
  

 

   

  

 

 

 

Controlling cell shapes in 3D in vivo using multiple optical traps 
Project for students in master/engineering school 
 
IBDM, Turing Center for Living Systems, Marseille. Team: Physical approaches to cell dynamics and tissue morphogenesis 
 
Team description: we aim to identify the physical principles controlling animal morphogenesis, in particular how mechanical forces 
sculpt tissues during embryonic development. To do so, we develop and apply quantitative approaches to observe, perturb and 
predict morphogenesis. We study how cell collectives generate and respond to mechanical forces, differentiate and self-organize, 
by probing different scales, from the molecular organization of cell-cell contacts to the global tissue shape. 
 
Description of the project: Biological tissues acquire reproducible shapes during development through dynamic cell behaviors. 
These events involve the remodeling of cell contacts driven by active cytoskeletal contractile forces. However how cell -cell contacts 
remodel remains poorly understood because of lack of tools to directly apply forces at cell-cell contacts to produce their remodeling. 
We recently developed a dual-optical trap manipulation method to impose different force patterns on cell-cell contacts (junctions) 
in the early epithelium of the Drosophila embryo (Nishizawa et al, 2022). Through different push and pull manipulations at the edges 
of junctions, the technique allows us to produce junction extension and junction shrinkage. We use these observations to constrain 
and specify vertex-based models of tissue mechanics, incorporating negative and positive mechanosensitive feedback depending 
on the type of remodeling. The project aims to extend the approach to 3D. The intern will implement a tunable optical lens in home-
made system to uncouple manipulation from imaging, allowing the observation of cells in 3D while applying controlled force 
patterns in a plane. The method will uncover the modes of force transmission and potential feedback mechanisms in 3D. 

 

 
Optical manipulation in the early Drosophila embryo.  
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Existence of special opportunities for the intern: the project will be carried out in a biophysics lab that combines experimental and 
theoretical approaches. 
 
Contacts: Informal inquiries are welcome. Pierre-François Lenne, pierre-francois.lenne@univ-amu.fr  
 
Expected profile of the applicant: we are looking for a curious and enthusiastic student with a strong background in 
Physics/engineering motivated by undertaking an interdisciplinary project combining both experiments and data analysis (and if 
desired theoretical modeling) at the frontier between statistical physics, biophysics and developmental biology. 
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