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In this study, we report the gene cloning and characterization of three multidrug efflux pumps
namely, VemA, VcrM and VcaM from V. cholerae non-O1 NCTC 4716. Judging from the structural
and functional properties, we conclude that both VcmA and VcrM are the members of MATE
family. On the other hand, the structure and biochemical characteristics of VcaM suggest that it is a
member of ABC-type multidrug transporter superfamily.

Escherichia coli cells transformed with a plasmid carrying the vemA gene of V. cholerae non-O1
showed increased resistance against norfloxacin, ciprofloxacin, ofloxacin, daunomycin, doxorubicin,
streptomycin, kanamycin, ethidium bromide, 4', 6-diamidino-2-phenylindole dihydrochloride,
Hoechst 33342 and-acriflavine. Na* (or Li*)-dependent efflux of ethidium bromide was detected in
transformant cells. Efflux of Na*, elicited by ethidium bromide, was observed from transformant
cells. Thus, we concluded that the VemA is a Na*/drug antiporter.

Expression of the cloned verM gene of V. cholerae non-O1 in E. coli KAM32 caused the strain
resistant to acriflavine, 4',6-diamidino-2-phenylindole (DAPI), Hoechst 33342, rhodamine 6G,
tetraphenylphosphonium chloride (TPPCI) and ethidium bromide. Efflux of acriflavine via VerM
was dependent on Na* or Li*. Moreover, the Na* efflux was illustrated by VcrM in the presence of
TPPCI. Therefore, we concluded that like VemA, VerM is also a Na*-coupled multidrug transporter.

VcaM is a structural and functional homolog of the human multidrug resistance P-glycoprotein
MDR1 and Lactococcal LmrA. It is a 619-aa polypeptide (69 kDa) that has a putative topology of
six transmembrane segments in the N-terminal hydrophobic domain, followed by an ATP binding
site in the hydrophilic domain. The VcaM extrudes a number of structurally dissimilar drugs such as
doxorubicin, daunomycin, tetracycline, norfloxacin, ciprofloxacin, 4’, 6-diamidino-2-phenylindole
(DAPI) and Hoechst 33342. Efflux of Hoechst 33342 and doxorubicin from the cell by VcaM was
assayed. The efflux activity was reversed by reserpine and sodium ortho vanadate, which are potent
inhibitors of MDR1 and LmrA. Judging from the structural and functional characteristics, we
concluded that VcaM is a new member of ABC-type multidrug transporter, a subfamily of ABC
transporter.
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