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Multi-Stage Computational Framework for Antibacterial Peptide Discovery

Computational prediction framework Model interpretation
« A multi-stage machine-learning pipeline was developed to benchmark peptide + SHAP analysis identified the sequence and physicochemical features that
representations, classify antibacterial peptides, and predict antibacterial potency contributed most strongly to antibacterial activity and potency predictions,
for candidate prioritization. highlighting the importance of charge, hydrophobicity, and amino-acid composition.
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Computationally Guided Physicochemical Optimization of LL-37—Derived Novel Peptides
Experimental Validation

+ Antibacterial activity was evaluated by MIC/MBC profiling across Gram-positive and Gram-negative pathogens.
» Lead candidates were further assessed for hemolysis, mammalian-cell compatibility, serum stability, and bacterial morphology.
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MZAP-10a showed the most favorable overall balance of potency, stability, and host-cell compatibility.

Conclusion
+ Interpretable ML identified sequence and physicochemical features predictive of antibacterial potency.

» ML-guided prioritization coupled with experimental validation enabled efficient identification of active LL-37-derived peptides.

* MZAP-10a emerged as a lead candidate for further preclinical evaluation.

» The integrated computational-experimental workflow provides a data-informed framework for antimicrobial peptide discovery and optimization

References
» Nawaz M, Yao H, et al. DRAVP 2.0: A Curated and Genomically Annotated Database of Antiviral Peptides and Proteins. J Mol Biol. 2026;438(18):169628.
» Nawaz, M., et al., Deep learning in the discovery of antiviral peptides and peptidomimetics: databases and prediction tools. Mol Divers, 2025. 29(4): p. 3753-3788.
+ Ma, T, et al., DRAMP 4.0: an open-access data repository dedicated to the clinical translation of antimicrobial peptides. Nucleic Acids Research, 2024.53(D1): p. D403-D410
Acknowledgements
We sincerely thank the members of the Prof. Zheng’s Lab for their valuable contributions and support throughout this study.

Future Directions

* In vivo validation
* Mechanistic characterization
Sequence optimization
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