Mapping the undiscovered sequence space of antimicrobial peptides
using machine learning: A taxonomy of membrane-active peptides
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Abstract

Cationic antimicrobial peptides (AMPs) are often regarded as membrane-active peptides par excellence: Because AMPs generally work via non-specific
interactions and preferentially permeabilize microbial membranes, these compounds often retain activity against antibiotic-resistant bacterial strains.
There are currently some ~1100 known AMP sequences, which are notorious for being diverse and lacking identifiable core structures. Here, we develop
machine learning classifiers based on support vector machines (SVM) to investigate commonalities in antimicrobial compared to non-antimicrobial
peptides with a-helical secondary structure. The SVM is used to perform a directed Monte-Carlo search of the undiscovered sequence space of AMPs,
and identify Pareto-optimal candidate sequences that simultaneously maximize the distance from the SVM hyperplane and the degree of a-helical
secondary structure, under the constraint of mutational distance to known AMPs. Comparisons between SVM machine learning, killing assays, and small
angle x-ray scattering (SAXS) show significant correlation between the SVM distance to hyperplane and the ability for peptides to generate negative
Gaussian membrane curvature (NGC), which provides a basis for membrane activity and is a common component of AMP activity. We find a surprisingly
large taxonomy of sequences that are expected to be just as membrane-active as known AMPs, but with a broad range of primary functions.
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Pareto frontier

Using a Monte-Carlo method, we randomly search the subset

of the sequence space of AMPs that are close in mutational
distance to naturally occuring AMPs, and those difficult for

nature to discover by simple mutation. To look for optimal
sequences, we borrow the Pareto optimization concept from ®
economics to look for sequences that maximize ¢ and helical
fraction relative to mutational distance.
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Predicted distance-to-margin indicates strength of NGC generation

independent of homology to known AMPs
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(MIC), independent of homology to known AMPs. Furthermore, we discover a diverse taxonomy
of naturally occurring membrane-active proteins non-homologous to AMPs in the sequence
space traversed by the directed Monte-Carlo search The SVM/Monte-Carlo method will be a
powerful screening tool for discovering new membrane-active proteins.




