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Elastically limited liquid-liquid phase separation inside cells 

Abstract: 

Many intracellular bodies have been shown to be membrane-less liquid droplets that form through 

liquid-liquid phase separation (LLPS), both in the cytoplasm and in the nucleoplasm. In contrast to the 

archetypal oil- in-water demixing, the intracellular environment puts mechanical constraints to the 

formation of large droplets. In the cell nucleus, in particular, the elastic response of the chromatin 
network has been shown to oppose LLPS. Here we theoretically cons ider three scenarios by which 

LLPS can occur in such an elastic network: (i) by cavitation of large droplets that exclude the network, 

(ii) by forming many mesh-size-scale microdroplets in the pores of the network, and ( iii) by permeating 

through the network and inc luding it in large droplets. We propose s imple criter ia for which scenario is  

preferred, introducing a phase diagram controlled by the trade-off between elastic modulus, liquid-
liquid surface tension, and liquid-network wetting properties. Our theory predicts the possibility of yet-

unobserved mesh-size-limited liquid droplets in the cytoplasm and nucleoplasm. 
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