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Abstract:  The proteome of the presynaptic active zone controls neurotransmitter release 

and the short- and long-term structural and functional dynamics of the nerve terminal. The 

proteinaceous inventory of the presynaptic active zone has recently been reported. This 

review will evaluate the subcellular fractionation protocols and the proteomic approaches 

employed. A breakthrough for the identification of the proteome of the presynaptic active 

zone was the successful employment of antibodies directed against a cytosolic epitope of 

membrane integral synaptic vesicle proteins for the immunopurification of synaptic 

vesicles docked to the presynaptic plasma membrane. Combining immunopurification and 

subsequent analytical mass spectrometry, hundreds of proteins, including synaptic vesicle 

proteins, components of the presynaptic fusion and retrieval machinery, proteins involved 

in intracellular and extracellular signaling and a large variety of adhesion molecules, were 

identified. Numerous proteins regulating the rearrangement of the cytoskeleton are 

indicative of the functional and structural dynamics of the presynapse. This review will 

critically discuss both the experimental approaches and prominent protein candidates 

identified. Many proteins have not previously been assigned to the presynaptic release sites 

and may be directly involved in the short- and long-term structural modulation of the 

presynaptic compartment. The identification of proteinaceous constituents of the 

presynaptic active zone provides the basis for further analyzing the interaction of 

presynaptic proteins with their targets and opens novel insights into the functional role of 

these proteins in neuronal communication. 
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1. Introduction  

Half a century of subcellular fractionation of brain tissue and protein identification culminated in 

the identification of the proteome of synaptic vesicles and the presynaptic active zone from murine 

brain. Several articles that described the isolation and global analysis of the presynaptic compartment 

have been published recently. Therefore, we think it is timely to review the methodology progress 

leading to the presynaptic active zone (PAZ) proteome discovery from rat [1ï3] and mouse brain [4]. 

The purification of the presynaptic active zone was preceded by subcellular fractionation of 

metabolically intact nerve endings, named synaptosomes [5], which had already been reported in the 

early sixties of the last century [6,7]. It is beyond the scope of this review to introduce all individual 

experimental steps eventually leading to highly purified fractions of the presynaptic compartment 

comprising the active zone. The general strategy for the purification of synaptic vesicles and vesicles 

attached to the presynaptic plasma membrane (PAZ) is illustrated in historical steps (Figure 1). In this 

overview, we will focus on the composition and mode of action of the presynaptic active zone. For 

specific aspects of the release sites, the reader is referred to recent reviews [8ï13]. The progress in the 

profiling of synaptosome proteomics have been reviewed in detail by Bai and Witzmann [14]. 

Proteomic analysis of synaptosomes derived from mouse brain identified between 1,131 [15] and 

2,980 unique proteins, including 118 phosphoproteins [16]. Synaptic vesicles that play a crucial role in 

the purification of the active zone can be isolated from hypoosmotically disrupted synaptosomes [6,17]. 

They represent key organelles of chemical signaling, allowing neurons to communicate with each 

other and neighboring cells. Vesicle integral or membrane-associated proteins mediate the various 

tasks the organelle fulfills during its lifecycle. These include organelle transport, interaction with the 

nerve terminal cytoskeleton, uptake and storage of low molecular weight constituents and regulated 

interaction with the presynaptic plasma membrane at the active zone. Advances in membrane protein 

separation and mass spectrometry allowed the detailed description of the synaptic vesicle proteome, 

making synaptic vesicles the best characterized organelles (reviewed in [18]). During exo- and  

endo-cytosis, synaptic vesicles are tightly bound via a quadruple helical SNARE complex to the 

presynaptic plasma membrane [19]. This allows the immunopurification of the active zone employing 

antibodies directed against a cytosolic epitope of membrane integral vesicle proteins. Advanced mass 

spectrometry identified the proteome of these release sites [1ï4]. Identified proteins include synaptic 

vesicle proteins, components of the presynaptic fusion and retrieval machinery, proteins involved in 

intracellular and extracellular signaling, a large variety of adhesion molecules and proteins potentially 

involved in regulating the functional and structural dynamics of the presynapse. Here, we discuss 

recent information concerning the proteome of the presynaptic active zone derived from mouse brain 

focusing on those proteins that are potentially involved in the short- and long-term structural regulation 

of the mature presynaptic compartment. 
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1.1. Subcellular Fractionation of the Presynaptic Active Zone 

For proteomic analyses, it is of uttermost importance to reduce sample complexity as much as 

possible, and care should be taken to avoid contaminating compartments. Routinely, the isolation of 

the presynaptic active zone from murine brain starts with the enrichment of synaptosomes using the 

colloidal silica particles, Percoll [20], or the hydrophilic polysaccharide, Ficoll [21], both possessing 

low viscosity and osmolarity for density gradient centrifugation. Boyken and coworkers [3] subjected 

synaptosomes to limited proteolysis, employing trypsin to reduce postsynaptic contaminations. The 

crude synaptosome fraction is then subjected to hyposmotic lysis and sucrose density gradient 

centrifugation [5,6]. Following centrifugation, synaptic vesicles display a bimodal distribution, leading 

to the separation of synaptic vesicles in the lighter fractions and synaptic vesicles docked to the 

presynaptic plasma membrane in the denser fraction. This provides the opportunity to further separate 

these two compartments [1ï4]. For further purification of these synaptic vesicle-containing fractions, 

immunopurification employing antibodies directed against a cytosolic epitope of membrane integral 

synaptic proteins has become the method of choice. Prominent targets for immunoisolation were the 

following synaptic vesicle proteins: the 12 membrane span, SV2 [1,2,18,22,23], the tetraspan 

synaptophysin [3,24] and the vesicular GABA and glutamate transporter, vGluT1 [3,25]. The 

antibodies were conjugated to either magnetic beads, protein A-Sepharose or methacrylate microbeads 

as solid support. Using the SV2 antibody for immunoisolation, the purity of the synaptic vesicles and 

synaptic vesicles docked to the presynaptic plasma membrane was unambiguously demonstrated by 

electron microscopy, marker protein analysis [1,2,26] and correlation profiling [4,23].  

Figure 1. Schematic illustration highlighting historical steps leading to the isolation of the 

presynaptic active zone (PAZ). 
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