
 
Inside the neuron IV:  

 
Presynaptic secretion 

 

Lesson (8) 



What is the molecular machinery of 
synaptic vescicles fusion ? 

Some observations: 

• Synaptic transmission, a specialized form of normal exocytosis. 

• Specific proteins on vesicles and targets guide the process 

• Molecular biology reveals homology in components from yeast 
to man 

 



The SNARE hypothesis 
• Synaptic vesicles have a specific protein that directs 

them to a receptor on the plasma membrane (with 
the aid of other proteins SNAPs etc.). 

 

• The vesicle associated SNAP receptor (v-SNARE) in 
neurons is believed to be synaptobrevin (VAMP). 

 

• Target sites such as the plasma membrane (nerve 
terminal) would have a corresponding t-SNARE 
(syntaxin and SNAP-25). 

 

• At sites other than the nerve terminal specific vesicle 
and target SNAREs would function to target vesicles 
to specific compartments.   

 



Coiled-coil  
interactions. 
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The SNARE mechanism is shared  
among many membrane fusion events 

Mammalians 

Mammalians 



Generic fusion mechanism 
involves a tightening of the  

SNAREs to push out H20 
 
 





Comparison between intra-organelles and synaptic vescicle trafficking 











Fig.5. Potential mechanism of NSF. NSF-ATP binds to the C-terminus of α-SNAP (red wedge), which is bound 
to the coiled coil of the SNARE complex (a and b). Upon ATP hydrolysis the N-domains (blue block) pivot 
around the D1-domain, away from the center pulling, the α-SNAP and SNARE complex (c and d). This radial 
force serves to separate the SNAREs and thus disassemble the complex (e and f). The positively charged 
surface of NSF-N, which is important for SNAP–SNARE binding, is depicted as a yellow bar. The pore 
residues in NSF-D1 are depicted as green spheres. NSF-D1 and NSF-D2 are depicted as orange and green 
blocks, respectively. 



But....what about Calcium?? 



Ca2+ signalling at presynaptic sites 



Ca2+ signalling at presynaptic sites 





V-ATPase-coupled neurotransmitter accumulation 
Vacuolar-type H+-ATPase (V-ATPase) pumps H+ into secretory vesicles.  

Hiroshi Omote, and Yoshinori Moriyama Physiology 2013;28:39-50 

©2013 by American Physiological Society 

V-ATPase-coupled neurotransmitter accumulationVacuolar-type H+-ATPase (V-ATPase) pumps H+ into secretory vesicles. It generates an 
electrochemical H+ gradient composed of a H+ gradient and an inside-positive membrane potential. Typical H+ gradient (ΔpH) and 
membrane potential (ΔΨ) of synaptic vesicles are 1.5 and 80 mV, respectively. Vesicular neurotransmitter transporters use such energy as 
their driving force. VGLUTs and other SLC17 type transporters transport anionic substrates using membrane potential as the driving force. 
VMATs and VAChT transport cationic monoamines with a counterflow of 2 H+ per substrate molecule. On the other hand, VGAT is a 
cotransporter of GABA and 2 Cl−. CLC3 Cl− channel performs the exchange of H+ and Cl− and thereby controls internal H+ concentration and 
membrane potential. 







Fully primed 

Tethered unprimed 

Reluctantly primed 









Molecular machinery driving vesicle fusion 

synaptotagmin  

Synaptobrevin/VAMP 
SNARE core  

syntaxin 

SNAP25  

Habc  

Vescicle  



Synaptotagmin (P65) Ca2+ binding. 

 • Single polypeptide, one transmembrane spanning region and large 
cytoplasmic domain. 

 

• Protein kinase C like homology in carboxyl terminal (C2 domain), involved 
in calcium and phospholipid binding.  Injection of C2 peptide can block 
release after the vesicle is docked (squid; Augustine lab). 

 

• Forms tetramers with each binding calcium (possible) cooperatively 
consistent with 3-4 power of Ca dependence of release (Sudhof and 
others). 

 

• In vitro studies it binds Ca cooperatively at concentrations in the 
physiological range (10-100 mM) for release. 

 

• In the absence of Ca2+ synaptotagmin may serve as a brake for release.  
Ca2+ removes the brake.  May explain how release in non-neuronal cells 
occurs without synaptotagmin. 



The temporal resolution between Ca2+ influx induced by action potentials and SV 
fusion coupled to Ca2+ influx differs in synchronous and asynchronous release. The  
temporal precision largely depends on the distance between SV and VGCC, which 

matters for the timing of SV fusion. Fast synchronous neurotransmission is mediated 
by SV coupled to VGCC, while recruitment of new vesicles to the proximity of VGCC 

seems to contribute to the delayed asynchronous release. 

Synchronous and Asynchronous release of synaptic vescicles 



Structure and C2+ properties of synaptotagmins 





Does synaptic vescicles fusion occur at specific places ? 



Morphologically, active zones are defined as sites of synaptic vesicle docking and 
fusion, and physiologically they are defined as sites of neurotransmitter release.  
 
Active zone have three morphologically and functionally distinct components: 
 
 

The active zone: definition and structure 

1. the plasma membrane juxtaposed to the PSD where 
synaptic vesicle fusion occurs, 
 
2. the cytomatrix immediately internal to the plasma 
membrane where synaptic vesicles dock, and 
 
3. the electron-dense projections extending from the 
cytomatrix into the cytoplasm on which synaptic vesicles 
are tethered 



Reconstruction of two dense projections (green) showing their relationship 
with six synaptic vesicles (blue) and two fusing vesicles (red). 

Burette et al., Microsc Microanal 13(Suppl 2), 2007 
 

Architecture of the presynaptic Active Zone 



Architecture of the presynaptic Active Zone 

Zhai & BellenPHYSIOLOGY 19: 262–270, 2004 

All active zones have three 
components, with variable size and 

shape of dense projections: 

1. the plasma membrane juxtaposed to the 
PSD where synaptic vesicle fusion 
occurs, 
 

2. the cytomatrix immediately internal to the 
plasma membrane where synaptic 
vesicles dock, 

 
3. the electron-dense projections extending 

0.5-1 μm from the cytomatrix into the 
cytoplasm on which synaptic vesicles are 
tethered (SYNAPTIC RIBBONS) 





 
 
- First, the classical cytoskeletal proteins corresponding to actin, tubulin, 
myosin, spectrin-chain and -chain, and -catenin are the fundamental 
elements of the framework of active zone cytomatrix.  
 
-Second are the known scaffolding proteins, including SAP97, and 
CASK/LIN-2 
 

- Third, there are the active zone-specific proteins including RIM1, Munc13/ 
unc13, Bassoon, Piccolo/Aczonin, and CAST/ERCs 
 

Proteins identified in the active zone cytomatrix can 
be classified into 3 categories. 



Molecular structure of a ribbon 
synapse 

Structural molecules piccolo e bassoon anchor the synaptic ribbon  
on the membrane 



 
1.  cytoskeletal proteins : 
  actin, tubulin, myosin, spectrin, catenin  
 . 
2. scaffolding proteins : 
  SAP90/PSD95/Dlg, SAP97, CASK/LIN-2 

 
3. active zone-specific proteins : 
 RIM1, Munc13/ unc13, Bassoon,  
 Piccolo/Aczonin, and CAST/ERCs 

Trafficking mediated by Dynein, Kinesin, microtubule associated protein (MAP) 



Progressive approach of the SV to the plasma membrane 
requires interactions with the cytoskeleton and Piccolo & Basson 









cytoskeleton, scaffolding, active zone proteins     



 
1.  cytoskeletal proteins : 
  actin, tubulin, myosin, spectrin, catenin  
 . 
2. scaffolding proteins : 
  SAP90/PSD95/Dlg, SAP97, CASK/LIN-2 

 
3. active zone-specific proteins : 
 RIM1, Munc13/ unc13, Bassoon, 
 Piccolo/Aczonin, and CAST/ERCs 

Trafficking mediated by Dynein, Kinesin, microtubule associated protein (MAP) 
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