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SUJET de la thèse:  Actin Dynamics in a Confined Tubular Environment 

SUJET  du stage : 

Actin remodeling is at the heart of the response of cells to external or internal stimuli, allowing a variety of thin, 
tubular shaped membrane protrusions to form. For example, short (less than 10 µm), dynamic filopodia are involved 
in migration and environmental sensing, while tunneling nanotubes (TNTs) connect distant cells (up to 100 µm) for 
sustained periods of time such that direct cell-to-cell communication and organelle transfer is achieved. Although 
filopodia and TNTs appear morphologically similar and are sustained by actin bundles, they exhibit clear differences 
in regards to their obtainable length scales, dynamics and the involvement of actin regulatory proteins. Different 
protein types that link the plasma membrane to actin filaments (e.g., inverted Bin/Amphiphysin/Rvs (I-BAR) proteins), 
nucleate and/or enhance actin polymerization (e.g., Ena/Mena/VASP or formins), or bundle actin filaments (e.g., 
fascin) have been shown to play key roles in the regulation of protrusion growth in filopodia. However, the detailed 
mechanisms governing protrusion generation and regulation between filopodia and TNTs are unknown.  

Thus, the objective of this project is to uncover governing principles that describe how actin polymerization takes 
place in confined and thin tubular geometries such as those found in cell protrusions. During the internship, we will 
form artificial protrusions (nanotubes) of defined lengths out of cell membranes using optical tweezers and we 
will observe the sequence of recruitment of actin-related proteins (those known to influence actin dynamics and 
interface with the plasma membrane) using confocal microscopy. Simultaneously, we will study how these proteins 
facilitate actin growth into the nanotube using time-lapse imaging or FRAP, and how the growth depends on the initial 
organization of the actin cortex (manipulated using micropatterns or specific drug inhibitors such as CK666). This 
work can be continued during a PhD. We will measure the resulting forces that are ultimately generated by actin on 
the tube tip in all these conditions. The degree of tube stiffness, measured for example through buckling 
measurements, will be correlated to the structural organization of actin (number of filaments, cross-linking density, 
etc.) within the pulled nanotube using super resolution imaging methods such as STORM/TIRF available in the team 
and cryoEM (with A. Bertin).  

This project represents a new way to study the mechanisms leading to actin polymerization in a confined 
environment with a geometry relevant for cellular protrusions (inside a tube) such as filopodia or TNTs.   
It will be developed in collaboration with the cell biology teams of Chiara Zurzolo (Institut Pasteur) who studies the 
formation of TNTs between cells and Pekka Lappalainen (Helsinki, Finland) who is an expert on actin 
polymerization in cells. 

   

 

Figure 1: A) A nanotube is 
pulled from an adhering cell 
using an optical tweezers. B) 
Actin (cyan) is growing inside 
the cell membrane tube 
(magenta) over time. 


