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Introduction
KCNQ-encoded neuronal Kv7 (Kv7.2–Kv7.5) voltage-gated potassium channels play a key role in regulating neuronal excitability. Dysfunction of these channels is implicated in a wide spectrum of neuropsychiatric disorders, including epilepsy, neurodevelopmental disorders, and neurodegenerative diseases, making them attractive therapeutic targets. Retigabine, the first clinically approved Kv7 channel opener, demonstrated the therapeutic potential of Kv7 activation but was withdrawn mainly due to chemical instability. We have recently performed systematic structure-activity and pharmacological studies to identify and characterize novel series of retigabine analogues with improved pharmacodynamic and pharmacokinetic characteristic as Kv7 activators over the parent compound. These efforts led to the identification of compound 60 (c60), a chemically-stable, highly potent and effective Kv7 channel activator exhibiting stronger in vivo anticonvulsant effects when compared to retigabine. Preliminary results from modelling and mutagenesis experiments performed using the Cryo-electron microscopy (cryo-EM) structures of retigabine-bound Kv7.2 suggested that the c60 side chain accommodates into a large lipophilic cavity positioned at the S5-S6 interface of the pore domain (PD). This region undergoes to critical structural rearrangements during channel opening. Here, we describe a new medicinal chemistry campaign exploring this specific region of the c60 binding pocket: Specifically, we  designed and synthesized a novel series of analogues in which bulkier substituents were introduced at the amide nitrogen of retigabineSeveral variants in KCNQ2, KCNQ3 and KCNQ5 genes promote gain-of-function (GoF) effect that are responsible for neonatal encephalopathy, autism and various degrees of neurodevelopmental delay, with or without epilepsy. This suggests the potential of Kv7 blockers in the treatment of these pathological conditions. On the other hand, pharmacological inhibition of neuronal Kv7 channels has been suggested as a suitable strategy to counteract neurotransmission deficits responsible for cognitive decline in Alzheimer disease and motor symptoms in Parkinson’s disease. Thus, Kv7 channels blockers are attractive therapeutic tools. However, no Kv7 blocker provided of suitable pharmacokinetics and pharmacodynamic properties and selectivity is currently available. .

Methods
To investigate the molecular basis of Kv7.2 modulation, we combined synthetic and analytical chemistry approaches with in silico modelling and cryo-EM structural studies. 
Here, we describe a new medicinal chemistry campaign exploring this specific region of the c60 binding pocket, which resulted in the serendipitous identification of a novel analogue (c106) which acts as a potent Kv7 inhibitor, due to the presence of a different substituent at the amide nitrogen of the progenitor compound. The molecular basis for such opposite functional behavior of c60 and c106 were rationalized by means of synthetic and analytical chemistry approaches combined with in silico studies and cryo-EM resolution of human Kv7.2 channels in complex with both c60 and c106. 
Results
Among the tested compounds we identified compound c106 acting as a potent Kv7 inhibitor. Cryo-EM and in silico analyses revealed that the activator c60 and the blocker c106 bind to the same hydrophobic pocket located at the S5–S6 interface within the pore domain, between adjacent subunits. Despite sharing a common binding site and several conserved interactions, the two compounds stabilize distinct conformational states of the channel. Specifically, c60 binding is associated with an open-state conformation, whereas c106 promotes a closed-state configuration. Comparative structural, computational, and mutagenesis analyses identified residue L307 as a critical determinant of these divergent effects. Substitution of L307 with smaller residues (alanine or valine) abolished the inhibitory action of c106, while leaving c60-induced channel activation largely unaffected.
Our results indicate that c106 acts as a subtype-selective Kv7 blocker with nanomolar potency. Comparison of the cryo-EM structure of Kv7.2 in complex with c106 and that with c60, together with additional modelling and mutagenesis results, revealed the molecular basis for the opposite functional consequences prompted by c106 and c60. 
Conclusions
These results, besides providing structural and functional insights into Kv7 channel gating, expand the arsenal of pharmacological tools available to modulate Kv7 channels, which may prove essential to guide the further design of Kv7 modulators with enhanced selectivity and specificity.
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