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The Hidden Role of the Multidrug Efflux Pump: Understanding Its Role by
Identifying Its Unknown Substrates
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The multidrug efflux pump is the most basic defense system innate to all
bacteria. However, since many homologues do not transport antimicrobials and antimicrobials are
artifacts, the true role of multidrug efflux pumps is unknown. This study explored the original
substrates transported by the major multidrug efflux pump of Staphylococcus aureus.

Disruption of the three major pumps (norA, mdeA, and mepA), which are constitutively expressed in
Staphylococcus aureus, did not affect growth, but decreased the intracellular metabolites, mainly
TCA cycle and amino acids. In addition, the possibility of substrate enrichment by inverted membrane
vesicles was investigated by detecting norfloxacin, a substrate of norA, within the inverted
membrane vesicles.
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antimicrobial RN4220 RK5 RK53 RK534

agent (parent) (AmepA) (AmdeA, mepA) (AnorA, mdeA, mepA)

norfloxacin 1 1 0.125 0.125

benzalconium C1 2 2 0.5 0.125

acriflavine 16 16 2 2

EtBr 8 8 1 0.25

Hoechst 33342 0.5 0.25 0.25 0.125

rhodamine 6G 0.5 0.5 0.5 0.125

safranin O 8 8 2 2

TPPCI 16 16 8 4

erythromycin 0.25 0.25 0.25 0.25

triclosan 0.0625 0.0625 0.0625 0.0625

chlorhexidine 1 1 0.25 0.25

streptomycin 2 2 1 1

vancomycin 1 1 1 1
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