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Outline

• Who’s in and who’s out of condensates?

• Intrinsically Disordered Regions (IDRs)

• Simulations of IDRs -> free-energy barrier
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• Connection to experiment

• Conclusion



Biomolecular condensates

Bracha, Walls, & Brangwynne, Nature Biotech 2019 



Zhang et al. eLife 2021

Biomolecular condensates are typically “network liquids”



Banani et al. Nature Rev Mol Cell Biol 2019 

“Who’s in?”

Scaffolds recruit clients



“Who’s out?” 

I.e. how do condensates exclude unwanted proteins, etc.?



Watson & Stott, Essays in Biochemistry 2019

Most of scaffolds

Intrinsically Disordered Regions (IDRs)

excluding “intruders”? 



Conformational entropy of IDRs bars intruders

~2.5-fold reduction ~14-fold reduction

LAMMPS

First sticker-spacer model:

Implicit spacers

No spacer entropy

Second sticker-spacer model:

Explicit chain of small spacers

Has conformational entropy

Dense-phase 

polymer volume 

fraction is 7% in 

both cases



Quantification of free-energy barrier
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Analytical expression for free-energy barrier

Consider IDRs as polymers

de Gennes



Client recruitment can overcome IDR-based exclusion



Connection to experiment

Wei et al. Nat Chem 2017

Partitioning into 
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Conclusions

• Condensates are full of IDRs.

• Conformational entropy of IDRs creates a free-

energy barrier that excludes unwanted particles.

• Only “clients”, i.e. particles with specific binding 

to overcome this free-energy barrier, can enter 

condensates.

• “If you’re not in, you’re out.”
Grigorev, Wingreen, & Zhang PRX Life 2025


