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Primate’s
Progress

Macaque genome is
usefully different

A group of 35 labs this week unveiled a
draft of the genome for the rhesus macaque,
the most widely used laboratory primate
and a close cousin to people.

“The big question here is, ‘What makes
us human?’” says Richard A. Gibbs of the
Baylor College of Medicine in Houston, who
led the DNA-sequencing project.

The rhesus macaque is the third primate
to have its genome described. Scientists
reported the detailed human sequence in
2003 (SN: 4/19/03, p. 245) and a draft of
the chimpanzee genome in 2005 (SN:
9/3/08, p. 147). With the macaque, human,
and chimpanzee sequences now in hand,
researchers can triangulate to learn what
genes primates share and what genes are
uniquely human. “Just seeing differences
in chimpanzees and humans, it's been hard
to say what’s on the chimpanzee side and
what’s on the human side,” says Gibbs.

Chimps share 98 percent of their DNA
with people. The consortium reports in
the April 13 Science that 93 percent of the
macaque genome resembles that of peo-
ple and chimps.

Chimps are so genetically close to peo-
ple that it’s been difficult to tell whether a
similarity indicates a sequence valuable
enough to persist through evolutionary
history or just a happenstance of a shared
family background. The macaque’s extra
bit of difference could help scientists make
that distinction, says Gibbs.

The macaque also offers a deeper view
into primate history. The chimp and human
lineages split some 6 million years ago. Rhe-
sus macaques had diverged about 19 mil-
lion years earlier.

The rhesus macaque (Macaca mulatta)
ranges widely across Asia. It’s one of
22 species of macaques, all of which are
classified as Old World monkeys.

The draft DNA sequence, which the
research consortium deciphered in about
2 years, covers about 98 percent of the
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THIRD COUSIN Like people and chimps,
the rhesus macaque has now had almost all
of its genome sequenced.

macaque’s genome. As in the human and
chimp genomes, about half the DNA con-
sists of genetic elements that don’t encode
proteins and can insert extra copies of
themselves.

In an early comparison of the three
available primate genomes, the consor-
tium notes human-specific features. For
example, there are additions in one of the
human-DNA sequences for keratin, a
component of hair.

The new sequence information already
indicates that some normal macaque genes
look like human versions associated with
diseases. For example, macaque versions of
several enzyme genes look like ones that
cause phenylketonuria, a condition that
causes mental retardation in people.

“The macaque-genome sequence will
have an important impact on both bio-
medical research and basic research,” com-
ments Michele Cargill of the company
Affymetrix in Santa Clara, Calif. She has
compared the chimpanzee and human
sequences but wasn’t a member of the
macaque consortium.

Cargill predicts that the new genome will
advance the study of mechanisms underly-
ing infection and immune responses and
will boost progress in vaccine development.

The new genome offers opportunities for
testing ideas about gene regulation, says
geneticist Alan Baxter of the Comparative
Genomics Centre at James Cook University
in Townsville, Australia, and not in the con-
sortium. “Tt is likely that many of the differ-

ences between man and the closely related
primates lie not so much in gene sequence
but in the regulation of the expression of
those genes,” says Baxter. —S. MILIUS

Bug versus Bug

Insect virus makes a

viable flu vaccine
|

A new influenza vaccine churned out by
caterpillar cells prevents the flu, researchers
say. The advance might eventually revolu-
tionize the manufacture of flu vaccine, now
produced in chicken eggs in a long, cum-
bersome process prone to contamination
and other failures.

After successful safety tests, “this is the
first time this ... vaccine has been shown to
protect people against the flu,” says John J.
Treanor of the University of Rochester
(N.Y.) Medical Center, who led the study
reported in the April 11Journal of the Amer-
ican Medical Association.

During the 2004-2005 flu season, none
of 151 recipients of a high dose of the new
vaccine caught the bug. Two of 150 people
receiving a low dose came down with the
flu, while 7 of 153 people receiving a sham
vaccine got sick.

The study “absolutely showed protec-
tion,” says Doris Bucher of New York Med-
ical College in Valhalla, whose lab grows
the seed strains of influenza virus for con-
ventional vaccines.

The new vaccine is produced by cater-
pillar cells infected with a genetically mod-
ified baculovirus. In its normal form, this
virus prolifically produces a protein called
polyhedron, which coats and protects the
virus particles as they rest on leaves before
being eaten by a caterpillar.

The vaccine developers replaced the poly-
hedron gene with the gene for hemagglu-
tinin, an influenza protein. Lab-grown
insect cells infected with the modified bac-
ulovirus then churned out large amounts
of hemagglutinin, which elicited flu-fight-
ing antibodies when injected into people,
according to the new findings.

Each strain of influenza carries a slightly
different hemagglutinin gene, and each
year public health officials make an edu-
cated guess as to which strains will emerge
around the globe. Vaccine makers then tar-
get the predicted strains. If the officials
guess wrong, as they did in 2003, the vac-
cine produced offers little protection.

But with the new method, says Treanor,
the appropriate hemagglutinin gene could
be quickly inserted into baculovirus, speed-
ing production of effective vaccines.

Each year, influenza kills some 36,000
people in the United States and hospitalizes
another 226,000, according to the Centers
for Disease Control and Prevention in
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Atlanta. Three manufacturers annually pro-
duce 100 million doses of flu vaccine for
the United States in a process that takes
6 months from identification of emerging
strains in Asia to putting vaccine in vials.

Daniel Adams, president and chief exec-
utive officer of Protein Sciences Corpora-
tion of Meriden, Conn., which developed
the new vaccine and funded the study, says
that the company’s process could cut pro-
duction time to 2 months.

Such an acceleration could save lives.
Treanor says, “We know that even a few
weeks of saved time ... can make a big dif-
ference.”

However, Bucher cautions that research-
ers haven’t yet demonstrated large-scale
vaccine production from insect cells.

Gary Nabel, director of the Vaccine
Research Center at the National Institutes
of Health in Bethesda, Md., agrees. “Over-
all, I'd say it’s encouraging. [ But] is it ready
to swoop in tomorrow and replace conven-
tional vaccines? No.” —B. VASTAG

Ancient Extract

T. rex fossil yields
recognizable protein

New analyses of a Tyrannosaurus rex leg
bone reveal that the fossil, which is 68 mil-
lion years old, preserves substantial rem-
nants of proteins. The chemical makeup of
the protein fragments adds to earlier evi-
dence that modern birds are closely related
to dinosaurs.

Most animal fossils include only hard
body parts, such as teeth and bones, and
until recently, few paleontologists dared
hope that soft tissues could survive in long-
dead remains. Recently, however, a team of
researchers—including Mary H. Schweitzer,
apaleontologist at North Carolina State Uni-
versity in Raleigh—extracted soft, pliable
tissue from the fossilized leg bone of a 7. rex
(SN: 3/26/05, p. 195).

Now, further analyses of samples from
that leg bone have identified small frag-
ments of the long, fiber-forming protein
collagen, the major nonmineral compo-
nent of living bone.

Several lines of evidence point to colla-
gen, says Schweitzer. First, microscopic
images of bone samples showed structural
features spaced about 70 nanometers apart,
matching the scale of tiny structures that
collagen forms in living creatures. Second,
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CLOSE LOOK Pattern and spacing of features seen in microscopic images (insets) of samples
of a 68-million-year-old Tyrannosaurus rex leg bone provide evidence of preserved collagen.

the chemical analysis of bone samples iden-
tified many of the amino acids found in col-
lagen. The most common of those sub-
stances, glycine and alanine, appeared in a
2.6-to-1ratio, similar to the 2.5-to-1ratio of
the substances in the collagen of chickens.

Finally, antibodies that react with a certain
type of chicken collagen also reacted to a
powdered and purified sample of the 7. rex
bone, says Schweitzer. She and her colleagues
report their findings in the April 13 Science.

The chemical composition of collagen
varies from species to species, says coauthor
John M. Asara, an analytical chemist at
Harvard Medical School in Boston. How-
ever, even in disparate creatures, the specific
sequences of the amino acids in some types
of collagen can be remarkably similar. For
example, 97 percent of the amino acid
sequence in human collagen matches that
of the cow.

Asara, Schweitzer, and other team mem-
bers used mass spectrometry to identify the
sequence of protein fragments in collagen
from the 7. rex fossil. That was a difficult
challenge, since each 30-to-40-milligram
tissue sample had just a few nanograms of
collagen, says Asara. Nevertheless, the
researchers identified seven sequences of
between 10 and 20 amino acids that
matched those found in the collagen of
modern-day creatures.

The amino acid sequences of the 7. rex
collagen more closely resembled sequences
found in chickens than those found in the
other current animals that the team exam-
ined. In contrast, sequences of amino
acids from collagen extracted from a
mastodon skull that’s between 160,000 and
600,000 years old are more similar to those
of mammals than to those of other current
animals, says Asara. The researchers report
these results in the same issue of Science.

Analyses of fossils from many different
geologic periods will reveal whether pro-
tein preservation is exceptional or com-
monplace, says paleontologist Derek E.G.

Briggs of Yale University. If such preser-
vation is far more frequent than pale-
ontologists have expected, discerning the
amino acid sequences in ancient proteins
“has enormous potential” for revealing evo-
lutionary relationships among ancient crea-
tures, he adds. —S. PERKINS

Female Stem
Cells Flourish

Sex difference could
affect therapies

When it comes to stem cells, sex matters.
Muscle stem cells taken from female mice
repair damaged tissues better than male
stem cells do, according to a new study.

It’s the first demonstration that the
regenerative abilities of stem cells depend
on their sex. Currently, researchers don’t
typically document whether the cell lines
that they study came from males or females.

“[Scientists] could have biased results if
they’re only looking at one gender of the
cells,” says Bridget M. Deasy of the Univer-
sity of Pittsburgh.

She and her colleagues began looking
into the role of gender in stem cell per-
formance after they realized that the cell
lines that they had been using for years,
which they had chosen because those cells
regenerated well, were all female. “We really
were unaware of it,” she says.

To isolate the influence of the cells’ sex,
Deasy and her colleagues cultivated stem
cell lines derived from the healthy muscle
tissue of 15 female and 10 male mice.
Unlike more-controversial embryonic stem
cells, muscle stem cells come from adult
animals’ tissues and can be extracted with-
out killing the animal.

The researchers implanted the muscle
stem cells into mice that had a condition
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similar to human muscular dystrophy. Two
weeks later, the team counted the healthy
muscle fibers generated by the stem cells.
Only one of the male cell lines produced
more than 200 new fibers, while six of the
female lines did, the researchers report in
the April 9 Journal of Cell Biology.

“It is a new idea in stem cell research,”
comments Barbara D. Boyan of the Geor-
gia Institute of Technology in Atlanta,
who examines sex differences in mature
body cells. It makes sense that the sex of
stem cells should matter, she says.

Deasy says, “It should come down to
some kind of difference in the X and Y
chromosomes, but the truth is that we just
don’t know yet.” The exact mechanism
behind the difference could take years to
decipher, she adds.

In the recent work, Deasy’s group found
that certain stress-response genes were
more active in the implanted female cells
than in the male cells. Transplantation
stresses cells, so the researchers suggest that
sex differences in stress response might
explain the performance gap.

Understanding the mechanism behind
the male-female difference might be useful
if doctors eventually transplant stem cells
in therapies to repair damaged tissues, as
many scientists expect. For example,
researchers might find a way to impart the
female trait to male stem cells, thereby
improving the success of future therapies
that would alter and then reimplant a man’s
own stem cells. —P. BARRY

Quantum

Capture

Photosynthesis tries
many paths at once
|

Quantum physics plays a larger role than
scientists had expected in plants’ capture
of light. New findings could explain life’s
uncannily efficient use of solar energy,
researchers say.

In organisms ranging from blue algae to
giant sequoias, complicated assemblies of
molecules of the pigment chlorophyll absorb
sunlight’s photons and channel their energy
to enable the plants to turn water and car-
bon dioxide into oxygen and sugars.

The efficiency of photosynthesis, as this
process is called, has long astounded sci-
entists. Virtually every photon absorbed by
chlorophyll initiates a photosynthetic reac-
tion. Plants use up to 90 percent of the light
that strikes them, whereas commercial solar
panels use less than 30 percent.

The absorption of a photon causes a
chlorophyll molecule to enter an excited
state, in which one or more of its electrons
hop to a higher energy level. The traditional
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view was that chlorophyll molecules within
a complex swap excitations until that energy
finds its way to a reaction center, where it
initiates a chemical reaction. But at each
exchange between molecules, the excita-
tion might dissipate as waste heat, so sci-
entists didn’t understand how the process
could be so efficient.

Instead of bouncing from one molecule
to another, excitations move like waves do,
reports a team of chemists at the University
of California, Berkeley and the Lawrence
Berkeley National Laboratory. In a new
experiment, Greg Engel and his colleagues
found that groups of chlorophyll molecules
spend a surprisingly long time in a so-called
superposition of states—a quantum phe-
nomenon in which many molecules share
excitation energy and so are simultaneously
excited and relaxed. The mixtures of dif-
ferent states can show wavelike behavior.
For example, they can cancel each other or
add up, like waves on a pond do.

In the experiment, the team froze chloro-
phyll complexes from blue algae and shot
them with sequences of ultrashort laser
pulses, each lasting just 40 femtoseconds,
or millionths of a billionth of a second.
Three pulses excited the molecules, and a
fourth pulse detected interference patterns.

The complexes stayed in a superposition
of states for more than 600 femtoseconds
after receiving the pulses. During that inter-
val, “the system is exploring all areas at once
without having to visit each place individ-
ually,” Engel says. The paths that transfer
energy to the reaction center are energeti-
cally favored over those that turn it into
waste heat, he proposes.

The team’s results appear in the April 12
Nature.

The recent Berkeley experiment overturns
50 years of thinking about photosynthesis,
says Rienk van Grondelle, a biophysicist at

the Free University of Amsterdam. Previ-
ously, scientists thought that the energy
wanders randomly. “Here, it moves in a very
specific manner,” van Grondelle says.

Blue algae have relatively simple molec-
ular machinery, van Grondelle notes. He
says that the researchers’ next challenge will
be to perform a similar experiment on the
more intricate chlorophyll complexes of
plants. —D. CASTELVECCHI

Agents of
Metastasis

Four proteins conspire
in breast cancer spread

While scientists have made significant
progress in finding and combating the per-
petrators of cancer growth, they’ve had
less success in nailing down the proteins
that facilitate the spread, or metastasis, of
cancer.

Scientists working with mice have now
demonstrated that four proteins appear to
work in concert to both grow and spread
tumor cells. The proteins had turned up
previously in metastatic tumors.

The rogues’ gallery includes an inflam-
matory enzyme called cyclooxygenase 2
(COX2), aprotein known as epiregulin that’s
involved in cell growth, and two enzymes
that have been implicated in the growth of
new blood vessels that nourish tumors.

To test the proteins’roles, the research-
ers implanted metastatic human-breast
cancer cells into healthy breast tissue in
mice. The team had genetically engineered
the cells going into some animals so that
the tumors would fail to produce some or
all of the proteins.

WAVES OF GREEN Like ripples on water, energy absorbed from sunlight moves through the
photosynthetic complex (gray-and-green molecular structure) with a wavelike motion. In this
artist’s rendering, that motion creates interference signals that are analyzed in a spectrum (left).
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Rapid growth occurred in tumors with
the full complement of proteins. But
tumors lacking one or two of the proteins
showed slow growth, and growth stalled
completely in tumors lacking all four.

In further tests, tumors lacking the pro-
teins developed short blood vessels with few
branches, while tumors producing the pro-
teins grew highly branched, leaky vessels, the
researchers report in the April 12 Nature.

Such leaks provide avenues for cancer
cells to escape into the blood. However,
metastasis requires more than just travel.
Tumor cells must take root in an unfamil-
iar organ and grow there.

A separate test of breast cancer cells
injected intravenously into mice showed
that curtailing production of all four pro-
teins inhibited lung colonization, says study
coauthor Joan Massagué, a molecular biol-
ogist at the Howard Hughes Medical Insti-
tute and Memorial Sloan-Kettering Can-
cer Center in New York City.

The researchers also analyzed mice in
which breast cancer cells with the full com-
plement of proteins had migrated to the
lungs. Some of those animals received a set
of drugs that suppress the proteins. Those
that didn’t showed tumor growth in the
unfamiliar tissues within 24 days, whereas
drug-treated mice had only what the team
called micrometastases, which remained
trapped in lung capillaries rather than
spreading into the lung.

The experiments reveal new details of
metastasis and identify specific proteins that
actin its many stages, says Gerhard Christo-
fori of the University of Basel in Switzerland
in an accompanying Nature commentary.

However, “people have cured cancer in
mice before,” says molecular biologist Rene
Bernards of the Netherlands Cancer Insti-
tute in Amsterdam. While innovative, the

new tests lasted only a few weeks—a time
frame in which many people also respond
well to treatment for metastases, says
Bernards. He also points out that the can-
cer burden placed on the animals was pro-
portionately much smaller than a person
with breast cancer might face.

Nevertheless, Bernards says, “singling
out asubgroup [of proteins] to see how rel-
evant they are in the metastasis process is
an extremely powerful approach.”

The drugs that can squelch the four
implicated proteins include two medica-
tions already on the market: cetuximab
(Erbitux), an anticancer agent, and cele-
coxib (Celebrex), an anti-inflammatory. A
drug that inhibits the other two proteins
has been tested in people but isn’t on the
market. —N. SEPPA

Disinherited

Ancestor

Lucy’s kind may occupy
evolutionary side branch

About 30 years ago, African excavations
yielded the 3.2-million-year-old partial
skeleton that became known as Lucy. The
find, along with other fossils unearthed
soon after, belongs to the species Aus-
tralopithecus afarensis. Many scientists
regard these creatures as ancestors of both
the lineage that led to modern humans and
of another, now-extinct evolutionary line-
age known as robust australopithecines.

However, an analysis of an A. afarensis
jaw from a skull discovered in 2002 near
Lucy’s site in Ethiopia supports a long-
standing minority viewpoint that Lucy’s
kind occupied only a side branch of
human evolution. A. afarensis evolved into
the relatively small-brained, large-jawed
robust australopithecines but didn’t con-
tribute to the evolution of modern peo-
ple, says anthropologist Yoel Rak of Tel
Aviv University.

Rak and his coworkers base their con-

JAW LINKS In fossils from Lucy’s kind (left) and Australopithecus robustus (right), the
contours in the bone at the back of the jaw resemble those of a gorilla.

230 APRIL 14, 2007 VOL. 171

clusion on the size and shape of a horizon-
tal bone that connects the lower jaw to the
upper jaw. This bone, called the ramus,
looks much the same in A. afarensis, in a
roughly 2-million-year-old robust aus-
tralopithecine species known as Australo-
pithecus robustus, and in modern gorillas,
the researchers report in an upcoming Pro-
ceedings of the National Academy of Sciences.

All other primates, including chim-
panzees and fossil members of the human-
evolutionary family, share a different ramus
configuration, the team asserts.

These findings “cast doubt on the role of
A. afarensts as a modern human ancestor,”
Rak says.

Rak’s team examined 146 jaws from
modern primates: 41 people, 31 gorillas,
29 pygmy chimps, 29 common chimps,
and 16 orangutans. The researchers
obtained 20 size and shape measurements
from digital images of each ramus. They
then used a computer program to calcu-
late an average ramus contour for each pri-
mate group. People, chimps, and orang-
utans displayed a similar contour.

In the newly unearthed A. afarensis jaw
and in a handful of previously discovered
partial jaws from the same species, the ramus
closely resembles that of the gorilla, Rak
says. Key traits include an especially wide
upper ramus and a relatively small notch
where the bone attached to the upper jaw.

Two A. robustus specimens that retain
part of the ramus also show a gorillalike
pattern, the investigators hold. So does a
2.5-million-year-old South African fossil
that had been attributed to Australop-
ithecus africanus, in Rak’s view. That’s
evidence that A. africanus was another
robust australopithecine, he says.

Fossils from ancient Homo species, as
well as those from a nearly 4.5-million-year-
old human ancestor dubbed Ardipithecus
ramidus, display a ramus configuration like
that of modern chimps.

Rak theorizes that a chimplike ramus
appeared in the first members of the
human evolutionary family and then in later
species. However, Lucy’s kind independently
evolved a gorillalike ramus that was passed
on to robust australopithecines, he asserts.

Other researchers disagree. The ramus
doesn’t offer enough information for sci-
entists to reconstruct broad evolutionary
relationships among Lucy’s kind and other
ancient species, remarks anthropologist
Tim White of the University of California,
Berkeley.

“Rather than trying to use the top edge
of this jaw in such a dubious manner, [Rak’s
group] would have done better to describe
and analyze the important new skull that
goes with it,” White says.

Donald C. Johanson of the Institute of
Human Origins in Tempe, Ariz., and a
codiscoverer of Lucy’s skeleton, had no com-
ment on Rak’s report. —B. BOWER
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TAKEN FOR A SPIN

Scientists look to spiders for the goods on silk

BY AIMEE CUNNINGHAM
|

o illustrate the amazing properties of spider
silk, Nikola Kojic offers an arresting example.
Imagine a circular web with a diameter of
100 meters—about the length of a football
field—spun from a silk thread about a cen-
timeter thick. Concentric cir-
cles 4 cm apart attach to the
web’s spokes, also 4 cm apart.
This larger-than-life web
“could stop a jumbo jet in
midflight,” says Kojic.

Impressive—as would be the
jumbo spider that one could imag-
ine crawling over to the jet. But
beyond the monster-movie possi-
bilities, the scenario demonstrates
what scientists covet most about
spider silk: its exceptional capacity
to absorb kinetic energy. Scientists
would like to exploit that property
in items ranging from bulletproof
vests to suspension cables for
bridges.

Spiders store tiny amounts of silk.
Harvesting the material from the ani-
mals isn’t practical, says Kojic, a bio-
medical engineer at the Massachu-
setts Institute of Technology (MIT).

Instead, scientists have focused
their efforts on making synthetic
versions of spider silks, but they
haven’t yet produced a material as
tough as the original. The best
industrial fibers, such as Kevlar,
don’t absorb as much kinetic energy
as spider silk does. Their manufac-
ture, moreover, is not environmen-
tally friendly because it requires
organic solvents and high temper-
atures and pressures.

In contrast, natural spider silk is produced at room tempera-
ture with water as a solvent, says Chris Holland, a zoologist at the
University of Oxford in England. “It’s made in the spider, and
with the spider eating flies. That produces a fiber that we can’t
even come close to.”

Some researchers are considering silk from the spider’s perspec-
tive. This research is providing insights into the roles that the
threads play in spiders’ lives. But a focus on the spider may also

WWW.SCIENCENEWS.ORG

NICE THREADS — An orb web spun by Cyclosa simplicauda
on the Big Island of Hawaii. This species of spider, showing
an uncommon touch, weaves its egg sacs (the beige
bulges) onto the top spoke. More often, spiders hide

their egg sacs in nearby vegetation.

offer the best chance at replicating the material. New studies exam-
ine the flow of the material during the spinning process to learn
how a spider makes a thread.

At the center of these pursuits lies the winning formula. “Until
we know the full system,” says Holland, “we won’t be able to make
a silk as well as the spider can.”

PROPERTY VALUES When
researchers talk about mimicking
spider-silk production, they are usu-
ally referring to dragline silk. Orb-
weaving spiders, which spin circular
webs with characteristic wagon-
wheel spokes, use dragline silk for
the web’s outer rim and spokes. This
thread is also the animal’s lifeline
when it drops from a height.

Researchers prize dragline silk for
its strength and its toughness, two
distinct properties, explains Todd A.
Blackledge, a behavioral ecologist at
the University of Akron in Ohio. The
more stationary weight a rope can
support, the stronger it is.

In contrast, toughness refers to
the amount of kinetic energy that
a material can absorb without
breaking. To lasso a running horse,
for example, the rope needs to be
tough. Bulletproof vests, which
protect the wearer by halting an
oncoming slug, are tough.

“Dragline silk is as strong as steel,
but not as strong as Kevlar,” says
Blackledge. “But [ this silk’s] tough-
ness is far superior to either of these”

The orb weavers spin five fibrous
i silks and two adhesive silks. Among
the fibrous silks is dragline, or
major-ampullate silk. Orb weaving
spiders build the spirals on their
webs with minor-ampullate and
capture-spiral silk. The spiders wrap
their captured prey with aciniform
silk and construct their egg sacs primarily from tubuliform silk.

When building a web, “what a spider is doing is spinning a lit-
tle miniature environment,” Blackledge says. From mating to catch-
ing food to protecting the animal from the elements and preda-
tors, a web affects various aspects of a spider’s life. The properties
of silk become relevant, for example, when investigating how a
particular type of web catches prey. “You can’t really ask that ques-
tion without understanding the material being used to spin that
web,” Blackledge says.

APRIL 14, 2007 VOL. 171 231


http://WWW.SCIENCENEWS.ORG

Researchers are most familiar with the mechanics of dragline
and capture-spiral silk, which is sticky, extremely stretchy, and
tough. The properties of these two silks make webs effective for
trapping flying insects, explains Blackledge. The dragline frame
of the web absorbs the brunt of an insect’s energy. The cap-
ture-spiral silk absorbs some energy but sticks to and stretches
with the insect, so that it decelerates slowly and doesn’t bounce
off the web.

To learn about the lesser-known silks, Blackledge and his col-
league Cheryl Y. Hayashi of the University of California, River-
side studied the five fibrous silks of the orb-weaving silver gar-
den spider, Argiope argentata. They collected two of the silks
directly from the spiders and the other silks from webs, wrapped
prey, and egg sacs. They extended the fibers and measured the
silks’ mechanical properties using a
tensile-testing machine.

In the July 1, 2006 Journal of Exper-
imental Biology, Blackledge and
Hayashi reported that the silks make
up a diverse toolkit of fibers “that seem
fine-tuned for particular ecological
functions.” For example, in keeping
with its prey-capturing role, the cap-
ture-spiral silk is 10 times as stretchy
as the other silks. Meanwhile, the tubu-
liform silk of the protective egg sacs is
the stiffest.

Furthermore, the researchers found
that aciniform silk, the threads that the
spider uses to wrap and secure freshly
captured—and still wriggling—prey, is
two to three times as tough as the other
silks, including dragline.

For a materials scientist interested
in a high-performance fiber that
absorbs kinetic energy, notes Black-
ledge, “the prey-wrapping silk may be
a better model to study than the
dragline.”

Blackledge is interested in the extent to which shifts in spider
behavior have influenced the performance of silks. “When the silk
is used in a new ecological context, what happens to the material
properties?” Blackledge asks.

MATERIAL DIFFERENCE Silk’s mechanical properties pri-
marily derive from two critical factors: the proteins that make up
the material and the spinning process that transforms the liquid
generated inside a spider into a solid fiber.

Randolph V. Lewis, a molecular biologist at the University of
Wyoming in Laramie, and his coworkers have determined the
amino acid sequence of several silks. They've found distinct amino
acid motifs that contribute to different silks’ properties.

For example, the two major proteins in dragline silk contain
frequently occurring stretches of the amino acid alanine. Lewis says
that these alanine repeats give the fiber strength by permitting
one protein chain to snap tightly to another, much as Lego blocks
combine. Minor-ampullate silk, which is not as strong as dragline,
has shorter stretches of alanines.

Meanwhile, capture-spiral silk has a motif, based on a sequence
of five amino acids that’s repeated up to 68 times in a row (SN:
2/21/98, p. 119). Lewis speculates that this sequence introduces a
series of spiraling molecular springs into the protein, which may
explain the silk’s extreme stretchiness.

Lewis’ group has built artificial silk genes and inserted them
into the common bacterium Escherichia coli to make proteins
that are shorter than the natural versions. The researchers add
the resulting proteins to organic solvents, spin this material into
fibers with a commercial spinning machine, and test its mechan-
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GOTCHA — An adult female Argiope aurantia injects
venom into a honeybee caught in an orb web. The
spider first wrapped her prey in aciniform silk. She
will soon cut the prey from her web, bring it to the
center, and have her meal.

ical properties. If the researchers increase the number of capture-
spiral-silk motifs, for example, the elasticity of the fiber grows,
although not in direct proportion to the number of motifs.

While scientists know a lot about the sequence of individual
chains and a bit about the chains’ interactions with each other,
higher levels of structure are “basically completely unknown,”
Lewis notes. A silk thread contains hundreds of thousands of
protein chains, each of which folds on its own and also arranges
itself among other chains in the fiber, he says. He and his col-
leagues have begun nuclear magnetic resonance studies to explore
these structural details.

“The spider hasn’t given us all the secrets,” Lewis says.

GO WITH THE FLOW SilK’s transformation to a solid fiber from
athick liquid containing primarily pro-
tein and water begins in specialized
glands, one for each type of silk. In each
gland, a structure called the tail
secretes the starting solution, or spin-
ning dope, into a storage sac. When the
spider is ready to spin, the dope moves
into a duct. The diameter of the duct
narrows as it reaches a nozzle from
which the thread exits the spider.

To understand the characteristics
of the spinning dope, some scientists
have turned to rheology, the study of
how materials deform and flow. Silk
dope has properties intermediate
between those of typical liquids and
solids, explains Gareth H. McKinley,
a mechanical engineer at MIT. Such
viscoelastic materials are thick rather
than runny. They’re also elastic: After
being stretched, they return to their
original states. Silly putty and
uncooked egg white are two familiar
examples of viscoelastic materials,
McKinley says.

The handful of previous rheology studies of dope used sam-
ples that had been diluted to make their volumes large enough
to be tested. But machines that can work with small samples of
material are now available, notes Holland. Scientists can test
tiny amounts of silk dope that have been extracted from a spi-
der. Reports on freshly obtained dragline-dope samples were
published last fall by an Oxford team, led by zoologist Fritz Voll-
rath and including Holland, and by McKinley’s team, which
includes Kojic.

An important concept in rheology is shear, the sliding motion
of adjacent layers of material. Silk dope experiences shear forces
as it moves through the spinning duct. McKinley’s group built
a microrheometric device that measures how the viscosity of
the dope changes in response to shear forces. The researchers
place the sample—a drop of dope the size of a pen tip—between
two plates. The lower plate remains stationary as the upper
plate moves back and forth. The machine’s action is much like
rubbing a drop of lotion between thumb and forefinger to gauge
its slipperiness, says McKinley.

The researchers found that the faster the upper plate moves,
the more readily the dope flows. Shear forces align the proteins in
the dope, Kojic says, “and as the proteins align, it becomes easier
for them to move relative to one another.” Adds McKinley, “Take
a big bucket of spaghetti. If you keep stirring it clockwise, it gets
easier because the spaghetti strands are lining up.”

This effect explains how the thick dope can progress through
the narrowing duct in an energy-efficient manner, Kojic notes. The
team calculated that overall, the viscosity of the dope decreases
10-fold as it flows through the duct.
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Vollrath, Holland, and their colleagues examined shear vis-
cosity by using a commercial rheometer. Like McKinley’s team,
they found that the dope flows more easily as the shear rate
increases.

To learn how a spider spins
a continuous fiber, McKinley’s
group developed another
microrheometric device that
measures the dope’s resistance
to stretching, its extensional
viscosity. The device’s opera-
tion is akin to a saliva-dabbed
thumb and forefinger pulling
apart rather than sliding. A
laser determines the diameter
of the resulting silk.

The researchers found that
the dope’s extensional viscos-
ity increases 100-fold as the
dope is pulled into a thread.
This change prevents the
thread from breaking before it
solidifies. The researchers
reported their results in the
Nov. 1, 2006 Journal of Exper-
imental Biology.

“Hopefully, [ the findings] give
you guidelines on how you would want to formulate a synthetic
equivalent,” says McKinley.

By testing an artificial silk in a similar way, “you can see whether
you match these properties,” adds Kojic.

collect captured prey.

FLOWING FARTHER Vollrath’s team also compared the rhe-
ology of the dragline dope with that of silkworm dope. Spiders and

SITTING PRETTY — An adult female Neoscona hentzi spider
sits at the center of her orb web. Some spiders stay on their webs
for extended periods, while others come to the web only to

silkworms evolved the capacity to spin silk independently of each
other, Holland says.

The dopes contain different proteins, and the resulting fibers
have distinct properties. Yet
“what we see is that the flow
properties are very similar,”
Holland says. Despite their dif-
ferences, the spider and silk-
worm “use similar tricks,” he
continues. “This gives fantastic
insight into how silk produc-
tion has evolved and how the
production of an energy-effi-
cient, high-performance fiber
is made by nature.”

Moreover, Holland and his
colleagues reported in the
November 2006 Nature Mate-
rials, both the spider and silk-
worm dopes behave like melted
polymers. This is “a most wel-
come observation,” they say,
because well-developed theo-
ries of polymers can be used in
studies of silk dope.

With rheology proving to be
“avaluable tool in showing how
silk is physically processed,” says Holland, scientists can now move
forward in an area that was largely absent from previous attempts
to replicate silk.

As scientists working to make artificial silks apply new informa-
tion about dope and how spiders spin it, perhaps they should take
alonger-range view of success. As Blackledge notes, “Spiders have
been spinning these silks for almost 400 million years.” m

MEERKAT TEE

MEERKAT TEE

IN 3 COLORS!

POSTERS A mquﬁfﬂ !
e E&"; i &

AVAIL

234 APRIL 14, 2007 VOL. 171

| /
ﬂuﬁ sml_:{ﬂnenews 3

EXPLORE YOUR WORLD,
UP CLOSE

SCIENCE
NEWS &
KD S

www.sciencenewsforkids.org

7

{

SCIENCE NEWS

BLACKLEDGE


http://www.sciencenewsforkids.org
http://www.cafeshops.com/sciencenews

FASTER, CHEAPER, BETTER

Easier genetic sequencing could make personalized

medicine a reality
BY CHRISTEN BROWNLEE

magine that you have the flu. After spending a cou-

ple of days with a hacking cough, a blazing fever,

and muscles aching to the core, you finally head to

the clinic. There, your primary care physician takes

notes as you list your symptoms. As your mono-
logue of complaints grinds to a halt, she pulls a page
from the middle of your chart and nods. “It’s just as I
suspected. Your genes make you especially vulnerable
to this year’s strain of flu virus,” she says.

After reviewing a summary of your unique genetic sequence,
she continues, “I'd give you the standard flu drug, but you have a
mutation that makes you unable to metabolize that medicine.”
However, you're in luck—your doctor adds that a new drug devel-
oped specifically for people with your genetic profile has just entered
the market. As she hands you the prescription, you marvel at the
wonders of modern medicine.

Does this scenario sound too good to be true? For the moment,
it is. The current cost of sequencing your genome is beyond your
insurance company’s willingness to pay—on the order of millions
of dollars. And the sequencing process is months too slow to be
useful against this year’s flu virus.

Methods now in the works could remove this roadblock over the
next several years by making the sequencing process quicker and
less expensive. Then scientists can get down to the business of
designing medicines and care that is specific to each person’s genes.

TRIED, TRUE, TIRED The method that researchers currently use
to sequence the genomes of people and other organisms is the same
one, give or take a few tweaks, that’s been in place for the past 3
decades. That method, created in the mid-1970s by Frederick Sanger
of the Medical Research Council in Cambridge, England, starts with
the isolation of long strings of double-stranded DNA from cells.
Each string contains pieces called bases—chemical units that go by
the names adenine, thymine, guanine, and cytosine. Researchers
typically refer to the bases by their initials: A, T, G, and C.

Once researchers have separated DNA from the rest of a cell’s
innards, they use vibrations, high-pressure jets of water, or other
forces to break those strings in random places into tiny pieces of
approximately the same size—about 1,000 bases long. The scien-
tists place these pieces one by one into bacteria that, as they divide,
replicate an introduced DNA chunk as they would their own chro-
mosome. Such replication gives researchers plenty of copies of the
DNA pieces to work with.

Next, within each fractured-DNA solution, researchers split the
double-stranded material into single strands and add them to lab
dishes or test tubes containing two ingredients: a protein called
DNA polymerase and a supply of the four bases.

In cells, the protein normally crawls along single-stranded DNA
and adds bases one at a time to make the second strand and thereby
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return the DNA to its double-stranded form. At each step, DNA
polymerase adds the base that complements the one already in
place in the single strand. A pairs with T, and G pairs with C.

In the lab’s sequencing setup, DNA polymerase does the same
thing, but the mix of bases includes a few that researchers have
made easily detectable by tagging them with radioactivity or flu-
orescence. Those altered bases also carry chemical groups that will,
once within DNA, halt the addition of more bases.

The rebuilding DNA strand then occasionally incorporates
one of the tagged, full-stop bases instead of its unaltered brother.
By looking for signs of these tagged bases in pieces of various
lengths, researchers can figure out where each of the base types—
A, T, G, or C—lies in the DNA strand.

Each step along this pathway takes just a few minutes. How-
ever, the human genome is made up of more than 3 billion pairs
of bases, notes project manager Jeffrey Schloss of the National
Human Genome Research Institute, which is part of the National
Institutes of Health in Bethesda, Md.

“Right now, it takes months and months for a very large oper-
ation to sequence a human genome,” Schloss says. He adds that
deciphering a sequence, while minimizing errors, costs about
$5 million. That amount pays for skilled technicians, expensive

. . chemicals, automated machines,
"R|ght now, It and sometimes high-power cam-
takes months

eras to detect tiny light flashes.
and months for SHEDDING LIGHT To reduce

the time and cost of gene sequenc-

ave ry l da rge ing, Schloss explains, NTH is fund-
0 pe rat|0 n to ing the development of several new
approaches. Some of these strategies

Seq uence a miniaturize and streamline the
h uman Sanger process. Others take different
" routes to a person’s genetic sequence.
8en0me. One of these novel approaches

uses light to indicate the order of
bases in a string of DNA.

Several years ago, Mostafa Ron-
aghi of Stanford University in Palo
Alto, Calif., and his colleagues dis-
covered that a chemical called pyrophosphate is released each time
DNA polymerase adds a base to a single strand of DNA. Next, an
enzyme normally present in cells uses the two phosphate ions in
each pyrophosphate molecule to make adenosine triphosphate
(ATP), a chemical in which cells store energy.

To take advantage of this activity, Ronaghi and his colleagues
prepped a test tube with ready-to-replicate DNA and a chemical
that uses ATP to generate light. They then added a solution contain-
ing only one base. If that base was the one that the DNA was ready
to incorporate, the subsequent reaction released pyrophosphate and
the solution glowed. If the base wasn’t right, the researchers washed
it out and added other bases, one at a time, until the solution glowed
again. A computer recorded the sequence detected.

— JEFFREY SCHLOSS,
NATIONAL HUMAN GENOME
RESEARCH INSTITUTE
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Now, working with a company called Biotage, based in Upp-
sala, Sweden, the researchers are automating the technology and
miniaturizing it to put on a tiny chip. Although the current sys-
tem still takes months to read a human-size genome, Ronaghi says
that he expects, within the next 3 years, to streamline the process
to sequence a person’s genome in a single day. He estimates the
cost for such a service would be about $10,000—still expensive,
but much lower than current prices.

With further tweaks that the company is contemplating, he says,
“we might even have the opportunity to get it down to $1,000.”

Schloss says that other teams, such as the group led by Stephen
Turner of Protea Biosciences in Morgantown, W. Va., aim to take
a slightly different approach to sequencing a person’s genome.
Rather than having a single light flash indicate that DNA poly-
merase has added a base to a lengthening DNA strand, these sci-
entists use chemical reactions that would generate a different
color of light for each base. This method would make it possible
for a color-reading device to quickly register each time that DNA
polymerase added a base to the DNA strand.

POKING HOLES While their developers expect these technolo-
gies to reach the market within a few years, others in earlier exper-
imental stages might make DNA sequencing faster and cheaper
still. A team of researchers led by Reza Ghadiri of the Scripps
Research Institute in La Jolla, Calif., is building its method around
tiny holes called nanopores.

Other researchers noticed in the early 1990s that an enzyme
called alpha hemolysin pokes nanosize holes into the cell mem-
branes of organisms that some bacteria have infected. Because
each DNA base is slightly smaller than an alpha hemolysin-cre-
ated pore and has a characteristic shape, Ghadiri and his col-
leagues reasoned that they might distinguish the bases on a
DNA strand moving through membrane pores.

The scientists placed a salt solution on each side of the membrane.
Then, they threaded a single strand of DNA through a nanopore.
The researchers monitored the flow of salt ions traversing the hole
as each of the DNA bases squeezed through in sequence.

In the team’s initial experiments, the DNA passed through the
hole too quickly to let the researchers read out differences in ion flow.

The researchers have since developed several ways to avoid
that problem. For example, the team recently placed chemical
groups that act as stoppers on each end of the DNA strand to be
analyzed. Rather than slipping out of the pore, says Ghadiri, the
DNA strand moves back and forth. “It goes in and out like you're
playing the cello,” he explains. After observing numerous passes
of a sample DNA strand through a pore, the team distinguished
the order of the bases.

In more-recent experiments, Ghadiri’s team tested a method to
control the movement of the DNA strand. The researchers added
DNA polymerase to one end of a strand that’s threaded through
the pore. The polymerase is too wide to enter the pore, so as the
polymerase crawls along the single strand, adding bases, it pulls
through the DNA at a measured pace.

Other teams are developing similar nanopore technology using
holes mechanically drilled through silicon and other materials.

Ghadiri says that “the jury is still out” on whether biological
nanopores, such as the one he’s developing, or those in synthetic
materials will be better for sequencing genomes. While organ-
isms such as bacteria could eventually be engineered to develop
pores with advanced capabilities—such as generation of a differ-
ent electrical response for each of the bases within a string of
DNA—synthetic nanopores wouldn’t need care and feeding as
an organism does.

Regardless of which pore material wins out, Ghadiri says that
the technique could dramatically lessen the time and cost of genome
sequencing. It doesn’t require expensive chemicals and equipment.
Ghadiri estimates that sequencing a person’s genome using nano-
pores will eventually take only hours and will cost less than $1,000.
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DANGLING CARROT A new competition could speed the
development of faster sequencing techniques. The X Prize Foun-
dation, a Santa Monica, Calif.-based group, runs private com-
petitions promoting projects ranging from low-cost space travel
to the invention of ultraefficient cars. The foundation announced
last October that it would award $10 million to the first group

" . to develop a way to sequence at
The SO|ut|On least 100 people’s genomes in 10
to this problem

days at a cost of no more than
$10,000 per genome.

could involve Three teams with sequencing

i experience are already on the ros-
teCh n 0 | Ogl €s ter of competitors for the prize, says
outside current Laurence Keddes, scientific direc-
a Ct|V|ty an d tor of the X Prize for Genomics.

“The solution to this problem could
involve technologies outside current
activity and may come out ofleft field.
We want to have a big-enough carrot
out there”to draw more than the usual
genomic researchers, Keddes says.

He notes that several other sci-
entists from both academia and
industry have expressed interest in the contest.

Schloss says that both the new X Prize and further government
funding increase the odds that patients will eventually have a
routine genetic sequence in their medical records. Even then, he
says, researchers have much work to do before such information
can guide a doctor’s care. Scientists still don’t understand the
function of most genes in the human genome.

Sequencing a person’s genome “will be relatively easy,”
Schloss says. “We will soon have the ability to collect genome
sequences on individuals faster than we’ll be able to interpret
them.” ®

may come out
of left field.”

— LAURENCE KEDDES,
X PRIZE FOUNDATION
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PLANETARY SCIENCE
Cavernous findings

from Mars
]

Images taken by a Mars-orbiting spacecraft
show what appear to be cave entrances on
the Red Planet. By sheltering organisms
from such hazards as ultra-
violet radiation and micro-
meteoroid bombardment,
caves “could be among the
only places on Mars to find
evidence of past or present
microbial life,” says Glen
Cushing of the U.S. Geologi-
cal Survey in Flagstaff, Ariz.

He and his colleagues iden-
tified seven possible skylight
entrances to caverns in pic-
tures recorded by a visible-
light-and-infrared camera on
the Mars Odyssey spacecraft.
They presented the findings
in March at the annual Lunar
and Planetary Science Con-

HIDEAWAYS? The
small, dark, circular
feature in this Martian
image could be the
skylight of a cave.
Larger, lighter circles
are craters.

other tissues for safe disposal. But some
people make too little HDL, permitting
a buildup of cholesterol in problematic
low-density lipoprotein (LDL) shells.
Researchers tested an experimental drug
formed by merging a body compound,
called apolipoprotein A-1, and a soybean
compound. The combination works like
HDL to remove LDL from the blood.
Cardiologist Jean-Claude Tardif of the
University of Montreal and his colleagues
gave 89 people four weekly infusions of
the combination drug, while 47 other
patients received placebo infusions. All
the volunteers already had some athero-
sclerosis, and nearly all were tak-
ing a statin drug to lessen LDL.
Over 7 weeks, those getting the
combination drug experienced
plaque shrinkage of 3.4 percent,
whereas those getting a placebo
had only a 1.6 percent drop.
Furthermore, plaques in volun-
teers getting reconstituted HDL
showed characteristics that make
the plaques unlikely to lead to
dangerous blood-clot formation,
Tardif says. The report appears
in the March 26 Journal of the
American Medical Association.
The findings contrast with bad
news regarding the once-promis-
ing HDL increaser torcetrapib

ference in Houston.

The dark, circular structures, 100 to 250
meters across, lie on the flanks of a volcano
called Arsia Mons. The high-altitude region
isriddled with sunken features, but the dark
circles are distinct, Cushing says.

It’s possible that the structures aren’t
deep, Cushing acknowledges. But the nearly
constant temperatures of the structures—
different from temperatures of nearby sur-
faces—suggest that they’re openings to cav-
erns, he asserts.

His team is now conducting a planetwide
search for other caves, especially at lower ele-
vations, where higher atmospheric pressure
could allow water to exist as a liquid. —R.C.

BIOMEDICINE
Augmenting the
good cholesterol

A reconstituted version of good cholesterol
may lessen the amount of plaque that accu-
mulates in coronary arteries and might
render the plaque that’s already there less
dangerous, researchers find.
High-density lipoprotein (HDL) mol-
ecules are protein shells that ferry excess
cholesterol out of blood, artery walls, and
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(SN: 5/1/04, p. 285). Tardif and
others report in the March 29 New Eng-
land Journal of Medicine that that drug
failed to shrink arterial plaques and hiked
blood pressure. —N.S.

NEUROSCIENCE
Rats take fast route

to remembering
|

People call on arich background of relevant
experiences to organize and remember new
material. Rats do the same, and with sur-
prising speed, say Dorothy Tse of the Uni-
versity of Edinburgh and her coworkers.

Prior studies, which have focused on task
learning unrelated to preexisting knowledge,
indicate that a brain region called the hip-
pocampus incorporates new facts and events
into memory. The hippocampus gradually
yields to another structure, the neocortex, as
new memories become stronger. This
process typically takes at least 1 month in
rodents and a few years in people.

Tse’s team trained groups of rats to asso-
ciate six flavors, including banana and bacon,
with six designated spots within a labora-
tory-test area. Rats received food with a par-
ticular flavor in one of four entries to the area

and then could obtain more of it by going to
the correct location. The animals learned all
six flavor-place associations in 1 month.

Further experiments indicated that the
animals had also developed a framework
of knowledge about relations between
places and flavors that enabled them to
learn new pairings remarkably quickly. The
rats remembered novel flavor-place asso-
ciations after just one trial and retained this
information for at least 2 weeks, the scien-
tists report in the April 6 Science.

The rats’ formation of a knowledge
framework spurred the neocortex to inte-
grate new information into memory in
record time, the scientists propose. Surgi-
cal removal of the hippocampus 48 hours
after the rats had rapidly learned new fla-
vor-place associations left those memories
intact, a sign that the neocortex had already
taken charge of the material. —B.B.

EPIDEMIOLOGY

Even outdoors,
generators pose
risks

A portable generator is frequently the culprit
in domestic carbon monoxide poisonings—
even when the device sits outside the home.
The Centers for Disease Control and Pre-
vention in Atlanta and the Florida Depart-
ment of Health collected data from
10 Florida hospitals on people diagnosed
with unintentional carbon monoxide poi-
sonings between August and October 2004.
Four major hurricanes pounded the state
during that period, causing power outages.
The researchers identified 167 people
treated for nonfatal poisonings. The
illnesses stemmed from 51 incidents,
46 of which involved portable generators.
Using medical records and interviews, the
team found that 22 of the generators were
outside the house and garage. The genera-
tor was in the garage in 15 incidents, inside
the house in 7 of them, and in an unknown
location in 2 others. Outside generators
were, on average, 7 feet from a dwelling.
“We've come to think that people are being
poisoned because they are putting generators
inside,” says team member David Van Sickle,
now at the University of Wisconsin-Madi-
son. But even people trying to use the devices
safely are getting poisoned, he says.
Generator manufacturers and public
health agencies should determine a safe
distance for the devices, the team says in
the April American Journal of Preven-
tive Medicine. Future generator tech-
nologies might reduce carbon monoxide
emissions. —A.C.
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CHEMISTRY
Enzymes release
caged chemicals

A new controlled-release system relies
on enzymes to unshackle chemicals only
when and where they’re needed. Scien-
tists at the Netherlands Organization for
Applied Scientific Research in Zeist are
developing what theyre -calling
bioswitches for a number of applications,
such as a germ-killing plastic wrap for
meats.

The researchers encapsulated lysozyme—
a natural antibiotic—within a cage of
chemically linked starch molecules and
seeded the complexes onto the wrap’s sur-
face. Any bacteria contaminating a piece
of meat would view the starch as a snack,
explains project manager Hans Boumans,
a biochemist. Once the microbe starts
feasting on the starch cage, it opens holes
and releases the killer lysozymes. “It’s like
a Trojan horse,” says Boumans.

Contact lens cleaners offer another
application. Wearers are supposed to soak
their dirty lenses for 7 minutes in dilute
hydrogen peroxide and then neutralize
the chemical with the enzyme catalase.
However, impatient consumers often
neutralize the solution too soon, cutting
short the disinfection step.

The Dutch researchers developed a
catalase-releasing bioswitch that can be
added to the peroxide at the same time as
the lenses are. Boumans’ team engineered
the bioswitches to release a starch-
degrading enzyme—amylase—that slowly
breaks apart the cage that contains it.
They tweaked the cage design so that it
would degrade after only 7 minutes of
soaking.

The team is also tailoring edible
bioswitches to protect expensive and unsta-
ble flavoring molecules until they contact
enzymes on the taste buds, Boumans says.
Other complexes would bypass the tongue
and carry certain foul-tasting nutrients to
the stomach, where enzymes would release
the molecules. —J.R.

BIOMEDICINE

New agent to spy
clogged arteries
|

High-density lipoproteins (HDLs) are
referred to as the good cholesterol
because they can penetrate artery-clog-
ging plaque and carry away some of the
bad cholesterol. Now, researchers in New
York City have designed a nanoparticle,
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modeled on HDL particles, to improve
the detection of such arterial plaques.

Like HDLs, the new contrast agent
enters fatty deposits on vessel walls. Under
magnetic resonance imaging (MRI), the
new molecule shines brightly and high-
lights cholesterol buildups in partially
blocked arteries.

Current MRI contrast agents “have no
affinity for the cholesterol plaque,” notes
medicinal chemist David Cormode of the
Mt. Sinai School of Medicine. His team
created the new plaque-seeking agent by
binding atoms of gadolinium—an excel-
lent MRI contrast agent—to a shortened,
synthetic analog of the HDL protein. The
researchers canceled gadolinium’s nor-
mal toxicity by attaching other molecules
to the metal.

In tests on seven mice, the new agent
improved the detection of arterial plaques
by almost 80 percent, compared with
MRI using a conventional contrast agent.
Within a few weeks, the agent will be
tested in rabbits.

If the synthetic HDL works as well in
people, Cormode says, the new contrast
agent will improve physicians’ ability to
track the effectiveness of plaque-busting
treatments. —J.R.

MATERIALS SCIENCE
Color-tunable
sunglasses

Some people want their sunglasses dark
green. Others prefer brown or deep-blue
shades. Engineers have developed a way to
change eyewear lenses from blue back to
clear—at the flip of a switch. Future glasses
may switch among any of
a series of colors.

The changeable shades
rely on novel polymer
films sandwiched be-
tween layers of glass.
Depressing a switch on
the frames sends a tiny
current from a watch bat-
tery to the polymer in
each lens. Applying the
current once turns this

COLOR—OR NO? A first-
generation prototype of new,
switchable sunglasses
resembles designer lab goggles.

dark blue and clear, reports Chao Ma of
the University of Washington’s Center
for Intelligent Materials and Systems in
Seattle. Adding more colors will require
multiple sandwiched polymer films. How
dark any polymer becomes will depend
on its chemical formula and on the elec-
trical potential applied by the circuit.

The novellenses could become “the fash-
ion statement of the future,” says program
leader Chunye Xu. —J.R.

CHEMICAL ENGINEERING
Gene dispensers

Researchers have developed a new means
for transferring genes to treat diseases.
The gene therapy method relies on a
nanoscale architecture with many alter-
nating layers of polyester and DNA. Once
this material is inside the body, water
degrades the polyester layer by layer, for
a slow, controlled release of genetic mate-
rial to nearby tissues.

The technology has shown preliminary
success in transferring genes both to iso-
lated cells grown in the lab and blood ves-
sels in rabbits, reports David M. Lynn of
the University of Wisconsin-Madison.

Key to the new system are novel, water-
soluble polyesters that carry a net positive
charge across their surfaces. Thin films of
the material make ideal platforms for neg-
atively charged DNA molecules.

The multilayered-film strategy could be
useful in arterial stents, says Lynn. Surgeons
mechanically unclog arteries and then use
the tiny mesh tubes to prop open the ves-
sels. Because arteries fitted with stents can
begin reclogging shortly after surgery,
researchers have been looking to coat the
tubes—or a sleeve inserted inside them (SN:
3/18/06, p. 163)—with clog-inhibiting genes
(SN: 11/24,/01, p. 328).

Lynn’s layer-cake approach offers more
flexibility than earlier sys-
tems did because differ-
ent genes can be incorpo-
rated into different layers,
and the polyester’s recipe
can be customized, layer
by layer, for different
breakdown rates.

Although the material’s
longest gene-release period
thus far has been 3
months, Lynn says that the

electrochromic polymer
adark color. Hit the switch again and the
color goes away. Once the film becomes
transparent or assumes a color, it needs no
further power to stay that way—at least
for 30 days.

The prototype switches only between

system could be designed
to shed genes for a year. Moreover, he notes,
the layers could coat injectable particles
that could carry DNA to a target tissue via
the bloodstream. He predicts that none of
these new systems will be ready for human
trials for at least a decade. —J.R.
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Books

A selection of new and notable
books of scientific interest

FLOWER CONFIDENTIAL:

The Good, the Bad, and the Beautiful
in the Business of Flowers

AMY STEWART

The cut flowers that people purchase every day as
tokens of affection and gratitude have more often
than not traveled a long road to reach the consumer.
Not only have they been shipped over hundreds of
miles, but some have also been genetically engi-
neered to bloom out of season or to display colors
more vivid than those found in
nature. Stewart reveals the work-
ings of the floral industry and the
intensive efforts being put into
breeding, growing, and selling flow-
ers that look beautiful in a vase
and remain so for long periods.
Stewart, an author and a journalist,
recounts how the flower trade
evolved from a cottage industry
involving only growers and their local customers to a
big business importing flowers from South America
and Africa for U.S. consumers. The author explains
the science behind blooming and how breeders have
made winter bloomers out of flowers that normally
bloom in summer. In an epilogue, she takes a look at
the floral frenzy of Valentine's Day, the industry’s
busiest day of the year. Algonquin Books, 2007,
306 p., hardcover, $23.95.

THE STRANGE CASE OF THE BROAD
STREET PUMP: John Snow and the
Mystery of Cholera

SANDRA HEMPEL

In three great 19th-century pandemics, cholera
indiscriminately infected the populations of cities
across Europe and Asia. Along with it, fear and con-
fusion spread, as doctors struggled to determine
the cause of the illness. Hempel,
a journalist, recounts officials’
and doctors’ efforts to conquer
the disease. She profiles physi-
cian John Snow, a disciplined
loner who had little status
among the medical establish-
ment. He proposed that cholera
was being spread through con-
taminated drinking water. In
what is now known as Snow’s “grand experiment,”
he identified a contaminated pump and disabled it
by removing its handle, dramatically beginning the
defeat of the disease. Hempel also chronicles the
development of germ theory, the debunking of
spontaneous generation, and other advances in
medical science that occurred during Snow’s time.
Univ. Calif. Press, 2007, 321 p., b&w images,
hardcover, $24.95.

THE LIE DETECTORS: The History

of an American Obsession

KEN ADLER

Since its development in the early 20th century, the
polygraph test has been administered to countless
suspected criminals, employees, government offi-

cials, and others in attempts to sort liars from truth
tellers. But the scientific validity of lie detector
machines has never been confirmed, writes Adler,
and the justice system has dis-
credited their use in recent years.
Indeed, the polygraph machine
never caught on outside of the
United States. Why, then, do peo-
ple continue to believe that it can
reveal guilt and innocence?
" Adler, a professor of history,
examines the science behind the
machine He also describes John
Larson, a police officer with a Ph.D., and Leonarde
Keeler, a charismatic promoter. Larson, seeking to
bring science to crime solving, devised the first lie
detector. It repeatedly read a person’s blood pres-
sure and breathing rate during interrogation. Keeler
had an interest in forensics and an unrelenting faith
in Larson’s invention. While Larson became wary of
the way in which his creation was being used, Keeler
saw a business opportunity in the machine. Adler
also examines current research into lie detection,
which today employs methods as varied as mag-
netic resonance imaging and readings of fleeting
facial expressions. Free Press, 2007, 334 p., b&w
plates, hardcover, $27.00.

FLOWERING PLANT FAMILIES
OF THE WORLD
V.H. HEYWOOD, R.K. BRUMMITT, A. CULHAM,
AND O. SEBERG
Originally released in 1978, this reference has
remained the definitive guide to flowering plants for
amateur and professional gardeners and students.
This new edition is updated
with the latest classification
PLANT IAMILI  information, compiled by an
A international team of plant
& experts. The book starts with a
glossary of plant terminology,
including illustrations depicting
the common forms of flowers,
fruits, leaves, and reproductive
structures. It then presents detailed descriptions of
plant families—including common names, geo-
graphic distribution, physical description, classifica-
tion, and economic uses. Small maps indicate where
the plants are native. Firefly, 2007, 424 p., color
illus. hardcover, $59.95.

FLOWERING

ANIMAL ARCHITECTS: Building

and the Evolution of Intelligence
JAMES R. GOULD AND CAROL GRANT GOULD
Engineering is not strictly a human pursuit. Animals
of all types, from birds to nonhuman primates, rou-
tinely build structures and dwellings to meet the
challenges of their particular
habitats. The Goulds, who are ani-
mal-behavior specialists, present
the diverse array of animal engi-
neering. They find that animals
build to shield themselves from
 the elements, protect themselves
" from predators, and attract
mates. The authors describe
caterpillars and spiders that build
with silk and tell about bees, ants, and wasps that
build colony structures complete with air condition-
ing. Finally, the authors profile beavers. The book
ends with a comparative look at animal and human
uses of tools, physical principles, and logic. Basic,
2007, 324 p., b&w illus. hardcover, $26.95.

HOW TO ORDER Visit http.//www.sciencenews.org/pages/books.asp to order these books or others.

A click on the link under a book will transfer you to Barnes & Noble's Internet bookstore.
Sales generated through these links contribute to Science Service's programs to build interest in

and understanding of science.
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LETTERS

Heated comments

I am disappointed in your article on the
latest Intergovernmental Panel on Cli-
mate Change (IPCC) summary (“From
Bad to Worse: Earth’s warming to accel-
erate,” SN: 2/10/07, p. 83). It was a polit-
ical summary, not the 1,500 page report
that’s due in May 2007. How often have
you seen a scientific summary published
3 months before the final report? I am
concerned that you do not appear to be
publishing any other valid climate-change
hypotheses, such as solar cycles, long-range
historical data on climate changes, the pos-
sible role of cosmic rays and the sun’s mag-
netic field on climate cooling, global warm-
ing on Mars, etc. You owe your readers a
balanced viewpoint on climate change.
JIM CUDAHY, KNOXVILLE, TENN.

While I agree that the planet is warming,
it is not manmade warming. We had a
mini-ice age from 1300 to 1850 that pro-
duced glaciers, helped reduce sea level, and
generated the migration of people. We have
a sun in a solar maximum dumping more
heat on the planet. There are more impor-
tant and real pollution problems that need
to be addressed than this bogus global-
warming problem. We can stop estrogen
imitators and other chemical pollution
without destroying our economies.
DONALD R. LASTER JR.,

WEST LONG BRANCH, N.J.

I guess you haven’t thought that the solar
cycles are more aligned with global warm-
ing than is man’s expelling of carbon diox-
ide into the atmosphere. Besides, volca-
noes contribute much more.

GREG HACKNEY, FREEPORT, TEXAS

For a review of how variations in the sun’s
magnetic field and other aspects of the
solar cycle affect Earth’s climate, see “Pin-
ning Down the Sun-Climate Connection”
(SN:1/20/01, p. 45), which is available at
www.sciencenews.org/articles/20010120/
bob10.asp. The IPCC report does note that
changes in solar irradiance since 1750 have
boosted global temperatures slightly. How-
ever, the planet-warming effects of green-
house gases generated by human activity
during that period are more than 20 times
as strong as those due to solar variations,
the scientists estimate. —S. PERKINS

Correction “Ticket to Ride: Astrophysicists
mull a return to the moon,” (SN: 3/24/07,
p- 185) incorrectly placed researcher Dan
Lester at the University of Arizona instead
of the University of Texas at Austin.
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Rocks, Minerals and Gemstones of the U.S.
100 piece set, size: 20°L X 12°W X 1D, Oak
casing. Great dor classrooms, collectors or
young scientsst  Suitable for wall hanging. For
safety no glass cover  Information sheet
Included Free meteonie included

Crder #JPT-1888, Cost: $55 00, plus shipping
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Complete Metamorphosis of
the Monarch Butterfly

Complete Metamorphosis of the Monarch
Butterfly - 21 beaulifully done photographic
frames showing the different developmeantal
phases of the Monarch bulleddfly. The picture:s starl
al day 12 (41h in-star) and culminate al day 30-32,
with the full development of the Monarch, Comes
lamninated with full page information sheel on the
developmental phases. Size: 168”7 X 20,7 Order
#JPT-1137, Cost: $21.95. Framed ordar #JPT-
19776, Cost: $32.85 A spectacilar wview ol nalure!

“You Are Here" Poster

"Yiou Are Here” Poster
This poster depicts a beautful galaxy with an nset pichre of
theearth on . The wording in the bottom right hand cornar
is by Canl Bagan, excerpbed from a publc |&cture given on
Ccinber 13, 1854, at Cornell University. It starts out “Loak ak
thatdot” Theme is & symbol on the galaxy showing where
the earth is approximately located in the Milky Way, This
poster gives Us some perspectve of our place inthe cosmos
S 24" X 36, Larninated, Order #JFT-1348, Cost: $16.55

The Periodic Table of the Elements - Posler

The Periadic Table of the Elements - Poster
This penadic table poster has the regular information, a
picture of Dimitri Mendslaew and a legend denoting
abornic nurnber, aleciron configuration, atormic weigil
abomic symbaol and whether the slement is radicactve or
nat This poster has the typical color decignations
according to alkal metak, alkaline earth  metals,
transition metals. eic. A welldesigned graph on the
battorm portion shows whan tha alameant was discovered
and the percentage of oarisin types of elements faund in
the almesphers, biosphers, hydresphers, and
lthosphare. Size; 265" X 38 5 Laminated OrderddPT-
103, Cost §15.25 2 for £30, Order #0PT-3103-2

Crime Scene Investigation Poster

New| - Examining Crime Scene
Investigation: C.5.|, Forensio Science Poster
= This colorful posier conlaing 12 piclures and
one large dlustration on this popular and
interesting  acience The subjects of the
pictures are: the forensic C.5 1. investigation kit;
keeping the crime scene unconiaminated;
phoelegraphing a murder scens] arson
evidence; melhods of imvestigation; 7 things lo
remamber while doing a crime Soene
investigation and more!  Size; 27TW" X 38L"
Laminated JET-68541, Cost: $28.95, This
poster is nod authonzed, prepared, licensed, or
endorsed by any enlily involved in crealing or
proclucing the C.5.1, felevision senes

Anorthosite "Moon”™
Pendant Anoethosite is &
relatively ligntweaight sllicate rock
that forrms much af the crust of
tha Moon, When we ook at the
Moon af night, the white that we
=ae s “anorihosite " the material
that makes up the mar cnoss
This beautiful sample of
terresirial anoethosibe s of the
finest gquality and is & superb
analng for e lunar orust - It has
been polished and sat in a 14K
Gold pandant. Size: 1 diameter
Cames with matching 207 goid
chain and information, in an
altractive black welvel jessiry
box, Order #JPT-15T84, Cosl:
5230, mlzo M Stering  Sifver
JPT- 18641, Cost: 57500

Sterling Butterfly Wing

Jewelry Makes

Pendants Various Sizes and
Origina on our wehsile at
ww.sciencemall-usa.com
Available from wanous world
localions such as Peru,
Indonesia, and many maore!
Prices 28,95 - 560
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Meteorite Pendant Set in Sterling Silver

The metecrite in thiz pendant i a NWA 859 (Morth Wesi
Africa). H is among the prettiest class of commaon chondrite
meteorites and is a L-5 type chondrite.  The mefeorite was
discovered in 1989 near Tindouf, Algeria, Africa. Excelleni
chondrubes wilh a polished finish

Sizel 1" 2 17 Comes with braided silver chain - 20" long,
nformation and authenticity, Order #JPT-1064 $85.00,
Also available in gold, OrderftJPT-1165, Cost $265

B

rder over free amall authentic

Famous Scientists Poster - 54
of eome of the worlds premisr
scigntists are shown in pholographs on
this 24°W X 36°L |laminated postes,
Tha pester lists thair nams unoer each
pciue as well as their nationafity, ife
span ard field of study A time fine at
the batiom of the poster shows tha
seven sciences with their rmajor
branches Order #&0PT-2000, Cosr:
£15.98 2 for 330, order #IPT-2017-2

Eameus invenfors Poster - 50 of
sorme of the warld's well known mveniors
areshoam in photographs onthie 247X
3671 laminsted poster  The poster lists
thepir name under each picture as well as
thair neticnaly, life span and imvantion
A time ine al the bollom of the posie
shows many of the magpr mventions,
oxresponding o the inventons kshed
Order #0PT-87033, Cosr: 375085, 2 for
£30, order MIPT-87033-2
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