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Now I can safely

take a batha

m '

again

Introducing the redesigned Neptune® Upright Bath Lift, a better
way to regain your independence and stay in the home you love.

he Neptune Upright Bath Lift has
I enabled thousands of people to
rediscover the simple pleasure and
therapeutic benefits of taking a bath
without the danger of slipping and
falling. This extraordinary product
caught on fast, but the relatively costly
technology left many high and dry. We
sent our engineers back to the drawing
board with a simple mission... create
a high-quality lift at an affordable
price. Through improved technology
and more efficient manufacturing
techniques, we achieved our goal. The
result is a bath lift that maintains our
high standards for durability and safety,
at an all-time low price that is within
most people’s budgets.

Do you remember when taking a
refreshing, relaxing, and rejuvenating
bath was something you looked
forward to... not avoided? For millions,
getting older and losing mobility has
meant giving up the use of their
bathtub. Some resort to sitting in a
chair in the shower; others are forced to
take “sponge baths” at the sink. Worse
yet, some have to get caregivers and
loved ones to lower them into the tub.
Now, there’s a better way.

The Neptune Upright Bath Lift is
so easy. Just put the chair into the tub.
The high-quality suction cups hold it in
place. You simply sit on the transfer flap
and swing your legs into the tub. Press
the button on the fully water proof
remote, and the chair lowers to the
bottom of the tub. When you are done,
press another button and the chair
returns you to the top of the tub. The

remote contains a powerful rechargeable
battery that operates up to seven
up/down cycles, and a light indicates
when it needs to be recharged. Simply
unclip the remote and plug it into
any outlet to charge. The smart-chip
technology in the remote will not allow

A powerful patented motor will safely,
and gently lower you into your tub. §

When you're done, you are slowly

and gently

raised from

the tub.

Large,

easy-to-use

remote

included!

it to lower you if there is not sufficient
power to raise you back up.

Are you missing the luxury and
benefits of a good soak in the tub? Call
now, and our knowledgeable product
experts will tell you how you can get
started. Call today, and we’ll let you try

the Neptune Upright Bath Lift with our
exclusive 30-day home trial. If you are
not completely satisfied for any reason,
simply return it for a refund of the
product purchase price. Call now!

M Soak Your Aches & Pains Away

o firstSTREET exclusive—
not available in stores

¢ Durable construction and
powerful motor

e Comfortable seat and
self-adjusting transfer flaps

¢ Chair raises to 17” and
lowers to 3”

e Fits almost any bathtub

¢ Uses a rechargeable battery,
so there is no risk of shock

Neptune® Upright
Bath Lift

Call now for our lowest price!
Please mention promotional code 40058.

1-888-632-7055
firstSTREET

or Foomers ond Beyond®

1998 Ruffin Mill Road
Colonial Heights, VA 23834

www.neptunelift.com

52482 Copyright © 2009 by firstSTREET, for Boomers and Beyond, Inc. All Rights Reserved.
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COVER STORY: By studying how
things break, scientists hope to
design new materials that resist
cracking —and to build a new
fundamental theory of fracture.
By Lisa Grossman

STARTING ANEW
Salamanders can regrow lost
tails, but humans are lucky

to heal wounds without scars.
Probing the machinery of
regeneration across species
will help reveal how that power
evolved and whether humans
can harness it for medicine.
By Susan Gaidos
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FEEDBACK
BOOKSHELF

COMMENT

Internist Lisa Schwartz on why
women in their 40s should
make their own decisions about
mammograms.

COVER Understanding
fatal flaws in materials
and in the theory that
describes why they break
may lead to a new genera-
tion of sturdier stuff.
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FROM THE EDITOR

The simple act of splitting
releases scientific secrets

There was a time when little kids
learned a lot about science by breaking
things or cutting them in two.

It was illuminating, for instance, to
break a bar magnet and to discover that
you now owned two magnets. From
that phenomenon springs a wealth of
deep insight into the physical world. In
the hands of adults, such properties of magnetism played a
starring role both in formulating the laws of physics and in
fabricating innumerable practical devices.

Now imagine the similar thrill of discovering that cutting
aworm in two can produce two new worms. (OK, it’s not
likely to work with an earthworm, but planarians are excel-
lent candidates for this experiment.) Biology offers just as
many fun surprises as physics does.

And in this case, just as breaking a magnet to clone it
demonstrates profound physical principles, regeneration
of abody or its parts says a lot about the intricacies of living
things and how they grow.

But while magnetism and the laws of physics that explain
it are now pretty thoroughly understood, scientists have not
yet constructed as complete an understanding of the laws of
life. Consequently there’s lots left to learn about biology’s
complexities. Regeneration is a particularly rich realm
where many of life’s most mysterious secrets have long
remained concealed.

Why is it, for example, that some organisms can easily
replace lost body parts while others (such as humans) are
severely limited in such matters? Current research suggests
that understanding genetic signaling and related chemistry
underlying regenerative processes may help answer that
question, as freelance writer Susan Gaidos reports in this
issue (Page 22).

Such work may also reveal whether regeneration is a
power that has been largely lost during evolution, as more
complex creatures have appeared in the pageant of life. And
some researchers believe that elucidating regeneration’s
biochemical basis could pave the way for medical purposes
in people, allowing them to repair or regrow limbs or dam-
aged organs.

If so, regeneration will turn out to be much like magne-
tism — a way of understanding nature more deeply, and a
tool for improving the human condition.

—Tom Siegfried, Editor in Chief

Society for Science & the Public is a 501(c)3 nonprofit corporation founded in 1921. The vision of Society for Science & the Public is to promote the understanding and appreciation

of science and the vital role it plays in human advancement: to inform, educate, inspire. Visit Society for Science & the Public at www.societyforscience.org. Republication of any portion of
Science News without written permission of the publisher is prohibited. For permission to photocopy articles, contact Copyright Clearance Center at 978-750-8400 (phone) or 978-750-4470
(fax). Advertising appearing in this publication does not constitute endorsement of its content by Science News or Society for Science & the Public.
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FUN LIKE

SUDOKU

except you end up

SPEAKING JAPANESE.

Watch anyone solving a Sudoku puzzle and Sequencing, we combine language you already
you see a brain on fire: eyes transfixed, pencil know with powerful visual clues to help you

(or pen for the audacious) skittering across the solve new language meaning intuitively —
squares, a number scribbled in place, done! all without translation. And our sophisticated
Surprisingly, what looks like work is actually speech technologies have you speaking from the
fun. Not so surprising say cognitive scientists start — in Japanese or any of our 31 languages.
because your brain loves solving puzzles. Rosetta Stone is your language-learning solution.
That’s how it learns. It thrives on the bursts of Let the fun begin!

pleasure that are part of the brain’s reward system

when you solve problems and challenges. SAVE 10% WHEN YOU ORDER TODAY
At Rosetta Stoney we get the link between Level 1 $206 1 ——

language learning and problem solving. 2

Every screen in our full-immersion programs Level 1 & 2 $368 |y ,@ i

presents an elegant language puzzle with level L 2& 3  $485 -
just the right level of challenge to make
learning effective and fun. Using Intelligent Six-Month, No-Risk Money-Back Guarantee*

Arabic | Chinese (Mandarin) | Danish | Dutch | English (American) | English (British) | Filipino (Tagalog) | French
German | Greek | Hebrew | Hindi | Indonesian | Irish | Italian | Japanese | Korean | Latin | Pashto | Persian (Farsi) | Polish
Portuguese (Brazil) | Russian | Spanish (Latin America) | Spanish (Spain) | Swahili | Swedish | Thai | Turkish | Vietnamese | Welsh

Call or go online
(866) 244-1094 : i
RosettaStone.com/qvs020 Rosetta Stone -

Use promo code qvs020 when ordering.

©2009 Rosetta Stone Ltd. All rights reserved. Offer applies to Personal Edition product only and cannot be combined with any other offer. Prices subject to change without notice. Offer expires May 31, 2010.
*Six-Month Money-Back Guarantee is limited to product purchases made directly from Rosetta Stone and does not include return shipping. Guarantee does not apply to any online subscription or to Audio Companion purchased separately from the
CD-ROM product. All materials included with the product at the time of purchase must be returned together and undamaged to be eligible for any exchange or refund.
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SCIENCE NOTEBOOK

Scientific Observations

“If you told me back in 1980 as a young astronaut ® H
® - 3 SCIENCE & THE PUBLIC BLOG

candidate that we wouldn’t be back on the moon
today, | would have told you you were smoking
dope. Let me say that again: If you'd told me we
wouldn’t be back on the moon today | would have
told you that you were smoking some bad stuff. |
thought | was going up on the shuttle and coming

back to train to go to the moon. We became risk h“

averse after the space shuttle Challenger, and
we have not recovered from that. That has got to
stop. We're going to drop satellites into the ocean

periodically. Human mistakes are going to happen. We don’t want to plan for

SN Online
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The U.N. climate science
group acknowledges that its
supposedly authoritative
assessment of Himalayan
glacier-melt relied on some
unsubstantiated numbers.
Read “TPCC admits Hima-
layan glacier error.”

ATOM & COSMOS
Following a major colli-
sion, star production has
slowed in the core of a

this; we want to work to avoid this. But we can’t be afraid. We need to take dwarf galaxy (shown). See

risks to move forward.” —NASA ADMINISTRATOR CHARLES BOLDEN ON JANUARY 5 AT THE WINTER “New-star shine wearing
off in nearby galaxy.”

MEETING OF THE AMERICAN ASTRONOMICAL SOCIETY IN WASHINGTON, D.C.

Science Past | FROM THE ISSUE OF FEBRUARY 13, 1960
DISCOVERY ADDS CLUES TO COMPOSITION OF LIGNIN —
The sugar glucose is part of the answer to a biochemical
riddle — the exact composition of lignin. Lignin, which
together with cellulose comprises wood,
is a highly complex carbohydrate whose
complete structure is unknown. It is con-
sidered a waste product.... Experiments ...
have shown that in Norway spruce trees
the lignin is derived from glucose. The
discovery was made by feeding the trees
with radioactive glucose.... By studying where the radio-
activity was located in the lignin the scientists were able
to find how the glucose molecules were converted into
these units.... They may some day be able to find as many
uses for lignin as they have for cellulose.

[N s ali—— |
SCIENCE NEWS LETTER
K

Science Future

February 22-26

The American Geophysical
Union’s Ocean Sciences meet-
ing is held in Portland, Ore. See
www.agu.org/meetings/0s10

BODY & BRAIN

March 5-6 Migraine sufferers can
Researchers and clinicians
meet in San Diego to discuss

blame a crisscross in

genomic medicine’s future. See neuronal wiring for the

WWW.SCripps.org/events intense pain that often
results from exposure to

March 18 light during a headache,

Debut of an interactive exhibit

N ther at Chicago" new research shows.
on extreme weather at Chicago’s « .
Museum of Science and Indus- Read “Why light makes

try. See www.msichicago.org migraines worse.”

Science Stats | RISE IN PSYCH Rx'S

Prescriptions for psychotropic medications, particularly those for
combinations of drugs, have risen over the past 10 years.

Rx rates in office-based psychiatrist practices, 1996-2006

No. of medications prescribed:
e>2 E>3 Em>4 e>5
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SOURCE: R. MOJTABAI AND M. OLFSON/ARCHIVES GEN. PSYCHIATRY 2010

For Daily Use

To make a point effectively, make sure the right hand knows
what the left is doing — and that both match what you're say-
ing. Researchers tested how words and gestures interact by
showing volunteers one-second videos of an individual doing
an action such as chopping vegetables. A half-second later, the
volunteers saw another clip of someone making a hand ges-
ture, such as a chopping motion, while saying the word for an
action. Sometimes the audio and gesture matched, other times,
they were incongruous (saying chop while making a twisting
motion). Volunteers had to note whether the audio matched
the first video. They answered faster and more accurately when
speech and gesture in the second clip matched than when they
didn’t, researchers report in the January Psychological Science.
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QIGANG WANG ET AL./NATURE

&4 This could be a fusion of a plant and an animal
—that’s just cool. 77 — JoHN zARDUS, PAGE 10

Inthe New

Science & Society Slime mold transit

Life Alligators and birds breathe together

Humans The sweet smell of chamomile

Molecules Bisphenol A concern confirmed

Body & Brain Multitalented omega-3s

Earth Watering crops, changing weather

Genes & Cells Tracking a killer microbe

STORY ONE

Breakup doesn’t
keep designer
hydrogel down

Material is strong, soft and
can self-heal in just seconds

By Rachel Ehrenberg

ulling yourself back together
after a breakup can be tough to
do. But a new hydrogel has no
trouble. Using little more than
water, clay and a new, designer com-
pound, scientists have created amoldable
gel that is both strong and can heal itself
in seconds when splitin two. The gel may
advance efforts in tissue engineering and
biologically friendly chemistry.

The new hydrogel is more than 50
times stronger than comparable squishy
self-healing materials, researchers led by
Takuzo Aida of the University of Tokyo
report in the Jan. 21 Nature. Such sub-
stances are well suited for the body; they
are flexible and can be 95 percent water.
And they may one day serve as scaffold-
ing for growing new tissue, as matrices for
keeping drugs in their targeted area or as
replacements for damaged cartilage.

The work adds to a “growing field of
materials with exceptional properties
thatreally could notbe imagined” before,
comments J. Zach Hilt of the University
of Kentucky in Lexington.

Scientists typically face a trade-off
when trying to engineer materials thatare
both strong and self-healing. The stron-
gest materials have covalent bonds hold-
ing their ingredients together, but such

A new hydrogel (top, left) keeps its shape after soaking in a solvent (top, right), and
blocks of the gel (blue and white, bottom) will bond to form a strong, larger structure.

substances are often brittle. After cutting
or fracture, edges can’t easily recombine.
But softer, self-healing materials usually
aren’t strong. They often stay together
via weaker, hydrogen bonds.

Some brittle materials can self-heal,
but they rely on extra tricks. A polymer,
for example, might be laced with thin
tubes that break open when the sub-
stance is damaged, healing the wound
(SN: 4/11/09, p. 10). These techniques
work for countertops, but aren’t ideal
for the body.

Now researchers are a step closer to
something tough, yet tender enough for
simple self-repair. The new hydrogel’s
ingredients are held together by non-
covalent forces —hydrogen bonding
and electrostatic forces —yet it is sur-
prisingly durable, Hilt says.

“It’s not just a noncovalent gel,” he
says, “but one with amechanical strength
that hasn’t been seen before.”

The secret to the gel’s success is the
material that binds it all together —a
specially designed compound that study

WWW.SCIENCENEWS.org
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coauthor Justin Mynar and his col-
leagues call the G binder.

The recipe for the new hydrogel is
quick and relatively easy. To make it, the
team adds tiny, thin clay disks to water,
and then a bit of sodium polyacrylate to
prevent clumping, explains Mynar, now
at the University of California, Berkeley.
After shaking the solution for a few min-
utes, the team puts in the G binder.

Because it is specifically designed
to bond with the gel’s ingredients, the
Gbinder differs from the typical fiberlike
molecules generally added to hydrogels
at this stage. Itbinds via hydrogen bonds
and electrostatic forces at multiple sites.
The binder is made with many positively
charged branched ends that glom on to
the negatively charged surfaces of the
clay. And ta-da — there’s a stiff gel.

“It’s stronger than very tough Jell-O,”
Mynar says, “very hard to break with
your fingers.”

The G binder is built with long chains
of polyethylene glycol, achemical cousin
of antifreeze that has low toxicity and is
used in skin creams, lubricants and laxa-
tives. On the ends of the chains, Mynar
created branches tipped with guanidin-
ium, a chemical relative of the amino
acid arginine.

Not only does the G binder impart
strength, but it also gives the gel the
ability to bounce back from stress and

-+

Sodium

Tﬁ E: polyacrylate
Qe‘??"_-'-_} Clay

disks

ﬂa

Y

G binder

A newly developed hydrogel is quick and simple to make. Researchers add sodium
polyacrylate to clay disks in water to prevent clumping. Then a molecule called the
G binder bonds with the disks to make the material strong and durable.

helps it heal. This quick recovery is
probably due to the binder’s branching
arms, which can quickly seek and snag
nearby clay disks, Mynar says. “It’s like
an octopus — maybe you can get away
from the first arm, but the others are
going to get you.”

While all of the hydrogel’s ingredients
haven’t been tested for toxicity, the gel
appears to be friendly to biologically
importantmolecules. When the scientists
prepared the gel from a solution contain-
ing the protein myoglobin, which carries
oxygen to muscle cells, the protein kept
its shape for a week. And when enclosed
within the gel, the myoglobin retained
70 percent of its activity compared with
free myoglobin, the researchers report.

Chemists may also find the gel useful
in the laboratory. Freshly cut surfaces
of the gel stick together, a rebonding
that allows the researchers to slice out

blocks or other shapes and build larger
structures. Mynar and colleagues cre-
ated blocks of the gel in ice cube trays
and then connected the cubes end-to-
end, forming a bridge. This work sug-
gests that the gel might serve as a good
tool for compartmentalizing biologically
important molecules or setting up a cas-
cade of reactions. Cubes of gel could be
laced with different reactants of interest
and lined up in sequence.

Unlike other gels held together by
relatively weak forces, the new gel kept
its shape even after sitting in the solvent
tetrahydrofuran for six hours. By then,
the tetrahydrofuran has replaced almost
all the water in the gel, Mynar says. Yet
the gel retains its integrity. This suggests
away to swap water for a solvent to per-
form a desired reaction within the gel.

“This is a combination of properties
that hasn’t been seen,” Hilt says. B

Back Story | uvbroaeLs For THE BoDY

Wound healing

A protein-based hydrogel (shown)
that self-assembles when trig-
gered also has antimicrobial
properties. It may be good for
killing certain gram-negative and
gram-positive bacteria.

Scaffolding for growing cells

A biodegradable hydrogel (shown)
that is seeded with proteins and
adhesive molecules stimulates
new blood vessel growth when
implanted in rats.

Drug delivery
Cornell University researchers
used enzymes to prompt syn-
thetic DNA to form a hydrogel
(shown) that preliminary work
shows could release drugs in a
controlled manner over time.

Contact lenses

Soft contacts are made of
hydrogels, which allow oxygen

to pass through and reach the
eye. Recently developed silicone
hydrogel lenses reduce drying
of the eye.
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The Curse of te Perfect Gift

20 carats of polished natural emeralds linked with 14K gold for under $200!

t happened on our last trip to South

America. After visiting the “Lost City” of
Machu Picchu in Peru, we ventured
through the mountains and down the
Amazon into Brazil. In an old village we
met a merchant with an impressive collec-
tion of spectacular, iridescent emeralds.
Each gem was tumbled smooth and
glistened like a perfect rain forest dew drop.
But the price was so unbelievable, I was sure
our interpreter had made a mistake.

But there was no mistake. And after return-
ing home, I had 20 carats of these exquisite
emeralds strung up in 14k gold and
wrapped as a gift for my wife’s birthday.
That’s when my trouble began. She loved
it. Absolutely adored it. In fact, she rarely
goes anywhere without the necklace and
has basked in compliments from total
strangers for months now.

So what’s the problem? I'm never
going to find an emerald deal this good
again. In giving her such a perfect gift, I've
made it impossible to top myself.

To make matters worse, my wife’s become

obsessed with emeralds. She can’t stop
sharing stories about how Cleopatra

cherished the
green gem above
all others and how
emeralds were
worshiped by the
Incas and Mayans
and prized by
Spanish conquis-
tadors and Indian
maharajahs. She’s
even buying into

ancient beliefs :

that emeralds Complete your collection
bring intelligence, with the 5 ctw Emerald
well-being  and in 14K Gold Earrings.

good luck to anyone who wears them.
I don't have the heart to tell her that I'm
never going to find another deal this lucky.

Our elegant Emeralds in 14K Gold
Necklace features 20 carats of smooth,
round emerald beads, hand-wired
together with delicate 14K gold links.
Each bead is unique in both size and color,
ranging from transparent to translucent.
The 18" necklace fastens with a spring ring
clasp. If you are not thrilled at this rare
find, send it back within 30 days for a full

Smart Luxuries—Surprising Prices

ADVERTISEMENT

refund of the purchase price. But remember,
we have only found enough emeralds to
make a small limited number of necklaces
and earrings at this low price.

JEWELRY SPECS:

- 20 ctw of polished natural emeralds

- Linked with 14K gold

- Necklace is 18" in length

- Earrings are 1 2" in length

- Individual color may vary.

Emeralds in 14K Gold Necklace
(20 ctw) MSRP $1410
Your price $199 +s&h

Emeralds in 14K Gold Earrings

(5 ctw) MSRP $826~
Your price $175 +s&h

Call now to take advantage of this limited offer.

1-800-333-2045

Promotional Code EGN273-01

Please mention this code when you call.

14101 Southcross Drive W.,
Dept. EGN273-01
Burnsville, Minnesota 55337
www.stauer.com

Staue
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Young science superstars gear up

40 Intel Science Talent Search 2010 finalists announced

By Laura Sanders

Forty high school students have entered
the final heat in their race to win the
nation’s longest-running precollege
science competition, the Intel Science
Talent Search. This year’s finalists were
selected from a pool of 1,736 entrants
and will compete for shares of more
than $630,000 in scholarships.

In March, the finalists will travel to
Washington, D.C., to meet with national
leaders, undergo rigorous judging of their
work and present their original research
in science, math and engineering at the

National Academy of Sciences headquar-
ters. This year’s final 40 have explored
such topics as stem cell development,
stars in the Andromeda galaxy, mosquito
mating behavior and river pollution.
“Itis critical to encourage and reward
young people who have the interest and
capacity to think deeply about important
problems,” says Elizabeth Marincola,
publisher of Science News and president
of the Society for Science & the Public,
which administers the contest. Society
for Science & the Public has operated
the Science Talent Search since 1942.
The top winner for 2010 will be

announced on March 16. Last year’s
winner, Eric Larson of Eugene, Ore.,
received a $100,000 scholarship from
the Intel Foundation for his work with
mathematical objects called fusion
categories, which he described in certain
dimensions for the first time.

Competition alumni have won pres-
tigious awards including the National
Medal of Science. To date, seven final-
ists have won a Nobel Prize.

“These students will go on to make
world-changing contributions not only
in science; they will also bring their sci-
entificknowledge and rigor to other criti-
cal sectors of society, to the benefit of all,”
Marincola says. “SSP and Intel are proud
to honor them and look forward to follow-
ing their progress in decades to come.” B

THE FINALISTS

ALABAMA Nicholas Christensen,
Wetumpka, Wetumpka High School

CALIFORNIA Namrata Anand, Los Altos
Hills, The Harker School; Lynnelle Ye,
Palo Alto, Palo Alto Senior High School;
David Liu, Saratoga, Lynbrook High
School; Raman Nelakanti, Sunnyvale,
Lynbrook High School; Angela Yeung,
Davis, Davis Senior High School; Sarine
Shahmirian, Northridge, Chaminade
College Preparatory; Otana Jakpor,
Riverside, Woodcrest Christian School;
Jane Suh, Rancho Palos Verdes, Palos
Verdes Peninsula High School

CONNECTICUT Jason Gandelman,
Westport, Staples High School

ILLINOIS Arjun Puranik, Palatine, William
Fremd High School; Katherine Rudolph,
Naperville, Naperville Central High
School

INDIANA Frieda Fein, South Bend, John
Adams High School

MARYLAND Yifan Li, Rockville,
Montgomery Blair High School

MASSACHUSETTS Sunanda Sharma,
Shrewsbury, Shrewsbury High School

MICHIGAN John Capodilupo, Grand
Rapids, Catholic Central High School

NEW JERSEY Akhil Mathew, Madison,
Madison High School; Linda Zhou, River
Edge, Academy for Medical Science
Technology

NEW MEXICO Erika DeBenedictis,
Albuquerque, Albuquerque Academy

NEW YORK Rachel Cawkwell, Bedford,
Byram Hills High School; Yuval Calev, East
Setauket, Ward Melville High School; Ruoyi
Jiang, East Setauket, Ward Melville High
School; Levent Alpoge, Dix Hills, Half Hollow
Hills High School West; Joshua Pfeffer,
Plainview, North Shore Hebrew Academy
High School; Michael Comuniello, Levittown,
Division Avenue High School; Eric Brooks,
Hewlett, George W. Hewlett High School;
Paul Masih Das, Lawrence, Lawrence High
School; Lori Ying, South Hempstead, South
Side High School; Kevin Xu, Roslyn Heights,
Roslyn High School; Alan Sage, New York
City, Stuyvesant High School

NORTH CAROLINA Lanair Lett,
Henderson, North Carolina School of
Science and Mathematics

NORTH DAKOTA Benjamen Sun, Grand
Forks, Red River High School

OKLAHOMA James Fenska, Miami,
Miami High School

OREGON Yale Fan, Beaverton, Catlin
Gabel School

TEXAS Katheryn Shi, Sugar Land,
Texas Academy of Mathematics and
Science; Peter Hu, Denton, Texas
Academy of Mathematics and Science;
Elisa Lin, Plano, Plano West Senior
High School

VIRGINIA Temple Douglas, Leesburg,
Thomas Jefferson High School for
Science and Technology

WASHINGTON Kevin Michael Ellis,
Vancouver, Catlin Gabel School

WISCONSIN Alice Zhao, Sheboygan,
Sheboygan North High School

Finalists are listed by state, name, hometown
and high school.
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Number of “oat flake” cities
that a slime mold connected,
mimicking Tokyo’s rail system

36

SCIENCE/AAAS

Slime mold as
master engineer

Organism builds network that
echoes Tokyo’s rail system

By Laura Sanders

Talented and dedicated engineers spent
countlesshours designing Japan’s rail sys-
tem tobe one of the world’s most efficient.
Could have just asked a slime mold.

When presented with oat flakes
arranged in the pattern of Japanese cit-
ies around Tokyo, a single-celled slime
mold constructs networks of nutrient-
channeling tubes strikingly similar to
the layout of the Japanese rail system,
researchers report January 22 in Science.
Anew model based on the simple rules of
the slime mold’s behavior maylead to the
design of more efficient, adaptable net-
works, the team contends.

Every day, the rail network around
Tokyo has to ferry millions of people
quickly and reliably, notes study coauthor
Mark Fricker of the University of Oxford

in England. “In contrast, the slime mold
hasno central brain orindeed any aware-
ness of the overall problem it is trying to
solve, but manages to produce a struc-
ture with similar properties to the real
rail network.”

The yellow slime mold Physarum
polycephalum grows as a single cell that
is big enough to be seen with the naked
eye. When it encounters numerous food
sources separated in space, the slime
mold cell surrounds the food and cre-
ates tunnels to distribute the nutrients.

Minor air traffic delays can add up

On average, economic impact exceeds that of hurricanes

By Sid Perkins

ATLANTA — Air traffic delays are more
than just annoying: On average, they
probably cost the U.S. economy more
than hurricanes do.

Most mediareports focus on extended
delays that leave passengers stranded
in airports for days, said Bob Maxson,
director of the National Oceanic and
Atmospheric Administration’s Aviation
Weather Center in Kansas City, Mo. But
most delays are relatively minor and
stem from localized weather, he reported
January 19 at the annual meeting of the
American Meteorological Society.

These small delays nevertheless add

up to big costs, he noted. A 2008 analysis
by the Joint Economic Committee of the
U.S. Congress suggested that domestic
air traffic delays in 2007 alone cost the
economy as much as $41 billion, includ-
ing $19 billion in increased operational
costs for the airlines and $12 billion
worth of lost time for passengers.

Those figures are likely to be overesti-
mates, Maxson said. But even if the eco-
nomic costs of air traffic delays are only
$15 billion per year, for the years 2000
through 2008 those costs still exceed the
economic damage — about $131 billion
over nine years — caused by hurricanes
that struck the United States during that
same interval, Maxson said. &)

Tokyo

TOKYO RAIL
NETWORK

SLIME MOLD
NETWORK

In a new study, a slime mold connected
oat flakes (left) in a pattern (above,
right) reminiscent of the railway network
around Tokyo (above, middle).

In the experiment, researchers led by
Toshi Nakagaki of Hokkaido University
in Sapporo, Japan, placed oat flakes (a
slime mold delicacy) around the cell in a
pattern that mimicked the way cities are
scattered around Tokyo.

Initially, the slime mold dispersed
evenly around the oat flakes, exploring
its new territory. But within hours, the
slime mold began to refine its pattern,
strengthening the tunnels between oat
flakes. After about a day, the slime mold
had constructed a network of inter-
connected nutrient-ferrying tubes. Its
design looked very similar to that of the
rail system surrounding Tokyo, with a
larger number of strong, resilient tun-
nels connecting centrally located oats.

Theresearchers then borrowed simple
properties from the slime mold’sbehavior
to create a biology-inspired mathemati-
cal description of the network formation.
Like the slime mold, the model first cre-
ates afine mesh network that goes every-
where, and then continuously refines the
network so that the tubes carrying the
most cargo grow more robust and redun-
dant tubes are pruned.

The plasmodium’s behavior “is really
difficult to capture by words,” comments
Wolfgang Marwan of the Magdeburg
Centre for Systems Biology in Germany.
The new research “provides a simple
mathematical model for a complex bio-
logical phenomenon,” he wrote in the
same issue of Science. &)
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Sea slug steals genes for greens,
turns light into energy like a plant

Animal can make its own chlorophyll, a new study shows

By Susan Milius

SEATTLE — It’s easy being
green for a sea slug that
has stolen enough genes
to become the first animal
shown to make chlorophyll
like a plant.

Shaped like a leaf itself,
the slug, Elysia chlorotica,
has a reputation for kid-
napping photosynthesizing
organelles and some genes
from algae. Now it turns out
that the slug has acquired
enough stolen goods to cre-

The photosynthesizing sea slug Elysia chlorotica,
shown feeding on algae, has stolen a suite of genes.
The slug uses its pilfered goods to make chlorophyll.

ateanentireplantchemical-
producing pathway in an animal body,
says Sidney K. Pierce of the University
of South Florida in Tampa.

Slugs of this species can manufacture
the most common form of chlorophyll,
the green pigmentin plants that captures
energy from sunlight, Pierce reported
January 7 at the annual meeting of the
Society for Integrative and Compara-
tive Biology. In experiments in the lab,
Pierce used a radioactive tracer to show
that the slugs were making the pigment,
called chlorophyll a, themselves and not
simply relying on chlorophyll reserves
stolen from the algae.

“This could be a fusion of a plant and
an animal — that’s just cool,” said inver-
tebrate zoologist John Zardus of The
Citadel in Charleston, S.C.

Microbes swap genes readily, but
Zardus said he couldn’t think of another
natural example of genes flowing
between multicellular kingdoms.

Pierce emphasized that this green slug
goes far beyond animals such as corals,
which host live-in algae that share the
bounties of their photosynthesis. Most
of those hosts tuck in the partner cells

whole in crevices or pockets among host
cells. Pierce’s slug, however, collects just
parts of cells, the little green photosyn-
thetic organelles called chloroplasts,
from the algae it eats. The slug’s highly
branched gut network engulfs these sto-
len bits, holding them inside its cells.
Some related slugs also engulf chloro-
plasts, but E. chlorotica alone preserves
the organelles in working order for a
whole slug lifetime, nearly a year. The
slug readily sucks the innards out of
algal filaments whenever they’re avail-
able. But in good light, multiple meals
aren’t essential. Scientists have shown
that once a young slug has slurped its
first chloroplast meal from one of its few
favored species of Vaucheria algae, the
slug does not have to eat again for the rest
of its life. All it has to do is sunbathe.
But chloroplasts need a continuous
supply of chlorophyll and other com-
pounds used for photosynthesis. In their
original home, chloroplasts depended on
algal cell nuclei for the fresh supplies. To
function so long in exile, “chloroplasts
might have taken a go-cup with them
when they left the algae,” Pierce said.

There have been previous hints, how-
ever, that the chloroplasts in the slug
don’t run on stored-up supplies alone.
Starting in 2007, Pierce and his col-
leagues, as well as another team, found
several photosynthesis-related genes
in the slugs, apparently genes that were
lifted directly from the algae. Even
unhatched sea slugs, which have never
encountered algae, carry these photo-
synthetic genes.

Atthe meeting, Pierce described find-
ing even more borrowed algal genes for
enzymes in a chlorophyll-synthesizing
pathway. Assembling the whole com-
pound requires at least 15 chemical reac-
tions and the cooperation of multiple
cell components. To see whether the slug
could actually make new chlorophyll a,
Pierce and his colleagues turned to slugs
that hadn’t fed for at least five months
and had stopped releasing digestive
waste. The slugs still contained chloro-
plasts stripped from algae, but any other
part of the hairy algal mats should have
been long digested, he said.

After giving the slugs an amino acid
labeled with radioactive carbon, Pierce
and his colleagues identified a radioac-
tive product as chlorophyll a. The radio-
actively tagged compound appeared
after a session of slug sunbathing but not
after slugs sat in the dark. A paper with
details of the work is now online in the
journal Symbiosis.

Zardus, who said that he tries to
maintain healthy skepticism as a mat-
ter of principle, would like to hear more
about how the team controlled for algal
contamination in the study. The possible
outcomes of borrowed photosynthesis
are intriguing, though, he says. Mixing
the genomes of algae and animals could
certainly complicate tracing evolution-
ary history. In the tree oflife, he said, the
green sea slug “raises the possibility of
branch tips touching.”

“Bizarre,” said Gary Martin, a crusta-
cean biologist at Occidental College in
Los Angeles. “Steps in evolution can be
more creative than I ever imagined.” B
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30

thousand

Years that Lost City
hydrothermal vent
has been active

Number of
genetically different
Lost City microbes

8

hundred

Proportion of microbes belonging
to the order Methanosarcinales
living in the Lost City today

80

percent

C.G. FARMER, SCIENCE/AAAS

Gator breath is a
one-way street

Looping airflow may be older
than reptiles and dinosaurs

By Lisa Grossman

Alligators have one-waybreathing similar
to that in birds, new research shows. The
finding, reported in the Jan. 15 Science,
could explain how ancestors of birds, rep-
tiles and dinosaurs rose to prominence.

“It’s absolutely transformational,”
comments Adam Summers of the Uni-
versity of Washington’s Friday Harbor
Laboratories on San Juan Island. “It
really makes us think hard about our
interpretations of anatomy.”

Inmammals, air flows through branch-
ing tubes called bronchi, which culmi-
nate in small cul-de-sac chambers where
blood vessels exchange oxygen. Air then
exits the lungs via the same path.

But in birds’ lungs, air makes a single
circuit before being exhaled. This unidi-
rectional flowis much more efficient — air
can zip right past the blood vessels that
need oxygen and then be on its way.

Conventional wisdom has held that

only birds can do this
because they have air
sacs thought to steer air
in one direction. “Alliga-
tors don’t have air sacs,
so no one ever looked,”
says C.G. Farmer of the
University of Utah in
Salt Lake City, a coau-
thor of the new study. But
Farmer noticed a similar-
ity in the way bird and
alligator bronchi branch.
“If you look at the alli-
gator lung, it’s not hard
to see how small modi-
fications in this design
could potentially lead to
an avian lung,” she says.
Farmer and coauthor
Kent Sanders, also of the
University of Utah, mea-
sured the speed and direc-
tion air moved in lungs of
sixliving gators and, using
pumps, five dead ones. The primary bron-
chi each split into an inner, first branch
and an outer, second branch shortly after
the point where air enters the lung. Sur-
prisingly, air moved through the inner
branch in each lung in the same direction

Air moves into alligator
lungs through the blue
area and out via the
green (CT scan shown).

whether the gator was
inhaling or exhaling.

Farmer thinks that air
skips past the inner bron-
chialbranch, whichforms
ahairpin turn, and enters
the outer branch instead.
Air then passes through
small tubes called para-
bronchi, where oxygen is
traded for carbon diox-
ide. Finally, air flows from
the parabronchi into the
inner branch and out
through the trachea.

The finding may mean
one-way breathing is far
older than suspected
and could have helped
archosaurs, forebearers
of birds, reptiles and dinosaurs, domi-
nate millions of years ago. Efficient one-
way breathing may have given archosaurs
aboost: Work shows oxygen levels in their
time were about half of today’s, lower than
available at the top of Mount Everest.

Deep-sea vents not stable homes

Small changes may spur turnover in microbial community

By Sid Perkins

In established neighborhoods, there’s
often little resident turnover. Yet
microbes living on hydrothermal vents,
thought to be some of the most stable
environmentson Earth, canundergodra-
matic demographic changes, researchers
reportonline January11in Proceedings of
the National Academy of Sciences.

Vents spewing warm, nutrient-rich
water offer an oasis for life in a cold, dark
sea. But even in this steady locale, the
mineralogy of chimneys and the chemical

composition of vent fluids can change.
John A. Baross of the University of
Washington in Seattle and his colleagues
compared microbial diversity on recently
formed rocks with diversity on older
deposits in the Lost City hydrothermal
field, which has been active in the North
Atlantic for at least 30,000 years. Vents
there discharge hot, alkaline fluids rich
in methane and hydrogen. Biofilms cover
many of the carbonate chimneys, and
each gram of rock can contain as many as
1 billion microorganisms, Baross says.
The team’s analyses suggest that even

though about 800 genetically different
types of microbe live there today, more
than 80 percent of individual microbes
belong to the group Methanosarcinales,
which includes organisms that either
make or consume methane. “It’s a tough
world to live in,” Baross says. “It’s not sur-
prising to see just one dominant group.”
But a microbe from a different meth-
ane-consuming group dominates a sam-
pledeposited about 1,250 years ago. Water
thereisless alkaline, and the researchers
think that changing conditions may have
allowed some species to thrive while oth-
ers languished. But the findings don’t tell
when or exactly why such ashift occurred,
comments Jack A. Gilbert of the Plym-
outh Marine Laboratory in England.

WWW.SCIENCENEWS.org

February 13,2010 | SCIENCENEWS | 11


http://www.sciencenews.org

IN THE NEWS

Humans

For longer versions of these and other

Humans stories, visit www.sciencenews.org

Newborns nurse
smell memories

Toddlers prefer odors whiffed
during breast-feeding days

By Bruce Bower

Within a week after birth, babies inhale
new memories at their mothers’ breasts.
Newborns who whiff a specific odor while
breast-feeding, even if smelled for only
eightdays, prefer that same odor over oth-
ersayear or more later, reports ateamled
by Benoist Schaal of the European Center
of Taste Sciences in Dijon, France.

Like otherinfant mammals such asrats
and pigs, human newborns easily learn
smells associated with breast-feeding,
the team concludes in a paper to appear
in Developmental Science. These types of
odor memories form most robustly dur-
ing the first week of life and can be reacti-
vated and influence behavior until atleast
toddlerhood, the researchers propose.

Carolyn Rovee-Collier of Rutgers Uni-
versity’s Busch campus in Piscataway,
N.J.,, calls the new findings “compelling
evidence of a period of exuberant learn-
ing in early infancy when infants rapidly
associate events that occur simultane-
ously.” The results support the con-
troversial idea that infants can form
associative memories, she contends.

Schaal’s team capitalized on midwives’
practice in one part of France of recom-
mending that nursing mothers apply a
chamomile balm to their breasts to pre-
vent nipple soreness. Researchers offered
the balm to breast-feeding mothers of
newborns in a French maternity ward.
Of 37 mothers who agreed to participate
in the study, 20 used the chamomile con-
coction —slathering it on for eight to 120
consecutive days of nursing, as needed.

At age 7 months, children of the
breast-feeding mothers received three
teething rings one at a time. Rings had
a chamomile scent, a violet scent or no
scent. Infants whose mothers had used
the chamomile balm spent substan-

Toddlers’ bottle-scent preference
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tially more time mouthing and holding
the chamomile ring than the other rings.
Infants of mothers who didn’t use the
balm showed no preference.

Atage 21 months, toddlers exposed to
chamomile during breast-feeding pre-
ferred playing with chamomile-scented
toys and almost always chose to drink
from a chamomile-scented bottle. Tod-
dlers who hadn’t been formerly exposed
didn’t show this preference and showed
signs of disgust when swabs of chamo-
mile were placed under their noses. @

Children intertwine space and time

Distance cues bias conclusion of how long something lasts

By Bruce Bower

Although 4-year-olds’ concept of time
seems to consist solely of what they want
right now, the passage of time still moves
them. Kids of that age already mark time
by referring to physical distances, report
Daniel Casasanto of the Max Planck Insti-
tute for Psycholinguistics in Nijmegen,
the Netherlands, and colleagues.

Abstract concepts such as how time
works stem from youngsters’ real-
world perceptions and behaviors, not
from cultural rules or metaphoric lan-
guage, Casasanto’s group proposes in an
upcoming Cognitive Science.

“We find that time representations
depend on space just as strongly in
4-year-olds as in 10-year-olds, even

though 4-year-olds have little experi-
ence using space-time metaphors in lan-
guage,” Casasanto says. By 10, children
have heard and spoken such metaphors:
“a long test” or “moving up an appoint-
ment,” for example.

Casasanto previously reported that
adults estimate the amount of time it
takes for lines to lengthen across a com-
puter screen based on how far the lines
travel. If two lines expand to differ-
ent lengths over the same time period,
volunteers judge the shorter line to have
moved for less time than it actually did
(SN:10/25/08, p. 24). Timing has no such
effect on estimates of distance.

The new study recruited 99 children
from kindergartens and elementary
schools in Greece. Speakers of the chil-

dren’s native tongue, Greek, usually don’t
use distance words for describing time
spans, Casasanto notes.

Each child viewed three movies of pairs
of cartoon snails racing on parallel tracks.
Snails traveled different distances in the
same time, different distances in differ-
ent times or the same distance in differ-
ent times.

Regardless of age, children relied heav-
ily on the distance traveled by each snail
when trying to estimate howlong the snail
took toreach its destination. But the kids
typically ignored for how long the snails
had moved when determining whether
snails stopped at the same spot.

The findings, says Lynden Miles of the
University of Aberdeen in Scotland, fit
with work his team reports in an upcom-
ing Psychological Science. Adults told
to think about past experiences swayed
backward, while those thinking about the
future swayed forward. )
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2.49

ng/ml

Mean urine level
of BPA in U.S.
adults, 2003-04

Mean urine level
of BPA in U.S.
adults, 2005-06

1.79

ng/ml

BPA and heart disease linked again

Population data support concern about plastics chemical

By Rachel Ehrenberg

A previously reported link between
exposure to bisphenol A and heart dis-
ease stands, reports a study published
online January 13 in PLoS ONE.

The finding provides more evidence
implicating the plastics chemical in car-
diovascular and metabolic problems,
notes Richard Stahlhut of the University
of Rochester in New York. “It’s becom-
ing a coherent picture that really does
fit together,” says Stahlhut, who was not
involved in the research. “If these all
connect, we really do have a problem.”

Researchers analyzed data from the
2005-06 National Health and Nutri-
tion Examination Survey conducted
by the U.S. Centers for Disease Control
and Prevention. NHANES uses physical
examinations, clinical and lab tests, and
interviews to get a snapshot of the health
of the U.S. population. The new analysis
reveals an association between levels of
bisphenol A in urine and risk of cardio-
vascular disease, a link also detected in
the 2003-04 NHANES data.

“We now have two completely separate

samples with completely different peo-
ple,” says study coauthor David Melzer of
the Peninsula Medical School in Exeter,
England. The work shows the earlier find-
ing “wasn’t ablip,” he says.

Human exposure to bisphenol A is
widespread. BPA is a building block of
polycarbonate plastics and is common in
the epoxy linings of canned food. It also
mimics estrogen. Numerous studies have
found that BPA interferes with develop-
ment and function in a range of tissues.

The NHANES link to cardiovascular
disease is a third line of evidence impli-
cating the chemical in metabolic and
heart problems, Stahlhut says. A 2008
study examining human fat tissue found
that BPA suppresses ahormone that pro-
tects people from heart attacks and type 2
diabetes. That same year, a separate team
reported that, in mice, BPA spurs pancre-
atic beta cells to crank up insulin output.

By pooling NHANES data from 2003-
04 and 2005-06 on 2,605 people with
known BPA levels, researchers identi-
fied 159 people with cardiovascular dis-
ease. Using these data, the team predicts
that among 60-year-old men with rela-

tively high BPA levels (in the top third of
the population), about 10 percent would
develop cardiovascular disease, com-
pared with 7 percent of men with BPA
levels in the lowest third, says Melzer. In
the model, only 5.2 percent of men in the
middle tier of exposure were expected to
develop cardiovascular disease —a dose
response not uncommon for compounds
thatinteract with hormones.

The scientists did find lower overall
levels of BPA in the urine of Americans
than were found in previous surveys.

In January the FDA, which had previ-
ously decreed BPA safe, changed its posi-
tion. Federal health officials now “express
some concern” about BPA’s safety, espe-
cially in infants and children.

Another recent analysis of NHANES
data links blood levels of a nonstick
chemical and thyroid diseases. From 1999
to 2006 nearly 4,000 adults were sampled
for perfluorooctanoic acid, or PFOA, a
water- and oil-repellent chemical long
used to make protective coatings for car-
pets, upholstery and clothes. Of those
adults, 163 women and 46 men reported
takingdrugs to treat thyroid diseases. Peo-
ple with higher PFOA levels were more
than twice as likely to have problems, the
researchers report online January 20 in
Environmental Health Perspectives. )

Snail in shining armor

A deep-sea snail wears a multilayered suit of armor, com-
plete with iron. The snail, called the scaly-foot gastropod
(shown), lives in a hydrothermal vent field where it faces

ANDERS WAREN, SWEDISH MUSEUM OF NATURAL HISTORY, STOCKHOLM

extreme temperatures and pressures, high acidity levels and
hungry crabs. To withstand these trials, the snail has a shell
“unlike any other known mollusk,” Christine Ortiz of MIT and
colleagues report January 19 in Proceedings of the National
Academy of Sciences. The shell’s stiff inner layer of arago-
nite is sheathed in a thick layer of squishy organics, which
is again covered by a stiff outer layer of hard iron sulfide-
based scales. The outer layer can blunt intruding claws, the
middle layer deforms to dissipate energy and the inner layer
provides structural support to prevent cave-ins. Ortiz hopes
studying the shell could one day lead to improved materials
for armor or helmets for people. —Lisa Grossman ®
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Fish oil benefits
keep adding up

Omega-3s may help battle
sepsis, age-related diseases

By Nathan Seppa

Promising news about omega-3 fatty
acids just keepsrollingin. One new study
bolsters previous data suggesting that
fish oil supplements high in omega-3s
may help critically ill people by quell-
ing inflammation. And another study
finds that robust omega-3 levels protect
the ends of chromosomes from damage,
which may have benefits in warding off
age-related diseases.

Fish, walnuts, some vegetable oils and
many other foods are rich in omega-3s.

In astudy published online January 19
in Critical Care, scientists tested the
value of fish oil supplements in 23 people
admitted to a hospital in Penafiel, Portu-
gal. The patients were critically ill with
sepsis, a life-threatening overreaction to
a microbial infection. Although doctors
use a host of drugs and around-the-clock
care to treat sepsis, the death rate is still
high, up to 35 percent.

Researchers randomly assigned 13
patients to receive soybean oil and fish
oil as their daily fat intake. The other 10
received only soybean oil. All patients
were fed intravenously and were on venti-
lators to assist breathing, says study coau-
thor Philip Calder, a biochemist at the
University of Southampton in England.

After four weeks of treatment, four
people in each group had died. Excluding
those, the patients given fish oil recovered
and were discharged from the hospital
in 28 days on average, compared with
82 days for those not getting fish oil.

A hallmark of sepsis is uncontrolled
inflammation that threatens vital organs,
including the lungs. Tests showed patients
on fish oil had signs of reduced inflamma-
tion and, possibly because of this, pro-
cessed oxygen better, Calder says.

In the other study, scientists investi-
gated the effect of omega-3s on telomere
length. Telomeres are strings of repeat-
ing DNA sequences that protect the ends
of chromosomes during cell division. “In
cells, telomere length is a big determi-
nant of aging,” says Ramin Farzaneh-Far
of the University of Cali-

fornia, San Francisco. If The finding could

than others at the study’s outset, telom-
ere length wasn’t markedly different
between the groups at that time.

But after five years, those who started
with higher omega-3levels had substan-
tially less telomere shortening than the
others, the team reports in the Jan. 20
Journal of the American
Medical Association.

telomeres shorten too he|p exp|ain “Given the increasing
ch b senfineon the potentially et
the cell dies, he says. Some prOteCtlve and cardiovascular and
clinical studies have linked effects of other age-related diseases,
telomere shortening to omega-SS. the finding could provide

earlier death.

Farzaneh-Far and his colleagues
recorded blood levels of omega-3s and
telomere length in the white blood cells
of 608 people with heart disease and an
average age in their mid-60s. Although
some people had higher omega-3 levels

a novel mechanism which
explains the potentially protective effects
of omega-3 fatty acids on these diseases,”
says Nilesh Samani of the University of
Leicester in England. He notes, though,
that it was odd that telomere length
wasn’t different at the outset. @)

Gene may guard against dementia

Same form linked to longevity and ‘good’ cholesterol levels

By Nathan Seppa

Carryingavariantform ofthe CETPgene
is looking more and more like holding a
winning genetic lottery ticket.

This version of the gene might protect
against Alzheimer’s disease and other
forms of dementia, researchers report in
the Jan. 13 Journal of the American Medi-
cal Association. Earlier work linked the
variant to impressive longevity and high
levels of HDL, the “good” cholesterol.

But before running to get your genes
tested, be aware thatscientists don’t know
for certain how the gene variant might
achieve any of these salutary effects, par-
ticularly dementia prevention.

They do know that people harbor-
ing the variant form of CETP make less
of the CETP protein, and apparently
that’s better. “What CETP does in the
brain is less clear,” says study coauthor
and neurologist Richard Lipton of the

Albert Einstein College of Medicine in
New York City.

In the new study, Lipton and his col-
leagues identified 523 people, average
age 78. (Forty were later diagnosed with
Alzheimer’s or dementia.) Blood samples
showed that 21 percent carried two cop-
ies of the variant form of CETP (one copy
comes from each parent) and 45 percent
harbored a single variant copy (from one
parent). The rest had two copies of the
standard version of CETP (no variant).

Overthenextfouryears, those endowed
with two copies of the variant were only
one-third as likely to develop dementia
or Alzheimer’s disease as were those who
carried the standard CETP gene. Those
harboring one copy of the variant CETP
didn’t seem to glean protection from it.

“Ibelieve thisisareal, butsmall, effect,”
says neurologist John Ringman of UCLA.
“Whether or not it will generalize to the
population is an open question.” &)
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Irrigation could be cooling Midwest

Two studies blame drop in hot days, more rainfall on farmers

By Sid Perkins

ATLANTA — If summers seem cooler
and wetter in parts of the Midwest in
recentyears, you can thank — or blame —
farmers, two new studies contend.

While average global temperatures
rose about0.74 degrees Celsius during the
past century, the U.S. Midwest has expe-
rienced a noticeable slump in summer
temperatures in recent decades, David
Changnon, a climatologist at Northern
Illinois University in DeKalb, reported
January 19 at the annual meeting of the
American Meteorological Society.

On average, daily high temperatures in
Chicago hit 90° Fahrenheit on 24 days in
summer. But from 2000 through 2009,
only two years tallied more than 24 days
hotter than 90° F — the lowest decadal
total in 80 years, Changnon noted.

Rather than being just a statistical
anomaly, the recent cool temperatures

seem to be part of a steady long-term
decline in summertime highs in Chi-
cago, Changnon and his colleagues found.
The past 10 years has seen a total of only
172 days above 90° F; the 1930s saw more
than twice that. And Chicagowasn’talone.
The team noted a comparable decline in
extremely hot days at 13 other sites from
western Iowa to eastern Indiana.

From 1970 through 2009, average
temperatures in Illinois and Iowa during
July and August were between 0.5 and
1.0 degrees F cooler than from 1930
through 1969. Precipitation also changed:
Average rainfall for July and August from
the 1970s through 2009 was more than
0.33 inches higher each month than it was
in the earlier period.

Changnon thinks the trendsarelinked,
because humid air warms more slowly
than dry air does. One likely source of the
extra moisture is agriculture, both close
by and farther afield in the Great Plains.
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A rapid rise in irrigation in the Great
Plains has boosted precipitation down-
wind in the Midwest, Alan Robock of
Rutgers University in New Brunswick,
N.J., reported January 21 at the meeting.
His team analyzed data from more than
300 weather stations from Wisconsin
and Michigan to Arkansas and Tennes-
see and found that rainfall had increased
along with irrigation. At sites in that
swath, precipitation during a typical July
late in the 20th century was between
25 and 50 percent higher than it was
early in the century. @)

Tsunamis could
telegraph arrival

Telecommunication cables
may warn of the giant waves

By Lisa Grossman

Tsunamis might one day send scientists
underwater telegrams.

Ocean water interacting with Earth’s
magnetic field could create strong
enough signals in transoceanic commu-
nication cables to alert scientists that a
tsunami is on the way, a team argues in
an upcoming Earth, Planets and Space.

“This is a very good supplementary
... system to the existing tsunami warn-
ing,” says study coauthor Manoj Nair of
the National Oceanic and Atmospheric
Administration’s National Geophysical

Data Center in Boulder, Colo. “It can be
information in places where we don’t
have any information.”

Though tsunamis move tremendous
amounts of water at hundreds of kilo-
meters per hour, their passage barely
makes a ripple on the surface of the
open ocean. But they do create elec-
tromagnetic waves below. Seawater is a
good conductor of electricity, and as it
passes through Earth’s magnetic field,
the movement of positive and negative
ions generates a weak electric field.

Thatelectricfield can induce avoltage,
the force that drives electric current, in
the kilometers-long telecommunication
cables that crisscross the ocean floor. A
tsunami can generate a pulse in the volt-
age. Ifthe voltage is large enough, it could
serve as a warning of an imminent wave.

This effect, used to monitor ocean cur-
rents in the Florida Strait, had been pre-

viously suggested as away to detect water
movement triggered by earthquakes. But
detailed studies of the voltage that a tsu-
nami would produce were lacking,.

“Only recently we had the capability
of doing such sophisticated numeric and
computer simulations,” Nair says.

Nair and his colleagues built a 3-D
computer model of the 2004 Indian
Ocean tsunami, which was triggered by
a magnitude 9.3 earthquake and killed
more than 220,000 people. The team
calculated that three cables in the Indian
Ocean would have seen voltages of about
500 millivolts, well above the estimated
100 millivolts of background noise.

Current warning systems, which use
pressure sensors on the ocean floor, are
more reliable and tell more about awave’s
origin and direction, Nair notes. But, he
argues, the proposed new method could
cheaply augment current systems. )
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Soysoybeanbean
genome revealed

Plant’s chromosomes copied
themselves at least twice

By Susan Milius

Scientists finally do know beans about
soybeans, thanks to a newly unveiled,
sequenced genome.

The plant’s DNA contains a surpris-
ing amount of duplication, says geneti-
cist Scott Jackson of Purdue University
in West Lafayette, Ind. Having the soy-
bean’s genetic blueprint, he says, should
help scientists improve crop varieties
and study the evolutionarily important
process of genome doubling.

Soybean’s set of chromosomes has cop-
ieditself atleast twice, approximately 59
million years ago the first time and then
again about 13 million years ago, Jackson
and his colleagues report in the Jan. 14
Nature. Redundant genes often retool
or vanish, but soybean plants still have
multiple copies of almost three-quarters
of their genes, the researchers say.

Making extra copies of a genome, lead-
ing to what’s called polyploidy, carries a

The genome of the soybean plant,
recently decoded, is one of the largest
plant genomes to be sequenced.

risk of sterility, yet duplications happen.
“We don’t know why they happen; we
don’t know how they happen,” he says.
Most, if not all, flowering plants have
copied their genetic material at some time
in their histories, comments Keith Adams
of the University of British Columbia in
Vancouver, Canada. Butwhat’sinteresting
is how recently soy duplicated, he says.
Even in its modern, duplicated form,
the soybean genome is relatively small for
a plant’s, Jackson says. It’s not even half
the size of the maize genome, for example.

Yet, at 10 times the size of the lab staple
Arabidopsis genome, the soybean’s is one
of the largest plant genomes that geneti-
cists have managed to sequence.

The new draft, based on a soy variety
called Williams 82, covers 85 percent of
the 1.1 billion pairs of nucleotide bases
that form the building blocks of the plant’s
DNA. The plant has some 46,000 protein-
coding genes, the researchers say.

Jackson says about a third of these
genes fall into an awkward place for
plant breeders: nonrecombining zones,
where genes don’t shuffle around and so
don’t create new mixes of traits.

The researchers also found that about
59 percent of the soy genome is com-
posed of repetitive stretches of DNA
called transposable elements, which
typically stick copies of themselves
around the genome.

Studying agroup of these elements has
revealed for the first time that a “dead”
element, one that has lost the ability
to copy itself, can regain its powers,
says geneticist Jianxin Ma, a coauthor
also from Purdue. The dead element
revives by exchanging genetic material
with a functional counterpart, he and
colleagues report online January 15 in
the Plant Cell. ©)

MRSA mutates and spreads quickly

Genetics of antibiotic-resistant microbe reveal global roots

By Tina Hesman Saey

A deadly, antibiotic-resistant strain of
staph began in Europe and mutated
quickly as it spread, a new study shows.
Scientists decoded the microbe’s genome
to trace its movements, an approach that
could help pinpoint and stop outbreaks.

The marauding bacterium, which
is known as MRSA for methicillin-
resistant Staphylococcus aureus,
mutates quickly by altering at least one
DNA letter in its genetic handbook,
or genome, about every six weeks,

an international team reports in the
Jan. 22 Science.

More of those mutations fall in genes
involved in antibiotic resistance than
would be expected by chance, “illustrat-
ing that there is an immense selective
pressure from antibiotic use worldwide,”
says Simon Harris of the Wellcome Trust
Sanger Institute in Hinxton, England.

Sampling from hospitals around the
world, Harris and his colleagues analyzed
63isolates of a MRSA strain called ST239.
The team could rapidly decode each sam-
ple’s entire genome using the relatively

new technology of high-throughput
sequencing.

The strain ST239 likely arose in
Europe in the 1960s and then spread to
become the dominant MRSA strain in
Asia. Still prominent in Europe, ST239
is also common in South America. Most
of the 20 samples from Thailand origi-
nated outside the hospital where they
were collected, but the team found evi-
dence of spread among five patients in
adjacent hospital wards.

The approach can reveal how muta-
tionslead to epidemics, says Frank DeLeo
of the National Institute of Allergy and
Infectious Diseases lab in Hamilton,
Mont. “To understand how a successful
pathogen emerges is critical.” @)

16 | SCIENCE NEWS | February 13, 2010

WWW.SCieENncenews.org

ROY KALTSCHMIDT


http://www.sciencenews.org
http://www.sciencenews.org

“This question of the normal function of PrP has
become an obsession for me.” —abRriaNo AGUZzI

Prion protein’s role in body revealed

Normal form of disease agent is important for nerve function

By Tina Hesman Saey

Amolecular Dr. Jekyll finally has a dayjob
—as an electrical lineman. A new study
suggests that the normal form of prion
protein helps maintain the insulation that
speeds electrical signals along nerves.
Inits twisted Mr. Hyde form, the prion
protein causes fatal brain-wasting dis-
eases, such as mad cow disease in cattle
and Creutzfeldt-Jakob disease in people
(SN: 8/16/08, p. 20). But the normal form
of the protein, which is found in neurons
in people and other mammals, is also a
good guy, a new study shows. The protein
appears to direct cells called Schwann
cells to wrap around neurons and pro-

duce myelin, a type of insulation that aids
electrical communication between the
cells. This newly discovered role for the
normal form of the prion protein — called
PrP(C) or just PrP —could link problems
with the protein to nerve disorders called
peripheral neuropathies, researchers led
by Adriano Aguzzi, a neuropathologist at
the University of Zurich, report online
January 24 in Nature Neuroscience.

Much attention has focused on howthe
protein’s infectious form leads to disease,
but its usual role in the body has been a
mystery. “This question of the normal
function of PrP has become an obsession
for me,” Aguzzi says.

In the new study, researchers studied

mice genetically engineered to lack the
prion protein. The mice had abnor-
mal myelin sheaths around their sciatic
nerves, long nerve cells that run from the
lower back to the foot. Electrical signals
traveled more slowly down these nerve
fibers in mice lacking prion proteins com-
pared with normal mice, the team found.
Restoring prion proteins to nerve cells
allowed the cells to keep sheaths healthy.
If the prion protein does play a role
in myelin maintenance, that could pose
a problem for gene therapy that would
remove PrP from animals to prevent
priondiseases, says Claudio Soto, aneuro-
scientist at the University of Texas Health
Science Center at Houston. He and col-
leagues have genetically engineered cattle
that lack the prion protein. The question
remains whether a lack of PrP can cause
peripheral nerve problems, Soto says. &)
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Studies of how things fall apart may lead to materials that don’t

By Lisa Grossman

Suppose there was afourth little
pig. This one was a physicist. Unlike his
brother the engineer, who built a house
out of tried-and-true bricks, the physi-
cist pig chose a building material by
doing calculations based on fundamen-
tal principles. He settled on a substance
made from silicon and oxygen, an abun-
dant material with high bond strength
and the aesthetic bonus of transparency.

- 3 i i " .y Itwassafe from huffing and puffing. But
e~ ; _- = then the wolf learned to throw stones.
k:_'.._ By ; % P Physicists have had a tough time
Boston’s Great Molasses Flood probably began with  explaining why it’s a bad idea to build
a cracked tank. In 1919, more than 8 million liters of  glass houses. While engineers from
goo rushed through city streets, twisting structures the Bronze Age to the Space Age have
(train track, shown) and causing 21 deaths. relied on trial and error to decide which
materials work best, physicists seek
deeper, scientific explanations.

“Can you predict from first princi-
ples what kinds of material will be very
strong, and what will be brittle?” says
Jay Fineberg, a physicist at the Hebrew
University in Jerusalem. “It’s kind of
strange, but we don’t know.”

Trying to find out has occupied the
materials scientists who investigate how
whatbegins as ariftbetween afew atoms
spreads far enough to take down build-
ings and bridges. The goal is to engineer
failure-free materials by understanding
./ why materials fail in the first place.

“You can learn an enormous amount
aboutmaterials by pushing them to their

= limits,” says materials scientist Markus
= l Buehler of MIT.

i \ In the process, scientists are

___ exposing the cracks in exist-
‘ ing theories. By shattering
breakable Jell-O to

model glass
fracture in

DON KLUMPP/GETTY IMAGES; INSET: BETTMANN/CORBIS



http://www.sciencenews.org

slo-mo, Fineberg and his colleagues have
found that established equations of crack
movement don’t apply near the tip of a
fissure. In supercomputer simulations of
billions of atoms stretching, Buehler and
his colleagues discovered that the shuf-
fling of a few atoms just ahead of the tip
holds the reins on a crack’s speed.

And after centuries of making materi-
als that can break too easily, scientists
are deconstructing nature to uncover
new ways of building stronger, more
efficient materials. Efforts at biomim-
icry have already led to designs inspired
by sponges made of glass and to tough
ceramics based on mollusk shells.
Together, these studies could usherin a
golden age of atoms-up design.

Cracking theory up

A quick tour through the history of
engineering underscores why finding
failure-free materials is so important.
A molasses tank in Boston burst in 1919,
flooding the streets with sweet goo and
killing 21 people. The S.S. Schenectady
cracked almost in half in 1943 while sit-
ting calmly in a harbor outside Portland,
Ore. In 1988, the roof of Aloha Airlines
Flight 243 tore off during flight, killing a
flight attendant and injuring several pas-
sengers. A Missouri Air National Guard
F-15Cbroke in two during flight in 2007,
and the entire U.S. Air Force fleet of F-15s
was grounded for weeks.

These disasters share an important
feature: They all probably started with
animperceptible crack. So studying how
asmall crack propagates might help pre-
vent such disasters in the future.

Way back in the late 1910s, English
engineer Alan Griffith noticed that the
stress theoretically required to break

atomic bonds is 1,000 times larger than
the stress actually needed to break those
same bonds in a material.

“I could take a millimeter-thick strand
of glass, and I could lift a grand piano
with it,” Fineberg says. “A strand of
glass can reach these strengths; it’s not
science fiction. But the minute you have
aflaw, it shatters.”

Griffith realized that existing ideas
about how materials fracture were too
simple. He reasoned that there must be
some critical point (now known as the
Griffith point) at which a crack gets so
long that the strain pulling the material
apart overwhelms the threshold energy
required to form a new surface. His
insight led to the current fundamental
theory of fracture, which suggests that,
because of the physical limits of energy
transport through a material, a crack
can’t travel faster than the speed of
sound on the material’s surface.

But recent work reveals that even
this theory, called linear elastic fracture
mechanics, is too simple. Some cracks can
travel faster than sound’s surface speed.
In1999, geophysicists observed an earth-
quake in Kocaeli, Turkey, that split rock at
speeds exceeding several kilometers per
second, faster than the speed of sound
on the rock’s surface. The same phenom-
enon was observed in earthquake simu-
lations three years later. And in 2004,
physicists Michael Marder of the Uni-
versity of Texas at Austin, Robert Deegan,
now of the University of Michigan in Ann
Arbor, and colleagues found that rubber
balloons also show unexpectedly fast fis-
sures when popped with a pin.

“You can do this experiment in the
comfort of your own home — preferably
aided by children,” Marder says.

Knowing that something is still
wrong with existing theory, scien-
tists are atit again — ripping down old
ideas to make room for new ones.

Breaking the mold
Crack movement is difficult to study in
the lab because of the extreme speeds
involved. But Fineberg’s team has a new
way to slow things down.

“Instead of breaking glass or steel
or brittle ceramics,” he says, “what we
break is Jell-O.”

In this case, the gelatin is actually
squares of polyacrylamide gel, a watery
polymer used in DNA studies. “These are
slippery little buggers,” he says. “They
slipped and fell and looked like they
shattered like plates of glass.”

In a series of studies published in
2005, Fineberg and two students showed
that the way cracks move through the
gel is identical to the way cracks move
through glass, with one important dif-
ference: Cracks that would run through
glass at 3,000 meters per second crawl
through gels at just 5 m/s.

“Youhave alot more time to see what’s
going on,” Fineberg says.

Armed with a fast camera, Fineberg
and colleagues have found a major flaw
in linear elastic fracture mechanics. The
theory assumes that the stress placed on
amaterial is proportional to the strain it
feels. But in a paper still in preparation,
Finebergand theorist Eran Bouchbinder,
also of Hebrew University, show that
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thisis true only far away from the crack’s
tip. As measurements of cracks slogging
through gelatin get closer to the point
where the material splits completely,
more and more terms need to be added
to the equation of motion to describe
how energy fuels the crack — and there-
fore how the crack propagates.

Fineberg says the gelatin method
could also help explain how and why a
crack changes direction, the way rippled
edges form in popped balloons, for exam-
ple. Aside from tip activity, cracks mov-
ing in straight lines seem to agree with
the predictions of linear elastic fracture
mechanics. But if those cracks deviate,
the equations governing their motions
are unknown. And fast, crooked cracks
can emit small daughter cracks, or split
completely into multiple fractures.

“The fundamental question is why
cracks become unstable,” he says. “I
believe that with these gels we can start
to unravel this, just because we can slow
things down.”

Assemblies of atoms

Though the camera that captures Jell-O
cracks has speed on its side, for a truly
fundamental theory of fracture, scien-
tists would like a camera that also zooms
to the atomic scale.

Buehler uses the next best thing: a
supercomputer that models billions of
atoms. His lab at MIT investigates frac-
ture in materials ranging from nickel
and silicon to bone and protein. “We

I
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Gelatin takes on theory Current theory predicts that the tip of a crack should be shaped like
a parabola (blue line), but studies that apply stress (arrows) to gelatin show that the real tip (black
line in photographs) defies expectations. New equations will need to describe the discrepancy.

can simulate atoms and get an equation
of state or density or melting point of a
material,” he says. “It’s really exciting.”

The simulations calculate each atom’s
trajectory based on Newton’s laws of
motion and the quantum mechanical
interactionsbetween thatatomand those
around it. To introduce a crack, Buehler
simply removes a few atoms. To make the
crack spread, he adds some stretch.

“The beauty of this approach and why
I get really excited about this, it really
is very simple,” he says. “Atomistic
simulation doesn’t need much input.
All it is, is chemistry.”

Buehler’s work offers an explanation
for why cracks, under some conditions,
move in apunctuated rather than agrad-
ual way. In modeling a few-nanometers—
long crackinsilicon, Buehler noticed that
some of the silicon atoms, which usually
link up to form hexagons, had rearranged
themselves. At the very tip of the crack,
two six-atom rings had transformed

Atomic shuffle Simulations of silicon reveal that atoms near
the tip of a crack rearrange themselves from two six-member rings
to a five- and seven-member ring (inset). The change may hold the
crack at bay until another bond (arrow, top right) gives way, allowing

the other rings to unzip (arrow, bottom right).

into a five-atom ring
and a seven-atom ring
sitting side by side. The
crack didn’t push for-
ward until another bond,
this one shared between
the seven-atom ring and
a six-atom ring ahead of
it, broke — at which point
the crack split through
the subsequent six-atom
rings like a zipper.

The transformation
from six-atom rings to
five- and seven-atom
rings is the material’s
response to extreme

pressure, Buehler explains. In the same
way that solids melt when heated, sili-
con shifts its atoms around under stress.
This shift could help keep the crack from
spreading, up to a point, by dissipating
the constant energy applied to the mate-
rial. Simulations in more substances may
reveal how such changes in the atomic
structure of materials could contribute
to anew fundamental theory of fissure.

But atomistic simulations are slow
and intensive —arecent model of a small
piece of a protein network in a cell took
weeks to render, Buehler says. And even
the best supercomputers are years away
from being able to handle the numbers
of atoms that make up life-size objects.

Buehler sidesteps this problem by
breaking materials into chunks. He’ll sim-
ulate alarge ensemble of atoms, and draw
a black box around it. The next level of
simulations zooms out to the scale where
the black box is a particle, and so on.

“We start at the fundamental scale
and build up,” he says.

Conveniently, scientists have found,
biological materials are actually orga-
nized in this hierarchical structure.
Buehler’s fondest dream is to use multi-
scale modeling to help build new sub-
stances inspired by life.

Nature builds it up

Some materials scientists are already
creating new materials based on how
natural substances fail, or fail to fail.
Robert Ritchie and Tony Tomsia of
Lawrence Berkeley National Labora-
tory in Berkeley, Calif., and colleagues,
for example, made a material based on
seashells in late 2008.
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“Ceramics are wonderful: They’re
lightweight, they’re very strong,”
Ritchie says. “They’re ideal, bar one
thing — they’re brittle as hell.”

Seashells,on the otherhand, cantakean
impressive beating. Research has shown
that it takes 3,000 times more energy to
break nacre, the material that gives mol-
lusk shells their mother-of-pearl sheen,
than nacre’s chief component, aragonite,
a brittle calcium carbonate mineral. In
a seashell, the aragonite is sandwiched
between microscopiclayers of soft organ-
ics that provide cushioning.

“Its final properties in terms of resis-
tance to fracture are so much better than
either of the constituents,” Ritchie says.
“That’s what we’re trying to emulate.”

Ritchie, Tomsia and their colleagues
mixed alumina, a simple ceramic, with
water, and then froze the mixture to
create alattice ofice. When theice melted
and left behind a ceramic scaffold, the
scientists filled the spaces between the
aluminalayers with acommon polymer,
polymethyl methacrylate.

The team tested the resulting ceram-
ic’s fracture resistance by introducing a
small crack and forcing it to spread. The
material was 300 times tougher than its
constituents, the researchers reported
in Science in 2008. The toughness comes
from the polymer, which acts as a lubri-
cant, allowing layers of ceramic to slide
over each other rather than sever.

“This little thin layer of polymer
allows the material to give a little bit,

Polymer cushion Polymer (dark gray)
serves as the cushioning in bricks-and-mortar
structures resembling seashells. The polymer
allows alumina to slide (arrows, left image) and
will tear (arrow, right image) to relieve stress.

T

and reduces the stresses,” Ritchie says.
“Nature does the exact same thing. This
is not our idea, it’s nature’s.”

Ritchie and colleagues have made only
afew cubicinches of the substance so far,
but considering that most other biomi-
metic materials have been made on the
nanoscale, that’salot. “As far as we know,
no one has ever made abulk material like
this,” Ritchie says.

Bringing down the house

By studying another life-form, scientists
have found that nature succeeds where
the fourth little pig failed: It can make a
glass house that’s immune to stones.

The amount of effort it took to break
a deep-sea sponge surprised Joanna
Aizenberg of Harvard University when
she first tried to crush it. The species,
Euplectella aspergillum,is made entirely
of glass. She found one in a curiosity
shop in San Francisco and brought it
back to her lab.

“I jumped on it,” she admits. Though
it’s made from the same stuff as win-
dows, its primary structure held up
under Aizenberg’s feet.

“You could hear the shattered glass,”
she says. “You break some of the fibers
and some of the connections, but the
integrity is preserved.”

Aizenberg deconstructed the sponge’s
structure using visible light and scanning
electron microscopy, reporting the details
in a paper in Science in 2005. She found
that, as with the mollusk shells, levels of
complexity contribute to the sponge’s
strength (SN: 3/25/06, p. 184).

Each glass fiber consists of concentric
layers of silica and protein, which help
stop cracks from spreading — even if one
layer succumbs to stress, its neighbors
can back it up. But the way the fibers are
arranged also contributes to the sponge’s
resilience. The glass fibers form a cylin-
drical lattice of square windows crossed
by diagonal bars, a common feature in
architecture that keeps windows from
tilting sideways. And the whole structure
has spiral ridges running from top to bot-
tom to prevent it from collapsing like an
empty soda can when squeezed.

“It’s pretty much the most stable and

strength. Buildings including (right, from top) the
Hotel De Las Artes in Barcelona, the Eiffel Tower
and the Swiss Tower in London share structural
properties with the glass sea sponge (left).

mechanically strong glass structure
that exists,” Aizenberg says.

Since describing the sponge in Science,
Aizenberghas started designing models of
the sponge architecture that lack certain
structural features — the spiral ridges,
say, or the diagonal bars — and building
them out of polymers with a 3-D printer.
She has been subjecting the models to a
battery of tests, bending, stretching and
squeezing to see what they can take. “This
is where fracture appears,” she says.

Materials scientists like Aizenberg,
Fineberg and Buehler hope such efforts
willlead scientists away from traditional
materials and toward ones that perform
better. A more fundamental, and accu-
rate, theory of material failure may be
built up from clues gleaned as scientists
break things down.

“Understanding failure,” says Buehler,
“is the key to success.” B

Explore more

B Download lecture notes from a course
on fracture mechanics taught by Alan
Zehnder at Cornell University:
ecommons.library.cornell.edu/
handle/1813/3075
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t could have been a scene from a
sequel to Jurassic Park: Peering
down at the tiny worms wriggling
under the lens of her microscope,
biologist Alexandra Bely witnessed
a performance that hadn’t been
played in nature in millions of years. The
beastie was sprouting a second head.
Actually, two-headed worms are com-
mon in Bely’s lab at the University of
Maryland in College Park. But this speci-
men belongs to aspecies thathad long ago
lost the unusual regenerative ability.
That species, Paranais litoralis, is part
of an ancient family of worms called
naidids that settle in the soft sediments
alongside streams and ponds. Generally, if
asudden rush of water or ahungry preda-
tor causes a naidid to lose its head, it will
simply grow another one. But some spe-
cies that Bely and colleagues have stud-
ied, including Pa. litoralis, seem to have
lost this power. So it surprised Bely to see
that, with the right timing, the creature
could regain its head-popping potential.

“That’s very exciting, because it indi-
cates that the ability to regenerate is
still there, in a dormant state,” Bely
says, “though it probably hasn’t been
expressed or seen in millions of years.”

Bely’s finding and other recent results
have encouraged researchers who are
trying to figure out why some animals
can reconstruct their body parts while
others can’t. Most species have the abil-
ity to regenerate some body parts, yet
this talent is highly variable. Humans, for
instance, can renew skin and bone, but
salamanders can re-create entire limbs
or tails, or just about any other structure
that can be lopped off without killing
them. And the real superstars are animals
such as sea stars, flatworms and sponges:
They can regenerate every part of their
body, even from a tiny fragment.

Given the obvious medical appeal
of regrowing lost or injured body tis-
sues, scientists have long focused on
the molecular signals that drive regen-
eration — endowing some animals with

extensive powers while countless others
have limited or no regenerative abilities
at all. In recent years, scientists have
begun to explore the regenerative pro-
cess indiverse creatures to better under-
stand how that power evolved in the first
place and why not everything has it.

The findings have raised a nagging
question: Are the regenerative pow-
ers that lead to a new head in a worm,
restore the leg of a salamander and heal
the skin of a human one and the same?
Some scientists maintain thatregenera-
tion is ancient and originated long ago,
while others say it has evolved, again and
again, in different organisms.

Bely says figuring out whether regen-
erative abilities in all animals had
the same evolutionary origins is the
“elephant in the room” for regeneration
biology. “Whether or not regenerative
processes are homologous across the
animal kingdom profoundly affects how
we interpret what we learn about regen-
eration in different animal groups.”

Scientists turn tolowly
creatures to unlock the
secrets of regeneration

By Susan Gaidos
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In the past, researchers have sought a
single explanation for the wide variation
in regenerative abilities. Since animals
across the board have some renewing
potential, some scientists have suggested
that complex creatures tended tolose the
regenerative ability as evolution pro-
ceeded, while simpler animals retained it.
Recent studies on the genes and signaling
pathways involved in regeneration show
that its presence or absence is driven by
multiple factors, as Bely and colleague
Kevin Nyberg describe in a paper to
appear in Trends in Ecology & Evolution.

To determine whether all regenera-
tion has the same roots, scientists must
identify its molecular basis in different
groups of organisms. Bely and other
researchers discussed the evolution-
ary aspects of regeneration —as well as
ecological and physiological factors that
playinto it —in Januaryin Seattle at the
Society for Integrative and Comparative
Biology meeting.
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and look at all the phyla that have been
described so far, you will find organisms
that can do some remarkable regen-
erative feats,” says Alejandro Sanchez
Alvarado, a neurobiologist at the Univer-
sity of Utah in Salt Lake City who spoke
atapanel session at the meeting. “That to
me supports the possibility that regener-
ation is not something that every animal
invents for their own purposes, but that
it may actually be an attribute of our pre-
decessors, our ancestors along, long time
ago in evolution.”

Early arms race

Signs of animals’ regenerative abilities
are scattered throughout the fos-
sil record. Geologist Forest Gahn of
Brigham Young University-Idaho in
Rexburg studies crinoids — marine ani-
mals related to modern sea stars and
sea urchins — and says the first fossils of
these animals, dating back 490 million
years, reveal evidence of limb regrowth.

Crinoids are flower-shaped animals
that grow on stalks rooted to the ocean
floor. Like their sea star cousins, crinoids
have five or more arms and a skeleton
constructed of calcified plates elabo-
rately slotted together. Some of the plate
connections are designed for shedding,
so an animal grabbed by a predator can
simply bid an arm good-bye.

In looking over the fossil record,
Gahn and colleague Tomasz Baumiller
of the University of Michigan in Ann
Arbor linked shedding and regrowth to
increased evolutionary pressure to with-
stand predator attacks. Because modern-
day crinoids usually lose and regenerate
their arms as a result of attacks by fish
and other marine animals, the scientists
reasoned that arm regeneration in fos-
sil crinoids might be an indicator of past
predator-prey interactions.

Gahn and Baumiller examined more
than 2,500 crinoid fossils for evi-
dence of arm regeneration, focusing on
specimens dating back 290 million to
490 million years. The scientists reported
in 2004 that a threefold increase in the
relative number of fossils showing arm
regeneration occurred about 380 mil-
lion years ago, a time when the number

Most species have the
potential to regenerate
some body parts, yet this
talent is highly variable.

of shell-crushing predators increased
explosively.

Not all of the crinoid species from
that period showed a dramatic increase
in regeneration. Those species that did
were the tallest, and among the tallest,
the bigger-than-average individuals
showed the highest regeneration fre-
quencies. Gahn says these findings are
consistent with something called the
“plant apparency theory,” which states
that the most readily seen plants are
those that are most likely to be attacked
by predators. Those plant species are
also the most likely to develop broader
defenses against predators.

Apparency theory seems to hold true
for this fossil community, Gahn says. The
prevalence of shell-crushers coincides
with the appearance of other defenses,
too, such as thicker plates and changes in
arm branching to minimize arm loss.

Still, finding evidence of changes in
both predators and prey does not prove
that one caused the other, Gahn notes.
The scientists are now doing experiments
toseeifregenerationis selectively advan-
tageous in living crinoids. In January, he
and Baumiller traveled to Micronesia to
study predator-prey interactions in reef
crinoids to better assess how the type and
frequency of tissue loss might help mold
predator-driven regeneration.

Making headway

Regeneration is a form of reproduction
for some invertebrates. Sea stars, brittle
stars and hydra, for example, reproduce
asexually by essentially splitting in two.
Some worms, such as the naidids, use
a variation on their regenerative tech-
nique to make a second version of them-
selves as well.

Naidids are part of the annelid fam-
ily that includes ordinary roundworms,
leeches and earthworms. Most naidids
reproduce bybudding, a process in which

February 13,2010 | SCIENCE NEWS | 23


http://www.sciencenews.org

FEATURE | STARTING ANEW

a new individual starts as a growth on
the parent’s body and eventually splits
off. But some naidid species employ a
more elaborate process called fission. To
reproduce, a worm in one of these spe-
cies forms a zone of self-proliferation in
the middle of its body. From that zone,
the worm forms a new head to go with
its back end and a new tail to go with its
front. Attached head-to-tail-head-to-tail,
the worm eventually tears itself in two.

Among the fission reproducers, Bely
discovered a few oddballs: These worms,
of which Pa. litoralis is one, reproduce
and replace lost tails but cannot restore
a lost or damaged head. But under cer-
tain circumstances, Bely and colleagues
report online December 4 in the Proceed-
ings of the National Academy of Sciences,
head-regenerating abilities can be recov-
ered in the species.

The researchers discovered that if
the sprouting head was lost at an early
stage during the fission reproduction
process, there’s a way the animal could
grow a new one. In a series of experi-
ments, the scientists showed that if
they chopped the tissue of a new head
off as it was growing — before the ani-
mal split in two — the worm’s ability to
regenerate the head could be recovered.

Paranais litoralis reproduces by growing
a second head and second tail in its zone
of self-proliferation (green in both) and
then splitting. If the new head is sliced
off early on, the worm can regrow it.
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Many degrees of renewal Regeneration comes in many forms, from full body regrowth
to organ and tissue replenishment. Because of the apparent similarities in each process, some
scientists suggest that regeneration has one root. Others argue that it evolved many times.

“It’sprobably not everbeing expressed
in nature,” Bely says, “and yet we, by very
specific cuts, can elicit regeneration.”

This pattern —where younger tissue is
able to support regeneration much more
effectively than older tissue —is also seen
in humans. Young children, for example,
have reportedly been able to regenerate
severed fingertips. And pediatric sur-
geons can attest to the magical powers of
regeneration thatoccur after fetal surgery
in early pregnancy, where the baby is later
born perfectly healed without scars.

Bely says such feats suggest that
humans have the appropriate machinery
to heal wounds without scars, perhaps
even to regrow tissues or limbs. But in
humans, this ability lies dormant, inac-
tivated because evolution favored the
swift patching of wounds through scar-
ring over the slow regeneration of com-
plete body parts.

Bely and her group are now studying
Pa. litoralis to see how these dormant
abilities are activated. Such studies may
point researchers toward previously
unstudied genes or processes that, if
found in humans, could be modified to
increase regeneration abilities, she says.

Common machinery

As the superstars of regeneration, flat-
worms known as planarians may also
hold a treasure trove of clues. Cut off a
planarian’s head and the worm regrows a

head. Cutoffthe tail and it regrows a tail.
Chop aplanarian into 279 bits, and it will
grow 279 entire new worms.

Over the past decade or so, Univer-
sity of Utah’s Sanchez Alvarado and his
colleagues have cloned and tested thou-
sands of planarian genes to see what
roles they play in regeneration. The
findings show that the vast majority of
genes used to regenerate are shared by
many forms of life, including plants,
nematodes and humans. In addition, the
genes are preserved, remaining essen-
tially unchanged over eons.

“Many people have postulated that
maybe the difference is that there are
some genes that got ‘lost.” And that by
losing these genes, animals were incapa-
ble of mounting aregenerative response
after injury or amputation,” Sanchez
Alvarado says. “But we’re finding out
that that’s just likely not to be true.”
Instead, he says, the genes may be there
but deployed in slightly different ways.

His group uses a process called RNA
interference to turn off genes one by one.
Through this process, the team showed
how a signaling pathway — a series of
molecular events within a cell —that
orchestrates embryonic development
also plays a role in regeneration. In this
case, the pathway tells the worm whether
to make a head or tail, based on the
wound’s location.

When Séanchez Alvarado turned up the
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Clues from diverse critters Simpler creatures tend to be better regenerators—growing anew from tiny pieces
of their former selves. Other, more complex beings show lesser abilities but can still grow new tissue to heal wounds. By studying
diverse creatures, scientists hope to find out how regeneration evolved and, one day, harness the power for medicine.

Planarian worms

Planarians can regrow themselves from just
a small tissue fragment. A team recently
found 240 genes involved in regeneration.

Green walkingsticks

If grabbed by a predator, the leg of a stick
insect falls off, making for an easy escape.
Legs are often lost during molting, too.

2 W
Birds
Birds can regenerate hair cells in their
inner ears, though evidence of avian
regenerative abilities is limited.

Crinoids

Fossils reveal that the arm-sprouting abil-
ity of crinoids, also called sea lilies, dates
back at least 490 million years.

Fiddler crabs
Male fiddler crabs have one big claw, which
they wave to attract females. One study
found that 7 percent have a regrown claw.

Human liver

The liver is the only internal human organ
known to naturally regenerate. It can
regrow from just 25 percent of its tissue.

Jellyfishes

Jellyfishes can recover limbs and eyes. One
known species can revert all of its cells to
a young state and regrow entirely.

A .

Salamanders

Salamander tails begin regrowing immedi-
ately after amputation. Larvae are favor-
ites for regeneration studies.

Human skin

Wound healing is often a mix of regenera-
tion—in which tissue is replaced—and
repair—in which connective tissue forms.
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A team found that tweaking the activity in the hedgehog signaling pathway in a pla-
narian could lead to incomplete tail development (left) or a tail at each end (right).

activity in the signaling pathway — called
Wnt — the worms created tails in place
of heads. When turned down, the worms
created heads instead of tails.

In December, his group published fur-
ther findings in Science that show how
another ancient — an evolutionarily
preserved — molecular signaling path-
way, called hedgehog, serves as a master
switch to regulate the Wnt pathway dur-
ing regeneration. Sanchez Alvarado says
these old signaling pathways are used to
lay down the body plan of an embryo as it
develops. However, his findings came as a
surprise because the two pathways oper-
ate differently early in development.

Inembryogenesis, the Wnt and hedge-
hog pathways work as a team, establish-
ing a mutually dependent feedback loop
that determines the embryo’s body plan.
Sanchez Alvarado says the new find-
ings establish a hierarchy of signaling
events leading to one aspect of regener-
ation —in this case, deciding whether to
make an anterior or posterior end.

“That already smells of some unique
regulation in these two pathways to allow
for regeneration to take place,” he says.

It remains to be seen whether these
pathways are used in regeneration by
other species such as zebra fish or sala-
manders, Sinchez Alvarado says. He and
his team are now working to identify
othersignaling processes used inembryo-
genesis, and possibly regeneration.

“The question is, do you reuse these
tools, which is very likely,” he says. “And
if you reuse them for regeneration, how
doyoudoit?”

Though regeneration and embryogen-
esis rely on many of the same molecular
pathways, the processes are not the same
at all, he says. In regenerating a limb, for
example, the body must go back “in time”
tore-create an organ in the absence of all
the other events that took place at the
time of early development. He says the
local cues that tell damaged tissue how
to behave appropriately and how to inte-
grate into the surrounding tissue need to
be identified.

Playing to a different tune

Though most of the molecular machin-
ery that’s used in regeneration has been
shown to be common to all multicelled
animals, some machinery differs. So
some scientists maintain that regen-
eration is not an ancient process that
originated long ago, but exists because
ithas evolved, again and again, in differ-
ent organisms.

Jeremy Brockes of University College
London says that, like an orchestra play-
ing different tunes, the key instruments
are the same but they are being directed
in different ways. His decade-long stud-
ies of salamanders have convinced him
thatextraordinary regenerative abilities
have evolved independently in different
animal groups.

He became convinced of this through
his studies of the salamander protein
Prod 1, which serves as a road map for
cell regrowth in salamanders and newts
(SN: 11/3/07, p. 276).

While most of the proteins and genes
involved in regeneration that show up

in other animals also have mammalian
counterparts, Prod 1 is a protein found
only in salamanders. What’s more, it’s
a kind of protein — called a three-finger
protein —that is involved in other “strik-
ing examples oflocal evolution,” Brockes
says. For example, in snakes, a different
three-finger protein played a role in the
evolution of the venom apparatus.

Though such evolutionary events are
relatively common, Brockes says it’s not
the way most researchers think about
regeneration.

“We have thought about regeneration
asbeing akind of unitary mechanism, and
the question often is, “‘Why have we lost
the ability to regenerate?’” he says. “But
that doesn’t take into account these types
of local evolutionary events.... After all,
you only need one conductor to do some-
thing quite different with an orchestra.”

Brockes says it’s important how such
issues are viewed, particularly in areas
such as regenerative medicine.

“What we should be asking is, did we
actually ‘lose’ the ability, or did the sala-
mander bring significant evolutionary
novelty to the problem of developing a
regenerative response?” Brockes says.

He and his colleagues are now looking
for other proteins used in regeneration
and working to understand how pro-
teins such as Prod 1 work to orchestrate
aregenerative response.

What is needed next are studies to test
how universal the mechanisms used by
various regenerators are. Only then will
scientists know whether humans and
other nonregenerators have lost a trick
learned and mastered by watery ances-
tors countless millions of years ago.

“It’s a long process, but it’s one that I
think is really beginning to be chipped
away effectively,” Sanchez Alvarado says.
“It really will be just a matter of time.” B

Susan Gaidos is a freelance writer based
in Maine.

Explore more

B A.E. Bely and K.G. Nyberg. “Evolution
of animal regeneration: Re-emergence
of a field.” Trends in Ecology & Evolu-
tion. In press.
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Snack addicts

The experiment outlined in “Junk food
turns rats into addicts” (SN: 11/21/09,
. 8 seems to have overlooked an ingre-
dient list. The junk foods fed to the rats
were junky, to be sure, but which foods
were the most addictive? Many junk
foods are filled with alarming amounts
of things like monosodium glutamate.
Were the rats more responsive to the
MSG-laden foods? Did they crave salt
over sugar? Fat over starch? This article
left me hungry for specifics.

Drew Massey, Los Angeles, Calif.

In the study, researchers fed the rats a
mishmash of junky foods (think bacon-
wrapped cheesecake covered with frost-
ing), so any ingredient’s individual effects
were hidden. The researchers noticed
that rats seemed to like foods laden with
both fat and sugar most, making these
ingredients the “likely culprits,” says Paul
Kenny, a coauthor of the study. “It seems
like sweetened fat is the way to go.” But to
really nail down which ingredients may
be the most addictive, scientists need to
separately test each of the ingredients.

— Laura Sanders

Memories of McClintock
Tina Hesman Saey’s article “Corn
genome a maze of unusual diversity”
(SN: 12/19/09, p. 9) reports that “The
[maize] genome project discovered
some new families of transposons,
revealing a total of 1,300 such families
in maize.” When I read those words, I
couldn’t help but sense the specter of
Barbara McClintock floating between
the lines of the story and behind the
work of the multi-institution genome
project. It was McClintock, work-
ing alone in an isolated laboratory
at Cold Spring Harbor and using the
techniques of classical genetics on
maize, who obtained the first data that
pointed to the existence of mobile
genetic elements. What a far cry the
$30-million-dollar maize genome proj-
ect is from the skepticism that greeted
McClintock’s data and conclusions.

I think a case can be made that truly

groundbreaking insights are achieved
by creative individuals working alone
with a fraction of the money lavished
on “Big Science” consortia. And these
insights are frequently serendipi-

tous —unexpected findings that arise
while a different question is being
asked. Think of siRNA, telomeres,
hypermethylation of promoter regions.
And perhaps the most telling example
of all — the discovery of restriction
endonucleases, which enabled the
whole field of synthetic molecular biol-
ogy and biotechnology.

William Check, Wilmette, Ill.

Electrobio feedback

In the interview with Ken Nealson by
managing editor Eva Emerson (“From
fringe to electromicrobiological main-
stream,” SN: 12/5/09, p. 32), 1 fear that
some misinformation may well have
been conveyed.

Professor Nealson said of his find-
ing, “it simply wasn’t in the textbooks
20 years ago and still is not there in
most textbooks.” Namely, he was refer-
ring to the fact that bacteria could
reduce solid substrates, “... the bugs
would just settle down and respire the
rock,” and he intimated that this was
unheard of at that time. I call attention
to two books published more than 50
years ago: Biochemistry of Autotrophic
Bacteria by H. Lees (Butterworths
Scientific Publications, 1955) and An
Introduction to Bacterial Physiology
by E.L. Oginsky and W.W. Umbreit
(W.H. Freeman & Co., 1954). These
provide summaries of research since
the early 1920s on the autotrophic
sulfur-oxidizing bacterium Thiobacil-
lus thiooxidans and other bacteria that
oxidize and reduce sulfur and iron.
Bacteria have been known to derive
their energy from oxidizing these sub-
stances and using the energy derived
to fix CO, into carbon compounds used
by the cells.

Thus, electron transfer by bacterial
metabolic activity to insoluble com-
pounds, leading to their degradation,
has been known for more than the
25 years since Nealson’s findings.

T. thiooxidans was isolated and
characterized in 1921. When I was a
graduate student with Umbreit, we,
along with Pauline Holbert, demon-
strated, using electron photomicro-
graphy, the firm attachment to, and
degradation of, sulfur crystals by a
pure culture of T. thiooxidans (W.I.
Schaeffer, P.E. Holbert and W.W.
Umbreit. The Journal of Bacteriology,
January 1963). This letter in no way
is meant to denigrate the findings and
subsequent research by Nealson, only
to point out that the paradigm is far
older than this interview would lead
one to believe.

Warren 1. Schaeffer, Edison, N.J.
Schaeffer is an emeritus professor of
microbiology and molecular genetics at
the University of Vermont in Burlington.

Ken Nealson responds: I am afraid

Dr. Schaeffer caught me in my own
myopic world of solid metal oxide
reduction. I was specifically referring
to the extracellular electron transfer

of cellular reducing power (electrons)
to solid metal oxides, such as iron or
manganese oxides, and the conceptual
difficulty that was imagined with truly
insoluble substrates as electron accep-
tors. Dr. Schaeffer is quite correct to
point out that the other side of the elec-
tron flow issue — namely extracting
electrons from a solid substrate — has
been seen since it was first realized that
elemental sulfur could serve as a source
of electrons for both photosynthetic
and chemolithotrophic microbes. But
with regard to reductive interaction
with solids, what I said was correct,
though incomplete in the broader con-
text. The issue raised, however, is a very
important one, as it is conceivable that
microbes may exist that could do both,
and could operate in the subsurface
using minerals of different redox poten-
tials both as a source of electrons and
as the ultimate electron acceptors. That
would be really something.

Send communications to: Editor, Science News,
1719 N Street, NW, Washington, D.C. 20036 or
editors@sciencenews.org. Letters subject to editing.
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“Teddy Roosevelt Silver Dollars”
Unearthed at Old Texas Ranch

After getting a call from a gentleman who had inherited a historic
Texas ranch, one of our coin buyers found himself in a dusty storm
cellar. The ranch was once owned by a veteran of WWI, who as local
legend had was said to have always held true to a peculiar tradition:
when he lost at pool (which was rare) he paid only with silver dollars.
Now, a successful man with silver coins to spare must have had a stash
of them right? That’s precisely what his grandson was hoping when he
found, in a dark corner under a rotten floorboard, five heavy, unmarked
canvas bags.

As he opened them, one by one, he found 6,000 U.S. Territorial Silver
Dollars—the coins he’d heard stories of! These were “Teddy Roosevelt
Silver Dollars,” the only silver dollar created during TR’s presidency!

Hard to Hunt Down
This scarcely seen U.S. Territorial Silver Dollar was issued from 1907
to 1912, but is missing from virtually every U.S. silver-dollar collection.
In fact, many collectors don’t even know it exists! It was struck at the
renowned San Francisco Mint for use only in the Philippines, a U.S.
Territory at the time. Sadly, millions of the coins were lost over the
years or melted down for their silver content, and very few made their
way back to the United States. It’s estimated that less than 10 percent
of these coins remain!

Silver Legacy of Teddy Roosevelt
In the White House from 1901 to 1909, Roosevelt believed in America’s
destiny as a world power. His efforts led to building the Panama Canal,
eliminating the dreadful yellow fever in the Philippines, Cuba, and
Puerto Rico and helping end a war between Russia and Japan, for
which he was the first American to be awarded the Nobel Peace Prize.

A Big, Beautiful Silver Dollar
The U.S. Territorial Silver Dollar is as rugged as the old Rough Rider
himself. It weighs a hefty 20 grams and has a 1.37-inch diameter. The
coin has a fineness of .800 silver.

Lady Liberty is featured on the front of the coin, symbolizing the
forging of a new territory. The back depicts an eagle standing proudly
atop a U.S. shield.

Prices and availability subject to change without notice. Note: GovMint.com is a private distributor of worldwide
government coin issues and is not affiliated with the United States Government. Facts and figures were deemed
accurate as of August 2009. ©GovMint.com, 2009

FOUND! AMERICA’S ELUSIVE SILVER DOLLAR!

Larger than

: actual size of 35 mm
The San Francisco

“S” mintmark

Valuable Coins at a One-Time-Only Price
Only after weeks combing the U.S. coin market did we find even one
dealer selling the U.S. Territorial Silver Dollar—for $49.95. But thanks
to discovery of this hoard, you can own the U.S. Territorial Silver
Dollar for as little as $24.95.

Risk-Free Home Trial
Your satisfaction is assured by our 30-Day Money-Back Guarantee.
Own the U.S. Territorial Silver Dollar for a full month. If you are
not 100% satisfied, simply return the coin by insured mail and in the
condition you received it, for a full refund (less S&H). Please note that
your Silver Dollar will be dated between 1907 and 1912 but we cannot
honor requests for a particular date.

U.S. Territorial Silver Dollar $29.95 (pius S&H)

Buy More and Save!
Five U.S. Territorial Silver Dollars $139.75 (plus S&H) SAVE $10
10 U.S. Territorial Silver Dollars $249.50 (plus S&H) SAVE $50

Don’t Delay!
We have 6,000 U.S. Territorial Silver Dollars —certainly not enough to
meet the demand of 144 million U.S. coin collectors! We expect to sell
out quickly. To avoid disappointment, act now!

Toll-Free 24 hours a day 1-800-973-3083

| Promotional Code TUS138. Please mention this code when you call. |

ALL Major Credit Cards Accepted
‘We can also accept your check by phone. To order by mail call for details.

@ GovMINT.CoM po—

YOUR ONE BEST SOURCE FOR COINS WORLDWIDE

www.GovMint.com
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BOOKSHELF

What On Earth Evolved?

100 Species That

Changed the World

Christopher Lloyd

Throughout Earth’s past, innumerable
species have come and gone without
making much of a mark, but a select few
have lived long and
prospered indeed.

In this eloquent and
richly illustrated vol-
ume, Lloyd, who also
authored the plan-
etary history What
on Earth Happened?,
compiles a veritable who’s who of organ-
isms that he contends are the 100 most
important species or groups in the plan-
et’s history. (Hint: Humans are high on
the list, but they don’t top it.)

Half of those in the tally evolved
before humans became a major influ-
ence on species’ fates about 12,000
years ago. Members of the second, more

EERISDIPSER LLIYR

recent group owe much of their success
to the ability to accommodate or satisfy

human needs. Lloyd uses five criteria to
rank organisms’ influence on the plan-
et’s history: their longevity as a species,
the size of their range, their evolution-
ary impact, their environmental impact
and their impact on human history. Spe-
cies or groups included in this esteemed
list range from algae and cyanobacteria
that have been oxygenating Earth’s
atmosphere for billions of years to a rel-
atively recent upstart, Homo sapiens.
From tales of trilobites and 7. rex to
cotton, cannabis and coffee, thought-
provoking biographies of these 100
shapers of Earth’s history take read-
ers on an engrossing journey from the
beginning of life to the present day. The
book chronicles the sometimes com-
plicated interrelations between and
among those organisms. Though some
may quibble with his rankings or crite-
ria, Lloyd’s aim, as he notes, is not only
to inform and entertain his readers but
also to stimulate debate about the place
of humankind in nature. — Sid Perkins
Bloomsbury USA, 2009, 416 p., $45.

The Joy of Chemistry: The Amazing
Science of Familiar Things

Cathy Cobb and Monty L. Fetterolf
Citing The Joy of Sex and The Joy of
Cooking as texts that demystified
important — yet sometimes perplex-
ing — terrain, Cobb and Fetterolf aim to
do the same for chemistry. Their book
succeeds in doing just that.

The authors, both chemists, begin
with an elaborate safety dictum fol-
lowed by a shopping list calling for
items such as sugar, galvanized nails
and superglue. These come into play
through simple experiments accom-
panying each chapter, which highlight
chemical characters and reactions.
And what characters they are: Water
“can be a home wrecker,” and nitrogen
“has several personalities,” including
both nurturing and destructive ones,
Cobb and Fetterolf write. The first half
of the book brings to life chemistry’s
fundamental principles and players,
and the second half examines special-
ized chemistry. The challenges and

thrills of organic, analytical and bio-
logical chemistry are revealed, along
with a glimpse of what questions might
confront future researchers.

Each chapter is prefaced with chem-
istry quotes from popular literature,
such as D.H. Lawrence’s turn of phrase,
“Tragedy is like strong acid — it dissolves
away all but the very gold of truth.” The
authors suggest that these references

hark back to a time
@ when readers were
; more familiar with
Esliéo;d ISTRY basic chemistry than
it they are today.
- This book is a
wonderful effort
LTS to bring back that

DRI L FCTIGROLE

familiarity. It’s ideal
for a student struggling with redox
reactions or for those who just want

to better understand “the central sci-
ence” of the world around them — even
the chemistry in kitchens and bed-
rooms. — Rachel Ehrenberg

Prometheus Books, 2010, 393 p., $19.

B xse

Streetlights and
Shadows: Searching
for the Keys to Adap-
tive Decision Making
Gary Klein

Good decision makers
share traits such as

being accepting of ambiguity and
complexity, one scientist argues.
MIT Press, 2009, 337 p., $27.95.

On Thin Ice: The
Changing World of
the Polar Bear
Richard Ellis

The natural history of
polar bears entwines
with human history

in this science writer’'s ode to the
world’s largest land carnivore. Alfred
A. Knopf, 2009, 400 p., $28.95.
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SCIENTIST?

So You Want to Be

a Scientist?

Philip A. Schwartzkroin
A neuroscientist
describes the pros,
cons and politics of a
career in research for

aspiring scientists. Oxford University
Press, 2009, 192 p., $19.95.

Dinosaur Odyssey:
Fossil Threads in
the Web of Life
Scott D. Sampson
The past three
decades have seen

a plethora of major discoveries,
described here, about dinosaurs and
prehistoric Earth. University of Califor-
nia Press, 2009, 332 p., $29.95.

§ih

Gifts from the
Ancestors: Ancient
Ivories of Bering Strait
William W. Fitzhugh,
Julie Hollowell and
Aron L. Crowell, eds.

The histories of Arctic cultures are
explored through scholarly essays,
illustrations and photos of the
region’s intricately carved relics. Yale
University Press, 2009, 328 p., $55.
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Breeding Bio Insecurity:

How U.S. Biodefense Is Exporting
Fear, Globalizing Risk, and Making
Us All Less Secure

Lynn C. Klotz and Edward J. Sylvester
American efforts to counter potential
biological warfare threats are creating
a 21st century Trojan horse.

Klotz and Sylvester make this point
early and often in their latest book.
They argue that the
boom in biosecurity
research in the wake
of 9/11 has meant an
exponential increase
in the number of sci-
entists, technicians

and other lab work-
ers with access to dangerous biomateri-
als such as Ebola virus. This trend alone
increases the risk of accident or theft.
And the secrecy shrouding much of the
research promotes suspicion that could
spur an international biological arms
race, the authors argue.

The authors, a biotechnology expert
and a science journalist, support their
positions with detailed descriptions of
potential bioweapons such as anthrax
or botulism and what it would take to
weaponize them. In the authors’ view,
the challenges of engineering a virulent
and stable organism make it unlikely
that a terrorist group (read: Al Qaeda)
could develop and deploy a biological
weapon. The billions of dollars ear-
marked for biosecurity research would
be better spent countering existing pub-
lic health threats, they say, such as flu or
drug-resistant staph infections.

The book is polemic and at times
takes on a strident tone. Still, it provides
an intriguing overview of biological war-
fare defense research, past and present.
This unequivocal condemnation of U.S.
biosecurity efforts merits consideration,
particularly by those who would
disagree. — Rachel Zelkowitz
University of Chicago Press, 2009,

272 p., $27.50.

Before the Big Bang:
The Prehistory of Our
Universe

Brian Clegg

A scientist-writer
explains theories of
the universe’s origin
for the nonscientist. St. Martin’s
Press, 2009, 306 p., $25.99.

The Humans Who
Went Extinct: Why
Neanderthals Died
Out and We Survived
Clive Finlayson

An evolutionary
ecologist argues that
humans weren’t superior to other
hominid species, only luckier. Oxford
University Press, 2009, 273 p., $29.95.

How to Order To order these books or others,
visit www.sciencenews.org/bookshelf. A click on
a book’s title will transfer you to Amazon.com.
Sales generated through these links contribute
to Society for Science & the Public’s programs.

MAKE THE
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SWITCH TO DIRECTV!

Switch from cable to DIRECTV!

1-877-485-3192

PACKAGES
STARTING AT

$ 99
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New customers only (lease required, must maintain programming, DVR and/or HD Access). Lease fee of $5/ma. for second and each additional receiver. Programming, pricing, terms and
conditions subiect to change at any time. ©2009 DIRECTV and the Cyclone Desian logo are trademarks of DIRECTV, Inc.
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COMMENT

Lisa Schwartz

(:'.)

For more Comment, visit COLUMNS
at www.sciencenews.org

Making informed decisions about mammograms

In November, the U.S. Preventive
Services Task Force, a nongovernmental
advisory panel of health experts, recom-
mended that routine mammography for
breast cancer screening start at age 50,
not 40. It met with a chorus of objec-
tions. Lisa Schwartz, a general internist
at the Dartmouth Institute for Health
Policy and Clinical Practice in Lebanon,
N.H., investigates such public health
issues. She spoke recently with Science
News biomedical writer Nathan Seppa.

Were you surprised at the outcry that
arose from this recommendation?

Yes and no. This happened in 1997 when
a National Institutes of Health consen-
sus panel recommended that women in
their 40s decide for themselves about
mammography: an intensely negative
public and political reaction. But I also
hoped that with the growing acknowl-
edgment of the harms of mammogra-
phy —in medical journals, in the news
and by the head of the American Cancer
Society — that there might have been a
different reaction.

Mammograms do catch cancers. But
the task force found high rates of false-
positive mammograms and treatment
for “overdiagnosed” cancer, questioning
the benefits of routine mammography
for 40-somethings. Your thoughts?
Women need to be clear about their
chance of developing breast cancer,
how much mammography reduces
that chance and what are its associated
harms. Imagine 10,000 women age 40.
Over the next 10 years, without mam-
mogram screening, about 35 will die of
breast cancer. With screening, 30 will
die — five fewer. But of 10,000 getting
screened, 600 to 2,000 will have at least
one false positive leading to a biopsy,
and 10 to 50 will be overdiagnosed. They
will be told they have cancer, and they
will undergo surgery, chemotherapy

or radiation, which can only hurt them

since their cancer was never destined to
cause symptoms or death.

Overdiagnosis is the most important
harm of screening. People sometimes
find it hard to believe that overdiagnosis
is possible. These cancers look the same
under the microscope but don’t behave
like cancer. Because we
can’t tell which cancers
constitute an overdiag-
nosis, everybody who has
cancer is treated.

So it’s a trade-off for
women in their 40s?
Mammography is a trade-
off for women of all ages,
but for along time mam-
mography was not thought
of in this way. Women got
very strong, one-sided

There is
nothing
crazy about
encouraging

The panel took no position on insurance.
But is money at issue?

The task force did not consider costs.

It considered only the best available
data. It would be better to focus on how
much mammography helps and hurts
first, without considering money, since
bringing cost into the dis-
cussion distracts people.
If you assume mammog-
raphy works really well or
has no downsides it is easy
to assume that the debate
is really about costs and
rationing. Butitisn’t. It’s
about weighing benefits
and harms. If awoman
then decides she wants
mammography, I do think
insurance should cover it.

messages from doctors women Does this outcry reflect a
and advocacy groups, in to make distrust of science?
essence telling them they . It’s hard to know. Screen-
were crazy if they didn’t informed ing for breast cancer has
get screened. Of course, decisions been much more con-
this message isn’t true. based on their tentious than screening
Once informed about the own values. for other cancers. For

chance of breast cancer

and the benefits and harms of mam-
mography, women can weigh the pros
and cons. There is nothing crazy about
encouraging women to make informed
decisions based on their own values.
But the only way this can happen is if
women have the information they need.

How should doctors advise patients?
Doctors should help women realize that
the issue is not whether mammography
does or does not work. It’s about their
values, how they weigh the benefits

and harms. For so long, doctors have
approached screening as something
they have to convince women to do,
even if this meant scaring people about
their risk, exaggerating benefit and
ignoring harms. The question is whether
we are willing to be honest about both.

example, when the same
task force recommended against older
men getting a PSA screening test for
prostate cancer, there was little public
reaction. Perhaps the difference is that
prostate cancer affects older men or
that many physicians, including urolo-
gists, have already adopted this prac-
tice. But the most important lesson is
that people need better information.
Too often the public get slogans about
screening rather than good informa-
tion. Slogans generate strong emo-
tions that interfere with good decision
making. By routinely hearing numbers
about the benefits and harms of medi-
cal tests and treatments, people will be
able to appreciate the science behind
recommendations. It’s not about emo-
tions. It’s about knowing what you get,
and the trade-offs. ®
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Tour the Greatest Masterpieces of European Art

If you could design an art exhibit to end all art exhibits—one
that covered the last 1,200 years of European painting, sculpture,
architecture, drawing, and other media—this would be it. In 48
stunning lectures, A History of European Art features all the
masterpieces you would expect to find in a comprehensive sur-
vey of Western art since the Middle Ages.

Works such as Giotto’s Arena Chapel, Van Eyck’s Ghent Al-
tarpiece, Leonardo’s Last Supper, Michelangelo’s David, Ver-
meer’s View of Delft, Van Gogh’s Starry Night, Picasso’s Les
Demoiselles d’Avignon, and hundreds more—all are here. So are
works by Raphael, Bruegel, Rembrandt, Goya, Monet, Gauguin,
Rodin, Matisse, and scores of other artists. And your guide to this
unrivalled collection is Professor William Kloss, an independent
art historian long connected with the seminar and tour programs
of the Smithsonian Associates of the Smithsonian Institution.

This course is one of The Great Courses’, a noncredit record-
ed college lecture series from The Teaching Company: Award-
winning professors of a wide array of subjects in the sciences and
the liberal arts have made more than 300 college-level courses
that are available now on our website.

Order Today!
Offer Expires Wednesday, April I4, 2010

A History of European Art
Course No. 7100
48 lectures (30 minutes/lecture)

DVDs $53995 NOW $129.95

+ $20 Shipping, Processing, and Lifetime Satisfaction Guarantee

Priority Code: 39705

The Joy of Lifelong Learning Every Day™
‘GREAT PROFESSORS, GREAT COURSES, GREAT VALUE
GUARANTEED.™

-g' THE TEACHING COMPANY'

A History of European Art

Taught by Professor William Kloss, Independent Art Historian,
The Smithsonian Associates, Smithsonian Institution

Lecture Titles

1. Approaches to European Art 25. Netherlandish Art in the

2. Carolingian and Ottonian Art 16" Century

3. Romanesque Sculpture and 26. Pieter Bruegel the Elder
Architecture 27. Mannerism and the Late Work

4. Gothic Art in France of Michelangelo

5. Gothic Art in Germany and ltaly 28. Annibale Carracci and the

6. Giotto and the Arena Chapel— Reform of Art
Part | 29. Caravaggio

7. Giotto and the Arena Chapel— 30. Italian Baroque Painting in Rome
Part 11 31. Gian Lorenzo Bernini

8. Duccio and the Maesta 32. Peter Paul Rubens

9. Sienese Art in the 14" Century 33. Dutch Painting in the

10. The Black Death and the 17t Century
International Style 34. Rembrandt

11. Early Renaissance Sculpture 35. Poussin and Claude—
in Florence The Allure of Rome

12. Early Renaissance Architecture 36. Baroque Painting in Spain
in Florence 37. Louis XIV and Versailles

13. Masaccio and Early 38. French Art in the 18" Century
Renaissance Painting 39. Neoclassicism and the Birth

14. Jan van Eyck and Northern of Romanticism
Renaissance Art 40. Romanticism in the 19" Century

15. Northern Renaissance Altarpieces 41. Realism—From Daumier

16. Piero della Francesca in Arezzo to Courbet

17. Sandro Botticelli 42. Manet and Monet—

18. Andrea Mantegna and The Birth of Impressionism
Giovanni Bellini 43. Monet and Degas

19. High Renaissance Painting 44, Renoir, Pissarro, and Cézanne
in Venice 45. Beyond Impressionism—

20. The High Renaissance— From Seurat to Matisse
Leonardo da Vinci 46. Cubism and Early

21. The High Renaissance—Raphael Modern Painting

~

22. The High Renaissance— 47. Modern Sculpture—
Michelangelo Rodin and Brancusi

. Albrecht Durer and German 48. Art between Two Wars—
Renaissance Art Kandinsky to Picasso

24. Riemenschneider and Griinewald AC\T
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2010 SILVER PANDA

Actual size
is 40 mm
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THE PANDA EVERYONE Is LOOKING FOR...

But SOON NEARLY 1

value. The Panda Silver Dollar struck by the China Mint since

1989—a massive coin of one full troy ounce of precious silver.
Each year the panda design changes, which enhances their desirability.
But what doesn’t change is how hard it is to get your hands on one of

l E veryone loves pandas, but there’s one panda that has enduring

these precious yet elusive coins!

Save Money—Buy Direct
As an official distributor, we buy directly from the China Mint and
then bring these Silver Pandas directly to you. By ordering from us,
you get our best price, plus the security of dealing with a company
with 25 years of experience and a top reputation in the coin business.
Better yet, your coin comes with a full 30 day money back guarantee
of satisfaction.

2010 Pre-Sellout Event... Available
TODAY... But not for long!

2009 Panda Silver Dollars are sold out and already selling for $100
each in the marketplace. This is a PRE-SELLOUT event for the 2010%s.
We are expecting the limited supplies of 2010 Silver Pandas to sell out
quickly. We cannot guarantee future availability, so act immediately to
avoid disappointment.

Prices and availability subject to change without notice.

Note: GovMint.com is a private distributor of worldwide government coin issues and is not affiliated with the United

States Government. Facts and figures were deemed accurate as of December 2009. ©GovMint.com, 2010

MPOSSIBLE TOo FIND!

A Personal Asset of Lasting Value—
A Legacy for Loved Ones

In times of economic uncertainty, few things bring peace of mind better
than the rock-solid value of precious metals. So call NOW to secure
these Silver Pandas for yourself, for your family, and as a legacy for
your children.

The more you buy... the more you’ll save!
« One 2010 Panda Silver Dollar for only $39.95 +s/h
« Five for only $38.75 each +s/h SAVE $6
« Half Roll (10) for only $37.25 each +sh SAVE $27
« Bankers Roll (20) for only $34.95 each +s/h SAVE $100

TOLL-FREE 24 HOURS A DAY

1-800-910-7267

Offer Code SPD142

Please mention this code when you call.

GOVMINT.COM

YOUR ONE BEST SOURCE FOR COINS WORLDWIDE
14101 Southcross Drive W., Dept. SPD142
Burnsville, Minnesota 55337

www.GovMint.com
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