
              
               
               
               
                

 

PHYSICS COLLOQUIUM 
 
 

Dr. Andrea Soranno 
Physics Search Candidate 

University of Zurich 
 

“Single Molecule Spectroscopy of 
Intrinsically Disordered Proteins” 

 
Abstract: In contrast to folded proteins, intrinsically disordered proteins (IDPs) lack a stable three-
dimensional structure but, nevertheless, are involved in many biological processes and have a crucial role in 
various human diseases, including degenerative neuropathies, amyloidosis, and cancer.  
 
I will show how advanced single-molecule spectroscopy in combination with Förster resonance energy 
transfer (FRET) can be used to investigate the large structural heterogeneity and pronounced dynamics of 
IDPs by mapping intramolecular distance distributions and quantifying the global relaxation dynamics of the 
chain in the sub-microsecond range. In combination with concepts of polymer physics, single molecule 
FRET experiments have allowed us, e.g., to explain the effect of electrostatics on the expansion of IDPs and 
to identify the contribution of internal friction to unfolded-state dynamics. 

 
Here I will focus on recent results regarding the effects of macromolecular crowding on IDPs. In contrast to 
the effects expected for globular crowding agents, with polymeric crowders we observe a compaction of 
IDPs not only with increasing concentration, but also with increasing size of the crowding agents. This 
behavior can be explained quantitatively only when the polymeric nature of both the IDPs and the crowding 
molecules is taken into account. The results suggest that excluded volume interactions between 
interpenetrating biopolymers can be essential contributions to the physics governing the conformations of 
IDPs in the crowded cellular milieu, in particular in dense assemblies such as RNA granules and nuclear pore 
complexes. 
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