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the structure3,4. Another neuronal t-
SNARE, SNAP-25 (synaptosome-associat-
ed protein of relative molecular mass
25,000), contributes two helices, but the ori-
entation of these helices was not known.

Sutton et al.1 and Poirier et al.2 have now
determined the orientation of the heptad-
containing portions in SNAP-25. Sutton et al.
solved the crystal structure of a core synaptic
fusion complex containing the heptad-repeat
regions of syntaxin-1A, synaptobrevin-II and
SNAP-25B, and they find that all of the helices
in the core complex are parallel. Poirier et al.2

came to the same conclusion by replacing
residues at the amino- or carboxy-terminal
side of the heptads in the SNAREs with cys-
teine residues, attaching spin labels, and
examining their interactions by electron
paramagnetic resonance spectroscopy. 

Now that we know the structure of the
domains that interact in the core complex,
what can we say about its function? Figure 1
outlines several possible models. The heptad
repeats in each SNARE protein were known
to be interrupted by a polar residue5, and
alignment of t-SNARE sequences reveals
that this residue is always a glutamine. The
analogous residue in the v-SNAREs is a con-
served arginine. Sutton et al. show that the
three glutamines and one arginine residue
interact to form a polar layer in the core of
the coiled coil. This polar site may act as a ref-
erence point for alignment and assembly of
the four helices. Another hypothesis is that
the polar layer is a target for the chaperone
proteins NEM-sensitive factor (NSF) and a-
SNAP (soluble NSF attachment protein; not
related to SNAP-25) to initiate disassembly
of the complex.

If the core complex determines the spe-
cific organization of membrane compart-
ments, two criteria must be met. First,
enough different SNAREs must be present
and associated with distinct compartments.
And second, there must be specific inter-
actions between them. A tally of the known
SNARE proteins and their subcellular local-
ization suggests that there are enough 
distinct proteins to account for the specifici-
ty of vesicular transport in mammalian 
cells. Specific SNARE pairing could be 
determined principally by the subcellular
localization of the interacting proteins, or 
by preferential high-affinity interactions
between particular SNAREs. 

Based on the synaptic core complex,
other SNARE complexes should contain
three helical heptad regions centred on 
glutamine, and one centred on arginine5.
Given that v- and t-SNAREs are highly con-
served at the interacting heptad positions,
what might determine highly specific pair-
ing between particular SNARE combina-
tions? Experiments on other coiled coils
indicate that ionic interactions between the
residues next to the hydrophobic heptad
positions are important for specificity6. 

Despite the continuous flux of pro-
teins and lipids within a eukaryotic
cell, 

its membrane-bound compartments main-
tain distinct identities. Their composition is
regulated by the transport of cellular cargo
from one organelle to another within mem-
brane-bound vesicles — a region of the
donor membrane is pinched off, then it fuses
with the target membrane and delivers the
cargo. This process is governed by a highly
conserved machinery that includes proteins
on both the vesicle and target membranes,
known respectively as v- and t-SNAREs 
(soluble N-ethylmaleimide-sensitive factor
attachment protein receptors). Sutton et al.1

(on page 347 of this issue) and Poirier et al.2

(in Nature Structural Biology) now take a 
step towards understanding the function 
of SNARE complexes, by determining the
structure of the regions that are important in
forming the core fusion complexes. 

The expectation that proteins from

opposite membranes must interact for sub-
sequent docking or fusion has been borne
out by experiments both in vitro and in vivo.
However, the precise function of v- and t-
SNARE pairing is not known. Hypotheses
range from this complex acting at an early
step, to determine the specificity of vesicle
docking, to it acting at the last step, to medi-
ate fusion of the lipid bilayers (Fig. 1). 

The cytoplasmic portions of SNARE pro-
teins contain several a-helical regions, with
heptad (seven-amino-acid) repeats in their
sequences. The first and fourth residues of
each repeat are hydrophobic amino acids, so
one face of the a-helix is hydrophobic. When
the four helices of the core fusion complex
interact, these faces pack against one another
to produce the hydrophobic core of a coiled
coil. The core fusion complex contains three
proteins. A neuronal v-SNARE called sy-
naptobrevin (also known as VAMP) and a
neuronal t-SNARE known as syntaxin 
each contribute a single parallel helix to 
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Figure 1 Models of SNARE
function. The four-helix
coiled coil is represented
by a v-SNARE (blue) on the
vesicle membrane and a 
t-SNARE (red), composed
of SNAP-25 and syntaxin,
on the target membrane. 
a, Formation of the core
fusion complex drives
membrane fusion in such a
way that complex
formation and membrane
fusion cannot be
separated. b, As a priming
step, formation of the core
fusion complex brings
membranes in close
apposition, but the lipid
bilayers do not fuse. Then a
second, less well-defined
activity fuses the
membranes. c, A Ca2+

sensor (green) blocks full
formation of the complex
until Ca2+ binding allows
fusion to proceed. d, On
binding Ca2+, a sensor
protein changes
conformation. This is
transferred to the core
complex, resulting in
membrane fusion. e, A Ca2+

sensor catalyses the final
step in membrane fusion
without participation of
the core complex. 
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has now been questioned7. We have only
begun to sample the subsurface biosphere,
and to understand its organisms and meta-
bolic diversity.

But our understanding of the role of
hydrothermal vent systems continues to
advance. Such vents are attractive sites for
the origin of life, owing to the protection
they would have afforded against the comets
and asteroids that bombarded the early
Earth8, and the presence of chemical reduc-
ing power in the form of minerals such as
iron and nickel sulphides9. 

Brandes et al.1 have taken advantage of
this reducing power, experimentally demon-
strating the mineral-catalysed reduction of
molecular nitrogen and oxides of nitrogen to
ammonia at temperatures between 300 and
800 7C. These results suggest that hydrother-
mal environments and their surrounding
waters would have been the most ammonia-
rich environments in the prebiotic world,
making them potential oases for early life. 

Moreover, vents could have made an
important contribution of ammonia to the
atmosphere. Provided atmospheric ammo-
nia was partially shielded against ultraviolet
photodestruction (by a high-altitude haze,
for example), an atmospheric mixing ratio
of only 10–5 of ammonia might have been
maintained, providing enough greenhouse
warming to keep surface temperatures above
freezing10. (The Sun was appreciably fainter
than it is now, and it is uncertain why the
Earth was so warm.) So the reducing power
of vent environments may have had a global
influence on the surface environment, and
this sort of coupling between surface and
subsurface environments may have been
important for the origin of life.
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Did life begin on Earth near the sur-
face, where the abundant free energy
of sunlight could be directly harvest-

ed? Or were there instead crucial advantages
to be had at subsurface hydrothermal 
systems? The paper by Brandes et al. on page
365 of this issue1 hints that contributions
from both environments might have been
required. It increases our appreciation of the
opportunities for life offered by crustal and
oceanic hydrothermal systems, and raises
the possibility that they affected the surface
climate.

The possibility that terrestrial life had a
subsurface origin will shape the exploration
of the Solar System in the next few decades.
The science of exobiology has been reborn
largely by the discovery of Earth’s ‘deep, hot
biosphere’2 — the microbial communities
that live beneath the oceans and within the
crust — and because of evidence that sub-
surface liquid water may exist today on 
Mars and Europa and possibly other bodies3. 

If life can only begin on the surface, then
Mars might still host a subterranean bio-
sphere. Life could have originated at its 
surface when conditions were more clement
than today, or spread there from Earth. But
Europa, whose ocean4 (if it exists) has proba-
bly been buried beneath kilometres of ice
throughout the history of the Solar System,
would be barren.

On the other hand, if life can begin in the
near or total absence of sunlight, then the
putative Europan ocean is highly intriguing.
The US space agency NASA intends to
launch an orbiter to Europa in 2003 to test
the existence of the ocean and, should it exist,

to begin characterizing it5. Later missions
should then search for prebiotic and biologi-
cal signatures.

So can we yet make an educated guess as
to which of these ideas is right? Unfortunate-
ly, it is not clear whether any of the life under
Earth’s surface is truly independent of sur-
face photosynthesis. Although it is claimed6

that one subterranean methanogen (a bac-
terium) derives its energy from hydrogen
generated from iron-rich basalt, that claim
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Sutton et al. observed a number of salt
bridges between syntaxin and SNAP-25 in
their core SNARE complex structure, but
only two between synaptobrevin and these
two t-SNAREs. They speculate that such
interactions lend extra stability to pairing
between the t-SNAREs. Previous studies
have shown that pairing within coiled coils
can be prevented by ionic repulsion between
the residues next to the hydrophobic heptad
positions6. Do repulsive interactions at these
positions contribute to interaction specifici-
ty of the core fusion complex, or might selec-
tivity be determined in a different way 
from previously characterized coiled coils?
Unfortunately, the authors have not listed
the ionic interactions or discussed their 
conservation, so it is difficult to assess the
potential contribution of these residues to
specificity. 

It is possible that formation of SNARE
complexes provides affinity and is a driving

force behind bilayer fusion, but that other
factors determine the specific organization
of membrane compartments. Certainly, the
work of Sutton et al.1 and Poirier et al.2

defines many new questions, and ushers in 
a new era of high-resolution studies of 
intracellular membrane fusion.
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This 1-cm cube of rock provides a
persuasive explanation for a common
feature of basalts, a type of igneous rock.
When basalts form from magma,
horizontal sheets of coarser grain
segregate out as the magma cools and
crystallizes. 

As they describe elsewhere in this issue
(Nature 395, 343–346; 1998), Philpotts et
al. have examined the process by heating
samples of basalt to temperatures of
around 1,100 7C, and then quenching and
examining serial sections of them. As
shown here, the cube retains its shape even
when largely melted. The authors think
that in the reverse process, crystallization,
a three-dimensional crystal network in the
basalt starts to maintain its integrity when
the surprisingly low level of 25%
crystallization is reached. At 35%
crystallization, that network becomes
strong enough to resist compaction from

overlying material. But in between the two
values, it is weak and permeable (‘mushy’),
and in this interval liquid can be expelled
— as is evident from the drop in the
photograph. It is this liquid that forms the
coarser-grained sheets characteristic of
many occurrences of basalt. Tim Lincoln
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