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Connectivity in the brain
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Molecular determinants of synapse formation

t+60 min

Ziv and Garner Current Opinion in Neurobiology 2001



Experimental approach

Spontaneous contacts

» Low spatial and temporal resolution
» Coexistence of multiple molecules
« Unknown stoichiometry

Biomimetic contacts

 Use purified proteins
 Control surface density
 Control position and time of contact




Purified
Neurexinlp—Fc

kD
130
95
72
55

Biomimetic assays

* Quantum dots (20 nm)

* Microspheres (1 um)

* Micro-patterns (2 um)

Primary hippocampal neurons




Outline

1. Growth cone migration
2. Post-synaptic morphing

3. Synapse formation



Axis 1. Growth cone motility

Central domain
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The molecular clutch mechanism: focus on N-cadherin
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N-cadherin based molecular clutch in the growth cone
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Mapping the actin flow in growth cones

| AL Cell
N-cadherin
Anti-Fc

Garcia et al., unpublished



AXis 2: Dendritic spine morphing

Korobova & Svitkina
Mol Biol Cell 2010
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Subspine localization and dynamics

N-cadherin-GFP Myosin-GFP

RFP F-actin

Actin retraction upon myosin stimulation

a
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Chazeau et al., in preparation



Optical tweezers experiments
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AXxis 3: Synapse differentiation via neurexin/neuroligin adhesion
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Detachment of neurexin-coated Quantum dots

Quantum dot

Neurexin-1[3
kon/‘L koff

Neuroligin-1 !
Cell membrane

Cell ® GFP

Saint-Michel et al., Biophys J 2009
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A sensitive method to probe protein interactions
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Assembly of functional post-synapses
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Neuroligin-1 expression decreases AMPAR lateral diffusion
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Neuroligin-1 bi-directionally modulates AMPAR lateral diffusion
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Summary

.n‘ Synapse

AMPA receptor Neurexin-1
3 M el
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Diffusion Trapping Competition



Model parameters
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Predicting FRAP experiments
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AMPAR enrichment at synapses
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Synaptic AMPAR exocytosis

Synaptic exocytosis+ High trapping
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Introducing AMPAR endocytosis

Racz et al., Nat Neurosci 2004

Mormalized AMPAR level

1.00

0.75-

0.50-

0.25+

0.00

Extra-synaptic endocytosis

Low trapping

Synaptic endocytosis

Low trapping + Synaptic endocytosis

25 50 75 100 125
Time (sec)



Conclusions

A sequential scenario:
1. Growth cones migrate to find their targets
2. Synapses are assembled

3. Synapses undergo morphological and functional plasticity
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