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Synaptic Vesicle Fusion Drives Neuronal Communication

The Snare Fusion 
Machinery



Synaptic Vesicle Fusion Occurs at Active Zones

Zhai and Bellen, 2004



The Drosophila Larval Motor Circuit 

Clark et al, 2018; Zarin et al, 2019



Organization of Synaptic Contacts at the Drosophila NMJ
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Matching of Presynaptic AZs to Postsynaptic GluR Fields
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Spontaneous Release

Visualizing Synaptic Transmission In Vivo

Evoked Release



Evoked Release Probability is Heterogenous Across AZs

Average Ac#ve Zone Release Probability = 0.07
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Active Zone Regulation of Synaptic Strength

Cacophany (Cac) = Cav2 Calcium Channel 



Correlation Between Calcium Channel Density and Pr



Low Pr AZ High Pr AZ

What is the Origin of AZ Pr  Heterogeneity?
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Model 1: AZs arrive preassembled and at a specific set strength

AZ #1 AZ #2

What is the Origin of AZ Pr  Heterogeneity?

AZ #3
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Model 2: AZ material assembles in a specific sequence 
over time at the synapse

Newly Formed AZ Young AZ

What is the Origin of AZ Pr  Heterogeneity?

Mature AZ



Synaptic Strength Develops Over Time



Time-stamping GluRs with mMaple



Active Zones With Variable Release Properties
Reflect Developmental Maturation

Spontaneous Only Spontaneous +
Low Pr Evoked

Spontaneous +
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Liprin 
30% 
earlier

RBP 
BRP

Cac 
15% 
later

Unc13A 
3% later

RIM, Syd1, 
Unc13B 
10% earlier

Active Zone Maturation Components and Timecourse



Presynaptic Correlations with Release Probability



Model for Active Zone Release Heterogeneity



Ongoing Questions on Control of Presynaptic Output at AZs
How Does Neuronal Activity

Influence Synapse Formation?

How are Pr Differences Across 
Neuronal Subtypes Set? Mechanisms of AZ Material 

Capture and Maintenance

What Underlies Rapid Changes in Pr 
During Plasticity?

Before After

How does Disease Alter 
Synapse Assembly/Disassembly?

Reyes-Pablo et al, 2020
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