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Abstract 
 
Generative models for de novo molecular design have been the subject of immense interest in drug 
discovery, reducing the time and cost to identify hits from the vast chemical possibilities. Low 
generalizability, however, is still a big huddle to develop a generative model for structure-based drug 
design where the data is often sparse and biased, leading to poor-quality samples designed for the 
unseen target protein. Here, we propose a target protein-focused 3D molecular generative framework 
that explicitly models structure-activity relationships (SARs) between the protein and the ligand to 
improve the model generalization. The framework adopts the encoder-decoder architecture, where 
the encoder maps the local 3D context of binding pockets to a latent space while the decoder 
sequentially grows the ligand from the latent vector to fulfill the given SAR conditions. We show that 
this strategy enables our framework to achieve generalizability and interpretability by unveiling the 
model's decision in each sampling step and evaluating the contribution of generated protein-ligand 
interactions in binding stability via short MD simulation. Furthermore, we demonstrate the effect of 
using different SAR conditions on the sample distribution in terms of binding affinity and enrichment 
factor toward the target protein to control the potency and selectivity of designed ligands. 


