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G protein-coupled receptors (GPCRs) remain one of the most important target classes in drug discovery, but reliable prediction of ligand activity is still difficult because of subtype diversity, ligand promiscuity, and uneven bioactivity data [1–4]. From a scientific perspective, reproducible subtype-aware prediction is important for fair benchmarking, better generalization across receptor families, and support of virtual screening, repurposing, and deorphanization [3, 4].
This study combines large-scale data mining from ChEMBL (ebi.ac.uk/chembl/), BindingDB (www.bindingdb.org/), GPCRdb (gpcrdb.org), and UniProt (uniprot.org) with the construction of a shared database, multi-threaded data curation, and benchmarked training of SMILES-based transformer and graph-transformer models in PyTorch, including automated hyperparameter tuning, logging, and fine-tuning.
The current results demonstrate both the scale of the assembled dataset and the practical feasibility of the predictive approach. A high-confidence GPCR corpus containing over one million ligand-target records has been created, providing a solid basis for model development and evaluation, and initial subtype-aware achieved up to 90% accuracy in active/inactive prediction on benchmark subsets.
Overall, the study provides a reproducible GPCR ligand-activity prediction framework supported by a large integrated dataset and automated workflows for data updating, validation, benchmarking, and model optimization. This foundation supports accurate and scalable prediction of GPCR ligand activity and can be used for virtual screening and other downstream discovery workflows.
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