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Description of the PhD thesis project 
 
The first division of the Caenorhabditis elegans embryo is a classic example of asymmetric cell 
division, and much has been learned from this model concerning the role of the acto-myosin cortex 
in symmetry breaking and polarity establishment, and the role of astral microtubules in spindle 
positioning. Although they undergo similar asymmetric divisions, nematode embryos from other 
genera appear to be lacking many of the key characteristics observed for Caenorhabditis, including 
stereotypical spindle movements and cortex behavior. Additionally in parthenogenetic species, 
which develop without fertilization, the initial cue for symmetry breaking is unknown. 
 
The PhD project aims at determining how asymmetric division is achieved in three nematode species 
evolutionarily distant from C. elegans, including a parthenogenetic species.  
 
We will characterize the actin cytoskeleton in these embryos, evaluate cortical flows and properties, 
measure rheological properties of the cytoplasm and perturb cytoskeleton dynamics via laser 
ablations and drug treatments. We will further perform comparative biochemistry of actin-binding 
proteins and gene replacement experiments in C. elegans in order to understand how different 
protein activities are related to phenotypes. Results of this study will reveal conserved mechanical 
and molecular principles of the cytoskeleton for achieving asymmetric cell division, revealing the 
richness of solutions provided by evolution to solve a cell biology problem. 
 

International, interdisciplinary & intersectoral aspects of the project 
 
The PhD project will involve cell biology and biochemistry with strong elements of evolutionary 
biology, soft matter physics and chemical biology. The different manipulations and observations of 
the acto-myosin cytoskeleton in embryos will be complemented by in vitro analysis of purified actin-
binding proteins and gene replacement experiments to discover how mechanisms to achieve 
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asymmetric cell division evolved in different genera of nematodes. Physical properties of both the 
acto-myosin cortex and the cytoplasm will be measured using laser ablations and optical 
tweezer/rheology techniques (collaborations in Germany and the USA). With the company 
CytoSwitch (Germany), novel small molecules will be tested in the development of photo-switchable 
inhibitors for cytoskeleton control in vivo. 
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Expected profile of the candidate 
 
Applicants should be interested in quantitative and physical approaches to cell and evolutionary 
biology. Applicants can be physicists with cell biology experience or developmental/cell biologists 
with a strong interest in biophysics. The project will rely heavily on imaging, molecular biology and 
biochemistry techniques, as well as nematode manipulation. Knowledge of nematode culture 
would be appreciated but is not required. 
 


