Water-soluble Fullerenes as Spin Labels for Dipolar EPR Spectroscopy 
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Spin labels are paramagnetic molecules capable of selectively binding to studied objects, which are extensively investigated in the field of EPR spectroscopy methodology. An important goal is to develop an EPR methodology for spin labels based on photoinduced hyperpolarized triplet states, as well as to apply the developed approaches to studying biopolymers, including in cells. Such labels are distinguished by their non-equilibrium population, which allows achieving multiple signal enhancement, which is particularly relevant when studying biological objects at low concentrations [1]. Promising photoinducible spin labels are fullerenes and their modifications. However, their application in biology is often limited by minimal water solubility. In this regard, we faced the task of selecting conditions for maximum solubility of photoinduced spin labels based on fullerenes and their derivatives in order to obtain high-intensity echo-detected EPR spectra in X- and Q-bands.

Within the framework of this work, a series of water-soluble fullerene derivatives was investigated. From echo-detected EPR spectra, the degree of spin density delocalization in the triplet state was determined and compared with unmodified fullerene. The spin-lattice and phase relaxation times of photoinducible fullerene-based labels measured in EPR experiments have similar relaxation times compared to standard trityl and nitroxide spin labels. A weak dependence of phase relaxation time on temperature was discovered, which is characteristic of cases where nuclear spin diffusion is the determining factor [2]. This served as the basis for comparing the behavior of spin echo of photoinduced labels in protonated and deuterated solvents, which showed an increase in phase relaxation time from 3 μs to 8 μs for the deuterated solvent. The obtained results are an important step toward the development of fullerene-based spin labels for EPR studies of biomolecules.
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Fig. 1. Functionalized water-soluble fullerenes of the T and K series.
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