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Double electron-electron resonance (DEER) spectroscopy, a widely used tool in structural biology, explores
biomolecules like proteins, RNA, and DNA by determining nanoscale distances between unpaired electron
spins [1]. This pulsed electron paramagnetic resonance (EPR) technique utilizes microwave pulses of varying
frequencies. In this process, one electron spin is detected through EPR, while the other one is excited by rotating
its magnetization vector (Fig. 1) [2]. Throughout the experiment, we monitor the alterations in dipole interaction
between the interacting unpaired electrons. DEER overcomes limitations in studying systems without unpaired
electrons, such as biomolecules, by incorporating spin labels through site-directed spin-labeling (SDSL) [2].
Compared to other methods, DEER is not constrained by crystallized molecules or molecular weight limitations.
The combination of SDSL with DEER emerges as a highly promising approach for structural analysis, enabling
the observation of changes in local structure, interactions with other molecules, alterations in the distance
between electron spins, and the visualization of conformational heterogeneity and dynamics [1].
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Fig. 1. Microwave pulse sequence of the DEER experiment.

To practically identify capabilities and limitations of DEER spectroscopy, we examined a calcium-binding
protein ST00A9, related to Alzheimer’s and Parkinson’s diseases. During this study, we determined the distance
distribution (Fig. 2) between the two cysteine groups, utilizing the nitroxide radical as a spin label.

Fig. 2. Distance distribution between electron spins in the S100A9 protein.
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