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Abstract; Antibiotics resistance genes (ARGs) and heavy metals resistance genes (HRGs) are considered as
emergent environmental pollutants commonly, Environmental bacteria are generally exposed to combinations of these
pollutants. Therefore,the study of bacterial resistance under the co-contamination of antibiotics and heavy metals has
attracted extensive attention. The origin of ARGs and HRGs in bacteria was summarized. 4 co-contaminated
resistance mechanisms, namely co-resistance mechanism, cross-resistance mechanism, co-regulation resistance

mechanism and biofilm resistance mechanism were reviewed. The future research directions were prospected. It had

important significance for the development of new antibacterial agent and explanation for co-contaminated resistance

mechanisms.
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1 ERARBEFHEHEKN ARGs 1 HRGs
Table 1 Co-resistance of ARGs and HRGs in common bacteria
MR HEE ARGs HRGs MERELE EE P
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Table 2 Proteins structural characteristics and target substrates of 7 kinds of efflux pumps
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HEHRR AT, T E R EE B LLEE
AmgRS TCS L AZ R AEH T LEMAERN
mexXY #hEEFE BN F. KREAMER %™ #f 355 &
BH, BqsRS TCS I L 45 4 45 1B B0 Ffa B8 %o &% F 2 2
B A H 4 F WP, BosS BN ¥ B§ i if RExxE
PR Fe” MEAL KHMRE S35 BesR
BHEEA.BsRETEHEILE S —%EH DNAF
T BE R F RS HA% ARGs 1 HRGs £k F.
MAMFRES B AR HEBEAFEEE KT
HowEFBEHRTESEAE TCS MEEAEM.
LIUS M A0 EAEFEFARE T, AE
ZERHEBEABE . EVFER . KAEBRSRAE
B2 ARGs B9 PhoPQ TCS 3% M N & ¥k & Mg*™
RIBS IR, fF SmeZ M HER KA HiM, 5 R T, 48 58
&% SmeZ M HEREBNWES BRI AE R MR
hn. BAREML TCS E#ZH R EL RN Bt
LR AR RN, LIU £ P LR, #@E
czcCBA A HEHE B czcRSs TCS #1 & czcRS1 1
czcRS2,RTH WIS % Cd* BIINEH , T E & B H =
g CA 3. Bk TT I, 45 B9 1 B IR B AL
T T — R ELNESHESMMEXERWE
F.REELR, EEEANEEARERIMRIRGR
PR BT S .
2.4 H YA B A EALE

LB EREIERE KA THEEIIY
BEABRBEENUSEREAIZINERBYET(EPS &
HAON RGN MY R T, EHEEE
AT ML TE R R, DA T S 5 X A IR A Y R B SR
PLE Y, EE S BEB B 5 B E A A0 40 B (R
R (QS)™

BEBAPARTESRESURARET LY
YR, X EGAKBEEAEABRHRITHERERRZ
— A R R 40 B A ) B B A O R R R R
W —KBE®, SAKIMURA £ BI5t &M, # K
HEIRE (Staphylococcus epidermidis) T 5 1 &
WMEHR BRELREMESE R AYEE, EH
Xt 5 R R B TE A Y R TE ALY
4~8 h HILF &%, GAIDHANI &% W5t & 3,
a4 MPUERB(KAER . ZHER . ZHEE B.A
WEOF 2 FESLBE (AgNO, . HgCl) U A 0
AT B (Acinetobacter haemolyticus) . FEiE S H
e ER RN £ T, A #
AR, DI MR . A HE M ERNESR

WPt R 5 H A ETY SR A A 6. HALL
USRI R B, 40 4% I 5 BT B e O e 40 YD R A R L
HiEE LAY B R Y ndoB 2K 5% RpoS HFH
VAR LV FeIs , DT 76 38 0 40 TR T Ak 0 L ) [
WA T HXHAMNEAR B R M. AR R R
BREMEE RN AN EA S R RRKRE
5. VITALE %-"3@ & bt 82 20 B A U84 0 3l 4 I8
MR 4 B OB IR B B BRE (Staphylococcus aureus)
R, ATENEYEBEAXRERREKEE G, X F
BERXFAREPEOTR, TN FE A & Y8R
f 7= A B X A I PRI TR T & A T R R Bk .
2.5 4 FRMEHE A

MBI RS X i B RIRE IR AE
YHERE A MPAERSES RS X6
HAMERE R ERMEL R~ EbUHE, AR
PEIRI AT AR, B ES L R 7E = E B ARGs
fl HRGs #8&7ER — 4 DNA (i B b, X5 2 M
P4 R E £ J8 f B AT, ARGs #1 HRGs R 3%
BB AME . A FEILE R E KT B
BRFNHAERNESBHUERE, FELU ATP
TR 7 A T B T A Tl AR BE D 3 1 K R B R
R4, Mk RME S B FKER RS . — &Sk
A9 3L [F) 8 BB s e AR S Pt . U R R L
P RGN ERAERNFESESMHEXERNTE
SROEFEESR, AETEEE b TN, A
VIR FEYL S EEEX HE A S HRP YW
AR G T8 ) BT LA X SR8 7 Y R 5 A L
HHARZEE., EXHFRP AENX 4 KRS
MR R A AR B R A,

3 BRRE

HAi . X A M4 REELBERAHHEILE W
MRDEBESTIHEEEMNFE BE AHEE
BB E MR L, U NHRFERM
RN

(1) MGEs MR, WEHHEEET S
MGEs #85E¢, 11 MGEs X RHiEENAEFE R E
BV HNEBRAT, EXRBEMALBEENEERL
EEA, K, HE MGEs EARAEFEFTHNE
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