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Structure and phosphorylation mechanisms of the cardiac KCNQ1+KCNE1 channel under stress condition
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The cardiac KCNQ1+KCNE1 channel generates the slow delayed rectifier current (IKs), critical for ventricular repolarization and ß-adrenergic adaptation via cAMP/PKA phosphorylation, which increases current and speeds repolarization under stress condition. KCNQ1 loss-of-function mutations cause long QT syndrome type 1 (LQT1), the most common congenital LQTS; variants impairing cAMP response carry the highest risk of sudden cardiac death. Using cryo-EM (2.5–3.4 Å) and electrophysiology, we resolved structures of human KCNQ1+KCNE1 in both closed and open states. KCNE1 association induces six helix-to-loop transitions in transmembrane segments of KCNQ1—three at the S4–S5 linker, and the other three in S6 and helix A. These helix↔loop transitions dramatically remodel the IKs channel gating, ion permeation, PIP2 modulation (dual-PIP2 binding), and pharmacology (including a fenestration for IKs-selective modulators). Analysis of cAMP-insensitive LQT1 variants defined an “IKs PKA phosphorylation axis” spanning the KCNQ1 N-terminus to the pore, where high-penetrance variants cluster in >10,000 clinical cases. The small molecule ML277, binding at the center of the phosphorylation axis, rescues defective cAMP responses in high-risk variants and normalizes beating in patient-derived iPSC cardiomyocytes. These results reveal novel gating mechanism, integrate voltage-, lipid-, and phosphorylation-dependent control, and provide a foundation for targeted therapies to restore IKs function and prevent sudden death in high-risk LQT1.
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