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LmrP is a bacterial Major Facilitator Superfamily (MFS) multidrug transporter containing 408 amino acids in 12
transmembrane helices that are organised in an N- and C-terminal half¹. LmrP confers resistance to 22 clinically
important antibiotics. The structural data for MFS proteins support an alternating access mechanism, which
these transporters alternate between two different structural states that enable the binding of drugs on one
side of the membrane and release on the other side. In LmrP, this reaction is driven by the membrane potential
and chemical proton gradient that exist across the plasma membrane as the two components of proton motive
force. It is not known in detail how LmrP couples drug efflux to the proton motive force. Here, we study the
role of carboxylates in the drug binding chamber in energy coupling.

Figure 1: Structure of LmrP. Asp-142, Asp-235, and Glu-327 are carboxylates in two catalytic clusters that are
thought to bind and release protons during alternating access of the drug binding pocket².

INTRODUCTION

Figure 3: Cysteine accessibility studies with LmrP mutant D142N showed
IR labelling in ISOVs at pH 5.0. However, an opposite IR labelling was
observed in RSOVs at pH 8.0. .

Figure 4: For wildtype LmrP, the IR signal was present at both pH 5.0 and
8.0 in different experiments.

RESULTS

DISCUSSION AND CONCLUSION 
Our data suggests that D142 can act as a switch. Protonation of D142,
mimicked by the D142N mutation, stabilises LmrP in an inward-facing state
(in cells) compared to wildtype LmrP for which a mixed population of
inward- and outward-facing conformations is present under the
experimental conditions. Saturation binding curves for LmrP WT points
towards the presence of a high affinity and a low affinity binding site at
acidic and basic pH. Given the close proximity of F19 and D142 in LmrP
structure, the shift in pKa might report on changes in the protonation state
of D142. To conclude, protonation and deprotonation of the catalytic
carboxylates facilitate the switch between conformational states of LmrP
that underly alternating access of the antibiotic binding chamber in the
transporter.
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Figure 2: Principles of the cysteine accessibility assay.
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Figure 5: Saturation curves for erythromycin binding to LmrP in DDM
detergent solution at pH 6.0 (in red colour) and 8.0 (in black colour). Data
points and error bars represent the mean and SEM, respectively (n = 3).
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Figure 6: Fluorescence end levels for LmrP WT (in black colour) and F19A
(in red colour) during ethidium efflux plotted as a function of the buffer
pH in a range of 6.0 to 9.0.
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