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Reversal Effect of Efflux Pump Inhibitor CCCP on Colistin Resistance of
Salmonella Strains Mediated by Different Mechanisms

CUI Xiaodie, YI Kaifang, YANG Yingying, HE Dandan, WU Hua,YUAN Li,HU Gongzheng
(College of Veterinary Medicine,Henan Agricultural University ,Zhengzhou 450046, China)

Abstract. In order to find a way to reverse the colistin resistance of bacterial ,we investigated the effects
of efflux pump inhibitor carbonyl cyanide m-chlorophenylhydrazine (CCCP) on the colistin resistance of
Salmonella isolates with different resistance mechanisms. PCR and matrix-assisted laser desorption ioniza-
tion time of flight mass spectrometry ( MALDI-TOF-MS) were used to identify the clinical isolates of Sal-
monella. The minimal inhibitory concentration ( MIC) of colistin against Salmonella was determined by
broth dilution method. The resistant mechanism of Salmonella isolates to colistin was analyzed by routine
PCR and whole genome second-generation sequencing. The reverse effect of CCCP on the colistin resist-
ance of Salmonella isolates with different drug resistant mechanisms was analyzed. The results showed that
a total of 32 Salmonella strains were identified. Eight colistin-resistant Salmonella isolates were randomly
selected as the test strains, four of which were mecr-1 positive, the other four strains were mutants of two-
component signal transduction system PhoPQ and PmrAB related genes. After adding CCCP ,the MICs of
colistin against 8 Salmonella isolates decreased significantly (the MIC reduced by 1/4 096 ~ 1/256).
CCCP can reverse the resistance of Salmonella isolates mediated by plasmid and chromosome two-compo-
nent signal transduction system.
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TR e — N 78 A A0 IR 45 3 [ 3R Al
T F R E . 5 3 ( Colistin, COL) &R JT 30
Py 2 TV A T R e A0 95 V0 T 1R B AT R0 2h
Yo ABREAEH T Z R, 0 1) o o0 T 25 PR 1 25
JRE G ImRIR YT AR R T BRIk . HET, 2
(¥ 40 T % 266 T 2R 2 A ML A A 2 R SR
AR T 2 AW 55 5 7% 5 R 48 (TCS) PhoPQ
F1 PmrAB (245 2 A0/ MgrB Fl PmrD) . Pm-
rAB Fl PhoPQ H 1% 3k A & AF 9 748 | ] i H R JiF 19
pmrC pmrH R (LPS) B iiAH L F I W Rk &
Tt PR A 2R A KA 4- -4 A -
L-FHiAF 8 (AradN) BUBE IR £ BB (pENT ) & A, fiff
20 TR 2% T Y B R A el /D B AIR T 40 R P RS T 2 Ik
0 TR 2 R BRI PR AR 25 mgrB B Bk AR
S Al A BRI TE , A] 515 PhoPQ REEHY [, 3
M BT W pmrHFIJKLM 3 R 3 5 10 L3R, )5 3
HOFFEEM 2 R OB TR R i 2y
B mer, 2015 48 R B R AE S W) I K R A TS
TR BT TR A 3 B R T 25 S mer-1" Bl
J5 7 A B BB S B R TE R T 24 R mer2—
mer8 ALt 25 7E v B RO Rk T

20 T A1 HE SRS 245 40 1) AP HEVE FH 2 40 B0 22 Rl
AR EEIG Z — . FZIMEAETT LUK 20
BE X P B 245 9 B9 BEURR P , U Mex XY —OprM 1 AcrAB -
TolC '** o A HEZE 3 5 ( Efflux pump inhibitors,
EPTs) AT 38 it A [A] 4 HL ] 2% 7% 240 ) AcrAB - TolC
FAMEE DI, ORI EPLs A ZF  SUE R IE
(CCCP) & — M ] B %% 15 1 f A5 56 500, AT LA BHL
Wr E S SMER G R ORI, Y E M E RN E
FURERE I, Pk 2 40 1 X 24 ) ) O E L B E
CCCP X JoUE v i 2 | U 3F 2K 28 45 J0 11 25 W) i D Tl
TERA SR AR, B4R R BF9E R W, CCCP fig i
B il R e AR B K W AT T SE O R R 1Y 2y
P AR B R ] G R 3R 2 1 B o
KUAMIE , M, WL CCCP XA [R] it 25 #L il 1) v
") TR 0 TR R TR AR T 24 M AR e AR T, O SR
1l T 266 T 2R 00 1) T TR A R 5 D 24 A R 4 B0
e

1 MR 7 ik

1.1 ###

11,1 @Ak BBk 2018—2019 4 VT Fg 45
4 35 5H 3 1) BE ALY 11 DA 14995 B8RS I JIE AR o 3
2 58 HRID T, NP BENLEERE 8 BEFH A R W 25 V017
PN Z AR B AR L 4 3 R A X B R R S VD T

FRUERR (CVCC® 541) W {1 v [ 5 25 W 2% BT I 4 7R
RN KA ATCC® 25922 W [ [ % 18 fi 4
PR A ORAE L
1.1.2 ZZRXAfHE TEHEE LB N%. LB
BEfg SS Bifg MHB A 17 5 3% 2 45 9 W F 75 5 18
EWH AR R A A, BB ( Takara 23 &, Japan) |
2xEs Taq MasterMix (b5 A A W H AR A IR A
A]) SOXTAE (dt st R K F EYRHEARA R ) (%
YRR AL Bk (B A T A R IR 55 A BR A
Al) o AHERFEA ZH DNA $2 U & (DP302) Il Tk
HRAEFHE (dEa) HBRAH . CCCP (&R =97%)
W T3 Sigma AR, B R (MM 23 988 u/mg)
W TR b 26 25 R L 25 BR BT AR A
1.2 RWAHE
12,1 BEREAR B 8% 221 kR B3 500k
i SS Ki g3k I ,37 CHi 3% 16~ 18 h, HRHUR A
AT LB AW, PRI EIR IR A% 12 h, Bk
AT SSEFRAL I e B H & SS Hi Rk B R
RE AT VE, PRBCR AP R E VR AT
5mL A LB N, e F 37 CHIRH 180 r/min
PR 55,16~ 18 h G BUH % 1 .
1.2.2 XA ER B 5B 2000 B Rk 2R
AR EUEE N 2H DNA, S5 SCHk[15-16 ] 9519 &
WA, A 0 BEAT VD T IQR 1R 28 3 ] ined T 168
rRNA (1) PCR #" 8§ %55 . L PCR LIV ™ W) 1% Bt
WEGEIR LUK TRk S B e (0 BEIR R G T WS4 1,
PCR =¥k [ifg A= T A W) 4 R R 55 A PR/ 647
WPy 5347 . PCRBH 4 BBk [ B 1 A7 % Jo 4 B 80O
fiff W H, B R AT N [R] BT 3% ( MALDI-TOF/MS) % %€
S R T AR R 55 A R B A A
1.2.3 ARG e md 2R 4 o KFERE
R Z e 4R 35 10HE A7 9% 95 1R 50 1 & Jo vk &
5 120 mg/L HUrE 25 W . FH = H AR ( DM -
SO) il % 5 000 mg/L i ¥k & 1) CCCP JRl ., RH
0.22 pm MIEBHEAT L DEBR A A6 AE T 4 CLL& S
ESd G
1.2.4 CCCP 2y i/ I #4518 & @ 25 M o 14 £ 46 A
FH A P A kT 8 T 3 R L n o
FAMHF CCCP (AWK N 5 mg/L) Xf BEHLIL £
8 B B T 2R 25 U0 T 4 B AR 0 B /N 0 VR
(MIC) ., UL MHB A% .MHB [A%+ %tk . MHB A7 +
FMR+5 mg/LCCCP Sy X B, BT 4 I bk o K 3% A
P ATCC25922, A HAE 3 WK, 24 f 2 5 0 7 4K 4
CLSI bR B MIC=4 mg/L Nt 25, FH &
MIC 2 ~4 mg/L o, W &R MIC<2 mg/L Ky
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BHURR
1.2.5 Z@E E0 &
1.2.5.1 JkKA S B E Z 255K mer 194

DLRE BL 5 1Y 8 bR 26 T 28 T 25 V0 1] 18 2k I 4
DNA NN, 2% SCHR[ 7,18 ] 951 8 I 2 b7 2% A4 3tk
A1 PCR 2R A 43 B, 4 D 3 A A 5 8 85 781 3% Tt
B merl—merS, [T HEAT 8 BRVD 1T i £ B H
Y . JHEE A1 DNA $2 050 & 42 B 8 BR4H e 1Y
BEIHZH DNA | #8420 Bk O R A A R L (db st A
FR 23w %) B B0 & 10 B 5 7 ik e AT, R RO 2 B
ZH DNA iR Z i ik R B (db o) A R A w47
T, 2K AR 5 lumina Hiseq X Ten #E17
SIE M F oA, i FastQC HE A7 I 5 5 4%
SPAdes #1751 B9 9 4% 41 2%, RAST ( http://rast.

nmpdr. org) FEATHE P I S DI RETERE, X Lk 2 Fb
WP 258 H 1 mer J¥ 515 NCBIL 8088 % B 19 mer J7
F AT XS 5 534

1.2.5.2 J@E SR P00 8 s ER
P25 2R Tk A 2 e 90 3 A 19 7 %, SE K% NCBI
B bl Sk i B 15 98 U 1T T A oE Bk (cvee®
541) SE M ¥ P 51 R 2, JF AL dE A L RCHE . PR
W E 55 'S R 55 PhoPQ A1 PmrAB #H 2¢ K ¢
GIE & WP 5, 5 1R by b 00 A b B R AT
FEXF o b, RIS BE NCBI 088 1 v 2L 42 58 i 6 A
FAE B 5%, PCR 373 phoP . phoQ . pmrA . pmrB |
mgrB .pmrD Fl pmrC 43 H ¥ 5], 519 )7 5 WL 3% 1,
PCR =¥y ik b A= A W) 4R ik 95 A BR 2 W) 4T
W Fe 2347

£ 1 PhoPQ #1 PmrAB WAMNHXERE S| FF 5

Tab.1 Primer sequences of PhoPQ and PmrAB two component related genes

H i ZL EIE/EZ S 5P H (5 —3") TEH KN/ bp

Target gene Primer name Primer sequences(5'—3") Product size

Jhop phoP-F GTGACTCTGGTCGACGAACT 825
phoP-R GCGCAATTCAAAAAGATATCCT

-~ phoQ—F GATGCTTCAGCTGTATCCGG 1614
phoQ-R ATTCCTCTTTCTGTGTGGGATGC

pmrd pmrA-F TCAACAGCGTTATCAGGTGG 834
pmrd-R TTAGCTTTCCTCAGTGGCAA

pmrB pmrB-F ACAACTGGGATAACGAACCC 1214
pmrB-R TTATGCCTTTTTCAACAGCACC

mgrB mgrB-F CCGCAGCGTTCACTTTACTTCCCAC 664
mgrB-R GACGGCGTAACAACGCGTTTTGCC

pmrD pmrD-F ACTGTCAGCGCCATAAATGG 518
pmrD-R TCATGATGGCTTGCGCGTCA

pmrC pmrC—F TGAATTACAACCGTATTCAC 1 839
pmrC-R TCATTCGCTTAGTCTCCTGCA

2 ERH4M

2.1 EHHMSBESLRE

221 139K SE XS EAE 5 A 58 iy 7E SS 85 5% Ak
K 2 I AN 3 B LA K B B TR B K 5 58
FES IR 22 L R inwA (& 1) A1 16S rRNA 1, F 32
Uy AT LAY 38 1 5 BH P X R A B RN —FE RO R B A
W, PCR =il iy 25 5L FIFH DNA Star 45 NCBI
Bl e By ) HEAT HE X, B E N TP T invA Al
16S rRNA K F %], MALDI-TOF-MS % & 45 ) 22
ARBTG5 80 A v 1T A R E M IR B 98%
DLl L2 RT LUK T, 58 £ BE fRURE & 43 55 1Y
WA 32 BRI,
2.2 CCCPHAoBPI THAKNEZMAMME
®IEH

A R R W 32 RRVD T T AR AT 19 BRXT ZE

WM 2, B AL Bk 8 MR 25 B — AT
CCCP SR XM MIC(%£2), 8 BRI
W45y SHO1—08, ME 2 AILIE M, &M E
R ATCC® 25922 1y MIC 78 CLSI L& 19 {8
BN A SR HEZE 306157 CCCP J5 , 9 Bk 4h 14 Xt 26
B2 A SRR I R SR, CCCP S T BT R It
TR M B AR T 285 7 28 0 S [R) it 25 BIL i) B8k (mer - 1
FHE . PhoPQ A1 PmrAB A 3¢ 3 K A9 28 28 ) 1Y
MIC, 4 Bk mer—1 FHPER B B MIC PRI T 1/
832,4 #k mer—1 BIMETA MR MIC SRR T 1/1
920, CCCP R8I %% BT A Ta bk X 26 18 &R 19 it 245 1,
B EM 2R 100%EAE T 0, x5 2%
H],CCCP £ 5 mg/L Jit & Wk &~ X 40 78 B A 4 il
EH .
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M 1 2 34 5 6 7 8 9 10

bp

2000

1000

750
500

250
100

280 bp

M:DNA Marker 2 000; 1—8.; T M FE i 5 9« B XS B8 ;10 B 10 R
M:DNA Marker 2 0005 1—8 Strain sample;
9. Positive control ;10 : Negative control
B 1 invA BEEFEER

Fig.1 invA gene amplification results

x2 SBDITEEKMAN CCCP RIEHNFEZE MIC
Tab.2 The colistin MIC of isolated Salmonella
strain before and after adding CCCP

T Rk 4 2 A
iﬁﬁ;ﬁher mer—1  COL  CCCP+COL MI\T(I:CL-,h: f;
25922 - 172 1/4 096 1/2 048
SHO1 + 16 1/64 1/1 024
SHO2 - 8 1/128 1/1 024
SHO3 - 32 1/128 1/4 096
SHO4 + 16 1/64 1/1 024
SHO5 - 16 1/128 1/2 048
SHO6 + 4 1/64 1/256
SHO7 - 32 1/16 1/512
SHOS + 4 1/256 1/1 024

TE : SHO1—08 Sy BBl 1 B9 ¥ 171 B 18 B s mer— 1 ST 9« -7 3%
ANE 7 v e R N

Note: SHO1—08 were randomly selected Salmonella strains; The “ ~"

under the mer-1 gene means that the strain is negative for mer-1.

The same below.

2.3 HERITAIE

TE 8 B Bl AL 5% B 2 T8 R T 25 0 1T b, [
2R, 4RV TTE AT WS mer—1 BH P XT BR — 2L
[ 309 bp HYY 14 7 B, AR 41 2 At 7 8L B4 b T R
it 25 5 B mer2—mer8, 4= 3 R ZH = AC I P A I
merl—mer8 255 5 PCR #1925 - — 3, X )% 45
R HN AT HE X R 8, 25 5 B, Fr K I ) mer—1
Fe 95 NCBI 4k P b B U 1T mer—1 J7 41 ( Gen-
Bank : MN873698 ) [l i 1 ik 2] 99% LI L, # & b
mer—1 FHPER P

M | 2 3 4 5 6

2000
1 500

1 000
750

250 309 bp

M:DNA Marker 2 000; 1—4 T ARFE f 55 FHAYEXT IR ;6. BPEST IR
M:DNA Marker 2 000;1—4:Strain sample;5; Positive control;
6 : Negative control
B2 mer-1 MARERYELER

Fig.2 mecr-1 resistance gene amplification results

8 RVD TR 4= 2 PR A — AR 7 46 mer—1 5 XL
HINEEH SRS PhoPQ FI PmrAB A 3¢ & [X 4 15
) HE R A8 W26 3. mer—1 BHPETE Ak SHO4 , W] i
FEFE merB FER a5 (1 2 JE /2 Y31D =45, 5 KA
FEVP TR FRAERR (CVCC® 541) L#, 4 4k mer—1 B
PE B FE T, B AR SHO2 B pmrB 2 1A 2 AL LR %
g Ay HlSE R248P Hl 292K ;mgrB 2 AR AT 1 40

R3 SEEMHERANFHHBIMAERFROHNEEBRRELR

Tab.3 Results of amino acid mutations encoded by some resistant genes in whole-genome sequencing of isolated strains

{ﬂﬁéﬁ% COL MIC mer—1 pmrB mgrB pmrC
Strain number
SHO1 16 + - - -
SH02 X ~ R248P ji:' A 1A B
E292K 8RR (W) &1k
SHO03 32 - - - L77P (A159V [G232S [E415Q
SHO04 16 + - Y31D -
SHO5 16 - - %ﬁﬁ L L77P (A159V G232S E415Q
AR (W) &1k X ’ ’ )
SHO06 4 + - - -
SHO7 32 - - F441, 158F -
SHO8 4 + - - -

. pmrB imgrB .pmrC FEPI R 1Y = R BAR M HE PR R 5 1 A BE TR TR AE

Note:The “~"under the pmrB,mgrB and pmrC genes means that the strain has no amino acid mutation.
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AR (W) K IEBIPE, Bk SHO3 (% pmrC A 4 4k
RELWR 978 . L7TP  A159V | G232S  E415Q, itk SHO5
(1 mgrB 25 AT 1 A E R (W) 21k B3 ; [ B pm-
rC M 58738 S5 Bk SHO2 Al IR, B kk SHO7 F9 merB
HAA 24 5 B R 5878 . FAAL | 158F . K & B phoP |
phoQ .pmrA 1 pmrD H B ZILFR AL 5 . PCR 745
5 AR 45 R — 5L

3 Zk it

AWFFE R BB R X 8 BRI H T & M0 1T H 4
BHERRE MIC /T 4~32 mg/L, ZEH KBS CCCP T,
EHZIH L MIC B R R (R FE T 174 096 ~1/256)
CCCP B35 T it 24 & % 2 T R A sk 05 1 T A b
UTER BT R 25, B0 R AT 245 HLH 45 R R,
8 BRI BB 2 4> B B 4 MEN mer—1 R Hob BBk
SHO4 [A] i A7 XU 015 5 % 5 R S8 PhoPQ Hl PmrAB
FHSCIE I 248 (mgrB A5 57 ) s Ho4x 4 Bk ¥1°8 PhoPQ Al
PmrAB FHOCHE R 28 bk . 25800 45 R B  ceep
Xof ASTRYT Z5 L V0T T O R B 28 MIC (14 52 - J6 22
S8 BRI Zh T E T 2 Mk A AR
CCCP A Ay A HEZ5 410 1 700 Bk %) I o e 3 — M AE 10 ~
20 mg/LM" HIAHESE 10 ~20 me/L ) CCCP Jii i
WRBEXT VDT VA TR oA 6 8 o s vk 3 oy
5 mg/L, K BZ i W T CCCP A B X b 1] 1 %
AIMHIAE R, AT, CCCP X 2l £ B A 1 eR E
FEA 2 AR B 1 P BR E E TTR H A ] Ak
HE A0 4 30 5 Tk 25 PR VR

20 B 1) 2 S A HE B G A0 B AR 22 E T 2 1
FHLH . ANHESE 2R 45 E 2 bl 0 1 6 R R 24 e
% S F A L, a0 K FF 18 HR B9 AerAB —TolCH™ i1 4
S5 AR B T Y MexXY -O0prM '™ . EPIs & 4 H T
PEAG MR 2R G0 09 VA X B i R DUk E . EPT
SR T 2 B M B 2w B EPT 28 BT 5, PABN Fl 1-
(1-ZEH L) -UR W (NMP) 28N A 5 AcrB 1EH L
SR 25 e A A B B EPTCY {EJ R K & X
T T 24 A 4 22 TG B T A B R R R
SR, B4R SRS EPIs CCCP Fl 2,4 — — i 3k 25 /i
(DNP) 75 ¥k &2 %6 w1 28 S50 M O 1 ¢ B Hh IR A 1 0
LY BRI R I, S HESE I CCCP fE
AR B T 20 Z R 22 [ICPA MR g MIct ™ | T
CCCP 1EHFHMIER M BE & I8 -1 3h J1, I re iy
I P At B 1 5 A 1, R B AR ME B 2 CCCP Kk
FEAREE o R Bt mopLm . 260 R 2l IR I e
At B B A7 114 A/ I 1T A U 200 B R Pk (40 N
BTN A R B AE R R, CCCP 338 B

A 28 B0 TR I 1 I A 2 i e R o {1 40 i PN 24 g A
HE 38 T &40 3 P e B2 8 B T 2 Ao A 1] 2 A AL
i R 18 20 B X B R e NT AR R,
CCCP XJ 2 T 2 16 M B9 5% ) 7] 68 /2 /40 Jf J8E | 172
HL A A9 B AR 51 . PARK 2520 & B, cCCP 312 iy
ATP A 0 7 1] BE S 3k 26 4 Bf Hh 286 B 28 06 M 1
BRI S TR b R S — AL Y A A AE R
P, T — 2L F 5T S HE S0 ] B R R ot L]
R ) 2 3 o e R A HE 2 S R S AR AN [ i 25 AL A Y
it 245 B AR T B R GA

AHFFE 45 B R W, CCCP X A [ i 25 ML i A iff
FHE RV TIEMEE R MIC (I W
CCCP J&—Fh ¥ s 6 1 =16 M 0 ) i 1 2450, K4t
AR IR B 3 RO 4 A, R R LA R
2 FIV TN 24 TR JE e Y LSRG . G BRER B T 2 X T4
SRIT R PR B e R AR B e N RR
N /b B HE % i 25 B bR A AR A B A R X
ARWFFE LI, CCCP BB % 300 4% 43 5 TR 3 vl 28 19 T
2% {H CCCP T4 M 8, i AN Be I R 2 H .
1 T4 6 S0 HE 2R BE A R i 3 A R T 2k ok
ANHEE DG S R RS, R RS A U G
(A7 A5CHE Tt - RT3 LB 22 A i A HE 2 40 1
% v R 76 TR 2R i 2 DA SR s O R T &
FPIE A A A TR XL,

5% 3K

[1] OLAITAN A O,MORAND S,ROLAIN J M. Mechanisms
of polymyxin resistance; Acquired and intrinsic resistance
in bacteria [ J ]. Frontiers in Microbiology, 2014, 5.
643-660.

[2] BARON S, HADJADJ L, ROLAIN J M, et al. Molecular
mechanisms of polymyxin resistance: Knowns and un-
knowns[ J]. Internatial Journal of Antimicrobial Agents,
2016,48(6) :583-591.

[3] HJORT K, NICOLOFF H, ANDERSSON D 1. Unstable
tandem gene amplification generates heteroresistance ( var-
iation in resistance within a population) to colistin in Sal-
monella enterica [ J ]. Molecular Microbiology, 2016, 102
(2):274-289.

[4] ANTONIO C, TOMMASO G,MARCO M D, et al. MgrB
inactivation is a common mechanism of colistin resistance
in KPC-producing Klebsiella pneumoniae of clinical origin
[J]. Antimicrobial Agents and Chemotherapy, 2014, 58
(10) :696-703.

[5] JAYOL A,POIREL L,BRINK A,et al. Resistance to co-
listin associated with a single amino acid change in pro-

tein PmrB among Klebsiella pneumoniae isolates of world-



F o120 BRSSP HER A A A CCCP 2R Rl e 25 AU A 349 30 171 1 46 14 % ot 25 M 6d 18 45 4E 129

[6]

[7]

[9]

[10]

[11]

[12]

[13]

[14]

wide origin [ J ]. Antimicrobial Agents and Chemother,
2014,58(8) :4762-4766.
LIUY Y, WANG Y, WALSH T R, et al. Emergence of
plasmid-mediated colistin resistance mechanism mcr-1 in
animals and human beings in China: A microbiological
and molecular biological study[ J]. Lancet Infectious Dis-
eases,2016,16(2) :161-168.
WANG X M,WANG Y,ZHOU Y,et al. Emergence of a
novel mobile colistin resistance gene,mcr-8,in NDM-pro-
ducing Klebsiella pneumoniae [ J]. Emerging Microbes &
Infections,2018,7(1) :122-131.
PEREZ A,POZA M,FERNANDEZ A, et al. Involvement
of the AcrAB-tolC efflux pump in the resistance, fitness,
and virulence of enterobacter cloacae[ J]. Antimicrobial
Agents & Chemotherapy,2012,56(4) :2084-2090.
TELKE A A, OLAITAN A O,MORAND S, et al. soxRS
induces colistin hetero-resistance in Enterobacter asburiae
and Enterobacter cloacae by regulating the AcrAB-tolC ef-
flux pump [ J]. Journal of Antimicrobial Chemotherapy,
2017,72(10) :2715-2721.
ZHANG Z,LIU Z Q,ZHENG P Y ,et al. Influence of ef-
flux pump inhibitors on the multidrug resistance of Heli-
cobacter pylori [ J]. World Journal of Gastroenterology,
2010,16(10) :1279-1284.
LI'Y F,JIANG H X,XIANG R,et al. Effects of two ef-
flux pump inhibitors on the drug susceptibility of Rieme-
rella anatipestifer isolates from China [ J]. Journal of
Integrative Agriculture,2016,15(4) :929-933.
JOHN O S,AMOAKO D G. Carbonyl cyanide m-chloro-
phenylhydrazine (CCCP) reverses resistance to colistin,
but not to carbapenems and tigecycline in multidrug-re-
sistant Enterobacteriaceae[ J]. Frontiers in Microbiology,
2017, (8) :228-236.
BARON S A,ROLAIN J M. Efflux pump inhibitor CCCP
to rescue colistin susceptibility in mer-1 plasmid-media-
ted colistin-resistant strains and Gram-negative bacteria
[J]. The Journal of Antimicrobial Chemotherapy,2018,
73(7) :1862-1871.
NI W,LI Y,GUAN ], et al. Effects of efflux pump inhib-

[15]

[16]

[17]

[19]

[20]

[22]

itors on colistin resistance in multidrug resistant Gram-
negative bacteria[ J]. Antimicrobial Agents Chemother,
2016,60(5) :3215-3218.

DR, MRS, 4. RV B ST1920
cpaR HEFRIBR G bk (14 4 £ K FEXT /N B LD (50) 19 52 i
[J]. T E S E 4R ,2016,36(3) :437-442.

MA C H,HUANG H,CHEN L P,et al. Construction of
cpxR gene deletion strain ST1920 of Salmonella isolate
and its effect on mouse LD (50) [J]. Chinese Journal of
Velerinary Science,2016,36(3) :437-442.

WEISBURG W G,BARNS S M,PELLETIER D A et al.
16S ribosomal DNA amplification for phylogenetic study
[J]. Journal of Bacteriology,1991,173(2) :697-703.
TSUKATANI T,SUENAGA H,SHIGA M, et al. Compar-
ison of the WST-8 colorimetric method and the CLSI
broth microdilution method for susceptibility testing
against drug-resistant bacteria[ J]. Journal of Microbio-
logical Methods,2012,90(3) : 160-166.

REBELO A R,BORTOLAIA V,KJELDGAARD J S, et
al. Multiplex PCR for detection of plasmid-mediated co-
listin resistance determinants,mer-1,mer-2,mer-3,mer-4
and mer-5 for surveillance purposes [ J ]. Eurosurveil-
lance,2018,23(6) :17-27.

WARNER D M,LEVY S B. Different effects of transcrip-
tional regulators MarA ;SoxS and Rob on susceptibility of
Escherichia coli to cationic antimicrobial peptides
(CAMPs) :Rob-dependent CAMP induction of the mar-
RAB operon[ J]. Microbiology,2010,156:570-578.
OPPERMAN T J, NGUYEN S T. Recent advances to-
ward a molecular mechanism of efflux pump inhibition
[J]. Frontiers in Microbiology,2015,6:421-436.

PARK Y K,KO K S. Effect of carbonyl cyanide 3-chlo-
rophenylhydrazone( CCCP) on killing Acinetobacter bau-
mannii by colistin[ J]. Journal of Microbiology,2015,53
(1) :53-59.

SCHINDLER M, OSBORN M ]. Interaction of divalent
cations and polymyxin B with lipopolysaccharide[ J]. Bi-
ochemistry , 1979 ,18(20) :4425-4430.



