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Proteins — the chief actors in cells




Structure — the key component of function




Protein Structure Prediction
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Protein Sequence prediction

Structure Folding
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Structure first — Protein Design

Experimental
Backbone Sequence Side Chains characterization
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Generative diffusion process

Forward SDE. Training. Data to Noise.

Reverse SDE. Generation. Noise to Data



Whitening

Raw Data Whitened Data

transformation el LT
Correlated diffusion 5 5
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Correlated forward SDE process
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dx = Rdz = —?det + \/ERdw




Constraints as a de-whitening transform




Constraint — Chain Structure
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Constraint - Radius of Gyration
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Reverse-time SDE
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Correlated Reverse-time SDE

1
dx = (_E x — RR™V, log pt(x)> B.dt + /B, RAW



Score Estimation
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Optimized denoiser
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Optimized denoiser

Noisy structure Predicted denoised structure
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Reduced computational complexity

Random Graph
Neural Network
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Sub- O(N?) scaling - Random edge sampling

Deterministic graph Random graphs Mixed graph

k-NN Inverse cubic 20 k-NN + 40 Inverse Cubic




Backbone graph neural network
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Equivariant geometry solver




Invariant local frame relations
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Equivariant geometry solver
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Sampling of the backbone - overdispersion
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state x

Low temperature sampling — reweight and

concentrate

Oracle distribution p;(x)
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Annealed reverse-time SDE
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Score evolution

Estimated Score
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Score evolution

Estimated Score

Data Score

NSNS NN NNy

Data Density
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Annealed Langevin dynamics
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Hybrid Langevin SDE

dx
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From backbone to sequence and heavy atom
position

Sampled protein All atom protein
complex backbone » complex




Design Network
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Conditional modeling

Design Network All atom
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Conditional modeling

Bayes’ rule
p(x)p(y|x)

p(y)

p(x|y) =

Bayes’ rule for score functions
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Conditional modeling




Symmetry and substructure guided diffusion
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Evaluation

* 50,000 single chains, 10,000 complexes - qualitative
* 10,000 single chain proteins - quantitative

*\,=10
° LIJ — 2
* 200 steps

* Single chain lengths N: p(N) = 1/N
* Complex # chain and N = # chain and N of random complex from PDB



Evaluation — Secondary structurs
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Evaluation — Residue interactions

Contact Order

Amino acid index
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Evaluating Chroma by structure prediction
with OmegaFold

Generate Structure Design Sequence Predict Structure
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Evaluation -

M-scores
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Protein length

Evaluation - TM-scores
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Evaluation - Novelty and structural homology

Novel Fold
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Evaluation - TERMs




Evaluation - Closest-match RMSD for TERMs
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Limitations

+ combination of promising maturities in GDMs
+ elegant way they implement empirical knowledge

missing experimental characterization
no quantitative evaluations for many designs and design choices

no benchmarking

sequential generation of backbone, sequence and rotamers

choice of model to evaluate folding



lluminating chr
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