
Our sensations, movements, thoughts and heartbeats are governed by electrical impulses that origi-
nate from the flow of ions across the membrane of cells.  The gateways for the flow of ions are called 
ion channels, which are integral membrane proteins that permit the selective passage of potassium, 
sodium, calcium and chloride ions across the cell membrane.  The aim of my research is to under-
stand the physical principles underlying the operation of ion channels, especially K+ channels. We 
have determined the atomic structures of a variety of K+ channels in order to understand how they 
conduct K+ ions at rates approaching the diffusion limit, while at the same time exclude Na+ ions 
nearly perfectly. K+ channels have a selectivity filter in which main-chain oxygen atoms from the 
protein replace the water molecules that normally surround a hydrated K+ ion, thus allowing K+ to 
diffuse across the membrane. The protein structure enables this filter to adapt to K+ ions, but not to 
the smaller Na+ ions, ensuring that only K+ ions are allowed to cross. The atomic structures also 
show us how K+ channels can open a gate through the motion of α-
helices that expand or constrict, akin to a camera’s aperture, to open 
or close the pore. Certain channels, known as voltage-dependent chan-
nels, are equipped with a molecular voltmeter, so the channel can open 
its gate in response to the value of the membrane voltage. This kind 
of channel is essential for the propagation of electrical impulses. Our 
atomic structures have begun to show how the voltmeter ‘reads’ the 
membrane voltage and conveys its signal to open the gate. Through 
these studies we hope to develop an in-depth understanding of life’s 
electrical machinery.
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