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Synaptic vesicle fusion







Aim 1:

To develop an experimental system to investigate 
the effects of SNAREs on the energetics of 
membrane fusion.



Atomic Force Microscopy (AFM) 



Lipid bilayer formation on hydrophilic 
glass surfaces
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Abdulreda and Moy, Biophys J. 2007 Jun 15;92(12):4369-78 

Detection and measurement of fusion force



Abdulreda et al., Biophys J., 2007 (in press) 

Measurements of SNARE-mediated fusion 



Fusion force increases with compression rate



Fusion force decreases in presence of SNAREs



Effect of Applied Force on the Fusion Energy Barrier

Dynamic compression Model: The model is based on the 
transition state theory.



Fusion Energy barrier Parameters



Fusion energy landscape



Aim 2: 

Identify the molecular determinants of SNARE-mediated 
membrane fusion.



Interaction between SNARE cytoplasmic domains 
facilitates fusion 



Full-length VAMP-2 is required for facilitated fusion



Full-length SNAP-25 is required to facilitate fusion



Fusion Energy barrier Parameters



Aim 3: 

Determine the pulling force generated by the interaction 
of v- and t-SNAREs.



Measurements of SNARE complex unbinding 



Dynamic unbinding of individual SNARE complexes



Abdulreda et al., Biophys J., 2007 (in preparation) 



Dissociation (Unbinding) Energy Landscape



Aim 4: 

Determine the pulling force generated by the interaction 
of v- and t-SNAREs correlates with facilitation of fusion.



To quantify the facilitation of bilayer fusion by SNAREs, we use the 
reduced fusion force (fφ).  This parameter corresponds to the 
compression force required to overcome 1 kBT of the fusion energy 
barrier.

To quantify the strength of the interacting SNAREs, we use the 
reduced unbinding force (fβ) for the inner barrier of the SNARE 
complex.  This parameter corresponds to the force required to 
suppress the inner activation barrier by 1 kBT during forced 
unbinding.  





Conclusions
• A correlation exists between the strength of 

SNARE-interactions and the degree of fusion 
facilitation.

• SNARE-mediated fusion transitions through an 
intermediate hemifused state.

• Interactions of SNARE cytoplasmic domains 
mediate membrane fusion by

1. Providing apposition, a “critical” proximity between the 
membranes.

2. Locally destabilizing the membranes by pulling on or 
tilting of their transmembrane segments.
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