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NMR is an inherently insensitive technique, which results from the small Boltzmann population difference (i.e. polarization) between nuclear spin states at available magnetic fields. Dynamic nuclear polarization (DNP) is a technique aimed at mitigating the insensitivity of NMR. In short, the much larger polarization of an unpaired electron (i.e. polarization agent) is transferred to NMR active nuclei via microwave (MW) irradiation. 



To date, the most utilized polarization agents have been nitroxide biradicals that are compatible with the cross effect (an efficient DNP polarization transfer mechanism). In addition, it has been demonstrated that the strong dipolar coupling between the tethered radicals leads to more efficient polarization transfer and thus larger DNP enhancements. In an effort to develop a more robust method of obtaining large DNP enhancements of membrane proteins (which have suffered from less than optimal DNP enhancements) we demonstrated that through the use of nitroxide labeled phospholipids (spin labeled lipids, SL-lipids) more efficient DNP enhancements could be obtained, compared to traditional nitroxide biradical sample preparations.1 This result was significant for two reasons: (1) large DNP enhancements for a membrane embedded peptide were observed and (2) the observed DNP enhancements were obtained through the use of monoradicals, rather than biradicals. In an effort to develop a molecular level rationale for the observed DNP enhancements with the use of SL-lipids we carried out a set of EPR and DNP measurements to characterize SL-lipids as DNP polarization agents.
Experimental


13C cross polarization DNP Magic angle spinning (MAS) ssNMR experiments were carried out on a Bruker 600 MHz/395 GHz DNP NMR spectrometer and 3.2 mm H/C/N DNP MAS probe at ~100 K in the NHMFL NMR facility. X-band EPR experiments were carried out at 100 K on a Bruker E500 EPR spectrometer at the UF Dept. of Chemistry.

Results and Discussion


We observed the most DNP enhancement of liposomes when 3 mol% of SL-lipid was used (Fig. 1A). At higher SL-lipid concentrations, the observed DNP enhancement decreased. EPR was used to characterize the dipolar coupling between the SL-lipids. EPR spectra were collected at 100 K and are shown in Fig. 1B. The broadening of the EPR spectra with increasing SL-lipid concentration can be attributed to increased dipolar couplings between the SL-lipids. It is evident from this data that 3 mol% is the optimal concentration of SL-lipid for and that higher concentrations lead to lower DNP enhancements due to shortened relaxation times induced by the reduced distance between SL-lipids. The observed dipolar coupling at 3 mol% SL-lipid is ~47 MHz which corresponds to the observed dipolar coupling between the nitroxide moieties in nitroxide biradical 
polarization agents.


Conclusions

We have shown that constraint of SL-lipid monoradicals in a lipid bilayer induces stronger dipolar couplings than what would be observed for monoradicals free in solution. Due to this increased dipolar coupling DNP enhancements of membrane embedded peptides and proteins can be obtained through the use of these monoradicals that are comparable to or better than enhancements obtained with biradicals.
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Fig. � SEQ Figure \* ARABIC �1�: A) DNP enhancement of liposomes with 7-Doxyl-PC SL-lipid polarization agent and B) area normalized EPR absorption spectra of SL-lipids in liposomes at the indicated concentrations of SL-lipid.









