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Abstract: Listeria monocytogenes, a major zoonotic food-borne intracellular pathogen, is
ubiquitous in the natural environment and easily contaminates animal-derived food products.
The consumption of the contaminated food can cause severe listeriosis in both humans and
animals, with the mortality rate reaching up to 30%. The antimicrobial therapy is the only
feasible approach for treating L. monocytogenes infection since L. monocytogenes is
susceptible to multiple antimicrobials. However, the reports of multidrug-resistant strains are
increasing due to the selective pressure exerted by the irrational use of antimicrobials or
disinfectants. The antimicrobial resistance mechanisms of L. monocytogenes are complex.
Efflux pump proteins are crucial in bacteria and participate in various biological processes.
Specifically, they can influence bacterial sensitivity to antibiotics, facilitate the efflux of toxic
compounds, and affect bacterial virulence. Over the last two decades, scholars have conducted
research on the efflux pumps-mediated resistance of L. monocytogenes, identifying several
efflux pump proteins associated with the efflux of antibiotics or toxic compounds.
Additionally, some efflux pumps are involved in the virulence expression process of L.
monocytogenes. This paper reviews the research advances in the functions and regulatory
mechanisms of efflux pumps in multidrug-resistant L. monocytogenes. It provides a theoretical
foundation for probing into the environmental adaption mechanisms of L. monocytogenes,
curbing the spread of this pathogen, and identifying new drug targets for combating infections.
Keywords: Listeria monocytogenes; efflux pump; multidrug resistance; virulence
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Figure 1

Diagrammatic representation of the ABC superfamily efflux pumps conferring antimicrobial

resistance in Listeria monocytogenes. EtBr: Ethidium bromide; BC: Benzalkonium chloride.
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Figure 2 Diagrammatic representation of the MFS efflux pumps conferring antimicrobial resistance in
Listeria monocytogenes. EtBr: Ethidium bromide; QACs: Quaternary ammonium compounds.
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Figure 3 Diagrammatic representation of the MATE and SMR (this manuscript) superfamily efflux pumps
conferring antimicrobial resistance in Listeria monocytogenes. EtBr: Ethidium bromide; QACs: Quaternary

ammonium compounds.
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Figure 4 Diagrammatic representation of the four reported efflux pumps families conferring antimicrobial
resistance in Listeria monocytogenes. The ATP-binding cassette (ABC) superfamily, the major facilitator
superfamily (MFS), the multidrug and toxic-compound extrusion (MATE) family, and the small multidrug
resistance (SMR) family.
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Function and regulation of different antimicrobial resistance efflux pumps in Listeria monocytogenes

Table 1

Type Efflux pumps Genes Substrates Other functions Regulatory References
genes
ABC CadA Imo1100 cd* / CadC [17,23-26]
(cadA3)
AnrAB Imo2114, Nisin, bacitracin, gallidermin, / VirR [30]
Imo2115 ampicillin, cefotaxime, and some
other B-lactam antibiotics
VirAB Imo1746, Cephalosporins, kanamycin, Maintain the actin tail VirSR [16,18,32-34]
Imol1747 tetracycline, nisin, EtBr, BC, etc. formation, promote biofilm
formation, involved in
bacterial adhesion
VgalL Imo0919 Lincosamides, streptogramin A/ / [35-38]
compounds
MFS MdrL Imo1409 Macrolides, cefotaxime, heavy  / LadR [15,40-46]
metals, QACs
Lde Imo2741 Fluoroquinolones, EtBr, dye / / [47-50]
acridine orange
MdrT Imo2588 Cholic acid Control the magnitude of a BrtA [19,53-56]
MdrM Imo1617 host cytosolic surveillance MarR
pathway, leading to the
production of several
cytokines, including type I
IFN
MATE FepA Imo2087 Fluoroquinolones, QACs, EtBr, Promote flagella formation FepR [62-65,73]
etc. and expression of virulence
proteins®
SMR  QacH, BcrABC, [69]
and EmrE
EmrC Plasmid-borne QACs / TetR [14,70-71]
SugE1/SugE2  1mo0853, QACs / SugR [72-73]
Imo0854

% Conclusions from unpublished data in our lab.
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SMIERAR T REE DM FEIMERT, Hoan QACs, Lm £
MM AL QACs MY, fl4h ABC FhHFE
VirAB, MFS #IZMER MdrL . MATE #I4hHESR
FepA FIZA~ SMR BUSMHESESE, BEATEN S Lm
X QACs BT 52 ke | pplal 4 H , X 2 7 HAh A
T RGN 2 UET AR BR T QACs 1E R
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