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Description of the PhD thesis project 
 
The centromere is required for correct chromosome inheritance. Defects in centromere formation 
lead to numerical and structural chromosome alterations, the latter often present at centromeres. 
These alterations promote cellular senescence and inflammation, and are common features of 
cancer cells.  
 
The Fachinetti lab is studying how centromeres are established, structured and maintained to 
understand how chromosome inheritance is achieved. Despite human centromere position is 
epigenetically regulated, centromeres have a unique DNA sequence, a series of highly repetitive 
arrays spanning several megabases bound by centromeric proteins. Centromere DNA consists of 
~3% of total genome, but the biological function of these megabase domains is unknown. A current 
work from our laboratory demonstrates that centromeric DNA plays an important role in preserving 
centromere position.  
 
Additionally, centromeric DNA was identified as the preferential nuclear association site for the 
innate immune sensor cGAS, suggesting that this binding is required to limit the response to nuclear 
self-DNA. How centromeric DNA promotes centromere identity and how/why cGAS binds to 
centromeres remain to be investigated. The complexity of its DNA sequence suggests that 
centromeres has a unique chromosomal structure that has to be tightly regulated to prevent the 
occurrence of chromosome alterations. Their structure could play a key role in centromere 
specification and act as a base for nuclear immuno signaling.  
 
Combining interdisciplinary and intersectional approaches in an international context, this project 
aims to characterize the topological architecture of human centromeres and to explore the 
relationship between centromere DNA, centromere function, immune-response activation and, 
overall, maintenance of genome stability. This proposal will provide crucial insight in our 
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understanding of the general balance between genetic and epigenetic elements that regulate 
genome function. 

 
International, interdisciplinary & intersectoral aspects of the project 
 
The proposed project will cross the boundaries of different disciplines, shifting from the use of 
biological knowledge (molecular, cell biology and immunology), physics (from single-molecule 
methods to electron microscopy) to biochemistry (protein purification assays and protein/DNA 
interaction). 
 
The project will be carried out at the Institut Curie in the Fachinetti team (Chromosome Dynamics 
team) with exchanges with the Manel group (Immunology team). The PhD candidate will also work 
with Lumicks (NL) to perform single-molecule measurements using the correlative optical tweezers-
confocal microscopy and in Italy to perform electron microscopy on DNA molecules. These 
international collaborations will allow the candidate to achieve experience in biophysics and in the 
industrial sector. 
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Expected profile of the candidate 
 
Applicants should have a strong interest in the fundamental mechanisms of chromosome dynamics 
and the desire to do multidisciplinary research in biology and biophysics. Background in molecular 
biology, biochemistry and knowledge of modeling-based approaches oriented to solve biological 
problem is strongly recommended. The project highly relies on single molecules microscopy and in 
vitro approaches, for which the applicant should have either experience or a strong motivation to 
learn. The applicants should show solid capacity for independent and creative thinking. 


