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Project summary: 
Background: Liquid-liquid phase separation (LLPS) of biological macromolecules is a hot research topic at the 
interface between biology, physical chemistry and biophysics. LLPS leads to dense droplets, enriched in 
macromolecules, that coexist with a depleted phase. Major drivers of intracellular LLPS are intrinsically 
disordered proteins (IDP) that lack a well-defined 3D structure. A major finding in the past few years was that 
LLPS can promote pathological amyloid-fiber formation of proteins involved in neurodegenerative diseases 
(see e.g. Wegmann et al. 2018 EMBO J). Yet, the basic properties of the proteins under LLPS have been scarcely 
characterized, and the processes leading LLPS to promote IDP aggregation are unknown. The internal protein 
dynamics of IDPs under LLPS are currently discussed to be important for LLPS, but experimental evidence is 
missing.  
Aim of M2 internship: The aim of the internship project is to link protein dynamics in LLPS with the aggregation-
promoting capacity. The medically important IDP tau will be studied, amyloid fibers of which are pathological 
hallmarks in Alzheimer’s disease. The approach is expected to reveal fundamental properties of tau under LLPS 
and the basis for their pathological behavior. 
Method: Neutron spectroscopy (NS) will be the main method used in this project. NS provides spatially-
averaged information on ns-ps motions of hydrogens in proteins that are widely acknowledged to play a role 
in protein functioning and malfunctioning. NS experiments will be carried out at the Institut Laue Langevin in 
Grenoble that will have ended its extended shutdown when the internship project will be conducted. 
Previous results: We have used NS to study the dynamics of tau (Fichou et al. (2015) PNAS 112, 6365) before and 
after formation of amyloid fibers and to study the dynamics of lysozyme (Pounot et al. (2020) J Phys Chem Lett 
11, 6299) during aggregation. We now want to study the dynamics of tau under LLPS. 
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