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A gating nexus between the S6-Helix A and Helix C domains stabilizes the active conformation of Kv7 channels
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Introduction
Kv7 (KCNQ1-5) channels exhibit polymodal regulation by factors such as voltage, calmodulin and PIP2. PIP2 binding to the S4-S5 linker and S6-Helix A (HA) stabilizes channel opening. Kv7 channels also possess long intracellular C-termini involved in calmodulin and PIP2 regulation. The most conserved regions of the long C-terminus are Helix A and the 30 amino acid Helix C (HC), which contains a pair of aspartate residues that are absolutely conserved among all Kv7s.
Methods
We used whole-cell patch clamp electrophysiology of candidate mutant sites identified by analysis of various Kv7 channel cryo-EM structures. Rapid drug application and PIP2 modulation by DrVSP enabled time-resolved manipulation of drug and PIP2 levels.
Results
We demonstrate that arginine residues (Kv7.2 R325 and R332) in the S6-helix A domain interact with conserved aspartates (Kv7.2 D563 and D566) in helix C to form an intrasubunit gating nexus. These interactions do not directly involve PIP2, but appear to stabilize the open pore conformation, which is essential to form a stable complex with PIP2. Individually, Kv7.2[R325A] and Kv7.2[R332A] mutants cause profound loss of activity under ambient PIP2 conditions, but are enhanced by PIP-5-kinase overexpression (to elevate PIP2 levels) and/or the Kv7 activator, ML213. Identical results are observed with mutations at predicted partner sites, Kv7.2[D563A] and Kv7.2[D566A]. Moreover, disruption of these interactions causes channels to become highly sensitive to DrVSP-mediated rundown in ML213, suggesting weakened association with PIP2. Combinatorial mutants [R325A][R332A] or [D563A][D566A], which disrupt both interaction pairs are not rescued by PIP-5-kinase overexpression, and poorly activated by ML213.
Conclusions
In summary, we demonstrate that a conserved Kv7 gating nexus between the S6-Helix A and Helix C is essential for stabilization of open channels by either PIP2 or activator drugs.
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