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W OE. [#%]) [ ERD K E (Salmonella typhimurium)# — £ WAL L ERRE, L% Fa
HMFEAMB RS E, WA AATRAEIG LY NTREAGSGE, [Be] BIME IS LT TTRE
baeR T FAMB I AMAIR R BaeSR M4 A st B RV TR A A e ag&=m. [ %] £ BaeSR
WL 4 B 4 Ar AcrB 4 HE R O HE K AR (CRAbaeSRAacrB) 9 % &b £ M) 32 baeR it % ik #&
(CRpbaeRAbaeSRAacrB)*. baeR ' # Mk (CRchaeRAbaeSRAacrB), M E M4k Xk, &) AMAFnit KA
Ak 89 32N 37 B SR (minimum inhibitory concentration, MIC), FFaf A K4FM . A WIEH R A8 H A
BTN, RAFFKAFHARIGR G HARKX G £ F K EKE, RT-qPCR i dt 2548 % K
B. [£R1MET AR KA baeR L& E A baeR FAMR. 5 e kAR, TR AMRAT
ARV E. BEVE. REARE. CBTE. kFofbur. kg k. FEHKRRF HRE MIC
SR & 225645, SFRMEE. ZEEFH MIC THRT 50%; bRk, =4hkat ke
Moz, kIarEek. RORREFH . BV 26 MIC 23l A& T 245; S ppAal, LREHRFm
ARG A KR B R R BAL, AW ARLL S BIE AR E E I 5 (P<0.01). 55 FAFHH AN
CRpbaeRAbaeSRAacrB/CRAbaeSRAacrB ‘izl 4k TGk %] 743 AN 27 RZKRF (LA 724 A, TR
19/4), 2RABEARNIZEELE B-ABRERE. BERREAAFRE,»ZAAFBRK T,

CRcbhaeRAbaeSRAacrB/CRAbaeSRAacrB YA 414 54 3] 3 073 N £/ A X AR (LB 14674, F
16064, ZHREARNEIZE EAHERM. REABROAMERARE T EMESRF BT,
itk 15 MNMHER . B, AYIR. REHZAABINEEGE AL EFAALR, HMALLR
5 £ K ZAR#AT RT-qPCR ik, ¥ H4xm—H. [4££] baeR TR ZE Gl TR AY
JETS BB B TN R KT TTRBA A AT dp e e, XA FMNFLERET, 1546
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Construction and antibiotic resistance of a Salmonella
typhimurium strain overexpressing baeR

GAO Haixia, LU Fang, JIANG Xidi, WEI Qiling, QI Caili, ZHANG Lin, FU Hengfeng,

LI Lin

College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, Anhui, China

Abstract: [Background] Salmonella typhimurium is a major zoonotic pathogen, and its multi-drug
resistance is becoming increasingly serious. The two-component system can regulate the resistance of
S. typhimurium. [Objective] We constructed the baeR-overexpressing strain and complementary strain
of S. typhimurium to study the effect of BaeSR on the antibiotic resistance of S. typhimurium. [Methods]
A complementary strain (CRchaeRAbaeSRAacrB) and an overexpression strain (CRpbaeRAbaeSRAacrB)
were constructed based on a haeSR and acrB double-deletion strain of S. fyphimurium (CRAbaeSRAacrB),
and their antimicrobial susceptibility and biological characteristics were tested. RNA-Seq was used to
screen the differentially expressed genes (DEGs) related to drug resistance, and RT-qPCR was conducted
to verify some drug-related genes. [Results] The baeR-overexpressing strain and complementary strain
were successfully constructed. Compared with that in CRAbaeSRAacrB, the minimum inhibitory
concentrations (MICs) of ofloxacin, enrofloxacin, florfenicol, mequindox, ceftazidime, ceftiofur,
amoxicillin, and ampicillin increased by 2-256 folds while that of spectinomycin and apramycin decreased
by 50% in CRpbaeRAbaeSRAacrB. The MIC of ceftazidime, ceftiofur, florfenicol, and enrofloxacin was
two-fold higher in CRcbaeRAbaeSRAacrB than in CRAbaeSRAacrB. The growth curves of
CRAbaeSRAacrB, CRpbaeRAbaeSRAacrB, and CRchaeRAbaeSRAacrB showed no significant difference.
However, the biofilm-forming ability and motility of CRpbaeRAbaeSRAacrB and CRcbaeRAbaeSRAacrB
were significantly higher than those of CRAbaeSRAacrB (P<0.01). A total of 743 DEGs were identified
between CRpbaeRAbaeSRAacrB and CRAbaeSRAacrB, including 724 upregulated genes and
19 downregulated genes. Bioinformatics analysis showed that the DEGs were mainly enriched in pathways
such as B-lactam resistance, quorum sensing, and two-component system. A total of 3 073 DEGs were
identified between CRchaeRAbaeSRAacrB and CRAbaeSRAacrB, including 1 467 upregulated genes and
1 606 downregulated genes. These DEGs were mainly enriched in pathways such as carbon metabolism,
biosynthesis of amino acids, and biosynthesis of antibiotics. A total of 15 drug resistance-related DEGs
were screened out, mainly involving efflux pump, biofilm, and two-component system. Five out of the
15 DEGs were randomly selected for RT-qPCR, which showed consistent results and confirmed the
reliability of RNA-Seq results. [Conclusion] This study indicates that baeR affects the drug resistance
of S. typhimurium by regulating its biofilm-forming ability and motility. RNA-Seq screened out
15 resistance-related DEGs, indicating that baeR overexpression can affect the drug resistance of
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S. typhimurium by regulating the expression of the genes associated with efflux pump, biofilm and flagella.

Keywords: Salmonella typhimurium; two-component system; drug resistance; gene overexpression;

transcriptomics

VD] IR A — 7 B B N BB I T
HAT 5 sh Y &g, AT a5 e s 9™ L an
WL . DS IERANRN . EAERNE & Yol
SRV ST 3N €N E2TE 7K A R RS R M P
WITIREEGy, B THIESY IR Frr iz
BAGIME, AU P h sk i TR
EMPUR Y, HBSE T TIREZEmN
PRI, 25 AT M R Sk T S U
PRI ER A T M U0 1) EQ B 1Y) 22 245 ik 245 ML B A4
MY ER O IERTZE, FRE
B, WA RGESIMEEAE DT IR E Y 25
REEE TR, A LR A B AR 4 5 it 24 14
(144 R VB R B s T

W 41 % 4t (two-component  system, TCS)
oA TAE T, AT EEEE .
T3« HBRACHES  BUA: F T 2 1 R S A
P, fEZRENT, TCS XA EMAAEHE
Herm A N, REMS A AR XA 2 AR i 2y
£, BaeSR M5 FR Geip W) & 7E KW b gk
KD, ZJE e R FEW TR A & B,
BaeSR X4 43 R 45 H o o 75 40 A FEE | % 20 2 1
H S BaeS MIEI 5 DNA 4545 1 S
T BaeR 41k, TEBEJEAT, Hikny
BaeS ‘F2( BaeR WilR ik, M AH G KL K #%
P, Nishino W5 R, T acrB MAFLE
SHERG baeR 3L FIR XN RIGFF R A 250, Fr A
TE acrB SRR A _E 3 33K baeR T T KT
X B-I B R P A AR 25 . Wang S50
W R, £ acrB SR 0 FEAE b ad Rk
baeR , X3 f W Wk 1 Sk AL i 19 d5 /NI TR R 32

(minimum inhibitory concentration, MIC)43%!|Ft

5 2.5 f5 A0 2.0 £, (R 8 2 REAR SR AE 11 BRI
ompC. ompF . ompA Fl ompX WIFikKN-o 1E
B2 AN BFFR Y, baeR FLL FRIBIE R T X0
HERm S RN PR T
BaeSR W 41> Z 4tilid J#% AdelJK Fl AdeABC
HNHESE () 2 285 5 i B R K it 25 0ET) . 1k
Fh, BaeSR M 51 R Guik v] DL o 45 S R
B 2R IB A ST P R A 250 . #F B
15 € V0 1] IR B (Salmonella  typhimurium) H
BaeR il i 455 FISMEEH OmpW F1 STM3031
1Y I Bl DX U0 11 PG TR X Sk A il A A ek 5
24 baeSR K5, LT ompC. vac Fl acrD
) mRNA K VBT baeSR Bede bRt k7 iy
B RKERMEATERE LY 25, i
Ak, baeSR K JGIETT LT YejA. OppA.
AphA Fl FilD SFHE MRS R, MIMFEEIRE %K
Xt 2 Fpbe e R A 25PN ax sl 2k L 3%
BaeSR WU 43 R 4t vl DAV 4a 40 T r i 24 1 o

Hal, REWFFTHCIE] BaeSR A/ 5
G AcrB SMIEAREERS: 5 IREE VDT R 251
{HHH T AcrB MAAFE S5 A MR DI EE,
fii BaeSR AR LEEN, MIMAREE 4
W] BaeSR J&UNMa[7EVD ) QIR 2450 Hh & #54E H
. B, ABFRTE baeSR Fl acrB ALK IR
Fehith EAEE baeR BN I baeR 1 FRikbR, 4
BrALGRKE . baeR [AI4MAE I baeR 33 FBHR I A
KAHE . LAY BUSNE . 133 e AW Y 1
REST, RMFE A HORTRE N 3 PRI AN 2
MRZE S RIBEEN, FFifT RT-qPCR Kk, LA
BA AR A BB BaeSR AU 43 RGNS FRAFEVDT ]
TR ™ A= R T 24 AL ] 4 L3S LA
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1.1 #h
111 EHRA0 R

ST FE VD 1] IR T (Salmonella  typhimurium)
ATCC 13311 {R5MEFERN D 258K CR [ baeSR
M acrB KR XUk 2 £k (CRAbaeSRAacrB)!'™
pUC19 Jitki . Escherichia coli ATCC 25922 k5L
B E A7 4k pBAD33cm-rpd . E. coli
B2163 Fl E. coli DH5a W A ) MM i# fhAE I E AR
PR H]
112 FERFIREFRE

JokL/ N P BORT & . DNA - BERE RN
&, BT MR (RIDARAT]; PrimerSTAR
Max DNA Polymerase., DNA Marker, TaKaRa
Nl Hind TINYIEE . BamH 1 NYIEE, i
HARREWHEAREGIRAF; Transgen S sk
74 . ClonExpress 11, maliaMEBAEYIRE A
BT Knogen i &, |- Mikiib A YIRHA
FRZ\F]; Spark DNA Quick Ligation Kit, 11142
FHEADTARA R A UNIQ-10 #£3X Trizol
A RNA A&, A TAY TR KRG
AWRAE BiED AR ARV A . S AsEnk
SLABIE . ZUORPIAR . BUSEPEAR . KRER .
KUE R, XP . GBS, WHRR, &
Ry a . M M R SO R R
A E NG A R 2 AT

MH WizR 5. LB gk, A T4k
YRR A RA T,
1.2 7%
1.2.1 341t

MG GenBank H A5 Y B FEVD 1] IR Y
F 4 751 (GenBank %55 CP009102.1), #
H Primer 5.0 ¥&1T baeR i F k5 | Pya i Fe ik
¥k(baeR F B3 1 baeR-BF/baeR-BR), baeR |7l

5 e kMR (A 1S 514 pBAD30-ZF/
pBAD30-ZR, baeR J Bt¥ 3 baeR-RF/baeR-RR,
pBAD33cm JBUR.A 155(4) RP-FF/RP-FR K [a] b
TR pBAD-TF/pBAD-TR). fdiJH] Oligo 6.0
it baeR. pmrF. mdtD. ompW. fliC Fl sodB
B 51 T RT-qPCR 4387 . & 519155 W,
1.

1.2.2  baeR [E#MkHIIE
¥ CRAbaeSRAacrB 5 & A [l 4 5t ki

pBAD33cm-rp4 (A X PiTE Cm)AY E. coli B2163
PEAT ISR, 37 °C }55% 6 h, HE3RI5 MR
2T LB P4 (20 pg/mL Cm) 37 °C IR AL,
Halifb)s s B T LB AR SR 37 °C,
180 r/min }iFRiL R, DLW WAL, RP-FF/
RP-FR W5 |W# 4 baeR 3 B . PCR ik
#(25 pL): PrimerSTAR Max DNA Polymerase
12.5 pL, 1E. I5[#(10 pmol/L)4#5 1 pL, 4
B 1 uL, ddH,0 9.5 uL., PCR K &5 98 °C
3 min; 98 °C 10's, 56 °C 20 s, 72 °C 1 min,
30 MfEFR; 72 °C 7 min,

FEBR R AR R BRSO CR ORI 40
MAEHR, baeR-RF/baeR-RR N 5|44 1 baeR H
Rl R Bt, PCR JZ WK Z& (50 pL): PrimerSTAR
Max DNA Polymerase 25 uL, 1E. W5|4¥)
(10 pmol/L)4% 1 uL, Atk 2 uL, ddH,O 21 pL.
PCR JZ % 451F: 98 °C 3 min; 98°C 10s, 56 °C
20s, 72°C 1 min, 30 MEFF; 72 °C 7 min,

Pl pBAD33cm-rp4 STk A4, pBAD30-ZF/
pBAD30-ZR #5314, $ 1% pBAD33cm-rp4 #iiAk
FBt, PCR W AKZ (50 uL): PrimerSTAR Max
DNA Polymerase 25 pL, 1E. S [H5145(10 pmol/L)
£ 1uL, FH2 pul, ddH,0 21 pL. PCR ) 2%
4. 98 °C 3 min; 98 °C 10 s, 56 °C 20 s,
72 °C 3 min, 30 MMEH; 72 °C 7 min,
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Table 1 Primer sequences

5|#) Primers 5191 F %1 Primer sequences (5'—3") Size (bp)
baeR-BF CCCAAGCTTATGACTGAATTACCCATTGATGAA 741
baeR-BR CGCGGATCCTTATACCAGGCGACACGCAT

pBAD30-ZF CTAGAGTCGACCTGCAGGCA 5529
pBAD30-ZR AGCTCGAATTCGCTAGCCCA

baeR-RF TGGGCTAGCGAATTCGAGCTAGGAGGAATTCACCATGACTGAATTACCC 774
baeR-RR TGCCTGCAGGTCGACTCTAGTTATACCAGGCGACACGCATC

RP-FF CGAATTGGGTACCAGCGCTT 273
RP-FR TACCGTCGACGCCGGCCAGC

pBAD-TF CCATAAGATTAGCGGATCCTACCT 881
pBAD-TR CTTCTCTCATCCGCCAAAACAG

baeR-ZF ATCATGGCGACAAGGTACTG 118
baeR-ZR GAAAAACGGCGAATCTCCC

pmrF-ZF GGACTGCTGGGCGAATACAT 95
pmrF-ZR GACGTGCTTTCCGGGTAGAT

mdtD-ZF CGGAATGCTGCTGGGTATG 114
mdtD-ZR GCCGGTAGCGCGATAATAAC

ompW-ZF GAGGCGCCAATTAACCAGTC 94
ompW-ZR GGCTGTCCGATCTGAGCTTT

fliC-ZF TTCAGTGGTCTGCGCAATG 125
fliC-ZR TCAACAGCGCGAAAGACGAT

sodB-ZF TTGATAGCGGCATCGGTGAA 156
sodB-ZR TAATAACGCCGCTCAGGTGT

W4 WM baeR F B 5 8k B Bl
Knogen A& 4lift., —20 °C RfF. FHE 41N
Exnase 11 (ClonExpress 1)K} H A3 B 384k
R BOCAE R, AW A E. coli DH5a
JRZ MM . AT LB EAR(20 pg/mL Cm),
37 °CHEFERI . FEHUBTR IR E. coli 2163
JRZ MM, AT LB E#[20 ug/mL Cm, 4B
7K — B /2 — /% N BE (diallyl phthalate , DAP)
0.3 mmol/L], HEHFHEsERERI . 45 XUk ik
CRAbaeSRAacrB 5 KIHFF #2163 (7% Fi ki
pBAD33cm-rp4-baeR) 37 °C 5 FFid#, H53F
Je P R 26 LB SEA (20 pg/mL Cm) 37 °C 13
. MEHEATERAEHE AT baeR-
PBAD33cm-rp4 B4 R (1 B R BEAFT) o

PATE WMt , pBAD-TF/pBAD-TR A 5|
W4T PCR %5, PCR W £ (25 uL):
PrimerSTAR Max DNA Polymerase 12.5 ulL,
1E. RS0 pmol/L)4 1 uL, Btk 1 pL,
ddH,0 9.5 pL. PCR K 2&f4F: 98 °C 3 min;
98 °C 10's, 56 °C 20 s, 72 °C 1 min, 30 M
¥f; 72 °C 7 min,

¥ PCR y=#ik 4 T Y TRE(EIE) B
A RRA G HEATINT o F4H R i Rk i 45 R
CRcbaeRAbaeSRAacrB.

1.2.3  baeR i3 FIEHRBIME

LI CR SEHZL M, baeR-RF/baeR-RR Hy
S|4 18 baeR IR Bk, PCR JZWIAZ(50 uL):
PrimerSTAR Max DNA Polymerase 25 puL, 1E .
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Fem 51 #(10 pmol/L)#& 1 uL, #iti 2 pL,
ddH,0 21 pL. PCR Wi £5F: 95 °C 3 min;
95 °C 15 s, 60 °C 15s, 72 °C 1 min, 30 /§
¥R; 72 °C 5min, PCR P=¥)ffi F DNA BEK [F11
A& B, FH BamH 1 Fl Hind T baeR
Y5 pUC19 Fiki, BVl ¥ Spark DNA
Quick Ligation Kit i##%, &YW A E. coli
DH50 &2 &M, WATTE S A 2 % Ik
(50 pg/mLYBTPER LB AR |, 37 °C Ki 3Rk
Je BRECPHPE S 4L ok, F S mL LB WA K: 77 3
W37 °C, 180 r/min RiFRida, LA M
#i, baeR-RF/baeR-RR A 5|H11T PCR % E,
FEH: PCR P2 3% B A4 T A W) TR () A7
R/ 1574 a1 I & P g N A N <
(CRAbaeSRAacrB) , ¥4 5 2 it ki (pUC19-baeR)
Hi %% A CRAbaeSRAacrB AU, WRAiE
A EETEARA00 pg/mLyFTER LB “EH |,
37 °C iR o FRIBCE-Al b B Y e T2
HRZFEVEARGO pgmL) Ptk LB AR E; 373
B, 37 °C. 180 r/min 57378, DA AL
M, baeR-RF/baeR-RR N5|Hil41T PCR %5E,
PCR =Wk 4 TAY TR ()R GABRA
Al JEAT I )T o A R T A Rk bR A 44 R
CRpbaeRAbaeSRAacrB
1.2.4 RT-qPCR | baeR KL=

PLLVD TR H GAPDH A NS RN, fii ]
UNIQ-10 #:2, Trizol i RNA ik H) & 17 5
RNA #& HU, Transgen & % 5% 3l & & W
c¢cDNA, % SYBR Green I i EM5E baeR 1)
mRNA Fikt, B 274 b,
1.2.5 &SNMIERENE

2 36 ]I PR 32 36 % A 1 K 22 B 23 (Clinical
and Laboratory Standards Institute, CLSI)iA 4 #
VEbriE, LAKIGITFE ATCC 25922 9 5 H bk,
SR PR IR AR BRI E 16 TR 24 1y BT 5L 7

MR TUAR . Sk AhnE | ShdmErk . ROK
HE.RAUER, wAE ., LEER. &
. EV . CBET T
Bl e S e L DO R . ARV E . BB E
X} CRAbaeSRAacrB. CRchaeRAbaeSRAacrB
CRpbaeRAbaeSRAacrB ] MIC {H., LK EHE
3, GORBCFE,
1.2.6 H£KHEZENE

Bl B FE WL ODgoo 294 0.2, #4728
1:100 1 LLB (AR ) BRD T LB WA 3% 57 3
W, BERR 2 h BTSSR UL A e T4
3 RRIRLE 600 nm P AL IR, HlE 129K,
il E RS, PR RS T 3 BRI
R ZESE, SCIER 3K, SRBCFHHE,
1.2.7 SYIERR A B HiNE

Z: HESCHR[ 13109 7 743 0 2 3 AR I A=)
IR HRE T o PRHEL 3 AR TR A B IR VR 7E LB iR A kS
I 37 °C, 180 r/min B350, B 45 4N B
FEWIEE ODeoo 297 0.2, TEICHT 96 FLANMI K 37
M A A 200 pL B, BT 3 AN FAT,
) LB WSS BIPEXTRE . FF 96 fLk
BTWEN., 37°C #ERFE 48 ho W,
FfLm 200 uL HIEE [ %€ 15 min, JoR PBS PE
3, AR AL 200 pL 0.5%% df 55 gL
4,30 min, JORA PBSVEMR 3K, BAANRT; AL
Jn 200 pL ZERVAR# 30 min, FHEEHRUN ODsq
EAEAEMEDS , BRI E ODsyofE,
B CRAbaeSRAacrB. CRcbaeRAbaeSRAacrB
CRpbaeRAbaeSRAacrB iX 3 PR A I EIE i fig
1o e E 3, BERBCEE.
1.2.8 EENMHENE

PEEL CRAbaeSRAacrB. CRcbaeRAbaeSRAacrB
F1 CRpbaeRAbaeSRAacrB WM EH 7% T 5 mL LB
B3tk 37 °C. 50 t/min #EHHFEE ODeoo
2950 1.0, WHFFNERIEW 2 pl, BRILE
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LB 2 [ RKE IR (0.3%BR ) oA T HY TR,
37°C IEEH:FE 16 h, MIEHEERE .
1.2.9 RNA-Seq /TR E=IIE

(1) 44178 37 °C. 180 r/min 555 2 %%k
A KA’ h Z247), 5500 r/min B0 10 min BT
YE, JCIE PBS U% 3 K, WAMREATIE, T
~80 °C VKA IRAT

(2) fdiF HiSeq /5155 % CRAbaeSRAacrB .
CRchaeRAbaeSRAacrB 1 CRpbaeRAbaeSRAacrB
PEATRE SRR, b Rt R B R R A
B2 W) 52 Ao

(3) 2= BRI 4K (Gene Ontology,
GO) Fll 32 #  [H 5 3E H 41 | B 4§ (Kyoto
Encyclopedia of Genes and Genomes, KEGG)&
Bt

i HTSeq B4 o3 A dh 1 56 R 3R ik 7K
-, HexEE IR A FPKM i T8, PULog,
(fold change)[>1 H. P,;<0.05 b 2% 5 B {H i 2k 22
FFIRFEN o 3 514 0 0k ) ) 25 S R ORI
A GO Bl EFI KEGG ¥, LI 22 553K
IR IR A T el ) FEEAE R BT RE S 5 1
F A

(4) WA P BENLZE I 5 AN 24 3 [
(pmrF . mdtD . ompW . fliC F sodB) i F
RT-qPCR 43#7. DLAVPITIRTE GAPDH N 25k
, %M SYBR Green I 317 mRNA ik &5
B, BURR A 274 hb

2 ERSAM

2.1 baeR [EIXMEIGIELE

¥ CRAbaeSRAacrB VERNZIKW , E. coli
B2163 (baeR-pBAD33cm-rpd ) A AL T k1 74
HikE . Kifrd s DI iR, pBAD-TF/
pBAD-TR m5|#iif7T PCR 4734, ik HM: 5

Be, WBIR/NN881bp, WK1, RILkalifbpHrE:
FERE, JFHE PCR Wk T . 745 SR K W]
baeR [PIAMER FE RIS .
2.2 baeR TR IEHRWELER
22.1 BHRMNMERELER

¥ etk J5 /1 baeR 5 pUC19 Jiuki [m] B+ F
BamH 1 1 Hind IDWEGY], baeR FEH Y] Bt
KN 738 bp, WLIEI 25 pUCT9 Tk K/l
2 656 bp, WK 3. BVISHY baeR 5 pUC19 Jit
FEREG A E. coli DH50 B2 41, #
WE iR pUC19-baeR, 5% baeR-BF/
baeR-BR 17 PCR % &, HEBZH 750 bp, UL
Kl 4.
222 baeR TREMBRELTELER

¥ H O4H O KL pUCI9-baeR Hi # A
CRAbaeSRAacrBIEZ 7S, FA%EE baeR 1 ik
¥k CRpbaeRAbaeSRAacrB, H 5|%) baeR-BF/
baeR-BR 17 PCR %3, H Btk 756 bp WL 5,
D5 25 7 A5 R EHff

2 000

1 000
750
500
250

100

1 [E4hFR4a 2 R M: DL2000 DNA

Marker; 1-7: BHYE 5B ; 8: E. coli P2163
(pBAD33cm-rp4)
Figure 1 PCR using primers pBAD-TF/pBAD-TR

to test CRchaeRAbaeSRAacrB. M: DL2000 DNA
Marker; 1-7: Positive clone; 8: E. coli 2163
(pBAD33cm-rp4).
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o HE R
& 2 baeR BEIIEER Es5 IREKKEMNER

. . . Figure 5 PCR using primers baeR-BF/baeR-BR to
F 2 baeR digest 1t. M: DL2000

18U1¢ aelt CNzyme GIgestion Test test CRpbaeRAbaeRAacrB. M: DL2000 DNA Marker;
DNA Marker; 1-2: baeR.

1-7: Positive clone.

bp M 1 2 3

N
(%]

2.3 RT-qPCR I ZE baeR TRixELHER

HE 6 ATAT, SRR L, S Ribtkm
FIBEIGIN T 1324 1%, [ERMAIEIN T 158 £,
24 MEAMERMENELSR

M 2 ATAL, SXERRA L, o Fik bk
XTBTBC PG AR . R PR Sk nE | Sk AR e
we. WAL . LEH M., ERYDE. BiEY
BB MIC 43 3T+ 256, 256, 16, 16, 4. 4.
2.2 fify KWMER . ZEHERM MIC TRT
50%; HABZEYIRY MIC R EEZSL, 5k

El3 pUC19 EgtNLE
Figure 3 pUCI19 enzyme digestion result. M:

DL5000 DNA Marker; 1-5: pUCI19. PRAH L, IR St g | Sk AamEnk | 508
Je% . BT ARR MIC 29 THE T 2 £, X
bp M2 3 4 b2 i) MIC K % 451k

1500
EZE CRAbaeSRAacrB

o
5 &3 CRcbacRAbaeSRAacrB
é 1000 CRpbaeRAbaeRAacrB
£
S
RS
o 500F
2
=
~
4 FHFNENER 0

Figure 4 PCR using primers baeR-BF/baeR-BR to
test pUC19-baeR. M: DL2000 DNA Marker; 1-4:  [El 6 baeR B RT-qPCR IE4ER
pUC19-baeR. Figure 6 RT-qPCR verification results of baeR.
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2 16 #inKE R RHFIDIRE baeR i3 FRiZHKH MIC
Table 2 MIC of 16 commonly used clinical drugs against Salmonella typhimurium baeR overexpression

strains (ug/mL)

W AK Strains CRAbaeSRAacrB CRchaeRAbaeSRAacrB CRpbaeRAbaeSRAacrB
FAl S PE AR Amoxicillin (AMX) 0.50 0.50 128.00
2 FTEHK Ampicillin (AMP) 0.50 0.50 128.00
Skl Ceftazidime (CTD) 0.25 0.50 4.00
SLTBERK Ceftiofur (CEF) 0.25 0.50 4.00
XX 1R Meropenem (IPM) 128.00 128.00 128.00
$ A JE ¥ Florfenicol (FFC) 0.50 1.00 2.00
FTH 2 Colistin (COL) 1.00 1.00 1.00

PR K5 Z Gentamicin (GEN) 0.25 0.25 0.25
KW ZE Spectinomycin (SPT) 8.00 8.00 4.00
4 FE R Apramycin (APR) 2.00 2.00 1.00

Z. T F ¥ Methaquine (MEQ) 2.00 2.00 8.00

fiffi g /P W Sulfamethoxazole (SMZ) 128.00 128.00 128.00
fiff e 5 % Sulfaisoxazole (SF) 128.00 128.00 128.00
PUFRZE Tetracycline (TET) 0.25 0.25 0.25
AP B Ofloxacin (OFX) 4.00 4.00 8.00
BT B Enrofloxacin (ENR) 4.00 8.00 8.00
2.5 LRI ELE R 252 HMERBENNESER

251 HEREBHENELSR

£ A [F % f# & % CRAbaeSRAacrB .
CRchaeRAbaeSRAacrB 1 CRpbaeRAbaeSRAacrB
HATHE SR, AR 3 BRTA A AR K TE ]
225t U] baeR )i R IBX WAATFELD ] R
AERKERTT N, L5y FEEER
(P>0.05), WLl 7,

257
20F

S15F

J
Lot -e- CRAbaeSRAacrB
05 ~#- CRcbaeRAbaeSRAacrB
. —4— CRpbaeRAbaeRAacrB

0.0

0 4 8 l.2 1I6 2‘O 2‘4 2‘8

¢ (h)
7 CRAbaeSRAacrB. CRcbaeRAbaeSRAacrB
#0 CRpbaeRAbaeSRAacrB By < 4k

Figure 7 The growth curve of CRAbaeSRAacrB,
CRchaeRAbaeSRAacrB and CRpbaeRAbaeSRAacrB.

XF 3 PRIERAEIBIERAE I TIE , 452R%
15 CRAbaeSRAacrB#EL, CRcbaeRAbaeSRAacrB
H CRpbaeRAbaeSRAacrB 1 EWIIETE RE 1tk
WETHEN(P<0.01), WK 8,

253 BEHEMELER

WX 3 BRE YIS SR I,
BEHAA KM, 5 CRAbaeSRAacrB H It ,
CRchaeRAbaeSRAacrB 1 CRpbaeRAbaeSRAacrB
912 2 BE T 2 25 T+ (P<0.01), LI 9.

2.6 HRBFERSH
261 EFEERFTESN

B gl e rh B E By 22 S R AR SRR AL A
4596 1~. LA|Log, (fold change)[>1 Fl P,y<0.05 A
PRifEffidE 2 3R, #F CRcbaeRAbaeSRAacrB/
CRAbaeSRAacrB A, FLimde s 22 5%
KA 30734 CFIH 16064, EIE 1467 4)
(K1 10A); 7E CRpbaeRAbaeSRAacrB/CRAbaeSRAacrB
Fbigdl i, Lk s] 743 AN RFRRIER (T
194, FIH7241) (E110B), CRchaeRAbaeSRAacrB/

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



668 WY

3k

# 8 CRAbaeSRAacrB. CRcbaeRAbaeSRAacrB
#1 CRpbaeRAbaeSRAacrB W1 ¥ FET B RE 11 i E
R *#*. 5 CRAbaeSRAacrB #2254 8 3%

(P<0.01)
Figure 8 The biofilm forming ability of
CRAbaeSRAacrB,  CRcbaeRAbaeSRAacrB  and

CRpbaeRAbaeSRAacrB. **: The extremely significant
difference compared with CRAbaeSRAacrB (P<0.01).

ok

3k

Movement diameter
(3]
T

0
B B B
0 ac ac
o po bb““@
e ?&ba&b C@WJ\
C

9 CRAbaeSRAacrB. CRchaeRAbaeSRAacrB
#1 CRpbaeRAbaeSRAacrB B9 iE & 1% | & 45 R
#%, 5 CRABAESRAACRB I H 22 54 . 2 (P<0.01)
Figure 9 The migration assay of CRAbaeSRAacrB,
CRchaeRAbaeSRAacrB and CRpbaeRAbaeSRAacrB.

**: The extremely significant difference compared
with CRAbaeSRAacrB (P<0.01).
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10 ZEFERSH AL A: CRcbaeR
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HEF R E

Figure 10  Volcano map of differential gene
distribution. A: Olcano plot displaying differential
expressed genes between strain CRchaeRAbaeSRAacrB
and CRAbaeSRAacrB; B: Olcano plot displaying
differential  expressed genes between

CRpbaeRAbaeSRAacrB CRAbaeSRAacrB.

strain
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CRAbaeSRAacrB 5 CRpbaeRAbaeSRAacrB/
CRAbaeSRAacrB P4 2 A H & X W AEA 695 4>
HF2ZERIEHEE 1), RIEXXEESH2ES
RIKFEH AT RIS, AR R BB i

2378 695 48

CRAbaeSRAacrB vs CRcbaeRAbaeSRAacrB
® CRAbaeSRAacrB vs CRpbaeRAbaeSRAacrB

Bun =REFEHER

B SRR TE— R, BEIm LU, 2Lk
RFER RIS, R EEEIR R R (E 12),
I N5 RS e X A ] 22 S R R BRI o
i 15 DGR ZERRBEEN, WL 3,
262 ERFRIZEFAR GO BEES M KEGG
EES

GO iz i 7~ , CRchaeRAbaeSRAacrB/
CRAbaeSRAacrB # 7 5 B N 3 805 S AE 4 i
O N % N % R N X VAN 7% R TN
S5 H B A3 RN ZE AR 4 UG PSS T (D 13A) .
CRpbaeRAbaeSRAacrB/CRAbaeSRAacrB #HH,
22 SN FECE RTERAEY A L. IR, &
FIBT G, ARRE AR A 2 . AR S5 4 1
Gy RS 53§15 45 D5 T (18] 13B).

CRpbaeRAbaeRAacrB

Figure 11 Venn diagram of differential gene.

CRcbaeRAbaeSRAacrB ~ CRAbaeSRAacrB
12 %#%.Eézk_““
Figure 12 Heatmap of the clustered overlapping differential gene.
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Table 3 Resistance-related differentially expressed genes

Gene Description |Log, (fold change)|>1

name CRcbaeRAbaeSRAacrB/CRAbaeSRAacrB CRpbaeRAbaeSRAacrB/CRAbaeSRAacrB

marR  Transcriptional repressor of 1.909 1 2.2617
marRAB operon

mar4  AraC/XylS family transcriptional 3.053 4 29195
activator of defense systems

tolC Outer membrane channel 43020 4.376 1

pmrD  Polymyxin resistance protein B 2.534 5 1.486 2

pmrF  Putative glycosyl transferase —4.878 2 0.927 0

ompF  Outer membrane protein F 3.8954 —2.567 2

ompC  Outer membrane protein C 2.8179 —1.5934

ompW  Outer membrane protein W 5.682 1 2.5578

fliCc Flagellar biosynthesis flagellin ~ 2.124 5 -2.143 5

fliy Flagellar biosynthesis protein 2.660 9 1.170 1

mdtD  Putative MFS family transport  —1.818 5 1.140 7
protein

phoB Response regulator in 1.128 7 5.091 4
two-component regulatory
system with PhoR

spy Periplasmic protein related to 3.877 4 8.698 4
spheroplast formation

csrB Regulatory RNA 4.281 1 3.607 8

sodB Iron superoxide dismutase 6.0147 42717

KEGG Z#rE7/~, CRcbaeRAbaeSRAacrB/

CRAbaeSRAacrB 1, &H5] 79 M5 5@ FE 1
ZFRIRBENIE 1 160 4>, HhFaR T2
SEIE 618 />, FikfE BIHMNZE T 542 4,
TR B . P RWAEY A . ABC
¥ 35 R G0 MR A AR 0 0 A W B A i
(%l 14A). CRpbaeRAbaeSRAacrB/CRAbaeSRAacrB
Hrp, BER 79 MEF 5PN 2 R KB R 3
287 4>, HpREETIHMZETEN 10 4>, £
i FFMZERIERN 277 4, FEEEENRE
Gy B-INBEREHUE | BRI RS W4
R4 . TCA THIFING Z 0500 A= W) 6 B 55 38 #%
(% 14B).
2.7 RT-qPCR ¥4 R

G S A5 P REHLAE R 5 2RI

[Ai#1T RT-gPCR BGilE . 25 R RGN 2= 7%
A5 RNA-Seq #a#IEA—Z(E 15), HEE
T RNA-Seq 4 AT 4s Ry ml S0

3 WREER

VO] PR TR A — 28 0 B R T A
HAT 5 &N, WAl 15 e sh W™ b
EAFER . A, YOI IR 25 7% ) & H
Ee s SO o s o WY 2S5 =B S RE I 2
iy 25 HL AT B R AE 3 s s 7K P T 24 0 22 8
fit 24 (multidrug resistance, MDR)M 4, KT
KRR baeSR 1L BAMGFEVP TR IE 5 RND hHER
Z AR, ABFFEAE baeSR Tl acrB ALk
SRR IERE I, ¥ T CRpbaeRAbaeSRAacrB
1 CRcbaeRAbaeSRAacrB. TEARMFH, kil
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Description

A: CRcbaERAbaeSRAacrB/CRAbaeSRAacrB 4 GO &4 ; B: CRpbaeRAbaeSRAacrB/

=
=&

ok
BE

GO1jy
CRAbaeSRAacrB #H GO B4

& 13

Figure 13 GO feature enrichment. A: GO enrichment in CRchaeRAbaeSRAacrB/CRAbaeSRAacrB group; B:

GO enrichment in CRpbaeRAbaeSRAacrB/CRAbaeSRAacrB group.
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BaeSR it 12 |84 i A AL IE AL B (super oxide
SOD) kA (1 & s K42+ TP T IR
PRV SRS T T S BT A R IR N VD B 254, 2
baeSR 5 )5 sodA F sodB ) mRNA ik /K

dismutase,

FATRESEH T baeR i FRikG, FEWMT sodd F
sodB BRI R)FEIET, MR T V1] FRTR X 98
WETH DS BT A R AN 250 . 2R S hi AR R
KMEE R ML RN MIC FRET 50%, AlHE

BIRRARIS $RoR SR B AR D B 25 e RPN SRR R SN (R R K
A
ABC transporters [ °
Pentose and glucuronate interconversions - .
Biosynthesis of secondary metabolites [ °
Biotin metabolism [
Valine, leucine and isoleucine biosynthesis F  ©
Streptomycin biosynthesis - P
- 1.00
Pantothenate and CoA biosynthesis [ * 075
Butanoate metabolism [ . 0.50
Carbon metabolism [ ° 0.25
g Nitrogen metabolism ¢ ! 0.00
b
3 Biosynthesis of amino acids -
o Count
@)
Fructose and mannose metabolism * 50
® 100
Biosynthesis of antibiotics
® 150
Oxidative phosphorylation - e 200
Microbial metabolism in diverse environments - ® 250
Glyoxylate and dicarboxylate metabolism
Arginine biosynthesis [
Citrate cycle (TCA cycle)
2-oxocarboxylic acid metabolism
Ribosome -
| | 1 | |
0.00 0.05 0.10 0.15 0.20
Gene ratio
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Lipopolysaccharide biosynthesis
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Citrate cycle (TCA cycle)
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Two-component system L * 10

® 20

T
°

Methane metabolism
® 30

Cationic antimicrobial peptide (CAMP) resistance - . 40

Quorum sensing

P
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- 1.00

0.75
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Description

Aminoacyl-tRNA biosynthesis

T
.

Terpenoid backbone biosynthesis 0.50

0.25

. 0.00

One carbon pool by folate
Glutathione metabolism
Bacterial secretion system
RNA degradation .

Protein export .

T
[ ]

Oxidative phosphorylation

Ribosome [ ®

1 L 1 L
0.04 0.08 0.12 0.16
Gene ratio

14 KEGG B E&E A : CRchaeRAbaeSRAacrB/CRAbaeSRAacrB 4 KEGG & #£; B:

CRpbaeRAbaeSRAacrB/CRAbaeSRAacrB H KEGG & 4

Figure 14 KEGG pathway enrichment. A: KEGG enrichment in CRcbaeRAbaeSRAacrB/CRAbaeSRAacrB
group; B: KEGG enrichment in CRpbaeRAbaeSRAacrB/CRAbaeSRAacrB group.
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i
101 [0 CRAbaeSRAacrB
g I CRcbaeRAbaeSRAacrB
i Il CRpbaeRAbaeRAacrB

6+

o

pmrl mdtD  ompW  fliC sodB

Relative mRNA expression

B 15 #MHEFFRIZEE RT-qPCR BIFER
Figure 15 RT-qPCR verification results of the
differentially expressed genes.

W5 R, TERBFAIF T ER baeSR VD
TR RERRBUE B2 A K EE! &J8 Zn
M LI R E IRV, baeSR NHLK 2357
W 2 P 408 Zn 940, DTS2 e LA K v
REUT . I R0 T VD T) B B A A R RE T
Zn* "l baeSR HLIRIVER, RILAUERARAR . baeR
[N baeR 13 FBMRA AR YERRIA .4 22
5o HE W (biofilm) /& — Rl B 22 Fh s A= Wy )
HMWEARES , HAFTE S SR PiE &R
i 25 vEN LR A YRR 2 N R AR L,
2 PR ZR e A T A A v ) A i A7
J o 4 M AR SR BT 3 S 4 B A1 2 8 (exopoly
saccharides, EPS). #fififi4h DNA Fl&E [ 4
. EPS & i/ oA YO sise Jr, T
EPS & I nos g s A Wy 0¥ e 1 . e 4b
5T 1) 0 B R 85 ) o A ) T S ) B8 i N 45 4
AAEE BEMEm, DRI, &
B baeR Z 5 EPS WG, baeR il FikHE 5
T AW REIE 1 RE 1 B A DE A RIS TR T 1Y A A g
UL DL RS 2 S 2 3 W A B (1 st 2 T R
SHEYBEIE A G NILTEARM S F, AT
ALY S Y AT XT baeR 1 F R FT A AWK
T MRE i AT I E , 45 2RFRW baeR WL RIB T

FHER T AYREAIE e T, IERIFRAT S ETA
P FELE R IE— B o $E A AR Y ROE L R
W BORE EEAEM, IRt 17 AEWIEIE U
TREh PN, Wi 3 N FEE A, A
Y22 258 . F 54 W RLELAG I BT AR R 45 ) 7
A o A DG 2R 1 e A A5 B Al R AR
FEAR BL e T TRk 2 e e S R At 2252 5 P2
YR 1z Bl 5 A W) B BURE ) 2 [ A7 7E S 25 A
KMo AW A T B R A T A0 R Y 3 B
PERY S FEARBE I, A8 sh kARt 3 A Y R
TE R #—E, R baeR 5200 FRAGFEVT]
PR TR 09 A= W ST J8RE g iz 2 2 i 5 i) B 5 €
oI T IR AR TR 257 .

RNA-Seq %5 /8 CRchaeRAbaeSRAacrB/
CRAbaeSRAacrB 41HfiEE] 3 073 172 5F7K k%
[Al; CRpbaeRAbaeSRAacrB/CRAbaeSRAacrB
e 743 P2EFRIRIEN . TR H IR 2
)25 IR FE A, SRR EER 15 AN ST 25AE ¢
R, Hrp A FE AN HE S A G EE ] marR |
marAd . mdtD F spy; HEBAHICKERH fiC Ff1iY;
HE WA I FEN esrB Fl sodB; BHE 5T b KT
iMHCIEE pmrF 1 pmrD; W25y 22 GeAH Ak
phoB VI RAMEEFAAHKER 10IC. ompF .
ompC Fl ompW, GO HREF KEGG i 2k &
W] 5 Az 2 3R 7 I 2 O 00 45 SR AR — 3,
baeR 3 Fe IR AU A= Py FEE K i B AH DG I [N
ETRENEZES, SFHENAS RS, AR
A G B ABC 2 R s 4 T80
RI 22 5L, X 38 5 40 T T 24 1 4 % )
KA

B TR A T ) 3 SRR R AR A A
A AT RS A B A Y R (A R ) B
P BERE , LA H S A s S e A
RIS 25 PEP A OC I AMIEER 1. BaeR 2 ik
T AMNESEIE 0lC RIK, X2 MAtABC i
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ActD Z 2l RGREFT TR B FERGHT
W, CYIMRE M ompF SR JEXT B-INIEREZE |
FMETE IS . BERBERSE 2 MU R A
Yk, R ompF SRV Z2HUERIMEE &N F 2%
B, T TR, SMEEE [ ompF KK
SRR, YESR T VDT IR RN VD B 1 2k
] Bt SR 5 | R 1R 7K T M i 247 1 1 D P 2
PERIMEE T ompW TFIREH @ EMETRPUER
M 25 A ¢, TEARDTET, baeR HRKiKE, £
FhbiA: R 252k 5 T Be 2 T RLALEE 1 ompF
M ompC WKk T B EBELLEEE T
Hn i Re I REARG R . AR, i E R A
KRR R 2P TFBEREE T e T ompW
FKkmFmr, AR T AW BAIE L Re 7 T 4
o TR RO Z B S A R U E . AR
LKW, WK ZhRE 1 5 EYETE iRE ) B
FIEASMERY, gz shZ e, Ay A
AR A28, BB 5T R,
PrEMEERNG, TERUEY) B 40 e £ 0 I
Wb, X R TR IR A Y I A5 A rh i
HEMERP, HUREYN csrB 5AEYIEE
DS, AL AE PR TE Y sodB SEIRIAY
B A W T B RE 1 TEARHEIE R,
B ARSI fliy FAEY AR CIE R esrB . sodB
KBTI, SETAIR R A - &
7 baeR ] REIM 2L 500 B A FEVD 1T IR Y A ) e
B CRE 1 Koz stk s e Homt 251 . PhoB J& T
PhoRB M 7r R4, S5 #kiR+hnY A
A7, AW BaeSR. PhoBR #l1 CreBC X4
3 RBZAEAEAS AT, baeR 3 3Rk I Bl
1 LG 22 2R i . Ak AN B A )
IR, ERTEESEEE Y PhoBR 5 CreBC XX
W ZGEATIEIE pmrF . pmrD #3252
AR 2 3L, PhoPQ 1 PmrAB W41

4y 255 F 0 1) 0% PmeF BR\F 38 AT S|
B R FE B AR X R RN 2 . [AlH PhoPQ 2
A DL 1 R ) PmrD 58 SUBTE PmrABPY,
ZE PR, baeR o Feik Jm il il 4R A Y
TS aa Btk T A5 B FE VD 1T QT X 2
YT 25 . Fe sk F P EE R BoR, 15 A
i 24 AH DG L IR 35 25 S 3Rk, KW baeR 1 Kk
Jei T B 2L AT ANHESRE | A ) RN 8 R A A DG [
IR B FE VDI QT BT 25
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