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Machine learning-guided disulfide engineering pipeline
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mutation-to-cysteine candidates, which are then refolded, geometrically
filtered and evaluated by molecular dynamics before experimental

prioritisation.

AP = average precision; AUC = ROC-AUC. Parameter counts are approximately matched.

Direction-aware graph models gave the strongest held-
out disulfide-pair prediction under matched capacity.

Schematic validation summary

Results visualization: top candidate bonds

Candidate-level MD screen B Representative stable candidate
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Representative local views of shortlisted engineered disulfide candidates,
showing candidate cysteine pairs in their surrounding backbone environment.

Representive set of 20
engineered disulfide candidates
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Fraction of frames in acceptable S-S range
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— local High stable-frame fraction indicates
—— global persistent disulfide-compatible geometry
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Low RMSD indicates
V/ limited structural distortion
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Shortlisted candidates should be evaluated after refolding and MD as per the
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figure illustrated on the right. Stable designs should maintain S—S distances SIS SR TR R T
near the disulfide-compatible range while showing limited local and global rime (pe
backbone deviation.
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