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Gating mechanism of a potassium channel, experimental and theoretical studies
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Abstract (not more than 300 words)

Inwardly-rectifying potassium (Kir) channels are transmembrane proteins responsible for the membrane electrical excitability and K+ transport; it controls the membrane resting potential by  opening and closing the channel. Some mutations blocks this gating causing channelopathies including Andersen’s syndrome, a rare disease currently without treatment, causing periodic paralysis or serious heart problems. So this study is focusing on the KirBac3.1 homologous to human Kir2.1 in order to understand the gating mechanism of this channel. 
This investigation was achieved on the wild-type protein and two mutants S129R and W46R. S129R is known to predominantly favor the opening while W46R the closing, so the channel cannot regulate the K+ concentration by modulating the closing/opening mechanism. To study the behavior of these three systems, Molecular Dynamics using excited Normal Modes (MDeNM) method was used. The Molecular Dynamics (MD) allows us to observe particularly fast and small amplitude movements such as side-chain movements or loops, while the normal modes  describes slow and collective movements of large amplitude. This mixed approach gives access to a wider exploration of the conformational space than MD alone, and allows moreover to determine the conformational populations of the different states (open and closed).
The simulations carried out with MDeNM provided us the intermediate structures between the closed and open ones. They allowed us  to determinate the key motions in the gating like the involvement of the cytoplasmic domain and slide-helix as well as  of the transmembrane helices during the opening of the channel. These observations were confronted to experimental data obtained with HDX-MS Spectrometry for validation. Moreover our laboratory  obtained cryomicroscopic images of Kir2.1 from which the determination of its 3D structure is presently being conducted. 
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