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Abstract

In the proteome analysis of S typhimurium, the reference maps for innate cell protein (ICP) and outer membrane protein
(OMP) of S typhimurium SN282 isolate, DT 104, were constructed by two-dimensionalgel éectrophoresis (2-DE) combined
with matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF MS). 41 of 440 spotsand 11
of 220 spots were able to identify from 2-DE profilesfor ICP and OMP, respectively. In the 2-DE map of |CP, DNA-binding
H-NS and stress inducing protein including stringent starvation protein A, DnaK, GroEL and universe stress protein were
reported to be involved in antibiotics resistance mechanism in Gram-negetive bacteria. In the 2-DE map of OMP, TolC and
OmpD were known as constitute of multidrug resistance efflux system in Gram-negative bacteria. The 2-DE map was
compared with those of SN75 (not phage typed; resistance to DST), SN296 (DT22, resistance to penicillin), SN164 (DT193,
resistance to ACCbDNaPSSuT) and 3 isolates including SN282, SN309 and SN310 identified as DT104 (resistance to
ACCbDNaPSsuT). It was shown that proteins involved in antibiotic resistance between isolates studied were not paralel
with either phage types or resistance patterns to antibiotic drug, and both. In the present study, these proteins supposed to be
present dready might be either varied or improve functionaly to resist effectively in antibiotic rich surrounding environment
to survive.

In the present study, these proteins existed possibly before exposing in antibiotics or they might be improvedeffectively in
antibiotic rich surrounding environment for survival.
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Al4te] drug efflux pump+= ATP binding cassette
(ABQO) superfamily, major facilitator superfamily
(MFS),

multidrug and toxic compound extrusion (MATE) %

small multidrug resistance (SMR) family,

resistance nodulation cell division (RND) family= &7
Sk}l ABC superfamily= pump®) 282 93t o xH e
2A ATPE ol&sh, W3] Yl 712 9] % f-oli= proton
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subtiis A BRI =2t RND familyoli= E. c0li®l acrB,

Table 1. S typhimurium isolates used for proteome analysis
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of B3t T 4T A 7PEA vortexingdt thE- 13,000 rpm
oAl 3084 WA EElstyleh Sl OMPSI pellet gl
innate cell (I0) F2.2 TR, OMPES thAl 5F <
1% Triton X—114 solution& 7}3dke] 37°Cel A 307 1t

Strain Phage type Resistance pattern Plasmid profile (kb}
SN296 (Single) DT22 P NT!

SN75 (Triple ) RDNC* DST 40, 6.3

SN164 Multiple 1) DT193 ACCbDNaP SSuT 90, 40, 10.5, 6.3, 3
SN282 Multiple 2) DT104 ACCBLDNaP SSuT 90, 40, 10.5, 6.3, 3
SN309 Multiple 3) DT104 ACCbDNaP SSuT 40, 105, 6.3 3
SN310 Multiple 4} DT104 ACCbDNaP SSuT 90, 40, 105, 6.3, 3

" NT: Not detectable
# RDNC; Reacts with phages but does not confirm,
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Two—dimensional gel electrophoresis (2-DE)
2-DE9] 482 GOrg 59 #'H-& =4 2eksto] =85}
ct. Triton X—1142 %3 OMPE rehydration buffer
(9 M urea, 4% CHAPS, 20 mM DTT, 0.5% IPG buffer
pH 4-7 ¥ 439 bromophenol blue)o] ®&A17 &
isoelectric focusing (IEF)-Z 3 3t9 k. S typhimurium
B6atF 9] 7} IC+= lysis buffer (7 M urea, 2 M thiourea,
4% CHAPS, 20 mM DTT, 0.5% IPG buffer 3—10)& ICP
£ 2231 % t}A] rehydration buffer® 3435kl IEFE
&) FulE OMP @ ICPE 3087F 13,000 rpmeollA] Y4
HE$t & 18cm pH 4—7 immobilized pH gradient (IPG)
strip (Amersham biosciences, Sweden)®l loadingdlt$l
o, IEF9 438 2 IPGphor system (Amersham
biosciences, Sweden)S ARE-3lE T FH)H ¢l AR
‘In gel rehydration’ 322 loadingdl$li IEFE 93t
W2 low vdt B0 VollAl 6412F, 60 VollAl 6412l 4=
gt & 80,000 volt7HA] GAI AR voltE &t IEF £
% PG stripe SDS-PAGEe®] #&3l7] A7tx] —70Cel
Haksigich IEFE gelS SDS—-PAGES] A-&317] $)8) A
4 equilibration buffer A (6 M urea, 30% glycerol, 50
mM Tris - HCl (pH 8.8), 2% SDS % 100 mg/mL DTT)2}
equilibration buffer B (6 M urea, 30% glycerol, 50 mM
HCl (pH 8.8), 2% SDS % 250 mg/mL
iodoacetacetamide) 2 Ztz} A& oA 15827 -3 A5k 1
& SDS-PAGE®] =88 12.5% polyacrylamide gelol|A A
AlElom gelo] I =2 og HASFY T
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Matrix assisted laser adsorption/desorption
ionization time of flight
(MALDI-TOF MS)

In gel digestion

MALDI-TOF MSel 2-&3}7] 93t A& 2] #8]:= Lee
9] H-& #8319tk SDS-PAGE gel ¥ 2-DE gel 4ol A
o2 band 2 spot-S 1mre] 271 & ZakA 1.5 mL tubedl]
3 T SRFE A H AES L 50% acetonitrile®
dehydrationAzl & 2E liquid & AAS7] 93k

vacuum centrifuges ©]&3F0] gel& AZRAF T, AxH

mass spectrometry

il

gel2 100 mM NHaHCOsZ 108 F2F rehydration A 1,
ol 2le Bl 2 A SA 7] 519 reduction solution
(100 mM NH4HCOs ¥ 10 mM DTT)Z} alkylation
solution (100 mM NHs4HCOs % 55 mM iodoacetamide)
o8 7}7) AoA 3084t WS AT SRS AAH A &
100 mM NH4HCO38} acetonitrile ©]-&3lo] wzol 7}H
A gel& A2 3t t& vacuum centrifuge® ARZAZcE A
ZH geld digestion buffer (50 mM NIH4HCOs
containing 12.5 ng/uL trypsin)& ¥ & iceolA 458 F
oF "h-&- X1 o digestion buffers B2 1L ©hA] digestion
buffer (without trypsin)& ¥-2 tl 37Cel A 355 &2
T3t et, Peptide® 5&317] $13t9] extraction buffer
(water (93) : acetonitrile (5) : trifluoroacetic acid (2) &
TFoE 7t gt & 155 B9t vortexingdlhsl o AlEolg
Al tubeol &4l & gelo] 919+ tubeol extraction
bufferg F7rsta 108 F<t vortexingstaeh, o7l
acetonitrile® TFo = H7ISE & A 102 FoF
vortexingdte] peptide’t #=FE|0] Q= A e SN

$370 ¥ vacuum centrifuge®d o]-&3l HH A o},

]

MALDI target % A& FH]

Tryptic peptide= Landry 579 #¥ o8& MALDI
plate®] targetingdl¥ith, &, vacuum centrifuge® 5%
H peptideE extraction solutiono] FHA#H matrix
solution ( —cyano—4—hydroxycinnamic acid (HCCA; 40
mg/mL) in acetone) ¥} nitrocellulose solution
(nitrocellulose (20 mg/ml) in acetone : isopropanol) &
418 33+E AL Tgog AH7sked plate Aol loading 3t
act,

MALDI-TOF MS ¥ database 74

A go] AFgE MALDI-TOF MS% Voyager DE-STR
MALDI-TOF mass spectrometer (PerSeptive Bio
systems, Franingham, NA, USA)E A3 21, 7]7] 9]
Z7A & positive ion mode, reflectron/delayed extraction
mode, 20 kV& accelerating voltage, 76,000%2] grid
voltage, 0,010%2] guide wire voltage, 150 nano second
9] delay time % laser shot< 128 pulse® 3% mass
spectra® @53 MALDI-TOF MS=2 & AgH
mass values== MS—FIT (http://prospector.ucsf.edu
/ucsfhtmL4.0/ms fit.htm)E ©]-831%] mass tolerance+
+ 50 ppme|3t9] FA oA Tl gg FA S
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MALDI-TOF MSE A3t peptide mass fingerprinting
(PMF)¢] Azt ICP9] 2-DE mapllAl+= 4671€) spotollAl 41
7o) e 2l FAsE on OMPe| gt 2-DE mapolA &=
14 spotoll A elongation factor—Tu& Zg3 12719 Thall 2
< 593kt

ICP9] 2-DE map°llA 508 spate] PMFE =3gt A}
Swiss—protoll Al S. typhimurium®] chaperone protein
HtpGE T4 HR 24 NCBInrolA = S. typhi®l prolyl—
tRNA synthetase®2 A=t 4218 spote] PMF A3}
Swiss—protol Al E. coli®] protein YfiD2} autonomous
o NCBhrols+& S
enterica subsp. enterica serovar Paratyphi A str.
ATCC 91509 hypothetical protein SPA02722}

conserved hypothetical protein, S.

glycyl radical cofactor® 4 =31

enterica subsp.
enterica serovar Typhi Ty29 hypothetical protein
t0264, S, typhimurium LT29 putative formate
acetyltransferase % S. enterica subsp, enterica
serovar Typhi str. CT189 hypothetical protein
STY28399 5%57 whjda F4d =9t} (Fig. 1B).

OMP9 2-DE mapolA doF 1¥ spot2 S,
typhimurium®] outer membrane protein precursor®
74 =192 mass values= unknown protein from 2D—
page (spots m62/m63/03/t35),

hypothetical protein SFO0167, E. coli®] putative outer

Shigella flexneri®)

membrane protein Vpr, Yersinia pseudotuberculosis®)
putative surface antigen ¥ Erwinia carotovora$
putative surface antigen®] mass value2} @A 3kt
10991 spote NCBInr databaseol4]l S. paratyphi®
putative lipoprotein®} S, typhimurium® putative
serine/threonine protein kinase 9 2%F @ 2Z T4 5
o o] T Ao mass values YA 3t FU3E Ao]
ok, 1259 spot= S typhi®l outer membrane protein
A (OmpA)2F S. typhimurium® putative hydrogenase
o] &
A2 s er, 163 2 1659 spot 2]

typhimurium® putative outer

membrane component precursor® 74 %o,
@ 29] mass values
mass values S,

membrane lipoprotein® E. coli®] D—methionine—

binding lipoprotein MetQ precursor?} ¥2skach (Fig.
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Fig. 1. A partia 2-DE maps for OMP (A) and ICP (B) of S
typhimurium SN282. After lysing innate cell, |EF was carried
out using IPG dry strip pH 4-7 (13cm) followed by 2-DE and
visualized by silver staining. The spots were randomly selected
and carried out PMF analysis to identify proteins.
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2 vyl | v 4RE A 3t 2lo]E Wlvh, 1 A3t
ZF 52 pH 4-7 YY) 2-DE profiledd BEH spot
< A4S B 4t 3FAHeE wEHY oY afE  (pH

typhimurium 22|l3=7t2| ICPL| 2-DE

4.5-5.0 2 51-69 kDa)oll Al 6719 spotell A, bFHE (pH
46-5.3 9 20-24 kDa)lAl 37§9] spotollA], & (pH
4.2-4.5 9 18-20 kDa)olAl 47§9] spotolA, dRE (pH
4,7-5.5 4 8-15 kDa)ollA 3719] spotollA FR3 2| E

Bk (Fig. 2).

BB (pH 4.5-5.0 ¥ 51-69 kDa)lAl A& spotolA
DnaK, GroEL, TF, ATP synthase % flagellin®] 4%7 9
spato] Algo] AgH A F59] 2-DE profiledlA 4 =3

-, L .

i 7 e, ]
T, . ihire | T |‘_.._
o T =i T Ty
- ':"-.-__a-- ] =
v d - - L
e T b, - Fabgen

g - L= 2T -...
I| LW el L H-”||‘ |'

r-r b k I

Fig. 2. Comparisons of 2-DE profiles for ICP of S typhimurium
SN72 (A), SN164(B), SN282(C), SN296(D), SN309(E) and
SN310(F) isolates. All bacteria for 2-DE sample preparation
were cultured at 37 cin 50 mL of TSB and adjusted to until OD
610nm 1.0 (10° CFU/mL) in Proteins in 2-DE gels were
visualized by silver staining. 2-DE profiles of isolates were
compared by phoretix 2-DE image analysis software and the
different areas were marked by boxeslabeled as a, b, ¢ and d.
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ot (Fig. 3). 28 18, 29 9 flagellin® 3579 spot=
d+E7re] 2lolE Bt 1¥ spote S, typhimurium
SN309 (DT104) oA 7t A& =gl ot i 2] opsl doflxl =
A= R okttt 29 spot S. typhimurium SN728}F
SN164 (DT193) #F5lM A& & - e SN296
(DT22) FollAl= ulekstA], DT1049] 3#Foli = =& ¢
Aol 4} ZFskAl A EISleh 39 99 9] flagelline2 574 ¥
Al spotoll Al = FFE119] W2 oo, S

(DT104) ¢} 2-DE profileo A=
flagellin®] Al spot&2 F2FER] gerom ESt penicillin
ol Y4-& H3l SN296 (DT22)9] 7% okst FM A4S B
9 ¥ SN164 (DT193), SN282 (DT282) ¥ SN310
(DT310)8] 3wFolA = 22 ANdE By
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Fig. 3. Comparisons of ICP of S typhimurium SN72 (A), SN164
(B), SN282 (C), SN296 (D), SN309 (E) and SN310 (F) in (a)
area of 2-DE profiles.
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PPase, C22 ¥ peroxidase®]t}t (Fig. 4). Peroxidase®
SAH spot2 peptide mass valuex E. coli®l EmrR
protein® peptide mass value®t UXAHS RHGoLt o
spot WE H#5F9] 9-DE profileo]4] #aEQlc) 4359
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Fig. 4. Comparisons of ICP of S typhimurium SN72 (A), SN164
(B), SN282 (C), SN296 (D), SN309 (E) and SN310 (F) in (b)
areaof 2-DE profiles.
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Fig. 5. Comparisons of ICP of S typhimurium SN72 (A), SN164
(B),SN282 (C), SN296 (D), SN309 (E) and SN310 (F) in (c)
areaof 2-DE profiles.

pH 4.2-4.5 9 18—-20 kDa 99 9] ¢
sto] of gt spot = T HA] @kt (Fig, 5), L&
ofl A 11, 3% 9 99 spotol| A #EF1t i}Ol S Hekdisie

1 spot €] % SN729F SN282 (DT104)9] 2FFM =
ol ZstAl A H HhH ol SN296 (DT22), SN164
(DT193), SN309 (DT104) ¥ SN310 (DT104) oA & &F5HA
A E)U ), 39 spot-S SN72, DT193¢] SN164 U SN309
(DT104) ol Al = 5 e s HEH vl v R
Fof A= TR ER] okt 99 spot phage type DT193
o8 F4HE SN164 dFFofl4l st M do] ekl
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Fig. 6. Comparisons of ICP of S typhimurium SN72 (A), SN164
(B), SN282 (C), SN296 (D), SN309 (E) and SN310 (F) in (d)
area of 2-DE profiles.
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typhimurium £2lF7t2] OMP2| 2-DE
AN S, typhimurium 6w 9]
whole cell¥ Triton X—114 phase solution® ©]-838}¢]
OMPE #&311., 2-DEE 433} ZF 57 spat9] #}o]
E vastg ok OMP & ©o]83% 7t %9 2-DE profile2
ICP9) 2-DEXE wE7toll f-AFgt 2-DE profile H<l Hb
el 5Rof|a] Zpo] 7t U= spate] AEEATH (Fig. 7).
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Fig. 7. Comparisons of 2-DE profiles for outer membrane
proteins of S typhimurium SN72 (A), SN164 (B), SN282 (C),
SN296 (D), SN309(E) and SN310 (F). 2-DE gels were
visualized by silver staining.2-DE profiles were compared by

phoretix 2-DE image analysissoftware and the different areas
were marked by boxeslabeled asa, b, ¢, dand e.

aft & o] 4 &= RND pump systemeo 39 3F+=
AcrAB/TolC complex®] G4 @i 2Rl TolCE) 270 spato]
Ao AgH BE FF9 2-DE profiledfl A #2k= 9ok
(Fig. 8). o] F&2] 2-DE profile|Al+&= w57t 4749) spot
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