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BACKGROUND & CHALLENGE
One peptide sequence can encode many valid disulfide connectivities
Connectivity determines peptide fold and stability. One sequence can admit many valid bond patterns, including free cysteines and odd cysteine counts.
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Output: ranked topologies · calibrated probabilities · bond/free-site marginals · bond-count uncertainty

METHOD · How CysTopoFold learns and predicts
QUERY SEQUENCE independent neural and retrieval branches
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RETRIEVAL
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calibrated neural fusion
source scaling · fixed weights · temperature

pair/free whole-state

GLOBAL PROBABILISTIC TOPOLOGY DECODER
exact probability over every valid bond/free-site pattern

ranked topologies · calibrated probabilities · bond/free-site marginals

Training neighbours only · query family excluded · priors are alternatives

DATA & VALIDATION
Evidence universe and grouped split
32,734 audited · 27,182 development · 25,449 training · 1,733 OOF

RESULTS · Performance across complementary cohorts

Cysteine-count audit

All C2-C12 groups shown · C9 (n=3) and C11 (n=1) are descriptive

ADDITIONAL PREDICTIONS · Metal and interchain
Cysteine metal roles · three separate predictors Interchain disulfides

conditioned proof of concept
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Input: two sequences, eligible cysteines, bond count.
Exact: every typed bond correct.

CONCLUSIONS Global decoding yields valid topologies 
and calibrated uncertainty.

Neural and retrieval evidence improve 
robustness across evaluation cohorts.

Next: prospective validation and joint endpoint 
discovery for interchain disulfides.
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Example predicted topology corrects the fold

Wrong pairing Correct pairing
C1–C16 · C2–C9 · C4–C15 C1–C15 · C2–C9 · C4–C16
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Broad protein benchmark · 3-way fusion
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