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Abstract
Synaptic vesicle recycling is essential for sustained and reliable
neurotransmission. A key component of synaptic vesicle recycling is the
synaptic vesicle biogenesis process that is observed in synapses and that
maintains the molecular identity of synaptic vesicles. However, the
mechanisms by which synaptic vesicles are retrieved and reconstituted after
fusion remain unclear. The complex molecular composition of synaptic vesicles
renders their rapid biogenesis a daunting task. Therefore, in this context,
kiss-and-run type transient fusion of synaptic vesicles with the plasma
membrane without loss of their membrane composition and molecular identity
remains a viable hypothesis that can account for the fidelity of the synaptic
vesicle cycle. In this article, we discuss the biological implications of this
problem as well as its possible molecular solutions.
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Introduction
In presynaptic nerve terminals, neurotransmitters are packed into 
small membranous organelles called synaptic vesicles. When the 
action potential arrives at the terminal, voltage-gated calcium  
channels open and the resulting rise in intrasynaptic Ca2+ concen-
tration leads to fusion of the synaptic vesicles with the plasma  
membrane, thus releasing their content (that is, the neurotransmit-
ters). This fusion, also called exocytosis, occurs at a specialized 
area composed of a dense matrix of proteins termed the active  
zone. In addition, synaptic vesicles can fuse spontaneously in 
the absence of action potentials. Although the molecular fusion 
machinery involved in evoked and spontaneous release shows some 
differences1, in both cases vesicles can be retrieved swiftly after 
fusion with the active zone membrane2–4.

Synaptic vesicles are complex organelles5. They require multiple 
integral protein components to be functional (vesicular SNAREs, 
synaptotagmins, neurotransmitter transporters, V-ATPase, and 
so on). Surprisingly, the exact function of several characteristic  
synaptic vesicle proteins (such as the glycoprotein SV2) remains 
a mystery6,7. Synaptic vesicle proteins are rather heterogene-
ous in their molecular structure and contain no clear consensus  
targeting sequence, making it unclear whether they are recog-
nized and recruited through a common pathway or, more likely, 
via diverse convergent mechanisms. Therefore, it is difficult to  
envision how vesicles can be reconstituted with specificity and 
rapidity unless synaptic vesicle proteins are nucleated by some  
form of protein-protein interactions8, where certain vesicle  
components may form “hubs” to facilitate such nucleation9. Many 
pathways of synaptic vesicle recycling have been proposed; here,  
we discuss the current knowledge about their molecular  
mechanisms and implications for fast neurotransmission, based 
on the premise of molecular identity preservation after fusion (for 
another complete review on presynaptic endocytosis mechanisms, 
see 10,11).

The problem of regaining molecular identity after full 
collapse fusion
Classically, synaptic vesicles were thought to completely collapse 
onto the plasma membrane after fusion and subsequently vesicle 
membrane components (lipids as well as proteins) intermix with 
their plasma membrane counterparts. Afterwards, adaptor pro-
teins—such as AP-2, stonin-2, and AP-18011,12—bind to and cluster 
certain synaptic vesicle proteins, and also recruit clathrin and other 
partners, typically within the periphery of the active zone. The syn-
aptic proteins synaptobrevin-2 and synaptophysin-1 were proposed 
to be required for the proper recruitment and trafficking of other 
synaptic vesicle proteins, and collectively they have been called 
intrinsic trafficking partners, or iTRAPs (for a complete review 
on this pathway, see 12). This clustering leads to the formation of 
coated vesicles which eventually bud off from the plasma mem-
brane with the help of the GTPase dynamin13. A V-type ATPase 
then lowers the pH in these vesicles (by pumping H+ at the cost of 
ATP) and the resulting electrochemical gradient propels the refill-
ing of synaptic vesicles with neurotransmitters. In this way, a whole 
synaptic vesicle is regenerated, with its characteristic membrane 
composition, completing the synaptic vesicle cycle. Some studies 

posed the possibility that the nervous system could have evolved 
a modified version of this classic clathrin-mediated endocytosis 
mechanism, more suitable for sustaining reliable neurotransmitter 
release. In this regard, a recent hypothesis proposes the existence of 
pre-assembled patches of synaptic vesicle components (lipids and 
proteins) at the periactive zone in a so-called “readily retrievable 
pool” which undergoes clathrin-mediated endocytosis upon mem-
brane fusion14 (Figure 1). Regardless of the existence (or not) of 
pre-assembled protein clusters, the entire process for exocytosed 
vesicles to be re-available for release through a clathrin-mediated 
mechanism occurs within 4 to 90 seconds15, significantly slower 
than the time course of neurotransmission, which is in the order 
of milliseconds. It is worth mentioning that, besides the plasma 
membrane, endocytosis of clathrin-coated vesicles may occur 
from membrane infoldings or endosomal cisternae, which form  
upon the accumulation of fused synaptic vesicles after strong and 
repetitive stimulation, a process called activity-dependent bulk 
endocytosis16 (Figure 1).

Recent innovative studies have proposed an ultra-fast mecha-
nism of synaptic vesicle retrieval in small central synapses17.  
According to this mechanism, following full collapse of synaptic 
vesicles with the active zone membrane (during the first roughly 
30 ms after the stimulus), ultra-fast endocytosis occurs at the  
edges of the active zone, 50 to 100 ms after exocytosis, order(s) 
of magnitude (~200-fold) faster than the mean rate of direct  
clathrin-mediated endocytosis18. In fact, the endocytosis step of 
this ultra-fast pathway is proposed to be clathrin-independent but  
mediated by actin and dynamin. Ultra-fast compensatory endo-
cytosis is highly temperature-dependent, occurring only at near- 
physiological temperatures (~34°C), and increases proportion-
ally with the number of fused vesicles. On a subsequent step  
(~1 second later), endosome-like structures are generated, from 
which small vesicles regenerate through a clathrin-dependent  
mechanism within 3 to 5 seconds19 (Figure 1). These findings 
explain, in a quantitative fashion, how synapses can undergo  
endocytosis at the same timescale of exocytosis, keeping the total 
presynaptic membrane surface constant, thus answering a long-
standing dilemma in neurobiology. Nevertheless, the reconstitu-
tion of a functional, release-ready synaptic vesicle still requires  
several seconds, and so far there are no indications that the  
molecular identity of that vesicle will be the same as the one 
that originally fused. More likely, owing to full collapse fusion 
and mixing of membranous components, identity would not be  
preserved, leaving open the question about conservation of syn-
aptic vesicle identity. Moreover, the readily retrievable pool  
hypothesis and the ultra-fast endocytosis mechanism both require 
the presence of a still-unknown intermediary to couple exocy-
tosis and endocytosis given that they occur in spatially separate  
areas of the presynaptic membrane. The most fitting candidate for 
this role is the Ca2+ concentration rise during activity. However, 
whereas Ca2+ regulation of the fusion process has been widely 
described, its exact role in synaptic vesicle endocytosis remains 
poorly understood20. At present, it is still a matter of debate whether 
Ca2+ triggers endocytosis, whether it is absolutely necessary and 
sufficient for this task, or whether it only regulates kinetic or  
synchronicity aspects (or both) of synaptic vesicle retrieval.
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Recent molecular and functional evidence suggests that a fast  
mode of clathrin-independent endocytosis in central synapses 
involves the formation of endosome-like intermediaries upon 
stimulation requiring dynamin, formin (an actin nucleation  
factor), myosin II, and actin function21. This study also indicated 
that a wide range of endocytic timescales coexist at physiologi-
cal temperature, suggesting that ultra-fast endocytosis might be 
saturated upon strong, repetitive stimulation and other endocytic  
pathways might take its place. In accordance with these find-
ings, the retrieval of granules in secretory chromaffin cells is also  
clathrin-independent and is regulated by dynamin and F-actin 
polymerization22,23. Interestingly, the mode of dense-core vesicle 
exo-endocytosis is regulated by the amount of Ca2+ influx, modulat-
ing the proportion of full fusion events or the rate of fusion pore 
closure22,24, suggesting that Ca2+ may act as a regulator of different 
modes of exo- and endocytosis.

Regardless of whether synaptic membrane components are 
retrieved directly via a clathrin-mediated mechanism or via inter-
mediary structures formed in a clathrin-independent manner—such  
as in bulk endocytosis, ultra-fast endocytosis, and formin- 
dependent pathways—synaptic vesicles fully collapse during 
fusion, leading to diffusion and intermixing of synaptic vesicle 
and plasma membrane lipids and proteins. The intermixing of  
synaptic vesicle and plasma membrane components not only  
poses a time constraint for synaptic vesicle biogenesis and reuse 
but also presents a cost-benefit dilemma. It would require a  
considerable amount of energy to retrieve all the necessary  
components in sufficient and adequate quantities and re-assemble 
a synaptic  vesicle, especially since most synaptic vesicle proteins 
do not have classic sorting sequences (or other known motifs at 
present) and might require a combination of diverse adaptor  
proteins and other endocytic intermediates (like AP-2, AP-180, 
and iTRAPs). In fact, energy availability, in terms of mitochon-
dria and ATP content, impacts the size and mobilization of the 
total pool and the readily releasable pool of synaptic vesicles25. 
Taken together, for a synaptic vesicle that needs to respond 
and recover in the timescale of milliseconds, a full collapse 
mode of fusion with posterior recruiting and de novo assem-
bly of components does not appear to be the most convenient  
mechanism.

The kiss-and-run pathway has been proposed as a mechanism  
that may preserve the molecular identity of synaptic vesicles.  
This pathway likely coexists with the previously discussed  
clathrin-independent modes of endocytosis but solves the time, 
energy, and identity issues associated with repeated synaptic 
vesicle biogenesis. Whereas clathrin-mediated endocytosis is an 
evolutionary preserved and ubiquitous mechanism with a widely 
described sequence of steps carried out by well-defined pro-
teins with known morphological markers26 and thus a variety of  
available molecular tools, kiss-and-run is a structurally distinct 
pathway that may involve different molecular partners, whose 
identities remain unknown, making it difficult to design tools and 
probes to examine it. Therefore, most of the existent and future 
experiments aimed to find evidence in support of a kiss-and- 
run type of fast retrieval and recycling of synaptic vesicles rely on 
electrophysiological and optical techniques improved to achieve 
very rapid time resolution.

Kiss-and-run endocytosis
The kiss-and-run type of recycling preserves the shape and  
identity of synaptic vesicles, with no intermixing with plasma  
membrane or endosomal compartments. During this process, a 
fusion pore opens and closes transiently (that is, reversibly) with-
out complete collapse of the vesicle, releasing neurotransmitter 
and regenerating a synaptic vesicle with no changes in molecu-
lar identity, which can be reused within seconds. The exocytosis  
process has been more easily observed in non-neuronal secre-
tory cells because of better technical access to the fusion-retrieval  
coupling in these systems27–29. In these secretory cells, via 
direct visualization of morphological changes or trafficking of  
fluorescent probes along with electrophysiological capacitance 
measurements, it was possible to demonstrate the occurrence 
of transient exocytotic events consistent with the kiss-and-run  
model of fusion27–29. In small central synapses, however, the 
ability of capturing a fusion process that is considerably faster  
(about a few milliseconds) and smaller (about a couple of  
nanometers) compared with the non-neuronal counterparts has 
been technically difficult. Nevertheless, several studies have used 
exceedingly elaborate experimental settings to assess the exist-
ence and preponderance of kiss-and-run in neurons (see below).  
In addition to the lack of straightforward measurements of the 
kinetics and morphological characteristics of kiss-and-run, the 
actual molecular mechanism of this pathway remains to be  
determined. Accumulating evidence in recent years supports 
a clathrin-independent fast endocytic pathway that may either  
require or at least be regulated by the synaptic vesicle pro-
tein synaptobrevin, which is also a core component of the rapid  
Ca2+-dependent fusion machinery30. However, it is currently  
controversial whether kiss-and-run represents a reversible  
SNARE (soluble N-ethylmaleimide-sensitive factor attachment 
protein receptor)-mediated fusion event or almost instantaneous 
fission of vesicle-plasma membrane interface upon fully executed 
SNARE-mediated fusion (for a complete review of the role and 
mechanism of kiss-and-run, see 31).

The kiss-and-run type of endocytosis is not a new concept; it was 
proposed more than 40 years ago, shortly after the determination 
of the vesicular and quantal basis of neurotransmission, via pio-
neering experiments combining functional (electrophysiology) 
and structural (electron microscopy) analysis in the neuromuscu-
lar junction32,33. The peculiarity of this process was that synaptic 
vesicles maintained their curvature after fusion, arguing against 
full collapse. This allowed each vesicle to withstand several  
rounds of release, leading to quantal levels surpassing the total 
number of synaptic vesicles available per presynaptic terminal.  
Further experiments also showed that this type of recy-
cling occurred in the same membranous region where fusion  
occurred—now called the active zone—and not at the periph-
ery, as is the case for all of the clathrin-dependent and clathrin- 
independent pathways discussed in the previous section. Later on, 
the classification of synaptic vesicles as separate organelles and 
their exhaustive molecular characterization further supported the 
need of an endocytic mechanism that preserved or at least rapidly 
reconstituted their identity.

To summarize, the proposal of a kiss-and-run type of exo-endo-
cytosis was quite attractive because it implicated many interesting 
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attributes. First, it would save a considerable amount of energy to 
the neurons, avoiding the recruiting and retrieval of proteins from 
the plasma membrane and, partly, the refilling of synaptic vesicles. 
Second, it occurred in an extremely fast fashion, in the order of a 
few milliseconds, matching the rapid pace of synaptic transmission 
compared with other constitutive vesicle-trafficking events. Third, 
it would allow several rounds of exocytosis before depletion of neu-
rotransmitter content, with high fidelity, avoiding overcrowding of 
the active zone.

Recent studies using fluorescently tagged synaptic vesicle pro-
teins, however, challenged this notion and showed that at least 
the synaptic vesicle proteins synaptobrevin, synaptophysin-1, and 
synaptotagmin-1 can diffuse from the fusion site (while remain-
ing confined to the nerve terminal) and endocytosis involves the 
recruitment of a distinct set of the same proteins previously resident 
on the plasma membrane of the periactive zone14,34,35. These studies 
have two experimental aspects in common: they tested only syn-
aptobrevin, synaptophysin-1, or synaptotagmin-1, and they applied 
relatively strong stimulations (that is, higher than 10 Hz). When 
tested at milder, single action potential stimulation paradigms, the 
same proteins revealed the coexistence of different endocytic mech-
anisms, with different kinetics as well as calcium dependencies36–38. 
A recent study expanded this concept by showing not only that slow 
and fast modes of endocytosis co-occur at different proportions 
depending on the level of neuronal activity but also that membrane  
itself (lipids) and proteins can be retrieved via different  
mechanisms39. Furthermore, different synaptic vesicle proteins 
seem to be recycled through distinct mechanisms (particularly,  
synaptotagmin-1 and the vesicular glutamate transporter)9,  
supporting the notion of parallel, independent endocytic pathways 
at the same presynaptic terminal. Nevertheless, a few synaptic  
vesicle proteins—namely synaptophysin-1, synaptotagmin-1, and 
the vesicular glutamate transporter—appear to dictate which of 
those modes of retrieval other proteins will undergo9,38,40. Taken 
together, the dependence of the properties of these measurements 
on the identity of the tagged protein, along with the variabilities in 
stimulation paradigms, complicates a straightforward interpretation 
of the experiments in terms of synaptic vesicle recycling.

Since the early 1990s, the development of new optical probes  
like styryl dyes, quantum dots, and pH-sensitive green fluorescent 
protein (GFP)-tagged synaptic vesicle proteins allowed real-time 
in vivo measurement of fusion and retrieval kinetics, revealing 
that both processes are tightly coupled and occur in the timescale  
of seconds or less. Elegant experiments using quantum dots  
showed that a kiss-and-run type of endocytosis coexists with 
full collapse fusion in small central synapses, the proportion 
of both being dynamically regulated by the stimulus strength41.  
Moreover, kiss-and-run occurs at mild stimulation intensities  
and preferentially involves the readily releasable pool of synaptic  
vesicles41,42. These findings were further supported by using  
quenching methods43.

As mentioned before, classic clathrin-mediated endocytosis  
requires several seconds to even minutes to complete. For example, 
when the trafficking of a single cargo molecule is monitored by 
fluorescence, after fusion the residence on the plasma membrane 

and posterior recruiting and assembly of the clathrin machinery 
typically vary between 15 and 90 seconds (mean lifetime of 46 sec-
onds44). The rapid and high-fidelity retrieval of a complex organelle 
like a synaptic vesicle brings significant constraints to the classic 
clathrin-mediated endocytosis machinery, especially if de novo 
assembly of synaptic vesicles is involved in the process. However, 
the need of a rapid and reliable endocytic mechanism in neurons 
is not in itself proof of the existence of kiss-and-run; notably, sev-
eral fast endocytic mechanisms have been proposed, or the clath-
rin pathway itself might be evolutionarily modified in neurons to 
perform faster and in synchrony with activity, as happens with the 
fusion machinery.

Putative mechanisms underlying kiss-and-run
Although kiss-and-run is an attractive model with experimental  
substantiation in non-neuronal systems, morphological and  
functional characterization of this process in neurons has been 
technically challenging. In addition, the molecular mechanisms  
responsible for the triggering and regulation of this process are 
unknown. Since the fully assembled SNARE complex is highly 
energetically stable45, it was proposed that kiss-and-run might  
rather be the result of an intermediary, reversible loose-SNARE 
complex (less stable)46. However, whether these two forms of the 
SNARE fusion complex have the same or different molecular 
requirements (accessory and other SNARE-interacting proteins) 
is unknown. In non-neuronal secretory cells, for example, it was  
also proposed that the re-closure of the fusion pore is not the  
reversal reaction of the SNARE complex47. After a synaptic vesicle 
has been docked and primed at the active zone, the fusion proc-
ess starts, and if the vesicle undergoes a kiss-and-run type of  
exocytosis, there are mainly two ways to rapidly retrieve the  
synaptic vesicle: the mentioned reverse reaction of the SNARE 
complex or a different molecular machinery taking over the fast 
retrieval. The second proposal seems less likely since it will  
require longer times and there would be obvious steric constraints 
by requiring a large number of macromolecules around the fusion 
pore. Nevertheless, another molecular mechanism for fusion  
pore re-closure (equivalent to kiss-and-run) has been elegantly 
and meticulously demonstrated in chromaffin cells, where a hemi- 
fusion intermediary seems to be the critical step from which  
re-closure (fission) or full collapse proceeds in a Ca2+- and  
dynamin-dependent manner22,24. The fusion of two membranes 
is an extremely conserved mechanism in living organisms and 
is mediated by two types of SNAREs: vesicle SNAREs, or  
v-SNAREs, which interact with their counterparts in the target 
membrane, or t-SNAREs. In neurons, the synaptic vesicle protein 
synaptobrevin-2/vesicle-associated membrane protein-2 associ-
ates with the plasma membrane proteins syntaxin-1 and SNAP-25 
(25 kDa synaptosomal-associated protein). In this way, SNAREs  
form a complex that is extremely stable and resistant to detergents 
and proteases and that, thanks to the incorporation of the Ca2+  
sensor synaptotagmin-1, can respond rapidly and in synchrony 
to increases in Ca2+ concentration by forcing the two opposed  
membranes into nanometer proximity, catalyzing an otherwise 
energetically unfavorable fusion45. As mentioned before, this  
complex is extremely stable; it requires the function of an ATPase 
NSF (N-ethylmaleimide-sensitive factor) together with SNAPs 
(soluble NSF attachment proteins) for disassembly.
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Owing to a lack of direct experimental proof, it is still difficult 
to envision how the SNARE-mediated fusion can be reversible.  
However, a considerable amount of work from different areas 
using various techniques points toward a reversible fusion process,  
where the fusion machinery (likely the SNARE complex or at least 
some of its components) would regulate both the “kiss” and the 
“run”27,46. For example, fusion experiments using nanodiscs com-
posed of lipids and SNARE proteins showed that they are able 
to form pores that flicker (that is, open and close). These fusion 
pores are more stable, last longer, and have a different molecular 
architecture than random pores formed by lipid-only membranes48. 
Amperometry studies in dopaminergic neurons also revealed the 
coexistence of at least two modes of release, and about 20% of 
them had flickering fusion pores which allowed for a longer and  
greater amount of neurotransmitter discharge49. This reversible 
fusion pore is characterized by an all-or-nothing point; before 
that moment, the pore size can flicker (open and close several  
times), but once the all-or-nothing point has been reached (possi-
bly a limiting pore size), the fusion proceeds irreversibly toward  
a full collapse with the plasma membrane27,48. The exact composi-
tion of the fusion pore is also a matter of debate but is believed to 
include a vast number of lipids and proteins which would allow 
not only opening and closing probability regulation but also  
geometry and net diameter determination50,51.

As discussed above, the switch between the full collapse and  
kiss-and-run fusion modes seems to be regulated by the release 
probability and the stimulation strength, indicating that there  
might a calcium-sensor protein involved in this switch. Addition-
ally, the tension generated by the extent of vesicle attachment to 
the active zone matrix and the cytoskeleton has been proposed  
to impact the full collapse and kiss-and-run fusion31, as has been 
demonstrated for dense-core vesicles23. Molecularly, there is  
strong evidence that the transmembrane domains (TMDs) of 
SNARE proteins, specifically syntaxin and synaptobrevin, may 
play a central role in the formation (or nucleation) of the fusion 
pore48. Even though SNAREs with their TMDs replaced by lipid 
chains still seem to be capable of catalyzing fusion (in a less  
efficient manner), the composition of the TMD (amino acid 
sequence, charge, and length) can regulate the fusion pore prop-
erties (size and stability)52–54. Particularly for very small fusion 
pores (~2 nm) like the ones established by synaptic vesicles, pro-
tein involvement seems to be crucial for pore stability. SNARE  
proteins have also been implicated in the regulation of fusion  
pore expansion kinetics (for a thorough review on fusion pores,  
see 55). Finally, kiss-and-run and SNARE complex disassem-
bly may also involve the rapid action of the GTPase dynamin for  
fission of synaptic vesicles from the plasma membrane, which 
remains to be tested in neurons. In non-neuronal cells, dynamin-
dependent as well as dynamin-independent kiss-and-run mecha-
nisms have been proposed24,47,56.

The importance of synaptic vesicle molecular identity
Synaptic vesicles are divided into several pools with different  
propensities for fusion. Extensive work by several laboratories  

has demonstrated that this is not entirely related to their sub- 
synaptic localization but rather to variations in the vesicles’  
molecular composition1,57. In addition, the fusion site in the active 
zone has been shown to differ between spontaneous and action 
potential-evoked forms of release58, and activity regulates the 
localization and the number of fusion sites59. Moreover, the recent 
discovery of the “trans-synaptic nanocolumns” demonstrated 
that presynaptic release sites are structurally aligned to postsyn-
aptic receptors and associated signaling scaffolds, which can be  
dynamically regulated by activity58. This spatial organization  
of the synapse can increase the potency of quantal release, segre-
gate different modes of synaptic vesicle fusion, and enable their 
coupling to different signaling pathways, thus broadening the 
computational output of a single synapse. This concept has experi-
mental support since spontaneous and evoked release has been 
shown to activate different populations of N-methyl-D-aspartic 
acid and α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid 
receptors in multiple species60–64. Therefore, the preservation of 
molecular identity of synaptic vesicles after fusion can be critical  
in the maintenance of the size of the different vesicle pools and  
thus retain synaptic flexibility and enable signal multiplexing.

Conclusions
Despite the consensus on the rapidity of neurotransmission 
response and recovery times, mechanisms underlying fast synaptic  
vesicle regeneration after fusion are still not fully understood.  
A number of studies have provided evidence for ultra-fast  
retrieval of fused synaptic vesicle membranes and proteins after 
fusion but have not yet provided a satisfactory solution to the  
problem of synaptic vesicle biogenesis. Since synaptic vesicles 
are highly specialized organelles with a unique protein composi-
tion, reassembling them is a daunting and energy-consuming task. 
The kiss-and-run hypothesis remains a viable option to account for  
their rapid reconstitution after fusion. Future studies that combine 
molecular specificity and fast timescale dynamic monitoring of 
synaptic vesicle trafficking are needed to answer this persistent 
fundamental question in synaptic physiology.

Abbreviations
iTRAP, intrinsic trafficking partner; NSF, N-ethylmaleimide- 
sensitive factor; SNAP, soluble N-ethylmaleimide-sensitive  
factor attachment protein; SNARE, soluble N-ethylmaleimide- 
sensitive factor attachment protein receptor; TMD, transmembrane 
domain.

Competing interests
The authors declare that they have no competing interests.

Grant information
The authors are supported by a grant from the National Institute of 
Mental Health (R01 MH66198).  

The funders had no role in study design, data collection and analysis, 
decision to publish, or preparation of the manuscript.

Page 7 of 10

F1000Research 2017, 6(F1000 Faculty Rev):1734 Last updated: 22 SEP 2017



1.	 Crawford DC, Kavalali ET: Molecular underpinnings of synaptic vesicle pool 
heterogeneity. Traffic. 2015; 16(4): 338–64.  
PubMed Abstract | Publisher Full Text | Free Full Text 

2.	  Sara Y, Virmani T, Deák F, et al.: An isolated pool of vesicles recycles at 
rest and drives spontaneous neurotransmission. Neuron. 2005; 45(4): 563–73. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

3.	 Leitz J, Kavalali ET: Fast retrieval and autonomous regulation of single 
spontaneously recycling synaptic vesicles. eLife. 2014; 3: e03658.  
PubMed Abstract | Publisher Full Text | Free Full Text 

4.	 Kavalali ET: The mechanisms and functions of spontaneous neurotransmitter 
release. Nat Rev Neurosci. 2015; 16(1): 5–16.  
PubMed Abstract | Publisher Full Text 

5.	  Takamori S, Holt M, Stenius K, et al.: Molecular anatomy of a trafficking 
organelle. Cell. 2006; 127(4): 831–46.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

6.	 Fernández-Chacón R, Südhof TC: Genetics of synaptic vesicle function: toward 
the complete functional anatomy of an organelle. Annu Rev Physiol. 1999; 61: 
753–76.  
PubMed Abstract | Publisher Full Text 

7.	 Bartholome O, Van den Ackerveken P, Sánchez Gil J, et al.: Puzzling Out Synaptic 
Vesicle 2 Family Members Functions. Front Mol Neurosci. 2017; 10: 148.  
PubMed Abstract | Publisher Full Text | Free Full Text 

8.	 Bennett MK, Calakos N, Kreiner T, et al.: Synaptic vesicle membrane proteins 
interact to form a multimeric complex. J Cell Biol. 1992; 116(23): 761–75. 
PubMed Abstract | Publisher Full Text | Free Full Text 

9.	 Pan P, Marrs J, Ryan TA: Vesicular glutamate transporter 1 orchestrates 
recruitment of other synaptic vesicle cargo proteins during synaptic vesicle 
recycling. J Biol Chem. 2015; 290(37): 22593–601.  
PubMed Abstract | Publisher Full Text | Free Full Text 

10.	 Wu LG, Hamid E, Shin W, et al.: Exocytosis and endocytosis: modes, functions, 
and coupling mechanisms. Annu Rev Physiol. 2014; 76: 301–31.  
PubMed Abstract | Publisher Full Text | Free Full Text 

11.	  Kononenko NL, Haucke V: Molecular mechanisms of presynaptic membrane 
retrieval and synaptic vesicle reformation. Neuron. 2015; 85(3): 484–96. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

12.	  Gordon SL, Cousin MA: The iTRAPs: Guardians of Synaptic Vesicle Cargo 
Retrieval During Endocytosis. Front Synaptic Neurosci. 2016; 8: 1.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

13.	  Antonny B, Burd C, De Camilli P, et al.: Membrane fission by dynamin: what 
we know and what we need to know. EMBO J. 2016; 35(21): 2270–84.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

14.	  Hua Y, Sinha R, Thiel CS, et al.: A readily retrievable pool of synaptic 
vesicles. Nat Neurosci. 2011; 14(7): 833–9.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

15.	 Sankaranarayanan S, Ryan TA: Real-time measurements of vesicle-SNARE 
recycling in synapses of the central nervous system. Nat Cell Biol. 2000; 2(4): 
197–204.  
PubMed Abstract | Publisher Full Text 

16.	  Kokotos AC, Cousin MA: Synaptic vesicle generation from central nerve 
terminal endosomes. Traffic. 2015; 16(3): 229–40.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

17.	  Watanabe S, Boucrot E: Fast and ultrafast endocytosis. Curr Opin Cell Biol. 
2017; 47: 64–71.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

18.	  Watanabe S, Rost BR, Camacho-Pérez M, et al.: Ultrafast endocytosis at 
mouse hippocampal synapses. Nature. 2013; 504(7479): 242–7.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

19.	  Watanabe S, Trimbuch T, Camacho-Pérez M, et al.: Clathrin regenerates 
synaptic vesicles from endosomes. Nature. 2014; 515(7526): 228–33.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

20.	 Leitz J, Kavalali ET: Ca2+ Dependence of Synaptic Vesicle Endocytosis. 
Neuroscientist. 2016; 22(5): 464–76.  
PubMed Abstract | Publisher Full Text 

21.	  Soykan T, Kaempf N, Sakaba T, et al.: Synaptic Vesicle Endocytosis Occurs 
on Multiple Timescales and Is Mediated by Formin-Dependent Actin Assembly. 
Neuron. 2017; 93(4): 854–866.e4.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

22.	 Chiang HC, Shin W, Zhao WD, et al.: Post-fusion structural changes and their 
roles in exocytosis and endocytosis of dense-core vesicles. Nat Commun. 
2014; 5: 3356.  
PubMed Abstract | Publisher Full Text | Free Full Text 

23.	  Wen PJ, Grenklo S, Arpino G, et al.: Actin dynamics provides membrane 
tension to merge fusing vesicles into the plasma membrane. Nat Commun. 
2016; 7: 12604.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

24.	  Zhao W, Hamid E, Shin W, et al.: Hemi-fused structure mediates and 
controls fusion and fission in live cells. Nature. 2016; 534(7608): 548–52.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

25.	  Smith HL, Bourne JN, Cao G, et al.: Mitochondrial support of persistent 
presynaptic vesicle mobilization with age-dependent synaptic growth after 
LTP. eLife. 2016; 5: pii: e15275.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

26.	 Kirchhausen T, Owen D, Harrison SC: Molecular structure, function, and 
dynamics of clathrin-mediated membrane traffic. Cold Spring Harb Perspect 
Biol. 2014; 6(5): a016725.  
PubMed Abstract | Publisher Full Text | Free Full Text 

27.	 Klyachko VA, Jackson MB: Capacitance steps and fusion pores of small and 
large-dense-core vesicles in nerve terminals. Nature. 2002; 418(6893): 89–92. 
PubMed Abstract | Publisher Full Text 

28.	 Lai Y, Diao J, Liu Y, et al.: Fusion pore formation and expansion induced by 
Ca2+ and synaptotagmin 1. Proc Natl Acad Sci U S A. 2013; 110(4): 1333–8. 
PubMed Abstract | Publisher Full Text | Free Full Text 

29.	  Guček A, Jorgačevski J, Singh P, et al.: Dominant negative SNARE peptides 
stabilize the fusion pore in a narrow, release-unproductive state. Cell Mol Life 
Sci. 2016; 73(19): 3719–31.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

30.	 Deák F, Schoch S, Liu X, et al.: Synaptobrevin is essential for fast synaptic-
vesicle endocytosis. Nat Cell Biol. 2004; 6(11): 1102–8.  
PubMed Abstract | Publisher Full Text 

31.	 Alabi AA, Tsien RW: Perspectives on kiss-and-run: role in exocytosis, 
endocytosis, and neurotransmission. Annu Rev Physiol. 2013; 75: 393–422. 
PubMed Abstract | Publisher Full Text 

32.	 Ceccarelli B, Hurlbut WP, Mauro A: Turnover of transmitter and synaptic 
vesicles at the frog neuromuscular junction. J Cell Biol. 1973; 57(2): 499–524. 
PubMed Abstract | Publisher Full Text | Free Full Text 

33.	 Fesce R, Grohovaz F, Valtorta F, et al.: Neurotransmitter release: fusion or  
‘kiss-and-run’? Trends Cell Biol. 1994; 4(1): 1–4.  
PubMed Abstract | Publisher Full Text 

34.	  Gimber N, Tadeus G, Maritzen T, et al.: Diffusional spread and confinement 
of newly exocytosed synaptic vesicle proteins. Nat Commun. 2015; 6: 8392. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

35.	  Gordon SL, Harper CB, Smillie KJ, et al.: A Fine Balance of Synaptophysin 
Levels Underlies Efficient Retrieval of Synaptobrevin II to Synaptic Vesicles. 
PLoS One. 2016; 11(2): e0149457.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

36.	  Gandhi SP, Stevens CF: Three modes of synaptic vesicular recycling 
revealed by single-vesicle imaging. Nature. 2003; 423(6940): 607–13.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

37.	  Zhu Y, Xu J, Heinemann SF: Two pathways of synaptic vesicle retrieval 
revealed by single-vesicle imaging. Neuron. 2009; 61(3): 397–411.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

38.	 Li YC, Chanaday NL, Xu W, et al.: Synaptotagmin-1- and Synaptotagmin-7-
Dependent Fusion Mechanisms Target Synaptic Vesicles to Kinetically Distinct 
Endocytic Pathways. Neuron. 2017; 93(3): 616–631.e3.  
PubMed Abstract | Publisher Full Text | Free Full Text 

39.	  Okamoto Y, Lipstein N, Hua Y, et al.: Distinct modes of endocytotic 
presynaptic membrane and protein uptake at the calyx of Held terminal of rats 
and mice. eLife. 2016; 5: pii: e14643.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

40.	  Rajappa R, Gauthier-Kemper A, Böning D, et al.: Synaptophysin 1 Clears 
Synaptobrevin 2 from the Presynaptic Active Zone to Prevent Short-Term 
Depression. Cell Rep. 2016; 14(6): 1369–81.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

41.	  Zhang Q, Li Y, Tsien RW: The dynamic control of kiss-and-run and vesicular 
reuse probed with single nanoparticles. Science. 2009; 323(5920): 1448–53.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

42.	  Park H, Li Y, Tsien RW: Influence of synaptic vesicle position on release 
probability and exocytotic fusion mode. Science. 2012; 335(6074): 1362–6. 
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

43.	  Harata NC, Choi S, Pyle JL, et al.: Frequency-dependent kinetics and 
prevalence of kiss-and-run and reuse at hippocampal synapses studied with 
novel quenching methods. Neuron. 2006; 49(2): 243–56.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

44.	 Loerke D, Mettlen M, Yarar D, et al.: Cargo and dynamin regulate clathrin-coated 
pit maturation. PLoS Biol. 2009; 7(3): e57.  
PubMed Abstract | Publisher Full Text | Free Full Text 

45.	 Rizo J, Südhof TC: The membrane fusion enigma: SNAREs, Sec1/Munc18 
proteins, and their accomplices--guilty as charged? Annu Rev Cell Dev Biol. 
2012; 28: 279–308.  
PubMed Abstract | Publisher Full Text 

References F1000 recommended

Page 8 of 10

F1000Research 2017, 6(F1000 Faculty Rev):1734 Last updated: 22 SEP 2017

http://www.ncbi.nlm.nih.gov/pubmed/25620674
http://dx.doi.org/10.1111/tra.12262
http://www.ncbi.nlm.nih.gov/pmc/articles/4578802
https://f1000.com/prime/1024132
http://www.ncbi.nlm.nih.gov/pubmed/15721242
http://dx.doi.org/10.1016/j.neuron.2004.12.056
https://f1000.com/prime/1024132
http://www.ncbi.nlm.nih.gov/pubmed/25415052
http://dx.doi.org/10.7554/eLife.03658
http://www.ncbi.nlm.nih.gov/pmc/articles/4270043
http://www.ncbi.nlm.nih.gov/pubmed/25524119
http://dx.doi.org/10.1038/nrn3875
https://f1000.com/prime/1050676
http://www.ncbi.nlm.nih.gov/pubmed/17110340
http://dx.doi.org/10.1016/j.cell.2006.10.030
https://f1000.com/prime/1050676
http://www.ncbi.nlm.nih.gov/pubmed/10099709
http://dx.doi.org/10.1146/annurev.physiol.61.1.753
http://www.ncbi.nlm.nih.gov/pubmed/28588450
http://dx.doi.org/10.3389/fnmol.2017.00148
http://www.ncbi.nlm.nih.gov/pmc/articles/5438990
http://www.ncbi.nlm.nih.gov/pubmed/1730776
http://dx.doi.org/10.1083/jcb.116.3.761
http://www.ncbi.nlm.nih.gov/pmc/articles/2289316
http://www.ncbi.nlm.nih.gov/pubmed/26224632
http://dx.doi.org/10.1074/jbc.M115.651711
http://www.ncbi.nlm.nih.gov/pmc/articles/4566233
http://www.ncbi.nlm.nih.gov/pubmed/24274740
http://dx.doi.org/10.1146/annurev-physiol-021113-170305
http://www.ncbi.nlm.nih.gov/pmc/articles/4880020
https://f1000.com/prime/725340106
http://www.ncbi.nlm.nih.gov/pubmed/25654254
http://dx.doi.org/10.1016/j.neuron.2014.12.016
https://f1000.com/prime/725340106
https://f1000.com/prime/726170979
http://www.ncbi.nlm.nih.gov/pubmed/26903854
http://dx.doi.org/10.3389/fnsyn.2016.00001
http://www.ncbi.nlm.nih.gov/pmc/articles/4746236
https://f1000.com/prime/726170979
https://f1000.com/prime/726780845
http://www.ncbi.nlm.nih.gov/pubmed/27670760
http://dx.doi.org/10.15252/embj.201694613
http://www.ncbi.nlm.nih.gov/pmc/articles/5090216
https://f1000.com/prime/726780845
https://f1000.com/prime/11809956
http://www.ncbi.nlm.nih.gov/pubmed/21666673
http://dx.doi.org/10.1038/nn.2838
https://f1000.com/prime/11809956
http://www.ncbi.nlm.nih.gov/pubmed/10783237
http://dx.doi.org/10.1038/35008615
https://f1000.com/prime/724195563
http://www.ncbi.nlm.nih.gov/pubmed/25346420
http://dx.doi.org/10.1111/tra.12235
https://f1000.com/prime/724195563
https://f1000.com/prime/727490922
http://www.ncbi.nlm.nih.gov/pubmed/28391090
http://dx.doi.org/10.1016/j.ceb.2017.02.013
https://f1000.com/prime/727490922
https://f1000.com/prime/718197285
http://www.ncbi.nlm.nih.gov/pubmed/24305055
http://dx.doi.org/10.1038/nature12809
http://www.ncbi.nlm.nih.gov/pmc/articles/3957339
https://f1000.com/prime/718197285
https://f1000.com/prime/720214074
http://www.ncbi.nlm.nih.gov/pubmed/25296249
http://dx.doi.org/10.1038/nature13846
http://www.ncbi.nlm.nih.gov/pmc/articles/4291189
https://f1000.com/prime/720214074
http://www.ncbi.nlm.nih.gov/pubmed/25998187
http://dx.doi.org/10.1177/1073858415588265
https://f1000.com/prime/727337379
http://www.ncbi.nlm.nih.gov/pubmed/28231467
http://dx.doi.org/10.1016/j.neuron.2017.02.011
https://f1000.com/prime/727337379
http://www.ncbi.nlm.nih.gov/pubmed/24561832
http://dx.doi.org/10.1038/ncomms4356
http://www.ncbi.nlm.nih.gov/pmc/articles/4267856
https://f1000.com/prime/726698828
http://www.ncbi.nlm.nih.gov/pubmed/27576662
http://dx.doi.org/10.1038/ncomms12604
http://www.ncbi.nlm.nih.gov/pmc/articles/5013665
https://f1000.com/prime/726698828
https://f1000.com/prime/726421113
http://www.ncbi.nlm.nih.gov/pubmed/27309816
http://dx.doi.org/10.1038/nature18598
http://www.ncbi.nlm.nih.gov/pmc/articles/4930626
https://f1000.com/prime/726421113
https://f1000.com/prime/727122855
http://www.ncbi.nlm.nih.gov/pubmed/27991850
http://dx.doi.org/10.7554/eLife.15275
http://www.ncbi.nlm.nih.gov/pmc/articles/5235352
https://f1000.com/prime/727122855
http://www.ncbi.nlm.nih.gov/pubmed/24789820
http://dx.doi.org/10.1101/cshperspect.a016725
http://www.ncbi.nlm.nih.gov/pmc/articles/3996469
http://www.ncbi.nlm.nih.gov/pubmed/12097912
http://dx.doi.org/10.1038/nature00852
http://www.ncbi.nlm.nih.gov/pubmed/23300284
http://dx.doi.org/10.1073/pnas.1218818110
http://www.ncbi.nlm.nih.gov/pmc/articles/3557091
https://f1000.com/prime/726273618
http://www.ncbi.nlm.nih.gov/pubmed/27056575
http://dx.doi.org/10.1007/s00018-016-2213-2
https://f1000.com/prime/726273618
http://www.ncbi.nlm.nih.gov/pubmed/15475946
http://dx.doi.org/10.1038/ncb1185
http://www.ncbi.nlm.nih.gov/pubmed/23245563
http://dx.doi.org/10.1146/annurev-physiol-020911-153305
http://www.ncbi.nlm.nih.gov/pubmed/4348791
http://dx.doi.org/10.1083/jcb.57.2.499
http://www.ncbi.nlm.nih.gov/pmc/articles/2108980
http://www.ncbi.nlm.nih.gov/pubmed/14731821
http://dx.doi.org/10.1016/0962-8924(94)90025-6
https://f1000.com/prime/725807187
http://www.ncbi.nlm.nih.gov/pubmed/26399746
http://dx.doi.org/10.1038/ncomms9392
http://www.ncbi.nlm.nih.gov/pmc/articles/4598626
https://f1000.com/prime/725807187
https://f1000.com/prime/726141006
http://www.ncbi.nlm.nih.gov/pubmed/26871701
http://dx.doi.org/10.1371/journal.pone.0149457
http://www.ncbi.nlm.nih.gov/pmc/articles/4752265
https://f1000.com/prime/726141006
https://f1000.com/prime/1013839
http://www.ncbi.nlm.nih.gov/pubmed/12789331
http://dx.doi.org/10.1038/nature01677
https://f1000.com/prime/1013839
https://f1000.com/prime/1157015
http://www.ncbi.nlm.nih.gov/pubmed/19217377
http://dx.doi.org/10.1016/j.neuron.2008.12.024
http://www.ncbi.nlm.nih.gov/pmc/articles/2707496
https://f1000.com/prime/1157015
http://www.ncbi.nlm.nih.gov/pubmed/28111077
http://dx.doi.org/10.1016/j.neuron.2016.12.010
http://www.ncbi.nlm.nih.gov/pmc/articles/5300960
https://f1000.com/prime/726339360
http://www.ncbi.nlm.nih.gov/pubmed/27154627
http://dx.doi.org/10.7554/eLife.14643
http://www.ncbi.nlm.nih.gov/pmc/articles/4927297
https://f1000.com/prime/726339360
https://f1000.com/prime/726129285
http://www.ncbi.nlm.nih.gov/pubmed/26854222
http://dx.doi.org/10.1016/j.celrep.2016.01.031
https://f1000.com/prime/726129285
https://f1000.com/prime/1158108
http://www.ncbi.nlm.nih.gov/pubmed/19213879
http://dx.doi.org/10.1126/science.1167373
http://www.ncbi.nlm.nih.gov/pmc/articles/2696197
https://f1000.com/prime/1158108
https://f1000.com/prime/14206968
http://www.ncbi.nlm.nih.gov/pubmed/22345401
http://dx.doi.org/10.1126/science.1216937
http://www.ncbi.nlm.nih.gov/pmc/articles/3776413
https://f1000.com/prime/14206968
https://f1000.com/prime/11501
http://www.ncbi.nlm.nih.gov/pubmed/16423698
http://dx.doi.org/10.1016/j.neuron.2005.12.018
https://f1000.com/prime/11501
http://www.ncbi.nlm.nih.gov/pubmed/19296720
http://dx.doi.org/10.1371/journal.pbio.1000057
http://www.ncbi.nlm.nih.gov/pmc/articles/2656549
http://www.ncbi.nlm.nih.gov/pubmed/23057743
http://dx.doi.org/10.1146/annurev-cellbio-101011-155818


46.	 Smith SM, Renden R, von Gersdorff H: Synaptic vesicle endocytosis: fast and 
slow modes of membrane retrieval. Trends Neurosci. 2008; 31(11): 559–68. 
PubMed Abstract | Publisher Full Text | Free Full Text 

47.	 Holroyd P, Lang T, Wenzel D, et al.: Imaging direct, dynamin-dependent 
recapture of fusing secretory granules on plasma membrane lawns from PC12 
cells. Proc Natl Acad Sci U S A. 2002; 99(26): 16806–11.  
PubMed Abstract | Publisher Full Text | Free Full Text 

48.	  Wu Z, Auclair SM, Bello O, et al.: Nanodisc-cell fusion: control of fusion 
pore nucleation and lifetimes by SNARE protein transmembrane domains. Sci 
Rep. 2016; 6: 27287.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

49.	  Staal RG, Mosharov EV, Sulzer D: Dopamine neurons release transmitter 
via a flickering fusion pore. Nat Neurosci. 2004; 7(4): 341–6.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

50.	 Schneider SW, Sritharan KC, Geibel JP, et al.: Surface dynamics in living acinar 
cells imaged by atomic force microscopy: identification of plasma membrane 
structures involved in exocytosis. Proc Natl Acad Sci U S A. 1997; 94(1): 316–21. 
PubMed Abstract | Publisher Full Text | Free Full Text 

51.	 Vardjan N, Jorgacevski J, Zorec R: Fusion pores, SNAREs, and exocytosis. 
Neuroscientist. 2013; 19(2): 160–74.  
PubMed Abstract | Publisher Full Text 

52.	  Han X, Wang CT, Bai J, et al.: Transmembrane segments of syntaxin line 
the fusion pore of Ca2+-triggered exocytosis. Science. 2004; 304(5668): 289–92. 
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

53.	  Zhou P, Bacaj T, Yang X, et al.: Lipid-anchored SNAREs lacking 
transmembrane regions fully support membrane fusion during 
neurotransmitter release. Neuron. 2013; 80(2): 470–83.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

54.	 Chang CW, Hui E, Bai J, et al.: A structural role for the synaptobrevin 2 
transmembrane domain in dense-core vesicle fusion pores. J Neurosci. 2015; 
35(14): 5772–80.  
PubMed Abstract | Publisher Full Text | Free Full Text 

55.	 Chang CW, Chiang CW, Jackson MB: Fusion pores and their control of 

neurotransmitter and hormone release. J Gen Physiol. 2017; 149(3): 301–22. 
PubMed Abstract | Publisher Full Text | Free Full Text 

56.	 Graham ME, O'Callaghan DW, McMahon HT, et al.: Dynamin-dependent and 
dynamin-independent processes contribute to the regulation of single vesicle 
release kinetics and quantal size. Proc Natl Acad Sci U S A. 2002; 99(10): 7124–9. 
PubMed Abstract | Publisher Full Text | Free Full Text 

57.	 Denker A, Kröhnert K, Rizzoli SO: Revisiting synaptic vesicle pool localization 
in the Drosophila neuromuscular junction. J Physiol. 2009; 587(Pt 12): 2919–26. 
PubMed Abstract | Publisher Full Text | Free Full Text 

58.	  Tang AH, Chen H, Li TP, et al.: A trans-synaptic nanocolumn aligns 
neurotransmitter release to receptors. Nature. 2016; 536(7615): 210–4.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

59.	  Maschi D, Klyachko VA: Spatiotemporal Regulation of Synaptic Vesicle 
Fusion Sites in Central Synapses. Neuron. 2017; 94(1): 65–73.e3.  
PubMed Abstract | Publisher Full Text | F1000 Recommendation 

60.	 Atasoy D, Ertunc M, Moulder KL, et al.: Spontaneous and evoked glutamate 
release activates two populations of NMDA receptors with limited overlap.  
J Neurosci. 2008; 28(40): 10151–66.  
PubMed Abstract | Publisher Full Text | Free Full Text 

61.	 Sara Y, Bal M, Adachi M, et al.: Use-dependent AMPA receptor block reveals 
segregation of spontaneous and evoked glutamatergic neurotransmission.  
J Neurosci. 2011; 31(14): 5378–82.  
PubMed Abstract | Publisher Full Text | Free Full Text 

62.	  Melom JE, Akbergenova Y, Gavornik JP, et al.: Spontaneous and evoked 
release are independently regulated at individual active zones. J Neurosci. 
2013; 33(44): 17253–63.  
PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation 

63.	 Peled ES, Newman ZL, Isacoff EY: Evoked and spontaneous transmission 
favored by distinct sets of synapses. Curr Biol. 2014; 24(5): 484–93.  
PubMed Abstract | Publisher Full Text | Free Full Text 

64.	 Reese AL, Kavalali ET: Single synapse evaluation of the postsynaptic NMDA 
receptors targeted by evoked and spontaneous neurotransmission. eLife. 
2016; 5: pii: e21170.  
PubMed Abstract | Publisher Full Text | Free Full Text 

Page 9 of 10

F1000Research 2017, 6(F1000 Faculty Rev):1734 Last updated: 22 SEP 2017

http://www.ncbi.nlm.nih.gov/pubmed/18817990
http://dx.doi.org/10.1016/j.tins.2008.08.005
http://www.ncbi.nlm.nih.gov/pmc/articles/3626563
http://www.ncbi.nlm.nih.gov/pubmed/12486251
http://dx.doi.org/10.1073/pnas.222677399
http://www.ncbi.nlm.nih.gov/pmc/articles/139225
https://f1000.com/prime/726403621
http://www.ncbi.nlm.nih.gov/pubmed/27264104
http://dx.doi.org/10.1038/srep27287
http://www.ncbi.nlm.nih.gov/pmc/articles/4893671
https://f1000.com/prime/726403621
https://f1000.com/prime/1018270
http://www.ncbi.nlm.nih.gov/pubmed/14990933
http://dx.doi.org/10.1038/nn1205
https://f1000.com/prime/1018270
http://www.ncbi.nlm.nih.gov/pubmed/8990206
http://dx.doi.org/10.1073/pnas.94.1.316
http://www.ncbi.nlm.nih.gov/pmc/articles/19328
http://www.ncbi.nlm.nih.gov/pubmed/23019088
http://dx.doi.org/10.1177/1073858412461691
https://f1000.com/prime/1018452
http://www.ncbi.nlm.nih.gov/pubmed/15016962
http://dx.doi.org/10.1126/science.1095801
https://f1000.com/prime/1018452
https://f1000.com/prime/718140907
http://www.ncbi.nlm.nih.gov/pubmed/24120845
http://dx.doi.org/10.1016/j.neuron.2013.09.010
http://www.ncbi.nlm.nih.gov/pmc/articles/3872166
https://f1000.com/prime/718140907
http://www.ncbi.nlm.nih.gov/pubmed/25855187
http://dx.doi.org/10.1523/JNEUROSCI.3983-14.2015
http://www.ncbi.nlm.nih.gov/pmc/articles/4388931
http://www.ncbi.nlm.nih.gov/pubmed/28167663
http://dx.doi.org/10.1085/jgp.201611724
http://www.ncbi.nlm.nih.gov/pmc/articles/5339513
http://www.ncbi.nlm.nih.gov/pubmed/11997474
http://dx.doi.org/10.1073/pnas.102645099
http://www.ncbi.nlm.nih.gov/pmc/articles/124539
http://www.ncbi.nlm.nih.gov/pubmed/19403600
http://dx.doi.org/10.1113/jphysiol.2009.170985
http://www.ncbi.nlm.nih.gov/pmc/articles/2718250
https://f1000.com/prime/726578471
http://www.ncbi.nlm.nih.gov/pubmed/27462810
http://dx.doi.org/10.1038/nature19058
http://www.ncbi.nlm.nih.gov/pmc/articles/5002394
https://f1000.com/prime/726578471
https://f1000.com/prime/727446763
http://www.ncbi.nlm.nih.gov/pubmed/28343869
http://dx.doi.org/10.1016/j.neuron.2017.03.006
https://f1000.com/prime/727446763
http://www.ncbi.nlm.nih.gov/pubmed/18829973
http://dx.doi.org/10.1523/JNEUROSCI.2432-08.2008
http://www.ncbi.nlm.nih.gov/pmc/articles/2578837
http://www.ncbi.nlm.nih.gov/pubmed/21471372
http://dx.doi.org/10.1523/JNEUROSCI.5234-10.2011
http://www.ncbi.nlm.nih.gov/pmc/articles/3086544
https://f1000.com/prime/718158720
http://www.ncbi.nlm.nih.gov/pubmed/24174659
http://dx.doi.org/10.1523/JNEUROSCI.3334-13.2013
http://www.ncbi.nlm.nih.gov/pmc/articles/3812501
https://f1000.com/prime/718158720
http://www.ncbi.nlm.nih.gov/pubmed/24560571
http://dx.doi.org/10.1016/j.cub.2014.01.022
http://www.ncbi.nlm.nih.gov/pmc/articles/4017949
http://www.ncbi.nlm.nih.gov/pubmed/27882871
http://dx.doi.org/10.7554/eLife.21170
http://www.ncbi.nlm.nih.gov/pmc/articles/5148599


 

Open Peer Review

   Current Referee Status:

Editorial Note on the Review Process
 are commissioned from members of the prestigious   and are edited as aF1000 Faculty Reviews F1000 Faculty

service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:
Version 1

 Leibniz-Institut für Molekulare Pharmakologie (FMP), Berlin, GermanyVolker Haucke
 No competing interests were disclosed.Competing Interests:

1

 Emory University, Atlanta, GA, USAVictor Faundez
 No competing interests were disclosed.Competing Interests:

1

 Max-Planck-Institute for Biophysical Chemistry, Göttingen, GermanyReinhard Jahn
 No competing interests were disclosed.Competing Interests:

1

Page 10 of 10

F1000Research 2017, 6(F1000 Faculty Rev):1734 Last updated: 22 SEP 2017

http://f1000research.com/collections/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

