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Kv7.1:  from Ix1 to LQT-1 molecular physiology and disease
 Robert S. Kass 
1Department of Molecular Pharmacology & Therapeutics, Columbia University Medical Center, New York City, USA
Introduction
In 1969 R.W. Tsien and Dennis Noble reported finding a slowly activating outward membrane current that that controlled, in part, the duration of the cardiac ventricular action potential. The discovery of this K+-sensitive current led to unraveling the role of Kv7.1 in cardiac electrophysiology and congenital arrhythmias. 
Methods
Single cell and multicellular electrophysiology of cardiac myocytes along with clinical and genetic analysis of patients.
Results
Two  components of slowly activating current, were reported  and one, named Ix1, because although sensitive to extracellular K+, it wasn’t clear that it was  K+. Ix1 became the focus of electrophysiologic studies of cardiac cells and a key role of Ix1 in cardiac electrophysiology emerged after Kass and Wiegers showed marked Ix1 enhancement by noradrenaline. Sanguinetti and Jurkiewicz found two K+ channels in guinea pig ventricular myocytes: IKs and IKr. IKs, a slowly activating current was indeed Ix1. Using positional cloning, a new putative K+ channel gene, KVLQT1, was discovered. Coassembly of KvLQT1 with a key beta subunit, mink, formed the the IKs channels previously reported by Sanguinetti and Jurkiewicz.  Mutations in the KVLQT1 gene, the gene coding for the, the KCNQ1 or Kv7.1 alpha subunit, were the first channel mutations (variant 1) shown to underlie the Long QT Syndrome (LQTS). A critical study of genotype-phenotype correlations in LQTS revealed gene-specific triggers of serious or fatal cardiac events for LQT1 mutation carriers, occurred when mutation carriers exercised. That IKs was shown to be strongly modulated by adrenergic agonists linked this property of the IKs channel to cardiac events in LQT1 patients. The molecular basis for this link was found to be the assembly of a macromolecular signaling complex on the KCNQ1-KCNE1 K+ channel carboxy terminus which is required for a functional response to beta adrenergic stimulation during exercise.  The molecular bridge to adrenergic modulation of the channel is the A kinase-anchoring protein, AKAP-9 or Yotiao, a protein that brings protein kinase A, phosphatase, adenylyl cyclase, and phosphodiesterase to the KCNQ1 carboxy terminus providing key enzymes for rapid phosphorylation and de-phosphorylation of the channel in response to increase sympathetic nerve activity during exercise.
Conclusions
The discovery of K+ sensitive ionic current by Noble and Tsien paved the way to revealing the key physiological roles of the Kv7.1 channel in the heart and its critical contribution to the most prevalent variant of  LQTS, LQT-1, which can lead to SCD during exercise.
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