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Abstract

Antimicrobial peptides (AMPs), key components of the innate immune system, represent promising alternatives to conventional antibiotics. However, their therapeutic application against multidrug-resistant pathogens remains limited due to cytotoxicity, poor
stability, and insufficient selectivity. Here, we present an integrated artificial intelligence (Al)-guided strategy combining computational peptide design with experimental validation to generate highly active AMPs with reduced toxicity. We developed a
computational pipeline based on machine learning models capable of generatively designing short peptide sequences and identifying prototype—analog pairs with optimized antimicrobial activity, selectivity, and predicted stability. To validate the pipeline,
selected peptides were synthesized and evaluated in vitro against clinically relevant multidrug-resistant pathogens, including Escherichia coli, Acinetobacter baumannii, Pseudomonas aeruginosa, Staphylococcus aureus, Enterococcus faecium, and Listeria
monocytogenes, using minimum inhibitory concentration assays. Nearly 90% of the tested peptides displayed broad-spectrum antimicrobial activity at low micromolar concentrations. Safety profiles were assessed through hemolysis assays and cytotoxicity
studies in human HepG2 and MRC-5 cell lines, revealing several peptides with minimal cytotoxicity at therapeutically relevant concentrations. Mechanistic analyses suggested a predominantly membrane-disruptive mode of action, particularly against Gram-
negative bacteria. In addition, serum stability assays demonstrated favorable stability under physiological conditions. Finally, selected peptide candidates were evaluated in vivo in a murine model of A. baumannii infection, where treatment resulted in
reduced bacterial burden in infected organs, supporting their anti-infective potential and further development as therapeutic candidates.
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Data are presented as mean * standard deviation.
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