Active learning‑guided docking with QM rescoring and FEP for PGK2 selectivity
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Introduction. Phosphoglycerate kinase‑2 (PGK2) underpins sperm bioenergetics and fertility. CACHE Challenge 7 requests orthosteric inhibitors that exclude quinazolines while achieving potency for PGK2 and selectivity over PGK1. Available apo, ATP‑bound and ligand‑bound structures reveal an enclosed adenine pocket with conserved waters and minor PGK2/PGK1 side‑chain differences that can be leveraged for selectivity.
Aims. To prospectively identify non‑quinazoline chemotypes with IC50 < 10 µM and ≥20‑fold PGK2/PGK1 selectivity (primary hits IC50 < 50 µM and ≥5‑fold) using a modular, scalable funnel workflow.
Methods. Active‑learning docking (AL‑Dock) steers large‑library exploration and is paired with learned pose filters. Cross‑docking against PGK1 penalises dual binders and a SMARTS rule removes quinazolines. Surviving poses are rescored with a SQM2.20 protocol (PM6‑D3H4X, implicit solvation, entropic proxy) on matched PGK2/PGK1 complexes assembled from apo 2P9Q, ATP‑bound 2PAA and ligand entries; conserved waters/ions are retained. Top series advance to free‑energy perturbation (FEP) for ΔΔG refinement. Cycle sizes are set from realised docking throughput.
Results. By mid‑2026 we will report prospective enrichment on held‑out sets, selectivity distributions versus PGK1, diversity/synthesizability summaries and purchase shortlists as the challenge proceeds. Discrepancies between SQM2.20 and FEP will prioritise hydration, protonation and cofactor‑state hypotheses for iteration.
Discussion. A staged approach with AL‑Dock for large scale screening, quantum‑mechanical rescoring for physics‑based refinement, and FEP for confirmation aims to deliver selective PGK2 chemotypes efficiently and transparently while adhering to CACHE‑7 constraints.
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