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Structure-based Drug Discovery

• Structure-based Drug Discovery (SBDD) is one of 
the most critical strategies in drug discovery 
practices, focusing on the structure and 
interactions of protein-ligand complexes.

• Two core SBDD tasks:
• Protein-ligand binding pose prediction (docking)
• Pocket-aware 3D drug design A Protein-ligand complex

(from Wikipedia)



Three limitations of existing SBDD methods
• Underutilized duality: Protein-ligand docking and pocket-aware 3D 

drug design are naturally dual tasks, and improvements in docking 
performance could directly benefit drug design. However, this duality 
has not been leveraged by previous machine learning approaches.

• Challenges in modeling 3D information: Modeling 3D information is a 
key difficulty in SBDD, as protein sequences and small molecule 
graphs contain only discrete information, whereas 3D coordinates are 
continuous values.

• Limited data: Ground-truth data on protein-ligand complexes are 
scarce. Currently, the largest dataset, PDBbind, contains fewer than 
20,000 complexes, which is insufficient for training a robust machine 
learning model.



Our methodology: 3DMolFormer



3DMolFormer - Parallel Sequence Format 
for Protein-ligand Complexes



3DMolFormer - Dual-channel Model Architecture



3DMolFormer - Large-scale Pre-training



3DMolFormer - Fine-tuning for Two Tasks



Experiments - Docking



Experiments - Pocket-aware 3D Drug Design



Future Directions

• SE(3)-equivariant architectures vs. Non-equivariant ones
• Scaling of data / model

• Incorporation of protein flexibility
• Explicit modeling of intermolecular interactions
• Extension to all-atom modeling of proteins


