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The impact of genetic and environmental regulation on the
expression of antibiotic resistance genes in Enterobacteriaceae

Yiming Li, and Shaolin Wang

College of Veterinary Medicine, China Agricultural University, Beijing 100193, China

Abstract:  Antibiotic resistance is a major global concern and challenge in the 21st century. Enterobacteriaceae are one of
the important pathogens of hospital-acquired infections. With the increasing use of antibiotics in clinical practice, a variety of
drug-resistant Enterobacteriaceae, especially multidrug-resistant Enterobacteriaceae have emerged, posing an increasingly
serious threat to human health. Bacteria can acquire antibiotic resistance by mutation or horizontal transfer of antibiotic
resistance genes, and it is often possible to predict the corresponding resistance phenotype from known mechanism. However,
recent findings suggest that genetic background and environmental factors could alter the expression of specific resistance
genes and that a given genotype does not always generate the expected resistance phenotype. The genotype-phenotype
segregation greatly hampers our ability to predict antibiotic resistance phenotype from a genetic perspective. In this review, we
explore the genetic and environmental regulation of the expression of antibiotic resistance genes in a variety of
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Enterobacteriaceae, with the aim to provide scientific evidence for genetic prediction of antibiotic resistance phenotype and

clinical guidance on drug use.

Keywords: antibiotic resistance, Enterobacteriaceae, gene expression, genetic background, environment
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Table 1 Major carbapenemases in Enterobacteriaceae bacteria

Name Ambler Hydrolysis spectrum Species Inhibitor
KPC A All p-lactems K. pneumoniae, E. coli, Clavulanate potassium, etc.
Enterobacteriaceae
VIM B All B-lactems (except for aztreonam) K. pneumoniae EDTA
NDM B All B-lactems (except for aztreonam) K. pneumoniae, E. coli EDTA
OXA-48 D Penicillin, carbapenem K. pneumoniae NaCl
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Table 2 Important transcriptional regulators of bacteria
Family Action Main functions References
MarR Activator/repressor Multiple antibiotic resistance [44]
TetR Repressor Antibiotics biosynthesis, efflux pumps, amino acid metabolism [45]
IcIR Activator/repressor Carbon metabolism, primary metabolism, efflux pumps [46]
MerR Repressor Degradation, film formation, nitrogen metabolism [47]
Cold shock Activator Low-temperature resistance [48]
LuxR Activator Quorum sensing, biosynthesis [49]
Lacl Repressor Carbon source utilization [50]
ArsR Repressor Antibiotic resistance, metal resistance [51-52]
OmpR Activator Osmotic stress, virulence [53]
GntR Repressor Carbohydrate transport and metabolism [54]
LysR Activator/repressor Metabolism pathway, stress-response, virulence, biofilm formation [55]
AraC/XylS Activator Carbon metabolism, stress response and pathogenesis [56]
DeoR Repressor Sugar metabolism [57]
AsnC Activator/repressor Amino acid metabolism [58]
CRP Activator/repressor Non-preferred carbon sources utilization [59]
NtrC (EBP)  Activator Alternative nitrogen sources metabolism [60]
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Fig. 1 The role of environmental factors in the regulation of expression of antibiotic resistance genes.
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T IMERE AcrAB-TolC ik, {52545k
HE, T 3 40 7 22 T 2 P ) A 0T g )
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BILTHIRE BE A RCH R e A 2R 00 275 B ASCR I X 10 3 4
PRI T 245 P & EL A R

35 REXNMZHERERIZRFN

T X T A TR AT A A T R
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Y TR 1 AE K A2 B SR R FE . TR B AR T
PASE W AN B 1) 2 A AR B A A A, UG sl 1%
PEGE AR LK% DNA, RNA FIE A5 2 8 A .
YRR, DT 028 240 o 1) 25 A AT 3 . kA,
T B P A 2 5 | i Z R IR R TRk, XA
TR 2 i 1% Bl 7 A SO S AR S o R AN SO0
UG 0 A KRS R, X R SR DR ) A T RN
SRR MSH W, ANE BT S HEE 3 H
(acrA. acrB. TolC). fLAEFAHICIHRA (ompC) 1Y
FARS ek K EAE7E 22 5980 Jang 455d 1iTAS Tk
WAATF R AE PR 8 T Y R 25 26 5 gnr A9 ERIA
RIL, FMRE2E25Y—AE, RRAT LA S gnrSl
IR0, Wein ZERFTE M, ARIEA R 24 Bk
TE 20 “CF A% DUBCRIES 55K - L 37 “C I 10,
TSI U 5 %o i 24 S 522 1) AR 2 S5 ) 2 e AT B R PR
ANFEEE &R K, 55 DNA sl ks |
IS A8 5 R G0 A B A K R A e 110
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PR E 11 R A KRR TR B e g (R & 2 — 10U Sy
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ATDMEIE Op W=k, BTG 2535 (AnshHERE
adeABC JE[H), 3 hn4H i AEHTAE R4 F T By
PEROA ) BRSEIER, ARIRBOEIR ST, 2GR
W) 2B AKEH AT . MXT IR, A
(UVass) AT LA 25 £ K mer-1 1 blacrx A 261k 7K
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AR, O G B LA AR )y =Xl 2 b xof Bk 245t
A RS, Fan, O R PUER R A R R
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-2 AR NES (Acyl-homoserine lactone ,
AHL) . ZERRFIWE IR g . T4k, BN
— BRI, QS RE MM VA —E MK
B¢, AT LA P71 25 W0 AN HE SR 0 2R3k A Py
W R A T 25 PO O, QS R&eAl
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2332 5] 22 25 HNHE R 1) 22 38 7K OF- 1 5% mig 110107
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I 5§ 245 35 DR 9 3 18 23 R 60 38 AR R 2, 3
b A SR S e N A W US T N 1= 7 N A D
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