this factor binds to the tandem GAS
sites in the promoter of the mig gene.
Different STAT homodimers and
heterodimers may cooperate on dif-
ferent pairs of tandem GAS sites,
helping to generate enough diversity
to allow each cytokine to stimulate a
specific pattern of gene activation.
STAT dimers can also interact
with other transcription factors. The
STAT3 homodimer binds to c-jun,
and these two factors cooperate to
activate transcription (17); tran-
scriptional activation of the Fcy re-
ceptor gene requires the cooperation
of STAT1 and PU.1, amyeloid and B
cell transcription factor (18). Tran-
scription of the c-fos gene is en-
hanced by the coordinate activation
of STATS, which bind to the induc-
ible element, and members of the ter-
nary complex factor family (includ-
ing ELK-1, SAP-1, and SAP2/ERP/
NET), which bind to the adjacent
serum response element in conjunc-
tion with serum response factor (9).
This dual activation is made possible

Nucleus

Multipurpose module: Two of the interactions medi-
ated by NH,-terminal domains of STATSs. (A) The NH,-
terminal region of STAT2 assists in STAT binding to the’
cytoplasmic domain of the IFNAR2-2 subunit of the rest-
ing IFN-a. receptor. Upon activation, the other subunit of
the receptor, IFNAR1, acquires a phosphotyrosine, which
binds to the SH2 domain of STAT2 (not shown) (8). (B)
Interactions between NH,-terminal domains allow STAT
dimers to bind to each other on tandem GAS sites (5).
NH,-terminal protein-binding regions may also allow
STAT dimers to interact with other transcription factors

(X) at heterologous tandem sites.

NH;-terminal 124 residues of STAT4 com-
petitively inhibited its cooperative binding
to a double site but actively stabilized its
binding to a single site. Vinkemeier et al.
(13) have similarly shown the importance of
the NH,-terminal region of STAT1 in medi-
ating its cooperative binding to tandem sites.

The NH,-terminal regions of STATs also
mediate other protein-protein interactions.
Deletion of 50 residues from the NH,-termi-
nus of STAT2 abolished its tyrosine phos-
phorylation in response to IFN-a. (10). Resi-
dues 1 to 315 of STAT2 include a domain
that mediates association with the [IFNAR2-
2 subunit of the IFN- receptor; this associa-
tion is important for the specific activation
of STAT2 in response to IFN-a. (14). In
addition, the NH,-terminus of STAT1 is im-
portant in modulating its dephosphoryla-
tion, possibly by interacting with a phos-
phatase (15). It seems that the NH,-termini
of the STATSs can mediate several important
protein-protein interactions, ranging from
association with receptors to cooperative
binding to tandem DNA elements.

We have to modify the simple idea that a
single STAT dimer bound to a single GAS
element is sufficient to activate transcrip-
tion. As revealed by Xu et al. (1), activation
of a specific gene by a particular cytokine
may require the cooperative binding of
STAT:s to several adjacent sites. As an addi-
tional example of this kind of regulation,
Guyer et al. (16) have shown that [FN-y ac-
tivates a factor called YRF-1, which includes
both STAT1 and a 130-kD protein, and that

by the fact that most of the growth

factors that activate STATSs also ac-
tivate the ERK/MAPK (extracellular signal—
regulated protein kinase/mitogen-activated
protein kinase) pathways, which in turn acti-
vate ternary complex factors. It remains to be
seen whether the NH;-terminal domains of
STATSs mediate these heterologous interac-
tions with other transcription factors.

CONDENSED MATTER PHYSICS

_ PERSPECTIVES

As convincing as the evidence for STAT-
STAT interaction on tandem sites may be,
further work is needed to ensure that this
interaction does in fact lead to enhancement
of transcription, although recent work of Yan
et al. (19) is encouraging in this direction.
But even now it is clear that cooperation
among and between STATs and other tran-
scription factors helps to generate enough
complexity to make cytokine signals specific.
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Calculated Clusters

Stnall clusters of atoms exist between the
microscopic and the macroscopic: As a
cluster gets bigger, it ceases being atomlike
and starts behaving like bulk matter, and
on the way it exhibits some very interest-
ing properties. In particular, as the cluster
grows it undergoes significant structural
rearrangements and reconstructions (I).
This transformation is manifested in vari-
ous properties, such as optical (2) and pho-
toelectron spectra, but a reliable way to
extract cluster geometry from the data has
been lacking. In a recent paper (3), Rubio
et al. presented a method for obtaining the
structures of small alkali metal and semi-
conductor clusters by comparing labora-
tory data with calculated spectra.

To accomplish this, they first calculate
the minimum-energy ground-state geom-
etry of the cluster. Then the dielectric re-
sponse is obtained (4), which in turn yields
the photoabsorption cross section as a func-
tion of photon energy. Rubio et al. found
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that for clusters of as little as four and six
silicon atoms, a simple picture in which the
electrons act independently in the absorp-
tion process failed to properly reproduce
the experimental spectra. Only when they
included electron interaction and screening
did the calculations agree with the data.
Some added surprises were found for metal
clusters: for lithium, a new spectral feature
above 4 eV was observed in the calculation,
and for sodium, two peaks were calculated
in place of the experimentally observed
single broad absorption feature. The spec-
tra for silicon also featured the optical ab-
sorption caused by quantum-confinement
effects that play a role in the luminescence
of porous silicon.
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