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elLife digest The central nervous system coordinates many different activities by sending
instructions to large numbers of cells and, simultaneously, processing all the signals that are sent
back to the brain. All these messages are carried by electrical pulses that travel along chains of
neurons, with neurotransmitter molecules enclosed inside synaptic vesicles conveying the messages
across the synapses between neurons. A protein called a-synuclein is thought to have a role in the
transport of neurotransmitter molecules across synapses, but the details of its involvement are not
fully understood.

Mutations in the gene that codes for a-synuclein, and also duplications and triplications of this
gene, are known to lead to an increased risk of early onset Parkinson’s disease, a condition where
the central nervous system degenerates. Moreover, the Lewy bodies found in the neurons of patients
with Parkinson’s disease contain high concentrations of a-synuclein. Again, however, none of this is
fully understood.

Diao et al. have shed new light on these questions by creating synthetic vesicles to mimic what
happens in real synapses, and using optical microscopy to observe the behaviour of these vesicles.
They found that native a-synuclein (and another set of membrane proteins) increases the availability
of synthetic vesicles at the synapse by causing them to cluster together. In a second experiment,
Diao et al. showed that native a-synuclein does not decrease calcium-triggered fusion between
membranes, the process that releases neurotransmitter into the synaptic cleft. In contrast, it is
known that pathogenic a-synuclein aggregates directly interfere with the release of the neurotransmitter
molecules. Moreover, when Diao et al. used a particular mutant form of a-synuclein that is
associated with Parkinson’s disease, the vesicles did not form clusters. If these results are
confirmed in vivo, the role played by native a-synuclein in the central nervous system, and the
connection between a-synuclein and Parkinson’s disease, will be much clearer.
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reported to show either no or very small and opposing effects on neurotransmitter release (Abeliovich
et al., 2000; Cabin et al., 2002; Chandra et al., 2004; Liu et al., 2004; Yavich et al., 2004; Unger
et al., 2006; Senior et al., 2008; Burré et al., 2010; Garcia-Reitbock et al., 2010; Scott et al., 2010;
Anwar et al., 2011). Similarly, overexpression of a-Syn either in transgenic mice or using stereotactic
injections of adeno-associated virus have resulted in conflicting effects on neurotransmitter release,
although chronic overexpression nearly always leads to neurodegeneration (Liu et al., 2004; Larsen
et al., 2006; Burré et al., 2010; Nemani et al., 2010; Gaugler et al., 2012).

Structurally, a-Syn is a 14-kDa protein composed of an amphipathic, positively charged 100 residue
N-terminal domain with a lysine-rich N-terminus that binds reversibly to anionic membranes (Rhoades
et al., 2006), and a 40-residue highly acidic C-terminal domain that interacts with the N-terminal
sequence of synaptobrevin-2 (Burré et al., 2010). Recombinant, erythrocyte, and brain a-Syn is
predominantly monomeric in solution with a smaller fraction of multimeric species, and is largely
unstructured with a small (approximately 21-24%) helical contribution (Fauvet et al., 2012; Burré
et al., 2013). At high concentrations (~500 uM) and in the presence of B-octylglucoside, nuclear
magnetic resonance spectra showed weak intramolecular NOEs in regions of a-helical propensity
but no tertiary interactions, reminiscent of a molten globule (Wang et al., 2011). The interaction with
anionic lipids induces a-helicity in a-Syn, as revealed by CD spectroscopy (Davidson et al., 1998;
Jo et al., 2000). Moreover, solution NMR studies, EPR analyses, calorimetry, and single molecule
fluorescence resonance transfer experiments in the presence of SDS micelles and small unilamellar
vesicles revealed that the N-terminal 100 residues form a broken amphiphatic a-helix upon binding to
anionic lipids (Bussell and Eliezer, 2003; Chandra et al., 2003; Ulmer et al., 2005; Jao et al., 2008;
Ferreon et al., 2009; Lokappa and Ulmer, 2011; Maltsev et al., 2013). Binding of a-Syn to the
membrane is transient, and the C-terminal 40 residues of a-Syn are unstructured and not bound to the
membrane (Bodner et al., 2009). N-terminal acetylation of a-Syn does not induce significant structure
in recombinant a-Syn in solution (i.e., absence of detergents or lipids), but further enhances its binding
to anionic membranes and induced a-helicity (Maltsev et al., 2012). Although initially largely monomeric,
purified brain a-Syn associates into partially folded multimers and aggregates in a time-dependent
manner (Burré et al., 2013). It is likely that these different monomeric and oligomeric states exist in
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Figure 2. Native a-Syn decreases the number of v-/t-vesicle associations. ( ) Plotted is the number of content dye
fluorescent spots in presence of 2 UM complexin-1 and with or without 2 yM a-Syn (tag-free construct); example images
are shown in the lower two panels. Scoring (‘counts’) excluded the few very large fluorescent spots that appeared in the
presence of a-Syn; an example is shown in the lower right panel, marked by a black arrow. Error bars are standard
deviations from 10 random imaging locations within the same sample channel. *** indicates p<0.001 by the Student’s
t-test. (+ ) Distribution of the fluorescence intensity of all fluorescent spots as shown in panel ( ). In the presence of a-Syn,
the number of low intensity fluorescent spots (up to 1.5 a.u.) decreased, which was accompanied by an increase in higher
intensity fluorescent spots (see inset) due to the formation of v-vesicle clusters. The very large fluorescent spot (black
arrow in the lower right image in panel () was excluded in this distribution. ( ) lllustration that clustering of v-vesicles
induced by a-Syn reduces the effective number of fluorescent spots (corresponding to docked single or multiples of
v-vesicles) in a finite volume since the starting concentration of individual v-vesicles was identical with and without a-Syn.
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