phys. 349, 376 (1998).

2. M. Levine et al, Proc. Natl. Acad. Sci. U.S.A. 93, 3704
(1996).

3. A.Snyder, L. Skoza, Y. Kikkawa, Lung 161, 111 (1983).

IN RESPONSE TO BAR-OR, WE ACCEPT
the criticism that this study was
conducted at pH 7.0 rather than
pH 7.4. We were mainly con-
cerned with eliminating transition
metal ions and with conducting
the reactions at neutral pH to show
that we were not simply observing
the well-known transition metal
ion pro-oxidant effect (/). Clearly,
the only way to prove that the lipid
hydroperoxide—derived bifunction-
al electrophiles are formed at in-
tracellular pH is to conduct both in
vitro cell culture and in vivo ex-
periments. From a theoretical per-
spective, there is no reason to suppose that
a pH difference of 0.4 units would affect
the reaction that we discovered. Thus, at pH
7.0 and pH 7.4, both vitamin C and polyun-
saturated fatty acid hydroperoxides exist al-
most exclusively in their corresponding an-
ion forms. Furthermore, small changes in
pH have essentially no effect on the reac-
tions of lipid hydroperoxide—derived bi-
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functional electrophiles with DNA. Below
pH 6.0, 4,5-epoxy-2(E)decenal is unstable.
However, this is well below the pH that we
used in our reactions. Subsequent to the
submission of our report, we tested the re-
action of vitamin C with lipid hydroperox-

“From a theoretical

perspective, there is no reason

to suppose that a pH

difference of 0.4 units would

affect the reaction
that we discovered.”

ides at pH 7.4 and found that the product
profile was essentially the same as that ob-
served at pH 7.0 (2).

It is certainly conceivable that DNA dam-
age caused by acidosis results from
Cu/ascorbate-mediated radical formation
rather than ascorbate alone. However, our
study showed that lipid radicals could also
be formed by the Cw/ascorbate system. This

would result in generation of the same lipid
hydroperoxide—derived bifunctional elec-
trophiles that we reported. Furthermore, the
mutagenic potential of the resulting DNA le-
sions, such as etheno-2’-deoxyadenosine (3),
is much greater than that resulting from ox-
idative damage (3, 4). This suggests that it
will be important in the future to monitor hu-
man populations for DNA lesions that result
from lipid hydroperoxide—derived genotox-
ins, as we suggested in our report.
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Sustainability: Insight
from Industrial Ecology

SUSTAINABILITY IS ONE OF THE MOST
important issues we face today, and thus it
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is essential that it be addressed using the
most intelligent and creative methods
available. In their Policy Forum “Sustain-
ability science” (Science’s Compass, 27
Apr., p. 641), Robert W. Kates and co-au-
thors seem to suggest applying natural sys-
tems methodology—that is, an observa-
tional approach—to human systems. In-
deed, studying nature allows us to capture
the problem of sustainability, but it gives
us no insight into the solution. We suggest
complementing the observational ap-
proach with a more active, solution-driven
approach.

A conceptualization of the solution-
driven approach is embodied in the field
of industrial ecology (IE), which has been
defined as the “science of sustainability”
(). The systems approaches of IE help in
understanding and minimizing the burdens
imposed by society on nature through
methods such as material and energy flow
studies, dematerialization and decar-
bonization, life-cycle assessment, design
for the environment, product stewardship,
eco-industrial parks, Earth systems engi-
neering/management, product-oriented en-
vironmental policy, and eco-efficiency.
Some of the approaches are technical;
some involve policy. In concert with sus-
tainability science, IE also aims, as Kates
et al. say, to “understand the fundamental
character of interactions between nature
and society.”

Since its beginnings in the late 1980s,
the IE community has been interdisci-
plinary, including engineers, physicists,

“The systems approaches of
[industrial ecology] help in

understanding and minimizing

the burdens imposed by
society on nature... ”

ecologists, economists, sociologists, and
other scientists working in government,
academia, and industry. Two Gordon Con-
ferences, The Journal of Industrial Ecolo-
gy, and the recent formation of the Inter-
national Society for Industrial Ecology
have played a major role in crystallizing
the “science of sustainability.” We can all
benefit from the synergism of many
minds. In the spirit of cooperation, we in-
vite the nascent sustainability science
community into a dialog with our commu-
nity. We see the two groups as proposing
complementary and, in some cases, simi-
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lar pathways toward a scientific approach
to sustainability.
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Separate Identity,
Separate Career

WE WERE HONORED BY THE NEWS FOCUS
article on our careers in physics and astro-
physics (“Twin stars of astrophysics make
room for two” by M. Sincell, 10 Aug., p.
1040). The article itself illustrates some of
the challenges we have faced as identical
twins attempting to forge separate profes-
sional identities and overcome the distrac-
tion that our special relationship creates
for others.

Not only were our identities reversed
in the caption of the photograph that ac-
companied the article, but space was de-
voted to describing several twin incidents
at the cost of barely mentioning the indi-
vidual scientific contributions of one of us
(FKL). We would like to mention a few
highlights for the record.

In early 1972, FKL proposed that the
recently discovered x-ray pulsars are ac-
creting magnetic neutron stars. With his

Illinois colleagues and students, he
developed the theory of such stars.
With his student Pranab Ghosh, he
also developed the standard theory of
disk accretion by spinning magnetic
stars. FKL not only played an impor-
tant role in the conception, develop-
ment, and operation of NASA’s Rossi
X-Ray Timing Explorer mission, but
also, with his students, developed a

theory of the kilohertz brightness os--

cillations of neutron stars and black

holes that were discovered with the

Rossi Explorer. He and his students
have shown that these oscillations can be
used to determine how matter and radia-
tion move in the strong gravitational
fields near neutron stars and black holes
and to constrain the properties of the ul-
tradense matter in neutron stars.
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The State of
Coral Reef Science

IN THEIR REPORT "REGIONAL-SCALE ASSEM-
bly rules and biodiversity of coral reefs” (25
May, p. 1532), David R. Bellwood and Terry
P. Hughes make several statements that war-
rant rebuttal. First, they say that “our under-
standing of regional-scale patters of biodiver-
sity on coral reefs...has changed little since
the seminal work of Stehli and Wells...” This
comment disregards a 30-year-long research
program conducted by the Australian Institute
of Marine Science (AIMS), which effectively
follows on from where Stehli and Wells
(1971) left off (Z). Second, the authors say that
“the processes that shape [biodiversity gradi-
ent] patterns [on coral reefs] remain elusive,”
yet the geological background and the role of
ocean currents in dispersion, genetic connec-
tivity, temperature, and habitat variation have
all been well addressed in more than 100 pub-
lications. And third, Bellwood and Hughes
suggest that their work is the “first” to quanti-
fy the “biogeographic variation in species
composition. . .along biodiversity gradients.” I
spent 20 years doing precisely that for corals.
Since the late 19th century, fish and
coral data have led the marine contribution
to biogeographic and evolutionary debate.
Now, at least 90% of species likely to be
encountered on any reef have been de-
scribed and their distribution ranges
recorded. This information is available in
Geographic Information Systems (GIS)
databases, which permit the sorts of so-
phisticated analyses that support terrestrial
biogeography. Of the 31 references in Bell-
wood and Hughes’ report, 23 were pub-
lished in the 1980s or earlier, and all (in-
cluding those of the present author) have
been superseded, both taxonomically and
biogeographically. The major marine con-
servation organizations, working with GIS
databases (of reefs, corals, fish, and mol-
luscs), are going to considerable lengths to
preserve both credibility and accuracy (2),
but Bellwood and Hughes appear to have
drawn little upon these extensive resources.
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