Structure and function of fusion pores in exocytosis and
ectoplasmic membrane fusion
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Introduction
Exocytosis of a secretory vesicle requires a large number
of proteins acting in a probably well defined sequence
that is still incompletely
known [1,2]. The last and most
mysterious step in this sequence is the fusion of the
vesicle membrane
with the plasma membrane.
During
fusion, an aqueous connection
forms between the vesicle
lumen and the extracellular
space. This connection
is
initially no wider than a large ion channel, and has
been termed the fusion pore [3,4]. Here, we review
the properties of fusion pores and their physiological
consequences,
and then discuss the molecular nature of
early fusion pores in the light of new findings.
All present knowledge about fusion pores comes from
physical measurements
during
single fusion events.
Exocytosis of a single secretory granule causes a stepwise
increase in the electrical
capacitance
of the plasma
membrane [5,6], occurring when the fusion pore opens
and the vesicle adds its membrane
to the cell surface.
This is most easily seen in cells with large secretory
granules, such as rat mast cells (0.8 pm granule diameter;
Fa mast cells from ‘beige’ mice, a mutant with
unusually large secretory granules (1-5 p.m; [3,7]), and
eosinophils (0.5-2 l.rrn; [8,9]). Very recently, it has also
become possible to make such observations during the
exocytosis of small vesicles, some as small as synaptic
vesicles [lo”]. One surprising finding has emerged in all
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studies: upward steps in membrane capacitance are very
occasionally followed by downward steps of the same
amplitude, as if the fusion pore of a secretory granule
opened and then closed again (‘capacitance flicker’).
This was also observed when fusion was mediated by
influenza virus hemagglutinin
[ll]. Apparently, at least
early steps in fusion are reversible.
With large secretory vesicles, an even earlier sign
of fusion can be detected
electrically
A brief and
transient electric current flows as the vesicle discharges
its membrane potential through the nascent fusion pore
[4,12,13]. Analysis of such electric discharges allows
one to determine
the electrical conductance
of the
fusion pore over the first milliseconds
of its existence
[12]. The conductance
time course showed two kinetic
components.
First the conductance
increased abruptly,
much as the conductance
of an ion channel increases
when the channel opens in a patch clamp experiment.
Next, the conductance
increased gradually, as if the
pore expanded. In mast cells of beige mice the initial
expansion
rate is about 200~s ms-1, suggesting that
the pore diameter doubles in 6ms at 23°C. It was
proposed that the abrupt opening of the fusion pore
represents a protein conformational
change similar to
the opening of an ion channel whereas the subsequent,
gradual expansion reports the recruitment
of lipid into
the pore circumference
([14]; see below).

Abbreviations
GPI-glycophosphatidylinositol;

HA-influenza

virus haemagglutinin.
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Initial f&ion pore conductances
are compiled in Table 1
for different cells; the table also includes the initial
conductance
of the pore formed during cell fusion
mediated by the fusion-catalyzing
envelope proteins of
the influenza and Semliki forest viruses. In each system,
the initial pore conductance is highly variable. The mean
values, however, fill within a factor of three, and are
similar to those of large ion channels (Ca2+-activated
K+ channels, 100-200 pS; voltage-gated anion channels
of mitochondria,
400 pS; [15]). Evidently
the initial
aperture of a fusion pore is no larger than that of a large
ion channel.

Table 1. Initial fusion pore conductances.

Peak of

Mouse mast

Method

distribution

Mean

Reference

Transient*

200 ps

330ps

I1 21

Transient*

loops

200 ps

1131

cell
Horse
eosinophils
Human
neutrophils

Admittance? 100 pS

150ps

[lo**]

Influenza HA

Transient*

ND

150ps

1111

Semliki forest

dc currentt

300~s

ND

WI

ViNS

*Transient: electrical discharge of the vesicle membrane capacitance at
the moment of fusion pore opening. tAdmittance: see [l O**l for details.
*dc current: measured by a double voltage clamp of two fusing insect
cells. ND, not determined.

Slow expansion of the fusion pore can retard
the release of transmitter

or hormone

In the first lO--20ms,
fusion pores increase their
conductance
tenfold or more, but then the expansion
process slows markedly [4,13,16]. The pore conductance
ofien changes little for several seconds, and sometimes
the pore even closes again (capacitance flicker). Pores
of conductances
as large as 8nS have been seen to
close [12]; such a pore has an estimated diameter of
20nm and would be readily visible under an electron
microscope.
What obstacle might temporarily
slow the expansion
of fusion pores? The obstacle must be at least partly
cytosolic, because cytosolic [Ca2’] increases the rate
of expansion of large pores in eosinophils [13] and mast
cells [17]. It would be of interest whether this also applies
to neurons and neuroendocrine
cells, wherein exocytosis
is triggered by a large increase in sub lasmalemmal
cytosolic
[Ca2’] influences
[Ca2’].
In eosinophils,

neither the initial pore conductance nor the initial, rapid
expansion phase ([13]; our unpublished data).
The slow expansion of fusion pores delays the moment
where vesicle and plasma membrane merge completely,
and slows the release of the vesicle contents. Nonetheless, transmitters or hormones leak out well before fusion
is complete,
as is apparent fi-om the time course of
release horn single granules (Fig. la-c). In cases where
the secreted substance has a redox potential less than
that of water, this time course has been monitored by
‘amperometric’
recording with a carbon microelectrode
placed next to a single cell [18]; the microelectrode
records the current generated when the transmitter
is
oxidized or reduced. Although
most of the granule
contents are released synchronously, this explosive release
is ofien preceded by periods where transmitter leaves the
vesicle slowly (indicated by arrows in Fig. 1). This was
found in all three cell types where recordings of this type
have been made. In mast cells, granules have been seen to
open their fusion pore, release art of their contents, and
close again [19]. Cytosolic [Ca$+ ] m mast cells shortens
the period of slow transmitter release and hastens the
moment of synchronous
discharge, as it facilitates the
expansion of the fusion pore [17].
Evidently
the small size of the fusion pore delays
the release of material horn large dense-core secretory
granules (Fig. la-c).
This creates no problem with
hormones
that act slowly, for example, through
G
proteins or signaling cascades. At a synapse, however,
speed is of the essence and synaptic vesicles must release
their transmitter
in fractions of a millisecond.
Part
of this challenge is met by keeping synaptic vesicles
small, smaller than any other membranous
organelle.
Thus diffusion distances remain short, and vesicles may
release more than 60% of their contents in 260 /B even
if a 300~s pore does not dilate at all [20]. It has
been suggested, however, that an open vesicle releases
transmitter very much faster, and that this could not be
explained by simple diffusion [21].
Even in synaptic vesicles, transmitter occasionally escapes
slowly, as if hindered
by a narrow and/or
slowly
expanding
fusion pore. The most striking recordings
come from the electric organ of Torpedo
with its slightly
larger (80-100nm
diameter) synaptic vesicles (Fig. Id).
The majority of vesicles open rapidly, but around 15%
seem to open more slowly, with an initial period of
slow transmitter
release similar to that seen in most
amperometric
recordings from dense-core vesicles. This
observation
suggests that normal synaptic vesicles have
mechanisms to hasten the escape of transmitter, but that
this mechanism sometimes f%ls.
It has been proposed [22,23] that synaptic vesicles may
open their fusion pore, let transmitter out, close the pore
again and be re-loaded with transmitter without ever fusing into the plasma membrane. The speed and precision
of membrane retrieval in an endocrine cell suggests that
this may also be possible with dense-core vesicles [24].
This mechanism, sometimes called ‘kiss-and-run’,
avoids
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(a)

(b)

Cd)

Fig. 1. Exocytic release from single granules and vesicles detected as amperometric signals (a-c) or as miniature end plate currents (d). The
large deflections represent the nearly synchronous release occurring after the fusion pore has become wide, or the granule/vesicle has merged
into the plasma membrane. They are preceded by a small ‘foot’ (arrow) representing slow release through a fusion pore which has not yet
expanded fully. (a) Release of serotonin from a beige mouse mast cell granule (diameter 2.8 pm). The lower panel is a portion of the upper
trace shown on an expanded ordinate (from [19]). (b) Release of serotonin from a chromaffin granule (diameter 280-300nm; from [SS]).
(c) Release of dopamine from a glomus cell of the carotid body (granule diameter -120 nm; from [601). (d) Release of acetylcholine causes
two miniature postsynaptic potentials from the electric organ of Torpedo marmorata (vesicle size -80 nm; from [61 I). One rises rapidly and
represents the majority, the other shows an initial ‘foot’ similar to those seen with amperometry; this type of waveform was observed in about
15% of the recordings. These potentials were recorded with an extracellular loose-patch pipette; the signals are proportional to the inward
current flowing through acetylcholine receptor channels.

the molecular recognition
events needed to selectively
retrieve vesicle membrane
proteins that have diffused
into the plasma membrane.
Although
occasional
or
even repeated cycles of kiss-and-run
seem possible and
physiologically
useful, three findings indicate that the
‘kiss’ is ultimately
terminal and full fusion with the
plasma membrane
inevitable.
First, after intense cell
stimulation,
vesicle membrane
proteins appear on the
cell surface [25,26]. Second, in a Drosophila mutant
shibire, with its defect in the protein dynamin [27,28],
clathrin-coated
vesicles cannot separate from the cell
surface and motor synapses rapidly run out of synaptic
vesicles [29]. Finally, although transient pore openings do

release serotonin from mast cell granules
always followed by irreversible fusion.

[19], they are

Fission pores and endocytosis
When exocytosed membrane
is retrieved, vesicles bud
horn the plasma membrane
and then pinch off. In
posterior pituitary nerve terminals stimulated exhaustively by high cytosolic [Ca2+], large vacuoles pinch
off the cell surface, a process that can be followed
electrophysiologically.
For hundreds
of milliseconds,
the vacuole lumen remains connected
to the external
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medium by an aqueous connection
(the fission pore)
whose conductance
declines exponentially
until it is
too small to be measured (~40~s) [30]. What causes
these endocytic vesicles to pinch off from the plasma
membrane?
The dynamin GTPase has been shown to
wind around the openings of clathrin-coated
vesicles,
and it may be part of the molecular
machinery
that pinches these vesicles off the plasma membrane
([31**,32**]; see also Lamaze and Schmid, this issue,
pp 573-580). Perhaps dynamin also has a more general
role in pinching off vacuoles and vesicles that are not
clathrin-coated.
It would be of interest if dynamin is
already present at exocytic docking sites before vesicles
undergo exocytosis; if so, the closing of an expanded
fusion pore perhaps uses a molecule such as dynamin.

The mechanism

of membrane

fusion

How biological membranes fuse remains unknown.
To
facilitate discussion, we sort the hypotheses advanced
to date into two broad groups. The first group, which
we will call ‘proximity models’, holds that proteins fuse
lipid bilayers by bringing them into close contact; once
close enough, bilayers fuse on their own. A proximity

(a)

model in pure form is that of Monck and Fernandez
[33] wherein a ‘scaffold’ of unknown
motor proteins
is said to pull the bilayers of the fusing compartments
together. A more explicit model of this type is the
‘stalk model’ [34] shown in Figure 2b, wherein
a
known fusion-catalyzing
protein,
the influenza virus
hemagglutinin
(HA), engages two apposed bilayers using
hydrophobic
peptides and pulls them together. In all
proximity
models, fusion proceeds
via ‘hemifusion’
(Fig. 2a), an intermediate
state where the apposed
leaflets Tom each of two bilayers have merged and
their lipids mix, but where the remaining two leaflets
have formed a new hybrid bilayer that separates the
compartments.
This bilayer must later be pierced to
form an aqueous connection
(not shown in Figs 2a,b).
An attraction of such models is that pure lipid bilayers,
if composed of the right lipids, may indeed be fused in
this way, and do perform hemifusion [35]. Furthermore,
in endocrine cells phosphatidylinositol-4,5-bisphosphate
must be generated before Ca2+ can trigger exocytosis
[36**]. This finding highlights the importance
of lipids
at an early step in exocytotic membrane fusion.
In the second class of hypotheses, the fusion pore models,
the gap between the fusing membranes
is bridged by a

Cc) Model of activated HA

Hemifusion

Cd)

Fusion pore complex

brane

membrane
domain

domain

membrane
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Fig. 2. Possible mechanisms of membrane fusion. (a) In hemifusion, each of two bilayers fuse one of their membrane leaflets; the lipids in
the two leaflets mix but an aqueous pore connecting the lumen of the fusing compartments is not formed. (b) In the ‘stalk’ model of fusion,
activation of influenza HA causes the hydrophobic fusion peptides of this molecule to swing out near where HA emerges from the viral
membrane. The molecule must tilt on its side to allow the fusion peptides to engage both the target and viral membranes. (The HA trimer
is shown in silhouette.) Pulling the membranes together causes their outer leaflets to fuse, creating the stalk as an intermediate. This model
attributes no role to the transmembrane domains of HA and does not take into account new X-ray structural data. (Modified after [34,49,62]).
(c) Transient conformation of active influenza HA inferred from X-ray crystallography [54**]. For simplicity, only a single monomer is shown,
and the sialic acid binding portion of the molecule is omitted. The fusion peptide and transmembrane domain are at opposite ends of the
molecule. As in (d), HA forms a proteinaceous bridge inserting into both the viral and target bilayers; in this conformation, transmembrane
domain and fusion peptide could serve analogous and essential roles in fusion. The disposition of a-helices (labeled A-D and C) and g-sheets
(g) are from the X-ray structure of Bullough et a/. [54**]. As the fusion peptide and transmembrane domain were absent in the crystal, their
disposition is hypothetical. In particular, there is no evidence that the fusion peptide spans the target membrane. (Modified after Hughson
[63].) (d) Fusion by a hypothetical fusion pore macromolecule. In the top part, the pore complex has just formed an aqueous channel. In the
bottom part, the subunits of the structure have moved apart, and lipid molecules have diffused into the interstices (modified from [20]).
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hypothetical protein complex whose opposite ends enter
and/or span both bilayers (Fig. 2d). The first version of
this model was proposed by Pfenninger
er al. [37]. A
more recently model views the complex as a radially
symmetric
structure made of subunits [14,20]. Upon
activation,
the complex
undergoes
a conformational
change so that an aqueous channel connects the two
fusing compartments,
much like the way a gap junction
channel connects two cells (Fig. 2d, top). The subunits
then move apart radially and expose amphipathic surfaces
between them that allow the inward migration of lipids
(Fig. 2d, bottom).
In this way the pore can expand
indefinitely. Another possible representative of this class
is presented in [38]; interesting hybrids with proximity
models have been proposed by White [39] and Bentz
et al. [40]. Fusion pore models have two attractive
features. (i) In exocytosis, large protein oligomers are
known to assemble between fusing membranes before
catalyzing fusion; they would tend to oppose proximity
but might well form aqueous channels. (ii) Ca2+-gated
ion channels are known to be gated open and shut in
small fractions of a millisecond,
so the model makes it
easy to understand
the enormous
speed of exocytosis
during synaptic transmission.
The following
electrophysiological
observations
are
consistent
with fusion pore models.
(i) Both the
generally abrupt opening
of fusion pores and their
initial conductances
are clearly reminiscent
of ion
channels.
Admittedly,
fusion pores sometimes
open
gradually, but such gradual openings, although unusual
for ion channels,
are regularly observed when gap
junction
channels open for the first time [41]. (ii) The
pore expansion rate increases steeply with temperature
(3-4-fold over 10°C; [12]). This is not expected if lipids
invade the lining of the pore by diffusing past other lipid
molecules, because the diffusion coefficient of lipids in
lipid bilayers changes only weakly with temperature
unless there is a phase transition
[42]. Either lipid
molecules must bind to and unbind horn proteins as they
invade the pore circumference,
or the early expansion
phase is caused by a protein conformational
change.
In either case, the steep temperature-dependence
argues
against the initial pore being purely lipidic.
Some electrophysical
observations
have been taken to
argue against the fusion pore model. (i) When the
membrane
surrounding
an isolated secretory granule
was ruptured beneath a patch pipette [43], the initial
conductance
of the resulting hole was 1120 f 0.5 pS
(n=3), a value felt to be similar to those in Table 1. As it
seemed unlikely that the patch pipette opened a genuine
fusion pore (or the vesicle’s half of a fusion pore),
this ‘breakdown pore’ was attributed to a hole in the
lipid bilayer. Furthermore,
breakdown pores occasionally
closed, as do fusion pores. The authors concluded [43]
that the electrophysiological
behavior of fusion pores can
be explained by a single lipid bilayer, as would occur
during hemifusion,
and does not require the pore to
be proteinaceous.
(ii) An elegant study of capacitance
flicker [44] showed that expanded pores allow the flux of
membrane from the cell surface into the vesicle before

they close. Although this finding says little about the
properties of the initial pore, it does show clearly that
expanded
pores are predominantly
made from fluid
lipid bilayer, as predicted
by all models. A critical
role for the lipid 4,5-phosphoinositide
is suggested by
the requirement
for inositide phosphorylation
before
Ca2+-triggered
exocytosis in an endocrine cell [36**].
Structure

and function

fusion-catalyzing

of a viral envelope

protein

In exocytosis, the molecular nature of the msion-catalyzing complex is essentially unknown. Two synaptic vesicle
proteins, VAMP/synaptobrevin
[45] and synaptophysin
[46] have been suggested to be intimately involved in
fusion, but direct evidence is lacking. The situation
is more favorable for fusion mediated by identified
viral envelope proteins [47]. These envelope proteins
catalyze ‘ectoplasmic
fusion’ where the extracellular
leaflets are closest. Their mechanism
may differ from
that of ‘endoplasmic fusion’ where the cytosolic leaflets
encounter each other first, as in exocytosis.
Viral envelopes are populated
at high density with
membrane
proteins that catalyze their fusion with a
host cell membrane.
The protein of the influenza
virus, a homotrimer
termed HA, has been extensively
characterized. Each monomer spans the viral membrane
once, and the structure of its large extraviral domain has
been established by X-ray diffraction [48].
HA and other viral fusion proteins carry a 16-23
amino
acid long hydrophobic
sequence
called the
fusion peptide that is essential for fusion [47]. In the
quiescent HA trimer, the fusion peptide is buried within
the protein and inaccessible to antibodies.
However,
when HA is activated by the acidic environment
of the endosome,
it assumes a short-lived
fusogenic
conformation
that inactivates rapidly and irreversibly.
The fusion peptide swings out, becoming accessible to
antibodies,
and enters whatever lipid bilayer is closest
[49-511. There it probably stays indefinitely, being the
only part of the protein that becomes significantly
labeled when HA interacts with bilayers containing
a
photoactivatable
lipid [52]. The labeling pattern suggests
that the fusion peptide forms an a-helix in the bilayer; its
23 amino acids (for example, [47]) make it long enough
to span it.
In the quiescent HA at neutral pH, the fusion peptides
seem to be in the wrong place to interact with the target
membrane. Buried close to where HA emerges from the
viral bilayer, they are a full 1Onm away fi-om the tip of
the molecule, where HA carries sialic acid binding sites
(one per monomer)
attaching it to gangliosides in the
target membrane. Because of the location of the fusion
peptide, some models have viewed HA as lying on its
side while mediating fusion (Fig. 2b).
A major advance was made when Carr and Kim [53]
noticed
that the fusion peptide was attached to a
peptide with an amino acid sequence typical for the
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r

a

Activation

s

Hemifusion

L

coiled-coil
interaction
of a-helices.
In the quiescent
trimer, this ‘attachment peptide’ forms a helical hairpin
rather than a coiled coil. When it was synthesized and
acidified, however, it gave a circular dichroism signal
consistent with coiled coils. The authors suggested that
on acidification,
the attachment peptide straightens its
hairpin,
forms a three-stranded
coiled coil with its
sisters in the other two monomers, jack-knifes
out of

Fig. 3. Modification of the model shown
in Fig. 2d to account for hemifusion after deletion of a transmembrane domain.
The fusion pore complex is made up of
several subunits with hydrophilic surfaces
(green) and lipophilic surfaces (yellow).
In one membrane (e.g. the viral membrane; light blue) the transmembrane domains were replacedwith GPI anchors fin
red), as in the experiment of Kemble et
al. [58**1. Note that in the middle panel,
the fusion pore ends blind where transmembrane domains are absent (compare
with Fig. 2d). In the lower panel, the incomplete pore has expanded, its subunits
have dissociated, and lipids have diffused
into the interstices along the exposed amphipathic surfaces. This has led to mixing
of lipids in the apposed leaflets of the
two bilayers. Where normally an aqueous
connection would have penetratedthe viral membrane (Fig. 2d; [20]), hemifusion
has occurred and a bilayer has formed.

the molecule and carries the fusion peptide to the very
tip of the molecule, where it can insert into the target
membrane. Recently, Bullough et al. [54”] solved the
X-ray structure of a large HA fragment at low pH
that includes the attachment peptide. A coiled coil was
indeed found, and the new structure is consistent with
the firsion peptide swinging to the tip of the HA protein
(Fig. 2~).
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Despite our extensive knowledge about the structure of
influenza HA, the mechanism of fusion catalysis by this
molecule remains unclear. Does HA mediate fusion by
proximity? In Figure 2c, the fusion protein has entered
and/or spans both bilayers with its opposite ends, yet the
bilayers remain separated by a 15 nm long proteinaceous
bridge. A similar topology may well exist in exocytic
fusion, where a large molecular fusion complex (20s
complex; [55]) is thought to assemble between vesicle
and plasma membrane.
Some recent experiments
have begun
classes of model more directly.

to test the two

lipid mixing versus aqueous connection

In proximity models, hemifusion
allows lipid mixing
before an aqueous connection
is formed between the
fusing compartments,
whereas in fusion pore models, the
aqueous connection
forms first, and lipid mixing occurs
only once the pore has expanded and become partially
lipidic. To test these models, the outer membrane leaflet
of erythrocytes
(red blood cells) was labeled with a
fluorescent lipid, and the erythrocyte
was attached to
a fibroblast expressing HA on its cell surface. Fusion
of the cell pair was triggered by acidification,
and
the diffusion of lipid horn the erythrocyte
into the
fibroblast was monitored by quantitative image analysis.
Simultaneous
electrical measurements
showed that a
fusion pore opened minutes before the first signs of
lipid transfer [56,57]. In f&t, lipid transfer appeared to
require a threshold pore conductance of 500 pS [56]. The
experiment argues against hemifusion as an intermediate.

The transmembrane domain of HA is essential for fusion

Fusion pore models, but not proximity models, require
that the fusion complex
inserts into both fusing
membranes.
Recently,
Kemble et al. [58**] made an
HA mutant replacing the transmembrane
region with
a glycophosphatidylinositol
(GPI) anchor. Activation
of the mutant
caused hemifusion
but no aqueous
connection.
The result was taken to confirm a critical
prediction of proximity models, namely that hemimsion
is a fusion intermediate
[58**]. In contrast, we view
the requirement
for entry of the protein into both
membranes as support for the fusion pore model.
The finding seemingly contradicts the result with intact
HA [56]; however, an incomplete
fusion pore protein
(Fig. 3) could also cause hemifusion.
The fusion pore
would open and expand in the bilayer where the protein
bears a membrane-inserting
domain (the fusion peptide).
On the other side where such an element is missing,
however, the aqueous channel cannot form and ends
blind (compare Fig. 2d with Fig. 3). When the subunits
of the structure disperse, inward migration of lipid could
create a bilayer where there would normally have been
an aqueous connection
(Fig. 3, lower panel).
In our opinion, the GPI-anchored
HA mutant rules out
fusion by proximity
alone. Hemifusion
is the closest

Lindau

conceivable
proximity, yet an aqueous
fusion pore is not formed.

and

Almers

connection

or

Conclusions
Exocytosis starts with the abrupt opening of a narrow
fusion pore, whose conductance
(and hence diameter)
is no larger than that of a large ion channel. The
fusion pore expands, at least ultimately, by recruiting
lipid into its circumference.
Full expansion takes time
and can retard the release of contents from dense-core
secretory granules and even synaptic vesicles. Future
work must address the molecular structure of the initial
fusion pore. Already it is clear, however, that its behavior
is inconsistent with a purely lipidic structure. Most likely,
the initial fusion pore is surrounded by a ring of protein,
and it expands by breaking the ring and recruiting lipid
into its circumference.
To identify the molecular machinery
performing
the
exocytotic fusion event, development
of a reconstituted
system will be instrumental.
The recent demonstration
of exocytotic
events in cell-attached
patches [lo**]
suggests that it may also become possible to use excised
patches where the composition
on the cytoplasmic side
can be readily controlled.
This approach may provide
the potential to disintegrate the cellular fusion machinery
to a point where fusion is inhibited, thus reducing the
system from a state where all required components
are
present (as is the case in an intact cell) to a system where
necessary components
may be removed or inactivated.
Such a system has the great advantage that the individual
fusion event can be studied at very high resolution.
Recording
of individual
fusion pore openings makes
it possible to determine
if the fusion process studied
has the same or at least similar properties to that of
the exocytotic event in the intact cell. Reconstitution
of fusion pores with the same properties as in the
natural systems from purified lipids and proteins may
eventually provide the ultimate proof for identification
of
the molecular machine(s) performing exocytotic fusion
events.
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