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Sustained neurotransmitter release at synapses during high-frequency synaptic activity involves the mobilization of synaptic vesicles
(SVs) from the tightly clustered reserve pool (RP). Synapsin I (Syn I), a brain-specific peripheral membrane protein that undergoes
activity-dependent cycles of SV association and dissociation, is implicated in RP organization via its ability to cluster SVs. Although Syn
I has affinity for phospholipids, the mechanism for the reversible association of synapsin with SV membranes remains enigmatic. Here,
we show that rat Syn I is able to sense membrane curvature via an evolutionary conserved amphipathic lipid packing sensor motif (ALPS).
Deletion or mutational inactivation of the ALPS impairs the ability of Syn I to associate with highly curved membranes and with SVs.
Furthermore, a Syn I mutant lacking ALPS displays defects in its ability to undergo activity-induced cycles of dispersion and reclustering
in neurons and fails to induce vesicle clustering in vitro. Our data suggest a crucial role for ALPS-mediated sensing of membrane
curvature in regulating synapsin function.

Introduction
Neurotransmission requires the exo-endocytic cycling of small
(40 nm) synaptic vesicles (SVs) (Murthy and De Camilli, 2003).
While the readily releasable pool of SVs resides at or near active
zones, a distantly located, tightly clustered reserve pool (RP) of
SVs is required for sustained neurotransmitter release during
high-level activity (Rizzoli and Betz, 2005). The organization of
the RP of SVs is linked to the peripheral SV-associated phospho-
protein synapsin I (Syn I) (Cesca et al., 2010; Shupliakov et al.,
2011).

Synapsins (I–III) are evolutionary conserved neuron-specific
proteins (Cesca et al., 2010). Syn I associates with SVs, partly via
binding to acidic phospholipids (Benfenati et al., 1993), and rep-
resents a major component of purified SVs (Takamori et al.,
2006). Syn I is surface-active, covers a large proportion of the SV
surface, and promotes clustering of SVs within the RP (Benfenati

et al., 1993; Pieribone et al., 1995; Rosahl et al., 1995; Ryan et al.,
1996).

Syn I dissociates from SVs upon stimulation, allowing mobi-
lization of SVs from the RP during activity (Hosaka et al., 1999;
Chi et al., 2001; Menegon et al., 2006; Cesca et al., 2010). After
cessation of the stimulus, Syn I reassociates with SVs, promoting
their reclustering within the RP (Chi et al., 2001; Menegon et al.,
2006). The mechanisms that attach Syn I to SVs during this func-
tional cycle remain enigmatic. Syn I-binding proteins such as
CaMKII or Src are not exclusively associated with SVs and are
present in insufficient copy numbers (Cesca et al., 2010). Syn I
also directly and saturably associates with (Benfenati et al., 1989)
and clusters (Benfenati et al., 1993) acidic liposomes. Because of
the broad lipid specificity, this interaction likewise appears insuf-
ficient to explain the selective association of synapsins with SVs at
synapses.

Amphipathic lipid packing sensor (ALPS) motifs able to insert
into curved membranes via an amphipathic helix rich in hydro-
philic polar amino acids (Bigay et al., 2005; Antonny, 2011) have
been identified in several proteins (Drin et al., 2007), including
putative motifs in Syn II and Syn III. Here, we show that the
major synapsin isoform, Syn I, contains an ALPS motif that, by
sensing membrane curvature (MC), facilitates Syn I association
with SVs and regulates its vesicle clustering activity. A Syn I mu-
tant lacking the ALPS displays defects in its ability to associate
with highly curved membranes, including SVs, and to undergo
activity-induced cycles of dispersion and reclustering in primary
neurons. Moreover, mutant Syn I is partially defective in facili-
tating vesicle clustering in vitro. These data argue for a crucial role
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for ALPS-mediated sensing of MC in regulating synapsin
function.

Materials and Methods
Peptides and antibodies. Peptide sequences were as follows: rat Syn Ia
WT ALPS (amino acids 69 –96): GSSGGGGFFSSLSNAVKQTTAAAAATF
S); 2P ALPS: GSSGGGGFFSSLSNAVKPTTAAAAATFS; 3E ALPS: GSSGGG
GEESSESNAVKQTTAAAAATFS; scrambled ALPS: VAANFSTSQSGAFG
KASFLAATGGSSTG; Kes1p (7–29, yeast): SSSWTSFLKSIASFNGDLSS
LSA; AP180 (753–70, human): LGSDLSSLASLVGNLGI.

For single liposome assays, peptides were N-terminally tagged with
CAAP. Antibodies used were Syn I, bassoon (Synaptic Systems), synap-
tophysin (Sigma-Aldrich), and GFP (Stressgen).

Circular dichroism spectroscopy. Peptides (3 mM) were dialyzed into
circular dichroism (CD) buffer (10 mM Tris, pH 7.5, 150 mM NaF) and
measured on a Jasco J-810 spectrometer at 20°C. Spectra represent aver-
ages of 10 scans recorded from 194 to 240 nm. Control spectra were
subtracted.

Plasmids, generation of stable cell lines, protein purification. eGFP-Syn
Ia was purified from stably transfected doxycycline-inducible HEK293
cells. Pellets were resuspended in 20 mM HEPES, pH 7.4, 100 mM NaCl,
50 mM KCl, 5 mM MgCl2, 5 mM DTT, 0.3% CHAPS plus protease inhib-
itors, cracked and diluted with one volume of 10 mM HEPES, pH 7.4, 150
mM NaCl, 2 mM DTT. Cleared supernatant was applied to GFP-TrapA
columns, washed, eluted (0.2 M glycine, pH 2.5), and neutralized. Purity
was assessed by measuring (A260/A280) and silver-stained SDS-PAGE.

Single liposome curvature assays. Single liposome binding assays were
done as in Bhatia et al. (2009) with liposomes of a SV-like composition
[69% DOPC (1,2-dioleoyl-sn-Glycero-3-Phosphocholine), 30% DOPS
(1,2-dioleoyl-sn-glycero-3-phospho-L-serine), 0.5% DOPE-Biotin (1,2-
Dioleoyl-sn-Glycero-3-Phosphoethanolamine-N-(Cap Biotinyl)), 0.5%
DID (1,10-dioctadecyl-3,3,30,30-tetramethyl-indodicarbocyanine per-
chlorate); Invitrogen]. For control experiments using eGFP-PH, lipo-
somes contained 5% PI(4,5)P2 at the expense of DOPS. Samples were
analyzed as described previously (Bhatia et al., 2009).

Analysis of Syn I-induced liposome clustering. SV-like small liposomes
(Ø 60 nm) [phosphatidylcholine (PC):phosphatidylethanolamine (PE):
phosphatidylserine (PS):phosphatidylinositol (PI):cholesterol � 27:30:
10:3:30; 1% rhodamine-PE] were prepared by dehydration/rehydration
in HEPES-buffered saline (HBS) (20 mM HEPES, pH 7.4, 200 mM NaCl)
followed by sonication in HBS for 10 min under argon flow while cool-
ing. Precleared liposomes were incubated in HBS with or without 100 �M

peptide (3 min, 37°C) before addition of 75 nM eGFP-Syn I (WT or �).
Samples incubated for 10 min at 37°C were imaged by fluorescence mi-
croscopy and quantitatively analyzed using Volocity (Improvision).
Mean particle sizes were determined from �10 fields of view (n � 2
independent experiments). Data were analyzed statistically using a one-
way ANOVA with Bonferoni’s multiple comparison as a post-test.

Liposome and SV binding. Synapsin-depleted SVs (10 �g) (Schiebler et
al., 1986) or sucrose-loaded liposomes (PC:PE:PS:PI:cholesterol � 27:
30:10:3:30) (Benfenati et al., 1989) were incubated for 1 h at 4°C with
wild-type (WT) or mutant eGFP-Syn I (40 –200 nM) in 220 mM glycine,
30 mM NaCl, 5 mM Tris-HCl, 4 mM HEPES, pH 7.4, 0.22 mM NaN3, and
100 �g/ml BSA. SVs or liposomes were reisolated by ultracentrifugation
(400,000 � g, 30 min) through a 10% (w/w) sucrose cushion. Samples
were immunoblotted and recovery of 14C-PC was measured.

Optical recordings in primary neurons. Hippocampal neurons from
E17–E18 mouse embryos of either sex were transfected (11–14 DIV) with
lipofectamine 2000, fixed (4% PFA 4 d posttransfection), and immuno-
stained. Optical recordings (1 Hz for 180 s) were performed at 15–18 DIV
(3–5 d posttransfection) as described previously (Menegon et al., 2006).
Fluorescence changes of eGFP-Syn Ia at synaptic boutons were normal-
ized to the starting fluorescence (F0). Time constants and plateaus for
dispersion and reassociation were determined by fitting the respective
curves with a single exponential function.

Results
An ALPS within the B domain of Syn I
BLAST searches for presynaptic proteins that contain potential
ALPSs (Drin et al., 2007) identified Syn Ia/b, a protein known to
reversibly associate with small SVs (Hosaka et al., 1999; Chi et al.,
2001), i.e., high curvature membranes (Fig. 1A). The putative
ALPS within mammalian Syn Ia corresponds to amino acids
69 –96 belonging to its domain B and is rich in polar hydrophilic
and hydrophobic residues (Fig. 1A,B). Sequences with similar
features are found within rat or human Syn I, Syn II, and Syn III
and within Syn I from lamprey and Xenopus, suggesting that the
putative ALPS is evolutionary conserved (Fig. 1A). When plotted
in a helical wheel, this motif can fold into an amphipathic �-helix
(Fig. 1B).

ALPSs adopt a random conformation in solution, but fold
into �-helical structure when contacting curved lipid membranes

Figure 1. An ALPS motif within the B domain of Syn I. A, Schematics of rat Syn Ia, Syn IIa, and Syn IIIa indicating the putative ALPS. Multiple sequence alignment of putative ALPS within Syn
orthologues from different species. B, Helical wheel projection of Syn Ia-derived ALPS peptide. Purple, polar hydrophilic residues; yellow, hydrophobic. C–E, CD spectra of Syn I-derived ALPS peptides
in the absence (black) or presence of 30 –100 nm (red) or 400 nm (blue) liposomes. C, WT ALPS peptide. D, 2P-ALPS inactive mutant. E, Scrambled peptide.
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(Drin et al., 2007). To test whether the putative ALPS within Syn
I is able to sense MC, we incubated a peptide corresponding to
amino acids 69 –96 of rat Syn I (WT ALPS) with liposomes of dif-
ferent diameters and analyzed its secondary structure by circular
dichroism (CD) spectroscopy. In solution, the Syn I-derived pep-
tide displayed a random conformation (Fig. 1C, black line). The
addition of small, high-curvature liposomes, similar in size to SVs
(i.e., 30 –50 nm), produced a CD spectrum containing features of
�-helical (negative ellipticity �202 nm and a strong increase in
positive ellipticity at 195 nm) and random coil conformation
(Fig. 1C, red line). Simulation of the CD spectrum predicted
�30% �-helical content, consistent with a weak association of
ALPS with membranes (Antonny, 2011). The CD spectrum
therefore likely represents a weighted average of vesicle-bound
and free soluble Syn I-derived peptide. No induction of helix
formation was observed with 400 nm liposomes (Fig. 1C, blue
line), indicating that the Syn I-derived peptide indeed is able to
sense MC.

To corroborate this, we synthesized a peptide in which S78
and Q86 were exchanged for helix-breaking proline residues
(2P ALPS) and a scrambled version of the Syn I-derived ALPS pep-
tide (scr). 2P ALPS and scr appeared unstructured in CD with or
without high-curvature liposomes (Fig. 1D,E). Both peptides

thus lack the ability to undergo high-
curvature membrane-induced �-helix
formation.

Membrane curvature sensing by Syn I
involves an ALPS motif
The above data indicate that the Syn
I-derived ALPS peptide is able to sense
MC. To test whether full-length Syn Ia
can sense MC, we purified recombinant
eGFP-Syn Ia from stably transfected
HEK293 cells (Fig. 2A). eGFP-Syn Ia was
soluble and able to bind and cluster lipo-
somes similar to native Syn I (Benfenati et
al., 1993) (see below). The ability of eGFP-
Syn I or of Syn I-derived ALPS peptides to
sense MC was then analyzed using quan-
titative fluorescence imaging of single li-
posomes with various diameters and MC
(Bhatia et al., 2009). The pleckstrin ho-
mology domain (PH) of phospholipase
C�, a phosphatidylinositol 4,5-bisphos-
phate binding domain unable to sense
curvature (Bhatia et al., 2009), served as
the negative control. Quantitative confocal
imaging was used to record the fluores-
cence intensity of eGFP-tagged proteins
colocalized with DID-labeled liposomes
of various sizes. Plots of the relative
density of bound eGFP-Syn Ia versus lipo-
some size revealed a remarkable prefer-
ence of WT eGFP-Syn I for liposomes
with a diameter �100 nm, indicative of its
ability to sense MC (Fig. 2B), whereas
eGFP-PH bound equally well to lipo-
somes of all sizes (Fig. 2C). Two mutant
variants of Syn I in which the putative
curvature-sensing ALPS was either deleted
(�ALPS) or mutationally inactivated (2P-
ALPS) showed a greatly reduced ability to

associate with high-curvature liposomal membranes (Fig.
2 D, E) or with small SV-like membrane vesicles mimicking
size and phospholipid composition of native SVs (Fig. 2 H).

The fluorescently labeled Syn I-derived ALPS peptide fully
retained the ability to sense MC, similar to holo-Syn I (Fig. 2F).
The 2P ALPS peptide or a peptide carrying substitutions in the
hydrophobic face of the �-helix (F76/F77/L80 to E) failed to sense
MC, resulting in their inability to stably associate with liposomal
membranes (Fig. 2G).

The limited residual curvature-sensing ability of �ALPS- and
2P-ALPS mutant Syn I (Fig. 2D,E) may be explained by other
potential curvature-sensitive elements not encoded within the
identified ALPS. In line with this, multiple determinants within
domains B, C, and E cooperate in targeting Syn I to presynaptic
membranes (Gitler et al., 2004). Our data indicate that curvature
sensing by Syn I largely depends on an ALPS within its B domain.

Syn I-induced vesicle clustering modulated by
ALPS-mediated membrane curvature sensing
A central function of Syn I is to organize the RP of SVs via its
ability to cluster small vesicles (Cesca et al., 2010). Syn I-mediated
liposome binding and clustering is saturable (Benfenati et al.,
1993) and depends on Syn I oligomerization via C- and

Figure 2. Membrane curvature sensing and liposome binding by Syn I involves an ALPS. A, Silver-stained gel illustrating
purified eGFP-Syn Ia. Right, Molecular weight markers in kDa. B–F, Single liposome curvature assays. A mixture of DID-labeled
fluorescent liposomes of various sizes (Ø 50 –700 nm) immobilized on a glass support were incubated with proteins or peptides:
WT-eGFP-Syn I (B); the pleckstrin homology domain of phospholipase C� (curvature-insensitive) (eGFP-PH PLC�; C); �ALPS-eGFP-
Syn I (D); 2P-ALPS-eGFP-Syn I (E); Atto-labeled Syn I-derived ALPS peptide (WT ALPS; F ). Plots display protein/peptide density
(arbitrary units, a.u.) versus liposome diameter (Ø range: 50 –700 nm). G, Liposome association of WT ALPS and of 2P ALPS or 3E ALPS

mutant peptides expressed as a percentage of the input peptide. H, Binding of WT or ALPS mutants of Syn I (50 nM) to SV-like
liposomes (Ø 50 –70 nm; 20 �g of phospholipid/sample). Bound Syn I (left) is expressed in percentage of total Syn I added
(mean � SEM). *p � 0.05; **p � 0.01 versus WT, Dunnett’s multiple-comparison test (right).
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E-domain-mediated interactions (Hosaka and Südhof, 1999;
Monaldi et al., 2010). To address the role of ALPS-mediated cur-
vature sensing in synapsin function, we monitored the ability of
WT and ALPS mutant Syn I to cluster liposomes mimicking the
size and lipid composition of native SVs in vitro. Purified WT or
mutant eGFP-Syn Ia (�ALPS) was incubated with fluorescently
labeled SV-like liposomes and analyzed by fluorescence micros-
copy. Addition of WT eGFP-Syn I clustered small liposomes into
larger assemblies. Mutant eGFP-Syn I (�ALPS) lacking its ALPS
showed a significantly reduced clustering ability (Fig. 3A,B), sug-
gesting that ALPS-mediated curvature sensing modulates the
ability of Syn I to cluster high curvature phospholipid vesicles. In
further support of this, addition of ALPS peptides derived from
mammalian (WT ALPS) or lamprey (WT lALPS) Syn I potently in-
hibited Syn Ia-induced liposome clustering, whereas a mutant
version of the ALPS peptide unable to sense curvature (2P ALPS;
compare Fig. 2) showed much-reduced activity (Fig. 3C,D). Ves-
icle clustering was also inhibited by a known ALPS peptide de-
rived from Kes1p (Drin et al., 2007), but not by a control peptide
taken from AP180. Thus, the ability to sense MC is critical for
peptide competition of Syn I-induced liposome clustering.

Membrane curvature sensing by its ALPS modulates Syn I
dispersion and reassociation with SV membranes
Syn I reversibly binds to small SVs and undergoes activity-
dependent association/dissociation cycles (Cesca et al., 2010). It
is thus conceivable that MC sensing participates in the ability of

synapsin to reassociate with SVs following its axonal dispersion.
To study the role of ALPS-mediated curvature sensing in regulat-
ing SV binding, highly purified rat SVs depleted of endogenous
synapsin (Schiebler et al., 1986) were incubated with WT eGFP-
Syn I or mutants, in which the ALPS was either deleted (�ALPS)
or inactivated (2P-ALPS). While WT-Syn I avidly bound to SVs
in a saturable and concentration-dependent manner, 2P-ALPS-
Syn I displayed a strongly reduced SV binding ability. The
�ALPS-mutant virtually failed to associate with SV membranes
(Fig. 4A,B). Hence, the ability of Syn I to associate with native
SVs strongly depends on the presence of an intact ALPS.

Syn I association with SVs is critically involved in its activity-
induced axonal dispersion and presynaptic reclustering, a func-
tion linked to the organization of the SV RP (Chi et al., 2001;
Menegon et al., 2006). To assess the role of Syn I-mediated cur-
vature sensing via its ALPS during synaptic activity, hippocampal
neurons expressing WT- or �ALPS-eGFP-Syn I were analyzed by
live imaging. No gross differences in the overall expression of WT
and mutant Syn I were observed (Fig. 4D, left). eGFP-Syn Ia
(WT) exhibited a punctate localization corresponding to presyn-
aptic boutons positive for the active zone marker bassoon (Fig.
4C). A similar, although significantly less intense, presynaptic
staining was seen for �ALPS-eGFP-Syn I (Fig. 4D, right). Thus,
ALPS-mediated curvature sensing is not essential for presynaptic
targeting of Syn I, although it improves targeting efficacy.

Synaptic activity induces the axonal dispersion of Syn I, re-
flecting its phosphorylation-induced dissociation from SV mem-

Figure 3. Syn I-mediated vesicle clustering is modulated by ALPS-mediated membrane curvature sensing. A, Representative images of liposome (Lipos) clusters induced by WT or mutant
eGFP-Syn Ia (�). B, Quantitative analysis of data in A. C, Same as A, but liposomes were preincubated with peptides (100 �M). WT ALPS, ALPS peptide from human or rat Syn Ia; WT lALPS, ALPS peptide
from lamprey Syn I; 2P ALPS, proline-containing mutant version of WT ALPS; AP180, control peptide from AP180; Kes1p ALPS, ALPS peptide from yeast Kes1p. D, Quantifications of data in C. Scale bar,
10 �m. ***p � 0.001(one-way ANOVA); n.s., non-significant.
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Figure 4. Membrane curvature sensing by ALPS modulates Syn I dispersion and SV reassociation. A, B, Increasing concentrations (40 –200 nM) of WT-eGFP-Syn I (squares), 2P-ALPS-eGFP-Syn I
(diamonds), or �ALPS-eGFP-Syn I (triangles) incubated with synapsin-depleted SVs. Reisolated SVs were immunblotted for eGFP-Syn Ia or synaptophysin (Syp). A, Representative immunoblot and
quantitation of densitometric scans fitted with a one-site binding function. B, Percentage of bound eGFP-Syn I (mean � SEM; n � 4 independent experiments; **p � 0.01; ***p � 0.001 vs WT,
Dunnett’s multiple-comparison test). C, Representative images illustrating presynaptic localization of eGFP-Syn I (WT or �ALPS, green). Boutons were labeled with bassoon (red). Scale bar, 2 �m.
D, Reduced presynaptic expression of eGFP-Syn Ia (�ALPS). Left, Expression level of WT and �ALPS eGFP-Syn Ia quantified by total GFP fluorescence (mean � SEM; n � 2 independent
experiments). Right, Presynaptic expression measured by averaging basal fluorescence (F0) in 10 frames preceding stimulation (mean � SEM; 9 coverslips/construct; 20 boutons/coverslip; n � 2
independent experiments; **p � 0.01, Student’s t test). E, Time courses of changes in eGFP fluorescence before, during, and after stimulation (black horizontal bar) in neurons expressing eGFP-Syn
Ia (black dots) or eGFP-Syn Ia (�ALPS; red dots) (mean � SEM) (9 coverslips/construct; 20 boutons/coverslip; n � 2 independent experiments). F, Rate of dispersion (�; left) during stimulation
fitted to single exponential. The dispersion plateau (�F/ F0; right) was significantly lower for �ALPS compared with WT (*p � 0.05, Student’s t test). G, Rate of reassociation (�; left) from the end
of the stimulation to the end of the recording fitted to single exponential. The amplitude of recovery (i.e., the �F/ F0 plateau; right) was significantly reduced for �ALPS (*p � 0.05, Student’s t test).
Reassociation kinetics (left) were unaffected. H, Depolarization-induced dispersion and recovery of WT- and �ALPS-Syn I in nerve terminals of SynI/II/III �/� neurons (mean � SEM; n � 5– 6
experiments). *p � 0.05; **p � 0.01; Student’s t test; NS, non-significant.
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branes. As the stimulus ceases, Syn I reclusters within presynaptic
boutons due to its rebinding to small SVs (Chi et al., 2001; Cesca
et al., 2010). We monitored the distribution of eGFP-Syn I by
optically recording fluorescence changes elicited by neuronal ac-
tivity within presynaptic boutons. Chemical stimulation with
KCl caused a loss of fluorescence intensity of presynaptic eGFP-
Syn I with a half-time (�) of �15 s, similar to Chi et al. (2001)
(Fig. 4E,F), reflecting its axonal dispersion. Following cessation
of the stimulus, eGFP-Syn I fluorescence recovered with a � of
18 –20 s to reach �80% of its initial value (Fig. 4E,G). A much
less pronounced activity-induced dispersion was observed for
�ALPS-eGFP-Syn I (�F/F0; Fig. 4E,F). Dispersion kinetics were,
however, indistinguishable between WT and mutant synapsin (�
dispersion; Fig. 4F). Importantly, �ALPS-eGFP-Syn I displayed a
severely reduced ability to recluster within presynaptic boutons
(DF/F0; Fig. 4G), although the rate constant of recovery remained
nearly unchanged (Fig. 4G; t recovery). Reduced presynaptic tar-
geting and impaired activity-induced dispersion of �ALPS-Syn I
were also seen in neurons from Syn I/II/III�/�/� mice (Fig. 4H),
indicating that these phenotypes do not reflect differential asso-
ciation of expressed WT versus mutant Syn I with endogenous
synapsins. However, recovery of �ALPS-Syn I was only slightly
and nonsignificantly impaired compared to WT-Syn I, suggest-
ing that the absence of competition by endogenous ALPS-
containing synapsins might facilitate reassociation with SVs.
Thus, the ability of Syn I to sense MC via its ALPS critically
modulates the amplitude of responses, but not the kinetics of the
activity-induced dispersion and reclustering. These observations
are consistent with the strongly reduced ability of mutant Syn I to
bind to SVs (Fig. 4A,B).

Discussion
We have identified and functionally characterized an evolutionary
conserved ALPS within the SV-associated protein Syn I. Our data
indicate that ALPS-mediated curvature sensing is required for the
ability of Syn I to selectively associate with small phospholipid vesi-
cles and native SVs. Furthermore, we demonstrate a crucial func-
tional role for ALPS-mediated recognition of MC in regulating the
ability of Syn I to induce vesicle clusters in vitro and to reversibly
associate with SVs in live neurons. Our data provide a mechanistic
explanation for the selective association of Syn I with small SVs
(Takamori et al., 2006; Cesca et al., 2010) and suggest a potential role
for MC sensing by Syn I in presynaptic membrane organization.
Induction and sensing of MC by exo-endocytic proteins is a key
mechanism in the regulation of SV fusion and in the endocytic recy-
cling of SV membranes (McMahon et al., 2010). The results re-
ported here extend the role of MC to the reversible association of
Syn with SV membranes, and thus, to the Syn-dependent orga-
nization of the RP (Pieribone et al., 1995; Rosahl et al., 1995; Ryan
et al., 1996; Cesca et al., 2010). Since Syn I undergoes cycles of
activity-dependent phosphorylation and concomitant SV associ-
ation/dissociation (Cesca et al., 2010), it is tempting to speculate
that ALPS-mediated curvature sensing by Syn I might be modu-
lated by phosphorylation-induced conformational changes.

Interestingly, �-synuclein, a presynaptic SV-associated pro-
tein, also senses MC (Varkey et al., 2010; Pranke et al., 2011), and
its overexpression inhibits neurotransmitter release due to de-
fects in SV reclustering (Nemani et al., 2010), similar to loss of
Syn I (Rosahl et al., 1995; Ryan et al., 1996). Together with our
findings reported here, these results are consistent with the hy-
pothesis that SV clustering is regulated by curvature sensors on
the SV membrane, potentially regulating SV pool sizes, synaptic
transmission, and short-term plasticity.
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