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Introduction
KCNQ1 (Kv7.1) is a voltage-gated potassium channel protein with critical roles in membrane ion transport throughout the human body, contributing to physiological processes like cardiac repolarization, epithelial ion transport, and auditory function. In the heart, KCNQ1 assembles with KCNE1 to form the slow delayed rectifier current, known as IKs. Dysregulation of this major repolarizing current, caused by mutations in KCNQ1, is associated with atrial fibrillation, the most common non-lethal cardiac arrhythmia, and less common life-threatening arrythmias that include Long QT syndrome type 1 (LQT1) and Short QT syndrome type 2 (SQT2). 
Methods
Here, we use cryo-Electron Microscopy (cryo-EM) to report the structures of the Xenopus KCNQ1 xE1R/R2E (xE1R/R2E) intermediate, and wild-type (xWT) activated states in the presence of UCL2077, a potent state-dependent inhibitor of KCNQ1. Patch clamp electrophysiology of point mutations is used to investigate the importance of putative binding site residues.
Results
The structures reveal that, in contrast to previously studied compounds that bind to KCNQ channels, UCL2077 breaks the four-fold symmetry of the channel and binds only in two diagonal protomers. In the intermediate and activated xKCNQ1 states, the UCL2077 binding site is in a hydrophobic pocket formed by S5-S6 helices and the filter helix from one protomer, and the S6 helix from the adjacent protomer. The binding of UCL2077 in the xE1R/R2E structure triggers voltage sensor domain rotation as well as global and local S6 conformational changes which place residues, including a central phenylalanine, in the inner vestibule which causes an allosteric pore blockade via a regional collapse of the ion permeation pathway. Mutagenesis results from voltage clamp experiments confirm the binding site, and MD simulations suggest that UCL2077 may stabilize a rare conformational state of the channel S6. We further explore UCL2077 preferential binding in the xE1R/R2E intermediate state over the xWT activated state and its selectivity for KCNQ1 over other KCNQ channel isoforms.
Conclusions
Our structures establish an allosteric pore-blocking mechanism for KCNQ1 channels, with potential applicability to neuronal KCNQ family channels. By revealing how UCL2077 binding stabilizes a specific conformational state of the channel, we provide a mechanistic framework for understanding state-dependent inhibition. Furthermore, the UCL2077-bound complexes offer structural templates to guide structure-based drug discovery for the development of new therapeutic agents. 
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