found in cells transformed by certain onco-
genes (9, 10).

The gene encoding TAF;;250 was identi-
fied long before any clear evidence
emerged for its role in transcriptional regu-
lation. A wild-type copy of the gene—
CCGI (cell cycle gene 1)—from normal
cells rescued the G, phase arrest of cells
bearing a CCGI point mutation (/7). It
turns out that the protein encoded by
CCG1, TAF;250, is a critical subunit of
TFIID and integrates interactions between
transcription factors and various TAFys, en-
abling their communication with TBP, the
DNA binding component of TFIID (2). The
discovery that TAF;;250 possesses both
acetyltransferase and kinase activities (12,
13) suggests a catalytic as well as a struc-
tural role for this subunit in gene expres-
sion. Intriguingly, cells with mutations that
affect the HAT activity of TAF;;250 become
arrested in late G, of the cell cycle, suggest-
ing that TAF};250 regulates the expression
of genes involved in cell proliferation (14).

The Pham and Sauer results are unexpect-
ed because they point to an even greater di-
versity in the enzymatic capabilities of
TAF;;250 than previously surmised. Al-
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though ubiquitination is most frequently as-
sociated with degradation of proteins through
the proteasome pathway (15), ubiquitinated
H2A and H2B are known to be enriched in
transcriptionally active chromatin (16, 17).
Pham and Sauer show that the ubiquitin-con-
jugating activity of TAF;250 is associated
with H1 ubiquitination in Drosophila em-
bryos. Their data suggest that ubiquitination
alone, or in combination with the modifica-
tion of other chromatin-associated proteins,
may alleviate repression of transcription by
H1. This raises several intriguing questions:
To what extent do the HAT and kinase activi-
ties of TAF;250 influence H1 ubiquitination
and vice versa? Do distinct combinations of
different histone modifications form a code
that influences which sets of genes are tran-
scribed (6, 18)? Identification of the H1 sites
that are ubiquitinated by TAF;250 may reveal
synergy between H1 phosphorylation and H1
ubiquitination.

Other important issues raised by this work
include determining the effect of H1 ubiquiti-
nation on chromatin structure, whether ubig-
uitination influences the proteolytic turnover
of H1 in a locus-specific manner, and whether
H1 is ubiquitinated in other organisms. Chro-

matin remodeling varies with the different
stages of the cell cycle (19). Thus, the initial
description of TAF;;250 as a cell cycle regula-
tor begs for a careful analysis of the cell cycle
dependency of H1 ubiquitination and of the
HAT and kinase activities of this important
TFIID subunit. Even though more work is re-
quired to elucidate the importance of HI ubig-
uitination, this addition to the list of
TAF};1250’s chromatin modifying activities
provides further evidence for the key part
played by this molecule in gene transcription.
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The NO, Flux Conundrum

Manuel T. Lerdau, J. William Munger, Daniel J. Jacob

made in understanding the central role

of nitrogen oxide radicals, NO,, in at-
mospheric processes. NO, is implicated in
the formation of acid rain, tropospheric
ozone (the principal

Enhanced online at toxic component of
www.sciencemag.org/cgi/ smog and a green-
content/full/289/5488/2291 house gas), and the
hydroxyl radical

(the main atmospheric oxidant responsible
for the destruction of many pollutants). At-
mospheric models have had some success
at reproducing regional and continental
acid deposition patterns, ozone profiles,
and hydroxyl radical concentrations on the
basis of estimated NO, emissions (/-3).
However, atmospheric and biological stud-
ies have yielded seriously incompatible re-
sults regarding the role of vegetation as a
sink or source of NO,. This is an important
problem because we must understand NO,

Striking progress has recently been
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emission processes to be able to predict fu-
ture environmental impacts (4-6).

The major known sources of NO, are
fossil fuel combustion, biomass burning,
microbial activity in soils, and lightning.
Globally, these sources produce a total of 30
to 50 teragrams (Tg) of nitrogen year™! of
which microbes in soils contribute 5 to 10
Tg year™!. The vast majority of NO; is re-
leased as nitric oxide, NO, which converts
to nitrogen dioxide, NO,, within minutes by
reaction with ozone and peroxy radicals.
NO, is recycled to NO by photolysis. This
cycle is at the heart of tropospheric ozone
formation. Typical NO/NO, concentration
ratios in surface air are 0.2 to 0.5 in the day-
time and zero at night when no NO, photo-
lysis takes place. Over time scales of hours
to days, NO, is converted to nitric acid and
nitrates, which are removed by rain and dry
deposition and contribute to acidification
and excess nutrients in sensitive ecosystems.

NO, is also removed directly from the air
through uptake of NO, by foliage. This pro-
cess extracts NO, from the atmosphere and
also removes soil-derived NO, from the air
before it can be exported to the atmosphere.
The efficiency of the latter process is crucial
for determining the NO, concentration

above landscapes dominated by biological
activity. A quantitative analysis of this effect
was made by Jacob and co-workers (7, 8)
using data from an Amazonian forest site
during the wet season. The authors modeled
observed NO, concentrations in the canopy
air with a one-dimensional atmospheric
transport and chemistry model constrained
by measured NO soil emission fluxes and
estimated that only 25% of the NO, emitted
by soils is ventilated to the atmosphere.
Globally, the fraction of soil-derived NO,
ventilated out of canopies has been estimat-
ed at 50 to 80% (9, 10) by extrapolating Ja-
cob and co-workers’ results to canopies of
different leaf area indices.

The kinetics of NO, uptake by plants have
been studied by biologists interested in NO,
exchange mechanisms and the impact of
NO, on plant function. In these bottom-up
studies, leaf-level exchange of NO, is mea-
sured across a range of concentrations, and a
“compensation point” is calculated assuming
first-order uptake kinetics. At ambient con-
centrations below the compensation point,
the plant canopy is a net source of NO, to the
atmosphere, whereas at concentrations above
this point, it acts as a net sink. Most studies
of leaf-level NO, exchange have shown com-
pensation points between 1 and 3 parts per
billion by volume (ppbv) (17-15). These re-
sults contradict those of Jacob and co-work-
ers (7, 8), who found that at NO, concentra-
tions as low as 0.2 to 0.4 ppbv in the canopy
air, rapid net uptake of NO, by the leaves was
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The discrepancy
between top-down and
bottom-up approaches has important impli-
cations for our understanding of both atmo-
spheric chemistry and plant function. Atmo-
spheric NO, concentrations in nonurban sur-
face air are typically much less than 1 ppbv,
and the NO, compensation points deter-
mined in the bottom-up studies would thus
imply that vegetation canopies are large NO,
sources, with 24-hour average NO, emission
fluxes on the order of 2 X 10!° molecules
cm2 s7! (16). In comparison, soil emissions
of NO are typically 108 to 10'! molecules
cm2 571 (9). Inclusion of such a large vege-
tation source in atmospheric chemistry mod-
els would require a hitherto unrecognized
NO,; sink to balance the budget.
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the existence of an NO, source from vegetation is contentious.

Resolving the differences in sign and
magnitude of leaf-atmosphere NO, exchange
will require both top-down and bottom-up
approaches. Leaf-level measurements will
have to be made with techniques that are sen-
sitive at very low NO, concentrations. More
studies of the key metabolites involved with
NO, assimilation are needed. NO,~, NO;~,
and chloroplast pH measurements during ni-
trate reduction may help explain the source of
NO, within leaves. Combined with quantita-
tive biochemical modeling (17), such mea-
surements will improve the accuracy of NO,
concentration-uptake curves and help deter-
mine the true value of the NO, compensation
point—if such a point does indeed exist. As

for top-down approaches, simultaneous mea-
surements of NO fluxes from soils, NO, flux-
es across leaf surfaces, NO, fluxes above
canopies, and NO, concentrations in canopy
air across a range of ambient NO, concentra-
tions are necessary to test the models devel-
oped from controlled environment leaf-level
studies. Without such measurements, the role
of leaf-level exchange and the importance of
plant physiological regulation for NO, ex-
change between the surface and the atmo-
sphere cannot be quantified. This issue must
be resolved to close the budget of this impor-
tant atmospheric species.
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Protein Loss in Cancer Cachexia

Michael . Tisdale

AIDS or cancer (particularly those

with tumors of the pancreas, stom-
ach, colon, and lung) often experience a
life-threatening muscle wasting syndrome
known as cachexia. Cachexia is character-
ized by a dramatic loss of triglycerides
from adipose tissue and proteins from
skeletal muscle. Although it superficially
resembles starvation, it is refractory to nu-
tritional intervention. Loss of skeletal
muscle mass results in lowered mobility
and, hence, a poorer quality of life for the
patient, while erosion of respiratory mus-
cle eventually leads to death from pneu-

Patients with chronic diseases such as

The author is at the Pharmaceutical Sciences Re-
search Institute, Aston University, Birmingham B4
7ET, UK.

www.sciencemag.org SCIENCE VOL 289 29 SEPTEMBER 2000

monia. Cachexia is associated with re-
duced survival time irrespective of tumor
mass or the presence of metastases, and it
also interferes with cancer therapy. Knowl-
edge of the molecular pathways leading to
cachexia is required if an effective treat-
ment is to be developed. The report by
Guttridge ef al. (I) on page 2363 of this is-
sue identifies the master transcription fac-
tor NF-xB as an inhibitor of skeletal mus-
cle cell differentiation and a mediator of
cytokine-induced muscle wasting in mice.
These findings provide potential new tar-
gets for therapeutic intervention to treat
cachexia.

Loss of skeletal muscle proteins re-
flects an imbalance between the rate of
protein breakdown (catabolism) and the
rate of resynthesis of depleted proteins.

The ubiquitin-dependent proteolytic path-
way breaks down most skeletal muscle
proteins in a variety of wasting conditions
(2). In this pathway, proteins are marked
for degradation by the attachment of ubig-
uitin, which requires the activity of en-
zymes El, E2, and E3. The polyubiquiti-
nated protein is then degraded in a multi-
subunit complex, the 26S proteasome—a
tubelike structure consisting of a stack of
four rings, two outer ¢ rings and two inner
B rings (see the figure). The proteasome
releases short oligopeptides containing six
to nine amino acid residues, which are
rapidly degraded into amino acids by cy-
tosolic peptidases.

When ubiquitin-proteasome proteolysis
is accelerated in muscle, usually there is a-
concurrent increase in the production of
mRNAs encoding enzymes in this pathway
(2). Preventing the transcription of just one
proteasome ¢ subunit. (C2) with antisense
oligonucleotides reduces the number of
proteasomes, proteolytic activity, and con-
sequently protein degradation (3). Recent
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