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Table 1. Experimental (28) and theoretically es-
timated (Brownian dynamics) bimolecular rate
constants k, (M~1 s~7) for the cytochrome b,
self-exchange ET as a function of ionic strength p.

k, (M~1s77)
b (M) -
Experiment Theory

0.1 2.6 x 103 1.0 x 103
0.3 4.6 x 103 2.4 x 10*
0.6 1.6 x 10* 76 x 104
1.0 2.8 x 10* 1.1 x 10°
1.5 4.5 x 10* 1.7 x 10°

extended-Hiickel approach to electronic cou-
pling calculation is certainly dependent on its
parameterization.

The existence of multiple tunneling regimes
also provides insight into several recent (and
otherwise puzzling) experimental and theo-
retical observations in biological ET reaction
kinetics. Winkler, Gray, and co-workers found
that ET across protein-protein interfaces in
protein crystals mediated by three water mol-
ecules is nearly as rapid as unimolecular ET
is over the same distance (7). Canters and
co-workers showed that water dimers be-
tween covalently cross-linked azurin complexes
could substantially enhance the intermolecular
ET kinetics (/5). Similarly, Klinman and co-
workers investigated the copper-to-copper ET
over about 7 A in the hydroxylating domain
of peptidylglycine o-amidylating monooxy-
genase and found an unusually large elec-
tronic coupling mediated, apparently, by water
rather than by the protein or substrate (/7).
Using Pathways-level analysis, Onuchic and
co-workers found that water molecules me-
diate the dominant ET coupling routes be-
tween cytochrome c, and the photosynthetic
reaction center (/8). Cave and co-workers
showed that water molecules between model
D and A pairs substantially enhance intermo-
lecular ET rates as well (19). All of these re-
cent observations support our conclusion that a
small number of structured water molecules
interposed between the donor and the acceptor
cofactors can substantially enhance ET rates.

The influence of aqueous tunneling path-
ways on interprotein ET kinetics has remained
a key open issue in biological ET for some
time. Single-exponential decay models fail to
describe water-mediated ET reactions proper-
ly. The existence of multiple tunneling medi-
ating regimes identified above is evinced by a
body of recent experimental and theoretical
observations. Most importantly, the structured
water coupling regime may provide an im-
portant mechanism to facilitate ET reactions
in the critical near-contact distance range rel-
evant to biological ET kinetics. We hypothe-
size that water may be a particularly strong
tunneling mediator when it occupies a steri-
cally constrained space between redox cofac-
tors with strong organizing forces that favor

constructively interfering coupling pathways. It
will be particularly interesting to use both the-
ory and experiment to explore how the water-
mediated coupling between proteins varies
with protein-protein shape complementarity,
surface charge and polarity, and dynamical
fluctuations of the proteins and of the orga-
nized water at the interface.
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A record of atmospheric carbon dioxide (CO,) concentrations measured on the
EPICA (European Project for Ice Coring in Antarctica) Dome Concordia ice core
extends the Vostok CO, record back to 650,000 years before the present (yr
B.P.). Before 430,000 yr B.P., partial pressure of atmospheric CO, lies within the
range of 260 and 180 parts per million by volume. This range is almost 30%
smaller than that of the last four glacial cycles; however, the apparent
sensitivity between deuterium and CO, remains stable throughout the six
glacial cycles, suggesting that the relationship between CO, and Antarctic
climate remained rather constant over this interval.

The European Project for Ice Coring in Ant-
arctica (EPICA) recovered two deep ice cores
from East Antarctica. One of the cores, located

at Dome Concordia (Dome C) (75°06'S,
123°21'E, altitude of 3233 m above sea level,
and mean annual accumulation rate of 25.0

www.sciencemag.org SCIENCE VOL 310 25 NOVEMBER 2005

1313

Downloaded from www.sciencemag.org on June 10, 2007


http://www.sciencemag.org



http://www.sciencemag.org










