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)Abstract—The enzymes known as cytochrome P450 (CYP) process 75% of clinical drugs, and therefore, the precision of drug
enzyme interactions should be key in developing pharmaceuticals. Nonetheless, state-of-the-art Al technologies are unable to integrate
3D protein structure with textual information, which limits their application in drug metabolism forecasting. Our structure-aware
retrieval augmented generation (RAG) model integrates AlphaFold structures, experimental PDB data, and scientific literature data
via two text geometric projections. Our weight optimized hybrid retrieval formula with a=0.7 attains NDCG@10=0.847, an
improvement of 35.9 per cent over text only methods. It uses biology conscious chunking based on functional protein domains (31.3%
of the performance), geometric embeddings (26.5%), and cross enzyme attention mechanisms to process CYP3A4, CYP2D6, and
CYP2C19. It is much better than current techniques, such as D-CyPre (F1: 0.669) and DEEPCYPs, and performs quantitative
structural measurements that are crucial for drug design. Provenance tracking is implemented using blockchain, which ensures
scientific reproducibility and addresses the gap between general purpose language models and specialized molecular modelling tools.
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