news and views

and colour schemes, anoles of the Greater
Antilles seem to have settled on a handful of
‘ecomorphs’, which have parallels on the dif-
ferentislands. This is remarkable becauseitis
believed that the ecomorphs are convergent
betweenislands®. Thus, for example, the ‘tree
trunk-and-crown’ ecomorph on Puerto
Rico is more closely related to other ecologi-
cally dissimilar ecomorphs on Puerto Rico,
than it is to the trunk-and-crown anoles on
Jamaica or Hispaniola. In this way there is a
crude ‘periodic table’ of types of anole in the
Greater Antilles. To be sure, some odd-ball,
‘rare-element’ species exist, particularly on
the large islands of Cuba and Hispaniola, but
students of this group have been struck more
by the one-by-one species convergences than
the occasional departures from the normal
ecomorph series.

This story took an exciting turn in the past
few years as more detailed phylogenetic
analyses, stemming in part from studies on
different enzyme forms and on chromo-
somes, allowed inferencestobe madeastothe
historical build-up of the ecomorph series on
Jamaica and Puerto Rico. Not only do these
islands share a similar suite of ecomorphs,
but the inferred evolutionary build-up of
ecomorphs has apparently followed similar
trajectories™'’. Clearly, it would be nice to
verify these events with a phylogenetic re-
construction based on DNA sequence data.

One outstanding question about the
rapid morphological changes in the experi-
mental A. sagrei populations is whether
those changes are genetic in origin. Anoles
are not ideal laboratory animals for genetic
studies, and there is a singular lack of reports
of the heritabilities of the relevant morpho-
logical characters (although there have been
studies of a few other lizards and several of
snakes). Common experience teaches us
that exercise alone can influence bone and
muscle growth (witness the couch potato).
Yet, even assuming that differentiation
might initially represent a purely phenotypic
response to altered ‘exercise’ conditions, it
would be surprising indeed if natural selec-
tion did not later reinforce these tendencies
— phenotypic plasticity typically has a
genetic basis'"'"” and the changes are clearly
adaptive.

The morphological rate of change for
lizards on these small islands ranged from 0
to 2,117 darwins (a darwin is the change in
the mean of the natural log of the character-
istic concerned divided by elapsed time in
millions of years; the log transformation
scales the phenotypic change to remove a
potential bias that favours larger absolute
changes for larger phenotypic characters).
A rate of 2,000 darwins is several orders of
magnitude higher than that seen in the fos-
sil record". Reznick et al.'* have, however,
reported even higher rates (3,700 to 45,000
darwins) for some life-history characters
of guppies. In these experiments, guppies
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from high-predation parts of streams in
Trinidad were introduced into upstream
areas which larger fish predators could not
reach. Over 11 years these guppies evolved a
later reproductive maturity which occurred
at larger body sizes. Given a trade-off
between investing resources into adult
survival or reproducing, in the former cir-
cumstances the selective scales are tipped
towards earlier reproduction, because an
adult’s chance of surviving is severely limit-
ed by predators.

The rapid and clear-cut within-species
adaptive differentiation of anole popula-
tions on tiny islands mirrors in miniature
some elements of the larger-scale, across-
species adaptive radiations seen in Anolis in
the Greater Antilles. Yetif significant changes
in morphology emerge after only a decade,
why do we not see A. sagrei ‘radiating’ even
more across the hundreds of islands in the
Bahamas where it has been present for prob-
ably thousands of years? Populations of A.
sagrei on differentislands have differentiated
adaptively: those using broader perches
have longer hindlimbs’. Still, an A. sagrei
seems to be an A. sagrei throughout the
islands, though it may differ a bit in hind-
limb length. Perhaps the next major leap in
adaptive radiations requires the presence of
related species to help force divergence. The

Bahamas has several anoles, although none
is endemic. So this ingredient seems to
exist, but perhaps these other species are
already too different from A. sagrei to pro-
vide a competitive catalyst for further
change. Given the rapid and convincing
response reported by Losos et al., it may well
be feasible to devise experiments to test
interspecific competition as an additional
selective force. But the virtue of patience will

againbe required. O
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Transcriptional control

Sinful repression

Alan P. Wolffe

he structure of chromatin — the

material of which eukaryotic chro-

mosomes are composed — presents
both problems and opportunities to the
transcriptional machinery. Genes are tran-
scribed in the eukaryotic nucleus without
apparent impediment, even though the
DNA template is wrapped around histone
proteins to form nucleosomes and the chro-
matin fibre. Evolution has been remarkably
successful in shaping chromatin such that
it can become alternatively transparent or
opaque, to facilitate or restrict the access of
transcription factors and RNA polymerase
to DNA. The molecular mechanisms that
control this access are central to gene regu-
lation, and two reports, by Heinzel et al.!
and Alland et al.” on pages 43 and 49 of this
issue respectively, along with five related
papers in Cell, complete one picture of how
gene regulation is controlled.

Nucleosomes are not static entities —
they adopt a variety of stability states that are
dependent on post-translational modifica-
tion of the core histones. In particular, acety-
lation of the histones can destabilize nucleo-
somes and relieve transcriptional repression
by allowing transcription factors access to
recognition elements. Conversely, deacety-
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lation of the histones stabilizes the repressed
state’. Last year, certain transcriptional co-
activators were found to have histone acetyl-
transferase activity. So specific targeting of
these regulatory complexes could allow
nucleosome modification to be directed to
particular promoters™”’.

The CREB-binding protein (p300/CBP)
isonesuch co-activator. Ithas histone acetyl-
transferase activity, integrating transcrip-
tional-activation signals from diverse regu-
latory proteins, including steroid and
nuclear-hormone receptors(’. Histone acety-
lation is targeted by these receptors in
response to the addition of ligand (for
example, oestrogen and thyroid hormone),
rendering the chromatin much more trans-
parent to the transcriptional machinery.
Heinzel et al.' and Alland et al.> now show
that histone deacetylation might also be
targeted by nuclear-hormone receptors and
other transcriptional repressors. The five
papers in Cell substantiate these observa-
tions, and extend the repertoire of proven
and potential regulatory proteins that use
similar repression mechanisms”"'. The
emerging picture is one of gene regulation in
which reversible alterations in histone chem-
istry have an important controlling function.
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Transcriptional co-repressors:
histone deacetylases

c]

T iptional co-activators:
histone
acetyltransferases

Heinzel et al.' report that N-CoR, a
known co-repressor for the thyroid-
hormone receptor, exists in a complex with
the mammalian homologues of two yeast co-
repressors, Sin3 and RPD3. Sin3 and RPD3
both act in a pathway that accentuates the
transcriptional silencing of several yeast
genes'?, and RPD3 is a histone deacetylase".
The authors have done antibody-blocking
experiments in microinjected mammalian
cells to show that each component of
the N-CoR/mSin3/mRPD3 complex is
essential for the transcriptional repression
that is directed by the unliganded thyroid-
hormone receptor. Moreover, this transcrip-
tional repression is greatly potentiated by
nucleosome assembly'®, in agreement with
the prediction that the targeted co-repressor
will need a nucleosomal template with which
to function most effectively through the
action of histone deacetylase.

Mammalian Sin3 is also a co-repressor
for the Mad/Max complex. Mad is a
sequence-specific DNA-binding helix—
loop-helix protein that antagonizes the
transcriptional activation and transforma-
tion functions of the oncoprotein Myc.
Mad acts, in part, by competing with Myc
for a common heterodimeric partner, Max.
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Figure 1 The findings by
Heinzel et al.' and Alland
et al.” contribute to a
three-step model for
transcriptional regulation
by the thyroid-hormone
receptor. a, Precise
rotational positioning of
the DNA sequence
containing the thyroid-
hormone response
element (TRE) on the
surface of the histone
octamer, allows the
thyroid-hormone
receptor (TR/RXR) access
to chromatin'. b, Once in
place, the unliganded
receptor recruits a
deacetylase complex
(mRPD3/Sin3/N-CoR) to
augment repression"’.

¢, Subsequent addition of
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thyroid hormone (TH)
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l"-\{ilsgtgrivzfegfflation (p300/CBP, P/CAE,
and transcription  TAF;;250) that can disrupt
these repressive
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interactions™®"’.

Alland et al.> show that mSin3 uses distinct
domains to interact with Mad, N-CoR
and the mammalian histone deacetylase
(mRPD3). This modular series of inter-
actions allows discrimination between the
diverse functions of mSin3. Mammalian
Sin3 contains four paired, amphipathic
helices (PAH1-4). N-CoR associates with
PAH]1, the Mad-mSin3 association requires
PAH2, and mRPD3 associates with the
PAH3 and PAH4 domains™". Transcrip-
tional repression by Mad requires only
PAH1 and PAH2, whereas suppression of
transformation requires PAH3 and PAH4
(ref. 2). Histone deacetylase is only recov-
ered in the co-repressor complex that con-
tains all four helices, suggesting that N-CoR
bound to PAH1-2 might use other mecha-
nisms — in addition to histone deacetyla-
tion — to repress transcription. In con-
trast, the tumour-suppression properties
of mSin3 require the full-length protein
and associated histone deacetylase. This
is particularly interesting because acute
myelocytic leukaemia is associated with
a chromosomal translocation that fuses
the zinc-finger DNA-binding domain of
the MOZ (monocytic-leukaemia zinc-
finger) gene to the histone acetyltransferase
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CBP (ref. 16). Deregulated histone acetyla-
tion might promote transformation, and
the regulated activity of histone deacetylase
might contribute to growth control.

By defining transcriptional repressors
as histone deacetylases and transcriptional
activators as histone acetyltransferases, the
histones and chromatin structure are fully
integrated as necessary components of
the regulatory machinery. Although the
exact biochemical mechanisms are not yet
known, a three-step mechanism can now be
proposed for transcriptional regulation by
the thyroid-hormone receptor (Fig. 1).
Normal chromatin has a constitutive level
of histone acetylation that allows basal
transcription; but, in the absence of thyroid
hormone (TH), the thyroid-hormone
receptor (TR/RXR) binds to nucleosomal
DNA and targets histone deacetylation,
thereby repressing transcription. In the
presence of thyroid hormone, histone
acetyltransferases are recruited to relieve the
transcriptional repression.

Targeted acetylation allows the basal
machinery to displace nucleosomes, assem-
ble a functional transcription complex and
never have to deal with chromatin again.
Alternatively, the regulated association and
activity of histone acetyltransferases and
deacetylases might occur within a common
complex. Transcriptional activity could
then be continually modulated through
variation in the conformation of the chro-
matin. Histones would remain present
throughout the transcription process.
Recapitulating these events means that we
will have to understand the regulation of
an increasingly sophisticated machinery,
and an enzymology that is dedicated to
communication between the proteins that
package DNA and those that use it as a
template. O
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