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Structural insights into cholesterol regulation of inwardly-rectifying K+ channels
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Cholesterol is known to play a significant role in regulating the function of multiple membrane proteins including a growing 
number of ion channels. Our studies focus on inwardly-rectifying K+ (Kir) channels that are ubiquitously expressed 

in mammalian cells and are known to play key role in membrane excitability and shear stress sensation. In this study, we 
have shown that Kir channels are suppressed by loading the cells with cholesterol and enhanced by cholesterol depletion. A 
series of studies revealed that cholesterol interacts with the channels directly by stabilizing them in a long-lived closed “silent” 
state and that multiple structural features of the channels are essential for conferring their cholesterol sensitivity. Using a 
combined computational-experimental approach, we show that cholesterol may bind to two non-annular regions that form 
hydrophobic pockets between the transmembrane helices of the adjacent subunits of the channel. The location of the binding 
regions suggests that, cholesterol modulates channel function by affecting the hinging motion at the centre of the pore-lining 
transmembrane helix that underlies channel gating. In addition, we identified a series of residues in the C and N-terminus of 
the channel. These are critical for conferring cholesterol sensitivity to the channels, but are not part of the binding sites. These 
residues form a distinct cytosolic structure, a cholesterol sensitivity belt which surrounds the cytosolic pore of the channel in 
proximity to the transmembrane (TM) domain, and includes residues whose mutation results in abrogation of the channel’s 
cholesterol sensitivity. Further analysis identified a reversal residue chain comprised of residues that link one of the cholesterol 
sensitivity belt residues with a distant cytosolic residue that constitute a two-way molecular switch of the channel sensitivity to 
cholesterol. Further studies are needed to elucidate the connection between cholesterol binding and channel.  
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