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Electron Paramagnetic Resonance (EPR) is used in conjunction with site-directed spin labeling 
methods for the analysis of structure and dynamics of proteins in vitro and in cellular milieu. Here 
we explore advantages and challenges of the method to extract kinetic information on the 
conformational changes of large macromolecular complexes (Tc toxins) and to monitor the 
rotational dynamics of proteins undergoing liquid-liquid phase separation (γD-crystallin).  
 
Tc toxins are virulence factors of many insects and human pathogenic bacteria. They attach as 
soluble prepores to receptors on host cells and following acidification in the late endosome, 
perforate the cell membrane like a syringe to translocate toxic enzymes through their pore-forming 
channel. In vitro and in the absence of receptors, however, the prepore-to-pore transition is 
initiated by high pH. Although this complex transformation has been structurally well studied, the 
functional aspects of this large-scale rearrangement, such as the reaction pathway with possible 
intermediate states and the resulting temporal evolution, have remained elusive. Here, we used 
an integrated biophysical approach comprising EPR, single-molecule fluorescence spectroscopy 
and cryo-EM to monitor the multi state kinetics of the prepore-to-pore transition.1  
 
Liquid-liquid phase separation (LLPS) is a commonly observed phenomenon for intrinsically 
unfolded and globular water-soluble proteins, which is finely tuned by protein concentration, 
temperature, pressure, crowders and co-solutes. Here, using molecular dynamics simulations2 
and EPR we investigate the change in the rotational diffusion of a globular protein, γD-crystallin, 
undergoing LLPS in vitro in aqueous solutions containing different co-solutes. The spin-labeled 
crystallin proteins were used as viscosity nanoprobes, enabling a direct correlation between 
effects induced by bulk viscosity on isolated proteins and by molecular crowding in the condensed 
phase. This study further validates the predictive power of MD simulations and highlights the 
relevance of using a sensitive nanoprobes to extract the viscosity of condensates. 
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