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Summary:
Mitochondria  are  the  power house of  the  cell  as  they  are the  place  of  ATP production.  This
organelle is organized in compartments of nanometric size, delimited by lipid membranes, which
shape is dynamic and depends on the rate of ATP production. The system is maintained out-of-
equilibrium via a surface pH gradient occurring at the organelle membrane which is generated by
the  transmembrane  proteins  of  the  respiratory  chain.  Understanding  the  relation  between  the
molecular composition, the membrane shape and the efficiency for ATP synthesis is of particular
interest as mitochondria are involved in essential processes such as the cell death. 

In this internship, we propose to develop a theoretical framework modeling the coupling between 
the mitochondria membrane shape, the rate of ATP synthesis and the surface proton flux.  To do 
so, we introduce a mechanical description for inhomogeneous membrane using the Helfrich 
model and reaction-diffusion schemes for the transmembrane proteins and the proton 
concentration gradient. Using Green’s function formalism, we will derive the phase diagram of 
compartment shapes as a function of the coupling between membrane mechanics and the surface 
reaction-diffusion. 

This is a theoretical internship in collaboration with the experimental group of S. Bloch in the 
Freïe Universität, Berlin.
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