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Molecular organization of the excitatory synaptic cleft

Fig. 1. Diagram of a synaptic contact on a dendritic spine,

observed with the electron microscope after osmium tetroxide

fixation. The stippled regions represent neuronal and glial
processes of the neuropil

[nset. The opposed regions of the pre- and post-synaptic mem-
branes seen after potassinm permanganate fixation. The mem-
branes (i) are of neighbouring processes of the neuropil
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Our approaches to investigate synapse development

|. Molecular properties
of synaptic adhesion
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[ll. Wiring neurons into circuits

/ SynCAM1 Knockout SynCAM1 Overexpressu)n
density of excitatory synapses ’ = density of excitatory synapses ‘
PSD length ’ « mini (MEPSC) frequency‘
mini (mEPSC) frequency ' «» induction of LTD '
induction of LTD 4

4

CAL1 c-fos OE SynCAM 1flag

DTI SynCAM1 KO

ICN/DG

CA3
‘\ -
L

— LGP
I

S1——= ICG — S1

flag / SynCAM 1 / NeuN

Robbins et al. Neuron 2010

Giza et al. Neuropsychopharm 2013

Ribic et al. J Comp Neurol 2014

Park et al. J Neurosci 2016

Ribic, Crair and Biederer Cell Reports 2019



Trans-synaptic interactions impact synapse structure effects of psychostimulants

Loss of SynCAM 1 sensitizes in NAc medium spiny neurons
the mushroom spines to cocaine-induced shortening:
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Unraveling the complexity and heterogeneity of synaptic composition
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Proximity labeling: a method to tag proximal proteins with biotin

Proteins in proximity
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Adapted from Schreiner et al. (2017) Current Opinion in Neurobiology 42:102-110



A SynCAM 1-HRP reporter to target the excitatory synaptic cleft
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Based on proximity labelling approach developed by Alice Ting and colleagues.



Synaptic protein labeling by the SynCAM1-HRP reporter vs dendritic control
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Sub-synaptic localization of the SynCAM 1-HRP reporter at the synaptic edge
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Experimental design and workflow
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Data analysis steps for selection of putative cleft proteins

All biological
replicates

# detected proteins

894 proteins

Filter 1 l

# biotinylated proteins

614 proteins

Filter 2 l

# cleft-enriched proteins 137 proteins

.

111 proteins

Total proteins Known synaptic  Known intracellular ~ Known surface

proteins proteins proteins 100% of proteins

per group
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A ‘true positive — false positive’ filter for synaptic cleft proteins

Fraction of proteins
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Identified proteins correlate well across biological replicates
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Synaptic cleft candidates are found across protein classes

VGCCs and associated
proteins
Dpp6

Unclassified

Alcam
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Synapﬁc adhesion Gamma-aminobutyric acid receptor subunit gamma-2
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DOMON domain-containing protein FRRS1L

Neuropilin and tolloid-like protein 2

Cijsouw et al. (2018) Proteomes 6, 48 Tony Cijsouw



Validation: The tyrosine phosphatase Ptprz1 colocalizes with excitatory synapses

Protein-Tyrosine Phosphatase, Receptor-type, Zeta-1:

T thos e Ty PR I_

N |
i |

Ptprzl expression is regulated by morphine in rodents (Garcia-Perez et al. (2017) Mol Neurobiol 54:495-510)
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Detected using immunocytochemistry
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The next step: Defining the dynamic activity-dependent remodeling of the synaptic cleft

Single particle tracking of super-resolved SynCAM 1 using the uPAINT approach (Daniel Choquet):

Sabbatical with Olivier Thoumine (Bordeaux)
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