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Introduction

EPR spectra at 94 GHz or higher are sensitive to lipid lateral ordering, which provides key information on the structure and dynamics of biological membranes as well as protein-lipid interactions. High-frequency high-field EPR improves spectral resolution through increased g-factor resolution, enabling the determination of the motionally averaged gxx–gyy anisotropy, which reflects lipid lateral ordering. Lipid rafts are domains of plasma membranes enriched with cholesterol and sphingolipids and are essential for cellular functions. Here, we investigated the lateral ordering of lipid rafts using high-field EPR. X-band (9 GHz) and W-band (94 GHz) EPR have been used to define the axial and nonaxial (lateral) ordering of lipids with different lipid compositions, respectively. The particular interest of this study is to illustrate the higher sensitivity of lateral ordering to characterize raft domains in lipid membranes in comparison with axial ordering. 
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Experimental


Continuous wave (CW) EPR measurements were carried out using a Bruker E680 X/W-band spectrometer and a W-band HiPER spectrometer at the NHMFL. Spin-labeled lipids, 5-PC, were used as spin probes to study lipid lateral ordering.
To prepare liposomes, 1 mg lipids with 1-2% spin-labeled lipids were dried and hydrated in 20 µL of 100 mM KCl, 20 mM HEPES, pH 7 and were subsequently centrifuged for 20 minutes. The supernatant of the samples was removed using pipette tips and then loaded into 0.15 mm quartz capillary tubes. 
Results and Discussion


To compare lateral ordering in different lipid compositions, a series of EPR spectra were collected and compared in X- and W- bands. Lipids with various ratios of phospholipids (PC), sphingomyelin (SM) and cholesterol (Chol) were prepared. Lipids rafts contain high content of SM and Chol, such as PC/Chol/SM (1:1:1). The spectra in X-band were shown in Fig.1, left panel. Lipid axial ordering was represented by the splitting of the EPR peaks, 2AZZ.  Fig.1 right panel shows the W-band EPR spectra of different lipid compositions using 5-PC spin label at room temperature. Large lateral ordering or gxx–gyy anisotropy was clearly shown for the lipids of PC/Chol/SM (1:2:2). In addition, PC/Chol (1:1) and PC/SM (1:1) showed greater lateral ordering than that of PC alone. Our data demonstrate that lateral ordering is a more sensitive parameter to characterize lipid compositions and raft-domain formations than axial ordering.
Conclusions

The analyses revealed that lateral ordering is more sensitive to raft-domain formation than the conventional order parameter. Lateral ordering is a sensitive parameter for lipid phase transition and cholesterol/sphingomyelin content. Our data also show that raft and nonraft domains exhibit distinct lateral order profiles across the lipid bilayer. Our results highlight the sensitivity of high-field EPR for elucidating membrane order and dynamics as well as protein–lipid interactions.
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�Fig.1 EPR spectra showing lipid lateral ordering in different lipid compositions with trace amounts of 5-PC in X-band (Left Panel) and W-band (Right Panel).








