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demonstrate such dual-labeled AuNP tube archi-
tectures. The image shown in Fig. 4A contains a
single spiral of 5-nm AuNPs wrapped around a
single spiral of 10-nm AuNPs (an architecture
resembling a double helix). The image shown in
Fig. 4B contains a double spiral of 5-nm AuNPs
wrapped around a double spiral of 10 nm AuNPs
(an architecture resembling a quadruplex). From
the design, it is expected that the steric repulsion
force among the 10-nm particles is greater than
that among the 5-nm AuNPs so that the tubes
would tend to have the 5-nm AuNPs wrapped
inside and the 10-nm AuNPs displayed outside.
However, when these tube samples were imaged
by cryo-EM (Fig. 4, A and B) in which the native
conformations of the tubes were preserved, the
two AuNP sizes seemed to stay at about the same
layer. It is possible that the 5S-nm AuNPs repel
one another sufficiently that they are squeezed
outward through the gaps between the arms of
the two DNA crossovers.

These types of AuNP superstructures and 3D
complexities reflect the kind of complex archi-
tectures that naturally existing systems display (for
example, diatoms) but with artificial control of
precision at nanometer scales. By further engi-
neering the tile structures, it should be possible to
place different sizes or types of nanoparticles in or
outside of the tubes. For example, self-assembled
nanoinductors could be constructed when mag-
netic nanoparticles are placed inside of spiral wires
made of metallic nanoparticles, which might rep-
resent a substantial advancement in small-scale
device applications.
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Declining Coral Calcification
on the Great Barrier Reef

Glenn De’ath,* Janice M. Lough, Katharina E. Fabricius

Reef-building corals are under increasing physiological stress from a changing climate and ocean
absorption of increasing atmospheric carbon dioxide. We investigated 328 colonies of massive
Porites corals from 69 reefs of the Great Barrier Reef (GBR) in Australia. Their skeletal records show
that throughout the GBR, calcification has declined by 14.2% since 1990, predominantly because
extension (linear growth) has declined by 13.3%. The data suggest that such a severe and
sudden decline in calcification is unprecedented in at least the past 400 years. Calcification
increases linearly with increasing large-scale sea surface temperature but responds nonlinearly to
annual temperature anomalies. The causes of the decline remain unknown; however, this study
suggests that increasing temperature stress and a declining saturation state of seawater aragonite
may be diminishing the ability of GBR corals to deposit calcium carbonate.

here is little doubt that coral reefs are
I under unprecedented pressure worldwide
because of climate change, changes in

water quality from terrestrial runoff, and over-
exploitation (/). Recently, declining pH of the
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upper seawater layers due to the absorption of
increasing atmospheric CO, [termed ocean acid-
ification (2)] has been added to the list of po-
tential threats to coral reefs, because laboratory
studies show that coral calcification decreases
with declining pH (3-6). Coral calcification is
an important determinant of the health of reef
ecosystems, because tens of thousands of species
associated with reefs depend on the structural
complexity provided by the calcareous coral

skeletons. Several studies have documented glob-
ally declining coral cover (7) and reduced coral
diversity (8). However, few field studies have
so far investigated long-term changes in the
physiology of living corals as indicated by coral
calcification.

We investigated annual calcification rates
derived from samples from 328 colonies of mas-
sive Porites corals [from the Coral Core Archive
of the Australian Institute of Marine Science
(9, 10)] from 69 reefs ranging from coastal to
oceanic locations and covering most of the
>2000-km length of the Great Barrier Reef
(GBR, latitude 11.5° to 23° south; Fig. 1, A
and B) in Australia. Like other corals, Porites
grow by precipitating aragonite onto an organic
matrix within the narrow space between their
tissue and the previously deposited skeletal sur-
face. Massive Porites are commonly used for
sclerochronological studies because they con-
tain annual density bands (/7), are widely dis-
tributed, and can grow for several centuries.
Numerous studies have established that changes
in environmental conditions are recorded in their
skeletons (/2).

Annual data for three growth parameters
[skeletal density (grams per cubic centimeter),
annual extension (linear growth) rate (centi-
meters per year), and calcification rate (the
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