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Kv7.2 pore stability shapes regulation by pharmacological activators
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Introduction
Kv7/KCNQ channels are crucial determinants of cellular excitability and exhibit dual regulation by membrane voltage and the signaling lipid phosphatidylinositol 4,5-bisphosphate (PIP2). Cryo-EM structures indicate close proximity of PIP2 with multiple drug binding sites. However, the functional interplay between PIP2 and drugs on Kv7 modulation is not understood. 
Methods
We used whole-cell patch clamp electrophysiology, rubidium efflux assays, and site-directed mutagenesis to investigate functional and pharmacological responses of Kv7.2 mutations that affect open state stability and/or drug sensitivity.
Results
Mutations at Kv7.2 residues R325 and K331/R332 in the S6-Helix A domain weaken Kv7.2 open state stability. Kv7.2[R325A] and Kv7.2[K331A][R332A] mutants compromise channel activity under ambient PIP2 levels, exhibiting severely reduced whole-cell conductance compared to WT Kv7.2. Also, these mutants exhibited pronounced insensitivity to the VSD-targeted activator ICA-069673, abolishing drug effects on deactivation kinetics and current magnitude. In contrast, mutant channel activity is powerfully augmented (≥20 fold) by the pore-targeted activator ML213. This stabilization of the open pore by ML213 rescues sensitivity of Kv7.2 gating modulation by ICA-069673, and this sensitivity can also be enhanced by elevation of membrane PIP2 content.
Conclusions
Our results demonstrate that open state stability strongly influences Kv7.2 sensitivity to VSD-targeted activators. We speculate that the open Kv7.2 pore conformation enables PIP2 binding in an orientation that couples the open pore and VSD, and contributes to formation of a stable ICA-069673 binding site in the VSD. These findings suggest a structural basis for PIP2 regulation of drug sensitivity in Kv7.2 channels.
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