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Connectivity in the brain 

Micheva et al. Neuron 2010 
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Molecular determinants of synapse formation 



Experimental approach 

•  Low spatial and temporal resolution 

•  Coexistence of multiple molecules  

•  Unknown stoichiometry 

Spontaneous contacts 

• Use purified proteins 

• Control surface density  

• Control position and time of contact 

 

Biomimetic contacts  



Biomimetic assays 

• Quantum dots (20 nm) 

 

 

 

• Microspheres (1 µm) 

 

 

 

• Micro-patterns (2 µm) 
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1. Growth cone migration 

 

2. Post-synaptic morphing  

 

3. Synapse formation 
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Axis 1: Growth cone motility 
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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 

Actin flow 

N-cadherin 

Optical trap 
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Mapping the actin flow in growth cones 
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Axis 2: Dendritic spine morphing 

Korobova & Svitkina  

Mol Biol Cell 2010 



Rationale 
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Subspine localization and dynamics 
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Optical tweezers experiments 
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Axis 3: Synapse differentiation via neurexin/neuroligin adhesion 
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Detachment of neurexin-coated Quantum dots 
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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 
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Model parameters 
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Predicting FRAP experiments 
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AMPAR enrichment at synapses 

Projection Synapse size 
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Synaptic AMPAR exocytosis 
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Introducing AMPAR endocytosis 
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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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