Elucidating human Oligopeptide Transporter 2 (hPepT2) polymyxin interactions for safer antibiotic design
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Introduction. Multidrug-resistant Gram-negative bacterial infections represent a critical therapeutic challenge. Polymyxins are last-line antibiotics, but nephrotoxicity limits their clinical use. Human Oligopeptide Transporter 2 (hPepT2) has been shown to be involved in the renal reabsorption of polymyxins, contributing to their toxicity.

Aims. This study investigated the structure-interaction relationship of hPepT2 and polymyxins to identify the key residues underlying transporter-drug binding.

Methods. Alanine scanning mutagenesis was applied to generate hPepT2 mutants in predicted polymyxin-binding regions. Uptake of the fluorescent polymyxin probe MIPS-9541 was assessed in HEK293 cells overexpressing wild-type or mutant hPepT2. Kinetic parameters were derived. Biotinylation and immunoblotting were performed to examine cell surface and total protein expression.

Results. Multiple hPepT2 mutants exhibited significantly reduced uptake of MIPS-9541. In particular, the substitution at residue D215 markedly decreased polymyxin binding affinity. Several mutations are associated with impaired transporter protein expression or turnover rate.
Discussion. This study provides the first mechanistic insight into the interaction of hPepT2 and polymyxins. Identification of D215 as a critical residue involved in transporter-substrate binding advances the understanding of hPepT2-mediated polymyxin nephrotoxicity and supports the rational design of novel polymyxin derivatives with reduced renal toxicity.
