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Sujet du stage : 
Out-of-equilibrium phase separation is increasingly being recognized has a fundamental organizational principle in 
cells. At equilibrium, phase separation generally leads to the formation of system size aggregates. In the 
cytoplasm, liquid droplets can be maintained out-of-equilibrium by energy-consuming enzymatic reaction [1]. In 
cellular membrane, non-equilibrium phase separation can be controlled by specialized proteins that undergo cycle 
of activation (membrane binding) and deactivation (unbinding), generally involving GTP hydrolysis as an energy 
source. This principle is important for vesicle secretion by organelles in the cell (Fig.1). The phase separation of 
proteins that can curve the membrane leads to the formation of a curved domain which eventually buds of the 
organelle membrane and becomes a transport vesicle (Fig.2) [2]. Recent experimental observations [3] suggest 
that the secretion of membrane transporters from the endoplasmic reticulum (ER), the main site of synthesis of cell 
membrane component, could obey a different mechanism also relying of non-equilibrium phase separation. This 
mechanism, sketched in Fig.3 corresponds to a non-equilibrium steady-state (NESS), where the flux of proteins 
unbinding from the domain is compensated by a diffusive flux at the domain outer boundary. The goal of this 
internship will be to develop a theoretical model to describe this steady state, and to establish the condition under 
which there can be a steady radial flow of proteins toward the center of the domain which may generate membrane 
curvature through a phenomenon akin to membrane buckling. 
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