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ATOMISTIC INSIGHTS INTO KV7.2 VARIANT-INDUCED DYSFUNCTION: A MOLECULAR DYNAMICS STUDY
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Kv7.2/3 channels, encoded by members of the KCNQ gene family, are responsible for generating the M-current, a slowly activating and deactivating potassium conductance that plays a critical role in neuronal excitability [1]. Variants in the KCNQ2 gene have been linked to phenotypically heterogeneous neurological diseases, ranging from self-limited familial neonatal epilepsy (SLFNE) at the mild end to neonatal-onset developmental and epileptic encephalopathy (NEO-DEE) at the severe end, making this protein a prime candidate for drug development [2]. While most mutations in the Kv7.2 pore reduce the M-current, a new class of Gain-of-Function (GoF) variants, affecting residues near the intracellular side of the pore's inner gate (IG), have been recently identified [3,4]. In addition, a Loss-of-Function (LoF) variant, located in the helices behind the selectivity filter, has been reported to induce an inactivated-like state of the channel, a conformation physiologically absent in Kv7.2, which does not undergo inactivation under normal conditions [5].
Here, we first investigate the impact of three IG GoF mutations (G313S, A317T, L318V) on the structure of the wild-type (WT) Kv7.2 protein using all-atom molecular dynamics (MD) simulations on the microsecond timescale at different voltages, analyzing both closed and open-channel configurations. All the examined GoF mutations induced a widening of the gate of the closed configuration with respect to the WT protein, consistent with a GoF effect revealed by electrophysiological experiments, while they showed no effect on the open conformation [3].
We then investigated the LoF variant [A265V] through standard MD simulations on the microsecond timescale of the open-channel configuration. The mutation, located in the helices behind the selectivity filter, promoted a stable inactivated-like state of the channel pore. Based on our simulations, we propose a non-canonical inactivation mechanism driven by the formation of a hydrophobic interaction cluster that destabilizes the selectivity filter, revealing a pathological mechanism distinct from that of the GoF variants. In conclusion, we provide an atom-detailed structural characterization of different Kv7.2 variants, which is crucial to understanding the molecular mechanisms underlying the different phenotypes.
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