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Lecture Title
AI-Driven Sequence Optimization for Antimicrobial Peptide Discovery
Abstract (500 words maximum) 
The rapid emergence of multidrug-resistant pathogens necessitates the development of novel 
therapeutic agents such as antimicrobial peptides (AMPs). However, the de novo computational 
design of AMPs is fundamentally challenged by the vast combinatorial sequence space and the 
complexity  of  jointly  optimizing  antimicrobial  efficacy  and  host  safety.  To  navigate  this 



complex landscape,  this  talk presents  an AI-driven sequence optimization framework that  
employs surrogate-guided self-play Monte Carlo tree search. By utilizing explicit look-ahead 
planning and policy-value learning, this reinforcement learning algorithm strategically explores 
the peptide sequence space over multi-step mutation trajectories. The optimization is driven by 
a unified surrogate-ensemble reward system that scalarizes multiple predictive evaluations into 
a  single  fitness  score.  Deep  learning  surrogate  models  continuously  evaluate  and  guide 
candidate sequences based on predicted antimicrobial potency, structural folding confidence, 
and minimized hemolytic toxicity. Crucially for translation into functional peptides, the AI-
optimized sequences are subjected to rigorous in silico validation. Protein-protein docking is 
utilized to evaluate the binding propensity of the generated peptides against  key bacterial 
resistance targets, such as MurA and PBP2a. Furthermore, molecular dynamics simulations 
within explicit lipid bilayer models are employed to assess membrane insertion and confirm 
structural stability via backbone root mean square deviation. This integrated computational 
pipeline highlights  how advanced AI search algorithms,  surrogate  modeling,  and rigorous 
structural simulations can be bridged to establish a robust in silico workflow for discovering and 
optimizing therapeutically viable peptides.


