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Autism Spectrum Disorders (ASD) and Intellectual Disability (ID) affect millions of individuals worldwide and 
represent a major health and economic burden. Both disorders are characterized by compromised brain and 
cognitive functions and impaired social behaviours, representing a leading cause of handicap in children. Fragile 
X syndrome (FXS) is the most common inherited form of ID and the first-described monogenic cause of autism 
(1). This neurodevelopmental disorder results from mutations within the Fragile X Mental Retardation FMR1 
gene leading to the lack of function of its protein product, the RNA-binding protein FMRP.  

 

We recently demonstrated that FMRP is sumoylated in vivo and that its activity-dependent sumoylation is critical 
to the neuronal function (2). Sumoylation is the covalent conjugation of the Small Ubiquitin-like MOdifier 
(SUMO) protein to lysine residues of target proteins. It modulates the dynamics of multi-protein complexes by 
preventing and/or promoting protein-protein interactions, which is essential to establish a functional neuronal 
network (3). 

 

Several FXS missense mutations lead to amino-acid changes that are close to the active SUMO sites of FMRP. 
This raises the exciting possibility that these mutations directly affect the regulation of FMRP sumoylation, 
impacting its function, and consequently leading to FXS. In the lab, we focused on the recurrent FXS R138Q 
mutation, which is located just 8 residues away from the main active sumoylation site of FMRP. We generated 
a Knock-in mouse model expressing the FXS R138Q mutation in FMRP (R138Q-KI) to study its pathophysiological 
impact. We measured an increase in the density of dendritic spines and critical alterations in the surface levels 
of glutamatergic AMPA receptors (AMPAR) leading to significant synaptic plasticity defects and to impaired 
cognitive and social behaviours (10). Therefore, the selected student will use state-of-the-art biochemical and 
cell-imaging techniques to unravel the molecular basis of these receptor trafficking defects. To achieve this aim, 
the PhD student will work on two complementary tasks to:  

 

1- Characterize the activity-dependent AMPA receptor trafficking defects in R138Q-KI neurons. 
2- Explore the efficacy of pharmacological drugs to restore the AMPA receptor trafficking defects in R138Q-

KI neurons. 
 

This project is completely innovative and we are uniquely placed to undertake the work proposed since we have 
a clear expertise in receptor trafficking (4-6), cell imaging (2, 6-10) and have a unique access to the FXS KI model. 
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