S
EF %05 I 5 2L 4

: 515 % 452 ) 2020 4F 4 A
Eco-Environmental . .
Knowledge Web Asian Journal of Ecotoxicology Vol. 13, No2 Apr. 2020

DOI: 10.7524/AJE.1673-5897.20190710004

o, AR, WY, AF. PUER E R AR AP SEEEELRI[1]. AR AT IR, 2020, 152): 1-10

Chen S, Zou H Y, Gao F Z, et al. Co-selection mechanism of antibiotic, metal and biocide resistance [J]. Asian Journal of Ecotoxicology, 2020, 15(2): 1-
10 (in Chinese)

MAER EEBRMREFIELIEFEIH

ORI, SREET, B A, REA, R, MRED, pAE?

EHMERERFEHRR, AL NFEGTLERFLZLAELALRE A AFERNFRENELALEZE,] N 510006
2. 4w A SE K I BL, ) M 510006
%5 HHE :2019-07-10 FHAEH:2019-09-09

FE . My Z P i R DA S0 E A AR BRI B, AR BUERR T A2 Bl E W R T, Az E
Hofts B fn o 4R AN A AR Y FE R BF9T R IR, 4R T AT LU G AMEZE R G AR I A AR AR A B AR | G
T B AR AR P L N U A R | 4 S B G AL e A AR L X i e e B R AR o Bl U Rl L 3E X
BUE LIRSS LR A 2 E S . AR SCERR T AN XA R AR AR AR A R B — AL 2 EBUEALE], LA
4R AR AR AN PR RPUE 2 mALE] 0 T BRI AR R =2 ik,

KR AR RN YRS 3 B SR s bR B LS

XERS 1673-5897(2020)2-001-10 FESES. X1715 TERFRIRAS . A

Co-selection Mechanism of Antibiotic, Metal and Biocide Resistance

Chen Shuai'?, Zou Haiyan'”, Gao Fangzhou'’, Wu Dailing'?, Zhang Min'?, He Liangying'*",
Ying Guangguo'’

1. Environmental Research Institute, Guangdong Provincial Key Laboratory of Chemical Pollution and Environmental Safety & MOE
Key Laboratory of Environmental Theoretical Chemistry, South China Normal University, Guangzhou 510006, China

2. School of Environment, South China Normal University, Guangzhou 510006, China

Received 10 July 2019 accepted 9 September 2019

Abstract; Bacterial antibiotic resistance has been recognized as an important threat to public health by the World
Health Organization. Besides the direct selection pressure of antibiotics, bacterial antibiotic resistance is also affect-
ed by some other substances such as heavy metals and biocides. It has been found that the mechanisms of bacterial
resistance include efflux pump system, change of cell membrane permeability, change of target sites, modification
or degradation of enzymes, change of physiological characteristics by stress response, metal chelation and biotrans-
formation. And multiple resistance could be produced by synergistic, cross-resistance and co-regulation of resist-
ance. In this paper, we summarized the single and multiple resistance mechanisms of bacteria to antibiotics, heavy
metals and biocides, and the influence mechanism of heavy metals and biocides on bacterial antibiotic resistance.
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Resistance mechanism of antibiotic, heavy metal and biocide



42

Wi 2% HrA 3R i AR A R DML R 5

Ptk (mph(A)-mxr-mphR(A)) FIEE 4 J& 25 T (4R i Al
BB , 1A R g A 6 4 A R R AR RN 48
PR ) FORL I AFZEXT A R 2 E M HEER Y,
2.2 XYM

2 X R 20 P 3 3 [F] — AT AL AT LATR]
WEXTPLA 2 R ARV 48 =A™, BF
TFFEUE R, P T 0L 38 s I 34 ot S B s T T 2R 24 4 5
FCAHT P 259 (45 = E) Z [ 38 TR,
HMERRTIREAE N — A EE R BUEALE], fE58 Lhi i
BURI P 98 32 s, B 3 SRR T (cme-
ABOZSIMAMNER SO —E 2 4 MEERA
SR IR T R A BT R 2R T (CmeA) | P AR
HMHER; 32 8 H (CmeB) R /M ZE FH (CmeC) 4L K, A Bl
T2l 25 Ml A1 3 B 2E R 81-176 T Ak b i £ E T
PSS H S 25086 & B, cmeDEF 45 i A HE & 52
AR EANEER R 8 W e R
FH(SDS) AU R | — G0 AE PG il ok Wi 45 HoA
ZHEHY, CTAESMEE YRR # UL RND 7Y
ZEASMENLE], Conroy S5 WF5Y K 3N, ges 4l
45 5 RND BUEE FIAMER G H VMG, H ges R
BEATIZ MY R, BT LA TR B B 4 e A
RGP HE B A A, i — B SN e Y
MexAB-OprM £ 4; , Schweizer®™ ! 5% i — Fl 5 T i £
FLP 4 (155 AR B0 3E T MexAB-OptM & 4t /&

) g I P S T R R AL R 0 N R T 24
R4, Hiz R G Re o] LLHEH B 3SR W AE A
=, HAMIEIE, R FEW TR P
BaeSR A 4ti#id 15 AcrD Fil MAtABC 254 7 &
GGy 1T G R 1Y) 2 E BN A R b (1B 2)B,
Shahcheraghi %5 3@ i 3 R 5E B, F & B i £ 24
SNHEDIRE smfY PR i) R A% 1) 15 32 40 1, LA
YRR PUIE K B, A 3 R W RO B R LA Y
FORRALZ5E M MIC BN, B —iFERERE
L, R B 7= A 7 95 R I sk AR LS Fn i AR R
TN PGSR SO M AT R R AR X 2R L & T
AR RS X, Hod AT R rY 1 s e B
A PP 4 B SR
2.3 JEEpUE

S A 118 A= i 17 B A S o L P 2 20 2 fm]
R R i e ANl N A R 2 S R ST
PRI ZR 0k, 38 3k 107 38 n R s I 7= AR BT pERY S Na-
varre 25V & BLE T KL A slyA R phoP/phoQ TETP 1]
QTR 25977 A e v o O BEVE T, slyA 1) 3222
Y T2 22 4 M R 1o DA DR 47 20 B 5 32 1 7 AR R
TR S0 (18] 2), Perron 285058 1 MV 41 1l e
JEE SO BOE R B T S0, UE B T O 43 0 A
czcR-czeS 5 SR AR F M T 19 2 4 T P ik 7 B
P4 R YA G, Balasubramanian 457 BT IIE

R Cell wall

7 AR Cell mﬁembranei o

AL J5 Cytoplasm

\q,o‘-\l PN A
A L RS Co-resistance
-
=

HhER + %9
Efflux pump

baeSRZES ___, acD
baeSR system mdtABC

e *
TR ¢ o
T0SS resistance] ’OO ~/ Vi

JEE LA slyA/phoP/phoQ
Regulatory gene

CHt

Co-regulated resistance|

HEIN R

@)
biER

Gene expressiox\q: AR A T k ¥ e

hange the surface ) @}
L]
of the cell
N . ¢ O
22 * @ il
o T ¢O Oe
*?%o
®

A
Biocide

Antibiotic Heavy metal

B2 MAERELBFREFTWILEENE

Fig. 2 Co-selection mechanisms of antibiotic, heavy metal and biocide



6 £ x B

PLINN O P15 %

W, ampR W X0 S50 T 259 % 41 TR A A 35 58 | i
TUIFE B-PI Bk e P | SRR R A 7™ R M BNy 5 K]
FNBEPE R 7 A Z (R AFAE A — > 2 [R5 R 2% L
H ampR #E % 0AE M. 5 AL, acrD F1 md-
tABC HE K W 2L [Rl Bk ] T baeR 43 1) 2 oL
PR, TERAS LAY B 2R AN RESN ] baeR T ) 2 H
PP, GE W] BaeR 7 R Gid 44 %5+ AcrD Hl Md-
tABC FMIERG N T W I TIRE M 2 EHHES .
A — TSI A, — R AT A B A R K 3R A
FHE A ILEEER A 2w, SRS SR
LN S5 bl fridD marR  acrR 1 soxR Z23EH 1Y
ZRAE GRSt B~ Ik it N 22 24 1 HE 2 J R 2 s
B DL % 53 3 1 A O R PR ) R 9B

3 ESRMRAEFNEERERRER WAIT R
ILIK ( Research status of the effects of heavy metals
and biocides on bacterial antibiotic resistance)

Ha BRSO R AR g E
SR A5 S50 1Y 7 WSS AN TR P AR R PR R AR
b, I B & 32 H 4 T R ) AN B A Sy e bR R
IS A s SR IR B9 L 0 T 5 R AR S R K]
RHFGR RO, UE B T PREE TS Y vk BE 1Y B 4 ) A
8 1] LA S A A R S E AR R
B2 75 Y B2 T AR S AR R YU RS AR Fe, BRAERY
WFFE T JCTE T REE U B2 N A ok B2 A P A=
FUMERY AR, I U AR S ]S AT R
— BB IOE ARV B Y o 4 SR PR I R T
B PP A R N (ARGs) W F B, A8 T 40 B
BETE S50, (A AR ARk -3, HAE KPR 4
JRJE XM AT SRR N ] 78 3R
XA B ARG L TR, B ki,
TEMAN I BE Co® BEE T, A 40 M N - A i B 1
T PEE(ROS), $ 5 1 A0 B8 Y H2 5 M00%6 , AT 3G 58 1
U R BUvE B D 0 K P B Rt Ah | FR A vk
Cu.,Ag .Cr I Zn 1Y% 5%, AXUAEHE T 40 AN ROS
9P A0 A 1V O e SN VA G AR ER O ) B2 S S g
PAFE NG T BE BLAH G rfaZ | rfaq, pmuD  hirL F
plsX FEIFIR AR #E BT A ZR BT L 1 7K 1
FE H e nT U ST o v R R 4 S % A T B A
REPMERA SR Hrh ROS 17 90N 2
G P HEY UM R R KPR R 1 SR PR 22— 1T

4 R X A BT AE R E I E )2
INAT AH H AT T A ) 5 54 R Y0P A DG A
TE—Seqil, & 2B R, /A FPES

PUAE R PP Z I J0 A G, X A ERBEAE i v
I3 B BTN TR () R A o B R ok B S ZEE
S SRR NI PR R A5 22 Fhads A2 1) 40 B AT LA ] B Xof
ZRPPUAE R AR A Btk B 2 Pk Z AL
FETEFIAI L 3B 2 FpTPE Z [ A S S M
R ANRERCH AR A F S hiA ZhirkRIE A
AR | BT 22 A5 S 0 M R IR )2 T A AT LA 9 oA
BB T R AR A R R EH . —4k
PSRRI R AR S AR PUE R TR UIAEC,
TEZS SORZKARFRES b i 8 2 & B, 8 AR R B A2 FE A
EdR S TR ARGs (B, HytAE Rtk 2
i 7% A T B T e T e A B 7 Liw 27X
TR TIHEE R Py 04 (B M TR e A R ok
TR FI, 2R 2 B A R 6T 10 b A= 2 A
ZFHUAE R PR N R R B A4 v, 5 R
XTI R 25 R B Prikig st 28 10
i o XX e by PR 3 AU A/ I BL A 58 A& B, SmeT
JEZ2§IMIER S SmeDEF [ —FHEY), =84S
SmeT %454, F%/% T SmeT % SmeDEF Y4 1E T,
P2 T SmeDEF 7 4f il N 19 3% 35, MM 42 = it
PEVY S ORIEIX AR 25 G VR F 2R AR Ak T LAGE i
WM S L 255 HEZE AcrAB-TolC 2878 | 1% 28748
5ZHEPritRAA 5, i 41 B X s o T 2 B A R
AAER =AY R R ST Bl i — TSR
KB, 2 A DL 7K B R4 O U8R 6 F Al 2 12)
BAESHUAERPUERNEN ,, S80S (3% 1k MIC)
FMILOE. MIC) 2 5% ¥ B T $0 M KW FF 3 o PR 1 58
A% AT v B T B R ) 2 B 7 A I
T MIC BEWE T A mdetE™ . 25 &L, /T LUE 1
ARAEFNAT LA PR RPUrE R A X T X Aok
FEIREE (W RS [ AT T /b, Li SV 24 [
BFVE TR R A T D) 2 B T PR vk B ) — A
FGH I 53T 4 A DR 2 e SR LA BRI, PR T A O
(A )ik B 3R iR A 278 BN e 0 = S A b bE I i
Mo, HAEPS 1E 2R 0R 5 AR TR B T T s S iy SR R 2R AR
T2 W A O — S A R B R S T 5 T TE R R
A P AE RPN R, R IR S B
I AERS T R, MG T RA FIME b A Rt
PEALREIBTSE, HETAUE — i SCRRA 28 1 7EXT k44
AR LR B R 50T, R AEMBE L3 T
FEIN T YA R RAR e T B R
PERIKT AL RE™

M B RIFFER A, X T 258 1 8 4 R F R A=



42

Wi 2% HrA 3R i AR A R DML R 7

XA BEHUE RO RIOIT ST, B o i 40 7 5 5
LS HPUPE R AL, R EE 5 o0 1 A W) 22 T ¥ 45
AR I A LN 20 B S 2 RN EE VAL B TRAE
FUA W T A PR R PP Y 3k IR BYORD BT PR R
FYEOOLOT - —Jih Sy vy e A% R A b 7 A A TR
PUAERPUPED ™ (HITLEAER R B, AN ok B2 2% s
UL 2 E 20 B AR R UM e 2 v A G B
RO IR B — b T R P R
PR RE APE ) LUSE 4 DAk o 4 J 2% A= 770 4 Ok
AP RPUPERISREE R 0 , o, ik 2 P A K7
e Mo 2 F T o e AP A R0 X 20 B A R B
WFFERY LR

4 HFEE (Research prospect)

A R AR AR N A HESh 4 R P G 1 E
BIHER HH TR RAN A AN, F R
TE (D Z ZMp ik ks e mtst . Hiif
KAEFE I e 7 AR B A R PP E B9 2 08 R H 5
— ALY o AR R B L T PR T 2 R R 2
FhERE R I ITAF , i — 20 i 5% Z2 P s 8 R ) X6 4 A
PR Z YU LR AR T S ALTRAG R T R0 4 s B
[, Q)SRBNHLKIH AL, BIRC A BRI R
WA A AT LA3E o 2 R0 VE AL P A 2 S bk, (H K
fifi s fh 2 FHUE A LT AN TG 2 5 54, AR D
At 5Tk B 4 R A AT LIRSl AR R bt
PEACTALRE  H AL R LG F175 A% 376 O DL 5 AN
MW, PUE RPN W REY2E A
SRR IE B 2R 5 22 Rl Bt A 2 A
Z 2RI 5T T BOS AR B B R L L 8 s
FEK S AL IR AMFSE

BIREEE A AT R 3E1986—), &, 14 BHBAF 5 R, £ 247
oI5 ) AR AR E At 2 K B 695 AR AR AR AR TR

£ % 3Lk ( References) :

[1] Davies J, Davies D. Origins and evolution of antibiotic re-
sistance [J]. Microbiologia (Madrid, Spain), 1996, 12(1):
9-16

[2] Wright G D. Antibiotic resistance in the environment: A
link to the clinic? [J]. Current Opinion in Microbiology,
2010, 13(5): 589-594

[3] Ying GG, HelY, Ying A J, et al. China must reduce its
antibiotic use [J]. Environmental Science & Technology,
2017, 51(3): 1072-1073

[4] Van Boeckel T P, Brower C, Gilbert M, et al. Global

[5]

[6]

(71

(10]

(1]

[12]

[13]

[14]

[15]

[16]

trends in antimicrobial use in food animals [J]. Proceed-
ings of the National Academy of Sciences, 2015, 112(18):
5649-5654

Port J A, Cullen A C, Wallace J C, et al. Metagenomic
frameworks for monitoring antibiotic resistance in aquatic
environments [J]. Environmental Health Perspectives,
2014, 122(3): 222-228

Zhang Q Q, Ying G G, Pan C G, et al. Comprehensive e-
valuation of antibiotics emission and fate in the river ba-
sins of China: Source analysis, multimedia modeling, and
linkage to bacterial resistance [J]. Environmental Science
& Technology, 2015, 49(11): 6772-6782

World Health Organization. ~ Antimicrobial  resistance:
Global report on surveillance [J]. Australasian Medical
Journal, 2014, 7(4): 237

World Health Organization. Global action plan on antimi-
crobial resistance 2015 [R]. Geneva: World Health Organ-
ization, 2015

Baquero F, José-Luis M, Rafael C. Antibiotics and antibi-
otic resistance in water environments [J]. Current Opinion
in Biotechnology, 2008, 19(3): 260-265

Chapman J S. Disinfectant resistance mechanisms, cross-
resistance, and co-resistance [J]. International Biodeterio-
ration and Biodegradation, 2003, 51(4): 271-276

Sidhu M S, Heir E, Sgrum H, et al. Genetic linkage be-
tween resistance to quaternary ammonium compounds and
beta-lactam antibiotics in food-related Staphylococcus
spp.[J]. Microbial Drug Resistance, 2001, 7(4): 363-371
Stepanauskas R, Glenn T C, Jagoe C H, et al. Elevated
microbial tolerance to metals and antibiotics in metal-con-
taminated industrial environments [J]. Environmental Sci-
ence & Technology, 2005, 39(10): 3671-3678

Chapman J S. Biocide resistance mechanisms [J]. Interna-
tional Biodeterioration & Biodegradation, 2003, 51 (2):
133-138

Bisbiroulas P, Psylou M, Iliopoulou I, et al. Adaptational
changes in cellular phospholipids and fatty acid composi-
tion of the food pathogen Listeria monocytogenes as a
stress response to disinfectant sanitizer benzalkonium
chloride [J]. Letters in Applied Microbiology, 2011, 52(3):
275-280

Escalada M G. Triclosan inhibition of fatty acid synthesis
and its effect on growth of Escherichia coli and Pseudo-
monas aeruginosa [J]. Journal of Antimicrobial Chemo-
therapy, 2005, 55(6): 879-882

Heath R J, Rubin J R, Holland D R, et al. Mechanism of
triclosan inhibition of bacterial fatty acid synthesis [J].
Journal of Biological Chemistry, 1999, 274 (16): 11110-



8 A5 #F O ¥ 15 %
11114 metal and nutrient concentrations in river water and sedi-
[17] Meade M J, Waddell R L, Callahan T M. Soil bacteria ment collected from the cities in the Pearl River Delta,
Pseudomonas putida and Alcaligenes xylosoxidans subsp. South China [J]. Chemosphere, 2003, 52(9): 1431-1440
denitrificans inactivate triclosan in liquid and solid sub- [30] Liu W X, Li X D, Shen Z G, et al. Multivariate statistical
strates [J]. FEMS Microbiology Letters, 2001, 204(1): 45- study of heavy metal enrichment in sediments of the Pearl
48 River Estuary [J]. Environmental Pollution, 2003, 121(3):
[18] Nishihara T. Biodegradation of didecyldimethylammoni- 377-388
um chloride by Pseudomonas fluorescens TN4 isolated B1] R4k, FF, ¥, & BRILT M B R 2 ARk
from activated sludge [J]. Journal of Applied Microbiolo- EK R E SR 5 XS BRI TR D], B R
gy, 2000, 88(4): 641-647 iR: HEARBIEAR, 2010, 31(1): 84-88
[19] Zhang D F, Li H, Lin X M, et al. Characterization of out- Wu X R, Yin P H, Zhao L, et al. Health risk assessment
er membrane proteins of Escherichia coliin response to of heavy metals in the water of surface and subsurface
phenol stress [J]. Current Microbiology, 2011, 62(3): 777- microlayers from Guangzhou section of Pearl River [J].
783 Journal of Jinan University: Natural Science, 2010, 31(1):
[20] Vikram A, Bomberger J M, Bibby K J. Efflux as a glutar- 84-88 (in Chinese)
aldehyde resistance mechanism in Pseudomonas fluores- [32] Zhao J L, Zhang Q Q, Chen F, et al. Evaluation of tri-
cens and Pseudomonas aeruginosa biofilms [J]. Antimi- closan and triclocarban at river basin scale using monito-
crobial Agents and Chemotherapy, 2015, 59 (6): 3433- ring and modeling tools: Implications for controlling of
3440 urban domestic sewage discharge [J]. Water Research,
[21] Webber M A, Randall L P, Cooles S, et al. Triclosan re- 2013, 47(1): 395-405
sistance in Salmonella enterica serovar typhimurium [J]. [33] Rouch D A, Cram D S, Diberardino D, et al. Efflux-medi-
Journal of Antimicrobial Chemotherapy, 2008, 62(1): 92- ated antiseptic resistance gene gacA from Staphylococcus
97 aureus: Common ancestry with tetracycline- and sugar-
[22] Ortega Morente E, Fernandez-Fuentes M A, Grande Bur- transport proteins [J]. Molecular Microbiology, 2010, 4
gos M J, et al. Biocide tolerance in bacteria [J]. Interna- (12): 2051-2062
tional Journal of Food Microbiology, 2013, 162(1): 13-25 [34] Chopra I. Tetracycline antibiotics: Mode of action, appli-
[23] Brown N L, Camakaris J, Lee B T O, et al. Bacterial re- cations, molecular biology, and epidemiology of bacterial
sistance to mercury and copper [J]. Journal of Cellular Bi- resistance [J]. Microbiology and Molecular Biology Re-
ochemistry, 1991, 46(2): 106-114 views, 2001, 65(2): 232-260
[24] Han X, Gu J. Sorption and transformation of toxic metals [35] Schmitz F J, Sadurski R, Kray A, et al. Prevalence of ma-
by microorganisms [M]// Mitchell R, Gu J. Environmental crolide-resistance genes in Staphylococcus aureus and En-
Microbiology. Second Edition. John Wiley & Sons, Inc., terococcus faecium isolates from 24 European university
2010: 153-176 hospitals [J]. Journal of Antimicrobial Chemotherapy,
[25] Santiago A G, Chen T Y, Genova L A, et al. Adaptor pro- 2000, 45(6): 891-894
tein mediates dynamic pump assembly for bacterial metal [36] Weisblum B. Erythromycin resistance by ribosome modi-
efflux [J]. Proceedings of the National Academy of Sci- fication [J]. Antimicrob Agents and Chemother, 1995, 39
ences, 2017, 114(26): 6694-6699 (3): 577-585
[26] Baker-Austin C, Wright M S, Stepanauskas R, et al. Co- [37] Leclercq R, Courvalin P. Bacterial resistance to macrolide,
selection of antibiotic and metal resistance [J]. Trends in lincosamide, and streptogramin antibiotics by target modi-
Microbiology, 2006, 14(4): 176-182 fication. [J]. Antimicrobial Agents and Chemotherapy,
[27] Gnanadhas D P, Marathe S A, Chakravortty D. Biocides- 1991, 35(7): 1267-1272
resistance, cross-resistance mechanisms and assessment [38] Cagliero C, Mouline C, Cloeckaert A, et al. Synergy be-
[J]. Expert Opinion on Investigational Drugs, 2013, 22(2): tween efflux pump CmeABC and modifications in riboso-
191-206 mal proteins L4 and L22 in conferring macrolide resist-
[28] Pal C, Asiani K, Arya S, et al. Metal resistance and its as- ance in Campylobacter jejuni and Campylobacter coli [J].
sociation with antibiotic resistance [J]. Advances in Mi- Antimicrobial Agents and Chemotherapy, 2006, 50 (11):
crobial Physiology, 2017, 70: 261-313 3893-3896
[29] Cheung K C, Poon B H T, Lan C Y, et al. Assessment of [39] Muiioz M C C, Benomar N, Ennahar S, et al. Compara-



42

Wi 2% HrA 3R i AR A R DML R 9

[40]

[41]

[45]

[47]

48]

[49]

tive proteomic analysis of a potentially probiotic Lactoba-
cillus pentosus MP-10 for the identification of key pro-
teins involved in antibiotic resistance and biocide toler-
ance [J]. International Journal of Food Microbiology,
2016, 222: 8-15

Chapman J S. Disinfectant resistance mechanisms, cross-
resistance, and co-resistance [J]. International Biodeterio-
ration and Biodegradation, 2003, 51(4): 271-276
Buffet-Bataillon S, Le Jeune A, Le Gall-David S, et al.
Molecular mechanisms of higher MICs of antibiotics and
quaternary ammonium compounds for Escherichia coli i-
solated from bacteraemia [J]. Journal of Antimicrobial
Chemotherapy, 2012, 67(12): 2837-2842

Zhang H, Ma Y, Liu P, et al. Multidrug resistance operon
emrAB contributes for chromate and ampicillin co-resist-
ance in a Staphylococcus strain isolated from refinery pol-
luted river bank [J]. SpringerPlus, 2016, 5(1): 1648

Fang L, Li X, Li L, et al. Co-spread of metal and antibiot-
ic resistance within ST3-IncHI2 plasmids from E. coli i-
solates of food-producing animals [J]. Scientific Reports,
2016, 6: 25312

Sandegren L, Linkevicius M, Lytsy B, et al. Transfer of
an Escherichia coli ST131 multiresistance cassette has
created a Klebsiella pneumoniae-specific plasmid associat-
ed with a major nosocomial outbreak [J]. Journal of Anti-
microbial Chemotherapy, 2011, 67(1): 74-83

Schwaiger K, Harms K S, Bischoff M, et al. Insusceptibil-
ity to disinfectants in bacteria from animals, food and hu-
mans—Is there a link to antimicrobial resistance? [J].
Frontiers in Microbiology, 2014, 5: 88

Chuanchuen R, Beinlich K, Hoang T T, et al. Cross-resist-
ance between triclosan and antibiotics in Pseudomonas
aeruginosa is mediated by multidrug efflux pumps: Expo-
sure of a susceptible mutant strain to triclosan selects
nfxB mutants overexpressing MexCD-OprJ [J]. Antimi-
crobial Agents and Chemotherapy, 2001, 45(2): 428-432
Webber M A, Buckner M M C, Redgrave L S, et al.
Quinolone-resistant gyrase mutants demonstrate decreased
susceptibility to triclosan [J]. Journal of Antimicrobial
Chemotherapy, 2017, 72(10): 2755-2763

Lin J, Michel L O, Zhang Q. CmeABC functions as a
multidrug efflux system in Campylobacter jejuni [J]. Anti-
microbial Agents and Chemotherapy, 2002, 46(7): 2124-
2131

Pumbwe L, Randall L P, Woodward M J, et al. Evidence
for multiple-antibiotic resistance in Campylobacter jejuni
not mediated by CmeB or CmeF [J]. Antimicrobial A-
gents and Chemotherapy, 2005, 49(4): 1289-1293

(50]

(51]

(53]

[55]

[56]

[57]

(58]

(59]

(60]

[61]

Conroy O, Kim E H, Mcevoy M M, et al. Differing abili-
ty to transport nonmetal substrates by two RND-type met-
al exporters [J]. FEMS Microbiology Letters, 2010, 308
(2): 115-122

Schweizer H P. Intrinsic resistance to inhibitors of fatty
acid biosynthesis in Pseudomonas aeruginosa is due to ef-
flux: Application of a novel technique for generation of
unmarked chromosomal mutations for the study of efflux
systems [J]. Antimicrobial Agents and Chemotherapy,
1998, 42(2): 394-398

Nishino K, Nikaido E, Yamaguchi A. Regulation of multi-
drug efflux systems involved in multidrug and metal re-
sistance of Salmonella enterica serovar Typhimurium [J].
Journal of Bacteriology, 2007, 189(24): 9066-9075
Shahcheraghi F, Minato Y, Chen J, et al. Molecular clo-
ning and characterization of a multidrug efflux pump,
SmtY, from Serratia marcescens [J]. Biological and Phar-
maceutical Bulletin, 2007, 30(4): 798-800

Langsrud S, Sundheim G, Holck A L. Cross-resistance to
antibiotics of Escherichia coli adapted to benzalkonium
chloride or exposed to stress-inducers [J]. Journal of Ap-
plied Microbiology, 2004, 96(1): 201-208

Navarre W W, Halsey T A, Walthers D, et al. Co-regula-
tion of Salmonella enterica genes required for virulence
and resistance to antimicrobial peptides by SlyA and
PhoP/PhoQ [J]. Molecular Microbiology, 2005, 56 (2):
492-508

Perron K, Caille O, Rossier C, et al. CzcR-CzcS, a two-
component system involved in heavy metal and carbapen-
em resistance in Pseudomonas aeruginosa [J]. Journal of
Biological Chemistry, 2004, 279(10): 8761-8768
Balasubramanian D, Kong K F, Jayawardena S R, et al.
Co-regulation of B-lactam resistance, alginate production
and quorum sensing in Pseudomonas aeruginosa [J]. Jour-
nal of Medical Microbiology, 2011, 60(2): 147-156

Lu J, Jin M, Nguyen S H, et al. Non-antibiotic antimicro-
bial triclosan induces multiple antibiotic resistance
through genetic mutation [J]. Environment International,
2018, 118: 257-265

Chen S, Li X, Sun G, et al. Heavy metal induced antibiot-
ic resistance in bacterium LSJC7 [J]. International Journal
of Molecular Sciences, 2015, 16(10): 23390-23404

Flach C F, Pal C, Svensson C J, et al. Does antifouling
paint select for antibiotic resistance? [J]. Science of the
Total Environment, 2017, 590: 461-468

Zhang M, Chen L, Ye C, et al. Co-selection of antibiotic
resistance via copper shock loading on bacteria from a

drinking water bio-filter [J]. Environmental Pollution,



10 A x B OH ¥ WM 15 8
2018, 233: 132-141 [69] Fahimipour A K, Ben Mamaar S, Mcfarland A G, et al.
[62] XuY, Xu J, Mao D, et al. Effect of the selective pressure Antimicrobial chemicals associate with microbial function
of sub-lethal level of heavy metals on the fate and distri- and antibiotic resistance indoors [J]. mSystems, 2018, 3
bution of ARGs in the catchment scale [J]. Environmental (6): €00200-18
Pollution, 2017, 220: 900-908 [70] Liu S S, Qu H M, Yang D, et al. Chlorine disinfection in-
[63] Kang W, Zhang Y J, Shi X, et al. Short-term copper ex- creases both intracellular and extracellular antibiotic re-
posure as a selection pressure for antibiotic resistance and sistance genes in a full-scale wastewater treatment plant
metal resistance in an agricultural soil [J]. Environmental [J]. Water Research, 2018, 136: 131-136
Science and Pollution Research, 2018, 25 (29): 29314- [71] Hernandez A, Ruiz F M, Romero A, et al. The binding of
29324 triclosan to SmeT, the repressor of the multidrug efflux
[64] Zhang S, Wang Y, Song H, et al. Copper nanoparticles pump SmeDEF, induces antibiotic resistance in Stenotro-
and copper ions promote horizontal transfer of plasmid- phomonas maltophilia [J]. PLoS Pathogens (Online),
mediated multi-antibiotic resistance genes across bacterial 2011, 7(6): 1002103
genera [J]. Environment International, 2019, 129: 478-487 [72] Webber M A, Whitehead R N, Mount M, et al. Parallel
[65] Zhang Y, Gu A Z, Cen T, et al. Sub-inhibitory concentra- evolutionary pathways to antibiotic resistance selected by
tions of heavy metals facilitate the horizontal transfer of biocide exposure [J]. Journal of Antimicrobial Chemother-
plasmid-mediated antibiotic resistance genes in water en- apy, 2015, 70(8): 2241-2248
vironment [J]. Environmental Pollution, 2018, 237: 74-82 [73] Li D, Zeng S, He M, et al. Water disinfection byproducts
[66] Rizzotti L, Rossi F, Torriani S. Biocide and antibiotic re- induce antibiotic resistance-role of environmental pollu-
sistance of Enterococcus faecalis and Enterococcus faeci- tants in resistance phenomena [J]. Environmental Science
um isolated from the swine meat chain [J]. Food Microbi- & Technology, 2016, 50(6): 3193-3201
ology, 2016, 60: 160-164 [74] Li M, He Y, Sun J, et al. Chronic exposure to an environ-
[67] Khan S, Beattie T K, Knapp C W. Relationship between mentally relevant triclosan concentration induces persis-
antibiotic-and disinfectant-resistance profiles in bacteria tent triclosan resistance but reversible antibiotic tolerance
harvested from tap water [J]. Chemosphere, 2016, 152: in Escherichia coli [J]. Environmental Science & Technol-
132-141 ogy, 2019, 53(6): 3277-3286
[68] Oggioni M R, Coelho J R, Furi L, et al. Significant differ- [75] Jutkina J, Marathe N P, Flach C F, et al. Antibiotics and

ences characterise the correlation coefficients between bi-
ocide and antibiotic susceptibility profiles in Staphylococ-
cus aureus [J]. Current Pharmaceutical Design, 2015, 21
(16): 2054

common antibacterial biocides stimulate horizontal trans-
fer of resistance at low concentrations [J]. Science of the
Total Environment, 2018, 616: 172-178

L 4



