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NaCl stress affects the permeability of Salmonella enterica
subsp. enterica Derby: a study based on comparative
transcriptomics

ZHAI Ligong, LI Ganghui, HUANG Ju, CAI Qiuhui, WEI Zhaohui, HE Xiaodong,
CAO Rui, WANG Junying

Anhui Science and Technology University, Chuzhou 233100, Anhui, China

Abstract: [Objective] This study aims to decipher the mechanism of Salmonella enterica
subsp. enterica Derby (S. Derby) adapting to hypertonic stress at the transcriptional level. We
mined the differentially expressed genes (DEGs) to explore the metabolic pathways associated
with the response of S. Derby to the stress. [Methods] After the hyperosmotic tolerance of S.
Derby was induced, we extracted the total RNA, removed the rRNA, and constructed a cDNA
library. The relevant DEGs were identified by transcriptome sequencing and bioinformatics
tools and verified by real-time fluorescence quantitative PCR. [Results] After hyperosmotic
stimulation, 3 950 DEGs were identified by transcriptome sequencing, which included 21
significantly up-regulated genes and 38 significantly down-regulated genes. The genes
involved in the efflux of Na' from the cell membrane and the metabolism of amino acids were
up-regulated, which can provide energy and help S. Derby survive in a hyperosmotic
environment. The genes associated with the sugar transport system (PTS), glycolysis, and
anti-oxidation of S. Derby were significantly down-regulated in the stress group. Under
hyperosmotic stress, the bacteria cannot take up carbohydrates from the external environment
and thus the synthesis of lipopolysaccharide in the outer membrane of the cell is inhibited,
which reduces the invasiveness of S. Derby, thereby increasing the toxicity of S. Derby.
[Conclusion] Under saturated NaCl stress, the osmotic tolerance of S. Derby is significantly
improved, during which the Na'/H" antiporter and the glutamate metabolic pathway play a key
role. The findings provide a theoretical basis for the further understanding and control of S.
Derby contamination in food.

Keywords: hyperosmotic stress; Salmonella enterica subsp. enterica Derby; differentially
expressed genes; transcriptome analysis; real-time fluorescence quantitative PCR
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R | BRVESEIREE - AEHME , I R R4 v Xy oAt
& SUAEEIE R 320k, 2595 RN, 78
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B Hh (NaCl) 55 75 T T B i B £ i sl T e il 3
T P E 5P SO T, (R S A ol T SN 2 1)
BAESH S BOR R H AP, Hp, gk
RSP EESSY, TESE SR
PRIRF DL R B AR50 55, e n T 5 A7 S i v
PYANTE S (1 B R A PR S VD T IR AL T R B 1
ARG, S S A TS SO . DT IR
FEAEZ R S B 2 AR SR E 5 B+, BRE
S T2 AH G A IR 42 R A SR L TR senl ©
RAMRSE, e BNV IRE BT =B e , b
RN BB | R (K o 05, kb, VIR
Pl R Ul AR R ST TS I A B VA= SN
R RS . — R Na SMER R4,
PN Z 2 Na HE B RSN L RE N M E
FEA- ™, X — i B A K T A B | Na'/H
W R IE AT I — 7 T B E A
LN HERRBESIS | s | SR S HAT AR S5 /N oy
TR ST B — R S w0

bl AL A5 BRI R, % sk 2 0 i
YD REASTESE DR 2 TR PR | 7 b A ) 8 36 A8
A1) S5 o R BT T IR TR 7 R B I A TR 2R A2
ZA L SRR R, BR T s B a0
(pH {H. WA . BFEEHSN, =mBEbE . i
T BRI B AR R A —E i m Y, it A
AF 5 300 3o 27 3 2 0 B R 3 v 98 24 o AN A
I PR AR IR VD 1) R TR AE i 8 B T e 5 S R
P, il 45 A FEF 4K (gene ontology, GO).
TUAERIE R AL R 4 B R4 5 (Kyoto encyclopedia
AHTERE T
B3 N R IR BB T DR TR i 8 2 1Y 2 A ik
T, Rl E— 20 & e i i TR BV ] IR

of genes and genomes, KEGG) &

BRI AT B 7 AR AL, LA S 4 il i 8
IR SR B VD T] EG R AR B R A 75 e 4R (I e
{(KE/

1 MRETE

1.1 R
1.1.1  EHRRELIRE
W RV T) KR IR B R (Salmonella

enterica subsp. enterica Derby, S. Derby)
CMCC50719 prifErsibk, W B H [ B il Y

Fift O GC RO o e BRI R SE R AR B R Ak
(trypticase soy broth, TSB){Gfb1i# )5 F-80 °C
VIAR DR BE A T
1.1.2 FFERLRF

JBRE T R 2 R A B SR A (TSB) | [ K
g B #7 H (trypticase soy agar, TSA), dt5tFEHF
BARARAF]; A, =EW bt RNEE(G
Praf, >99%), bifEAE kAR FRA 7 5
& RNA $EHURAF (Trizol) . cDNA A ik &
(Avian Myeloblastosis Virus Reverse Transcriptase,
AMV RT). real-time PCR i3] £ (SYBR® Green
Premix Pro Tag HS qPCR Kit 1), A= T A=Y T2
(I A BR 2w
113 (UEMRE

SHP-160 BUE BEA AL IR A, LI (A
A PR 7] s DHG-9030 A B i v vk /5 U B DAL,
it ARE RSO FR 2 7] 5 ME403E R 1K
L MR- 2SR (R AR
LightCycler” 96 SZRT & 7 PCRAX, J7IHH
ZERHEABRAF]; FERY Y . Gene Quant
Tl AZ R A I E A, AT H R BRA F]
1.2 BREDTRESSHSLIE

PA NaCUE N /R BVP T IR I = B0 =,
PRHCZE TSA VARG LS #Y S. Derby #2701 F TSB
WARKEFRILH, 37 °C. 180 r/min X537 18 h.
HCO.1 mL PR BRI L% 7 T35 A NaCl ) TSA
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iRk, 37 cClE IR 24 h, FRPRIBCRTE T
AT TSB R FRFErp, ANt R S 04T 10 5290
6o AR S. Derby fE A BETR#E , -
MR V& T BOE RAS DL BBk R, &I
I mL _EAREFRET 1.5 mL B0 H, 120 v/min
B0 3 min, FFEWR, 2BII0A 1T mL i@ A
NaCl VA R 5 T 1K R 2 %87 TR T T A3 2
4. 8 h, HmARERIK 10 fE5HEEEM R, X
T AR R BT AR A VR T $ A (DT A S
R, VPN PE IR LD PG R 18 3 I TR AR 1 T
2
s ro0, SCBHS BVEBON BU{E

O = i BT T
1.3 RNA iZEX. c¢DNA & &MNF

FEIC1.2 T AT R B 1 BT R PP T IR TA
RSB G NSRBI TIRE R RNA, RNA
FEH(Z: B8 TRIZOL (Vazyme )ik ) G #E UL , 42
R B RNA K W & #% J5 ., Avian
Myeloblastosis Virus Reverse Transcriptase (AMV
RT)id5 €5 i cDNA. 20 pL S % R R A«
5xReaction Buffer 4 uL., RNase Inhibitor (40 U/uL)
1 uL, dNTPs Mix (10 mmol/L) 2 pL, AMV RT
(10 U/uL) 2uL, % RNA 1 pg, JIZKKMERI 4K
o RGN ZHCH: 25 °C 10 min, 42 °C
50 min, 85 °C 5 min. #5 A cDNA X ZHII
HERBE DR B3 A5 BIR 8 v A 52 Sy 2L 1 B
14 EFRRIEERFDEGs)RED

P A 71 5 A e Bk G i S0 55 T4 B
3 F B (fragments per kilobase of exon per million
fragments mapped, FPKM)&: 145 2H [h] S AE A 1]
B A G R A, 25 7 3R Ik A A (differentially
expressed genes, DEGs)fifii ¥ #r f 4 [log, (fold
change)>1 H 48 i% & I (false discovery rate,
FDR)<0.05!'%,

x100% (1)
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KEGG $cils i JE 4 iy 5ok 4E 2 R 2
ST EI DEGs & 2] GO fil KEGG ¥
JE AR R DR A ol 22 S B DRI 4 | ds TR J LA A 3 1A 7
GO il KEGG E /311, GO &4 #r LA term Ny
Bz, HiE DEGs 1E GO /i, GO IhfE!
FVEEESTA R SREEET =ML, ERE2E
SRR DR (B L PR rh (B R AR Y GO ThRE SR
H, M4, H R 25 5 3k LR (sl 3 R ) 55 106
SE 4 WA T RE B A OC . KEGG & 4 4 A LA
pathway JyHi47 , $& i DEGs i % = 414 pathway,
i pathway M E LR C B FHEFRE
NS 50 5 FEAAEHE R G 57 2%
2, Ik —HHE DEGs 25 (/i i 5 fir &
FER e
1.6 SERTSYEEE PCR (qRT-PCR)IEIEHE
% DEGs

T HE—HIAE RNA-seq SZEG 45 T A Al 4
PE, BEEL 10 D 5TTE A OCH DEGs, MR4E NCBI
JIF A AR BLVD T EC TR L K581, A Primer
Premier 5 3B HEREEREYES Y, 519H A4
TAEY TR R A BR ARG 5142k
FKEIFHN W 1o 515t G e 34T SEm 2¢
Y€ it PCR (real-time fluorescence quantitative
PCR, qQRT-PCR)JZ i . 25 puL JZ W AR A0 d5: 2 pL
cDNA, 12.5 uL AceQ® gPCR SYBR" Green
Master Mix (High ROX Premixed), 1 pL FE[H 4§
S E R 51910 mol/L), 8.5 uL ddH,O.
qRT-PCR W B %K : 95°C 5 min; 95°C 5 s,
60°C30s, 72°C45s, 40 MEH; 72 °C 5 min,
TEDOEY LS UG , XT PCR P ¥ i th 26 40 #r
VAt AR . 95 °C 5 min; 60 °C 60 s;
95 °C 15 s, LA 16S rRNA KNS HEN , R 2744
Dy A AR R
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Table 1 Genes and primer sequences for the real-time PCR

Genes Primer name Primer sequence (5'—3") Primer length (bp) 7,/°C Reference

16S rRNA 16SrRNA-F F: CAGCCACACTGGAACTGAGA 201 60 [14]
16SrRNA-R R: GTGCTTCTTCTGCGGGTAAC

nhaA nhaA-F F: CAGGCGTCATTGTCGGTTTC 158 60 This study
nhaA-1-R R: AATCGTGACGCCCTGAAGAG

kdpA kdpA-F F: CCTTTACGCGCCAGAATGTG 151 60 This study
kdpA-R R: ATGGGCTGATAAGCCGACAG

ybdO ybdO-F F: TCCGCAAAGATCCACAGGTT 113 60 This study
ybdO-R R: TGGGGCCATTGAAACCACAA

pipA pipA-F F: CAGAGTGTGTGGTGGAGTACC 248 60 This study
pipA-R R: GAAGTGTTCCTGAGCCACGG

celd cel4-F F: ACGTCGTGTTATTAGGCCCG 124 60 This study
cel4A-R R: AGCACGCCTAAGCCATCTAC

vacJ vacJ-F F: TTGTATCCGGTGCTCTCGTG 232 60 This study
vacJ-R R: TGAGTTCGTCCTGAATCGCC

argl argl-F F: TAACTCCATGCTGGAAGCCG 390 60 This study
argl-R R: TCCATCCCGCCATGTAAACC

trxA4 trxA-F F: CGCTGACGAATATCAGGGCA 148 60 This study
trxA-R R: CAGTGCGCCTACTTTGGTTG

rfbV rfbV-F F: TTTAATACGCCAGGGTGCCT 240 60 This study
rfbV-R R: GCCATAACATGCCATAGCCA

glnA glnA-F F: ACCACCAACTCCTACAAGCG 371 60 This study
glnA-R R: GCTTCATCAGTGAACACGCC

2 HREAH P BN s bery

100
21 SEhBMEREDITREMNS S -
00 " 7
fEit it L NaCl R @i/ R s B YL Z 0
-

S. Derby 7£ NaCl 8 N BAATE R 1 R Z m m

AT AP NaCl ARSI RORD , 2 Fhibk

T S S B LR R 1 28 i 201 /

IFHOTIE 5. Derby 1754 5 T4 B . o\ :

fE NaCl 403 2 h B, W& EKREFE RN
105.94% , B TR H, T X BT R
(86.57%)AY 1.22 fi5. #£ NaCl Ab¥ 8 h i, {3
PR R (93.53%)15 X0 B B 4 (65.32%) A 7116 46 22 5
Ko XEXNNHEE SR —8, 7 4%
NaCl 1 2% itk e it FF % 5% 7 3 (buffered minimal
methanol medium, BMM)H IR YIAL(FE S V] K

t/h

1 fEREDTIREMSERE NaCl f8 TH
FER

Figure 1 Survival rate of osmotic tolerant strains of
Salmonella enterica subsp. enterica Derby under
saturated NaCl stress. Data are the means of three
independent experiments+standard deviations, standard
deviations; ** above the bar represents a significant
difference in survival rate in one experiment (P<0.05).
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YL EB A AR T3 5E . IR, 7EL) NaCl
HEBNREBYMLE, S. Derby R B %2
PR
2.2 ERENMNFER
2.2.1 RNA-seq RE1FH R EREHLETLER
DUy 235 S e PEAG A6 2 T/ o 7RG Sl
FREE T, K m s ad AR R L T TR S AR =2
TN AR R VD 1) QTR D i P 91 R A 7 2ok U S B AR
Fr g s, 1530085 P4 (clean reads) i 4G
J¥% (raw reads)iY 97.66%-98.00% 7], Q30 k.
FTE 96.90%—98.16%Z [H] , i Iy B4 v ff i
B, LA T — B8R
2.2.2 DEGs a[{l{t 53 #f
Pl [log, (fold change)>1 H. FDR<0.05 itk
*2 MEFHIERE T

Table 2 Quality assessment of sequencing data

i DEGs. i PR AR X T D b B ke 4 A
i 3 950 4~ DEGs, HrpHAT R BN
21 4, BFE TR 38 4~ 2), M Eikghf
Hh 8 R A it B M 5% DEGs #5175 22437 -
2.2.3 DEGs GO E&EH#

FER A IS (gene ontology, GO)J&—™H Pr
PRfEAL Y EE R BB A0 SR R, B 4E A W il 72
(biological process, BP) . 4fl fifd &40 43 (cellular
component, CC)Fl43
MF) 3 M4k, it Goseq ¥ DEGs {H#%] GO
BiwZE . 195 DEGs flRERAMIIEEEE . WA
3 s, (& mEMa)s, DEGs 7t BP, CC
FI MF AR EA 2% 5 46 . b BP #111) DEGs it
Z, BEEEIRGHIE(GO:0008152) . 4il it

F I g (molecular function,

Sample Raw reads (Mb)  Clean reads (Mb)  Clean bases (Gb) Q20 (%) Q30 (%) GC content (%)
Hypertonic adapted 1 67.47 65.65 6.56 92.05 97.30 53
Hypertonic adapted 2 62.47 61.01 6.10 92.03 97.66 51
Hypertonic adapted 3 62.47 61.31 6.13 92.64 98.14 52
Non-adapted 1 62.47 61.30 6.13 92.05 98.12 54
Non-adapted 2 64.97 62.95 6.30 92.15 96.90 53
Non-adapted 3 62.47 61.32 6.13 91.44 98.16 52
Hyperosmotic Non-hyperosmotic

stress group

150

—log,, (Padj)
=
=)

50

stress group

@ Up-regulated significantiy: 21
log, (fold change)>1 and Padj<0.05

@ Down-regulated significantiy: 38
log, (fold change)<—1 and Padj<0.05

O Non-regulated significantiy: 3 885
log, (fold change)<-1 or Padj>0.05

—2 0 2
log, (fold change)

2 DEGs 73 KILE

Figure 2 Difference analysis volcano plot for DEGs.
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Metabolic process

Cellular process

Biological regulation

Regulation of biological process
Localization

Response to stimulus

Interspecies interaction between organisms
Positive regulation of biological process
Negative regulation of biological process
Signaling

Detoxification

Developmental process

Cellular anatomical entity

Intracellular

Protein-containing complex

Binding

Catalytic activity

Transcription regulator activity
Transporter activity

Molecular function regulator

Molecular transducer activity

M Biological process
B Cellular component
25 B Molecular function

29

3 DEGs GO &/
Figure 3 GO analysis classification of DEGs.

F2(GO:0009987) . A= ¥15(GO:0065007)F1 £ 4
AT (GO:0050789)F, 4rHIEET 25, 24,
13 F1 11 4~ DEGs., CC & %404 H Sy
(GO:0110165)FN4H A N 4 53(GO:0005622), 735l
BAET 26 M 10 1> DEGs, MF H1 324 DEGs
B HETESEE(GO:0005488) FIHHEAL A 1(GO:0003824)
L, BEET 29405 26 0 RAEBMNAT
PR BT R A ) DEGs %5 S5 78 BP i #2 1y
R, WA CC ARG AN I AN A DL K
MF B 45 GG MRV E T o T X 26 2 2
55 20 N P A B e R TR A A S B
SEAHOC . LW NaCl e /E T 25 i i /R By
I TR A3 AR ) S PR e 3k
2.24 DEGs KEGG E£ 471
FEAEYIRN , A2 F T RE AT B AN TTJE
V] B A B I, 35 FH pathway A4 HT AT BT 5 F

Number of genes

— T REER M EYF ThRE. DL KEEG pathway
SRERAE I LA R e o S 3 25 S 3Rk A
Z 51 i FE AR R AIE 55wt J
4 7y DEGs KEGG E&En &, rLIA 2l
BIWhiE J5 81 pathway i %5 PE & £4£75 3] DEGs &
5MFES5%FEAEA N M T R (cellular
I 5 {5 B Ab P (environmental
information processing) . {{iff(metabolism). 7 ¥
Z 4t (organismal systems). HHAHHE I EY
DEGs 2 F2 5 B EH], HA s f e o e %
B, B EAHKLH DEGs %Kik, Hr, B
iRl EIERR A | A AK AL G A DL S A A
RN YE A ZR A S5 P A S, HEI S LA b
FREYAHOC DEGs Al RETEFE/R ULVD ] IR A 2 i
S HL R E AR

processes) .
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Cellular community-prokaryotes
Membrane transport

Signal transduction

M Cellular processes

¥ Environmental information processing
Metabolism

M Organismal systems

Global and overview maps

Amino acid metabolism

Carbohydrate metabolism

Metabolism of cofactors and vitamins

Energy metabolism 1

Glycan biosynthesis and metabolism 1
Metabolism of terpenoids and polyketides |

Nucleotide metabolism 1
Immune system - 1 ‘

[#8)

4 DEGs KEGG EE
Figure 4 KEGG enrichment analysis of DEGs.

2.3 DEGs qRT-PCR 4iiF

HR ARG SR 2 PP 25 AT 10 D5 =B
T AR SCHYEE I #E4T RT-PCR Bk, L 16S
rRNA HNS I, KA 272 kb A%
i1 qRT-PCR HiiE. qRT-PCR & 455
RNA-seq I3 N KRB BB -2, Bk T
RNA-seq Z5 LT EEVE(E 5). A BER T/
PRACI AR SCIEN « glnd | argl; AMHEZE AR CIEA
nhad . kdpA; Wi%%iz Z2 5t (sugar transport system,
PTS) RS KA LA . celd; BEMEAHICIE
pipA; FACESTAHSCIEA trxd; REATIARZR FIAHE
FE vac; 2 AR S FER ybdO; HEEEfF
TIARRAOCHE A« bV, &2 A3 HE TR B S B
ANFIRRBE Y B O, R IR IR BV T QB 2 e
T2 BN AR Z 450 B Y

3 dtik
Bl A 5 S BOR B e, AR P el il
FP AR I3 17K SRS AN R0 5l 1 7
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4 6 8 10 12
Number of genes

PEEALR C O BB RIS T5 05 R BT T G
PRI R4 B A T I ) M R, LR
H 3 ] 25 i DX 0 AR 24 A PA) PP RS ) R R S0
IR V01T FCTE A AR AN it il b

Relative expression (log,)

73 1 1 1 1 1 1 1 1 1 1

& %\w?’ cﬁ} Q‘\Q‘b & \‘6‘1?' N:‘ot‘o & &“c} 5&\

N

5 qRT-PCR #1 RNA-seq X157

Figure 5 Correlation analysis of qRT-PCR and
RNA-seq. Data are the means of three independent
experiments+standard deviations.
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B REZTIAR . g mBshhaia s, Wl
A TBE L 3X 5 20 P N e SR 1 AR AL
BEEVINIKR . B, AF7EE 5 47
13t = A N R VPTG A E DEGs %
KK (3 3)HH454E GO fil KEEG &40, 4
BN IERRACHE . AL i . REREARI . Bk
AR B AR IR 5 AN T R G4BT R
TR NaCl Jiihie fE 7R BLVD ][R TR e T A AH G
PLi (1# 6).
3.1 ZApEEE

MR BLYP T T IG TR A T100 Fl NaCl # 2 y
S, AMRE Y Na' 258 B E 40, Bk 2
FEL PN 35 155 A, 1 AR N SR BT AR, A
AN HI R VDT T ER R AR A7 R By
I"J IR T Na'/H" 3 [n) % 18 8 AR DG A nhad 3Rk
B3 i, H log, (fold change)}y 1.47, Na'/H"
1 %12 85 1 NhaA BEUSIE A LN 242 ) Na' &

THEB AnpE s, DAZERRN M NS B A Na' i1,
YE RN F2R Na SMERS, 2400 Xt
Na'JPihif 0 F25E B RS, REERK S
i I B R AE 1 R R BT R R B A K e O
nhad FRE&H P1 A P2 AN 807, LysR %
[{¥ NhaR g% LA Na" & it 7 N B A
Pl 3T, WIS 50T nhaA JERIRIE, M
P2 JA ) AE R RO BAR LR E RS , A% Na'
M1 NhaR S0, NhaA % Na'/H 3 [ %128
AR ZB0R WA Y A B, tth FEYDT)
[T (Salmonella typhi) &2,

AN, AMONE 5 Na™FhHEZR 5 13 R
A K, AR L K iz 8 AR kdpA
Rk B E T, Hlog, (fold change)h—2.21; |d]
A S5 AR G ) TR 24 AR RS ZE iR DG TR 5 I M
M RBEZERIFAEE . X5 Bai F5
FEUHSELLT 7 AL W TR P B85 1o B A P BS54 43 )5

*3 ESENMEREDIRENZIIZEZFRILR DEGs
Table 3  Significantly expressed DEGs in the tolerance process of hypertonic-adapted Sa/monella Derby

Gene ID  Up-down Change Symbol Function

STMO0039 Up 1.468 870 099 nhaA NhaA family of transport protein, Na+/H antiporter
STM0066 Up 1.501 672 564 carA Carbamoyl-phosphate synthetase

STMO0211 Down -1.672 422 158 yaeH Putative cytoplasmic protein

STM0221 Down
STM0310 Down
STM0428 Up
STM0454 Down
STMO0455 Down
STM0474 Up
STM0606 Down
STM0706 Down
STM0708 Up
STM0887 Up
STM0944 Down
STM0954 Down
STM1076 Down
STM1087 Up
STM1235 Down

~1.144 686 947 uppS
~1.058 874966 ghmA
1.048 33229  phnT
~1.018 93514  ybaW
~1.035 871876 ybaX
1.092 179 705 ybaJ
~1.841 437037 ybdO
~2.214 581 382 kdpA
1.142 175 077 ybf4
2.765031389 art]
~1.14567991  yljd

~1.092 123 089 mgsA
1.117 353 816  pipA
~1.174 597 288 ymfB

Undecaprenyl pyrophosphate synthetase
Phosphoheptose isomerase

2-aminoethylphosphonate transporter ATPase component
Putative esterase

Putative (aluminum) resistance protein

Putative cytoplasmic protein

Putative LysR family transcriptional regulator

P-type ATPase, high-affinity potassium transport system, A chain
Putative periplasmic protein

Arginine 3rd transport system

Putative cytoplasmic protein

—1.693 195 519 STM0954 Putative inner membrane protein

Methylglyoxal synthase

Pathogenicity island encoded protein: SPI5

Putative MutT-like protein

(2
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(83K 3)

Gene ID  Up-down Change Symbol Function

STM1265 Down —1.199 940 008 STM1265 Putative response regulators

STM1312 Down —1.742 514 685 celd PTS family sugar specific enzyme IIB for cellobiose, arbutin, and salicin
STM1358 Down —-1.003 679 419 aroD 3-dehydroquinate dehydratase

STM1686 Up 1.437 645 484 pspE Phage shock protein

STM1687 Up 1.343 622 046 pspD Phage shock protein

STM1688 Up 2.425 434713 pspC Phage shock protein

STM1689 Up 3.321 03084 pspB Phage shock protein

STM1690 Up 4.561 796 74  pspA Phage shock protein

STM1729 Down -3.115958 906 yciF Putative cytoplasmic protein

STM1833 Down —1.258 538 887 STM1833 Putative inner membrane protein

STM1837 Down —1.577 43403  cspC Cold shock protein

STM1838 Down -1.218 254 435 yobF Putative cytoplasmic protein

STM1994 Up 1.133 387 176 STM1994 Putative inner membrane protein

STM2031 Up 1.206 008 027 cbhiE Synthesis of vitamin B, adenosyl cobalamide precursor
STM2087 Down —1.130 638 057 rfbV Abequosyltransferase

STM2092 Down —1.406 732 428 rfbF Glucose-1-phosphate cytidylyltransferase

STM2131 Down —1.494 448 638 baeR Response regulator in two-component regulatory system with BaeS
STM2136 Down -1.097 762 115  yegQ Putative protease

STM2296 Down -1.163 418 962  ais Aluminum inducible protein

STM2392 Down —1.238 421 242 vacJ Lipoprotein precursor

STM2407 Up 1.198 469 044 ypeC Putative periplasmic protein

STM2538 Down —1.085 305 754 fdx [2FE-2S] ferredoxin

STM3175 Up 1.633 24625 STM3175 Putative bacterial regulatory helix-turn-helix protein
STM3176 Up 1.970 285297 ygiW Putative outer membrane protein

STM3340 Down -1.113 720 242 yhcK Putative gntR family regulatory protein

STM3342 Down —1.180 501 564 sspA Stringent starvation protein A

STM3443 Down -1.876 518 971  bfr Bacterioferrin

STM3444 Down —1.684 902 244  bfd Regulatory or redox component complexing with Bfr
STM3689 Down -1.271 908 691 yibL Putative cytoplasmic protein

STM3759 Down —1.052 58843  marT Putative transcriptional regulatory protein
STM3794 Down —1.706 390 417 STM3794 Putative deoR family regulatory protein

STM3915 Down —1.068 915 534 trx4 Thioredoxin 1

STM4007 Up 2.391 56511  gind Glutamine synthetase

STM4030 Down -1.93541976 STM4030 Putative cytoplasmic protein

STM4121 Up 1.977 948 739 argC N-acetyl-gamma-glutamylphosphate reductase
STM4128 Down —-1.254 920 034 yijD Putative inner membrane protein

STM4244 Up 2.512458 516 yjbO Phage shock protein G

STM4327 Down —1.328 34826  fxs4 Suppresses F exclusion of bacteriophage T7
STM4469 Up 1.694 510 385 argl Ornithine carbamoyltransferase 1

STM4503 Down —1.293 711 614 STM4503 Putative inner membrane protein

STM4596 Down —1.220 049 293 STM4596 Putative inner membrane protein

<l actamicro@im.ac.cn, & 010-64807516
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Figure 6 Mechanism of osmotic resistance of Sa/monella Derby.

T AR A AR DG IR N 68 IR SR X N-Z Bt -y- 7 B RS BE R argC DL 4
A REJEAEIR AT NaCl e T HOZ 0 AR N MR SEH B B LR argl MERIARL I, I
YNB BRI 2SS, JERBIR AN A 52 %8, 6] log, (fold change)3 Ky 2.39., 1.98 F1 1.69. ginA
B E AR S RN, MR LD T T IR AEZ B RRRR N E R AR A HIL S A i 32 B
TN NaCl pif B AR A e BE ) Na' 25 83B 0 o-F —BRTE gind MMEALTET T RE G A A
FEL TS AN P9 KR, DRLRRAIR kdpA 26 bR, A RS AR A I AR T T ) BEfS

B, YERFERES A IR X RN RE LR A AT,
3.2 FEBRNH {FLJR A5 2 T 19 5 TR e 194 TBE e & 14 02 ol A

PAEYTE R R W A TOE N NH, W BE AR AR 0 45 0F T 3l DL AT, FEdf
e ERPRBE A Z R0 A BEHL], o — T BT —  NaCl A A T 5 808 /R VDTGB A NH, 358
FORERR N AR L L T AL RS ER SR FEANE N MR IR SAR G, Rt phy 75 St e B AL P 3 £
FREWE | B | IR L HAT A S/ N T ol BRI A IR AT Bt KT, 2 5
eV, LR A S NS E R, BE S TR EIRTE argC MEALIE R R IR LS &2
BORSPPEEC SAEPHA4IMLL, SBPNAE SRR SERLE agl BT SR
TEIRYLYDI TR N AT R B 5 IE N glnd . SR IERRJE VDT 1 G BAICHL R iB PR B (1 E 2™
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Y IR e ZRR T R ZVEH R a4, B
5 7E i L IR IR IR & B E T 5 R H R &
TE RS 2 1R LA S = ¥R R (tricarboxylic acid cycle,
TCAYEI ) P R S SRR

AR SR A N A 2 TR IR IR 5 W card
[H: log, (fold change)y 1.501J2 IR K A& Y &
PEG UM, REASMHEIL LME-CoA BIG . glnd.
argC. argl L} card T &I TR T & R0
RUHER, mediRr iR N IR &, N
MR TS . BRILZ AN, o R
WA U R AT R, H TR & 3R
A R 2 B e A TR T PR M R R S B, TAE
Bt R YT IR N R R I A B
=, X5 URAARAERA T, 4050
X B ML AN [
3.3 FRIKLEKE

EAMTE Y, SEMHE AL, k&Y
A AR OCHE A 1 3R AR R FR B T 8, L
RGN mgsA . PTS Wiz by (W 5
1B LK celd 5 5 2 PEFAIK, H log, (fold change)
IrRIN-1.09, —1.74. AHTE BOBEIR S RS i R 5 )
FRA PTS R40, 2V TIRHN Zamokibi &
ptez —P%, PTS RGEE MM 1 (ED). AR
PR 2R 11 (HPr 2% NPr)FI 11 52 5 W wime s
FEMGAI AT, Y5 LEME Sy Jo i dek 40 0 FEE i A 44
B, 2 9l B R I 5 179 i iR (phosphoenolpyruvate,
PEP)/#4 iR Ak 1 4125 21 240 B 9 i 25 38 40 AR T
VEIERR . BERRIOHE S TCA TR &R MBI fL
A, HAZ 5 TIRENS . A HEETH
FaE , RERE IR VDI IR TR A B LA S A et o
NN, BEE A bz e, XEAER)
LA IEER Y, e ST R B, B
BFEVP T TIREFE SR R IE 5 H PTS REAHK
LRI IR R X B T T AR A e
Ak BTy AN R T B 25 5 o ASBIF SR SR AR AN
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NaCl B /R LV IR EH A TR w .08 T,
AT BCHL TE 1 DA A1 55 3 45 v 5 O 2 S5 4
B, HEMANTE R T FEARAS 2 B R T B
T PTS RAFIBBAH I M FRIE, DIgEFFH
s B R A 0 =
3.4 BB

YU DA I AR AT B Re T, LR Y 2RI pE it
P ATP, ATP HIE 24 2 Fhigte, —
P2 M AR E L CO, FIK, M REHCR
Y H HBETTIE K S/ ATP, 7 — U2 7E T4
B 100 T 7 2 4 A Sl T R PR JT R B 2
ATPP {HAEAHF 58 o B T IGTR AN 3R 55 Hh 4
BopEY i, F30 PTS RGeS, M
(A5 T A o R o0 S N R R 2 B ] b
AEWiE HAH H , BERR PEWE AL B AL A ghmA Rk
T E L, H log, (fold change) h—1.06, 4
HI R IR AR AN AR ATP, & LAE s T Y
W IRAE, ghmA BeEORIE 240 M A i 43 JBE Ak
(glutathione, GSSG)AbFiAFURA, RPif A4
Jit H Bk (reduced glutathione, GSH)., GSH fEWE{#
37 R BN 2o AR A ) SRk LA B 4 5 4 B AR P Y
BRESTFAET FORALTP), P4 1 & 3R,
T ghmA k=2 BHHIER , (156 Ak E H
trxA . BEGRIRE A fdx AW B EYET A,
H: log, (fold change)43 3l h—1.07 5-1.09, MIfi
FEAL T AN Pt E LB Z 5E ). iX 5 Morales 5
USRI A BRUAG FE VD 1 R TR R R I3 T B L R
IR I o 3X AT B2 F T8 A 3 25 A AN [
MBI R R 22 57 .

TEWEE L RS2 B G O T, TR B
FTIRECN T 4658 A S AA7, Raetsa s &
TR R 2 SRR, Y5 2 LR 1) oy R AT . 2
i 2 T 2 W T U TR S 0 3 P T AR A R > T A
TR BB, 7E 3.2 ik T I R R s
AR L AR, o Rl e i T A R R A
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Sk R ik 4 5 3 R ) 2R3k 1, H: logs (fold change)
3 0.15, 032, BEM{ZHE T TCA JRFRH)
7o [AIES TCA PE3 X RS A 2R M) A iR
HIAR o~ R . S WS fFRAR A L TCA T 3R
TR R b A TR PE AL RE AR X 8D, BRI AZ B
=B A TR BLVD 1) IR TR 2 3R A 5 A AR
B URRIRRE I AE, 4E5F A S RYAETE .
3.5 XEMAIFM

EAMGE T, SR WA AU HeBE 1 & 1 pipA
Tk W EME LA, AR YK
P e AT A RS 23 B 1k A 5 20 ™ A g I
N, FEAE 3 20 A Hes SO i A R R AR R
iR 11 S3 (RNA protein S3, RPS3)5 |5 NF-kB
P FRA B R RE 19 kB FALE A IKBad 2 1 NF-kB
R PR Y 1E S A L AR AN S g
HHE B 400G . IKBad & F BB il g =41
ML, P22 A AR 1T K B 105 D T 7
P IR YD T P S R R S
(type III secretory system, T3SS)AEWS 4wt SPI #f
JIEFSEN, SPI-2 ERIGISEEI pipd RETFEAL
RPS MR, il NF-kB & 5, f2iF IKBad
IR, TS EAIEXT /R Bvb TG
(e SN, S8 AR PR 4B R 112

WL RE LD DV 557 2 W e R MY Tk
SEREMEILIN rfDF RTE/RPUPTTIRIE O Hilsi kW)
A AR LR, H log, (fold change)s3-7] K
—1.13 5-1.41, O $ils BAE/R VDT [T N E %
HIEE ST, TEV TR ARTE £ A %
Hop il R A A YRR, (R B d 4 b
H G 22 W (%) B B A A4 =2 — ) T A4 43 1A
ARG [baeR log, (fold change) A—1.491 2.4
&AM g 22 B 0 B ZEE o WU RS R G AEFER
GLYD T EC TR P A SR A B By %o AN [] B0 5% 4 14
254k . baeR Feikfa W ME T AR T =B
18T EIR VDT IR TR B B 2055 sz 2, 5

AR A EEPEREAR, 1855 T IE/R LD T IR 1Y
1R78HE 71, X5 Bai 5T (IR N IS i R VD
I TERTE 58I rfa. rfb R rfe SERIEAH G
LRI IR FIRSE AR, X AT RE S AN (AL T 7Y )
RMRARDG, HE R A RFE— 20 5% .

4 Hik

ARWEFELA NaCl AN BT, i 5% s 2H
WP R AR M 7 18R BLUD 1) IR B T = 98 W38 1Y
Bk, JEiEak RT-PCR B3 7 W45 iy vl 4%
PE AR & R BB a8 I (AR R BLvb T IR TA
Ak 3 950 4~ DEGs, HhHARE FREK
FEH 214, BET AN 38 4>, il NaCl &
PSRN0 i W Y N R W W N AN Y
WAHMNBIE R LK, R T RS E RN
Na'/H'ii [0 i AR IEF R [, Fik
h TR NBEE Y BG4, i1 PTS R4t
SRR AR AR AR DG I i 2R 1 T A, BRI I
PITHFE. B T 468 B S 0447, BAR NI
BT R R 2 SRR, LA 2 R A E AR A
TR SR, EHEIRE S TCA MTEIR,
PRUEFESR AL ATP [t A [ EF 38 0 G844 P TR 92 AH O
SRR G o T TG R AR s , 5
B AR VDT R AR P A I8 S5 FEAIG, i1
WAL trxA . BRAIR R E M fdx R IBW D
EET O, BT MR PR R ) . 5 S
JIAHZGHY SPI B )M AFRIA FIRE/R T 1R
PLYDT) FQTRTE R 8 P T B0 KU 84 m
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