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SUJET  du stage : 

Many dynamical protrusions called filopodia extend and retract at the edge of the cells, wich allows cells to sense 
their environment but also the entry of pathogens. They are thin tubular membrane structures that contain parallel 
actin filaments. Different types of membrane-actin linkers and proteins involved in actin dynamics are present in 
these structures [1] (Fig. 1A). Another type of membrane protrusion has been more recently discovered, the 
tunneling membrane nanotubes, Tunneling nanotubes (TNTs), that are able to connect cells and mediate the 
transfer of cytoplasmic molecules, organelles, membrane components, RNA, pathogens between cells for remote 
intercellular interactions [2] (Fig. 1B). Although filopodia and TNTs apparently share many common morphological 
features and are sustained by actin bundles, they also exhibit strong differences on their length, dynamics and also 
on the opposite effect of regulatory proteins interacting with actin [3]. 
It has been proposed that the initiation of filopodia growth is mediated by clustering of IRSp53, an I-BAR 
domain protein [4] that next recruits actin nucleators for actin polymerization and the generation of pushing 
forces by the filaments. In TNTs, another closely related I-BAR protein, IRKTS, is probably involved. The global 
objective of the project is to uncover the mechanism of filopodia and TNT generation. We will form an artificial 
protrusion out of cell membranes using optical tweezers or micromanipulation [5] and we will observe the sequence 
of recruitment of the proteins in this structure, as well as the condition for actin growth using confocal microscope or 
SIM. Different cortical actin organizations will be obtained by growing cells on micropatterns, and the respective 
effect of IRSp53 and IRKTS will be studied. A better distinction on the mechanisms leading to TNTs or filopodia, and 
more generally on cellular protrusions should be achieved with this study. 
This project will be developed in close collaboration with C. Zurzolo (Inst. Pasteur) and P. Lappalainen (Helsinki, 
Finland) for the biological aspects. 

    

Figure 1: Cellular protrusions 

A: Filopodia structure 

B: TNTs between cells (from [6]) 
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