
S C I E N C E ' S  COMPASS 

groups to (acetylates) the histone proteins 
in adjacent nucleosomes. GcnS association 
and histone acetylation are transient; both 
disappear 9 hours after viral infection. 
Third, shortly after recruitment of Gcn5, the 
enhanceosome recruits the coactivator, 
CREB binding protein (CBP). Intriguingly, 
efficient CBP recruitment requires a com- 
posite surface that exists only when the en- 
hanceosome is intact; interactions between 
CBP and individual activators are far less 
efficient in the absence of the enhanceo- 
some (11, 12). Fourth, the Pol I1 enzyme 
complex is recruited by the enhanceosome 
at the same time as CBP is recruited. Fifth, 
approximately 1 to 2 hours after recruit- 
ment of the CBP-Pol I1 enzyme complex, 
the Swi-Snf nucleosome remodeling com- 
plex is recruited in a manner that depends 
on CBP and is strongly stimulated by his- 
tone acetylation. The recruited Swi-Snf 
complex disrupts the nucleosome posi- 
tioned over the core promoter region, there- 
by permitting the transcription factor TFIID 
to gain access to the ZFN-P gene, which is 
then switched on and transcribed (10). 

Transcriptional activation of ZFN-P is 
transient-the key feature of the regulatory 
switch is the programmed formation and de- 
struction of the enhanceosome through 
acetylation of the architectural protein 
HMGI(Y) by the GcnS and CBP histone 
acetylases (4, 13). Acetylation of lysine at 
position 71 (Lys71) in HMGI(Y) by GcnS 
stabilizes the enhanceosome by increasing 
the affinity of HMGI(Y) for the activators. 
In vivo, acetylation of Lys7' is transient, 
and it correlates precisely with the forma- 
tion of the enhanceosome and recruitment 
of Gcn5. In striking contrast, CBP acety- 
lates HMGI(Y) at L ~ S ~ ~ ,  which inhibits 
DNA-binding activity and hence destabilizes 
the enhanceosome. In vivo, the peak of Ly@ 
acetylation coincides with disruption of the 
enhanceosome. Importantly, L y F  acetyla- 
tion does not occur for 1 to 2 hours after CBP 
has been recruited to the ZFN-/3 gene's pro- 
moter. Thus, Gcn5-dependent acetylation of 
Lys7' both facilities enhanceosome assembly 
and protects the enhanceosome by inhibiting 
CBP-dependent acetylation of Ly@. 

These findings demonstrate that the 
IFN-P enhanceosome uses multiple molecu- 
lar mechanisms to achieve a precise on-off 
switch for regulating gene expression. The 

8 enhanceosome forms only when all compo- 2 nent activators are functional. It has bio- 
g chemical properties distinct from those of 
g the individual activators, and its existence is 
$ regulated by the programmed recruitment of 
5 the GcnS and CBP acetylases. We still do 

not have enough information to assess 
$ whether cells commonly use enhanceo- 
; somes to regulate gene transcription. How- 
5 ever, there are indications that enhanceo- 

somes regulate the expression of several 
other mammalian genes (14) and of the 
Mei3 meiosis inducer gene of the yeast 
Schizosaccharomyces pombe (15). Thus, it 
is highly likely that eukaryotic organisms 
use modular enhancers to achieve diversity 
in gene expression patterns and evolutionary 
flexibility, and enhanceosomes to achieve 
regulatory precision in gene transcription. 
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P E R S P E C T I V E S :  C O S M O L O G Y  

Probing Matter at  
the Lowest Densities 

Jordi Miralda-EscudC 

T he lowest densities of matter in the 
universe are found in the vast spaces 
between galaxies. This tenuous inter- 

galactic matter can only be observed 
through the absorption lines it produces in 
the spectra of bright, distant sources of 
light-usually quasars. 

Imagine that you are observing one of 
these distant quasars and that several struc- 

even with the redshift, it must still be ob- 
served in the far-ultraviolet, where Earth's at- 
mosphere is opaque, demanding the use of 
space telescopes. 

On page 11 12 of this issue, Kriss et al. 
(6) report new observations of He I1 ab- 
sorption with unprecedented resolution 
from the Far Ultraviolet Spectroscopic Ex- 
plorer (FUSE). This new space telescope 

tures of intergalactic gas lie along the line allows the He I1 absorption lines to be re- 
of sight (see the figure). Because of 
the expansion of the universe, each L 

gaseous structure recedes from us at a 
velocity proportional to its distance. 
Owing to the Doppler effect, the wave- 
length of a given atomic absorption 
line is shifted to a different observed ' 
wavelength for each of these struc- 
tures. As a result, the absorption spec- 
trum of the quasar provides us with a 
splendid map of the density fluctua- ,, 
tions in the intergalactic matter along 
the line of sight to that quasar (1,2). 

For many years, this simple tech- 
nique has been used to study the inter- 
galactic medium with the Lyman-a -I - 
line of atomic hydrogen (3) at 121.6 
nm, shifts to more easily acces- Simulated structures of intergalactic gas. The pro- 

sible visual wavelenghs for redshifts jected density in this slice from a numerical simulation 

greater than (4). But important clues shows the characteristic structures formed by gravita- 

about the ionization and evolutionary tional collapse in the expanding universe. Left bar, loga- 

history of intergalactic matter are also rithm of the density in units of mean density. Galaxies 
can form in the density peaks; supermassive black holes gained from the absorption (j)  spectra in their nuclei produce quasars (illustrated here as white 

of ionized He 'I9 with radiant sources), which are the brightest objects in the 
its Lyman-a line at 30.4 The diffi- universe. When we observe one such quasar from Earth, 
culty the He 'I is that$ the gaseous intergalactic structures in the line of sight 

(thin white line) are detected in the absorotion soec- 
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solved much better than in previous obser-
vations (7-12), thereby enabling detailed 
comparison with the hydrogen absorption 
lines from the same structures in the opti-
cal spectrum of the same quasar. 

Most hydrogen in intergalactic space is 
ionized. We know this because atomic hy-
drogen interacts so strongly with light at 
the Lyman-a wavelength that, if the inter-
galactic matter were not ionized it would 
absorb all light at wavelengths shorter than 
the Lyman-a line at the redshift of the 
source. This is because the matter in front 
of the source is moving away from us less 
rapidly than the source. 

The Lyman-a absorption seen in the spec-
tra is caused by the tiny fraction of hydrogen 
that is atomic. This fraction is determined by 
a balance of the rate of photoionization due 
to the ultraviolet background light from 
galaxies and quasars, which ionizes the 
atoms, and the rate of proton-electron recom-
binations, which create new atoms. 

The same process takes place with heli-
um. A similar balance determines the frac-
tion of helium in the form of He 11. But the 
remaining electron in He I1 is much harder 
to strike out than in hydrogen, requiring 
photons with energies higher than the ion-
ization potential of He 11, which corre-
sponds to wavelengths shorter than 22.8 nm. 
These photons are not produced abundantly 

by galaxies, whereas many more are pro-
duced with energies above the ionization po-
tential of hydrogen, with wavelengths less 
than 91.2 nm. In addition, doubly ionized 
helium recombines much faster than hydro-
gen. As a result, there is much more He I1 
than atomic hydrogen. The He I1 Lyman-a 
absorption is therefore stronger than that of 
hydrogen and reveals with greater clarity the 
matter in the regions of lowest densities. 

The comparison of the He I1 and hydro-
gen absorption made by Kriss et al. allows 
them to probe for variations of the ratio of 
intensities at 91.2 and 22.8 nm in the radia-
tion background that existed in the young 
universe when galaxies were forming and 
quasars were at their most active. If the ratio 
between these intensities were constant in 
space, then so ought to be the ratio of hydro-
gen and He I1 densities. As shown by Kriss 
et al., there is evidence for significant fluctu-
ations in this ratio and hence for variations in 
the ratio of background intensities at 91.2 
and 22.8 nm. Moreover, they find these vari-
ations to be present on much smaller spatial 
scales than it was possible to probe before. 

These background fluctuations are ex-
pected to be large when luminous sources, 
such as quasars, are the principal sources 
of emission because then only a small 
number of sources contribute to the overall 
radiation intensity at any given point in 

space (13-15). The presence of a nearby 
luminous quasar can then greatly change 
this intensity by different amounts at the 
ionization potentials of hydrogen and He 
11, explaining the fluctuations. The new re-
sults of Kriss et al. promise important in-
sights into the role of quasars, galaxies, 
and perhaps other sources, as the origina-
tors of the far-ultraviolet background in 
the young universe. 
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still a matter of debate (6) .A theoretical 

The Origin of Water on Earth 
Francois Robert 

ome 4.55 billion years ago, the Sun 
and planets formed from the protoso-

I lar nebula, a rotating disk of gas and 
grains largely made of molecular hydrogen 
and helium. This disk is believed to have 
had a homogeneous isotopic composition 
from its center to its edge. However, the 
hydrogen isotopic composition of water on 
Earth differs widely from that of the primi-
tive Sun. A deuteriumhydrogen (DIH) ra-
tio of (149 * 3) x has been estimated 
for the bulk Earth (I),compared with a so-
lar ratio of (20 * 4) x deduced from 
solar wind implanted into lunar soils (2) 
(see the first figure). This raises the prob-
lem of where the water on Earth originated. 

A clue comes from carbonaceous mete-
orites, the most primitive objects of the so-
lar system available for laboratory study. 
They contain two distinct hydrogen carri-
ers: water, present in clay minerals, and or-

ganic hydrogen, present mostly in macro-
molecular structures. Chemicallv extracted 
organic matter has shown a systematic en-
richment in deuterium relative to Earth, 
with DIH ratios up to (380 + 10) x (3). 
In contrast, the clays, which are associated 
at a submicrometer scale with the organic 
hydrogen, had a DIH ratio close to the ter-
restrial ratio (see the second figure) (4). 

The deuterium enrichment in organic 
matter from meteorites has been interpreted 
as a relic of interstellar chemical reactions 
that took place shortly before the planets 
formed. Clay minerals in some rare mete-
orites also exhibit deuterium enrichment, 
with DM ratios up to (720 + 120) x (5). 
In analogy with the interpretation proposed 
for orgamc matter, the origin of solar system 
water has been ascribed to an interstellarpro-
cess. However, we do not know the actual 
DM ratio in interstellar ice. The detection of 
deuterated ice in interstellar clouds is techni-

, , 
study suggests that ice grains synthesized at 
10 K in the interstellar medium through ion-
molecule reactions are highly enriched in 
deuterium,with DM ratios up to (7. 8). 

Observations of comets hrther compli-
cate the picture. As comets approach the 
Sun, water vapor sublimates. Spectroscop-
ic studies of this water vapor have revealed 
DiH ratios of (310 40) x lo-? substan-
tially higher than that of terrestiial water 
(9). The contribution of cometary water to 
terrestrial oceans should thus be small 
(<lo%). But what caused the D/H varia-
tions in the solar system water? 

Modeling studies of the evolution of the 
protosolar nebula (10) indicate that once 
they had entered the nebula, interstellar ice 
grains vaporized and the DIH ratio of the re-
sulting deuterium-rich water vapor was low-
ered through isotopic exchange with molec-
ular hydrogen. As the temperature in the 
nebula decreased with time, the water vapor 
condensed into microscopic icy grains, with 
decreasing DIH ratios the closer they were 
to the Sun. This isotopic gradient reflects the 
fact that the closer to the Sun, the higher the 
temperature and the faster the isotopic ex-

The au thor  is a t  t h e  Museum-Mineralogie CNRS, 
cally very challenging, and measurements of change between water and molecularAhydro-
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