2021 2022

Label-free analyses of the surrounding environment around proteins in droplets
formed via liquid-liquid phase separation using fluorescence lifetime and
anisotropy microscopy
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Liquid-liquid phase separation promotes the aggregation of
neurodegeneration-related proteins. In this study, we investigated changes in the protein structure
and the droplet properties in the course of the aggregation of ataxin-3 and FUS LC after the phase
separation. These proteins are the causative proteins of Machado-Joseph disease and amyotrophic
lateral sclerosis. Ataxin-3 possesses three tryptophan residues. Their fluorescence lifetimes
changed on distinct timescales with the incubation, indicating that ataxin-3 undergoes multistep
structural changes in the droplets in the course of the aggregation. The fluorescence anisotropy
decay of FUS LC in the droplets became slower with the incubation. This result indicates that the
anisotropy measurements enable quantitative analyses of the phase transition of the protein droplets

such as the gelation and the aggregation based on the viscosity changes.
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Label-free autofluorescence lifetime reveals the structural dynamics of ataxin-3 inside 2023
droplets formed via liquid-liquid phase separation
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Quantitative analysis of time-dependent dynamics of FUS LC droplets formed by LLPS using fluorescence lifetime
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