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softening of a particular kind of crystal
vibration, or mode in the phonon
spectrum7. Polturak’s group thinks the same
process causes the helium effect. The extra-
ordinary magnitude of the peak in Fig. 1b is
associated with the very low formation ener-
gy for crystal point defects in helium (` 1
meV) compared with b.c.c. metals (` 1 eV).
This low formation energy for He suggests
that both the concentration and the mobility
of point defects, such as vacancies, might be
greatly enhanced near the peak. Computer
simulations by Polturak et al.3 suggest that
the point defects responsible for the very fast
diffusion may in fact be a type of interstitial
structure in the crystal lattice rather than
vacancies.

The acceleration of vacancy creep under a
small stress (also called superplasticity by
metallurgists) at a phase-transformation
temperature is a well-established fact, but in
metals the magnitude of such acceleration is
nothing like that observed in helium.  Poltur-
ak and colleagues2 have evidence that the
presence of 3He enhances superdiffusion in
4He by further reducing the point defect for-
mation energy. So in isotopic mixtures, the
magnitude of the diffusion peak at the tran-
sition temperature is even greater than that
shown in Fig. 1b.

The significance of these studies in heli-
um is the unprecedented degree of enhance-
ment of point defect concentration and
mobility at a phase transformation. These
findings are also relevant to melting theory,
in that a very high density of point defects
combined with a softened phonon mode
can lead to melting, by reducing the shear
resistance near the transition to the point
where the solid becomes mechanically
unstable. In their latest work3, the authors
suggest a feedback mechanism in which the
point defects in helium soften the phonon
(vibrational) spectrum, and this in turn
enhances diffusion and creates more point

defects. This feedback mechanism, and a
very high density of point defects to begin
with, are crucial ingredients in producing a
mechanical instability sufficient to generate
melting: both are missing in rival theories of
melting, of which there have been many over
the years.
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errata In J. Bland-Hawthorn’s article “Clues 
to galaxy formation” (Nature 440000,, 220–221; 1999)
the image in Fig. 1 was not produced by the
Virgo Consortium and was not published in 
ref. 12 as stated. The image should have been
attributed to G. Kauffmann, J. M. Colberg, 
A. Diaferio & S. D. M. White, Mon. Not. R. 
Astron. Soc. 330033,, 188–206 (1999), as part of 
the GIF project (http://www.mpa-
garching.mpg.de/~jgc/sim_gif.html). 

The source of the cichlid images used in the
graphic accompanying Tom Tregenza and Roger
K. Butlin’s “Speciation without isolation” (Nature
440000,, 311–312; 1999) should have been
acknowledged as a photograph taken by
Michael K. Oliver. The photograph of the species
concerned, Dimidiochromis compressiceps, and
others can be viewed at The Cichlid Fishes of
Lake Malawi, Africa http://www.connix.com/
~mko/
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Daedalus

The insect plane
Aviation engineers look with envy on birds
and especially insects. Their flapping
wings lift and propel them far more
efficiently than the fixed wings of aircraft.
One reason is their ability to exploit the
subtleties of stalling.

If the angle of attack of a wing is
increased, it ultimately stalls, with sudden,
disastrous loss of lift. No fixed-wing
aircraft dare risk stalling. But an insect
with oscillating wings can exploit an
intriguing loophole in the laws of
aerodynamics. Accelerated at a high angle
of attack into the stalling regime, a wing
takes a short while to stall. And until it
does, it generates enormous lift. By
speeding into stall and out again at each
flap, an insect wing develops amazingly
high average lift.

So Daedalus is inventing a non-steady-
state aircraft wing. A conventional wing
could never be made to flap, of course. But
it might be covered with a flexible elastic
fabric, and this could be flapped by a
system of rapid repeated inflation and
collapse. It might even be made to flap
spontaneously in the slipstream, as a flag
does in the wind. But the ideal solution is
simpler still. Instead of flapping the wing
or its surface, Daedalus plans to flap the
airflow around it.

Cunningly, he will generate this non-
steady airflow from a non-steady
propulsive source, a pulse-jet of the type
used to power the old V1 missile. Its
primitive motor drew in air through a one-
way valve, and mixed it with petrol vapour
in its combustion chamber. When the
chamber was full, a spark ignited the
mixture. The valve closed, directing the
propulsive blast out through the tail-pipe.
The valve then opened and the cycle
repeated. So Daedalus’s new ‘pulse-wing’
aerofoil has a leading edge enclosed in
cunningly shaped ducting, which acts as a
long, thin pulse-jet combustion chamber
stretching the length of the wing.

Each time the chamber fires, a sheet of
hot gas blasts from the ducting, entraining
the airflow round the wing. It speeds it up
dramatically, and veers it upwards to put
the wind into brief extreme stall, thus
creating a sudden pulse of enormous lift.
The craft is both propelled and held aloft
by repeated pulses. To minimize noise and
vibration, Daedalus hopes to drive his
pulsed wing in a continuous, distributed
manner. Each explosion will spread from
the wing root out to its tip, by which time
another explosion will be starting at the
root. 
David Jones

Figure 1 Superdiffusion in solid helium. a, Migration of crystal vacancies, and counterflow of atoms,
around a stress-imposing wire in a solid crystal of helium, which allows the wire to move. b, Velocity
of the wire as a function of temperature as observed by Polturak et al.1, showing a peak at the
temperature where ‘superdiffusion’ of atoms and vacancies occurs. This peak coincides with the
temperature at which helium changes crystal structure, and is much larger than any such effect seen
in metals (note that the ordinate scale is logarithmic).
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notoriously difficult to test. O’Connell and
colleagues’ proposal may, or may not, fit with
the fossil and archaeological evidence, but
possible tests include stable-isotope analyses
to check for any dietary shift, and a search for
residues of woodworking or starch grains on
appropriate stone artefacts. Although the
contemporary stone tools would not be
obviously effective for hunting, they would
have been adequate for preparing wooden
digging sticks. Homo ergaster’s body shape
indicates that it is the first hominin to dis-
pense with a large digestive tract, so its diet
must have differed from that of its australo-
pithecine predecessors, who, apparently, had
a large gut like the living apes13. Moreover, H.
ergaster’s relatively small jaws and teeth are
consistent with a diet requiring lower bite
forces and less chewing. Wood and Collard14

and Wrangham et al.15 suggest that these
changes are related to processing of food out-
side the mouth, through cooking. This pro-
posal is also put forward by O’ Connell et al.1,
who review the archaeological evidence for
hominin-controlled fires.

The attraction of the foraging hypothesis
is that it is the first attempt to link the nexus
of morphological, life-history and cultural

changes that we see in the hominin fossil
record a little less than 2 Myr ago. By playing
down the role of meat eating at this stage
in hominin evolution, O’Connell and col-
leagues’ hypothesis raises the possibility that
the increased body mass owing to foraging,
combined with access to a more reliable
source of meat, allowed the increase in
absolute and relative brain size that was the
next major innovation in human evolution.
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Although most of the activity associated
with galaxy formation took place in the dis-
tant past, there are good reasons for believ-
ing that the outer reaches of galaxies are still
in formation, at least in backwaters like the
Local Group6. Many astronomers are tanta-
lized by this possibility, not just because it
may confirm our basic understanding of
galaxy formation, but because of the chance
to identify truly ‘primordial’ structures in
the near field.

So where are these primordial building
blocks? Blitz et al.2 claim to have the answer.
More than one-third of the sky is peppered
with compact clumps of neutral hydrogen
whose motions depart fairly radically from
Galactic rotation. Discovered in 1963, these
‘high-velocity clouds’ (HVCs) have been the
subject of wide-ranging speculation ever
since. In the 1970s it became clear that a large
fraction of HVCs fall along the Magellanic
Stream, a thin band of gas encircling the
Milky Way, which was presumably stripped
from the Magellanic satellite galaxies7. After
excluding these clouds, Blitz et al. argue that
the motions of the remaining HVCs reflect
the gravity field of the Local Group rather
than our Galaxy. This puts their average dis-
tance at hundreds of kiloparsecs (1 kilopar-
sec 4 3,262 light years), or far beyond the
Galaxy. As a consequence, these clouds are
typically 20 kiloparsecs and roughly 30 mil-
lion solar masses of hydrogen in size, with
potentially ten times more mass in the form
of dark matter. 

The Blitz et al. picture is very attractive
because it unites ideas and observations that
have been shelved for years. As early as 1966
Jan Oort8 noticed that the so-called virial
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In 1977, Stephen Weinberg observed that
“the theory of the formation of galaxies is
one of the great outstanding problems of

astrophysics, a problem that today seems far
from solution”1. Although the past two
decades have seen considerable progress,
many questions remain. Broadly speaking,
the quest for answers has followed two paths:
near-field cosmology (looking for clues close
to home) and far-field cosmology (looking
back in time (redshift) for the progenitors of
modern-day galaxies). In their latest joint
venture, Leo Blitz, David Spergel and their
colleagues2 propose that an important clue
may have been in plain view — that is, in the
near field — for almost 40 years. 

We know through direct observation that
the Universe was vastly hotter and denser in
the distant past than it is today. As the Uni-
verse expanded it cooled to a point where
atomic hydrogen distilled out of the primor-
dial plasma. A vast literature of theoretical
work, aided by supercomputer simulations,
has concentrated on what happened next.
Here we must acknowledge the primary role
of dark matter in driving galaxy formation,
as it accounts for more than 90% of the mass
in the Universe. Although the nature of dark
matter is a complete mystery, the conse-
quences for galaxy formation are radically
different depending on whether dark matter
is ‘hot’ or ‘cold’ (or a mixture of both). We

now know that dark matter must be mostly
cold in order to produce the small-scale
structure we see today in three-dimensional
galaxy distributions3.

The modern paradigm is that when the
Universe was cool enough to form atoms,
much of the dark matter existed in small
clumps. As time progressed, gravity caused
these clumps to cluster together to form big-
ger systems, and onwards to galaxies. Super-
computer simulations have become an essen-
tial tool for understanding how cosmic evolu-
tion progresses in a hierarchical universe4.

When looking at such simulations (Fig.
1) it is important to keep in mind our hum-
ble vantage point. We live on the outer reach-
es of a very ordinary spiral galaxy within the
Local Group, a motley collection of 40 or
more (mostly small) galaxies. Our Galaxy
and the Andromeda Galaxy dominate this
group, accounting for more than 80% of the
starlight. The Local Group is but a small
subset of a much larger complex of galaxies
known as the Coma-Sculptor Cloud, which
in turn forms a small part of the Local Super-
cluster5. Supercluster scales are the largest
entities modelled in computer simulations,
and extend over distances of several hundred
million light years. In short, we find our-
selves in a sparse environment, somewhere
along one of the connecting bridges that join
the dense clusters.

Cosmology

Clues to galaxy formation
J. Bland-Hawthorn

Figure 1 How the Universe might appear today,
from a state-of-the-art N-body simulation by the
Virgo Consortium12. This thin slice is millions of
light years across. The ‘cold dark matter’ clumps
are shown in grey; red objects are galaxies
consisting mostly of old stars; blue galaxies are
still forming new stars at the present time. Blitz
et al.2 argue that clouds of gas and dark matter
are galactic building blocks falling into the Local
Group of galaxies to which our own Milky Way
belongs.
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theorem, which relates the gravitational
energy of an object to its kinetic energy,
would place many HVCs outside the Local
Group. For each cloud, radio observations
obtain a spectrum of the hydrogen emission
line at a wavelength of 21 cm. The total inten-
sity of the line is directly related to the cloud’s
mass and distance. For a self-gravitating
cloud, the intrinsic width of the spectral line
is also related to the cloud’s mass but has a
different dependence on distance. Presum-
ably the inferred masses are the same, in
which case a crude ‘virial’ distance can be
determined. This distance depends on a
basic assumption that the clouds are held
together by gravity, and therefore an inde-
pendent distance estimate is called for.

One method is to look for bright sources
with well-calibrated distances along the line
of sight to a gas cloud. If the cloud produces
absorption in the visible spectrum of the
more distant source, but not in the spectrum
of the nearer source, the distance to the HVC
can be bracketed9. At present, this method
has been applied only to background sources
within the Galactic halo. 

Another method has the potential to reach
much greater distances. A spate of new sur-
veys (for example, see ref. 10) reveals that
HVCs along the Magellanic Stream are easily
observed from visible emission lines of hydro-
gen. Whereas the radio spectrum is produced
by neutral atoms, the visible spectrum arises
from hydrogen ionized after absorbing ultra-
violet photons. The latest observations (M. E.
Putman and J. B.-H., unpublished work)
show clearly that the clouds are statically
photoionized, presumably by young stars in
the Galaxy11. Clouds at even greater distances
than the Magellanic Stream — that is, beyond
50 kiloparsecs — should have even weaker
ionized hydrogen emission. Much beyond
300 kiloparsecs, it would be very difficult to
detect any ionized hydrogen signal at all.

The discovery of dense HVCs with no
detectable signal for ionized hydrogen would
constitute the first tentative step in demon-
strating that there may indeed be a popula-
tion of primordial gas clouds (with associat-
ed dark matter) dispersed throughout the
Universe, thereby confirming Blitz and col-
leagues’ hypothesis. These are exciting times
for near-field studies of galaxy formation.
Several groups around the world are well
placed to identify a statistically useful sample
of such clouds for closer scrutiny with the
new generation of large ground-based and
space-based telescopes. Watch this space.
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Movement at the molecular level is
essential for macromolecular func-
tion. Nonetheless, our images of pro-

teins are dominated by static, three-dimen-
sional structures that give only snapshots of
the allowable conformations. One method for
studying the structural dynamics of macro-
molecules in solution is NMR spectroscopy,
which is providing increasingly detailed
descriptions of the motional parameters in
proteins1. But it is not straightforward to
correlate molecular motions with protein
activities, and a central question remains —
how do dynamics relate to function?

On page 289 of this issue, Feher and
Cavanagh2 give an insight into this problem
with their NMR dynamics study, which
characterizes movements in Spo0F, a
response-regulator protein involved in a
phospho-relay signal-transduction pathway
in Bacillus subtilis. Feher and Cavanagh
find that amino-acid residues moving
on microsecond to millisecond timescales in
Spo0F correspond to residues that have
previously been identified as important in
mediating interactions with three other
signalling partners3,4. This study adds to the
growing list of cases where conformational
dynamics are correlated with protein–
protein interaction surfaces.

The subject of the study, Spo0F, belongs to
a large family of response-regulator proteins
that function within two-component signal-
transduction pathways5. These two-compo-
nent systems involve a sensor kinase that adds
a phosphoryl group to itself (autophospho-
rylates) at a histidine residue. This creates a
high-energy phosphoryl group that is then
transferred to a conserved regulatory domain
of a response-regulator protein. Two-com-
ponent systems are modular with respect to
both the arrangement of domains within
proteins, and to proteins within pathways.
But whereas many such systems involve just
a sensor kinase and a response regulator,
others, such as the B. subtilis sporulation
pathway in which Spo0F participates6, use
many phospho-transfer components in a
more complex phospho-relay scheme.

The conserved response-regulator
domain acts as a phosphorylation-activated
switch, in which the phosphorylated form
typically corresponds to the active, or ‘on’,
state of the protein. Diverse experimental

data obtained with different response regula-
tors has led to the generally accepted hypoth-
esis that the regulatory domain can exist in
two main conformations, with phosphoryla-
tion shifting the equilibrium between them.
Regulatory domains then modulate the activ-
ity of other, ‘effector’ domains, owing to dif-
ferent protein–protein interactions favoured
by the two switch conformations. Unfortu-
nately, the short lifetime of phosphorylated
response regulators (typically ranging from
seconds to hours) has so far inhibited their
direct structural analysis.

Spo0F is a small, 124-amino-acid pro-
tein consisting of five a-helices and five b-
strands joined by small loop regions. It inter-
acts with three different proteins in the
sporulation pathway — its upstream and
downstream phospho-relay partners (histi-
dine kinase, KinA, and phosphotransfer pro-
tein, Spo0B, respectively), as well as with a
phosphatase, RapB. Residues involved in
these interactions have been identified by
alanine-scanning mutagenesis, and they
form a semi-contiguous surface that extends
over one face of Spo0F3,4. When Feher and
Cavanagh compared this functionally
defined surface to their dynamics data, they
found a strong correlation.

The authors determined NMR relaxation
parameters for most of the backbone amide
nitrogens of Spo0F, then they fitted these to
dynamic models7. They obtained estimates
for the magnitude and timescale of back-
bone motions. The parameters indicate that
the a-helices and b-strands in Spo0F
(shown, in Fig. 1a and b, as helical ribbons
and arrows, respectively) behave rigidly in
the picosecond to nanosecond timescale.
This contrasts with regions at the amino and
carboxy termini, and a loop extending from
the phosphorylation site, which undergo
fast internal fluctuations. The authors found
that regions which experience perturbations
in the microsecond to millisecond range
form a distinct patch that almost perfectly
overlaps the previously defined pro-
tein–protein interaction surface (Fig. 1).

How do these micro- to millisecond fluc-
tuations contribute to Spo0F function? This
question provides Feher and Cavanagh with
a fertile topic for speculation. They address
the possibility that the flexibility of regions
involved in protein–protein interactions
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Relating dynamics to function
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