NANOSCALE STRUCTURES IN MODEL PHOSPHOLIPID BIOMEMBRANES PROBED BY PULSED DIPOLAR EPR SPECTROSCOPY
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Pulsed dipolar EPR spectroscopy (PDS) is widely used in various biophysical applications to study nanostructure of spin-labeled biomolecules. Among the various versions of PDS, the most commonly used is the double electron-electron resonance (DEER, also known as PELDOR). DEER is usually applied to double-spin labeled molecules. However, mono-spin labeled molecules can be used to study the nanostructure of biological membranes using the DEER method. In particular, this approach has revealed the self-organization of guest amphiphilic molecules in phospholipid bilayers, which can be described within the framework of the “chessbox” model [1].
     It is widely accepted that the plasma membrane is largely divided into compartments in which lipids and proteins are organized into distinct nanoscale domains. More ordered domains are called lipid rafts; these domains are thought to compartmentalize membrane processes. Formation of lipid rafts is also known for the simpler model systems of cholesterol-containing lipid bilayers. In addition to the DEER experiment, we also used the two-pulse electron spin echo method, "cleaned" from the influence of thermal relaxation (2p ESE), to study raft-containing systems [2]. The combination of these two PDS methods for spin label nanoclusters allowed the classical DEER experiment to avoid the difficulties arising from the interference of different dipolar pathways. Using this combined approach—see Fig. 1—we found that amphiphilic guest molecules in the raft-containing lipid bilayers form isolated clusters of about 4 nm in size, containing 6-8 molecules located at least 1.3 nm apart. This result can be explained by the direct interaction of amphiphilic guest molecules with lipid rafts.
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Fig. 1.  Combined DEER and 2p ESE time traces obtained for spin-labeled ibuprofen drug in the raft-containing model phospholipid bilayer [2].  The smooth solid line is the simulation for the model of 6-membered nanocluster.
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