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ported by Drevets et al. Taken together,
the classic studies and the new results of
Drevets et al. imply that suppression of
competing stimuli is a central element in
many aspects of preparing to receive a
stimulus.

Although it seems clear that the general
influence of attention in improving the
perceptibility of stimuli is general to all
sensory modalities, perhaps the exquisite
localization of suppression found by
Drevets et al. is due to use of somato-
sensory stimuli in their experiments. The
authors describe the possible gating
system that could lead to the decrease in
neuronal activity in somatosensory areas
surrounding the target location.

The evidence favouring a local influ-
ence of attention within the brain is of
great importance for understanding
voluntary control over mental processes.
To go further will require knowledge of
how voluntary control is exercised within

local brain networks, and obtaining this
information will require connecting
neuroimaging with methods designed to
examine local electrical activity, milli-
second by millisecond, during acts of
attention. Research to that end is under
way'l, O
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TRANSCRIPTION

Zen and the art of Fos and Jun

Tom Kerppola and Tom Curran

GLOVER and Harrison (page 257 of this
issue!) present an X-ray crystal structure
of two oncogene products bound to DNA
as a dimer. The leucine zipper and basic
(bZIP) regions of the Fos—Jun hetero-
dimer associated with the AP-1 recog-
nition sequence evoke the simple artistry
of a Zen painting. But the bZIP structure
is a widely used motif in transcriptional
regulation, and its simplicity belies its
versatility as an interface for protein—
protein and protein-DNA interactions.
The fos and jun oncogenes were iso-
lated independently as retroviral trans-
forming genes carried respectively by the
Finkel-Biskis-Jinkins murine osteogenic
sarcoma virus® and the avian sarcoma
virus 17 (ref. 3). Both are derived from

normal cellular genes (c-fos and c-jun)
that function co-operatively as compo-
nents of the mammalian transcription fac-
tor AP-1 (ref. 4). The AP-1 recognition
sequence is found in a variety of promo-
ters and it can mediate responses to many
different extracellular signals. A partial
explanation for the apparent ubiquity of
AP-1 was the finding that it comprises a
multitude of homodimeric and hetero-
dimeric complexes formed among mem-
bers of the bZIP family. Induction of Fos
and Jun expression has been linked to a
myriad of biological processes, including
cell proliferation, differentiation and
death, and Fos-Jun association has
attracted a great deal of attention as it is
the exemplar for the heteromeric inter-
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actions that pervade transcription control
— hence the interest in the structure of the
Fos-Jun heterodimer.

The leucine zipper is the simplest of
dimerization interfaces, yet it can mediate
highly selective and avid protein associa-
tions. It was first identified as a sequence
motif in C/EBP (ref. 5), and has been
recognized as an interaction surface in
many transcription factors. Glover and
Harrison’s Fos—Jun crystal structure
largely confirms previous predictions of
the molecular basis of dimerization
selectivity®. The hydrophobic coiled-coil
interface is elaborated by interactions
between adjacent residues. Interhelical
salt bridges between residues flanking the
hydrophobic interface are particularly
important in determining dimerization
specificity. Residues of opposite charge at
these positions (as in the Fos—Jun heter-
odimer) would tend to stabilize the zipper,
whereas residues of like charge (as in a
hypothetical Fos homodimer) would tend
to destabilize it. The interactions affecting
dimer stability involve a large number of
residues that differ for each of the many
possible dimer complexes — at last count
more than a hundred different dimers
could be assembled from the known sub-
units of this extended family, so it will be a
formidable task to derive the general rules
governing dimerization specificity.

Leucine zipper dimerization serves to
juxtapose adjacent regions of each protein
rich in basic amino-acid residues that
undergo a conformational change upon
binding to DNA”8, Although the result-
ing a~helical DNA-contact interface is
now understood in great detail, the nature
of the conformational change and its part
in DNA recognition are less clear. Fos and
Jun make essentially identical contacts
with the AP-1 site, and similar to those in
the GCN4 crystal structures™!®, Most of
the amino-acid residues that make direct
contacts with nucleotide bases in the Fos—
Jun and GCN#4 structures are conserved
among most bZIP family proteins, even
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Conservation of residues determining Fos—Jun DNA-binding and dimer-
ization specificity. The DNA-binding half-sites and amino-acid se-
quences of representative members of several bZIP protein subfamilies
are listed. The amino-acid residues that make base contacts in Fos—Jun
and GCN4 are shown in the same colours as the bases that they
contact. Green amino acids contact both yellow and blue bases.
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Amino-acid residues that make phosphate backbone contacts are in
orange. Contact residues that are conserved in other bZIP proteins are
indicated. Brackets around bases indicate that they are present in only
one of the two half-sites. Charged residues at positions in the leucine
zipper that are important for dimerization specificity are coloured red
for basic and blue for acidic.
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those with a distinct DNA-binding speci-
ficity. Hence they may have a structural
function in the basic region, as well as
making direct contacts to bases in the
AP-1 site. In fact, the residues that make
contacts with the phosphodiester back-
bone are more frequently substituted
in proteins that bind distinct DNA se-
quences, meaning that these phosphate
contacts might be involved in DNA se-
quence recognition. However, there are
some bZIP protein subfamilies in which
substitutions of amino-acid residues that
make base contacts at the AP-1 site
correlate with changes in DNA-binding
specificity (see figure).

Other changes in DNA-binding speci-
ficity and some results of mutational
analyses cannot be easily accounted for.
Many bZIP proteins recognize base pairs
outside the central heptanucleotide core,
and amino acids outside the region crystal-
lized by Glover and Harrison also influ-
ence DNA-binding affinity and specific-
ity. A particularly striking example is the
Maf/Nr1l subfamily, in which an ancillary
DNA-binding region on the amino-
terminal side of the basic region is re-
quired for specific recognition of a site
that includes a TGC recognition element
flanking the central core!'-12, Thus, the
bZIP recognition motif can be embel-
lished by other specificity-determining
regions, allowing more sophisticated
discrimination of DNA target sequences.

The structure of the DNA helix in the
Fos—Jun—DNA crystal is much like that of
straight B-DNA. This contrasts with the
conclusions of other studies, employing
conformationally sensitive gel electro-
phoresis, suggesting that Fos and Jun
cause DNA bends of opposite orien-
tations'>. These DNA bends were caused
in part by regions of the proteins located
outside the minimal bZIP regions used for
crystallization. Although the specific re-
sidues that caused DNA bending by Fos
and Jun have not been identified, a com-
parison of the DNA-bending properties of
many bZIP family proteins implicates
amino acids immediately amino-terminal
of the basic region. The net charge of this
region is positive in proteins that bend
DNA towards the basic region, but nega-
tive in proteins that bend DNA away from
the basic region. Recently, neutralization
of phosphodiester charges on one face of a
DNA helix was shown to cause DNA
bending’*. Such electrostatic interactions
could mediate DNA bending by bZIP
family proteins. These forces could be
shielded in the presence of the high con-
centrations of multivalent cations used in
the crystallization process. Crystal pack-
ing forces can also affect DNA structure,
because the oligonucleotides in adjacent
cells often stack in an arrangement that
favours straight DNA.

The crystal analysed by Glover and
Harrison provided an unexpected bonus
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— two structures that differ in the orienta-
tion in which heterodimers bind to the
asymmetric AP-1 site. The DNA contacts
in the two structures are similar, except
that Fos interacts with the asymmetric
central base pair in one complex, Jun in
the other. This orientation-independence
of Fos—Jun binding to the AP-1 site has
implications for transcription regulation.
The asymmetry generated by heterodimer
formation provides distinct surfaces for
interactions with other transcription fac-
tors. Many promoter elements work in an
orientation-dependent manner, perhaps
as a consequence of such asymmetric
contact interfaces. The orientation of
Fos—Jun heterodimers may be determined
by interactions with other transcription
factors or by contacts with components of
the general initiation complex. Indeed,
Fos and Jun can function in association
with other transcription factors, such as in
the NFAT complex which is a target of the
immunosuppressive drugs cyclosporin A
and FKS506 (ref. 15).

Although it is aesthetically pleasing, the
simple picture of the Fos-Jun bZIP core
does not explain the biological specificity
of these molecules. Many mechanisms are
probably involved in targeting a specific
leucine zipper dimer to the right response
element at the right time, including post-
translational modification and interac-
tions with other transcription factors and
associations with basal factors and TAFs.
Nevertheless, the simplicity of the bZIP
structure encourages the hope that the
bewildering complexity of transcription
regulation will in time be resolved into a
manageable number of comprehensible
components. O
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rDAEDALUS

Instant sculpture

THE atomic bomb works by implosive
forming. A hollow, shaped charge of high
explosive, detonated at many points
under exacttime control, crushes a
plutonium core to criticality. The first
bombs merely compressed a spherical
core symmetrically. Bomb physicists
these days can compute the initial shape
and timings needed for highly subtle
asymmetric modes of implosive
compression.

This process, says Daedalus, deserves
wider use. Alone among forming
technologies, it could bend and cold-
form brittle substances such as glass and
ceramics. The vast pressure of the
surrounding explosion would put the
workpiece completely into compression.
Cracking would be inhibited, and it would
yield by plastic flow. Even better, two or
more surfaces forced together would
pressure-weld into a single monolithic
block. Implosive forming could be a neat
way of shaping intractable, infusible,
advanced ceramics into pistons and
turbine blades. Yet Daedalus has a
different plan. He wants to use the
technique on natural hard materials,
such as bones and teeth.

He points out that the elephantis
threatened with extinction merely
because its ivory tusks are large,
monolithic chunks of dentine. Dentine is
only apatite bonded with a little protein;
yetthe subtle microstructure of elephant
ivory defies imitation. Its toughness and
permanence make it one of the most
desirable of craft materials. By implosive
forming, it should be possible to take cow
or sheep dentine as powder or small
chunks, and pressure-weld itinstantly
into cheap monolithic blocks of artificial
ivory. With sufficient computational
cunning, the implosion could even shape
it, giving anything from a billiard ball or a
piano key to a rococo statuette with
scrolls and cherubs. Now that the Cold
War is over, nuclear weapons experts are
desperate to find peaceful uses for their
knowledge. By developing the implosive
forming of animal dentine, they could
flood the market with cheap artificial
ivory and objects formed fromiit, thus
taking the heat off the beleaguered
elephant. This new and profitable
business would also redeem their sinful
past, allowing themto bask atlastin
ecological rectitude.

Implosive forming would work on bone
as well as dentine, and even on marble,
jade and similar minerals. Chunks of
different materials could be pressure-
welded into composite structures, and
mixed powders could be formed into
novel ‘alloys’. A whole new family of
composite materials could implode onto
the technical scene. David Jones
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