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Magnetic Alignment of Cholesterol-Containing Bicelles at High Fields
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Introduction

Bicelles have been widely used as an important tool in biophysical studies, including characterization of the structure and dynamics of membrane proteins. Extensive NMR studies have used bicelles as platforms for years and bicelles have emerged as an effective system in recent EPR studies. Using magnetically aligned bicelles, the anisotropic features of EPR spectra can resolve unique information about membrane proteins and lipids. Bicelle alignment can be significantly improved at higher fields owing to stronger magnetic strength. Moreover, higher EPR spectral resolution can be obtained at higher fields, which can reveal unique and complementary information, to that of the X-band and lower fields, about the structure and dynamics of proteins and bilayers. In addition, developing cholesterol-containing bicelle techniques is important because mammalian membranes contain a high content of cholesterol ranging from around 20 to 50 mol %. In this study, we have achieved and characterized the alignment of cholesterol-containing bicelles at high fields using EPR.
Experimental 

EPR spectra were collected at the NHMFL. X-band (9.4 GHz) spectra were performed on a Bruker E680 spectrometer. W-band EPR experiments were carried out on a 94 GHz quasi-optical EPR spectrometer (HiPER) using an induction-mode cylindrical sample holder. 
Results and Discussion


Bicelles were prepared using phospholipids 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC), 1,2-dihexanoyl-sn-glycero-3-phosphocholine (DHPC), and cholesterol (CHOL). EPR signals were obtained by adding trace-amount of 2-(3-Carboxypropyl)-4,4-dimethyl-2-tridecyl-3-oxazolidinyloxy (5-SASL) in the bicelles. Bicelle alignment was enhanced by adding thulium(III) chloride hexahydrate. Alignment of DMPC/DHPC bicelles containing 20-30 mol% cholesterol (mol% of the long chain lipids) was investigated at X-band and W-band frequencies. A comparison of the randomly aligned and parallel aligned bicelles is shown in Fig.1 at 318 K. At 9 GHz (0.335T), the fraction of the aligned bicelles is ~82% while at the higher field of 3.35 T, increased alignment was observed (~100%). To be noted, significant lateral ordering in the lipid bilayers was observed at 94 GHz, which is consistent with the presence of high cholesterol content. Cholesterol has been shown to induce lipid lateral ordering. Therefore, this lipid composition can be used as a mimic for the ordered domains in the native mammalian membranes.
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Fig.1 EPR spectra of DMPC/CHOL/DHPC bicelles containing 5-SASL. For the spectra of parallel oriented bicelles, the fraction of aligned bicelles is given on the left of the spectra. All spectra were collected at 318 K.
Conclusions

This study illustrates the advantage of high-fields for EPR studies using bicelles with lipid compositions relevant to mammalian membranes. Enhanced bicelle alignment at higher fields has been demonstrated. Alignment of bicelles containing high cholesterol content has been achieved using high-field EPR in W-band. Our future plan is to elucidate the orientation of the membrane-bound segments of HIV surface protein gp41 using the developed method.
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