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Lipid-gated ion channels are a class of the
voltage-gated ion channel superfamily whose
conductance of ions through the membrane is modulated
by lipid binding. The most common mechanisms are
mediated by PIP, PA, or PG lipids in the inner leaflet of
the plasma membrane, that, due to their anionic charges,
are able to change the local membrane potential and
trigger the channel ion permeabilities. Other
mechanisms include the mechanosensitive ion channels
that respond to lipid tension, thickness, and hydrophobic
mismatch [1]. Several structures of these lipid-gated ion
channel proteins have been resolved, including the K+
channel Kir 2.2 (see Figure) [1] and the Kv7 [2], both in
complex with PIP2 lipid.
The goal of this project is to study at the
molecular level the role of these anionic lipids in
triggering the ion conductance along these channels. We will use our state-of-the-art
constant-pH molecular dynamics method extended to deal with lipid bilayers (CpHMDL) [3] and the project will have the following tasks:
1- Parameterization of the anionic lipids and calibration of their pKa values;
2- Setup the Kir2.2 channel (PDB ID: 3SPG) in a POPC membrane environment
containing PIP2 lipids in the inner leaflet and retaining them in crystallographic
positions;
3- Perform CpHMD-L simulations at physiological pH of ion channel in the
presence and absence of anionic lipids to equilibrate their active and inactive states;
4- Calculate the K+ channel permeability in both lipid-bound and lipid-unbound
states using CpHMD-L simulations coupled with an umbrella-sampling protocol.
5- Write the thesis and prepare a scientific manuscript for publication.
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