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• Four key atoms N∗, 𝐶𝛼
∗ , 𝐶∗ , 𝑂∗ → 

rigid frame.

• Rotation matrix 𝑟𝑛 , translation 

vector 𝑚𝑛.

Side-chain atoms

• Torsion angles 𝜒 ∈ [0,2𝜋)4.

Challenges & Problems 

• PPI interfaces depend on surface complementarity & 

hydrophobic patterns.

• Most methods: backbone or full-atom generation, but rarely 

joint surface + structure with receptor context.

• Goal: generate ligand (peptide) surfaces and backbones 

complementary to a target receptor.

➢ Use receptor surface as informative prior (not Gaussian noise).

➢ Denoising Diffusion Bridge Model (DDBM) maps receptor surface → 

ligand surface.

➢ Doob h-transform constructs a diffusion bridge between receptor 

and ligand endpoint distributions P0, 𝑃𝑇.

Surface-Frame Matching Networks

➢ Backbone via SE(3) diffusion over frames (translations + torsions).

➢ Surface–Frame Matching Network for bidirectional info flow.

➢ Multi-modal diffusion completes full peptide (surface + side-chains).

• PepBridge (Bb+Seq+Surf) achieves top with low Cα-RMSD.

• Joint surface–backbone co-design improves binding-site coverage and 

stability over backbone-only baselines.

Visualized examples show PepBridge generating ligand surfaces and backbones 

that tightly complement receptor pockets at the binding interface.

Modeling interface geometry with a diffusion bridge + SE(3) backbone 

yields complementary, stable designs. 


	Slide 1

