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Difference in protein expression between ciprofloxacin resistant
strain and standard strain of Salmonella
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Abstract: [Objective) This study compared bacterial protein expression profiles of Salmonella typhi-
murium standard strain and ciprofloxacin strain in vitro and analyzed the role of proteins in induction of
drug resistance to provide reference for understanding drug resistance mechanism of Salmonella. [Method])

Salmonella standard strains and ciprofloxacin resistant strains were cultured in logarithmic phase in LB
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medium. Protein samples were prepared by ultrasonic disruption of bacteria,and two-dimensional electro-
phoresis was carried out before the protein spots in electrophoretic gel were selected for mass spectrometry
identification. [Result] There were 25 differentially expressed proteins between Salmonella ciprofloxacin
resistant strains and standard strains,among which phosphorylated porin PhoE, dihydrolipoamide dehydro-
genase component protein, ATP synthase,cell invasion protein SipD,manganese catalase,dihydrolipoamide
amide succinylase, fructose diphosphate aldolase, and putative protein AF355 20900 had down-regulated
expression, while phosphor acetyltransferase,aspartate aminotransferase, RND membrane fusion protein of
family efflux pump, flagellar motor switch FliM, glyceraldehyde triphosphate dehydrogenase,OmpA outer
membrane protein, protein chain elongation factor EF-Ts, propylene glycol utilization protein PduB,
NAD(P) H nitroreductase, putative thiol-alkyl hydroperoxide reductase,50S ribosomal subunit protein 1.4,
peptide ABC transporter binding protein, putative cytoplasmic protein, manganese superoxide dismutase,
30S ribosomal S4 subunit, TolC outer membrane protein, short-chain dehydrogenase had up-regulated ex-
pression. Of the 25 differential proteins,1 (No. 1) was not related to drug resistance,2 (8 and 21) were
unknown functional proteins, and the remaining 22 were bacterial resistance-related proteins. These 22
proteins can be divided into 4 categories, including 5 resistance-related proteins, 2 virulence-related pro-
teins, 3 protein-related proteins, and 12 metabolic related proteins. The subcellular localization showed
there were 15 proteins in the cytoplasm, 3 outer membrane proteins, 2 cytoplasmic inner membrane pro-
teins, 1 periplasmic protein, and 1 extracellular protein. [ Conclusion) There were 25 differentially ex-
pressed proteins between Salmonella ciprofloxacin strain (8 down-regulated and 17 up-regulated) and
standard strain,22 of which were related to drug resistance,belonging to 4 functional categories and located
in 5 subcellular fractions.
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1.1.1 B # BMGEYWITE ATCC 13311 (FRifE
BRD o HH AR K 2 Bl ) 5 A e R 2 B2 S
S A B B FE VD 1T PR N P A (Ciprofloxa-
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34 P JEAMB R 722 4R CB AR 4 O

BT

B IR H LA 9 (PMISE) L 1) JIK i ( Aprotinin) | 5%
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Fig. 2 2-DE gel map of Salmonella typhimurium standard strain (A) and CIP resistant strain (B)
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Table 1 Identification of differentially expressed proteins in CIP resistant and standard strains by mass
EEE R HH 1D I3 F i /u R ik B B AL AR HEHAR
Protein NO. Protein ID Mr Unique peptide number pl Protein name
1 OFB13528. 1 38 319. 23 7 4,35 i iz 1k L% 11 PhoE Phosphoporin PhoE
- 5 15 SE gk B N S Tk 4]
2 ETC10995. 1 48 172. 31 1 6.07 SRR 3 R B G40 P R .
Dihydrolipoamide dehydrogenase partial
3 CQF20229. 1 51 326.97 4 4.63 ATP & (it ATP synthase subunit beta
iR 285 A SipD (1) A 7%
-
4 ZYMI_A 87.427.65 3 1.88 Chain A,1 cell invasion protein SipD
5 PJK59187. 1 31 913.76 10 4. 35 4 1ot B A E i Mn-containing catalase
— = o v
6 APF13037. 1 43 833.95 2 5. 39 SRR I B S B
Dihydrolipoamide succinyltransferase
7 ETC07775. 1 39 373.75 2 6.01 %%:M{E@aﬁéﬁﬁ%
Fructose-bisphosphate aldolase
I8 & % 1 AF355_20900
8 KYD97569. 1 41 197.70 2 444 Hypothetical protein AF355 20900
W 2, T I
9 ETC06772. 1 77 558.19 5 5.06 VIR AR
Phosphate acetyltransferase
10 AAL19932.1 43 779.18 3 5.31 R4 G R % Aspartate aminotransferase
RND ZK ik 41 52 1 i 2
11 ATE04419. 1 42 280. 27 19 8.82 Membrane fusion protein of RND family
multidrug efflux pump
. - i 53k IF % FIiM
12 KPF18589. 1 37.890.86 4 0. 66 Flagellar motor switch protein FIiM
o L SRR A
13 ADX16991. 1 36 158.52 2 6.52 Glyceraldehyde-3-phosphate dehydrogenase
14 AKD07722. 1 38 537. 24 3 5.21 OmpA #MEZE [ Outer membrane protein A
15 AAL19181. 1 30 452.76 18 4.86 EHREEM KN 7 EFTs
Protein chain elongation factor EF-Ts
R, )
16 ETC08003. 1 28 183.53 9 5.00 N ZRERIHE ] Pdub .
Propanediol utilization protein PduB
. . NAD(P) H f#§ 3 iF J5 il
17 OPI17169. 1 24 013.11 4 5.35 NAD(P)H nitroreductase
0o Pz e < Ao RS o
18 AAL19356. 1 22 417.2 6 5.10 e N
Putative thiol-alkyl hydroperoxide reductase
508 A% BE 4T 3 L4
19 AAL22302.1 22 072. 86 4 1045 50S ribosomal subunit protein L4
Jik ABC #5321k 25 & A
20 EKTI11413.1 60 408. 41 2 6. 80 Peptide ABC transporter substrate-binding pro-
tein
21 AAL19389. 1 19 010. 02 5 5.43 1B 5E MY ML JFi 2 19 Putative cytoplasmic protein
= b3 4 53 _<Q
22 ADX19830. 1 23 568.9 5 6.73 lﬁiﬁi&’fk%l&{«tﬁﬁ(‘l\/ln é()D)
manganese superoxide dismutase
23 AKD10083. 1 17 709. 46 2 10. 42 30S KA S4 W %L 30S ribosomal protein S4
24 CQE04930. 1 53 320.9 2 5.14 TolC SR N
Outer membrane protein TolC
25 AIL21079. 1 28 022. 41 3 4. 90 45 55 I & i Short-chain dehydrogenase

E-EAMSRE 2. Z0F 2 &8 2 4L ER R IKB B o5 A BB % AR E

Note: Protein number is the same as Figure 2. Two or more unique peptide {ragments are needed to be identified as corresponding proteins.
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Table 2 Functional classification and subcellular localization of differentially expressed proteins between
Salmonella ty phimurium standard strain and CIP resistant strain
=P ek 7. 40 1l 5 i
Protein name Functional classification Subcellular location
AU T e B R 2 R 21 ffd 5
Dihydrolipoamide dehydrogenase, partial Cytoplasmic
ATP 4 i B 2l ffd 5
ATP synthase subunit beta Cytoplasmic
3 AL A T 2l Jfd 5t
Mn-containing catalase Cytoplasmic
UL T i P B G 20 if J5
Dihydrolipoamide succinyltransferase Cytoplasmic
TG 0 TR T 4 2 it
Fructose-bisphosphate aldolase Cytoplasmic
WETR & Tt 5L 5 B Tl 2 Jfd
Phosphate acetyltransferase Cytoplasmic
KA TR = il FRBHAH R A 2 Jfd 5
Aspartate aminotransferase Metabolic related protein Cytoplasmic
= WEER T B A 2 Jfd 5
Glyceraldehyde-3-phosphate dehydrogenase Cytoplasmic
N R A E PduB 2 Jfd 5
Propanediol utilization protein PduB Cytoplasmic
NAD(P) H fif§ 3 8 J57 it 241 e It
NAD(P) H nitroreductase Cytoplasmic
T 5 AL S
Putative thiol-alkyl hydroperoxide reductase Outer membrane
i 4 I Ul 4 ffd 5
Short-chain dehydrogenase Cytoplasmic
Y1122 1 SipD ) A WKk = \ Ja oh
Chain A,1 Cell invasion protein SipD ﬁJJ WES S . Extracellular
) Virulence related protein

i 768 1 0 05 AL Bl (Min-SOD) 24 0 I
Manganese superoxide dismutas Cytoplasmic
RND ZZ % S HEZE i 5w & 26 A 248 Jfd 5T P9 B
Membrane fusion protein of RND family multidrug efflux pump Cytoplasmic membrane
HEE kP 5% FIiM 240 1D I A R
Flagellar motor switch protein FliM Cytoplasmic membrane
OmpA FMEE H i 245 40 ¢ 2 F SN

Outer membrane protein A

Resistance related proteins Outer membrane

K ABC # 2 (k25 &8 A JA 5

Peptide ABC transporter substrate-binding protein Periplasmic
TolC 4MEE A S

Outer membrane protein TolC Outer membrane
HE MK EF-Ts i 5T

Protein chain elongation factor EF-Ts Cytoplasmic

50 BTk L4 RERABRMES 4 Jfd 5

50S ribosomal subunit protein L4 Protein synthesis protein Cytoplasmic

30S A S4 I 24 it 5

30S ribosomal protein S4

Cytoplasmic

3T

A BIF 538 3k A P UK B R 7 BR A FE YD 1T T
CIP #k SAhruE bk Z [0 19 22 R R BE L 158 25 4
ERRBIEAMHP SATRHNTA B, &R
WA 25 D ZERE O THERAME K E R
MT 5 AMAMHLER 2 AT IHLER3ANE
F T AR 8 R 12 MR A .

3.1 THAMEXER

AHEFE KB 5 AT 25 46 5 2 1 43 31 RND
FEANHEZE B B Rl 8 LK ABC i R 45 &
F1. 40 B 1 (TolC . OmpA) 1 #f £ o ik JF %

FLiM, H A RND 805 M HEZE (9 B & 82 11 OBk ABC
sk A AR (1 TolC 5 DLAE () 48 A
5.0 Venter 1 B 58 & B, A6 5 2% B 1 B s
RND ZZ 5 AN HE S 19 Bl 5 8 1 2 3838 02 240 /D 1
it 245 P 114 T B R R 22— s RND 50 A HE 55 174 st ik &
FEAE 0 4 T A1 HE 22 45 4 1 B 2 2 L 4y R
S AE AN i 25 PE R 55 s Ik ABC s iR g5 A E G
Y£R8 ABC #%is 2 48 0 24 G843 » FE Tt 25 J7 T & 5 8
FAEFY TolC B H & KT B 5 AcrAB 41 5
THHEREZRGI S 54 iskm. FREM, K
TolC 3 [ 2 fifi 4l 1 ) MIC P& KM s Ik 4 Riccei
SR R Y R FE T T TR Bk T TolC JE N
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i E BRI 6 FIIM 1 5 FLG FIN 2 A4 B e
B ik 5 1 n] DUAE T HE B 1 e O 1) 2R R A
S8 BN N1/ 31117 N/ 5 -/ AR B R 7/
RIR fLIM KL R 2K 11 25990 ] 250 AR 08 1A 3 2k HE B
BALRE T . OmpA H R 22 ICEH M40 o b e
LA 1, Smani %1 BFSE & B, 7E 8 = R B AT
F PR OmpA L& FECLG EE R 2 ihm M
ZENER 1 MIC FEAK. 3680 OmpA Sh I 2 1 7E 40 1
it 25 P 7 B E AR

PEAMA IR B0 38 & B 5 4~ 5 i 25 40 6 1 8. 1 7
fif CIP Yo TR i 3Rk & A B, Wi R Horl RE 5
TR 25 M 0 e AR G
3.2 BAMEAREGREXEARA

ARG R I 2 A5 7 1A S 2 E1 4390 R 4
fRZEHE [ SipD 5 A W3 R4 B A e W 1k il
(Mn-SOD) . ¥ 5 DL 43 #f¢ 38 A AF . a0 4 i 1R 28 5 1
SipD FE4N T A 7 I 38 o & ¥ % # 2 AE Y, SipD
A SR o A LR GR B R B4 SipD By 3Rk
B A L R W] CIP i 24 bk 19 4= 2% 77 AT BB 42 55 5 Min-
SOD B8 45 7 P T FR A 8 Ak 0 48 47 i T R AR
Wk E R EEEEMY . 55 SOD B3 541K
A CRE RN A A L 0k R R T B R B
B FEVD TR Sod A K R BRIk bR 1) A6 K 3 5 R 7
A= AR B R R B s Fang 4850 W 5% & B, 4 BR I o
Mn-SOD £ &5 2 B4 2R AR AL 516 140 B i
SN 33X BE BT St s B FE VD 1) TR TR 3R 75 CIP Tiif 24
Jei B0 M T BB BT I

AW KB 3 A5 8 E A BN SCE 3 4
J AR T EF-Ts.50S BB A 35 L4 1
30S #Z M4 S4 WAL, Hh 2 1 BT BE R P F EF-Ts
Z: 58 A0 A Sl R P I R i A
CIP Y Ti i ik it & A 1, 3275 Ho vl R 5 40
PR 25 1Pk 77 A= A 05 50S A% K I 5 L4 F1 30S #%
BEIR SA P I AR 2 A2 1A 1) b 2 21 BLR 43 » AE B 1
T A h R A E . DL 3 MR A TERT CIP
WITH PR s = & A L, R CIP fif 25 #k v]
RE 7 2 BUTE 22 1 2 11 50 A e A AR o PR 45 rh AR A7
3.3 RBHEXER

AWETE AR 12 A GAEAR SR A L (AT G TE Y
S 12 A AP 6 ASER 5 A0 B 1 Be i A
IR S S TR I AL A R A Sy T TR R

Bl 52 5 R B AL LR o0 A2 = R I vh k¥ 5
YER s ATP & B2 & e ATP (1% 5 B i R bl — ik
1% 19 4455 T A7 A T W T ik 1) 306 s g v, JHG 3R 5K 4 R 9
PRI TR A 1) VR R R S s = i R H Ik 1 A
hy AR T SR 1 O T A B b U L R S W IR A A T
M N R H 2 1 PduB F1 NAD(P) H fil§ 35 18
5 it 30 ok At 3% A2 O R AR BB O P R A A
g A EE i AR AR AT R S 2 AR EOR IR . X SR 4R 4R
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