
 
 
 

 
 

 
Hydrodynamics of bulk cytoplasm and division positioning 

 

 

The cytoplasm of living cells is a complex material which exhibit both fluid-like viscous and solid-

like elastic properties. To date the importance of cytoplasm mechanics and hydrodynamics to 

cellular organization remain poorly understood. In recent years, our team has established a suit of 

disruptive experimental assays and mathematical models to study the contribution of cytoplasm 

mechanics to cell division positioning (Minc et al., Cell 2011; Tanimoto et al. J. Cell Biol 2016; 

Pierre et al. Dev Cell 2016; Palenzuela et al; Curr Biol, 2020). In this project, we will use in vivo 

magnetic tweezers to directly apply calibrated forces and torques to mitotic spindles in live cells 

(Tanimoto et al. Nature Physics 2018; Sallé et al. J Cell Biol, 2019). This will serve to perform 

detailed rheological studies of the cytoplasm at the scale of these large assemblies, and understand 

the contribution of cytoplasm mechanics to mitotic spindle and consequent division positioning. In 

particular we will focus on how bulk networks of F-actin contribute to cytoplasm mechanics, and 

rearrange in response to compressive or shear fluid stress as spindles are moved or rotated with 

calibrated forces in the cytoplasm. These analysis will be based on cytoplasm flow mapping, 

imaging and manipulation of bulk actin networks, and may potentially open to the development of 

3D simulations to understand how fluid flows may shear or rearrange actin networks to modulate 

cytoplasm material properties.  This project will address important gaps in the physical biology of 

the cytoplasm and its function in organizing cellular division and morphogenesis.   

 

 (Left) Magnetic beads bound to centrosomes in live sea urchin cells, allow to apply calibrated forces and torques to mitotic 

spindles directly inside cells. As spindles rotate they shear the cytoplasm as shown in PIV flow analyses on the right.  

 

Methods used: Advanced live microscopy and image analysis (e.g. PIV for flows); Magnetic 

tweezers in vivo; Computational Models; Early embryo development.  

PhD: This master project may be prolonged by a PhD in the lab for which we have funding 

secured.  

Lab Website:  www.minclab.fr   

Contact: Nicolas Minc ; email:  nicolas.minc@ijm.fr   
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