rate of Sifs(Salmonella-induced filament) comparing WT

to spy and ssaV.

To determine the rate of Sifs formation in WT, spy, ssal strains, each experiment randomly

observed 20 infected HeLa cells. Data was obtained three independent experiments.
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Figure 12. Virulence of S. Typhimurium spy(::cm) mutant strains.

Competitive index (Aspy/WT) indicate a decreased virulence for spy mutant to compete with
WT. spy mutant remarkably reduced in mice liver and spleen compare to WT. Each data point

from an individual mice.
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