
Nerves From Skin | Feynman’s Vision Realized | Weed Killer Revisited

MAGAZINE OF THE SOCIETY FOR SCIENCE & THE PUBLIC .  FEBRUARY 27, 2010

Dinos Show True 
Colors, Stripes

Science Budget Boost

Quantum Algae

airinIt’s the
The H1N1 Virus: Biology vs. Hype
airthe

The H1N1 Virus: Biology vs. Hype

inthe

Cover.indd   1 2/10/10   4:51:09 PM



Jitterbug...  It’s the cell phone that’s changing all the rules.
For people like me, who want a cell phone that’s easy to use. Over the years, cell phones have 
become smaller and smaller with so many complicated features. They are harder to program and
hard to use. But the Jitterbug has simplified everything, so it’s not only easy to use, it’s easy to try.
No crowded malls, no waiting in line, no confusing sales people, or complicated plans. 
Affordable and convenient cell phone service is only a toll-free phone call away. Order your 
Jitterbug now and you’ll receive a free car charger, a $24.99 value.1

Questions about Jitterbug? 
Try our pre-recorded Toll-Free Hotline1-888-890-3293.
The new Jitterbug cell phone makes calling simple! 
• Bigger, Brighter LCD screen... easier to see even in daylight
• Comes pre-programmed and ready to use right out of the box
• No contract required
• Live, 24-hour Jitterbug Operators greet you by name, 

connect calls and update your Phone Book2

• Soft ear cushion and louder volume for better sound quality 
• Comfortable keypad designed to make dialing easy
• Hearing aid compatible – top ratings in this category
• Familiar dial tone confirms service (no other cell phone has this) 
• Service as low as $14.99 a month3

Why pay for minutes you’ll never use!

Monthly Rate
Operator Assistance

911 Access
Long Distance Calls

Voice Dial
Nationwide Coverage

Trial Period

$14.99
24/7

FREE
No add’l charge

FREE
Yes

30 days

$19.99
24/7

FREE
No add’l charge

FREE
Yes

30 days

50 100Monthly Minutes

IMPORTANT CONSUMER INFORMATION: Subject to Customer Agreement, select calling plans and credit approval. Other changes and restrictions may apply. Coverage and service not available everywhere. Screen
images simulated. 1This GreatCall offer is available with activation by 3/31/10. 2For each Operator service, you’ll be charged a 5-minute “Operator assistance fee” in addition to the minutes used both for the length of
the call with the Operator and any call connected by the Operator. 3Not including government taxes, assessment surcharges and activation fee. Please visit www.jitterbugdirect.com for further information about terms
and conditions. Copyright ©2010 GreatCall, Inc., Jitterbug is a registered trademark of GreatCall, Inc. Samsung is a registered trademark of Samsung Electronics America, Inc. and its related entities. Copyright © 2010
by firstSTREET for Boomers and Beyond, Inc. All rights reserved.
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Service as low as $14.993 a month and a friendly 30-day return policy. If you’ve ever wanted the security and convenience of a cell
phone, but never wanted the fancy features and minutes you don’t need... Jitterbug is for you. Like me, you’ll soon be telling your
friends about Jitterbug. Call now.

888-
677-
6855

Jitterbug Cell Phone
Call now for our lowest price.
Please mention promotional code 40083.

1-888-677-6855
www.jitterbugdirect.com

Other plans available. Ask your Jitterbug expert for details.

Available in
White and
Graphite.

Noprepaid
hassles

Bigger, Brighter screen.  Large, backlit numbers.

Easy to use. Easy to see.
Easy on the wallet.

Simple on/off button
for speakerphone.

No confusing 
menus.  Access 
all options with 
simple yes/no 
buttons.
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from the editor

Quantum computers have 
a curious complex history

Among the many imaginative products 
born in the creative minds of theoretical 
physicists, quantum computers stand out.

They are devices that were conceived 
in abstract terms long before they could 
be actually built. Even today they exist 
only in rudimentary forms. But one 
such quantum computer “toy” has now 

succeeded in solving a complicated quantum problem — the 
energy levels of the hydrogen molecule — as freelance writer 
Charles Petit reports in this issue (Page 28).

As Petit correctly notes, the potential for quantum com-
puters was predicted by Richard Feynman, one of the most 
celebrated physicists of the 20th century. Feynman’s talk at a 
1981 conference outlined the basic idea of using a computing 
device based on quantum physics to simulate natural phe-
nomena more precisely than possible with ordinary comput-
ers. But Feynman was not, as some accounts imply, the first 
to imagine a quantum-mechanical computer. A theorist at 
Argonne National Laboratory, Paul Benioff, discussed the 
idea in a paper prepared in 1979 and published in the Journal 
of Statistical Physics in 1980. He showed that it was possible, 
mathematically at least, for a quantum system to perform 
computations — a proposition that many physicists doubted 
at the time. “It is difficult to conceive how one would actually 
build such a machine,” Benioff wrote. But his mathematical 
model “at least suggests that the possibility of actually con-
structing such … machines should be examined.”

Despite Benioff and even Feynman’s exhortations, nobody 
actually spent much effort trying to build a quantum com-
puter until someone identified a killer app: breaking the codes 
that encrypt sensitive military and financial secrets. In 1994 
mathematician Peter Shor devised an algorithm that showed 
how a quantum computer could be just such a code breaker.

Of course, just as Feynman had been anticipated by Benioff, 
Shor was beaten to the punch by Robert Redford. In the 1992 
movie Sneakers, Redford and cohorts pursued a mysterious 
little box with the power to decode all those secrets. Nobody 
called it a quantum computer, but in retrospect, that’s clearly 
what it was. It would have been a great story if Shor had been 
inspired by the film to make his mathematical breakthrough, 
but alas, he says he developed his algorithm without having 
seen Sneakers. But his friends did make him watch it after his 
algorithm appeared.
 —Tom Siegfried, Editor in Chief
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Economics, 3rd Edition  
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Become Fluent in the Language of Economics
We are all economists—when we work, buy, save, invest, pay  
taxes, and vote. It repays us many times over to be good economists.  
Economic issues are active in our lives every day. However, when 
the subject of economics comes up in conversation or on the news, 
we can find ourselves longing for a more sophisticated understanding 
of the fundamentals of economics.

Taught by Professor Timothy Taylor—the Managing Editor of the 
Journal of Economic Perspectives, a quarterly academic journal 
published by the American Economic Association—Economics, 3rd 
Edition enables you to master the basis of economics. Throughout 
this course, you’ll learn about financial issues that affect you and the 
nation every day—interest rates, unemployment, personal investing, 
globalization, and many more—with a greater level of knowledge 
and sophistication. The bottom line: become fluent in the language 
of economics.

This course is one of The Great Courses®, a noncredit, recorded  
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.

Taught by Professor Timothy Taylor, Macalester College
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Scientific Observations
“For me, the best health news of the previous 
decade is the fact that the long-overdue influenza 
pandemic has been so moderate in its impact…. 
Although the virus has not yet delivered any 
devastating surprises, we have seen some 
surprises on other fronts. We anticipated problems 
in producing enough vaccine fast enough, and this 
did indeed happen. But we did not anticipate that 
people would decide not to be vaccinated…. The 
days when health officials could issue advice based on the very best medical 
and scientific data and expect populations to comply may be fading. It may no 
longer be sufficient to say that a vaccine is safe, or testing complied with all 
regulatory standards, or a risk is real. In my view, this is a new communications 
challenge that we may need to address.” — MARGARET CHAN, DIRECTOR-GENERAL OF THE 

WORLD HEALTH ORGANIZATION, IN AN ADDRESS TO ITS EXECUTIVE BOARD IN GENEVA ON JANUARY 18

Science Future

March 16
After a week of interviews, the 
winner of Intel Science Talent 
Search 2010 is announced at 
a gala in Washington, D.C. See 
www.societyforscience.org

March 16–19
Researchers from various 
disciplines meet in Miami to 
discuss the state of the Arctic 
environment. See soa.arcus.org

March 21–25
The American Chemical Society 
hosts its spring meeting in San 
Francisco. See www.acs.org

SN Online
www.sciencenews.org

DELETED SCENES BLOG
A medical council cited 
poor methods and confl ict-
of-interest concerns 
in slamming a paper 
connecting vaccines and 
autism, prompting the 
paper’s retraction. See 
“Journal retracts fl awed 
study linking MMR vaccine 
and autism.” 

LIFE
Picnic basket. Check. Pep-
per spray, rocks, rubber 
slugs. Check, check, check. 
Park rangers fi nd these 
tools do keep bears away 
from human visitors, but 
not as effectively as mak-
ing food inaccessible. See 
“Keeping black bears wild.” 

SCIENCE NOTEBOOK

Science Past | FROM THE ISSUE OF FEBRUARY 27, 1960

human spies for russia cheaper than satellites — It 
would be cheaper for Russia to spy on the U.S. through 
normal channels than by putting a reconnaissance satel-

lite into orbit…. Russian agents in the U.S. 
can glean vast amounts of solid informa-
tion merely by reading several major 
metropolitan daily newspapers.... The 
Department of Defense thus takes the 
attitude that the object recently found 
circling the earth in a polar orbit probably 

was the last stage of Russia’s Lunik III and not a recon-
naissance satellite…. Spy satellites, when perfected, prob-
ably will be able to gather information by watching or by 
listening. They can watch by using either photographic or 
infrared equipment. They can listen with sensitive radios. 

Introducing... 
A new species of lungless caecilian has turned up, only the 
second lungless one known. Caecilians look like worms 
but are amphibians. The new species, Caecilita iwokramae, 
lives in Guyana’s Iwokrama Forest. In 1997, a survey team 
collected an 11.2-centimeter–long female caecilian with no 

lungs or nostrils. In 2009, Marvalee 
Wake of the University of California,
Berkeley and a colleague named the 
species, which they suspect may 
breathe through its skin. Plenty of 
salamanders do so, but biologists 
know of just one frog and now two 
caecilians that breathe without lungs.

Science Stats | GREEN SPACE GREENHOUSE GAS EMISSIONS 

MATTER & ENERGY
Some chemical reactions 
can mix themselves, no 
stirring rod required. Read 
“Self-stirring liquids.” 

Emissions from ornamental turf in urban areas outweigh these lands’ 
potential to offset global warming, even when less fertilizer is used.

Greenhouse gas emissions by fertilizer amount

SOURCE: A. TOWNSEND-SMALL, C. CZIMCZIK/GEOPHYSICAL RESEARCH LETTERS
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In the News
 “ one shouldn’t be scared of barefoot or minimal shoe running or 
think it odd. ” — daniel lieberman, page 14

atom & Cosmos cosmic dawn’s light

life Fish moms make up for loser dads

matter & energy algae’s quantum tricks

earth Less water vapor, less warming

body & brain sizzling heart treatment

Humans remains suggest misplaced man

Science & Society budget breakdown

by Tina Hesman Saey

One small step for skin cells could 
mean one big leap for regen-
erative medicine. For the first 
time, scientists have converted 

adult cells directly into neurons. 
If the technique, done on mouse cells, 

works for human cells, the achievement 
may bypass the need to revert a patient’s 
cells to an embryonic-like state before 
producing the type of cell needed to 
repair damage from disease or injury. 

Researchers at Stanford University 
transformed skin fibroblast cells from 
mice into working neurons by using 
viruses to insert genes that encode tran-
scription factors. Transcription factors 
are proteins that help regulate gene 
activity, usually by turning genes on. 
To convert skin cells into neurons, only 
three genes for these regulatory proteins 
needed to be added, the team reported 
online January 27 in Nature. The three 
transcription factors, called Ascl1, Brn2 
and Myt1l, normally appear when new 
neurons are being born.

Scientists previously thought that 
such a transformation required taking 
cells several steps backward in develop-
ment to become pluripotent stem cells, 
which are capable of adopting nearly any 
cellular identity. Both embryonic stem 

From skin cells 
to neurons, with 
no middle man
Team bypasses conversion 
to stem cell stage entirely 

These neurons were made directly from mouse fibroblasts infected with a three-
gene cocktail. researchers hope that different cocktails could transform other cells. 

cells and other pluripotent stem cells 
created in the lab have these capabilities. 
The new technique skips the stem cell 
stage entirely, converting one mature 
cell type directly into another. 

“It’s quite remarkable that you can 
jump over so many hills at once with 
just three transcription factors, and so 
quickly and so efficiently,” says Marius 
Wernig, a Stanford University stem cell 
biologist who led the new study. “This 
really blew me off the chair.” 

Perhaps the conversion of skin cells 
into neurons shouldn’t have come as 
such a surprise, says Darwin Prockop of 
Texas A&M Health Science Center Col-
lege of Medicine in Temple. “We’ve had 
fixed ideas about what cells are for a little 
too long,” he says. “We haven’t thought 
hard enough about cell plasticity.”

Most of the induced neurons, the 
team’s name for the transformed skin 
cells, belonged to a common group of 
brain cells with many functions. These 
neurons produce glutamate, an impor-
tant chemical messenger in the brain 
that excites other nerve cells. Additional 
transcription factors may be needed to 
make other types of neurons, Wernig 
says. Different combinations might con-
vert skin cells into heart, muscle, liver or 
other types of cells.

“I believe if you just find the right tran-
scription factors, you can turn anything 
into anything,” Wernig says. 

The idea of creating replacement ver-
sions of specific cell types from the cells 
in a person’s own body has been exciting 
because, in theory, it offers a way to sub-
stitute damaged cells with new cells. For 

story one

Story_One.indd   5 2/10/10   1:17:30 PM

http://www.sciencenews.org


c
lo

c
k

w
is

e
 f

r
o

m
 l

e
ft

: 
A
P
 P

h
o

to
/P

A
/f

il
e
s

; 
A
n

d
y
 w

A
lk

e
r

, 
m

id
lA

n
d

 f
e
r

ti
li

ty
 s

e
r

v
ic

e
s

/P
h

o
to

 r
e
s

e
A
r

c
h

e
r

s
, 

in
c

.;
 

k
At

jA
 s

c
h

e
n

k
e

-l
Ay

lA
n

d
/U

c
lA

 s
c

h
o

o
l 

o
f 

m
e
d

ic
in

e
-c

A
r

d
io

lo
g

y

6 | science news | february 27, 2010 www.sciencenews.org

any number of diseases, this technique 
could one day provide new treatments, 
from swapping out neurons in Parkin-
son’s disease patients to pumping up the 
number of insulin-producing pancreatic 
cells in diabetics.

But, Wernig says, some technical hur-
dles must be overcome before these cells 
could be used for such transplants. Until 
then, induced neurons made from patients 
with any of various genetic diseases could 
almost immediately help scientists learn 
how such diseases develop and can be 
used to test new drugs. Researchers are 
already working out ways to make a vari-
ety of cell types from induced pluripotent 
stem cells, but the new technique is faster 
and more efficient, Wernig says.

The majority of induced neurons cre-
ated by the team behaved just like regu-
lar neurons, communicating with other 
neurons in the lab dish and making pro-
teins. But the researchers don’t yet know 
whether the cells’ DNA carries normal 
chemical signatures, known as epigenetic 
marks, that usually help prevent cells from 
changing jobs. When altered, these marks 
can sometimes lead to cancer. 

Back Story | Stem cell hiStory highlightS

Scientists already know that some 
cells in the body change identities in a 
type of disease known as metaplasia. For 
example, cigarette smoking can change 
some cells that line the lungs into related 
skinlike cells, and reflux disease may 
alter cells in the esophagus 
to become another type of 
cell, Wernig says. The minor 
job switches help cells with-
stand the stress of smoke or 
stomach acid.

Researchers have thought 
that major changes, such as 
skin cells becoming neu-
rons, were nearly impossible 
unless the epigenetic slate 
was wiped clean, as it is with induced 
pluripotent stem cells.  Such big alter-
ations might cause serious diseases if 
they happen willy-nilly. “It’s actually a 
bit scary to think it’s so easy to turn skin 
cells into neurons because that’s not 
something you want to happen in your 
body,” Wernig says.

But other scientists are excited about 
the prospect of such transformations 
occurring in the body. “If it’s a naturally 

occurring repair mechanism, that could 
be exciting,” says Paul Sanberg, a neuro-
scientist at the University of South Flor-
ida College of Medicine in Tampa. If such 
conversions happen naturally, scientists 
may be able to figure out ways to get the 

body to heal itself rather than 
having to transplant cells. 
After a stroke, for instance, 
brain cells known as glia rush 
to the injury site and multi-
ply themselves. Glia might be 
coaxed to transform into neu-
rons and repair the damage.

Because the scientists had 
to genetically engineer the 
mouse skin cells to make 

the neuron-inducing transcription fac-
tors, the technology probably won’t pro-
duce cells for transplant any time soon,  
Sanberg says. “Once you put in genes, 
it makes it a little more difficult to use 
clinically,” he says. Inserting genes might 
cause cancer-promoting mutations, 
for example, so scientists may need to 
develop alternate approaches that would 
turn on the same transcription factors 
chemically instead of genetically. s

for today’s top stories, visit  
sn today at www.sciencenews.org
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1962  dnA-carrying nucleus from an adult 
frog’s intestinal cell is transplanted into an 
egg, producing a new frog 

1981  embryonic stem cells are cultured 
from mouse embryos and grown into a mouse

1996  dolly the sheep (left) is cloned, show-
ing that mammalian adult cells can be repro-
grammed

1998  embryonic stem cells are isolated 
from human blastocysts (one shown, top right)

2006  scientists use transcription factors 
to induce mouse cells to become pluripotent 
(induced pluripotent mouse cells shown)

2007  teams reprogram adult human skin 
cells to an embryonic-like state

2008  Pancreatic cells in mice are turned 
directly into related insulin-producing cells

“If it’s a 
naturally 
occurring 

repair 
mechanism, 
that could be 

exciting.”
Paul Sanberg
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Relic radiation refines age of cosmos 
satellite data support inflation, confirm primordial helium 

By Ron Cowen 

By analyzing snapshots of the earliest 
light in the universe, cosmologists have 
made the most accurate determination  
to date of the age of the cosmos, directly 
detected primordial helium gas for the 
first time and discovered a key signature 
of inflation, the leading model of how the 
cosmos came to be.

The analysis is based on the first 
seven years of data collected by NASA’s  
Wilkinson Microwave Anisotropy Probe.

Researchers studying the light, known 
as the cosmic microwave background, 
unveiled the findings in six papers posted 
online at arXiv.org on January 26. The 
light was generated in the Big Bang but is 
seen as it appeared when it first streamed 
freely through space about 400,000 years 
later. The light is peppered with hot and 
cold spots, signs of tiny primordial lumps 
from which galaxies grew.

Using temperature data from the 
WMAP satellite and studies of distant 
supernovas and other phenomena, scien-
tists including David Spergel of Princeton 
University and Charles Bennett of Johns 
Hopkins University in Baltimore find that 

the universe is 13.75 billion years old, give 
or take 0.11 billion. (The team’s previous 
calculation, using the same method but 
with only five years of observations, had 
pegged the universe at 13.73 billion years, 
plus or minus 0.12 billion.) 

Data from WMAP support the idea that 
the early universe inflated rapidly, says 
Bennett. Inflation theory, 
which posits that the uni-
verse ballooned from sub-
atomic scale to the size 
of a soccer ball during its 
first 10-33 seconds or so, 
has had great success in 
explaining the structure of 
the universe. According to 
the theory, fluctuations in 
the intensity of microwave radiation over 
larger spatial scales should be slightly big-
ger than those on smaller scales. WMAP 
observations now confirm that behavior.

“This is a really strong endorsement 
for the theory,” says Scott Dodelson of 
the Fermi National Accelerator Labora-
tory in Batavia, Ill. 

The standard model of cosmology —  
replete with inflation, invisible material 
known as dark matter, and dark energy 

revised 
estimated age  
of universe

previous  
estimated age 
of universe

13.75
billion years

13.73
billion years

Atom & Cosmos

Spirit stuck, but in good spot
after six years on mars and nine months stuck in a sand pit, the driving 
days are officially over for the spirit rover, nasa said January 26. the 
robotic geologist, roving the red planet since 2004, slid into the pit in 
april 2009. “We do not believe that [spirit] is extractable,” said doug 
mccuistion, director of the mars exploration program. With the martian 
winter approaching, engineers will spend the next few weeks maneu-
vering spirit into the best position to catch sunlight for power. the rover 
will enter hibernation mode in march or april and sleep until august or 
september, said project manager John callas of nasa’s Jet propulsion 
Lab in pasadena, calif. Lead investigator steve squyres of cornell uni-
versity said that spirit’s position offers scientific opportunities. “We got 
stuck here for a reason, and that reason is this is bizarre soil,” he said. 
“We have exciting science planned.” studies of martian atmosphere-
soil interactions and of mars’ core top the list. — lisa Grossman 

that is believed to accelerate cosmic expan-
sion — “is a wild idea,” admits Bennett.  
But with the newest WMAP analysis “we 
have confronted the model against the 
data in a substantially new way … and this 
picture is holding up very well.”

By using WMAP data to measure acous-
tic oscillations — the cosmic equivalent of 
sound waves —  the team confirmed that 
the early universe forged helium as well 
as hydrogen, just as the Big Bang theory 
has long predicted. Previous studies pro-

vided only indirect evi-
dence of helium. The new 
detection “is not a surprise, 
but it’s nice to have confir-
mation,” Spergel says.

Researchers also used 
the data to discern how 
many types of elemen-
tary particles called neu-
trinos exist. Three types 

(the tau, muon and electron neutri-
nos) are known. But current data are 
consistent with a total of either three 
or four types. Analyzing additional 
WMAP observations may settle the  
question, Bennett says.

WMAP, launched in 2001, will make its 
last observations this fall. The European 
Space Agency’s Planck mission, launched 
last year, will monitor the microwave 
background in even finer detail. 

72.8%
Dark

energy

22.7%
Dark

matter

4.5%
Ordinary
matter

Universe composition
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For pipefish, Mr. Mom gets help
eggs carried by undersized dad get protein boost from female

Carnation bloom boom
the carnation has a wild side. european carnations and pinks, 
members of the Dianthus group, form new species surprisingly 
fast. the quick pace suggests that europe “has been under
estimated as a cradle of recent and rapid speciation,” a team 
reports online January 27 in Proceedings of the Royal Society B. 
of the 300 or so species, more than 100 are found in europe 
(five shown). luis valente of the royal botanical Garden in 
madrid and colleagues analyzed genes from plants collected all 
over the world. in europe, the scientists found, new Dianthus 
species have appeared at an overall rate of 2.2 to 7.6 species 
per million years — comparable to the record rates for plants 
and land vertebrates. the rate jumped dramatically between  
2 million and 1.3 million years ago. the increase coincided with 
climate changes: Wetter winters and drier summers could have 
boosted speciation rate. so too could have the flowers’ ten
dency to bloom in summer, not spring; competition for scarce 
summer pollinators, combined with other factors, may have led 
the flowers to change more often. — Laura Sanders 

By Susan Milius

If dad’s a dud, mom may make it up to the 
kids with an extra shot of protein.

Female broad-nosed pipefish enhance 
their eggs with more protein — a boost of 
some 11 percent — when paired with an 
undersized mate rather than a large one, 
says ecologist Gry Sagebakken of the Uni-
versity of Gothenburg in Sweden.

It’s the male pipefish that carries 
around embryos inside his body pouch 
after fertilization. He supplies some pro-
tein to the developing embryos, and pre-
vious research shows that larger males 
do tend to have larger offspring. So extra 
protein from mom may partly compen-
sate for an undersized dad, the research-
ers suggest in the March 22 Proceedings 
of the Royal Society B.

In efforts to understand how sexual 
interactions drive evolution, this limited 
egg analysis illustrates how complicated 
sexual selection is, comments Elisabeth 
Bolund of the Max Planck Institute for 

Ornithology in Seewiesen, Germany. 
Biologists have paid a lot of attention to 
how animals choose a partner, but “you 
need to look at all the stages in the pro-
cess,” she says.

The pipefish have a girl-versus-girl dat-
ing scene. Females compete to insert eggs 
into a male’s pouch, a tricky operation 
that can require multiple attempts. Then 
the successful female leaves the embryo-
plumped male to brood the young as she 
swims off to look for the next partner.

Females of any species might adjust 
their eggs in response to a mate’s charms, 
or lack thereof, in two ways. In one sce-
nario, a female with a primo male would 
allocate extra resources to the young 
and make the most of an opportunity for 
robust and plentiful offspring. Examples 
of this great-mate effect exist, but theo-
rists have also proposed an opposite sce-
nario: Evolution may favor females that 
compensate when stuck with a loser.

To see what pipefish do, Sagebakken, 
Inês Braga Gonçalves, also of Gothen-

burg, and colleagues provided each of 29 
females with two chances to mate, once 
with a puny male and once with a hunk. 
After a female had transferred at least 
20 eggs, researchers caught the male 
and coaxed the eggs out of his pouch for 
analysis. Eggs deposited in small males’ 
pouches were not bigger or richer in fat 
but did have extra protein compared with 
eggs from the large males’ pouches.

That makes sense for pipefish, 
researchers say, since a competitive 
female can easily get stuck with a less-
than-hefty male. Once a female makes 
eggs, she can’t re absorb them. So at times 
she may mate with a male even if he’s a 
shrimp of a fish. 

Life for longer versions of these and other  
life stories, visit www.sciencenews.org

In Syngnathus typhle, the broad-nosed 
pipefish, males brood young in pouches.
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Feathered dinosaurs, 
bold and in living color
Stripes, spangles and spots abound

By Sid Perkins 

Scientists can now reconstruct the 
colors that some ancient feathered 
dinosaurs and birds may have sported, 
thanks to two new analyses that have 
identifi ed the remains of tiny pigment-
bearing structures in the feathers and 
filaments that covered the creatures’ 
bodies. Besides revealing snappy pat-
terns and color schemes reminiscent 
of those seen in some modern birds, 
the new fi ndings may shed light on why 
feathers fi rst evolved — and it wasn’t for 
fl ight, some scientists say.

A report appearing online February 4
in Science hints that Anchiornis huxleyi, 
the oldest feathered creature yet found 
in the fossil record, sported the bold-
est dinosaur color scheme 
found so far. This dinosaur, 
which lived between 151 mil-
lion and 161 million years ago, 
probably had reddish-brown 
speckles on its head and neck, 
a crest of reddish-brown and 
gray feathers, and white rac-
ing stripes on its legs and 
winglike forelimbs. The long 
forelimb feathers were tipped with black 
spangles. “There was hardly any part of 
the creature that wasn’t feathered,” says 
Jakob Vinther, a paleobiologist at Yale 
University and a member of the research 
team reporting the fi nd.

The analyses reported by Vinther 
and his colleagues “reveal an enor-
mous amount of information,” says 
Michael Benton, a paleontologist at the 
University of Bristol in England. The 
black-and-white bars on A. huxleyi’s 
forelimbs, as well as its colorful crest, 
are remarkably similar to features seen 
on some modern birds, he notes. 

What’s more, Benton says, these 

findings — as well as new 
analyses reported by his own 
team — may shed some light on 
why feathers evolved. The fact that 
the feathers found so far in the fossil 
record appear long before fl ight-capable 
birds or dinos suggests that feathers ini-
tially served a behavioral function, possi-
bly using color and pattern to send visual 
signals, and only later came to serve an 
aerodynamic function.

Philip J. Currie, a paleontologist at 
the University of Alberta in Edmonton, 
Canada, agrees: “Ancient creatures didn’t 
just sprout feathers and start fl ying. The 
feathers were there for another reason 
fi rst.” Fossils reveal that dinosaurs often 
had very large eyes and sizable optic 
lobes in their brains. “Dinosaurs were 

very visual animals, just like 
birds are,” he adds.

Both teams’ fi ndings stem 
from microscopic analyses 
of fossils so well preserved 
that the feathers and fila-
ments contain remnants of 
melanosomes. In modern-
day creatures, these tiny 
pigment-bearing structures 

come in two forms, Benton says. Cigar-
shaped eumelanosomes hold a black 
pigment called melanin, he notes, and 
egg-shaped or near-spherical phaeomel-
anosomes contain pigments ranging from 
reddish brown through yellow.

In a study published online January 27
in Nature, Benton and his colleagues 
say they found signs of melanosomes in 
the fossils of several creatures. Some of 
those melanosomes, which include the 
fi rst evidence of phaeomelanosomes in 
the fossil record, come from feathers on 
Confuciusornis, a bird that lived in what 
is now China about 125 million years ago, 
and from bristlelike fi laments on the tail FR
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of Sinosauropteryx, a dinosaur that lived 
in the same region a million or so years 
later. A number of detailed analyses sug-
gest that the tiny structures aren’t the 
remains of bacteria that colonized the 
creatures after the dinos and birds died, 
nor are they tiny bits of the mineral iron 
pyrite, which can form during the fossil-
ization process, Benton says.

In previous studies, paleontologists 
discovered signs of black pigment in fos-
silized feathers (SN: 8/2/08, p. 10). The 
new findings provide tantalizing clues 
that dinosaurs and early birds weren’t 
limited to a dark, drab color scheme. For 
instance, the pattern of melanosomes in 
fossils of Confuciusornis shows that the 
creature probably had patches of white, 
black and orange-brown feathers. And 
Sinosauropteryx may have sported alter-
nating white and orange-brown rings on 
its tail, the researchers propose.

Such striking patterns of plum-
age, including those seen in A. huxleyi, 
could have served any of a number of 
functions, Vinther and his colleagues 
speculate. Besides communicating 
to members of a dinosaur’s own spe-
cies — a “come here, cutie” to members 
of the opposite sex, say, or a “back off” to 
rival suitors — a quick fl ash of boldly col-
ored plumage could startle an attacking 
predator or fl ush prey out of hiding, the 
researchers say. 

Analyses of fossilized feathers of 
A. huxleyi suggest that the dinosaur 
had striking multicolored plumage.

“Dinosaurs 
were very

visual 
animals, 
just like 

birds are.”
PHILIP J. CURRIE

findings — as well as new 
analyses reported by his own 
team — may shed some light on 
why feathers evolved. The fact that 
the feathers found so far in the fossil 
record appear long before fl ight-capable 
birds or dinos suggests that feathers ini-
tially served a behavioral function, possi- Analyses of fossilized feathers of 
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Photosynthetic algae go quantum
Long-lasting coherence may explain electron transfer efficiency

Leaves’ loopy networks
tree branches have inspired efficient transit networks, but a new 
study looks at the connected loops of leaf veins. in some plants 
the loops help circumvent damaged areas and channel nutrients 
efficiently, report researchers led by Eleni Katifori of rockefeller 
University in New York City. the team programmed a computer 
to simulate how efficiently different network patterns could do 
the job of leaf veins, which move water and nutrients around. 
in the simulations, the looped network performed better than 
nonlooped ones in several important ways, the team reported 
January 29 in Physical Review letters. Damage from insects, 
weather or parasites can interrupt leaves’ normal venation pat-
terns. Connected circular veins allowed the flow of water and 
minerals to circumvent injured areas (dark green dot, shown on 
lemon leaf). the looped network also allowed easy adjustment 
of the flow rate of water through veins, which can help conserve 
moisture on a hot day, Katifori says. — laura Sanders 

By Laura Sanders

A dash of sunlight, a sprinkle of light-
harvesting proteins and a healthy dollop 
of carbon dioxide is about all it takes to 
whip up a batch of tasty plant food — but 
you might want some quantum physics 
to stir the pot. A team has caught photo-
synthetic marine- and lake-dwelling 
algae performing quantum tricks at room 
temperature. The results, in the Feb. 4 
Nature, suggest that quantum mechanics 
may be at the heart of sunlight-to-energy 
conversion in living organisms.

“This is quantum mechanics in a bio-
logical system,” says study coauthor 
Gregory Scholes, a physical chemist at 
the University of Toronto.

Photosynthesis relies on proteins that 
absorb incoming photons, or particles of 
light. In the algae, these photons excite 
electrons in the proteins, touching off 
a series of electron transfers that ulti-
mately ferry the energy-laden electrons 
to centralized collection stations (called 
photosystems) where the conversion of 
energy to carbohydrates begins.

Under normal rules, electrons would 
travel to their destinations with quick 
random hops. But studies of photo-
synthetic bacteria and plants suggest that 
the electrons might act more like corre-
lated waves instead of hopping particles, 
a behavior predicted by quan-
tum mechanics (SN: 5/9/09, 
p. 26). These studies have 
mainly seen such quantum 
effects at very low tempera-
tures. Scholes and colleagues 
devised an experiment to 
see whether these quantum-
mechanical wavelike prop-
erties were also present at 
ambient temperatures.

At room temperature, the team used 
a laser to excite light-catching proteins 
purified from photosynthetic algae. A  
second laser pulse revealed where the 
resulting excited electrons went. Patterns 
of long-lasting electron waves — a prop-
erty called quantum coherence — indi-
cated quantum weirdness was at work.

“This study shows that quantum 
coherence is present at room tempera-

ture,” says Graham Fleming, a chemist at 
the University of California, Berkeley. “It 
is very likely a general feature of photo-
synthetic light-harvesting complexes,” 
says Fleming, a pioneer of studies on 
quantum effects in photosynthesis.

The researchers expected to see the 
coherence last for about 20 femto- 
seconds, Scholes says. Instead, it lasted 
for about 400 femtoseconds. These long-

lasting quantum effects may 
help explain the mystery 
of why the initial electron-
moving reactions in photo-
synthesis are so efficient. In 
an extreme version of the 
algae’s quantum-mechan-
ical trick, electrons could 
simultaneously take all the 
possible paths to a photosys-
tem and decide after arriving 

which route was best. “That vibrating 
electron could put some feelers out and 
see which path to take,” Scholes says.

The researchers don’t yet know for 
sure whether quantum effects make the 
reaction chain more efficient. Scholes 
believes that they do, but more stud-
ies and modeling experiments will be 
required to say exactly how much of a 
boost quantum coherence provides. 

“This study 
shows that 
quantum 

coherence 
is present 
at room 

temperature.”
graham FLeming
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Water vapor drop dampens temps 
Global warming slowed by decline in upper atmosphere’s H2O

By Sid Perkins

A sudden and unexplained drop in the 
amount of water vapor high in the atmo-
sphere almost a decade ago has substan-
tially slowed the warming at Earth’s 
surface in recent years, scientists say.

In late 2000 and early 2001, concen-
trations of water vapor in a narrow slice 
of the lower stratosphere dropped by 
about 10 percent and have remained 
relatively stable since. Because the 
decline was noted by several types of 
instruments, including some on satel-
lites and others lofted on balloons, the 
sharp decrease is presumed to be real, 
says Karen Rosenlof, a meteorologist at 
the National Oceanic and Atmospheric 
Administration’s Earth System Research 
Laboratory in Boulder, Colo.

Because water vapor is a potent 
greenhouse gas, the decline has slowed 
the increase of global temperatures,  
Rosenlof, her NOAA Boulder colleague 
Susan Solomon and others report online 
January 28 in Science.

“This is such a sudden decrease, we 
can’t explain what’s behind it,” says 
Rosenlof. One large source of water 
vapor in the stratosphere is the oxidation 
of methane, she notes. But the decline 
detected by the researchers seems to be 
limited to a layer 2 kilometers thick in 
the lower stratosphere, while methane is 
found throughout the stratosphere. And 
even though scientists have discerned a 
leveling off in atmospheric methane in 
recent years, that trend doesn’t seem to 
be directly linked to the drop in levels of 
stratospheric water vapor, she says.

Regardless of the cause of the decline, 
the team’s modeling suggests that the 
decrease in water vapor in the lower 
stratosphere has slowed down average 
global warming. The rate of increase 
in the average global surface temper-
ature from 2000 to 2009 was about  

25 percent lower than it otherwise would 
have been, the researchers report. The 
analyses suggest that average global sur-
face temperatures rose only 0.1 degrees 
Celsius during that period, rather than 
the 0.14-degree rise expected because 
of increasing concentrations of other 
greenhouse gases.

The researchers speculate that the 
amount of water vapor gradually rising 
into the stratosphere at tropical latitudes 
has decreased, possibly because of a shift 
in global patterns of sea-surface temper-
atures that influence rates of evaporation 
and water vapor movement.

The new findings “are a nice dem-
onstration of the sensitivity of the cli-
mate to water vapor concentrations in 
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the lower stratosphere,” says Andrew 
Gettelman, an atmospheric scientist at 
the National Center for Atmospheric 
Research, also in Boulder.

Andrew Dessler, an atmospheric 
scientist at Texas A&M University in 
College Station, says that he thinks 
the team has identified a new source of 
short-term variability in climate, one 
different from long-term drivers of 
change such as other greenhouse gases. 
And even though the effect seems to be 
substantial, the decrease in water vapor 
may be temporary.

What’s more, Dessler says, humans 
can’t depend on a continued decline in 
water vapor in the lower stratosphere to 
slow surface warming further in the long 
term. “Water vapor is scarce in the lower 
stratosphere already, and you can’t drop 
below zero,” he notes. “This is not going 
to save our bacon.” 

Drop in water vapor 
levels in part of lower 
stratosphere, 2000–01

Reduction in expected rise in 
global temperature linked to 
water vapor loss, 2000–09

10
percent

25
percent
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Searing the heart for the better 
charged catheter destroys tissue to stifle atrial fibrillation 

Pore propulsion 
helps out sperm
Study suggests possible link 
between marijuana, infertility

By Nathan Seppa

Talk about heartburn. Using a catheter 
with a charged tip, doctors can sizzle way-
ward heart cells and correct an irregular 
heartbeat better than standard drugs can, 
a head-to-head comparison shows. The 
report appears in the Jan. 27 Journal of 
the American Medical Association.

The procedure has been used for more 
than 20 years to correct atrial fibrilla-
tion — a weak, rapid heartbeat that car-
ries health risks. But despite its long 
track record, the U.S. medical community 
hasn’t fully accepted the technique.

“There are doctors who take a more 
conservative view and continue to try 
drugs” to treat atrial fibrillation, says  

By Laura Sanders

Fancy goggles, a swim cap or the latest 
high-tech suit won’t help human sperm 
power through their race to fertilize an 
egg. Instead, the tiny cells rely on a pro-
ton-shedding pore to speed toward their 
target, a study in the Feb. 5 Cell finds.

The study also reports that a com-
pound similar to the active ingredient in 
marijuana might interfere with this chan-
nel, suggesting a molecular link between 
habitual marijuana use and male infertil-
ity. Finding other compounds that open 
or close the channel may offer new ways 
to control reproduction, the authors say.

Researchers knew that powerful sperm 
swimming depends on protons leaving 
the sperm cell, thereby lowering its acid-
ity. The concentration of protons inside 

cardiologist David Wilber of Loyola 
University Health Center in Maywood, 
Ill., who coauthored the new study. As 
a result, the procedure, called catheter 
ablation, has remained a second-line 
treatment and continues to undergo 
testing, he says, even though about half of 
patients fail to control their atrial fibril-
lation with medication.

In the new study, Wilber and colleagues 
identified patients with atrial fibrillation 
who had failed to improve on at least one 
drug. The researchers randomly assigned 
100 patients to get catheter ablation and 
51 to receive a standard drug that they 
hadn’t previously taken.

After nine months, 66 percent of those 
getting the procedure remained free of 

atrial fibrillation episodes compared with 
16 percent of those receiving medica-
tion. Patients getting the procedure also 
reported improvements in quality of life.

Earlier trials had found that up to  
6 percent of patients getting catheter abla-
tion experienced serious complications 
such as a heart puncture, blood clotting or 
damage to nearby nerves or to the esopha-
gus. None of these side effects occurred 
in the new study. The authors note that 
many of the doctors performing the pro-
cedure “had considerable experience” 
in atrial fibrillation ablation, which may 
partly explain the low complication rate.

The doctors used a cooled catheter 
approved by the U.S. Food and Drug 
Administration last year. The new device 
also probably lessened the number of 
serious complications in this trial, says 
Giuseppe Stabile, a cardiologist at the 
Mediterranean Clinic in Naples, Italy. 

in the news
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a sperm is roughly 1,000 times higher 
than outside, says Yuriy Kirichok of the 
University of California, San Francisco, 
a coauthor of the new study. As protons 
flood out of the cell, a host of changes kick 
the sperm into high gear. But just how the 
protons escaped was a mystery.

“This is an important paper because it 
reveals how human spermatozoa lower 
intracellular acidity,” comments David 
Clapham, a Howard Hughes Medical 
Institute investigator at Harvard Medi-
cal School.

Kirichok and colleagues examined the 
electrical properties of mature human 
sperm by using an electrode to record 
proton movement across the cell mem-
branes. The electrical properties of the 
sperm were similar to those of certain 
immune cells that are known to discharge 
protons through a channel called Hv1.

To verify that Hv1 was the right channel 
in sperm, the team stained the channel 
with green fluorescent antibodies. The 
tails of the sperm glowed green, indicat-
ing Hv1 was abundant there. The team 
also looked for substances that changed 
Hv1’s behavior. A compound called anan-
damide, similar to the active ingredient in 
marijuana, opened the channel. 

“It’s been known for quite some time 
that marijuana reduces fertility, but 
nobody knows why this happens,” says 
Kirichok. “We for the first time show the 
presence of a molecule on sperm that can 
be directly activated by anandamide.” 

He speculates that habitual marijuana 
use may activate sperm cells prematurely, 
leaving them burned out and unable to 
swim when it counts. 

The proton channel Hv1 (green) is found 
on the tails of human sperm. DNA (blue) 
and mitochondria (red) are also shown.
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Memory protein clumps like prion
Slug study hints that molecular ‘misbehavior’ has a purpose

By Tina Hesman Saey 

Sea slugs make memories with a twist. 
Screwing a normal nerve cell protein 
into a distorted shape helps slugs, and 
possibly people, lock in memories, new 
research shows.

Notably, the shape change also brings 
a shift in the protein’s behavior, leading it 
to form clumps. That behavior is seen in  
prions, misshapen infectious proteins 
that cause mad cow disease and scrapie 
(SN: 7/31/04, p. 67). But the new study, 
published February 5 in Cell, shows a pos-
sible normal function for the shape shift-
ing, suggesting that twists and clumps 
don’t necessarily make prions monsters.

In one sense, prions are machines of 
“molecular memory,” says biologist Yury 
Chernoff of the Georgia Institute of Tech-
nology in Atlanta. The proteins remem-
ber their shape change and then transmit 
that change to other proteins. “But the 
notion of these machines being used for 
cellular, and therefore organismal, mem-
ory is truly amazing,” he says.

If the process works in humans, prion-

like proteins might someday be used in 
memory-enhancing treatments, he says.

Prions have a bad reputation because 
of the infamous twisting protein PrP (for 
prion protein). When PrP in nerve cells 
switches from its harmless form into a 
prion form, it corrupts other PrP mole-
cules that then assemble into nearly inde-
structible plaques known as amyloids. 

PrP’s prion form is a neuron killer 
that can be transmitted from one ani-
mal to another if infected tissue is eaten. 
Other noninfectious amyloid-form-
ing proteins, such as those involved in 
Alzheimer’s and Parkinson’s, also kill 
brain cells (SN: 8/16/08, p. 20). But the 
new study suggests that some proteins 
may change shape and form amyloids in 
helpful ways.

In large Aplysia sea slugs, scientists had 
discovered that a short-lived protein called 
CPEB (for cytoplasmic polyadenylation 
element binding protein) is needed to form 
strong neuron-to-neuron connections, 
such as those associated with long-term 
memories. Kausik Si of the Stowers Insti-
tute for Medical Research in Kansas City, 

Mo., discovered that CPEB could behave 
like a prion in yeast, changing shape and 
triggering the formation of amyloids. In 
the new study, Si, Eric Kandel of Columbia 
University and colleagues show that CPEB 
twists and clumps in sea slug neurons, too. 
But instead of killing cells, CPEB amyloids 
strengthen nerve cell connections.

When CPEB’s ability to form amyloid 
was blocked, connections between neu-
rons were weak. When CPEB can change 
into amyloid form, neurons make long-
lasting connections.

“It’s super exciting that what they have 
here is good evidence for functional amy-
loid in the brain,” says biochemist John C. 
Price of the University of California, San 
Francisco. 

A study in the sea slug Aplysia  
(shown) finds that shape changes and 
clumps don’t always turn proteins bad.

SSRIs may delay 
breast milk flow
Antidepressants could affect 
serotonin’s role in lactation

By Nathan Seppa 

Breast milk takes longer to start flowing 
in new mothers using SSRI antidepres-
sants than in moms not on the drugs, 
researchers report.

Although the new study, in the Feb-
ruary Journal of Clinical Endocrinology 
& Metabolism, is too small to yield clear 
conclusions or change clinical practice, 
the authors say, the findings raise knotty 

questions about taking selective serotonin 
reuptake inhibitors in late pregnancy.

“There’s no question” that this finding 
should lead to further study of SSRIs and 
serotonin’s role in inhibiting breast milk 
production, says Robert Collier of the 
University of Arizona in Tucson, a lacta-
tion biologist not involved in the study.

Animal tests reported in this study and 
earlier work hinted that serotonin plays a 
role in regulating lactation. SSRIs, which 
include the drugs Prozac, Zoloft and Paxil, 
keep excess serotonin in circulation in the 
brain and thus enhance the neurotrans-
mitter’s effects to alleviate depression.

Tests on female mice showed that sero-
tonin also works as a brake on breast milk 
production, says study coauthor Nelson 

Horseman, an endocrinologist at the 
University of Cincinnati College of Med-
icine. “Serotonin interprets signals that a 
breast is full and shuts off milk synthesis 
and secretion,” he says, citing the work 
in mice. And the time between birth and 
mom’s first copious milk secretion was 
longer on average for eight women tak-
ing SSRIs than for 423 who were not.

With the mice, the study authors use 
an “impeccable, elegant methodological 
design” to establish that SSRIs can affect 
milk production, says Salvatore Gentile, 
a physician at the Local Health Authority 
in Salerno, Italy. But the group of women 
using SSRIs was too small to determine 
whether these experimental results apply 
more generally in people, he says. 

“it’s been known for quite some time that marijuana reduces 
fertility, but nobody knows why this happens.” —  YuRIY kIRIcHok
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Mongolian skeleton, western man 
2,000-year-old DNA suggests early indo-European migration

By Bruce Bower

Dead men can indeed tell tales, but they 
speak in a whispered double helix.

Consider an older gentleman whose 
skeleton lay in one of more than 200 tombs 
recently excavated at a 2,000-year-old 
cemetery for the elite in eastern Mongo-
lia. DNA extracted from this man’s bones 
pegs him as a descendant of Europeans 
or western Asians. Yet he still assumed a 
prominent position in ancient Mongolia’s 
Xiongnu Empire, say Kyung-Yong Kim of 
Chung-Ang University in Seoul, South 
Korea, and his colleagues.

Previous excavations and descriptions 
in ancient Chinese texts led researchers 
to suspect that the Xiongnu  
Empire — which ruled a 
vast territory in and around 
Mongolia from 209 B.C. to 
A.D. 93 — included ethnically 
and linguistically diverse 
nomadic tribes. The Xiongnu 
Empire once ruled the major 
trading route known as the 
Asian Silk Road, opening the empire to 
both Western and Chinese influences.

Researchers have yet to pin down the 
language spoken by Xiongnu rulers and 
political elites, says archaeologist David 
Anthony of Hartwick College in Oneonta, 
N.Y. But the new genetic evidence shows 
that the 2,000-year-old skeleton belonged 

to a man who “was multiethnic, like the  
Xiongnu polity itself,” Anthony says.

On his Y chromosome (inherited from 
paternal ancestors), this long-dead man 
possessed a set of genetic mutations that 
commonly appears today among male 
speakers of Indo-European languages in 
northeastern Europe, central Asia and 
northern India, Kim’s team reports in an 
up coming American Journal of Physical 
Anthropology. The man displayed a pat-
tern of mitochondrial DNA mutations, 
inherited from maternal ancestors, char-
acteristic of speakers of modern Indo-
European languages in central Asia.

“We don’t know if this 60- to 70-year-
old man reached Mongolia on his own 

or if his family had already 
lived there for many genera-
tions,” says study coauthor 
Charles Brenner, a DNA 
analyst in Oakland, Calif.

The man’s genetic sig-
nature supports the idea 
that Indo-European migra-
tions to northeastern Asia 

started before 2,000 years ago. This 
notion is plausible but not confirmed, 
says geneticist Peter Underhill of Stan-
ford University. Further investigations of 
Y chromosome mutation frequencies in 
modern populations will allow for a more 
precise tracing of the man’s geographic 
roots, Underhill predicts. 

in the news

 Humans For longer versions of these and other 
Humans stories, visit www.sciencenews.org

By Laura Sanders

The clothes don’t make the man, but 
wearing no shoes might make the run-
ner. A study of people who habitually run 
barefoot shows that these runners’ feet 
strike the ground in a way that tempers 
impact forces and smooths the running 
movement, reports a study appearing 
online January 27 in Nature.

Though the results suggest that bare-
foot running might have benefits, it’s too 
soon to say whether this style is less likely 
to cause injuries, the researchers say.

“One shouldn’t be scared of barefoot 
or minimal shoe running or think it odd,” 
says study coauthor Daniel Lieberman of 
Harvard University. “From an evolution-
ary perspective, it’s normal and, if done 
properly, it is very fun and comfortable. 
We evolved to run barefoot.”

The new study is elegant and offers a 
good example of the mechanics of dif-
ferent running gaits, comments Daniel 
Schmitt, an evolutionary anthropologist 
at Duke University in Durham, N.C.

Earlier studies suggested that people 
running barefoot land on the front or 
middle of the foot first, before lowering 
the heel and transitioning body weight 
to the back of the foot. The invention of 
the springy running shoe in the 1970s, the 
study’s authors write, allowed runners 
to land comfortably on the heel before 
rolling weight forward on the foot. Shoe 
cushioning distributed the impact force, 
making the heel strike bearable. (Sprint-
ers run primarily on their forefeet, but the 
mechanics of sprinting are different.)

Lieberman and colleagues traveled to 
the Rift Valley Province in Kenya and 
videotaped the movement styles of some 

Running barefoot 
cushions impact 
of forces on foot
Too soon to say if shoeless 
approach reduces injuries 

Gold ornaments 
were found with the 
ancient skeleton.

This skull belonged 
to a man who held a 
prominent position in 
the Xiongnu Empire.
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famed endurance runners who grew up 
not wearing shoes. The researchers found 
that, as expected, these runners typically 
strike the ground with either the forefoot 
or the midfoot before lowering the heel. 
In contrast, shod runners in the United 
States typically landed on the heel first.

“This study is unique in that they actu-
ally went and found people who have 
been running barefoot and are world 
renowned as barefoot runners,” says bio-
mechanist Reed Ferber of the University 
of Calgary in Canada. Previous studies 
focused on people asked to run barefoot 
in laboratory experiments, he says.

In further experiments at Harvard,  
Lieberman’s team used a scale called a 
force plate to precisely measure force 
from running. The average initial impact 
force in habitually barefoot U.S. runners 
who land on the forefoot first is about one-

can cause runners to flex the foot in a way 
that creates more mincing steps, shorten-
ing the stride. A 6-foot, 2-inch–tall man 
would have to take 7,500 more steps to 
finish a marathon if running barefoot 

than if with shoes, because 
the length of the stride is 
shorter, Ferber says. “You 
could argue that if he’s going 
to take 7,500 more steps he’s 
more likely to get an injury. 
But you could also argue that 
all those steps don’t have that 
impact peak, so that might be 
injury protective.”

Lieberman agrees that it’s 
too early for people to throw out their 
fancy shoes. “It’s too complex a question, 
as it depends on one’s feet, condition, abil-
ity to forefoot or midfoot strike, which 
takes more calf muscle, and so on.” 

third the force in shod U.S. runners who 
land on the heel, the researchers found. 
“A rear-foot strike is like someone hitting 
you on the foot with a hammer with about 
one and a half to three times your body 
weight. It would hurt without 
a shoe,” Lieberman says. “A 
forefoot strike is like having 
no one hit you at all.”

So far, there is no good evi-
dence yet of whether bare-
foot running causes fewer 
injuries than does running 
with shoes, Ferber says. The 
idea that barefoot running 
is superior “is a massive 
assumption,” he says. “Fundamentally, 
there are no studies out there that show 
barefoot running is less injurious.”

Ferber notes that barefoot running also 
has drawbacks. Landing on the forefoot 
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By Laura Sanders

The clothes don’t make the man, but 
wearing no shoes might make the run-
ner. A study of people who habitually run 
barefoot shows that these runners’ feet 
strike the ground in a way that tempers 
impact forces and smooths the running 
movement, reports a study appearing 
online January 27 in Nature.

Though the results suggest that bare-
foot running might have benefits, it’s too 
soon to say whether this style is less likely 
to cause injuries, the researchers say.

“One shouldn’t be scared of barefoot 
or minimal shoe running or think it odd,” 
says study coauthor Daniel Lieberman of 
Harvard University. “From an evolution-
ary perspective, it’s normal and, if done 
properly, it is very fun and comfortable. 
We evolved to run barefoot.”

The new study is elegant and offers a 
good example of the mechanics of dif-
ferent running gaits, comments Daniel 
Schmitt, an evolutionary anthropologist 
at Duke University in Durham, N.C.

Earlier studies suggested that people 
running barefoot land on the front or 
middle of the foot first, before lowering 
the heel and transitioning body weight 
to the back of the foot. The invention of 
the springy running shoe in the 1970s, the 
study’s authors write, allowed runners 
to land comfortably on the heel before 
rolling weight forward on the foot. Shoe 
cushioning distributed the impact force, 
making the heel strike bearable. (Sprint-
ers run primarily on their forefeet, but the 
mechanics of sprinting are different.)

Lieberman and colleagues traveled to 
the Rift Valley Province in Kenya and 
videotaped the movement styles of some 

Running barefoot 
cushions impact 
of forces on foot
Too soon to say if shoeless 
approach reduces injuries 

impact force for 
barefoot runners 
who forefoot strike

impact force for 
shod runners who 
strike heel first

0.58
body weights

1.74
body weights

“One 
shouldn’t be 

scared of 
barefoot or 

minimal shoe 
running or 

think it odd.”
DanieL LieBeRman
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President proposes higher levels 
of science spending in fiscal 2011
5.9% increase over 2010 requested for nondefense R&d 

By Rachel Ehrenberg

Given the economy, research societies 
seemed pleased that the Obama admin-
istration plans on giving to science. The 
president’s budget for fiscal 2011, released 
February 1, proposes $147.7 billion for 
federal spending on research and devel-
opment. Of that, nondefense-related 
funding would be $66 billion, a 5.9 per-
cent increase over what was allocated in 
2010. Some programs, such as the Yucca 
Mountain nuclear waste facility and 
NASA’s Constellation program, met an 
early death in the budget. Most agencies 
would see modest increases.

“Given that there’s an overall freeze, 
you had to hope that the president was 
going to be true to his promise to use 
a scalpel rather than a hatchet,” says 
Albert Teich, director of science and pol-
icy programs at the American Associa-
tion for the Advancement of Science in 
Washington, D.C. “That seems to be the 
case. Within the budget, science seems 
to be treated pretty well.” 

Proposed Department of Energy 

initiatives include more than $108 mil-
lion for research on renewable energy 
sources. About $174 million would fund 
research intended to improve the reliabil-
ity, efficiency and security — including 
cybersecurity — of the nation’s electrical 
transmission and distribution networks. 

The request also includes $197 million 
to develop nuclear waste disposal alter-
natives while shutting down the contro-
versial effort to store nuclear waste at the 
Yucca Mountain facility in Nevada.

The National Institutes of Health, 
which receives the lion’s share of research 
money budgeted for the Department of 
Health and Human Services, will see an 
increase from $31 billion in FY 2010 to 
about $32 billion — a 3.2 percent rise  
(2 percent when adjusted for inflation).

NIH will also still feel the glow of an 
extra $10 billion it received over fis-
cal years 2009 and 2010 as part of the 
Recovery Act. Some of that money is 
spread out in multiyear projects. Funds 
from the Recovery Act will probably also 
trickle into other agencies, presidential 
science adviser John Holdren said at a 

briefing. Recovery Act funding is not 
included in the proposed 2011 budget.

NASA’s budget will go up by $6 billion 
over the next five years under the plan. 
The plan earmarks an extra $183 million 
to extend the life of the International 
Space Station past its planned retire-
ment date of 2016 and allots $5 billion 
for space and Earth science research, 
including grants, telescopes and mis-
sions to study the moon and Mars.

The biggest shake-up was the cancella-
tion of the Constellation program, which 
was to return astronauts to the moon by 
2020 and has already cost some $9 billion 
over the past four years. An independent 
panel found that the program was behind 
schedule and underfunded. 

NASA will instead focus on develop-
ing new “game-changing” technologies 
to take humans beyond low-Earth orbit 
by increasing cooperation with and reli-
ance on commercial space companies.

The proposed budget would expand the 
U.S. Environmental Protection Agency’s 
spending on programs addressing climate 
change and promoting clean energy. EPA 
Administrator Lisa Jackson noted that the 
largest increase in her agency’s research 
budget would bump up spending on Sci-
ence to Achieve Results research grants 
to $87 million, an increase of more than 
40 percent. EPA is also slated to receive 
$26 million to study hormone-mimicking 
pollutants and other chemicals, $6 mil-
lion more than this year.

The National Science Foundation bud-
get would increase by some 8 percent, 
adjusted for inflation, in 2011. In addition 
to spending on basic research, NSF sup-
ports education and training programs. 

The 2011 fiscal year starts on October 1. 
Congress will decide what the final bud-
get will include.

“The administration’s taken a pretty 
positive approach towards science and 
technology,” says Teich. “We have to hope 
that Congress does the same thing.”

Nathan Seppa, Sid Perkins, Laura 
Sanders, Janet Raloff and Lisa Grossman 
contributed to this report. 

in the news
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  FY 2009 FY 2010 FY 2011 Percent
 U.S. agency or department actual estimate proposed change†

 defense (military only)* 81,121 81,090 77,548 -5.4
 NIH (and other HHS R&d) 41,658 31,177 32,156 2.0
 Energy 13,268 10,693 11,219 3.8
 NASA 11,677 9,286 10,986 17.0
 NSF 7,576 5,092 5,571 8.2
 Agriculture 2,613 2,591 2,448 -6.5
 Commerce 1,969 1,516 1,727 12.7
 Homeland Security 1,096 1,150 1,046 -10.0
 Interior 775 755 772 1.1
 EPA 559 622 651 3.5
 Other Agencies and departments 3,159 3,381 3,572 4.5
 TOTAL 165,471 147,353 147,696 -0.9

Figures reflect rounding, Fy 2009 column includes one-time Recovery Act funds
† difference between 2010 and 2011, adjusted for 1.1 percent expected rate of inflation 
*Other agency budgets include some defense-related, nonmilitary projects

Federal research and development funding 
Proposed fiscal year 2011 budget by agency, in millions of dollars 

 Increase    Decrease 

SOURCE: AdAPTEd FROM OFFICE OF MANAGEMENT ANd BUdGET
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In recent years, however, questions 
have surfaced about atrazine’s safety, 
especially after monitoring programs 
picked up the chemical in drinking 
water and lab studies demonstrated the 
pollutant’s ability to emasculate — if 
not deform — amphibians and fish. Last 
fall, the U.S. Environmental Protection 
Agency announced it was reopening 

feature | weeD killer in the croSShairS  

Concerns prompt 
reexamination of 

atrazine’s safety  
By Janet Raloff   

Weed killer 
in the crosshairs

E
ach year, American farmers 
and turf managers apply some 
34 million kilograms of atra-
zine to quash broad-leaved 
and grassy weeds. Most treat-

ments go to protect corn, sorghum, sugar- 
cane and cotton, though golf courses 
sometimes tap the weed killer to maintain 
immaculate fairways and putting greens. 
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what industry had hoped was a closed 
chapter on allegations in the United 
States of atrazine’s risks.

Atrazine, an organic compound 
belonging to the triazine 
family of herbicides, stops 
pre- and post-emergent 
weeds by inhibiting electron 
transport, ultimately block-
ing photosynthesis. The EPA 
reexamined data on the her-
bicide’s putative toxicity four 
years ago as part of a sys-
tematic review of the safety 
of older pesticides — those 
initially registered for use before 1984. 
Atrazine was reregistered — meaning it 
could continue to be sold — after the EPA 
concluded that its regulated use could 
continue without posing undue risks to 
health and the environment. The chemi-
cal is banned by the European Union and, 
ironically, in Switzerland, where atra-
zine’s leading manufacturer, Syngenta, 
is headquartered.

In a surprising turnabout, the EPA 
instructed its Scientific Advisory Panel on 
pesticides, a group of outside experts, to 
reevaluate the weed killer’s safety through 
three meetings this year, the first of which 
took place earlier this month. The panel 
will review human data and any studies, 
including animal or test-tube assays, that 
might suggest risks to people.

EPA admits this new review was 
prompted by a flurry of recent news 
stories and critical reports by advocacy 
groups, which continue to show that large 
numbers of people are being exposed 
to atrazine through drinking water  
(SN: 11/3/01, p. 285) and which offer new 
data suggesting health concerns.

Among these new criticisms was 
a report in August by the Natural 
Resources Defense Council: “Poison-
ing the Well: How the EPA is ignoring 
atrazine contamination in surface and 
drinking water in the central United 
States.” Its analysis of data that the 
EPA collected — but didn’t publicly 

release — shows that traces of atrazine 
frequently pollute not only rivers but 
also water exiting the tap, oftentimes at 
concentrations exceeding EPA’s 3-parts-
per-billion limit for drinking water. 

For its part, Syngenta Crop Protection, 
based in Greensboro, N.C., the largest U.S. 
producer of atrazine, argues EPA’s new 

review is unnecessary. “After 
seven Scientific Advisory 
Panels, 15 years of special 
review and the reregistration 
[of atrazine] in 2006, the sci-
ence stands for itself,” says 
company toxicologist Tim 
Pastoor. Reviewing the data 
again “seems over the top,” he 
contends, and poses unneces-
sary costs to taxpayers.

Yet there are plenty of new data that 
have not previously been part of any sys-
tematic federal review. 

Sentinels of risk
Atrazine’s ability to provoke hormonal 
perturbations in test animals is one of 
the more dramatic signs of its toxicity to 
emerge throughout the past decade, says 
biologist Tyrone Hayes of the University 
of California, Berkeley. He points to stud-
ies from his lab (SN: 11/2/02, p. 275) and 
by others that have demonstrated that 
this weed killer can inappropriately — and 
sometimes quite deleteriously — boost 
estrogen concentrations in male animals, 
from rats and fish to frogs and alligators.

The presence of too much estrogen or 
estrogen at the wrong time can not only 
alter reproductive development but also 
can pose cancer risks, so toxicologists 
have expressed concern over hormonal 
changes in test animals. Whether atra-
zine poses such risks to people, however, 
remains unknown.

Robust data suggestive of hormonal 
effects, including partial gender reas-
signment, come from amphibians 
and fish. And a review in the January 
Environmental Health Perspectives by 
Jason Rohr and Krista McCoy of the 
University of South Florida in Tampa 
includes more than a dozen papers out 
since atrazine’s last regulatory review. 
The EHP review highlights a long list 

With hooded sprayers, farmers can 
direct herbicide to areas between crops 
(sorghum shown), limiting possible drift.
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Cities with highest atrazine levels in drinking 
water for selected states, 2003–04

Atrazine in drinking water  Data  
collected on behalf of the U.S. environmental 
protection agency reveal that several cities 
have peak atrazine concentrations in drinking 
water that exceed the agency’s 3-ppb limit. 

of reproductive and developmental 
impacts in these animals. 

This analysis didn’t include all avail-
able studies, Rohr acknowledges, 
because “we had very strict quality cri-
teria,” requiring such things as “proper 
experimental design, proper reporting or 
application of statistics,” and data show-
ing there had been no contamination of 
supposedly unexposed animals.

Trends observed across the studies 
that did make the cut indicate that atra-
zine alters rates of amphibian metamor-
phosis, reduces immune function in 33 of 
43 measures and increases risk of infec-
tion in 13 of 16 measures. Exposure to 
the weed killer altered at least one aspect 
of gonad structure and function in seven 
of 10 studies, with some animals exhibit-
ing “sexually ambiguous” gonad tissue. 
Atrazine also altered sperm production 
in the two studies that investigated it and 
changed sex-hormone concentrations in 
six of seven studies.

This review’s findings contradict those 
reported in a February 2009 paper in 
Toxicological Sciences by Werner Kloas 
of the Leibniz-Institute of Freshwater 
Ecology and Inland Fisheries, in Berlin, 
and his coauthors (one of whom, Alan 
Hosmer, is a Syngenta employee).

SoUrce: m. wU et al./nrDc aUgUSt 2009

City, state

C
on

ce
nt

ra
tio

n 
(p

pb
)

running annual average

peak concentration 
in finished water

There are 
plenty of new 
data that have 
not previously 

been part 
of any 

systematic 
federal review.
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According to Syngenta’s Pastoor, the 
paper by Kloas’ team is “the most com-
prehensive, complete and extensive study 
ever done on frogs looking at sexual devel-
opment.” Some 3,000 African clawed 
frogs were exposed to five doses of atra-
zine spanning four orders of magnitude. 
“And from that,” he says, “it was defini-
tively shown that atrazine has no effect.”

Rohr and McCoy omitted most data in 
that paper from their review, however, 
arguing its statistical deficiencies made 
evaluation of the data “impossible.”

Previous EPA analyses of atrazine 
safety had access to four earlier reviews 
of animal data, Rohr notes — all funded 
at least in part by industry. He maintains 
that his is the first review that is free of 
industry involvement. Funding for his 
assessment came from the EPA, the 
National Science Foundation and the U.S. 
Department of Agriculture.

Two rat studies in the November 
Toxicological Sciences point to an appar-
ent stress response that may explain how 
atrazine could alter reproductive devel-
opment. EPA scientists showed that 
the weed killer elevates stress-related 
hormones such as adrenocorticotropic  
hormone, or ACTH.

If levels of this hormone get out of 
balance in females, it “can interfere 
with normal regulation of the ovaries 
and ovulation,” notes Ralph Cooper, 
chief of endocrinology at EPA’s labo-
ratory in Research Triangle Park, N.C. 
This, in turn, “will interfere with fertil-
ity,” he points out. The hormone changes 
“indicated to us that the pituitary was 
responsive to atrazine directly,” he says, 
“by secreting ACTH.” Similar changes 
were seen in exposed male rats, suggest-
ing a possible stress-system mechanism 
by which atrazine might impair sex- 
hormone production in males.

The witnessed changes might help 
explain the impaired reproduction previ-
ously linked to atrazine in animal studies, 
including delayed puberty, impaired fer-
tility and inflamed prostates (in the male 
pups of exposed female rats), Cooper says. 
However, he cautions, exposures in his 
studies, though brief, far exceeded what 
would ever occur in drinking water.

 

Tied together, with caveats
Several studies have linked problems in 
human newborns to water supplies pol-
luted with atrazine. The limitation of 
these papers is substantial: The water 
contained other farm chemicals that 
might be toxic in high doses as well. 

A paper in Acta Paediatrica in April 
2009, for instance, identified a recurring 
seasonal increase in U.S. birth defects for 
babies conceived from April through July. 
The data, compiled from 1996 to 2002 
by the Centers for Disease Control and 
Prevention, came from an assessment of 
more than 30 million live births. 

Surface-water contaminant measure-
ments by the U.S. Geological Survey dur-
ing the same years show these months 
are when concentrations of agricultural 
chemicals — chiefly nitrate fertilizers and 
atrazine — peak, says Paul Winchester, a 
neonatologist at the Indiana University 
School of Medicine in Indianapolis.

Compared with the rest of the year, 
Winchester’s team found, babies who 
were conceived from late spring to early 
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Month of conception

Atrazine
Birth defects

Agrochemical Mean surface water level

April–July Other months

atrazine (μg/l) 1.31 0.16

nitrate (mg/l) 1.94 1.65

Pesticides (μg/l) 0.14 0.05

Other chemical complicators

Unestablished cause  research has 
found a positive correlation between levels 
of atrazine in surface water and birth defects 
(graph). But the data are muddied because 
levels of other chemicals (table) are also higher 
during the start of farming season.

1947 – the Federal insecticide, Fungi-
cide and rodenticide act requires the 
registration of all pesticides.

1958 – atrazine is first registered.

1983 – registration standard for 
atrazine is issued, and the document 
notes concern about dietary carci-
nogenic risks from ground and water 
contamination. 

1988 – ePa issues a preliminary notifi-
cation of its intent to initiate a special 
review under FiFra based on atrazine’s 
carcinogenic potential.

1990 to 1992 – atrazine’s registrant 
takes steps to reduce ground and 
surface water contamination.

1991 – Under the safe drinking water 
act, the ePa sets 3 ppb as the maxi-
mum level of atrazine in drinking water.

1994 – ePa institutes its special review 
for triazine pesticides, including atra-
zine. at the time, atrazine has status 
as a possible human carcinogen.

January and October 2003 – ePa con-
cludes in interim reregistration deci-
sions that atrazine is not likely to be a 
human carcinogen and that there are 
not sufficient data to confirm or refute 
the hypothesis that atrazine exposure 
may impact gonadal development in 
amphibians. Before reregistration, the 
Food Quality Protection act requires an 
evaluation of food tolerances. 

2004 – european Union bans atrazine.

April 2006 – in its reregistration deci-
sion, the ePa says that there is a 
reasonable certainty that no harm will 
result to the general U.s. population, 
infants, children or other subgroups of 
consumers from aggregate exposure to 
cumulative residues of atrazine. Prod-
ucts containing atrazine are eligible for 
reregistration.

2007 – ePa concludes that atrazine 
does not adversely affect amphibian 
gonadal development.

2009 – ePa releases atrazine ecologi-
cal watershed monitoring data fol-
lowing a Huffington Post report about 
atrazine in drinking water.

2010 – ePa launches a new evaluation 
of atrazine’s safety.

A troubled past  
industry had hoped that atrazine’s 
regulatory hurdles were over, but new 
concerns have led to a fresh analysis.

soUrce: P. winchester et al./acta Paediatrica

soUrce: P. winchester et al./acta Paediatrica

U.S. birth defects and atrazine, 1996–2002
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summer showed a 3 percent higher rate 
of birth defects, such as spina bifida, 
cleft lip, urogenital defects and Down 
syndrome. And while a mix of farm pes-
ticides usually showed up in that sea-
sonal runoff into waterways, Winchester 
observes that “far and away, the most 
prevalent pesticide — and the one which 
exceeds safety limits most often — is 
atrazine.” The weed killer’s statistically 
significant association with birth defects 
is intriguing, he says, and deserves fur-
ther exploration.

A related investigation linked atrazine 
concentrations in Indiana drinking-
water supplies to the chance that a baby 
would be very small at birth. “Atrazine 
concentrations above 0.1 part per bil-
lion were associated with, on average, a 
17 percent increase in the risk of having 
a small baby,” says Hugo Ochoa-Acuña of 
Purdue University in West Lafayette, Ind. 
Such contamination, well below the EPA’s 
3-ppb limit, can be common. Biweekly 
drinking-water data suggested that in 
Fort Wayne, Ind., for example, atrazine 
concentrations exceed 0.2 ppb on 265 
days a year, and exceed 0.5 ppb more than 
one out of every three days.

Each 1 ppb increase of atrazine in 
drinking water, for consumption aver-
aged throughout a pregnancy, increased 
by 15 percent a woman’s chance of giving 
birth to a baby in the lowest 10 percent 

Atrazine at the surface  the U.s. Geological survey is developing models that estimate pesticide 
levels based on monitoring data and watershed characteristics. the map shows the highest 21-day moving 
average modeled for atrazine concentrations in stream water for 2007. the tables reveal that atrazine and 
deethylatrazine, a breakdown product, are among the most frequently detected pesticide compounds.

for several potentially confounding  
factors, such as seasonality. Still, Niman 
acknowledged, there are limitations to 
even this study. But he also noted that 
this is to be expected when looking at 
complex, real-world exposures — not the 
controlled environments of lab rats.

Overall, researchers concede that no 
smoking guns exist regarding atrazine 
risks. Data are suggestive, based on high-
dose rodent tests, real-world wildlife 
exposures and epidemiological surveys 
of people exposed to a mix of pollutants.

Although there have been charges that 
Syngenta has hidden troubling data from 
regulators and the public, Pastoor coun-
ters that the company’s research “is pub-
licly available,” and that “EPA has all of 
our raw data” for every study. Indeed, he 
says, “When we submit a study, it under-
goes the kind of scrutiny that would rival 
an Internal Revenue Service review.”

So regardless of the concerns that 
have been circulating in news accounts 
and reports by public interest groups, 
Pastoor says he’s confident that as long 
EPA bases its new safety assessment on 
science, “any further opening up of atra-
zine’s scientific history is welcome.” s

Explore more: 
the U.s. ePa’s atrazine site: www. s
epa.gov/opp00001/reregistration/
atrazine/

of weight for its gestational age. Such 
babies have a poorer chance of survival.

The weed killer’s correlation with 
low birth weight proved most robust for 
contamination during a woman’s third 
trimester, the Purdue team reports 
in the October Environmental Health 
Perspectives. “And that makes sense,” 
Ochoa-Acuña explains, “because most 
of a baby’s growth occurs during the last 
trimester. So a small effect there would 
produce a big difference.” 

As Winchester’s group found, many 
other pesticides tended to coexist with 
atrazine in water, but their levels weren’t 
nearly as high.

At his agency’s February Scientific 
Advisory Panel meeting, the EPA’s Aaron 
Niman reviewed these and additional 
new studies correlating the levels of atra-
zine in drinking water to birth defects 
and low birth weights. The strength 
of Winchester’s study, he said, “is that 
it provides for an overall snapshot of 
trends in both birth defects and atrazine 
levels in the environment. For this rea-
son, it’s useful in hypothesis generation 
… [but] can only be used to demonstrate 
correlation” — not causation. 

The study by Ochoa-Acuña’s team 
is “probably the strongest” linking the 
weed killer to birth outcomes, Niman 
said, because it offers individual expo-
sure estimates and is able to adjust 

Agricultural

Comparing chemicals in stream water 

Urban

soUrce: UsGs watershed reGressions For Pesticides atrazine model at inFotrek.er.UsGs.Gov/warP 
soUrce: “Pesticides in the nation’s streams and 
GroUnd water.” 1992–2001/UsGs

< 0.001

0.001–0.038

0.039–0.150

0.151–1.026

> 1.026

Predicted 
atrazine levels
in stream water
(μg/L)

Model 
estimate 
not  
available
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A
s viruses go, H1N1 is a 
genetic pip-squeak. Like 
its influenza brethren, 
it possesses only eight 
genes. Yet those few genes 
are telling researchers 

a complex story about where this newly 
infamous virus came from, and, more 
importantly, where it might go. 

That story began about a decade ago, 
when an infectious virus was busily pack-
ing pieces of its genetic material together, 
preparing to burst out of a throat cell and 
infect other cells in its host pig. This virus 
was already the result of a genetic shuffl e 
involving a human influenza, an avian 
infl uenza and a swine infl uenza, genetic 
sleuthing reveals. At the same time, a dif-
ferent virus — itself a mixture of a swine 
infl uenza and an avian infl uenza — was 
packaging its genetic material in the same 
cell in the pig’s throat. 

In an exodus-induced kerfuffl e, a way-
ward piece of viral genome was mistak-
enly put into the wrong package, creating 
a virus never before seen. Sometime in 
the past decade, researchers estimate, 
the pig harboring this new mix-and-
match virus passed it to a human, who 
launched its spread to thousands of peo-
ple around the globe. 

“The confusion at the beginning 
was that some of the virus’s segments 
were coming from birds, some were 
coming from pigs, some were human,”
says molecular epidemiologist Hossein
Khiabanian of Columbia University. 
“What is this? This is a monster.” 

This dizzying tale of genetic min-
gling ultimately resulted in the H1N1 
influenza strain currently 
circling the planet. This 
virus takes its name from 
its particular versions of 
two proteins, hemagglu-
tinin and neuraminidase. 
Although this combination 
of H and N has appeared 
before in seasonal influen-
zas and most memorably in 
the pandemic flu of 1918, 
the virus circulating now 
has qualities that make it 
distinct enough to demand attention. 

Such a history might suggest that 
today’s H1N1 — declared by the World 
Health Organization on June 11, 2009, 
to have caused a pandemic — is ready to 
go hog wild, morphing into new forms 
that can easily thwart human immune 
systems and foil drugs. But new evi-
dence, furiously collected during the 

virus’s year or so on the world stage, 
hints at a different picture. Instead of a 
deranged homicidal killer on the ram-
page, this virus appears to be a more 
restrained villain. 

“It seems that the intrinsic ability of 
this virus to cause disease is not that 
different from seasonal viruses,” says 
Ruben Donis, who heads the Centers for 

Disease Control and Pre-
vention’s molecular virol-
ogy and vaccines branch, 
based in Atlanta. But these 
are early days, he cautions. 
“This is all based on very 
preliminary numbers that 
are subject to change.”

Emerging data from 
human infections and labo-
ratory experiments on this 
swine-origin H1N1 suggest 
that the virus spreads no 

faster than the seasonal infl uenzas that 
circulate every winter. And studies hint 
that the human immune system has 
underappreciated advantages in com-
bating the infection. Other research 
has found that the virus’s genome isn’t 
changing at an alarming rate or in impor-
tant ways. Like accents, the virus has 
taken on certain regional twangs, but TI
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Instead of 
a deranged 
homicidal 

killer on the 
rampage, this 
virus appears 
to be a more 
restrained 

villain.

Of Swine and MenOf Swine and MenOf Swine and MenOf Swine and MenOf Swine and MenOf Swine and Men
Scientists study H1N1’s past to predict what   the virus has in store   By Laura Sanders
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none seem to be particularly menac-
ing. Another study in animals fi nds that 
the virus didn’t jump at the chance to 
mingle its genetic material with other 
strains of influenzas, even when the 
viruses infected the same cells at the 
same time. 

While the virus’s genome is missing 
some of the worst danger signs of past 
pandemics, it has picked up a few new 
tricks that might be cause for concern. 
And just because the virus hasn’t yet 
morphed in a dangerous way doesn’t 
mean it won’t. Now that the virus has 
a huge new playground in the human 
population, the possibility of its recom-
bining with other influenzas can’t be 
dismissed.  

“Once we think we have this virus fi g-
ured out, the virus shows us otherwise,” 
says infl uenza expert Daniel Perez of the 
University of Maryland in College Park. 

Predicting exactly what will happen 
is impossible. The virus may grow up 
to replace the seasonal fl u viruses, or it 
may grow up to become an additional 
burden to contend with each winter. It 
may morph into a dangerous killer. Or 
it may not change much at all, existing 
only as a memory of the swine fl u scare 
of ’09 and ’10. 

April 20091992
1997

19981979

H1N1
Eurasian 
swine 

Pandemic 
H1N1 human 
outbreak,
2009

H3N2
seasonal
 human

H1N1
avian
virus

H1N1
classical

swine

PB2

PB1

PA

H

NP

N

M

NS

H1,H3,N1,N2
triple-reassortant
swine

The current pandemic H1N1 virus is a mix of genomic segments from the H1N1 Eurasian swine 
� u and a swine � u made up of segments from avian virus, swine virus and seasonal human � u. 
The chart above shows how each � u virus’s eight genomic segments mixed and mingled to get 
the virus causing the current pandemic.

Around the globe 
One of the reasons public health offi-
cials are keeping such a close eye on 
this H1N1 strain is that some important 
parts of its makeup are unrecognizable 
to most people’s immune systems — pre-
sumably setting the stage for it to go rip-
ping and snorting through the global 
population. But data from animal mod-

els and patient reports suggest that 
this infl uenza’s movements, propelled 
by sneezes, coughs and germy door-
knobs (see “The skinny on the bacon,” 
Page 26), look more like those of sea-
sonal influenzas than disastrous pan-
demics of the past. 

If the devastating 1918 pandemic flu 
was an Olympic sprinter, dashing to the 
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Each 
virus’s 
eight 
genomic 
segments 
are shown 
as parallel 
lines.

Scientists study H1N1’s past to predict what   the virus has in store   By Laura Sanders
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finish line in just seconds, this pandemic 
strain is “the guy running in Central 
Park,” says microbiologist Peter Palese 
of Mount Sinai Medical Center in New 
York City. 

The ways the virus is transmitted, how 
easily it spreads through contact and 
how long before symptoms show up are 
the same as what experts estimate for 
seasonal and other pandemic flus, says 
epidemiologist Justin Lessler of Johns 
Hopkins University in Baltimore, who 
co authored a  report that appeared in the 
Dec. 31 New England Journal of Medi-
cine. “I don’t think there’s any evidence 
that this virus is any different,” he says. 

Lessler and his colleagues examined an 
H1N1 outbreak in a New York City high 
school. From that data, they estimate 
that the virus moves through the popu-
lation slightly less efficiently than some 
previous seasonal influenzas. About  
14 percent of people who came in contact 
with an infected person ended up with 
influenza symptoms. An infectee devel-
ops symptoms in about 1.4 days, a length 
of time similar to that of other influenzas, 
the team also reports. And 2.7 days elapse 
between when an infector feels sick and 
the newly infected feels sick, too. 

Another study published in the same 

issue of the New England Journal exam-
ined household transmission rates and 
found that the pandemic virus is less 
likely to move from one person to another 
than some of the viruses responsible for 
past pandemics. Simon Cauchemez of 
Imperial College London and colleagues 
found that, on average, about 10 percent 
of people living with a person infected 
with H1N1 come down with the flu. For 
seasonal flus, the same measure is any-
where from 10 to 40 percent.

A study in guinea pigs shows similar 
results. The virus replicates and trans-
mits in the animals at rates close to those 
of a seasonal influenza strain, Palese and 
colleagues report in the January Journal 
of Virology. 

The key to avoiding infection despite 
exposure lies with virus-destroying anti-
bodies. These tiny patrollers roam the 
body on the lookout for harmful parti-
cles. When a threat is detected, the anti-
bodies hitch on to the invader and call 
in other immune system attack dogs to 
prevent the virus from taking hold. 

An inability of antibodies to recog-
nize H1N1’s proteins may explain one of 
the most ominous pieces of news about 
this virus: It seems to target young peo-
ple. The CDC estimates that from April 

through December 12, 2009, about 
50 million people under the age of 65 
became infected, compared with about 
5 million people over age 65.

 In contrast, seasonal flu typically 
infects older people. More than 90 per-
cent of deaths from seasonal influenzas 
occur in people 65 and older, the CDC 
reports. With the current H1N1 influ-
enza, researchers estimate that people 
younger than 65 account for more than  
80 percent of total deaths. 

People born in the earlier part of the 
1900s may be protected because their 
immune systems have seen influenzas 
similar to the current H1N1 and have 
developed antibodies against them, 
while the immune systems of young 
people have not. 

“The prevailing theory — there is not 
very strong evidence yet, but there is 
some evidence — indicates that these 
folks have greater immunity than 
younger folks,” Donis says. The thinking 
is that exposure to many viruses primes 
those immune systems to attack quickly, 
while young people’s naïve immune sys-
tems are caught flat-footed, lacking anti-
bodies to attack this pandemic H1N1. 

More studies are needed to fully 
understand how immune systems defeat 
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Seasonal flu

H1N1

Seasonal flu

H1N1

Age 0–4 5–49 50–64 65+ Unknown

Deaths

Hospitalizations

2% 57% 24% 9% 9%

43% 30% 11% 16%

4% <1% 3% 93%

<1% <1% 1% 99%

unlike the seasonal flu, h1n1 targets the young. Though infection rates are hard to come by, 
early indicators find that young people are more susceptible to infection than older folks. h1n1 
hospitalization and death rates from april to june 2009 bear this out. 
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fourth to cause a 
pandemic since the 
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century. Though the 
numbers are fuzzy, 
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influenzas. “Immunity is complicated,” 
Donis says. “How all these mechanisms 
play out in the guy that is shedding virus, 
or the person that is shaking hands or 
breathing in droplets after someone 
sneezes or coughs, is still a very compli-
cated biological process that we don’t 
understand completely.” Younger folks 
are more susceptible than older people 
to getting the new H1N1 virus, but its 
overall threat to a young person is still 
proportionally similar to that of any 
seasonal flu, Palese says.

The number of deaths from pandemic 
H1N1 are estimated to be much lower 
than that of seasonal flus: On average, 
about 36,000 Americans die from flu-
related causes each year, according to 
the CDC, while the current pandemic 
is responsible for an estimated 11,000 
deaths from April through December.

“It’s the same rate,” Palese says. “That 
has been really overlooked. It is not more 
virulent per 18-year-old, or per 25-year-
old, than the seasonal one.” 

The inside counts
Another study finds that the virus isn’t as 
unrecognizable as its outer proteins had 
led scientists to believe. A hidden famil-
iarity might help people fight the virus 
once they’ve been infected.

Antibodies latch on to proteins on the 
outside of virus particles but are unable 
to detect what’s on the inside of the virus. 
A different faction of the human immune 
system is formed by cells that recognize 
foreign proteins on the outside and on 
the inside of viruses. These cells, a type of  
T cell, are an underappreciated arm of the 
immune system and might be doing some 
of the immune system’s heavy lifting, says 
Bjoern Peters of the La Jolla Institute for 
Allergy & Immunology in California. 

In a study published December 1 in 
Proceedings of the National Academy 
of Sciences, Peters and his colleagues 
addressed how familiar the virus is to the 
immune system. “We were essentially 
asking, how is this virus different, from 
the immune system’s point of view?” 
Peters says. 

As expected, proteins such as hemag-
glutinin and neuraminidase that decorate 

the outside of the H1N1 virus differed 
from proteins in earlier seasonal viruses, 
and as a result, were unfamiliar to most 
people’s antibodies. But proteins on the 
inside of the virus were quite similar to 
past influenzas, Peters and colleagues 
found. Because of this similarity, T cells 
might be able to quickly begin neutral-
izing cells once they are infected. “While 
there’s no immunity against the surface, 
there’s plenty of immunity against the 
internal proteins,” Peters says. The same 
study found that blood samples taken in 
2007 from the general U.S. population 
had some immunity against the pan-
demic strain, thanks to T cell immunity. 

“We believe we have a reason why 
the incidence of severe disease isn’t 
that high, based on the fact that people 
have T cell immunity,” Peters says. “You 
would expect that this is going to be a 
very severe, deadly pandemic if you have 
no immunity. Obviously, as we know, 
that’s not how it turned out.” A strong  

T cell reaction probably reduces the sever-
ity of influenza infections, clearing virus-
laden cells before symptoms get bad.  

Not out of the woods
Influenzas are notorious for playing fast 
and loose with their genomes — muta-
tions are introduced as the virus repli-
cates and gene segments are swapped 
with other viruses in a process called 
reassortment. Reassortment is respon-
sible for the repackaging errors that, in 
part, created the H1N1 pandemic influ-
enza. This genetic recklessness con-
founds immune systems and worries 
public health officials. 

Early results from animal studies sug-
gest that pandemic H1N1 isn’t eager to 
reshuffle its genetic deck, even when 
the influenza is infecting the same cell 
as another virus at the same time — a 
prime opportunity for gene segments 
to get combined in new ways. Perez 
and his colleagues infected ferrets with  

Anatomy of influenza  
some aspects of the current 
h1n1 virus differ from earlier  
type a influenzas, possibly con-
founding immune systems. But 
all influenza a virus particles 
(generic version shown) share 
some features. 

Hemagglutinin helps 
a virus break into 
cells. Changes in the 
protein may dictate 
what organisms a 
virus can infect.

Neuraminidase 
helps a newly formed 
virus particle escape 
from an infected cell 
and is a target for 
antiviral drugs.

M2 ion channels 
allow protons to 
enter the virus par-
ticle, leading to the 
release of genetic 
material in the cell.

RNA (with associ-
ated proteins) is held 
on the inside of the 
virus and carries 
the virus’s genetic 
instructions.
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seasonal infl uenzas and the H1N1 strain 
and found no signs of new viruses, the 
team reported online August 25, 2009, 
in the non–peer-reviewed journal PLoS 
Currents: Infl uenza.  

The results don’t mean that those 
viruses aren’t exchanging genes, Perez 
says, as low levels of reassortment could 
go undetected. Perez and his colleagues 
are currently testing more and different 
versions of the virus for their propensity 
to mix. Scientists don’t yet understand 
why only some viruses reassort and under 
what conditions they do so. 

So far, sequences of virus from 
infected people don’t show signs of reas-
sortment, either, Perez says. “Epide-
miological data suggests that there are 
not reassortments happening, at least 
not this season,” he says. “That doesn’t 
mean that next season, things might not 
change a little bit. It’s a question that’s 
always an open question. We don’t have 
an answer for that.” 

Researchers have, however, already 
pinpointed genetic changes, mutations 
acquired during the virus’s replication, 

that enhance its ability to make copies 
of itself in human cells. 

Bird influenzas typically have the 
amino acid glutamate at a particular spot 
in a specifi c protein. This glutamate, says 
virologist Andrew Mehle of the Univer-
sity of California, Berkeley, dampens 
avian viruses by keeping them from rep-
licating well in human and swine cells. 
To researchers’ surprise, H1N1 — which 
obviously has no problem prodigiously 
replicating in humans — carries this bird-
like glutamate. But Mehle and colleague 
Jennifer Doudna, also of UC Berkeley, 
might be able to explain this. 

The researchers found two different 
mutations that are able to overcome 
the hindering glutamate, allowing the 
pandemic virus to reproduce easily in 
humans. These mutations represent “a 
new and unusual strategy compared to 
what usually happens,” Mehle says. Avian 
influenzas with these changes were 
able to replicate better in human and 
swine cells, Mehle and Doudna report 
December 15 in Proceedings of the 
National Academy of Sciences. 

Molecular epidemiologist Martha 
Nelson of the National Institutes of 
Health in Bethesda, Md., and her col-
leagues compared the genetic sequences 
of H1N1 from around the world to see 
if the virus had taken on other genetic 
changes as it copied itself. The team’s 
analysis, published online November 5 
in PLoS Currents: Infl uenza, fi nds that 
the virus shows slight regional differ-
ences. On the basis of these differences, 
Nelson and colleagues divided it into 
seven distinct clades. None of the dif-
ferences among clades seem to be omi-
nous, though, Nelson says. “In the grand 
scheme of things, these clades are still 
very closely related,” she says. Likewise, 
scientists at the World Health Organi-
zation report that all of the sequenced 
H1N1 clades are very similar to the 
original strain, rendering the H1N1 vac-
cine — designed to combat the original 
sequence of the virus — accurate and 
effective. 

As the pandemic virus spreads to more 
people around the world, the diversity 
among clades may disappear as they 
mingle with each other, Nelson adds. 
“We’ll have to wait for the next round of 
data to see if it’s more mixed.”

Although researchers’ best guesses 
are improving as detailed molecular and 
genetic data and doctors’ reports pour in, 
divining the virus’s future is impossible. 

“This is a new virus,” Palese says, but 
it is still subject to the same rules and 
regulations as other infl uenzas. “Never 
predict anything,” he says, “but I would 
argue that it will change like the other 
seasonal infl uenzas have in the past.” s

Explore more:
CDC site: www.cdc.gov/H1N1FLUs
WHO site: www.who.int/crs/disease/s
swine� u/en
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The skinny on the bacon
The current pandemic, known to many around the world as swine � u, 

suffered an image problem in its early days. Misinformation led to mass 
slaughters of pigs in misguided attempts to halt the virus’s spread. The 

H1N1 virus can’t be transmitted by eating pork: The virus infects the respi-
ratory tract of pigs, not the edible muscle or fat, and cooking deactivates the 

virus anyway. So the risk from eating infected pork is nil, unless pig throat 
sushi is on the menu, says Peter Palese, an in� uenza expert at Mount Sinai 

Medical Center in New York City.
Instead, the current H1N1 in� uenza travels in the same way as most sea-

sonal � us — through the air and on virus-laden surfaces. Flu viruses hitch 
rides on droplets expelled from sneezes and coughs, � oat through the air and 
then infect a person when inhaled. Dry wintry conditions lead to smaller drop-
lets, which can persist in the air for hours, Palese says. 

Flu viruses can also move from person to person through contact, such 
as handshaking or doorknob turning. The good news is that most in� uenzas, 
including this one, are relatively fragile outside of a host. H1N1 doesn’t sur-
vive long on surfaces outside of the body and can be easily destroyed with 
disinfectants. 

Precautions such as frequent hand washing can slow the virus’s spread, 
but Palese says avoiding every tiny particle of in� uenza is often impossible. 
“The best way to prevent in� uenza, whatever way it’s being transmitted, is 
vaccines,” Palese says. “That’s the bottom line.” 

To � nd an H1N1 vaccine, go to www.� u.gov. — Laura Sanders
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affordable 
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Introducing the redesigned Neptune® Upright Bath Lift, a better
way to regain your independence and stay in the home you love.

The Neptune Upright Bath Lift has
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

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!
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Soak Your Aches & Pains AwayA 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,
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remote
included!
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Call now for our lowest price!
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Almost three decades ago, Richard Feynman — known 
popularly as much for his bongo drumming and 
pranks as for his brilliant insights into phys-
ics — told an electrified audience at MIT how to 

build a computer so powerful that its simulations “will do 
exactly the same as nature.”

Not approximately, as digital computers tend to do 
when faced with complex physical problems that must be 
addressed via mathematical shortcuts — such as forecasting 
orbits of many moons whose gravity constantly readjusts 
their trajectories. Computer models of climate and other 
processes come close to nature but hardly replicate it.  
Feynman meant exactly, as in down to the last jot.

Now, finally, groups at Harvard University and the Uni-
versity of Queensland in Brisbane, Australia, have designed 
and built a computer that hews closely to these specs. It is a 
quantum computer, as Feynman forecast. And it is the first 
quantum computer to simulate and calculate the behavior of 
a molecular quantum system.

Much has been written about how such quantum comput-
ers would be paragons of calculating power should anybody 
learn to build one that is much more than a toy. This latest 
one is at the toy stage, too. But it could become just the thing 
for solving some of the most vexing problems in science, the 
ones Feynman had in mind when he said “nature” — those 
problems involving quantum mechanics itself, the system of 
physical laws governing the atomic scale. Inherent to quan-
tum mechanics are seeming paradoxes that blur the dis-
tinctions between particles and waves, portray all events as 
matters of probability rather than deterministic destiny and 
place a particle in a state of ambiguity that makes it poten-
tially two or more things, or in two or more places, at once.

Reporting in the February Nature Chemistry, the Harvard 
group, led by chemist Alán Aspuru-Guzik, developed the 
conceptual algorithm and schematic that defined the com-
puter’s architecture. Aspuru-Guzik has been working on 
such things for years, but he didn’t have the hardware to test 
his ideas. At the University of Queensland, physicist Andrew 
G. White and his team, who have been working on such 
sophisticated gadgets, said they thought they could make 
one to the Harvard specs and, after some collaboration, did 
so. In principle the computer could have been rather small, 
“about the size of a fingernail,” White says. But his group 
spread the components across a square meter of lab space to 
make adjustments and programming easier.  

Within the computer’s filters and polarizers and beam 
splitters, just two photons at a time travel simultaneously, 
their particle-like yet wavelike natures playing peekaboo in 
clouds of probability, just as quantum mechanics says they 
should.

Quantum computing’s power stems from the curiosity 
that a qubit — a bit of quantum information — is not limited 
to holding a single discrete binary number, 1 or 0, as is the 
bit of standard computing. Qubits exist in a limbo of uncer-
tainty, simultaneously 1 and 0. Until the computation is 
done and a detector measures the value, that very ambiguity 
allows greater speed and flexibility as a quantum computer 
searches multiple permutations at once for a final result.

Not only do the two photons serving as qubits in this device 
have this mix of quantum identities, a state formally called 
superposition, they are also “entangled.” Entanglement is 
another feature of quantum mechanics in which the proper-
ties of two or more superposed particles are correlated with 
one another. It is a superposition of super positions, in which 
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the state of one photon is connected to the state of the other 
despite the particles’ separation in space. Entanglement 
enhances the ability of a quantum computer to explore simul-
taneously all possible solutions to a complex problem.

But with just two photons as its qubits, the new quantum 
computer cannot tackle quantum behavior involving more 
than two objects. So, the researchers asked it to calculate the 
energy levels of the hydrogen molecule, the 
simplest one known. Other methods have 
long revealed the answer, providing a check 
on the accuracy of doing it with qubits. Cor-
responding to the two wavelike photons 
rattling fuzzily along in the computer, the 
hydrogen molecule has two wavelike elec-
trons binding its two nuclei — each a single 
proton.

Benjamin Lanyon, who is now at the 
University of Innsbruck in Austria, and the 
Queensland team programmed the equa-
tions that govern how electrons behave near 
protons into the computer by tweaking its 
arrangement of filters, wavelength shifters and other opti-
cal components. Each piece of optical hardware corresponds 
to the logic gates that add, subtract, integrate and other-
wise manipulate binary data in a standard computer. The 
researchers then entered initial “data” corresponding to the 
distance between the molecule’s nuclei — a driver of what 
energies the electrons might be able to take on when the 
molecule is excited by an outside influence.

The photons were each given a precise angle of polariza-
tion — the orientation of the electric and magnetic com-
ponents of their fields — providing the researchers with a 
way to enter data into the computer. On the first run of a 
calculation, the second photon shared a piece of data via its 
entanglement with the first and, going at the speed of light, 
emerged from the machine with the first digit of the answer. 
In an iteration process, that digit was then used as data for 
another run, producing the second digit — a process repeated 
for 20 rounds.

By following — some would say simulating — the same 
weird physics as do the electrons of atomic bonds them-
selves, the computer’s photons got the permitted energies 
correct to within 6 parts per million.

“Every time you add an electron or other object to a quan-
tum problem, the complexity of the problem doubles,” says 
James Whitfield of Harvard, a coauthor on the paper. “The 
great thing,” he adds, “is that every time you add a qubit to 
the computer, its power doubles too.” In formal language, 
the power of a quantum computer scales exponentially with 
its size (as in number of qubits), in step with the size of quan-
tum problems. In fact, says Aspuru-Guzik, a computer of 
“only” 150 qubits or so would have more computing power 
than all the supercomputers in the world today, combined.

Whitfield is near completion of his studies to be a theo-

retical chemist. A goal is, eventually, to be able to calculate 
the energy levels and reaction levels of complex molecules 
bound together by scores or even hundreds of electrons. 
Even in problems with just five or so electrons, the challenge 
of computation by standard means has grown so exponen-
tially fast that standard computers cannot handle it. 

The new work is “great, a proof of principle, more evi-
dence that this stuff is not pie in the sky or 
cannot be built,” says chemist Birgitta  
Whaley of the University of California, 
Berkeley. “It is the first time that a quan-
tum computer has been used to calculate a 
molecular energy level.” 

And while most of the publicity received 
by quantum computers has marveled at the 
potential power to break immense numbers 
into their prime factors — a key to cracking 
secret codes and thus an issue of national 
security — “this has major implications for 
practical uses with very broad application,” 
Whaley says. These uses might include the 

ability, with less trial and error, to design complex chemi-
cal systems and advanced materials with properties never 
before seen.

Scaling the machine up to five, 10 or hundreds of qubits 
will not be easy. In the end, photons are unlikely to serve as 
qubits because of the difficulty of entangling and monitoring 
so many of them. Electrons, simulated atoms called quan-
tum dots, ionized atoms or other such particles may even-
tually form the blurry hearts of quantum computers. How 
long from now? “I’d say less than 50 years, but more than 10,” 
White says.

In a striking bit of symmetry to go with using a quantum 
computer to solve a quantum problem, the latest work reso-
nates with Feynman’s original idea in another way. At that 
talk at MIT — published in 1982 in the International Journal 
of Theoretical Physics — Feynman not only suggested the 
basis for such a computer, he also drew a little picture of one. 
It included two little blocks of the semitransparent mineral 
calcite to control and measure the photons’ polarizations. 
Looking at the diagram of the device built recently by the 
University of Queensland team reveals, sure enough, two 
calcite beam displacers. 

Whatever shade of Richard Feynman flickers still in the 
entanglements of the universe, were it made to collapse into 
something corporeal, perhaps it would be smiling. s

Charles Petit is a freelance writer based in Berkeley, Calif.

Explore more
B.p. Lanyon  s et al. “towards quantum chemistry on a quan-
tum computer.” Nature Chemistry. february 2010.
R.p. feynman. “simulating physics with computers.”  s Interna-
tional Journal of Theoretical Physics. June 1982.
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of a quantum computer.

quantum essay.indd   29 2/10/10   1:49:55 PM

http://www.sciencenews.org


30 | science news | February 27, 2010 www.sciencenews.org
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Mathematical  
Certainty and Method
Niccolò Guicciardini
A science historian 
analyzes Newton’s 

philosophy of mathematics. MIT Press, 
2009, 422 p., $55.

The Perfect Swarm: 
The Science of 
Complexity in 
Everyday Life
Len Fisher
Complex systems 
often stem from an 

accumulation of simple patterns. 
Basic Books, 2009, 260 p., $22.95.

Perfect Rigor: A 
Genius and the Mathe-
matical Breakthrough 
of the Century
Masha Gessen
How a mathematician 
solved a seemingly 

unsolvable problem and turned down 
the million-dollar prize. Houghton  
Mifflin Harcourt, 2009, 242 p., $26.

A Bird-Finding Guide 
to Costa Rica
Barrett Lawson
The country with the 
highest percentage 
of preserved land in 
the world has many 

birding opportunities, described here 
by location. Cornell University Press, 
2009, 365 p., $29.95.

The Tree Rings’ Tale: 
Understanding Our 
Changing Climate
John Fleck 
Young adults can learn 
how scientists use 
tree rings to document 

climate change. University of New 
Mexico Press, 2009, 91 p., $21.95. 

The Hidden Brain
Shankar Vedantam
A crowd watches passively as a man 
brutally beats a woman on a Detroit 
bridge. An investor selects a company 
solely on the basis of an easy-to-read 
ticker symbol. A worker in a burn-
ing building wastes precious seconds 
asking others whether to evacuate. 
The decisions these real-life people 
made may sound cruel or stupid, but 
to be fair, Vedantam says, they weren’t 
thinking consciously. They were think-
ing with their hidden brains.

“The hidden brain” is a shorthand 
term that Vedantam, a science journal-
ist for The Washington Post, has coined 
to help readers grasp what is by defini-
tion obscure: the unconscious. This 
collection of cognitive and emotional 
processes does much of the brain’s rou-
tine work, he says. 

Vedantam interweaves anecdotes 
and research descriptions to explain 
how the hidden brain makes these 
unconscious evaluations, which 
include mental shortcuts that may 
have helped human ancestors make 

Get Me Out: A History of Childbirth
Randi Hutter Epstein
The “me” in the title of Epstein’s book 
refers not only to the baby, but also to 
any mother who might want out of the 
medical way of giving birth prevalent in 
Western culture today. 

After saying that the book’s guidance 
“should pique your curiosity to think 
about the medical maze in a different 
sort of way,” Epstein describes child-

birth from the 1600s 
to the present, ulti-
mately tackling how 
modern medicine 
influences the way 
women conceive and 
give birth.

Epstein, a medi-
cal journalist who 

is also trained as a physician, offers 
revealing and sometimes disturb-
ing insight into the medicalization of 
childbirth: the suffering female slaves 

quick decisions. Early chapters illus-
trate small ways the hidden brain tugs 
at behavior, and later sections address 
larger social and political issues, from 
racial bias to suicide bombings and 
groupthink during disasters. 

The book’s basic premise, that the 
unconscious steers decision making, is 
supported by research dating back at 

least to Freud. But 
when discussing 
social issues such 
as racial bias, the 
author can rely heav-
ily on anecdotes or 
accept controver-
sial interpretations 
of research at face 

value if they support his premise.
Yet even when Vedantam makes 

mental leaps in his interpretations, 
his compelling narrative pulls readers 
along and raises important questions. 
And in the end, this exploration is 
likely to leave readers a bit more mind-
ful of what could be influencing their 
own behavior. — Erika Engelhaupt
Spiegel & Grau, 2010, 270 p., $26.

bookshelf

endured in the 1800s as unwitting 
test subjects for early gynecological 
devices; the business maneuvering 
and resulting financial success by 
the inventors of the forceps; and the 
financial posturing required before 
ultrasound replaced harmful X-rays in 
viewing fetuses during prenatal care. 
Such stories certainly need to be told. 

Lessening the power of Epstein’s oth-
erwise vivid narrative and authoritative 
tone are hints of opinions and judg-
ments that are never clearly stated. In 
describing “freebirthers” — women who 
choose to give birth at home without a 
doctor or midwife — Epstein alludes to 
her personal view: “Seeing the videos 
and talking to women who have gone 
the unassisted route is so inspiring.” 

But these missteps mar only slightly 
an otherwise fascinating and powerful 
recounting of conception and childbirth. 
— Kristina Bartlett Brody
W.W. Norton & Co., 2010, 302 p., $24.95.
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visit www.sciencenews.org/bookshelf. A click on 
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comment

 Louis Lanzerotti

Assessing the state of U.S. science and engineering
and of corporate interest around the 
world — globalization on the part of not 
just United States companies, but of 
foreign companies as well. And I think 
these trends are an indication of that. 
The board will have a policy document 
based upon a portion of these data. 

It’ll be issued in mid-
February, and it’s related 
to the topic of globaliza-
tion and the implications 
that has for our national 
efforts in research and 
development. At that time 
the board will be making 
some statements regard-
ing globalization and its 
influence on the trends 
that you allude to. 

What did you find out 
about the public percep-
tion of science?
The interesting thing is 
that the perception of sci-
ence and of engineering 
remains really very high 
in the United States.… 

Those who think it’s a very positive ele-
ment of our American life … the per-
centage of the population who believes 
that is very high. It’s of the order of 75 to 
80 percent, versus those who think that 
it’s a detriment for society, which are 10 
percent or less. There have been some 
blips in that trend up and down by a few 
percent over the years, but if one does a 
sliding mean through all that data, one 
finds that that trend is basically a con-
stant. The American public has a very 
strong view of the importance of sci-
ence and engineering for our country. 
I think a very important point is that 
scientists rank as high in public respect 
as do firefighters. They’re second only to 
firefighters. s

For the full report, go to www.nsf.gov/
statistics/seind10

Every two years, the National Science 
Board reports to the president and 
Congress about the state of the science 
landscape. This year’s Science and Engi-
neering Indicators report was presented 
to the White House on January 15. 
The chairman of the board’s Science 
and Engineering Indicators committee, 
physicist Louis Lanzerotti of the New 
Jersey Institute of Technology in Newark, 
recently spoke with staff writer Laura 
Sanders about how the lay of the science 
land has changed. 

Overall, is this report good news, bad 
news or interesting news?
Overall, I view these data as good. 
The United States is still very strong 
in research and development, and I 
think the data show that. But they also 
demonstrate that there are areas we 
need to look at and adapt to. The rest of 
the world is catching up to us in many 
instances — China and some of the Far 
East countries, for example. 

In what ways are others catching up?
For example, the United States 
expends approximately 2.7 percent of 
its gross domestic product every year 
on research and development. Japan 
has always exceeded that over the last 
10 years or more with an investment 
of about 3.4 percent of its GDP. South 
Korea has now crossed Japan, and as of 
2007, is spending about 3.5 percent of 
its GDP on research and development. 
So both of those lead the United States 
in terms of their expenditure of GDP. 
Since 1996, China has increased its per-
centage of research and development 
expenditures from about 0.6 percent to 
currently about 1.5 percent of GDP, and 
it continues to rise rapidly. 

In the Asian countries — Malaysia, 
Singapore, Thailand — these [big in - 
creases] occur because there’s a much 
larger annual percentage increase in 
those countries. The annual percentage 

increase from 1996–2007 in China has 
been over 20 percent.… Those countries 
are emphasizing science and engineer-
ing as a basis for economic welfare for 
the population and economic growth. 

Were there any big surprises or trend 
reversals in the two years? 
No, I think not. If you look 
at our digest, you’ll see that 
the trends are basically 
continuing: the growth of 
the Asian economy, the 
United States and Japan 
staying the same, the 
growth from South Korea. 
Those trends are all about 
the same. 

One trend that did 
uptick a little in the last 
couple of years, which is 
interesting, is an uptick of 
the performance of basic 
research by industry in the 
United States. There had 
been a rather continual 
decline of basic research by 
industry.… In the United 
States, our research and development 
is supported approximately two-thirds 
by industry and one-third by the federal 
government. But the federal govern-
ment supports basically 60 or 70 per-
cent of all basic research, and the rest 
is supported by others — foundations 
and within industry (a rather smaller 
portion). And the industry portion of 
funding of basic research has declined 
steadily since around 1990, but there 
has been a slight uptick since around 
2006 or 2007. 

Are these trends here to stay? Is there 
a sense that the trends will reverse? 
It’s hard to project. But I think some 
projection might be possible, or at least 
some discussion might be possible. 
The trends are a reflection of global-
ization of research and development 

The American 
public has a 
very strong 
view of the 

importance of 
science and 
engineering  

for our 
country.
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