Refining the α4(+)α4(-) nicotinic pharmacophore to advance development of subtype selective therapeutics
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Introduction: Drug development for neuronal nicotinic acetylcholine receptor (nAchR) is a field with few clinically successful compounds, owing to poor subtype selectivity of nicotinic agonists and antagonists. The α4(+)α4(-) binding site on the α4β2 nAchR subtype is a unique Ach binding site exclusive to the (α4)3(β2)2 isoform, presenting the opportunity for development of subtype selective modulators whilst avoiding the off-target liability seen in prior drug candidates. Structural studies have characterised a pharmacophore with a water-mediated hydrogen bond acceptor, a cationic/π-interaction centre and a ‘check-mark geometry’ that accounts for neutral and cationic ligands. 
Aims: To refine key parameters of the α4(+)α4(-) pharmacophore to enhance the development of (α4)3(β2)2 selective modulators.
Methods: Compounds from published literature and rationally designed virtual analogues are docked utilising Maestro Glide into the α4(+)α4(-) binding site, derived from human nAchR (PDB 6CNK) superimposed with NS3531, CMPI and NS9283 poses obtained from Kusay et al, 2025. Top ligands undergo GROMACS molecular dynamics simulation (explicit solvent, 100-200 ns) to assess interaction stability, water-bridge persistence and loop-C dynamics. Free-energy perturbation calculations are performed to estimate relative binding affinities.
Results: Early findings indicate CMPI, compared to NS9283 and NS3531, differs in water-bridge interactions formed with the α4(+)α4(-) site, informing the conformational difference of its binding pose despite holding the ‘checkmark’ geometry. The interaction between water and H116 in the poses of NS9283 and NS3531 correlates with stabilisation of the δ-tautomer. CMPI lacks this interaction with the α4(+)α4(-) site, with poses clustered at the ε-tautomer. 
Discussion: Whilst preliminary, these findings warrant ongoing refinement of the α4(+)α4(-) pharmacophore. Prior literature indicates the role of H116 in NS9283 activity, suggesting functionalisation of the α4(+)α4(-) pharmacophore with hydrophilic substituents towards H116 may enhance potency. This observation awaits findings obtained from the docking study and following evaluation to validate recommendations into rational drug design and development. 
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