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century, with the increasing emphasis on
sexual equality, there has been a tendency to
play down the possible role of biology in
accounting for psychological differences
between men and women. Now, for the first
time, we have evidence about the location of
a gene that plays a part in behavioural sexual
dimorphism, challenging the prevailing
belief that gender differences are largely 
culturally determined.

The second controversial issue relates to
the kind of behaviour that this gene influ-
ences. Skuse and colleagues1 call it social cog-
nition, but they show that it is associated
with other aspects of cognitive ability. This
raises the very real possibility that genes con-
tributing to more commonly studied types
of cognitive ability, such as those measured
by IQ tests, will also soon be localized and
eventually identified. Genetic research on IQ
has often provoked hostility, not least
because it has been open to political misuse6.
Nevertheless, the evidence is consistent and

cognitive ability seems to be substantially
heritable5. As for other aspects of behaviour,
it is likely that each contributing gene will
have only a small effect on the total pop-
ulation variation, which almost certainly
involves many genetic and environmental
factors. So the geneticist wishing to dissect
out the molecular basis of behaviour needs
to be prepared not just for controversy, but
also for complexity.
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Two papers on aluminium2,3 had already
attracted the attention of the mineral-
physics community. In laser-heated dia-
mond-anvil cell experiments, Kesson et al.2

were able to synthesize silicate perovskite
containing up to 25 mol% Al2O3. They
demonstrated that Al2O3 in solid solution
could be accommodated in perovskite and
that there was no need for new, unknown,
aluminous minerals in the lower mantle.
Iron tends to destabilize perovskite, so that
perovskites with a high iron content do not
exist. However, Kesson et al. showed that
Al2O3 extends the stability field of magnesian
perovskite towards iron-rich compositions,
up to 75% atom% Fe.

The lower-mantle assemblage of magne-
siowüstite and perovskite results from the
disproportionation of (Mg,Fe)2SiO4 and
other silicates, and it has been experimental-
ly verified that iron preferably partitions into
magnesiowüstite. In the other recent paper
on aluminium, Wood and Rubie3 have
shown that, in the presence of Al2O3, per-
ovskite and magnesiowüstite have similar
values of the Fe/(Fe+Mg) ratio.

So it seems to be established that alumini-
um controls the iron content of perovskite.
McCammon’s results1 take us a step further
and raise exciting new problems. Iron is a
transition metal, and can take two degrees of
oxidation: Fe2+ and Fe3+, the ferrous and fer-
ric forms, respectively. McCammon availed
herself of the fact that iron is one of the 
few elements amenable to Mössbauer spec-
troscopy to determine its degree of oxidation
in perovskite containing aluminium.
Whereas iron is mostly present as Fe2+ in alu-
minium-free perovskite, the relative amount
of Fe3+ significantly increases to about 50%
in the presence of aluminium.

McCammon’s data suggest that Fe3+ sub-
stitutes for silicon in the octahedral sites as
well as for Fe2+ in dodecahedral sites. The
instability of iron-rich perovskites is usually
ascribed to the large crystal-field energy of
Fe2+ in dodecahedral sites. The presence of
iron as Fe3+ in octahedral sites may not be 
subject to such restrictions. Al3+ might also
occupy both sites. The sum of Al and Fe in
octahedral and dodecahedral sites should 
balance for electrical neutrality. There would
then be no need to introduce charge-com-
pensating vacancies, as would be the case if
Fe3+ only substituted for Fe2+ in dodecahedral
sites. Quasi-chemical accounting of point
defects, currently performed to investigate the
various possible controls of diffusion, should
not only take aluminium into account, but
also consider where it sits in the lattice.

Fe3+ ions are much smaller than those of
Fe2+. Depending on which type of site they
occupy, they may induce distortions of 
the framework of octahedra different from
those in aluminium-free perovskite. Also,
the lattice parameters may be different,
hence the density and equation-of-state of
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species A fit in dodecahedral sites between
octahedra. Various distortions of the frame-
work are possible, imparting different physi-
cal properties to the crystals. In the lower-
mantle silicate perovskite (Mg,Fe)SiO3,
which is stable only at pressures higher 
than about 25 GPa, Si4+ ions are inside the
octahedra and Mg2+ and Fe2+ ions are 
randomly distributed between octahedra.

The deep interior of the Earth retains
many secrets, and geophysicists and
geochemists still hold conflicting

views about some of its features. There is,
however, one point on which everybody
seems to agree: the lower mantle, between
the depths of 670 and 2,900 km, essentially
consists of an assemblage of crystals of 
magnesium and iron oxide, with sodium
chloride structure (magnesiowüstite), and
of magnesium and iron silicate, with 
perovskite structure.

Aluminium is abundant in the Earth’s
crust. But it is a minor element in the mantle,
and in that context has been practically
ignored. Now, however, in a paper on page
694 of this issue1, Catherine McCammon
reports results that should lead us to re-
consider the importance of aluminium in
the lower mantle. Using Mössbauer spec-
troscopy, she found that, although iron is
normally present mostly as Fe2+ ions in the
perovskite silicate, the proportion of Fe3+

may increase to about 50% in perovskite
containing as little as 3.3 mol% Al2O3. At first
sight, this may not seem to be an Earth-
shaking discovery, but the consequences for
our understanding of the dynamics of the
lower mantle (as well as for the chemistry of
perovskites) could be momentous.

Perovskite structure is one of the most
widespread crystal structures for com-
pounds with the formula ABO3. It can be
simply described as a tridimensional frame-
work of corner-linked octahedra of oxygen
atoms (Fig. 1). A cation of species B is nested
inside every octahedron, while cations of

Figure 1 Crystal structure of the silicate
perovskite: silicon atoms are nested inside
oxygen octahedra (in blue; the oxygen atoms,
not represented, are at the corners of the
octahedra). The divalent cations Mg2+ or Fe2+ are
represented as balls (red) between the octahedra.
McCammon’s results1 suggest that Al3+ and Fe3+

cations may substitute for silicon or Fe2+, and in
consequence affect the properties, especially the
electrical conductivity, of the lower mantle.
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lower-mantle perovskite may not be quite
the same as that of the experimentally 
determined, aluminium-free perovskite. As
seismological models of the lower mantle
undergo continual improvement, slight 
differences in density and elastic moduli 
may become relevant.

Finally, the most important conse-
quences of the presence of a large amount of
Fe3+ in the aluminous lower mantle may be in
the field of transport properties, possibly 
viscosity, but surely electrical conductivity.
Whether electromagnetic core–mantle cou-
pling is possible or not depends on the elec-
trical conductivity of the lower mantle. In
recent years, experiments in diamond-anvil
cells have led to the conclusion that conduc-

tivity is probably controlled by hopping of
holes in the lattice from Fe3+ to Fe2+ ions4. So
perovskite conductivity depends on Fe3+

concentration. Surely, the now distinct pos-
sibility that aluminium in the perovskite lat-
tice induces a high concentration of Fe3+ is an
incentive to start experiments on aluminous
perovskites.
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steroid and thyroid hormones, and
retinoids10,11. CBP and its homologue P300
seem to stimulate the activity of a target 
gene through their intrinsic histone acetyl-
transferase activities12,13, and through their
association with functional RNA poly-
merase II complexes14 (Fig. 1). 

The current view, then, is that SRC pro-
teins mediate the activation of nuclear hor-
mone receptors by virtue of their association
with CBP and P300 (refs 15, 16). Now,
Torchia et al.1 show that a hitherto undiscov-
ered member of the SRC-1 family — termed
p/CIP — is important not only for the acti-
vation of nuclear receptors but, in contrast
to other SRCs, also in the response to sig-
nalling by interferon-g and phorbol esters.
The functional distinction between p/CIP
and the other SRC-family members is per-
plexing in view of their substantial sequence
similarities, particularly in the nuclear-
receptor and CBP-binding domains. The
solution to this puzzle will probably have to
wait for gene-disruption studies, in which
cells lacking p/CIP or other SRCs can be
compared for their response to hormones.

So how are these nuclear receptor–co-
activator complexes assembled in response
to hormonal signals? Torchia et al. and Heery
et al. describe a short, leucine-rich motif
(LXXLL; where L denotes leucine and X
denotes any amino acid), found in the
nuclear-receptor interaction domains of
both SRC- and CBP-family members. This
motif seems to mediate interaction with the
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Transcriptional activation

Something new to hang your HAT on
Marc Montminy

Someone once said, “Simplicity is mak-
ing the journey… with just baggage
enough”. For those interested in the

complexities of gene regulation, characteriz-
ing the mechanisms by which nuclear factors
engage the transcriptional apparatus in
response to hormonal stimulation has
seemed, at times, to be an insurmountable
task. But on pages 677 and 733 of this issue,
Torchia et al.1 and Heery et al.2 report the
identification of a short peptide motif 
that mediates the assembly of nuclear 
receptor–co-activator complexes. This result
has implications for understanding the
mechanisms by which nuclear receptors 
ultimately interact with the transcriptional
machinery in a signal-dependent manner. 

The nuclear receptors are a superfamily
of hormone-inducible transcription factors
that regulate gene expression in response to
small ligands such as steroid and thyroid
hormones, retinoids and vitamin D. Orga-
nized in a modular fashion, the nuclear
receptors contain discrete domains that are
involved in DNA recognition, ligand bind-
ing, dimerization and transactivation3. Hor-
mone binding stimulates nuclear-receptor
activity, in part by promoting a conforma-
tional change in a helical transactivation
domain that is known as AF2. This change
occurs through an allosteric mechanism,
and it is thought to promote interactions
between AF2 and proteins in the transcrip-
tional apparatus4,5. 

Because investigators have been unable 
to observe direct functional interactions
between most nuclear receptors and so-
called ‘general transcription factors’, they
have recently tried to identify intermediary
proteins — or co-activators — which could
bridge the association between nuclear
receptors and the transcriptional machinery.
This search has led to the characterization of

the steroid-receptor co-activators (SRCs),
which bind directly to the AF2 region of 
several nuclear hormone receptors6,7.

But how do nuclear-receptor-bound
SRCs, in turn, promote transcriptional acti-
vation? Enter CREB-binding protein (CBP).
First characterized as a co-activator for 
genes that are responsive to cyclic AMP and 
mitogens8,9, CBP has been shown to mediate 
transcriptional stimulation in response to a
diverse array of cellular signals, including

Figure 1 The CREB-binding protein (CBP) is a general mediator of signal-dependent transcription. In
response to various stimuli, CBP associates with a variety of signal-dependent factors including
CREB, jun, STATs 1 and 2, and nuclear hormone receptors (NR). CBP seems to be constitutively
associated with the steroid-receptor co-activators (SRCs), which can also recognize ligand (L)-bound
nuclear receptors. Torchia et al.1 and Heery et al.2 now show that assembly of these nuclear
receptor–co-activator complexes is mediated through a short, leucine-rich motif, LXXLL. After CBP
is recruited to signal-dependent promoters, it is thought to stimulate the expression of target genes
through its association with RNA polymerase II complexes (Pol II), and through its intrinsic histone
acetyltransferase (HAT) activities (the addition or removal of acetyl (Ac–) groups). 
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