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Introduction. Polymyxins are a last-line therapy against multidrug-resistant (MDR) Gram-negative bacterial infections; however, their clinical use is largely limited by dose-dependent nephrotoxicity. Our previous study indicated that reabsorption of polymyxins into renal proximal tubular cells greatly contributes to their renal toxicity, a process likely mediated by human oligopeptide transporter 2 (hPepT2). However, the molecular interaction between polymyxins and hPepT2 remains poorly understood.

Aims. This study aims to establish a prototype structure-interaction relationship (SIR) model of polymyxins and hPepT2 and apply it to the rational design of new and safer polymyxin antibiotics.
Methods. Computational modelling predicted the binding pathway and key interacting residues of hPepT2 and the clinically important polymyxin B1. The predicted interacting residues were mutagenized into alanine, followed by functional evaluation, kinetic analysis and investigation of protein expression in overexpressing HEK293 cells. Molecular findings were applied to design and synthesize polymyxin analogues, which new molecules were subsequently evaluated for their antibacterial activity and nephrotoxicity.
Results. Computational modelling and molecular studies identified that residue D215 of hPepT2 is critical for polymyxin B1 binding and for maintaining transporter protein expression. Several polymyxin analogues were designed and customised by modifying the interacting residues of polymyxin B1. One polymyxin analogue demonstrated potent antibacterial activity with markedly reduced nephrotoxicity and was identified as a lead molecule for future evaluation.
Discussion. This proof-of-concept study establishes the first experimentally validated SIR model of polymyxin and hPepT2, which was successfully applied to the design new antibiotic molecules. This work identified a promising candidate antibiotic molecule with improved safety, which proves that our approach is a viable strategy for developing safer lipopeptide antibiotics against MDR infections.
