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Introduction
• Many crucial biological processes are regulated by intricate networks 

of protein-protein interactions.

• In protein engineering, especially in therapeutic discovery, inducing 
amino acid mutations on the protein-protein 
interface is essential for modulating binding 
affinity.

• When different ligands bind to the same receptor,
side-chain conformations vary significantly, even 
though backbone conformations remain 
consistent.
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Motivation
• When docking with various ligands, the side-chain conformations at 

the protein interface can change.

– Is it possible to use a generative model to capture the uncertainty in side-chain 
conformations?

– Can the generative model enhance our predictions of mutational effects on 
protein-protein interactions?
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Method - SidechainDiff
• It's the first probabilistic model employing conditional Riemannian diffusion for 

protein side-chain conformations.
• Additionally, it captures the structural context of mutations at the protein-protein 

interface.
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Method - DiffAffinity
• A model that leverages the representations from SidechainDiff to 

forecast changes in binding free energy due to mutations.
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Results
• DiffAffinity surpasses all baseline models in nearly every metric, 

achieving state-of-the-art results on the SKEMPI2 dataset.
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Results
• Representations from SidechainDiff are more adept at distinguishing 

data based on varying binding free energy values.
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Results
• DiffAffinity aids in optimizing antibodies against the SARS-CoV-2 

spike protein and in mutational scanning of the spike protein's 
receptor binding domain (RBD).
– Predicting the impact of every single-point mutation on the binding affinity of the ancestral 

Wuhan-Hu-1 RBD (PDB ID:6M0J).
– Optimizing human antibodies targeting the SARS-CoV-2 spike protein (PDB ID:7FAE).
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Results
• SidechainDiff outperforms energy-based approaches and matches the 

performance of RDE and AttnPacker
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Results
• SidechainDiff accurately forecasts the plausible variations in side-

chain conformations.
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Thanks
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