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2. Internship project title:

Atypical N-glycosylation of the neuronal surface and its impact on protein turnover and
synaptic plasticity .

3. Internship Description :

Key words: cell-biology, neurons, synaptic plasticity, local protein synthesis, unconventional secretion,
live-cell imaging, super-resolution microscopy, CLICK-chemistry, mass-spectrometry

For us to learn and form memories, our neurons must selectively modify the composition and properties
of a few selected synapses among the tens of thousands synapses that they maintain with other
neurons. To achieve this daunting task, neurons have evolved novel means to regulate the core cellular
machinery and, for example, locally synthesize proteins to directly functionalize specific synapses during
synaptic plasticity.

In the past ten years, we and others have characterized multiple mechanisms that enable neurons to
locally process membrane and secreted proteins and traffic them to the specific segments of dendrites
and synapses where they are needed. Intriguingly in doing so, we found that while dendrites contain all
the machinery that is needed for the biogenesis of secretory proteins, dendrites are devoid of generic
Golgi membranes. Because a key function of the Golgi apparatus is to glycosylate proteins, this led us to
investigate how this unique organization of the neuronal secretory pathway impacts N-glycosylation and
hence the dynamics and functional properties of synaptic proteins.

We hence discovered that, as a result of Golgi-independent secretory trafficking, most surface
expressed neurotransmitter receptors and virtually all the key proteins of the neuronal surface display N-
glycosylation profiles that are typically only found on immature intracellular proteins in the endoplasmic
reticulum. This atypical N-glycosylation regulates synaptic transmission and, as seen for candidate
receptors, accelerates protein turnover, thus revealing a previously unrecognized mechanism that
controls the sensing properties and plasticity of the neuronal membrane.
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We use advanced live-cell and super-resolution imaging and biochemical approaches in cultured
neurons and brain slices to investigate how unconventional secretory trafficking and N-glycosylation
regulate the dynamics of surface proteins during neuronal development and synaptic plasticity. We are
looking for driven and skilled students whose work would contribute to the following 3 non-alternative
projects:

1) Our previous work shows that the vast majority of neuronal dendrites contain early secretory
membranes (rough endoplasmic reticulum and intermediate compartments) but are devoid of Golgi
membranes. Yet, we cannot formally exclude that glycosylation steps typically associated with the Golgi
in other cells are not arranged according to distinct principles in neurons. To address this, we will
combine super-resolution imaging and protein and sugar metabolic labeling approaches to generate
high-resolution maps of secretory organelles and N-glycosylation in dendrites in basal conditions and
after induction of synaptic plasticity.

2) Our previous on candidate proteins shows that the atypical or standard glycosylation profile of surface
synaptic proteins correlates with the sensitivity of these proteins to Golgi-disruption. Here we aim to use
unbiased omics approaches to generalize this finding. To do so, we will combine protein metabolic
labeling, sequential protein purifications and protein and sugar mass spectrometry to provide an in-depth
characterization of the neuronal (atypical) surface glycoproteome and its regulation by synaptic activity.

3) Our core-hypothesis is that the synthesis of synaptic receptors in the soma or dendrites enables
neurons to use Golgi-dependent (soma) and Golgi-independent pathways (dendrites) to diversify the
glycosylation status and hence the function of synaptic proteins. A key objective in this context will be to
demonstrate that local protein synthesis in dendrites is sufficient to determine the secretory itinerary of
candidate proteins and hence regulates their glycosylation status and dynamics. To do so, we developed
a versatile artificial system to target specific mRNAs to dendrites, to hence favor the local synthesis of
reporter proteins. We will now combine this system with live-cell and super-resolution imaging to
determine whether local protein synthesis regulates protein glycosylation, accelerates protein exocytosis
and recruitment to synapses, and modulates how these proteins respond to changes in synaptic activity.
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