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Chapter 1

General introduction

We owe the ability to move, talk and think to the extraordinary computational 
power of our brain. The brain can process an enormous amount of information 
thanks to the highly controlled communication between neurons. Neuronal com-
munication relies on secretion of chemical compounds packaged in membranous 
compartments called secretory vesicles. Two major types of secretory vesicles are 
synaptic vesicles (SVs) responsible for the rapid release of neurotransmitters at 
synapses, and dense-core vesicles (DCVs) that release neuropeptides and neuro-
trophic factors, which are crucial regulators of human brain function, including 
mood, food intake, anxiety, and social interactions. 

Disruption of DCV exocytosis has been associated with many disease states such 
as cognitive disorders, stress, addiction problems, obesity and anorexia (see re-
views Broberger & Hökfelt, 2001; Meyer-Lindenberg et al. 2011; Valentino & As-
ton-Jones, 2010) and is implicated in the pathogenesis of schizophrenia (SCZ) and 
major depression (Widerlöv et al. 1988). As many as 20 different peptide systems 
have been suggested to have a role in the modulation of anxiety (see review 
Griebel & Holmes, 2013). Not surprisingly, neuropeptide systems have become 
attractive therapeutic targets for the treatment of psychiatric disorders. Neuro-
peptides like oxytocin and neuropeptide Y (NPY) are being studied as potential 
treatments for social deficits in autism spectrum disorders and post-traumatic 
stress disorders, respectively (see reviews LoParo & Waldman, 2015; Sah & Geraci-
oti, 2013). However, no drug acting on a neuropeptide system has yet made it to 
the market for the treatment of a psychiatric disease (Griebel & Holsboer, 2012). 

The lack of mechanistic insight into DCV transport and fusion in mammalian neu-
rons has hampered the identification of compounds acting on neuropeptidergic 
targets. Little is known about the protein composition of the DCVs membrane, 
which impedes our understanding of the molecular interactions underlying neu-
ropeptide release. In contrast, we have in depth knowledge of the membrane 
composition and vesicle cycle of SVs (see reviews Südhof, 2013a; Takamori et al. 
2006). Although SV and DCV release differ to some extent, comparison of SV re-
lease mechanisms and protein interactions with our current knowledge on DCVs 
may help to direct research aimed at understanding DCV fusion principles.
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SVs are clear core 40 nm particles containing neurotransmitters clustered at presynaptic ter-
minals. SVs are responsible for fast signal conduction between neurons by neurotransmitter 
release. To fuse with the plasma membrane (PM), SVs require SNARE complex assembly and 
the presence of the Sec/Munc18 (SM) protein Munc18-1. Munc18-1 interacts with syntaxin 
1A alone and it can also interact  with SNARE complexes controlling the SNARE-assembly 
reaction (see review Lang & Jahn, 2008). SVs fuse at active zones, which are electron-dense 
presynaptic structures rich in priming factors like Munc13 and RIM proteins (see review 
Südhof & Rizo, 2011). SVs fuse with the PM within milliseconds upon Ca2+ influx (see review 
Südhof, 2013b). Upon Ca2+ influx, Synaptotagmin 1, the major Ca2+-sensor for synchronous 
SV release (Nishiki & Augustine, 2004), binds to protein complexes formed by SNAREs and 
Munc18 in a process that is facilitated by complexins (Jorquera et al. 2012). Synaptotagmin 1 
also interacts with RIM proteins that bind and cluster Ca2+-channels and hence position SVs 
in close proximity to Ca2+-channels. These intricate protein-protein interactions control the 
millisecond timing of neurotransmitter release (see review Südhof, 2013b). After fusion, SVs 
are locally recycled through a fast recycling path that re-uses the released vesicles (‘kiss and 
run’), or through slow endosomal endocytosis. SVs are refilled with neurotransmitters at the 
synaptic terminal to replenish the SV release pools (see review Südhof & Rizo, 2011). Thanks 
to the work of Takamori and co-workers we have detailed knowledge of the protein and lipid 
composition of SVs (see review Takamori et al. 2006). Decades of studies on SV release prin-
ciples have led to a comprehensive knowledge on the neurotransmitter release machinery 
(see review Südhof, 2013a). 
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Features of neuronal dense core vesicles 

DCVs are opaque organelles with a diameter that can vary between 70 and 300 
nm depending on the cell type (see review Morgan & Burgoyne, 1997). DCVs are 
responsible for neuropeptide and neurotrophin transport and release in neurons 
(see review Lessmann et al. 2003). Neuropeptides are a diverse class of signaling 
molecules that function as neuromodulators acting on G protein-coupled re-
ceptors to which they bind with nanomolar affinity (see review Gondre-Lewis et 
al. 2012). The human genome contains about 90 genes encoding for precursors 
of neuropeptides (www.neuropeptides.nl). Some of the best-characterized and 
well-studied neuropeptide gene families are the F-and Y-amide gene family, the 
opioid gene family, the vasopressin/oxytocin gene family and the granins. The 
F-and Y-amide gene family encodes, amongst others, for neuropeptide Y (NPY). 
NPY is a tyrosine-rich polypeptide important for its regulatory role on synaptic 
plasticity, temperature homeostasis and food intake. It is also involved in the re- 
gulation of blood pressure, circadian rhythms, anxiety, memory processing and 
cognitive abilities (see reviews Allen & Koenig, 1990; Malva et al. 2012). The opioid 
gene family comprises enkephalin, dynorphin and opiomelanocortin genes that 
encode for precursors of short aminoacid sequences called opioid peptides. They 
control stress response, addictive behavior and nociception (see review Gaveri-
aux-Ruff & Kieffer, 2002) as well as locomotion and emotional behavior (see re-
view Kieffer & Gavériaux-Ruff, 2002). The gene products of the vasopressin/oxy-
tocin gene family are involved in stress response, drug abuse and social behavior, 
moreover vasopressin is responsible for water retention in the body and vasocon-
striction (see reviews Bisagno & Cadet, 2014; Dumais & Veenema, 2015). Granins 
encode for Chromogranin A and Chromogranin B (ChgA, ChgB) and secretogr-
anin I, II and V. These are acidic proteins involved in the biogenesis of secretory 
granules (Huttner et al. 1991). Neurotrophins are growth factors that promote 
neuronal survival, development, differentiation and plasticity (see reviews Gon-
dre-Lewis et al. 2012; Lewin & Barde, 1996). The members of this family are neu-
ronal growth factor (NGF), brain-derived growth factor (BDNF), neurotrophin-3 
(NT-3) and neurotrophin-4 (NT-4). They bind to the transmembrane receptors like 
p75 neurotrophin receptor and Trk family tyrosin kinases receptor (Kaplan & Mill-
er, 2000). DCVs also contain guidance cues like for instance semaphorin 3A (de Wit 
et al. 2006) that regulates neuronal morphogenesis and neural circuits assembly 
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(see review Koropouli & Kolodkin, 2014).

A comprehensive description of the soluble and transmembrane proteins present 
on DCVs in mammalian neurons of the central nervous system (CNS) is still miss-
ing. Nevertheless, proteomics studies conducted in adrenal chromaffin cells, dor-
sal root ganglion (DRG) neurons and human adrenal gland tumor tissue have pro-
vided insight in DCV protein content and their membrane composition in these 
cell types. In bovine chromaffin cells DCVs contain roughly 700 distinct proteins 
ranging from neuropeptides to G-protein coupled receptors, protease systems, re-
duction/oxidation regulatory proteins, ATPases and signal transduction proteins. 
A big fraction of the proteins found both in the soluble and in the membrane frac-
tion is represented by members of the regulated fusion machinery (Wegrzyn et al. 
2010). This study also revealed the presence of several proteins involved in neu-
rological diseases like amyloid precursor protein (APP) and huntingtin-interacting 
protein (HIP), neuronal  ceroid-lipofuscinosis membrane protein 8 (CLN8), a pro-
tein involved in neurodegeneration and mental retardation (Wegrzyn et al. 2010). 
In DRG DCVs contain a variety of G-proteins coupled receptors, ion channels and 
signaling molecules in addition to trafficking related protein and metabolic en-
zymes (Zhao et al. 2011). This suggests that DCVs also play a role in delivery of re-
ceptors, ion channels and signaling molecules to the cell surface and enable rapid 
modulation of the molecular and functional properties of the plasma membrane. 
A more recent study in human pheochromocytoma cells, a rare tumor of adrenal 
gland tissue that results in the release of an abnormal amount of epinephrine 
and norepinephrine, revealed the presence of mature and immature peptides in 
DCVs and members of the secretory protein machinery (Bark et al. 2012). Hence, 
DCVs package and transport a wealth of different proteins, which highlights and 
explains the crucial role of these vesicles in many brain processes. 

Dense core vesicles biogenesis

Neuropeptides are synthesized as inactive precursors, prepropeptides with an 
N-terminal signal peptide for endoplasmic reticulum (ER) targeting where the sig-
nal peptide is cleaved. After exiting the ER, propeptides are transported to the 
Golgi for post-translational modifications after which they reach the trans-Golgi 
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network (TGN), where they are concentrated into DCVs (see review Palade, 1975).

DCVs bud from the TGN as immature granules that need to undergo several mat-
uration steps before they are ready to release their cargo upon Ca2+ influx (see 
review ARVAN & CASTLE, 1998). Maturation involves a decrease in luminal pH, 
removal of non-regulated secretory proteins and membrane remodeling. The de-
crease in pH during DCV maturation is necessary to fully process the propeptides 
since most processing enzymes perform best at pH 5 (Husten & Eipper, 1994). 
Acidification is achieved by membrane proton pumps (V/H-ATPase) present at 
the TGN and DCV membranes (Wu et al. 2001). Treatment with bafilomycin A1, 
a specific inhibitor of the V-ATPase, results in lower DCV numbers and a strong 
reduction of secretion of ChgA (Taupenot . 2005). 

Immature DCVs contain non-regulated secretory proteins that are removed 
during DCV maturation. Protein removal may occur in parallel with membrane re-
modeling thanks to clathrin coated patches on the membrane of immature DCVs. 
Secondary clathrin-coated vesicles, which contain the non-regulated secretory 
proteins to be removed, can split from the immature DCVs leaving only the re- 

gulated proteins in mature DCVs (see review Bonnemaison et al. 2013). Studies 
in PC12 cells (a cell line derived from a pheochromocytoma of the rat adrenal 
medulla) revealed that mature DCVs are bigger than immature granules perhaps 
due to homotypic fusion of immature DCVs (Urbé et al. 1998). In these cells homo-
typic fusion relies on syntaxin 6 and synaptotagmin IV (Ahras et al. 2006; Bock et 
al. 1997). Syntaxin 6 localizes to the TGN, endosomes, and immature DCVs (Bock et 
al. 1997), while synaptotagmin IV is largely present at the Golgi and on immature 
vesicles (Ibata et al. 2000). DCVs biogenesis in mammalian neurons has not been 
studied so far, and it is unknown whether similar biogenesis principles apply. 
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DCVs transport on microtubules to fusion sites

DCVs are produced at the Golgi apparatus and are actively transported to release 
sites by motor proteins trafficking on microtubules . Microtubules constitute a 
dynamic network with different organization in axon and dendrites. In contrast 
to the highly polarized microtubule organization of the axon, with minus-ends 
facing the soma and plus-ends directed toward the extremity, in dendrites micro-
tubule polarity is mixed (see review Hirokawa et al. 2009). Motor proteins trans-
port organelles to and from the somatic compartment: kinesins travel towards 
microtubule plus ends (which in axons results in anterograde transport) hydro-
lyzing ATP as energy source, and dyneins travel towards microtubule minus ends 
(in axons: retrograde transport). Kinesin-dependent transport of DCVs relies on 
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intact microtubules as application of the microtubule-severing drug nocodazole 
results in a complete arrest of DCV movement (de Wit et al. 2006). The kinesin that 
transports DCVs in Drosophila and C. elegans is unc-104, the ortholog of mamma-
lian KIF1A, a member of the kinesin-3 family (Barkus et al. 2008; Zahn et al. 2004). 
In mammalian neurons, KIF1A is responsible for anterograde transport of DCVs 
(Lo et al. 2011). KIF1A, as the other members of the kinesins-3 family, is regulated 
by the cyclin-dependent-like kinase 5 (CDK5), which is important to maintain the 
polarization of DCV trafficking (Goodwin et al. 2012). Moreover KIF1A-dependent 
DCV transport in dendrites requires the microtubule binding protein doublecor-
tin-like kinase 1 (DCLK1) (Lipka et al. 2016). Dynactin, interacting with both ki-
nesins and dyneins, may function as a motor coordinator for transport of DCVs 
(Kwinter et al. 2009) and drug-induced disassembly of the dynactin complex re-
sults in a reduction of retrograde DCV transport (Cavolo et al. 2015).

Actin filaments are mainly found in growth cones, presynaptic terminals and den-
dritic spines and serve as tracks for myosin motor proteins (see review Schlager 
& Hoogenraad, 2009). Actin-based transport is not involved in long range DCV 
trafficking as disruption of actin filaments with latrunculin A does not lead to im-
paired DCV transport (de Wit et al. 2006). However, actin may play a role in local 
capture of DCVs or in the final stages of DCV transport within synaptic terminals.

Despite recent progress into identification of the mechanisms of long-range axo-
nal transport (see review Maday et al. 2014), the steps that follow Ca2+ influx and 
precede DCV fusion are still unclear. 

Last steps before fusion

In Drosophila neuromuscular junctions, trafficking DCVs are only sporadically cap-
tured at release sites. This ‘inefficient’ recruitment ensures uniform supply of DCVs 
along the neurites (Wong et al. 2012). DCV fusion is triggered by action potential 
induced increase in cytosolic Ca2+ concentration. Yet, we lack insight into the suc-
cessive steps from active transport of DCVs on microtubules to Ca2+-dependent 
DCV fusion with the PM. DCVs may detach from the microtubules prior to fusion 
with the PM. Several scenarios are possible: (1) Kinesins may detach from micro-
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tubules, (2) adaptor proteins may detach from kinesins, or (3) DCVs may detach 
from adaptor proteins. Phosphorylation of kinesins may modulate binding to the 
microtubules or to the adaptor proteins (see review Hirokawa et al. 2009) leading 
to DCV detachment. For instance c-Jun N-terminal kinase (JNK) can phosphory-
late KIF5 thereby weakening its interaction with the microtubules (Morfini et al. 
2006; Stagi et al. 2006), while KIF5 phosphorylation by protein kinase A (PKA) in-
hibits its interaction with the cargo (SVs) (Sato-Yoshitake et al. 1992). Also, KIF17 
phosphorylation by Ca2+ /calmodulin-dependent protein kinase II (CaMKII) dis-
rupts its interaction with the adaptor protein LIN10 ultimately leading to cargo 
detachment from the microtubule tracks (Guillaud et al. 2008). Although modifi-
cation of adaptor proteins appears to be a plausible mechanism, there are no ex-
amples supporting this third scenario. However, in case of mitochondrial mobility 
in axons, adaptor proteins do play a regulatory role. When Ca2+ levels are high, 
mitochondria transport arrests because adaptor proteins prevent the interaction 
of the motor-protein with the microtubules (see reviews Kapitein & Hoogenraad, 
2011; Schlager & Hoogenraad, 2009). Like mitochondria, DCVs also reversibly stall 
upon Ca2+ influx (de Wit et al. 2006; Sobota et al. 2010). However, DCV adaptor 
proteins have not been well characterized and most importantly it is still unclear 
whether this stalling leads to DCVs detachment from the microtubules. Alterna-
tively, DCVs may stay attached to the microtubule network during fusion with 
the PM. This may specifically be the case in axons because of their small diameter 
(0.08-0.4 mm), (see review Debanne et al. 2011), which would allow DCVs (with 
an average diameter of 70-300nm) to remain attached to microtubules while en-
gaing the vesicle release machinery at the axonal membrane. This appears to be 
an energetically favorable fusion mode that allows DCVs to repeatedly fuse (‘kiss 
and run’, see next paragraph) discharging cargo at several locations along an ax-
onal stretch. 

Thus, whether or not DCVs detach from microtubules before fusion, Ca2+ influx 
triggers reversible stalling that ultimately leads to the fusion of a fraction of DCVs. 
Importantly, although many DCVs are constantly transported along the microtu-
bule network (de Wit et al. 2006; Wong et al. 2012), in mature neurons a proportion 
of DCVs is stationary and may already be engaged with the secretory machinery. 
Studying the adaptor proteins involved in DCV transport is crucial to understand 
how moving DCVs get in contact with the PM in order to fuse. 
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DCVs fusion mode

DCV fusion relies on Ca2+ infl ux, but unlike for SVs, a single action potential (AP) 
is not enough to effi  ciently elicit DCV fusion in neurons. DCVs require repetitive, 
high frequency stimulation for effi  cient fusion (de Wit et al. 2009b; Verhage et 
al. 1991) and long latencies between stimulation and fusion can occur (Xia et al. 
2009). Trains of APs given at spaced intervals appear to be most effi  cient in trig-
gering DCV fusion (Hartmann et al. 2001; Matsuda et al. 2009). Blocking Ca2+ in-
fl ux from specifi c Ca2+ channels inhibits DCVs fusion. In particular it was shown 
that somatic DCV fusion is mediated by Ca2+ infl ux through L-type voltage-ga- 
ted Ca2+-channels (VGCC) (Xia et al. 2009). Moreover blocking Ca2+ infl ux through 
L- and N- type VGCC impairs somato-dendritic release of oxytocin, a DCV-cargo 
(Tobin et al. 2011). The same study and the work of Levitan and colleagues also 
highlighted the importance of Ca2+-dependent Ca2+ release from internal stores 
for DCV mobility and fusion (Shakiryanova et al. 2007; Tobin et al. 2011).  

Fusion pore opening can result in diff erent modes of cargo release: the vesicle can 
completely collapse into the PM emptying its cargo (‘complete release’) or retain 
its gross shape avoiding full integration into the PM releasing only a portion of its 
cargo (‘partial release’) after which the fusion pore reseals allowing repetitive car-
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go release from the same vesicle along the membrane (see review Alabi & Tsien, 
2013). 

Lessmann and co-workers, using live-cell TIRF imaging of somatic DCV release 
form hippocampal neurons, showed that the majority of fusion events are partial 
release events with relatively small amounts of cargo released, while in neurites 
DCV release ~75 % of their fluorescent-cargo (Xia et al. 2009). The type of fusion 
mode might be influenced by Ca2+ concentration: strong stimuli, causing massive 
Ca2+ influx, result in fast resealing of the fusion pore with partial release of the 
cargo. While a mild stimulus, which leads to a moderate Ca2+ influx, causes slower 
re-closure of the fusion pore allowing more cargo to be released (Xia et al. 2009). 
Since Ca2+ influx and Ca2+ concentration are strong determinants of DCV dyna- 
mics and fusion mode, it is important to identify the most effective Ca2+ trigger 
and the Ca2+ sensors for DCV fusion. 

DCV fusion machinery

The DCV fusion machinery in mammalian neurons is still largely unknown. A 
much more comprehensive knowledge has been obtained from studies in C. ele-
gans, Drosophila and adrenal chromaffin cells. DCVs may use similar SNARE pro-
teins for fusion as SVs: SNAP25 null mutant (KO) chromaffin cells show severely 
impaired DCV fusion (see review Sørensen et al. 2003). SNAP25 deletion does not 
affect DCV docking but interferes with vesicle priming, impairing fast Ca2+-trig-
gered fusion. In addition, single DCV fusion events show a shorter duration of 
fusion pore opening in the absence of SNAP25. VAMP2 and VAMP3 DKO chromaf-
fin cells show completely abolished DCV fusion without affecting biogenesis or 
docking of DCVs (Borisovska et al. 2005). In line with these findings, cleavage of 
SNARE complex  components with neurotoxins also strongly decreases DCV fu-
sion in chromaffin cells (Höhne-Zell et al. 1994; Xu et al. 1998) and  in mammalian 
neurons (de Wit et al. 2009b).

In addition to the SNARE proteins, fusion of membranes requires an SM protein 
(see review Südhof & Rothman, 2009). In C. elegans, UNC-18, the worm Munc-18-1 
ortholog, is essential for SV exocytosis (Johnson et al. 2009) and the same holds 
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for Rop, the Munc-18-1 ortholog in Drosophila, but no studies have been conduct-
ed in these model organisms addressing their function in DCV fusion (Harrison 
et al. 1994; Johnson et al. 2009). Munc18-1 in murine adrenal chromaffin cells is 
essential for DCV docking and fusion (Toonen et al. 2006), but whether this is also 
true for mammalian neurons is unknown.

Besides SNARE proteins and Munc18, other members of the fusion machinery and 
proteins involved in recruitment and capture of DCVs at fusion sites in mamma- 
lian neurons are still largely unknown.

Munc13 is an important priming factor for SVs in mammalian neurons (Va-
roqueaux et al. 2002) and the C. elegans ortholog UNC-13 has been implicated in 
DCV secretion. Ca2+-Activator Protein for Secretion (CAPS) proteins are involved 
in DCV secretion in C. elegans and Drosophila. In C. elegans neurons, the CAPS 
ortholog UNC-31 is required for docking of DCVs at the plasma membrane (Ham-
marlund et al. 2008; Lin et al. 2010; Zhou et al. 2007) and null mutants of UNC-31 
show reduced peptide release without affecting synaptic vesicle fusion (Speese et 
al. 2007). Deletion of dCAPS in Drosophila, also affects DCV release but in contrast 
to C. elegans it also hampers SV fusion (Renden et al. 2001). In adrenal chromaf-
fin cells, deletion of CAPS-1 and CAPS-2 abolishes DCV fusion without affecting 
docking (Liu et al. 2010). 

However, despite recent progress in several model systems, we still lack a com-
prehensive understanding of the DCV fusion machinery in mammalian neurons. 

Aim of this thesis

Neuropeptides released from DCVs modulate neuronal activity and defects in 
DCV fusion lead to major cognitive disorders. Despite their importance in brain 
function the mechanisms underlying DCV transport and fusion in mammalian 
neurons are not fully understood. In this thesis, I designed a novel quantitative as-
say, using single isolated hippocampal neurons, to study the molecular machiery 
responsible for DCV recruitment to fusion sites and their fusion with the plasma 
membrane at single vesicle resolution. 
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In Chapter 2 we describe imaging experiments in hippocampal neurons in which 
we label DCVs with two different fluorescent cargo molecules to investigate DCV 
transport to and fusion with the plasma membrane. We show that in non-stimu-
lated neurons many DCVs are dynamic and that both mobile and stationary DCVs 
can fuse upon stimulation but that stationary vesicles are more likely to do so. 
We find that repetitive, high frequency stimulation efficiently triggers DCV fusion 
and that DCVs preferentially fuse at synapses. Fusion at synapses is more effi-
cient while extra-synaptic release requires prolonged stimulation. In Chapter 3 
we analyze the role of Munc18-1 and Munc18-2 in neuronal DCV fusion using in-
ducible null mutant mice for both isoforms. We show that in developing neurons 
(at 3-4 days in vitro, 3-4 DIV) deletion of Munc18-1 does not impair DCV fusion. 
In contrast, deletion of Munc18-1 in mature neurons (DIV14) leads to an almost 
complete block of DCV fusion. Interestingly, deletion of Munc18-2 also reduces 
DCV fusion in DIV 14 neurons. Deletion of both proteins does not lead to a stron-
ger phenotype than deletion of Munc18-1 or Munc18-2 only. We conclude that 
Munc18-1 and Munc18-2 are both required for efficient DCV fusion in DIV14 hip-
pocampal neurons. The non-additive effect observed in Munc18-1/2 double null 
mutants suggests that both isoforms function in a serial pathway to drive DCV 
fusion.  In Chapter 4 we study the distribution and the function of CAPS proteins 
in DCV trafficking and fusion. Endogenous CAPS-1 is present in puncta that par-
tially overlap with synaptic markers and co-localizes with DCV markers. In CAPS-1/
CAPS-2 null mutant (CAPS DKO) neurons, DCV fusion is strongly reduced. CAPS 
deletion specifically affects DCV fusion of vesicles that were stationary prior to fu-
sion while it does not alter fusion of mobile DCVs. Hence, CAPS-1 promotes fusion 
competence of immobile (tethered) DCVs in presynaptic terminals. In Chapter 5, 
we investigate the role of two Munc13 isoforms, Munc13-1 and Munc13-2, in DCV 
fusion. We show that deletion of Munc13-1/2 strongly decreases DCV fusion and 
that Munc13-1 over expression results in augmentation of DCV fusion. Munc13 
deletion specifically reduces synaptic fusion events, while Munc13-1 over ex-
pression increases fusion only from extra-synaptic sites. These data suggest that 
Munc13-1 is a key component of DCV release machinery at synapses and that it 
orchestrates the DCV fusion machinery to form de novo fusion competent sites for 
DCV exocytosis. 

Finally, in Chapter 6 the results of this study are discussed in a broader perspec-
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tive providing a general working model of DCV transport and fusion in mamma-
lian neurons.

BookletCorrect.indd   23 27/03/2017   19:33



BookletCorrect.indd   24 27/03/2017   19:33


