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Introduction
[image: image2.png]Solid state NMR (ssNMR) is becoming a valuable tool for structural biology and in particular for the study of membrane-associated proteins. We describe a molecular rationale for a sample preparation strategy utilizing nitroxide radical labeled lipids that we recently demonstrated gave large dynamic nuclear polarization (DNP) NMR signal enhancements for membrane embedded peptides.[1],[2] Analysis of EPR line shapes of SL-lipids of varying molar concentrations and in different locations within the lipid yield the average distances and dipolar interactions between SL-lipids. From the strength of the dipolar interactions and relative orientational disorder, we propose a molecular level understanding of the concentration dependence and depth dependence of SL-lipids on DNP enhancements obtained.
Experimental

1:1 DPPCd62:POPC liposomes were prepared by mixing DPPCd62, POPC, and the stated amount of SL-lipid. X-band CW EPR measurements of liposomes were made at both 100 K and 282 K. 13C CP DNP MAS ssNMR measurements were made at 600 MHz/395 GHz, ~ 100 K, and 5 kHz MAS utilizing a Bruker 3.2 mm H/C/N DNP MAS ssNMR probe. 
Results and Discussion


The largest DNP enhancement was observed for 3 mol% SL-lipid (Fig. 1A) and yielded an effective electron-electron dipolar interaction of 47 MHz, as measured from dipolar broadened CW EPR spectra (Fig 1B). As the amount of SL-lipid was increased the electron-electron dipolar coupling          increased accordingly; 130 MHz at 6 mol% and at least 240 MHz at 8 mol%. In addition, the largest DNP enhancement observed was for 3 mol% TEMPO-PC (Fig. 1C). CW EPR spectra of TEMPO-PC, 7-Doxyl-PC, and 16-Doxyl-PC (Fig. 1D) show the most orientational anisotropy for 7-Doxyl-PC and the least for 16-Doxyl-PC; TEMPO-PC was intermediate compared to the two latter SL-lipids.
Conclusions
Monoradical SL-lipids at concentrations effective for maximal DNP exhibit electron−electron dipolar couplings similar to that of nitroxide biradicals. In addition, the distribution of nitroxide conformations differs based upon the location of the radical within the lipid molecule, which affects the relative orientations between the nitroxides’ g-tensors and subsequent DNP efficiency. Overall, a SL-lipid concentration of 3 mol % gave an average dipolar coupling of 47 MHz and the intermediate mobility of lipid headgroup bound nitroxide radicals yielded the most efficient DNP enhancement.
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Fig � SEQ Figure \* ARABIC �1�: A) DNP enhancement measured as a function of 7-Doxyl-PC mol%. B) X-band CW EPR absorption spectra measured as a function of 7-Doxyl-PC mol% at 100 K. C) DNP enhancement of the indicated polarization agent. D) X-band CW EPR derivative spectra of indicated SL-lipid at 282 K.









