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Project 
Membrane fusion is key in a variety of biological processes among which virus entry in a cell, protein 

trafficking, exocytosis, sperm-egg fertilization, or muscle fibers formation. One of the most studied 

among them all is neurotransmitter release, notably because it is very fast and exquisitely controlled. 

The protein machinery needed for fusion between the neuron plasma membrane and the vesicles filled 

with neurotransmitters has been identified for long. However much remains to be known about the 

precise mechanisms that explain membrane remodeling by these proteins.  

Our team performs in vitro experiments with artificial models for membranes and vesicles. In recent 

results using a minimal protein machinery for fusion, we identified that pores of discrete sizes 

reversibly opened with a characteristic lifetime of ∼350 ms1.  This observation is consistent with the 

existence of an energy barrier opposing pore expansion in our setup.  Such barrier was previously 

hinted by other experiments, both in vitro2,3,4 and in vivo5. The actual existence of this barrier and its 

height will notably depend on the shape changes that the pore undergoes during the process: the pore 

expansion pathway6. 

The aim of the project is to describe various pore expansion pathways that each corresponds to a set 

of molecular determinants: interactions of the apposing membranes, existence of favored curvatures, 

distances imposed by proteins. For each model, the existence, height and width of an expansion barrier 

will be predicted. The effect of proteins, called SNARE proteins, will also be evaluated. Ultimately, 

experiments to test the validity of each model will be proposed. Some of these experiments may be 

tested during the internship. The intern will benefit from a very multidisciplinary environment and 

could follow up with a PhD thesis (funding not secured). 
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