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Overview of the scientific projects of the team
The Neuropharmacology of VGLUT’s team works at the interface between pharmaco-chemistry and
neuroscience. The team was a pioneer in the discovery of the vesicular glutamate transporter
(VGLUT1-3). In particular we found that cholinergic, serotoninergic and GABAergic neurons express
VGLUT3 and therefore communicate with two neurotransmitters. Our research focuses on deciphering
the role of acetylcholine or serotonin or GABA and glutamate-cotransmission in normal physiological
conditions and in psychiatric disorders. This project will be co-supervised by two leaders in their field.
Véronique Bernard has a 20-year experience in the analysis of neurotransmitter receptors, enzymes
and vesicular transporters subcellular distribution and trafficking using high resolution microscopies
(super resolution and electron microscopies). Nicolas Pietrancosta is an expert in molecules to target
VGLUTs. He developed pharmacological tools to target the VGLUTs. NP has a strong expertise in
managing Chemical/Biology interface projects. The team developed strong collaborations with
laboratories in France and abroad and with imaging platforms and companies.
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Overview of the scientific projects of the team
Our team is multidisciplinary with expertise in biology, chemistry and physics. We are
interested in developing biophysical and chemical biology tools to understand the functions
of biomolecules and their interactions in various biological processes. Our projects focus on:The fundamental understanding of functional biomolecules, such as cell-penetrating
peptides,-the design of photolabelling and bioorthogonal ligation-based approaches to study
post-translational modifications, - and original biophysical setups to measure biomolecular
interactions of charged molecules through membrane;- The invention of new fluorescent
biosensors and chemical-genetic tools to observe and study dynamic biochemical events in
live cells and tissues with high spatial and temporal resolution.
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Doctoral Project
Title: Acetylcholine/Glutamate co-transmission in the striatal network. Anatomical and
functional heterogeneity of synaptic vesicles in cholinergic interneurons.
Abstract:
Striatal activity is regulated by cholinergic interneurons (CINs) that use acetylcholine (ACh) and
glutamate (Glu) as neurotransmitters. The ACh/Glu cotransmission depends on the action of the
vesicular transporters of ACh (VAChT) and Glu (VGLUT3) in axonal varicosities of CINs. Our hypothesis
is that CINs varicosities contain three pools of SVs expressing either VAChT, VGLUT3 or both releasing
ACh, Glu or both.
We will explore this vesicular heterogeneity and its functional implications using a multidisciplinary
approach combining super resolution microscopy, pharmacological tools targeting VGLUTs and
optogenetics stimulation coupled to measures of ACh/Glu release to :
• Characterize the heterogeneity of SVs in CINs axonal varicosities using high resolution
microscopy to detect organelles with a resolution compatible with visualization of unique SVs
(super resolution microscopy and electron microscopy)
• Develop new chemical tools to locate VGLUT with an increased spatial resolution. We will
continue to develop small size fluorescent sensors to detect VGLUT3.
• Analyze the impact of various discharge profiles of CINs on ACh or Glu release coupling
optogenetics to stimulate CINs and fluorescent ACh & Glu sensors to evaluate ACh & Glu
release.

Context and objective:
Context
GABAergic efferent neurons are the main striatal cell population. Cholinergic interneurons (CINs) (1%
of striatal neurons) form an extensively local ramified network. CINs use glutamate (Glu) in addition to
acetylcholine (ACh) to regulate striatal homeostasis. The ACh/Glu balance depends on the action of
the vesicular transporters of ACh (VAChT) and Glu (VGLUT3) in axonal varicosities of CINs. ACh/Glu
cotransmission provides thus CINs with a sophisticated level of regulation of local circuits.
Vesicular synergy, a process where VGLUT3 potentiates ACh uptake into synaptic vesicles (SVs),
suggests the presence of VAChT & VGLUT3 on the same SV 1. Alternatively, our super resolution
microscopy results and other data, suggest separate pools of cholinergic and glutamatergic SVs
(Fig.1A,B). Our hypothesis is that CINs varicosities contain three pools of SVs expressing either
VAChT, VGLUT3 or both and release ACh, Glu or both (Fig.1C).
This project will be co-supervised by Véronique Bernard (NPS, UMR8246) for the morpho-fonctional
part and Nicolas Pietrancosta (LBM, UMR7203) for the neurochemical aspect.
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Objectives
The PhD student will develop a multidisciplinary approach combining a morpho-functional approach:
super-resolution microscopy, optogenetics coupled with measures of ACh and Glu release and a
neurochemical approach: molecular modelling (interaction between fluorophores and 3D model of
VGLUTs) with analysis of the spectroscopic properties of the identified compounds to study their
metabolic stability.

Our proposal will be developed along three axes:
1. Morphological analysis of the heterogeneity of SVs in CINs axonal varicosities (Supervised
by V. Bernard, NPS)
The first part of the project aims at analyzing the anatomical heterogeneity of the SVs of CINs. To that
end, super-resolution microscopic approaches (STED, STORM) will be used, allowing the detection of
subcellular organelles with a resolution compatible with the visualization of single SVs.
We will confirm and enlarge preliminary data suggesting that VAChT and VGLUT3 are largely expressed
by separate SVs and that ACh and Glu can therefore be released by separate SVs independently
(Fig.1A). We will also determine whether a third subpopulation of SVs may express both VAChT and
VGLUT3 and thus release ACh and Glu.
These experiments will allow a first complete description of the heterogeneity of the SVs of CINs.

2. Development of new neuro-pharmacological tools to detect and localize VGLUT in living
cells with an increased spatial resolution (Supervised by N. Pietrancosta, LBM)
Our preliminary experiments involved the use of anti-VAChT/VGLUT3 antibodies. However, the size of
the complex of primary/secondary/fluorochrome may increase the distance between fluorochromes
and vesicular transporters, making difficult the interpretation of images. To circumvent this limitation,
we will develop and characterize new pharmacological tools with limited steric bulk and high
selectivity. These will enable us to accurately analyze the distribution of VAChT and VGLUT3 in our
various preparations.
In a long-standing collaboration between both teams, Nicolas Pietrancosta has developed about a
hundred of "LEAD" VGLUT fluorescent ligands (VFLs)2–5. Some of them are extremely small and
naturally fluorescent. Therefore, these compounds provide a real gain of resolution in the VGLUT’s
detection. We have shown that some of these compounds recognize VGLUT3 in BON cell cultures
(Fig.2).
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Figure 2. Fluorescent detection of VGLUTs with VFLs by confocal and STED microscopies in live BON cells and
isolated SVs. Untransfected live BON cell (A) or BON cells stably expressing VGLUT3 (B,C) incubated with VFL
alone (B) or after preincubation with LSP5, a VGLUT specific inhibitor5 (C). (D) Quantification of VFL labeling.
Confocal microscopy reveals a VFL-dependent specific fluorescence of intracellular vesicles in BON VGLUT3 cells.
This labeling was blocked by LSP5. Isolated SVs incubated with VFL observed under a confocal (E) or STED (F)
microscope.
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This part of the project is sub-divided into 5 sub-parts :
2.1. Characterization of the physico-chemical properties of the molecules (absorption/emission
wavelengths, quantum yield) to select the best compounds for studies on in vitro models.
2.2. In order to enrich the pharmacology of VFLs, we will perform a virtual screening on a 3D model of
VGLUTs already generated in the laboratory.
2.3. Validation of the specificity and stability of these molecules in BON cells expressing different
VGLUT subtypes, primary neuronal cultures or striatum slices.
2.4. Development of ligands compatible with super-resolution microscopy. In collaboration with the
organic synthesis chemists associated with the project, the selected molecules will be evaluated and
modified to make these compounds super-resolution-compatible.
2.5. We will combine the pharmacological approach to detect VGLUT3 and the immunohistochemical
approach to identify VAChT or other molecules in order to analyze the different sub-populations of
SVs.
The pharmacological approach coupled with super-resolution microscopy will provide essential
information for the anatomical characterization of the mode of release of ACh and Glu at the SV
level.

3. Analysis of the impact of different CINs discharge profiles on the release of ACh or Glu (V.
Bernard with S. El Mestikawy, NPS)
The existence of at least two sub-populations of SVs containing ACh or Glu represents an anatomical
substrate for differential release of these two neurotransmitters depending on the electrical activity
of the CINs. A recent work has shown that the release of ACh or Glu in the interpeduncular nucleus
results from different discharge frequencies of these neurons6. What about striatal CINs?
To answer this question, we will use an optogenetic approach to specifically stimulate CINs with
variable stimulation durations and frequencies and measure ACh and/or Glu release using ACh
fluorescent sensors (GACh 4.3)7 and/or VFLs (Fig.3).
Figure 3. Analysis of the impact of
different CINs discharge profiles on
the release of ACh and/or Glu.

This will allow us to track ex vivo
the fate of SVs and their content and determine whether ACh and Glu are released differentially by
CINs according to their discharge pattern.
Conclusion
This project will provide novel and key information on the anatomical organization of the protein
complex involved in the release of ACh and Glu by CINs. It will ultimately lead to deep changes in our
understanding of neurotransmitter release and for the treatment of pathologies involving dysfunctions
of striatal cholinergic transmission such as Parkinson's disease or addiction.
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Justification of suitability for i-Bio:
Our PhD proposal falls entirely within the framework of the i-Bio project that aims to promote
interdisciplinary research at the interface between Biology and other disciplines; here chemistry. The
PhD student will be co-supervised by a neurobiologist and a chemist and will have access to two
laboratories and platforms fully equipped for the accomplishment of his/her project.

Role of each supervisor / skills provided:
This project will be co-supervised by two leaders in their field : Véronique Bernard (VB, NPS, UMR8246,
ORCID : 0000-0003-4748-5167) and Nicolas Pietrancosta (NP, LBM, UMR7203, ORCID : 0000-00029934-7818).
V. Bernard has long-standing expertise in the study of subcellular localization and trafficking of key
molecules of cholinergic and glutamatergic neurotransmission8–14. In recent years, she has developed
super-resolution microscopy applied to the study of the localization of vesicular proteins, in particular
vesicular transporters. VB will supervise the morpho-functional part of this project.
N. Pietrancosta is an expert in medicinal chemistry applied to neuroscience for 10 years2–5 . has
produced a chemical library of fluorescent ligands targeting VGLUTs. Four of these ligands have already
been validated in cell cultures, brain slices purified synaptic vesicles and can therefore be used for the
planned studies. NP will supervise the neurochemical part of this project.
VB and NP have been developing a fruitful collaboration for four years15–17.

Profile of the desired student:
The ideal candidate should be highly interested in the interface between neuroscience and chemistry.
He/she should have a strong background in neuroscience but also an interest in chemistry in order to
interact with chemists who will conceive and synthetize VGLUT ligands. His/her tasks as a PhD student
will include high resolution microscopies, detailed analysis and quantification of neuronal tissue
images, development and characterization of new VFLs and functional analyses using optogenetics
coupled with ACh and Glu release. He/she should have a critical approach to scientific literature. Other
selection criteria are to be able to work both in a research team as well as carry out personal research
projects.
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