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Almost all geological observations at
Earth’s surface can be explained by the
relative drift and interaction of tectonic

plates. The two exceptions are hotspots (iso-
lated points of high melt delivery to Earth’s
surface, such as Hawaii) and superswells
(clusters of midplate hotspots on very broad
topographical domes, such as French Poly-
nesia). Hotspots and superswells offer the
best clues as to the dynamic state of Earth’s
mantle. As described by Davaille on page 756
of this issue1, their essential features have for
the first time been reproduced in laboratory
experiments of convection scaled to Earth-
like conditions.  

Previous numerical and laboratory sim-
ulations of mantle convection have failed to
re-create the broad (several thousands of
kilometres), oscillatory upwellings neces-

sary to produce superswells, as determined
from modelling of geophysical data2. Narrow
plume-type upwellings that could explain
hotspots are readily produced in models
with sharp temperature gradients separating
convecting layers of different density, the
most dramatic of which must occur at the
core–mantle boundary. But plumes origi-
nating at the core–mantle boundary should
be much hotter than the temperatures
inferred from geochemical analyses of
hotspot lavas3.  

The key to Davaille’s success was in recog-
nizing that even very subtle density layering
(around 1%) within the mantle itself would
have important geodynamic consequences.
In her laboratory tank tests, Davaille
observed the modes of convection that
developed in viscous fluids stratified in den-
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Glutamate receptors and
potassium channels both allow
the passage of charged ions
between the inside and outside
of cells, but are mechanistically
quite different. So the discovery
in a bacterium of what looks
like a ‘hybrid’ between them,
as described by G.-Q. Chen and
colleagues elsewhere in this
issue (Nature 402, 817–821;
1999), is quite an event.

Glutamate receptors are
permeable to several different
ions and are opened, or
‘gated’, by their ligand,
glutamate. By contrast, as their
name suggests, potassium
channels show exquisite
selectivity for potassium ions.
These channels can be gated
either by intracellular ligands,
or by voltage (a mechanism
that is coincidentally
investigated in two other
papers in this issue, on pages
809 and 813). 

Chen et al. have identified
a glutamate receptor, GluR0,
from the cyanobacterium
Synechocystis. This is the first
prokaryotic glutamate receptor
to be described, and a surprise
in itself. But remarkably the

authors also reveal that it is
endowed with a potassium-
selective pore.

The extracellular regions of
GluR0 show sequence
similarity to the ligand-binding
domains of glutamate receptors
(red in the figure here) and the
pore region looks like an
inverted potassium-channel
pore (blue). The exciting
implication is that potassium
channels and glutamate
receptors may have originated
from a common ancestor, and
so may have common
architectural and functional
features.

Last year, the first
potassium-channel structure

was solved by D. A. Doyle et al.
(Science 280, 69–77; 1998).
The channel, known as KcsA, is
found in the bacterium
Streptomyces lividans, and is
gated by an intracellular ligand.
The structural information
allowed predictions to be made
about the structure of other
potassium-channel pores. 
Until now, however, there has
been no such information
available for glutamate
receptors. A further aspect of
the work by Chen et al. is that
they show that the KcsA
structure can be used to 
make predictions about
glutamate-receptor pores as
well. Lesley Anson
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but different mutations, or between mice
with the same mutation and different levels
of expression. Amino-terminally truncated
PrP (ref. 7) or Dpl (a PrP-like molecule)8,
both of which lack an amino-terminal
repetitive sequence, have been linked to
neurodegenerative diseases, and CtmPrP may
induce cell death by a similar mechanism
(Fig. 1). 

All the available data fit with a model for
an interrelationship of CtmPrP and PrPSc, in
which CtmPrP causes the neurodegeneration
seen in both genetic and transmissible prion
protein diseases. One prediction of the
model is that the accumulation of PrPSc

should increase the generation of CtmPrP. The
authors used an ingenious approach to test
this prediction and solve the problem of dis-
cerning PrPSc from CtmPrP in infected trans-
genic mice. They produced a mouse line that
makes both mouse PrP (MoPrP) and ham-
ster PrP (SHaPrP), and infected that line
with the RML strain of scrapie. This strain
can convert only mouse PrP — not hamster
PrP — to PrPSc. Using a hamster-specific
monoclonal antibody to distinguish
between CtmSHaPrP and MoPrPSc, they
showed a positive correlation between the
amounts of PrPSc and CtmPrP accumulating in
the brain during infection. 

When some prion diseases are transmit-
ted between species, PrPSc is not observed.
Could the existence of a neurotoxic CtmPrP
resolve this anomaly? Yes if one assumes that,
when transmitting across species barriers
(such as from cow to mouse5,6 or from
human to Tg[MoPrP(P101L)] mouse6), the
balance between CtmMoPrP and MoPrPSc

production is heavily in favour of CtmMoPrP.
This would lead to a transmitted, neurologi-
cal disease provoked by CtmPrP accumulation
in the virtual absence of PrPSc. Similarly, if
Tg[MoPrP(P101L)] mice3 have a high Ctm-
index, the anomaly of their spontaneous
disease in the absence of PrPSc could be
explained by the preferential accumulation
of CtmPrP. However, it then becomes an
even greater mystery as to why this
MoPrP(P101L) ‘spontaneous’ disease
should be transmissible whereas the other
PrP spontaneous diseases are not. n
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tory for a model of mantle mixing that is
consistent with all geochemical and geo-
physical observations. Davaille’s experi-
ments were conducted in a rectangular tank,
not a spherical shell. Her fluids, unlike man-
tle materials, do not exhibit temperature-
dependent variations in viscosity (which
influence mixing times) nor realistic depth
variations in physical properties, such as the
coefficient of thermal expansion. Perhaps
most importantly, the lack of temperature-
dependent viscosity precludes the forma-
tion of more rigid plates in a surface thermal
boundary layer, the recycling of which in
subduction zones is an important mecha-
nism for reintroducing chemical hetero-
geneity into the real Earth. 

Nevertheless, these experiments point
the way for future laboratory and numerical
modelling. It can no longer be assumed that
chemical density heterogeneities of the order
of 1–2% are geodynamically inconsequen-
tial. And a snapshot of mantle convection
today (as imaged by seismic tomography, for
example) may not be representative of its
geodynamic behaviour throughout all four
billion years of Earth history. n
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sity, heated from below, and cooled from
above. Results of the experiments depended
on the ratio of the intrinsic chemical density
difference between the layers to the density
anomaly caused by thermal expansion of
heated fluid. When this ratio is greater than
1, heating of denser fluid from below does
not generate enough thermal buoyancy to
offset the chemical stratification, except
locally in isolated plumes that rise from the
density interface to the surface. 

On the other hand, when the buoyancy
ratio is between about 0.3 and 0.5, the inter-
face between the stratified fluids deforms
into broad domes that rise to the top of the
tank, cool and sink back down because of
their greater chemical density. This process,
which is akin to that seen in a lava lamp4, pro-
duces an oscillatory pattern of superswell-
type features reminiscent of the 100-million-
year cycle of superswell formation in the
central Pacific. For certain ratios of viscosity
contrast between the upper and lower layers,
relatively cool plumes rise from the thin ther-
mal boundary layer at the upper surface of
the domes (Fig. 1). 

Davaille suggests that Earth may have
originally formed in the layered-convection
regime (buoyancy ratio ¤1), but that grad-
ual mixing of the two layers by plume-type
upwellings and sheet-type downwellings
attenuated the chemical layering to the
point that the buoyancy ratio is now less
than 0.5. (It is in this sense that the lava-
lamp analogy to her model breaks down.
Davaille’s fluids are completely miscible,
unlike those of a lava lamp.) Furthermore,
her simulations suggest that the oscillatory
doming of superswells rapidly homogenizes
the mantle zonation so that there are no
more than five cycles of superswell forma-
tion. Given evidence from the Pacific that
the timescales for superswell rise and fall are
of the order of 100,000 years, this would
mean that in much less than a billion years
Earth will evolve to a well-mixed state of
whole-mantle convection. 

This model may help to reconcile several
conflicting observations as to the extent of
layering in mantle convection. The weak
stratification thought to represent the pre-
sent-day situation is insufficient to prevent
cold lithospheric slabs, descending at the
ocean trenches, from penetrating to depths
of 1,000 km or more, as has now been conclu-
sively imaged with seismic tomography5. If
chemical stratification was indeed stronger
earlier in Earth history, it would facilitate the
preservation of a deep source for hotspot
lavas, more enriched in volatiles and radi-
ogenic isotopes as compared with the mid-
ocean-ridge lavas derived from the upper-
most mantle6. 

Of course, much work remains to be
done before it will be possible to declare vic-

span, dauer formation is very amenable to
genetic analysis, and it has been the subject
of many studies. Progress in understanding
genetic control of lifespan in C. elegans
began with the finding that mutations in the
dauer-formation gene daf-2 extend lifespan
dramatically3. This finding allowed re-
searchers to tap into existing information
about the genetic pathways that control
dauer formation and, more importantly, to
use dauer phenotypes to analyse the genes
that control lifespan.

This sudden change in the ease of analysis
resulted in an explosion of progress, culmi-
nating in a fairly complete description of a
lifespan-regulating transduction pathway
headed by daf-2. This gene encodes an
insulin-receptor-like protein4, and the steps
that occur downstream of the DAF-2 re-
ceptor parallel the biochemically defined
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Figure 1 Thermochemical
convection in Earth’s mantle
as it might be now, inferred
from Davaille’s laboratory
simulations1 with a
buoyancy ratio of *0.5. Heat
from the lower mantle and
core causes oscillatory
doming of an intrinsically
denser layer of mantle
silicates just above the core.
The deeper layer provides a
more primitive source of
hotspot lavas because, unlike
the upper mantle, this region
has not lost its volatiles and
easily melted radioactive
elements during previous
plate-tectonic melting cycles. 

Once, lifespan genetics was largely the
domain of theorists, who tried to
explain why an organism’s genes so

cavalierly allow individual somas to die. But
a flood of papers on the nematode worm
Caenorhabditis elegans has brought the sub-
ject into the realm of serious experimental
analysis. The latest studies1,2, including a
report by Apfeld and Kenyon1 on page 804 of
this issue, indicate that the nervous system
has a key function in regulating lifespan.
Perhaps we are, indeed, only as old as we
think we are.

Most of the genes known to regulate adult
lifespan also affect formation of the develop-
mentally distinct larval stage called the dauer
larva. Formed in response to crowding and
other stressors, the dauer larva is adapted to
long-term survival under harsh conditions,
including the absence of food. Unlike life-
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