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Abstract: High-resolution structural data has provided novel insights into the molecular basis of
lipid flipping by ABC transporters, however complementary information on mechanisms of
antagonism has been lacking due to significant challenges in the discovery of selective
modulators. MsbA is an essential bacterial ABC transporter that flips lipopolysaccharide (LPS)
across the inner membrane of Gram-negative bacteria. We have discovered potent and selective
inhibitors of MsbA with antibacterial activity and determined crystal structures of the transporter in
complex with these small molecule antagonists. The structures reveal that the inhibitors trap
MsbA an inward-facing and substrate-bound conformation, thereby preventing the transition to an
outward-facing state. In addition, inhibitor binding is allosterically coupled to a second mode of
antagonism ~60 A away from the transmembrane binding site, where the nucleotide binding
domains are found in an asymmetric conformation, catalytically and structurally uncoupled from
the transporter. Our study further elucidates the mechanisms underlying the selective recognition
and transport of a complex membrane lipid and establishes a structural template for the design
of new antibiotics and modulators of other ABC transporters.
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