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Titre du projet : Deciphering the chemical and mechanical impact of the skin during the morphogenesis of a sensory organ  
 
Résumé du Projet de Stage (en 300 mots maximum, mots clés en gras) 
During organogenesis, the emergence of a functional organ requires a precise coordination between adjacent tissues that 
continuously exchange chemical and mechanical signals. How these reciprocal interactions shape organ architecture in 
vivo remains one of the major unanswered questions in developmental biology. Sensory organs provide a particularly 
powerful model to address this issue, as they must establish direct communication with the external environment through 
the formation of epithelial openings, orifices, whose morphogenetic mechanisms remain largely unknown. In the 
zebrafish olfactory organ, a small epithelial opening form above a neuronal rosette, allowing sensory neurons to become 
exposed to odorant molecules. Preliminary data reveal that, prior to opening, a specific subset of skin epithelial cells 
undergoes dramatic remodeling characterized by cytoskeletal reorganization, actomyosin accumulation, polarity changes, 
and local loss of cell-cell junctions. These observations suggest that local epithelial remodeling generates a mechanically 
and molecularly competent domain required for orifice formation.  
The proposed Master 2 internship will focus specifically on the impact of remodelled skin cells on orifice formation. The 
objective is to understand how molecular and mechanical properties of epithelial cells drive local tissue remodeling and 
epithelial opening in vivo.  
The first aim of the project will be to characterize the cytoskeletal and polarity changes occurring in remodelled skin cells. 
Using zebrafish transgenic lines, optogenetics, and high- resolution live imaging, the student will investigate the role of 
RhoGTPase signaling, actomyosin dynamics, microridge organization, and adhesion proteins during orifice formation. 
Functional perturbations will be achieved through tissue-specific expression of dominant- negative or constitutively active 
proteins to determine how epithelial mechanics and cytoskeletal organization regulate morphogenesis.  
A second major objective will focus on how remodelled skin cells display altered mechanical properties that facilitate 
epithelial opening. To test this, we will combine laser ablation and nano-indentation to map tissue tension, viscoelasticity, 
and stiffness in vivo. In collaboration with physicists Isabelle Bonnet (Institut Curie) and Jonathan Fouchard (CNRS, IBPS 
Dev2A), we will analyse recoil dynamics, Young’s modulus, and topological defects during orifice formation. Preliminary 
data reveal extensile +1/2 defects at the future opening site, suggesting a direct role for tissue mechanics in 
morphogenesis.  
This project combines developmental biology, mechanobiology, advanced imaging, and physics to uncover fundamental 
principles governing tissue interactions during organ formation.  
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