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Abstract 

Regulation of Voltage-Gated Sodium Channels by Calcium Ions and Auxiliary Subunits 

 

Voltage-gated sodium channels are integral membrane proteins that can rapidly depolarize the plasma 

membrane. They are responsible for the action potential in many excitable cells, including neurons and cardiac 

myocytes. The cardiac sodium channels are targets for a multitude of mutations that cause Long-QT and 

Brugada syndromes, two types of inhereted arrhythmias. They consists of two subunits: a pore-forming alpha-

subunit, which forms the ion conduction pathway, and an auxiliary beta-subunit, which can have profound 

effects on protein expression, pharmacology, and electrophysiological properties. Sodium channels undergo 

very complex regulatory events, and have the property to inactivate, a process whereby channel activity is shut 

down. The rapid inactivation is mediated by distinct cytosolic components that form hot spots for disease-

causing mutations. Here we describe high-resolution crystal structures of the auxiliary subunits, and of the 

inactivation machinery. Coupled with electrophysiological assays, we describe mechanisms that can regulate 

channel inactivation, and the mechanisms through which disease-associated mutations can affect channel 

function. 

 

 


