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NEUROSCIENCE

Internally Generated Reactivation of Single Neurons in

Human Hippocampus During Free Recall

H. Gelbard-Sagiv, R. Mukamel, M. Harel, R. Malach, |. Fried

The firing patterns of brain neurons recorded from people watching a video episode
were the same as those recorded during later recall of the same show:.

10.1126/science. 1164685

CHEMISTRY

Merging Photoredox Catalysis with Organocatalysis: The Direct Asymmetric

Alkylation of Aldehydes

D. A Nicewicz and D. W. C. MacMitlan

When irradiated by light, a ruthenium-organic catalyst creates intermediates with

unpaired electrons that undergo otherwise intractable asymmetric reactions.
10.1126/science.1161976

CELL BIOLOGY

TMEM16A, A Membrane Protein Associated with Calcium-Dependent

Chloride Channel Activity

A. Caputo et al.

Atransmembrane protein induced in cylokine-treated bronehial epithelial cells seems to

be a long-sought primary carrier of a voltage- and calcium-dependent chloride current.
10.1126/science. 1163518

CONTENTS I

MEDICINE

An Integrated Genomic Analysis of Human Glioblastoma Multiforme

D. V. Parsons et al.

Comprehensive analysis of mutations ina brain cancer identifies previously unrecognized
cancer genes and afrtquenlly mutated protein that may serve as a therapeutic marker.

10. llzﬁl;clence 1164382

MEDICINE

Core Signaling Pathways in Human Pancreatic Cancers Revealed by
Global Genomic Analyses

S. Jones et al.

Analysis of genome alterations shows that the same 12 signaling pathways are
disrupted in most pancreatic tumars, $uggestng these as key to tumor deve‘up‘neni

10. 1126#sclence 1164365

TECHNICAL COMMENT ABSTRACTS
ECOLOGY

Comment on “Fire-Derived Charcoal Causes Loss
of Forest Humus”

I Lehmann and 5. Sohi

1295

Response to Comment on “Fire-Derived Charcoal
Causes Loss of Forest Humus”
D. A. Wardle, M.-C. Nilsson, 0. Zackrisson

REVIEW

ATMOSPHERIC SCIENCE

Flood or Drought: How Do Aerosols
Affect Precipitation?

D. Rosenfeld et al.

1309
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DEVELOPMENTAL BIOLOGY
Shadow Enhancers as a Source of
Evolutionary Novelty

J.-WE Hong, D. A. Hendrix, M. 5. Levine
Some developmentally impartant genes can be regulaied via two
enhancers, one located nearby and the other, a “shadow” enhancer,
10 to 20 kilobases. away

1314

RESEARCH ARTICLES
STRUCTURAL BIOLOGY

The Crystal Structure of a Mammalian
Fatty Acid Synthase

T. Maier, M. Lethundgut, N. Ban
Ahigh-resolution structure of mammalian fatty acid synthase reveals
that this enzyme is derived Irom an iterative notyke'ndc synmaw and
has five active catalytic domains.

NEUROSCIENCE

Internally Generated Cell Assembly Sequences 322
in the Rat Hippocampus

E. Pastalkova, V. ftskov, A. Amarasingham, G. Buzsdki

As rats perform a memory task, cells in their hippocampus fire

in sell-generated sequences that correspond to and presage the
animals' subsequent choices.

REPORTS

GEOCHEMISTRY

Experimental Test of Self-Shielding in Vacuum 1328

Ultraviolet Photodissociation of CO
S. Chakraborty, M. Ahmed, T. L. Jackson, M. H. Thiemens
The anomalous variation of oxygen isotopes in early meteorites
is produced by excited states during phatadissociation of carban
monoxide, not by sell-shielding, as was thought.
CONTENTS continued »>>
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CHEMI!
Identification of Active Gold Nanoclusters on 1331
Iron Oxide Supports for CO Oxidation

A. A Herzing et al.

High-resolution microscopy showed that the most effective catalyti
gold species an an iran oxide support were those forming bilayer
clusters of just 10 atoms.

CONTENTS

CELL BIOLOGY

Wnt3a-Mediated Formation of Phosphatidylinositol
4,5-Bisphosphate Regulates LRP6 Phosphorylation

W. Pan et al.

The interaction of the signaling molecule Wnt to its receptor triggers.
accurmulation of a lipid regulator, which stimulates phosphorylation

of the receptor and cellular responses.

ASTRONOMY
Laser Frequency Combs for Astronomical 1335 Hellcal Structures of ESCRT-11I Are Disassembled 354
Observations by VP54

1. Steinmetz et al. S. Lataetal.

Accurate spectroscopy of the sun with a laser frequency comb shows
that it can improve astronomical observations and may yield direct
evidence of the universe's expansion.

OCLIMATE
Regional Synthesis of Mediterranean Atmospheric 1322
Circulation During the Last Glacial Maximum

J. Kuhlemann et al.

Athree-dimensional reconstruction of atmospheric temperatures in
the Mediterranean during glacial times is analogous to one of winter
during the Little lce Age

Kinematic Constraints on Glacier Contributions to
21st-Century Sea-Level Rise

WL T. Pfeffer, J. T. Harper, 5. O'Neel

Evaluation of glacier dynamics implies that melting of the Greenland
and Antarctic lce Sheets could raise sea level by up to 2 meters by
2100, although a rise of 0.8 meters is more likely.

IMMUNOLOGY
Apobec3 Encodes Rfv3, a Gene Influencing 1
Neutralizing Antibedy Control of Retrovirus Infection
M. L. Sanfiago et al.

Aresistance lactor known to protect mice from retroviral infection is
unexpectedly identified as Apobec3, a deoxycytidine deaminase that
controls somatic hypermutation.

@
=

Human-Specific Gain of Function in a 1346
Developmental Enhancer

S. Prabhakar et al.

When translerred to a mouse, a conserved regulatory element that
has been positively selected in humans is robustly expressed at the
base of its developing thumb and w

A protein responsibile for the final separation of daughter cells
or budding viruses forms heteromenc complexes on the inside
of the membrane to requlate the abscission step.

MEDICINE

A Neoplastic Gene Fusion Mimics Trans-Splicing of
RNAs in Normal Human Cells

H. Li, J. Wang, G. Mar, ]. Skiar

Achimeric messenger RNA generated in a tumor by a DNA
rearrangement is also, unexpectedly, expressed in healthy cells,
a result of splicing together two separate messenger RNAs.

MEDICINE

Germline Allele-Specific Expression of TGFBRI 1361
Confers an Increased Risk of Colorectal Cancer

L Valfe et al.

In patients with colorectal cancer, one allele of the transforming
growth factor—( gene produces less messenger RNA and thus less
protein, a likely contributor to disease risk.
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Skeletal development requires the CaSR.

SCIENCE SIGNALING
\.'.-.'.'w‘s(icnc.csignaling,ﬂrg

EDITORIAL GUIDE: Seeing the Signaling Forest and the Trees

M. B Yaffe

Science Signoiing launches primary research to meet the neads of the signal

transduction community,

Devefopment

RESEARCH ARTICLE: The Extracellular Calcium-Sensing Receptor (CaSR)

Is a Critical Modulator of Skeletal Development
W. Chang, C. Tu, T-H. Chen, D. Bikle, D. Shaback

PERSPECTIVE: New Insights in Bone Biology—Unmasking Skeletal Effects

of the Extracellular Calcium-Sensing Receptor
E. M. Brown and ]. B. Lign

The extracellular calcdum-sensing receptor (CaSR) is essential for embryonic and

postnatal skeletal development.

RESEARCH ARTICLE: Linear Motif Atlas for Phosphorylation-Dependent Signaling
M. L Miller, L. . Jensen, k. Diella, C. Jargensen, M. Tinti, L. Li, M. Hsiung,

S. A. Parker, J. Bordeaux, T. Sicheritz-Ponten, M. Olhovsky, A Pasculescu,

1. Alexander, 5. Knapp, N. Biom, B. Bork, S. Li G. Cesareni, T. Pawson,

B. E. Turk, M. B. Yaffe, S. Brunak, R. Linding

Created with both in vitro and in vivo data, NetPhorest is an atlas of consensus
sequence motifs for 179 kinases and 104 phasphorylation-dependent binding
domains and reveals new insight into phosphaorylation-dependent signaling.

REVIEW: Alternative Wnt Signaling Is Initiated by Distinct Receptors

R. van Amerongen, A. Mikels, R. Nusse

The traditional classification of Wnts into canenical or nancanonical proteins may

be misleading.

SCIENCE ONLINE FEATURE
THE GONZO SCIENTIST: How Astronomers

Have Fun (and Nearly Die Trying)

In western Mongolia, a solar eclipse has
mythic meaning {with audio slideshow).

v sciencemag. org/sciext/gonzascientist/

www.sciencemag.org

SCIENCENOW
www.sciencenow, org

Taking One for the Team

Selflessness might be bad for the warrior but good
for the tribe,

Fancy Footwork Helps Flies Cheat Death
High-speed videos reveal surprising sophistication
in insect’s escape response.

Why Men Cheat

Study chalks up promiscuous behavior to a single genetic

change.

A particle physicist at the
Large Hadron Collider.

SCIENCECAREERS

www.sciencecareers.arg/career_development
FRE REER RES CES FOR ¢ 1ST
Working in Industry: Taken for Granted—
Fitting the Job Markettoa ‘T’

B. Benderly

Scientists need mere than bench expertise to find work in industry.
Working in Industry: Mastering Your Ph.D.—Is Industry

Right for You?
B. Noordam

Research in industry differs from academic research in several ways.

Triggermeister
C. Reed

Particle physicist Bilge Demirkoz will make sure colleagues see what
happens when CERN's Large Hadron Callider starts this month,

September 2008 Funding News
1. Ferndndez

Learn about the latest in research funding, scholarships, fellowships,
and internships.

SCIENCEPODCAST
orglaboutipodcast.dil
ot

WL SCIeNC:

Separate individual o institutional subscriptions to these products may be required for full-text access.

www.sciencemag.org SCIENCE VOL 321
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Download the 5 September
Science Podcast to hear
about organizing memary
in the hippocampus, ice loss
and sea level rise, criminal
psychopathy, and more.
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Toward Precision Astronomy >>

In a dynamical universe (one that is expanding), you would
expect to see Doppler, or red shifts, of spectrograph lines of
distant objects that are moving further and faster away from
the observer, and for such shifts to drift in velocity over time.
Determining the extent of velocity drift, however, requires a
level of precision that has not been available—less than one
centimeter per second per year. Steinmetz et al. (p. 1335; see
the Perspective by Lopez) show how that situation may change
using a laser frequency comb produced by an optic fiber. Ina
praof-of-principle experiment, they combine such a comb of
equally spaced wavelengths with an astronomical observation

(the Sun) to precisely measure and calibrate the wavelengths

of the spectrogram.

Moderating Rainfall

Aerosols can either increase or decrease rainfall,
s0 why do they act sometimes one way and
sometimes anather? Rosenfeld et al. (p. 1309)
review the role of aerosols as moderators of pre-
cipitation, and propose a conceptual model to
explain their apparently contradictory effects.
Even small amounts of aerosols in very clean air
prevent the development of long-lived clouds
that can deliver large amounts of rain, whereas
heavily polluted clouds evaporate much of their
water before they can rain through a combina-
tion of microphysical and radiative effects. Thus,
precipitation occurs most efficiently and abun-
dantly at moderate aerosol concentrations.

Back in Circulation

The climate of the Mediterranean region during
the Last Glacial Maximum, between 23,000 and
19,000 years ago, is known to be much colder
than today, but the atmospheric circulation pat-
terns that prevailed remain paorly understaod,
Kuhlemann et at. (p. 1338, published
online 31 July) synthesized a range of
new and published data on the equi-
librium line altitude of glaciers (the
altitude at which ice covers the

ground all year long}, paleoflora, and
regional sea surface temperatures,
and reconstructed the three-dimen-
sional temperature structure of the
atmosphere. Atmospheric circulation was

like that abserved commonly in the winters of the
Little Ice Age, roughly between 1500 and 1900.

Putting Limits on Ice Loss
Ice loss fram the margins of the Greenland and
Antarctic ice sheets can occur through dynami-

5 SEPTEMBER 2008 VOL 321

cally forced discharge from fast flowing ice
streams and calving of marine-terminating gla-
ciers. Hawever, so little is known about ice sheet
dynamics that models are unable to represent
these processes accurately. Instead of trying to
add up estimates of individual source contribu-
tions, Pfeffer et al. (p. 1340) calculated how
much ice discharge fram outlet glaciers in
Greenland and Antarctica would be required to
produce various rates of sea level rise, and then
evaluate the plausibility of those discharge
rates. Estimates of more than 2 meters of sea
level rise by 2100 are highly unlikely—a more
reasonable estimate is between 80 centimeters
and 2 meters.

Coding Space, Time,
and Memory

Mental operations such as planning, free recall,
and problem-solving are assumed to depend on
the central nervous system’s self-organized
sequences of activity,
which permit cognitive
representations, in
sequence, of the future
or the past. Similar cog-
nitive content should be
represented by similar
assembly sequences,
and different content
should be distinguished by
distinctive sequences. Experimental verification
of this hypathesis has had ta wait for large-scale
assembly recordings. Pastalkova et al (p. 1322;
see the News stary by Miller) repart that, during
the delay period of a memory task when an ani-
mal is running in a running wheel, each time
paint is characterized by the firing of a particular

SCIENCE

canstellation of hippacampal neurons that
form a highly specific activity sequence across
time. During learning, the temporal order of
multiple external events is instrumental in select-
ing the appropriate neuronal representations,
whereas, during free recall or action planning,
the intrinsic dynamics of the hippacampal system
determines sequence identity.

Focus on Fatty Acid
Synthase

Structural studies have led to an increased under-
standing of the large enzyme systems respansible
for the synthesis of fatty acids, polyketides, and
nonribasomal peptides. Now Maier et al. (p. 1315,
see the cover and the Perspective by Smith and
Sherman) report a structure of porcine fatty acid
synthase (FAS) that includes five of seven cat-
alytic domains, two nonenzymatic domains, and
various linkers. The structure shows how the
linker regions and catalytic domains are organ-
ized to provide the flexibility required for itera-
tive fatty acid elongation. Like modular polyke-
tide synthase, mammalian FAS acts as a
“megasynthase” that can accommadate insertion
or deletion of product modifying domains to
allow generation of diverse products.

Tracking Evolution of
Transcription Regulation

Bioinformatic approaches are providing insight
into the evolution of noncoding regulatary ele-
ments of genes that can drive different expres-
sion outcomes from similar sets of genes (see
the Perspective by Wray and Babbitt). Several
recent computational efforts have identified

www.sciencemag.org
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This Week in Science

conserved noncoding sequences that have evalved rapidly in humans, but it is not known whether
their functions might have changed during the evolution process. Prabhakar et al. (p. 1346) used
such a noncoding element called human-accelerated conserved noncoding sequence 1 (HACNS1),
as well as orthalogs of the gene from nonhuman primates, to create transgenic mause embryos.
HACSN1, but not the nonprimate orthologs, drove expression of a reporter gene at the junction of
the anterior developing hand and forearm, including the base of the developing thumb and wrist.
Sequence changes were identified that could “humanize” the expression patterns of the chim-
panzee enhancer. Hong et al. (p. 1314} searched for clusters of potential transcription factor
binding sites, in this case for targets of regulation by the transcription factor Dorsal and known
cofactars in the fruit fly. Some of the secondary, or “shadow,” enhancers have patterns of gene
expression that overlap those of primary enhancers, and may be able to evolve without disrupting
core expression patterns.

ESCRTing Membrane Scission

So-called ESCRT proteins have been implicated in catalyzing different cellular and
pathological processes, including multivesicular body biogenesis, retrovirus bud-
ding, and cytokinesis. These processes invalve topologically similar membrane
events that require a comman final abscission step to separate two newly formed
membrane-enveloped structures. Little is known regarding how the budding
steps, including membrane abscission, are catalyzed. Indirect evidence suggests
that ESCRT-III plays an important role in the final step. Notably, dominant-negative
CHMP3, a subunit of ESCRT-III, inhibits HIV-1 budding as well as cytokinesis.
Because cytokinesis does not require vesicle formation, it would seem that ESCRT-II
regulates steps in membrane abscission. Lata et al. (p. 1354, published online

7 August) provide structural evidence for the formation of distinct heteromeric
ESCRT-III assemblies by electron microscopy. These structures could bind an the
inside of the neck of a bud or at the midbady between dividing cells and regulate
membrane abscission.

The Normal Side of Trans-Splicing

Human tumors frequently display chromasomal rearrangements that fuse two distinct genes and result
inthe expression of chimeric messenger RNA (mRNA) transcripts whose pratein products are oncogenic.
Li et al. (p. 1357; see Perspective by Rowley and Blumenthal) suggest that the chimeric mRNAs gen-
erated by chramosomal rearrangements in tumors may sometimes represent constitutively expressed
versions of chimeric mRNAs generated in healthy tissue by trans-splicing. Studying a JAZF1-JJAZ1
chimeric transcript that is abundantl din human end. ialstromal sarcomas with a (7,17)
chromasomal translocation, the authors found unexpectedly that the same chimeric transcript was
expressed in normal endometrial stromal cells, even thaugh these cells lacked the chromosomal trans-
location. In narmal cells, the chimeric transcript arose by trans-splicing between independently tran-
scribed JAZF1 and JJAZ1 pre-mRNAs, and it was translated into a chimeric protein of unknown function.
Trans-splicing is thought to be a rare event in mammalian cells, but these results suggest that other
examples might be found by searching for normal RNA counterparts to the many chimeric mRNAs gen-
erated by chromosomal rearrangements in tumors.

Quantity, Not Just Quality, Matters

Colorectal cancer is one of the leading causes of cancer-related deaths worldwide. Because 20 to 30%
of cases occur in individuals with a family history of the disease, genetic factors are thought to be a
substantial contributor ta risk. Valle ef al. (p. 1361, published online 14 August) now report that one
of these factors is an inherited variation in the expression level of a gene encoding a key signaling pro-
tein previously implicated in colorectal cancer pathogenesis. Within a Caucasian population in the
United States, individuals with colorectal cancer are 5 to 10 times more likely than controls to show
germline allele-specific expression of the TGFBRT gene, which encodes the type | receptor for trans-
farming growth factor=P. Allele-specific expression appears to result in a modest, but biolagically
meaningful, lifelong reduction in the expression of TGFBR1, which in turn confers an increased risk of
colorectal cancer. Thus, it seems that the genetic contribution to disease risk includes not only muta-
tions that abolish or madify the function of genes but also more subtle alterations that change the
baseline expression levels of genes.

www.sciencemag.org SCIENCE VOL321 5SEPTEMBER 2008
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Bruce Alberts is the
Editor-in-Chiel of Science.

Scientific Publishing Standards

THIS WEEK MARKS THE LAUNCH OF A NEW, IMPROVED VERSION OF THE AAAS JOURNAL
Science Signaling, which will now contain original research. Professor Michael Yaffe, its new
chief scientific editor, has clearly articulated the ambitious goals for his jovurnal * Highly elabo-
rate signaling mechanisms are essential for controlling the behavior of each cell in a multicellu-
lar organism—allowing each of the many billions of cells in our bodies to decide whether it will
grow and proliferate, remain quiescent, kill itself, or change its behavier according to mgna]s
received from neighboring cells. Understanding how this lex system works rep
majer challenge. Unraveling its many mysteries will require a great deal of ingenuity—and the
collaboration of biologists, chemists, physicists, engineers, computer scientists, and mathemati-
cians. We are confident that Science Signaling will set the highest standard for research in this
important field, and that, through its Perspectives and Review articles, it will help to guide future
researchers along highly productive paths,

The new journal began in 1999 as Science’s STKE (Signal Transduc- g -
tion Knowledge Environment), an online resource. The initial aim was to S « Science

speed the generation of new knowledge by creating an Internet-based
work environment that would provide “all practitioners in a field of
endeavor access to all the knowledge within the field” and “speed iden-
tification of relevant information and encourage communication with
others.” The Web site flourished. As the next step in an ongoing evolu-
tion, Science Signaling has now added original peer-reviewed research
papers to the myriad of resources provided at the site.

1 want to take this propitious occasion to reflect briefly on the core
purpose of scientific publishing. and to consider some guiding principles
that we scientists, editors, and publishers need to keep in mind in our col-
lective efforts to improve the scientific literature.

The publication of a scientific article is less a way for scientists to earn recognition and
advance their careers than it is an engine for scientific progress. Science continually advances
only because many cycles of independent testing by different scientists allow new knowledge to
be built with confidence upon old knowledge, thereby creating a repository of reliable under-
standings about the world. The publications of those of us who are scientists explain what we
have found in our investigations, and they lay out exactly what we have done to make each dis-
covery. Clear, truthful presentations of data, results, and methods are essential for enabling the
findings of one scientist to be confirmed, refuted, or extended in new ways by other scientists.

Scientists have an absolute obligation to honesty: They must accurately report how they
arrived at their discoveries, as well as the discoveries themselves. Thus, our journals must insist
on detailed descriptions of all of the methods used, so as to allow other scientists to reproduce
the results in a straightforward manner. The appropriate place for most of this information is in
the easily expandable Supplementary Materials that accompany each article. Authors, review-
ers, and editors of scientific manuscripts should therefore constantly ask themselves whether the
reader has been provided with everything needed to both understand and reproduce the results.

The increasingly large data sets produced in some studies present a different challenge; they
require deposition in readily accessible, online archives, supported by stable public funding.

Last but not least, journals themselves can certainly set a higher bar for the clarity of presen-
tation in the manuseripts that we publish. The problem is perhaps most obvious in the brief
abstracts that authors write to introduce each article, which often seem to be written only for a
handful of experts in the authors’ subspecialty. Some abstracts, full of three-letter abbreviations
and jargon, are incomprehensible to me even in my own field of cell biclogy. As scientists and
as journal publishers, we can and we must do better. [n this, as in many other areas, Science
Signaling will aim for the same high standards that we strive for at Science.

—Bruce Alberts

10.1126/science. 1165268

*Sci. Signal. 1, eg5 {2008).
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PHYSICS
Snapshot Magnetometry

In cold-atom chips, atoms are guided above tracks
of wires that supply the magnetic field to keep
them aloft. In applications ranging from quantum
infarmation processing to metrology, any devia-
tion in the magnetic field fram point to point over
the chip could influence the delicate state of the
atoms. Terraciano et al. introduce a technique
that takes a snapshot image of the magnetic field
landscape. Using a cloud of cold rubidium atoms,
whose energy levels are sensitive to magnetic
field, they let the cloud fall toward the chip and
prabe the atoms' state with a laser beam tuned to
one of the magnetic transitions. The ability to
take a two-dimensional snapshot image of mag-
netic field variations of 30 mG/cm above the
atom chip over 5 mm with 250-pm resolution
should prove useful in calibrating these chips for
their envisioned applications. — IS0

Opl. Express 16, 13062 {2008).

BIOCHEMISTRY
Translation Translocations

Ribasomes translate mRNA into pratein with the
help of GTPases: the elongation factors (EFs). In
prokaryotes, as each mRNA codon is presented in
the Assite of the ribosome, EF-Tu loads a comple-
mentary, amino acid-bearing tRNA into the Asite.
After peptide bond formation, EF-G translocates
the ribasome along the mRNA strand by three
nucleotides, moving the tRNA (now carrying the
nascent palypeptide chain) into the neighboring P
site and bringing the next codon into the A site.
The GTPase EF4/LepA was recently found to pro-
mote backward translocation of the ribosame
along the mRNA strand, maving the tRNA from
the P site back into the A site. This func-
tion may allow the ribosome to
) recover from forward transloca-
) tions of the wrong number
# «  of nucleotides. Connell et
-

al. have visualized EF4
in complex with a ribo-
some and assaciated
tRNAs using single-parti-
cle cryo—electron microscopy
(EM). Fitting the crystal struc-
v ture of EF4 into the cryo-EM

EF4 {red) grabs  reconstruction revealed that
the A-site tRNA  its C-terminal domain forms
{(purple). multiple contacts with a tRNA

*Nilah Monnier is a summer intemn in Science’s editorial
department.
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GEOPHYSICS

Sensing Supershear

Recent observations, supported by experiments, have indicated that some earthquake ruptures
transiently exceed the local speed of sound along the fault zone. This “supershear” can explain
enhanced shaking from these quakes; thus, supershear ruptures are critical in assessing seismic

risks. Many of the details of how ruptures accelerate to above the sound speed and then di rate,
in some cases repeatedly, as a rupture progresses are unclear, as most supershear ruptures have
been inferred by data inversions. Vallée et al. were able to observe these dynamics more directly in
the 2001 Kokoxili earthquake hich ruptured 400 km along the Kunlun fault in north-
ern Tibet—thanks to an array of seismometers in Nepal that were nearly parallel to the rupture.
Their data show that the earthquake, which bega the west, accelerated to above the shear wave
velocity after ripping 175 km eastward, at a bend in the fault. Rupture speeds nearly reached the
compressional (p) wave velocity before decelerating at another bend. Much of the high-frequency

seismic energy from the quake was radiated during these transitions. — BH

inthe A site, suggesting that EFA promotes back-
translocation by stabilizing the A-site tRNA posi-
tion over the P-site tRNA position. — NM*
Wat. Struct. #hol. Biol. 15, 10.1038/
nsmb.1469 (2008).

CLIMATE SCIENCE

1000 Years of Hurricanes

The natural variability of hurricane activity is
poorly known, not least because the historic
record for hurricanes extends back only about

130 years. As a result, there has been controversy
aver whether hurricane activity will change—or

SCIENCE

is already changing—as a result of global warm-
ing. Sediments may hold clues to hurricane activ-
ity aver longer time scales, but few studies have
yielded sedimentary records of hurricane activity
at annual resolution. Besonen et al. have now
obtained an annually resolved lake sediment
record from Lower Mystic Lake in Boston, Massa-
chusetts, that covers the past 1000 years. The
record contains anomalous features—unusually
thick layers in which coarse sediments and terres-
trial, organic detritus are overlain by progres-
sively finer sediments—that are indicative of
strong flooding. Comparison with the historic
record shows that 10 out of 11 of these features

www.sciencemag.org
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accur in years when category 2-to-3 hurricanes
struck Boston. The authors use this correlation to
determine centennial-scale changes in hurricane
frequency. Further records of this type from ather
locations will help to relate these patterns to
other paleoclimate indicators. — JFU

Geaphys. Res. Leit. 35, 114705 {(2008).

BIOCHEMISTRY

Plasmid Propulsion

To be propagated stably in prokaryotes, low—copy
number plasmids must be allocated actively dur-
ing cell divisian, The R1 plasmid is maintained at
faur to six copies per cell by the par operon, which
encades the DNA-binding protein ParR and the
actin-like ATPase ParM. ParR binds cooperatively
as a dimer to 11-base pair repeats in
parC; ParM undergoes ATP-depend-
ent polymerization, but only grows
into lang parallel filaments that are
capable of pushing replicated plas-
mids apart when capped by the
ParR-parC complex. To understand
how elongating filaments are stabi-
lized, Salje and
Lowe have used
electron microscopy
and biochemistry to
determine the archi-
tecture of capped filaments. ParR-parC
complexes have previously been shown to
form a clamplike structure in which parC
DNA wraps around a helical array of ParR
dimers. Guided by biochemical mapping of the
ParR-ParM interaction sites, they modeled the
crystal structure of ParR anto the end of the dou-
ble-helical Pari filament. The ParR-parC clamp
wraps around the filament with the C-terminal
regions of ParR bound to exposed loops of Parit.
Each ParR-parC complex binds the end of asingle
filament, and the filament ends can be bound
simultaneously. Unlike actin, ParM farms left-
handed filaments, which allows Parf monomers
access to the ends of protofilaments capped with
right-handed ParR-parC. The authors suggest a
model in which force is produced by the alternat-
ing addition of monomers to each protofilament
accompanied by rocking of the ParR clamp from

-
ParM (yellow) B
capped by ParR
(purple).

side to side, analogous to the model proposed for

formin-assisted actin polymerization. — V'V
EMBOJ. 27, 2230 {2008).

BIOPHYSICS

Molecular Cloaking

Natural products, such as latex rubber or beta-
lactam antibiotics, have given rise to entire

industries, and green fluorescent protein (GFP)
has fought its way onto the list. Aseries of vari-
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ants created in several laboratories have shifted
the peak excitation and emission wavelengths.
(for multicolor imaging), improved the photosta-
bility (for time-lapse cinematagraphy), and
enhanced the quantum yields (lowering detec-
tion thresholds). Andresen et al. describe their
latest entry—which has been christened Padron
in recagnition of its “reversed” behavior in com-
parison to its parent, Dronpa—and demonstrate
how to implement multilabel, single-color imag-
ing. Dronpa and its widely used descendant
rsFastLime fluoresce when excited with blue light
(488 nm), which also converts them from an
“on” state ta an "off” or nonfluorescent state,
from which they can be switched on again by
irradiation with ultraviolet (UV) light (405 nm).
In contrast, Padron (differing at eight amino acid
residues from Dronpa) is switched off by UV
and on by blue light. As the emission of
both proteins is centered at roughly
520 nm, and bath exhibit very low off-
state fluorescence, a single detection
window can be used. — GJC
Mal. Biofechnol. 26, 10,1038/
nbt.1493 {2008).

BIOMEDICINE
From Clinic to Lab and Back

Some breast cancer patients respond to dac-
etaxel chematherapy, but some do not.

Honma et al. have marshaled converging evi-
dence that ribophorin Il (RPN2), 2 mammalian
oligosaccharide transferase component, con-
tributes to the development of resistance to doc-
etaxel, Assessing gene expression levels in non-
responders versus respanders yielded 85 genes
expressed at higher levels in nonresponsive
patients. Down-regulating these genes individu-
ally by applying small interfering RNAs (siRNAs)
to a docetaxel-resistant breast cancer cell line win-
nowed the candidates to eight, with RPN2 knock-
dawn strongly associated with the inhibition of
cell growth (taxanes are antimitotic agents} and
activation of apoptotic (programmed cell death)
pathways; conversely, docetaxel-resistant cells dis-
played enhanced expression of RPN2 and also of
MDR1, which encades a multidrug efflux pump.
Translating these findings inta two animal mod-
els—created by implanting two docetaxel-resist-
ant breast cancer cell lines into mice—revealed
that RPN2 siRNA delivery restored sensitivity to
dacetaxel and inhibited tumor growth; these
effects were mediated by the diminished matura-
tion and glycosylation of MDR1 and the accumu-
lation of docetaxel within the arthotopic tumars.
Finally, in a new, albeit small, set of breast cancer
patients, RPN2 expression matched responsive-
ness to docetaxel treatment, — G)C
Nat. Med. 14, 10.1038/nm.1858 {2008).
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Cane toad races are a barroom pastime in parts
of narthern Australia. Now the pestiferous
amphibians are racing for science.

Researchers led by zoologist Michael
Kearney at the University of Melbourne have
been trying to predict the potential range of
the country’s plague of cane toads, which were
first introduced in the 1930s to attack sugar
cane beetles in Queensland.

The toads have been expanding their range
roughly at a rate of 60 kilometers a year. To see
how far south the population could extend, the
scientists tried to gauge how far the animals

The Emperor’s Toes

This 80-centimeter-long foot—in what archae-
ologists describe as “exquisitely carved army
boots covered with a
lion skin and deco-
rated with tendrils
and Amazon
shields"—is part of a
5-meter-tall statue of
the Roman emperar
Marcus Aurelius, wha
ruled from 161 to
180 C.E. The frag-
ments were found last
month in the rubble
of a huge bath com-
plex in the Turkish
town of Sagalassos by
a team led by Marc
Waelkens of the
Catholic University of
Leuven, Belgium. The

www.sciencemag.org  SCIENCE  VOL 321

can hop under vari-
ous temperature
conditions. They
tested 89 toads on a
2-meter course,
measuring hopping
speed at five tem-
peratures ranging
from 15° to 35°C.
Happing speeds
ranged from a
molasses-like 300
meters per hour at
15°Ctoa brisk 2.2
km at 30°C, they
report in the August
issue of Ecography.

Combining data
on toad movements with infarmation on
reproductive needs (ponds for eggs and lar-
vae} and climate, the researchers predicted
that, contrary to some previous analyses, the
toads wan't be invading major cities such as
Sydney and Melbourne. Even with predicted
climate change, they say, adults would be too
slowed down by cool, dry weather to spawn or
find enough to eat. Biologist A, Marm Kilpatrick
of the University of California, Santa Cruz, wha
does research on the West Nile virus, calls it a
“neat” study that "offers a bottom-up mecha-
nistic way to look at an animal’s distribution”
by combining data on climate, physiology,
and behavior.

baths were destroyed by an earthquake about
600 C.E., according to carbon dating of owl
pellets at the site.

The statue was part of a gallery of 2nd cen-
tury emperars that the scientists
believe stood in niches around the
cross-shaped, mosaic-covered
frigidarium, into which people
plunged for cold baths. Last year,
the team uncovered chunks from a
giant statue of Hadrian, wha ruled
from 117 to 138 C.E., that are cur-
rently on display in the British
Museum in London,

The Right Note

Perfect pitch is thought ta be a rare
capacity, possessed by about one in
10,000 people. But researchers at
the University of Rochester's
Eastman School of Music in New
York state have developed a way to

VISAMP
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test nonmusicians for perfect pitch that they
hape will yield a more accurate estimate.

The usual test—playing a note and seeing if a
person can identify it by the sound—can be done
only with subjects who know musical notation.
Betsy Marvin, a musical theorist, and Elissa
Newport, a neuroscientist, devised a test in which
people listen to a three-note motif played repeat-
edly for 20 minutes. Then they hear either those
nates again or the same motif transposed to a dif-
ferent key and are asked to identify the original
notes. The researchers first validated the test with
music students, comparing results with the results
of the traditional pitch test. Then they tried it on
24 volunteers with little or no musical training. Six
of those proved to be as accurate or almost as
accurate in recognizing pitches as the music stu-
dents with perfect pitch. That suggests perfect
pitch is mare common than has been thought,
says Marvin, who presented preliminary results
last week at the International Conference of Music
Perception and Cognition in Sapparo, Japan.

Peter Gregersen, a geneticist at the North
Shore-Long Island Jewish Health System in New
York who studies absolute pitch, says such a test
could help in determining if peaple are born
with perfect pitch or if learning plays a role.

Chinese Emissions

Economic madelers are having a hard time keep-
ing up with the Chinese industrial juggernaut.
Based on recalibrated modeling and the latest
economic data, a new working paper from the
Electric Power Research Institute (EPRI} in Palo
Alto, California, forecasts that by 2030 China's

[
5 |EA forecast, 2005 —
IEA forecast, 2007
g Historical carbon __
'gq emissions
gi New projection
2
=
2
= o
1
0
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energy sector will be emitting about 4 billion tons
of carbon—twice as much as estimated in a 2005
International Energy Agency (IEA) projection,
"Growth in China is so rapid that it is difficult ta
predict emissions just 2 years from now,” says the
unpublished paper by Geoffrey ]. Blanford and
colleagues at EPRI and the Centre for Energy
Policy and Economics in Ziirich, Switzerland.
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So, on the big day, who will be sitting in the
Captain Kirk chair ready to push the start but-
ton? Roger Bailey, head of the beam commis-
sioning team, isn't let-
ting on. “It'll be me or
one or two col-
leagues,” he says.
“We'll decide over the
next couple of days.”

Bailey has assem-
bled a 30-person
team that will operate
the accelerator round
the clock over the
next few months in
hopes of ironing out the kinks that come
with the first collisions. “It’s going to be
pretty stressful between now and Christmas,”
he says.

Bailey was there in the control room in
1989 at the opening bell for CERN's previous
big machine, the Large Electron-Positron col-

In Other News ...
AWARDS

Three European scientists last week received
honors for their efforts to communicate sci-
ence to the public. Chris Smith, a virology lec-
turer at the University of Cambridge, U.K.,
received the Royal Society's 54500 Kohn
award for his popular radio show, The Naked
Scientists, which aims to "strip sdience down to
its bare essentials” through interviews with
researchers. Evolutionary biologist Axel
Meyer of the University of Konstanz, Germany,
took home $7300 as winner of the European

|_NEWSMAKERS

LHC

The world’s most expensive
particle physics experiment
will get under way on 10
September when CERNs
Large Hadron Collider
(LHC) goes online (see p.
1291). Thousands will be
watching as the first beams
of protens are sent through
the collider. But the search
for the Higgs boson also
has a human side. Here are
a few of their stories.

lider. “Half the lab was crammed in there,”
he recalls. His goal for 10 September is
clear, if not simple: Get streams of protons
to dircumnavigate both rings. “If we can do
that, we'll know we have something we can
work with.”

If the Large Hadron Collider (LHC)
reveals the Higgs boson—the famed God
particle—then CERN officials have a
detailed protocol to announce the discov-
ery ata specially convened seminar.
However, CERN spokesperson James
Gillies concedes that word will probably
leak out prematurely. “People are excited
about [LHC], and they want to talk,” he
says. ‘I think it's pretty likely that if there's
solid evidence of the Higgs, it will come
out.” Still, Tejinder “}im” Virdee, leader of
the team working with the massive CMS
particle detector, says that he expects his
collaborators—all 2900 of them—"to fol-
low the protocol, no ifs or buts.”

THEY SAID IT

“Science, science, science, and science.”

—House Speaker Nancy Pelosi (D-CA), at a 26
August breakfast meeting during the Democratic
National Convention in Denver, when asked
about her plans for the first 100 days if Barack
Obama is elected president. A spokesperson says
the speaker's “innovation agenda” also includes
“21st century jobs and biomedical research,”

Molecular Biology Organization’s (EMBO's) annual communications award for his articles in main-
stream newspapers and magazines and his radio and television appearances. EMBO also awarded
aspecial prize of 54700 to another successful science communicator: zoologist Jiirgen Tautz of the
University of Wiirzburg, Germany, who authored a popular book on honey bees last year.
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Q&A

Three months after the Large Hadron
Collider (LHC) is turned on, former
CERN particle physicist Rolf-Dieter
Hener will rejoin
the lab as its new
director general.
Currently research
director for parti-
cle and astroparticle
physics at DESY,
Germany’s parti-
cle physics lab in
Hamburg, Heuer
says that it’s time for CERN “to change
back to analysis mode” after spend-
ing more than a decade building the
$5.5 billion machine.

Q: CERN still has debts to repay on the
LHC. What will be their impact?

[Repayments] will certainly limit our activi-
ties, but after 2010~11 we will have some
maneuvering space to fund new initiatives.

Q: Will these include noen-LHC areas,
such as antimatter and neutrino
physics, that were scaled down during
construction?

These have continued on a minimal level,
but we do need to maintain diversity. If |
want to ramp these up, proposals must be
scientifically high-class. One should be
able to convince funding agencies.

Q: Funders seem cool about pushing
ahead with the International Linear
Collider. Would a delay give CERN's
emerging CLIC accelerator technology
a new opportunity over the design
already on the table?

Between 2010 and 2012, the LHC will tell
us the next energy range of interest. Once
we know the energy range, we can decide
on which technology.

Q: Should countries such as the United
States and Japan, which don’t pay for
the collider or for operating costs,
start paying a share of CERN's annual
running expenses?

There has to be a discussion of the role of
CERN as a European lab in a global part-
nership, and the issue of contributions will
come up naturally. We must be proactive:
Already next year, we should start to
define how that partnership would look.
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GENETIC PRIVACY

Whole-Genome Data Not Anonymous,

The genetics of

two aggressive
cancers

Challenging Assumptions

Last week, scientists learned that a type of
genetic data that is widely shared and often
posted online can be traced back to individuals
who proffered up their DNA for research. The
revelation, in a paper published in PLoS
Genetics, prompted the National Institutes of
Health (NIH) in Bethesda, Maryland, and the
Wellcome Trust in the United Kingdom to strip
some genetic data from their publicly accessi-
ble Web sites, and NIH to recommend that
other institutions do the same.

The concern is with studies in which
researchers pool genetic data from hundreds of
people to lock for broad patterns of
genetic inheritance. Because the pool
consists of DNA from so many people,
the assumption has been that it would be
impossible to identify any one individ-
ual’s DNA. The new study suggests
that’s not the case. NIH officials and
others agree that the likelihood of a
breach of privacy is low, largely because
the pooled data must be matched
against a particular person’s isolated
DNA—something that, currently, only
researchers generally have access to.

But the discovery that these DNA
pools don’t protect anonymity is still
troubling, especially because no one
had considered that a possibility.
The first response to the results
“is, ‘You're crazy,” " says David
Craig. a geneticist at the Translational
Genomics Research Institute in
Phoenix, Arizona, who conducted the
work. Less than 9 months ago, NIH
was so confident in the anonymity of
pooled genetic data that it recom-
mended it be made public for all
researchers to use.

Craig found this confidence misplaced, for
a simple reason: Geneticists now routinely
examine hundreds of thousands of DNA vari-
ants, called single-nucleotide polymorphisms
(SNPs), at a time, instead of hundreds as they
did just a few years ago. As a result, they're
gathering enough information about the pat-
tern of SNPs in a pooled sample that it’s feasi-
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ble to deduce whether a particular individual,
with her own unique SNP blueprint, is repre-
sented inamuch bigger pool of DNA—even if’
that person’s DNA was less than 1% of the
mix. Craig and his colleagues managed to do
this by ascertaining the distribution pattern of
every single SNP—essentially, asking the
same question 500,000 times. They were suc-
cessful because, it turns out, every individ-
ual shifts a genetic pool subtly in certain
directions, and studying enough SNPs
unveils the pattern of those shifts. The
biggest chance of error comes from false posi-

. e o 8

Faceless no more. A new sludy shows that individ uals can be
pinpointed in pooled DNA.

tives from relatives whose DNA may also
appear in the pool, says Craig.

NIH officials were startled when Craig noti-
fied them of his findings about 2 months ago;
they had their own statisticians repeat the exper-
iments. “They said, “Yup, this works,”” says
Elizabeth Nabel, head of NIH’s Heart, Lung,
and Blood Institute. “We still consider the risk
to the individual relatively low;” she continues,

MathFest:
By the numbers

but “there a window of vulnerability.”

The greatest concern is that identifying an
individual this way could reveal sensitive health
information. Genome-wide association studies
compare data from people with and without a
particular disease, so knowing which pool a
person falls into can convey whether they have,
say, cancer, or diabetes, or multiple sclerosis.
“We have a false sense of security with pooled
data,” says Pablo Gejman, a psychiatric geneti-
cist at Northwestern University in Evanston,
[linois. “There is sensitive information” here.

The Wellcome Trust has pulled data on
about a dozen common diseases, and NIH
has pulled data from nine genetic studies off
two sites, dbGaP, which includes genome-
wide association studies, and CGEMS, a site
for cancer genetics work. The seven affected
studies on dbGaP had been downloaded by
about 1000 people all told, says James Ostell,
who oversees that and other NIH databases.

NIH officials are informing geneticists
about the policy change through e-mails and
their Web site; the Broad Institute in Cam-
bridge, Massachusetts, has followed suit
and removed pooled data from its site. This
is “a logical choice, a necessary choice,” says
Michael Boehnke, a statistical geneticist at
the University of Michigan, Ann Arbor,
whose data from a diabetes study was taken
down from NIH.

Nabel says that NIH is considering a new
policy in which the pooled data will be
released to researchers who apply, as is now
the case with data traditionally considered
much more sensitive.

Still, Ostell and others say the current pri-
vacy risk is minimal. It could be of more con-
cern 5 or 10 years from now, as genetic infor-
mation proliferates. One possible scenario is
that law enforcement agencies might turn to
pooled data to determine whether their suspect
is present—and even demand that the
researcher help them identify him.

Craig’s work could help future forensic
investigators in another way: Currently, theyre
unable to identify a suspect’s DNA in a mixed
sample—say, a sample of blood from several
people—if the suspect’s blood is less than 10%
of the total. “A lot of forensic crime samples do
have small contributions from people of inter-
est, [and] right now we can do essentially noth-
ing.” says Bruce Weir, a biostatistician who
studies genetics and forensics at the University
of Washington, Seattle. —JENNIFER COUZIN
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PLANT SCIENCE

The psychopathic
brain

Particle physics’s
new frontier

China Plans $3.5 Billion GM Crops Initiative

BEIJING—Confronted with land degradation,
chronic water shortages, and a growing popu-
lation that already numbers 1.3 billion, China
is looking to a transgenic green revolution to
secure its food supply. Later this month, the
government is expected to roll out a $3.5 bil-
lion research and development (R&D) initia-
tive on genetically modified (GM) plants.
“The new initiative will spur commercializa-
tion of GM varieties,” says Xue Dayuan, chief
scientist on biodiversity at the Nanjing Insti-
tute of Environmental Science of the Ministry
of Environmental Protection.

A central aim istohelp China catchup with
the West in the race to identify and patent plant
genes “of great value,” says Huang Dafang,
former director of the Biotechnology Research
Institute of the Chinese Academy of Agricul-
tural Sciences in Beijing. Once intellectual
property rights are in place, says Huang, trans-
genic technology could transform Chinese
farming *“from high-input and extensive culti-
vation to high-tech and intensive cultivation.”

In the decade since China first allowed
commercial planting of four GM crops, the
government has moved cautiously, granting
only two further approvals for small-market
species: poplar trees and papaya (see table).
Currently, just one GM crop—insect-resistant
cotton—is now planted widely, says Xue.
China has balked at commercializing
GM versions of staples such as rice, corn,
and soybeans.

That may change, as China’s leadership has
thrown its weight fully behind GM. “To solve
the food problem, we have to rely on big sci-
ence and technology measures, rely on
biotechnology, rely on GM,” Premier Wen
Tiabao told academicians last June at the
annual gathering of the Chinese Academy of
Sciences (CAS) and the Chinese Academy of
Engineering. China’s State Council, which
Wen leads, approved the GM initiative in July.

Details of the new initiative, including
which crops will gain initial support, are being
hammered out, scientists say. Some fimds will
go to R&D on transgenic livestock, an area that
has lagged behind GM crops. By 2006, the
Chinese government had granted permits for
211 field trials of 20 GM crops, including the
six approved for commercial production. As in
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other countries, the varieties that China has
commervialized so far are equipped with genes
to resist pests, tolerate herbicides, or stay fresh
longer—not genes that directly boost yields.
Proponents note that China’s cautious

CHINA'S TRANSGENIC PLANTS

YEAR COMMERCIALIZED

“T hope the commercialization of GM rice will
come within a couple of years,” he says
Although the central government has not
released a budget figure for the new initiative,
a spokesperson for the Ministry of Agriculture
told Science that it would cost
$3.5 billion over 13 years. Half is
expected to come from local gov-
ernments on whose land GM
crops will be grown and from
agricultural biotechnology com-
panies. “It’s a new way to support
a big science project in China,”
says Huang Dafang. Another
departure from other R&D initia-

PLANT tives, he says, is that each funded
program is expected to produce an

Cotton 1997 economic payoff.
. One component of the initiative
Petunia 1997 will be to educate the public about
GM crops, says Huang Jikun.
Tomato 1998 Althouglf Chjng is unhkegly to see
the sort of protests that have
SHeetnennes i derailed field trials and commer-
Poplar trees 2005 cialization in Europe, thereare cur-
rents of disquiet in the general pop-
Papaya 2006 ulation. “For consumers, the safety

Slim pickings. Of the six plants that China has approved for com-
mercialization, only cotton is grown widely. A new initiative could
pave the way for GM versions of the biggest prize of all: rice.

embrace of transgenic technology has yielded
a major success story: GM cotton. Introduced
inte commerce in 1997, 64 varieties of pest-
resistant cotton are now grown on 3.7 million
hectares, or about 70% of the area devoted to
commercial cotton, averting the use of
650,000 tons of pesticides, says Huang.

The big prize is GM rice. Three years ago,
Huang Jikun, director of CAS’s Center for Chi-
nese Agricultural Policy in Beijing, and col-
leagues reported that field trials of GM rice in
China were going well—boosting yields and
reducing pesticide use on plots—and predicted
that the varieties were on the threshold of com-
mercialization (Science, 29 April 2005, p. 688).
But the Chinese government is reluctant to tin-
ker with the country’s most important crop and
has put off commercialization. The new initia-
tive might break the logjam, says Huang Jikun.

of GM crops is the biggest worry.
Just like some people are afraid of
ghosts, some people are afraid of
GM crops,” says Zeng Yawen of
the Biotechnology and Genetic
Resources Institute of the Yunnan Academy of
Agricultural Sciences in Kunming. Although
Zeng believes that GM food safety will be
demonstrated adequately, he worries that the
new initiative will push China to “move too fast
to commercialize GM varieties”

But with questions mounting about Chinas
ability to feed itself, others contend that not
pushing ahead with GM varieties could be
more detrimental than any theoretical hazard.
“Any kind of new technology may have risk,”
says Huang Dafang. But legitimate concerns,
he says, should not be overshadowed by scare
tactics designed to “mislead the public in the
name of environmental protection.” With the
country’s leaders firmly behind GM crops, its
unlikely that any protests would get very far.

=RICHARD STONE
With reporting by Chen Xi and Jia Hepeng.
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CANCER GENETICS

A Detailed Genetic Portrait of the
Deadliest Human Cancers

Three studies published this week have
given researchers their most detailed look
5o far at the genetic mutations that underlie
the deadliest of human cancers: pancreatic
cancer and the brain tumor glioblastoma.
They have firmed up the role of key genes
and also found that scores of aberrant genes
are involved in relatively few cell signaling
pathways. One study also unearthed a gene
never before linked to cancer that is
mutated in a substantial fraction of glioblas-
toma tumors. “It shows we can still be sur-
prised” by the biology of cancer, says
Michael Stratton, who oversees a cancer
gene sequencing project at the Sanger Insti-
tute in Hinxton, UK.

These studies are all based on the prem-
ise that information gleaned from systemat-
ically cataloging the main mutations in
tumeors will be worth the high cost. Three
years ago, when genome sequencer Eric
Lander of the Broad Institute in Cambridge,
Massachusetts, proposed spending $1.5 bil-

NEUROSCIENCE

lion on what is now called The Cancer
Genome Atlas (TCGA), skeptics helped
persuade the U.S. National Institutes of
Health to start with a 3-year, $100 million
pilot project. One of the glioblastoma stud-
ies is the first fruit of that effort.

Meanwhile, a team led by Bert Vogelstein,
Kenneth Kinzler, and Victor Velculescu at
Johns Hopkins University in Baltimore,
Maryland, had begun a private cancer
genome project, starting with breast and
colorectal cancer (Science, 8 September
2006, p. 1370). Now this team and collabora-
tors have sequenced the coding regions of
20,700 genes—nearly all the known genes
in the human genome—in 22 glioblas-
toma and 24 pancreatic cancer samples.
They alse looked for abnormalities in gene
copy number and gene expression.

In two papers published online by
Science this week (www.sciencemag.
org/cgi/content/abstract/1164382 and
-1164368), they report finding hundreds of

genes that were mutated in these two can-
cers. There were an average of 63 altered
genes in each pancreatic tumor and 60 per
glioblastoma. The mutations varied from
tumor to tumor, but the most important
tended to fall in the same cell pathways. For
example, 12 specific pathways were dis-
rupted in at least 70% of pancreatic tumors.
“It points to a new way of looking at cancer,”
says Vogelstein, who suggests that treat-
ments should target these pathways, not the
products of single genes.

One of the altered genes found in the
glioblastoma study, /DHI, appeared in 12%
of tumors, and more often in younger
patients and those with secondary tumors,
the Johns Hopkins team reported. A change
in an amino acid of the encoded protein
seems to help patients with this mutation
live longer than others with glioblastoma.

The third study, published online by
Nature, analyzed more than 200 glio-
blastoma samples. It surveyed all the
samples for genetic alterations such as
changes in copy number and probed about
half the samples for mutations in 600 genes
already implicated in cancer, says co-leader
Lynda Chin of the Dana-Farber Cancer
[nstitute in Boston (Science, 4 July, p. 26).
The study found many of the same aberrant

Hippocampal Firing Patterns Linked to Memory Recall

The hippocampus, tucked deep
inside the temporal lobes of the
brain, has been intensely studied
for its role in recording memo-
ries. Now twostudies—one with
rats and one with people under-
going surgery for intractable
epilepsy—suggest that patterns
of neuron firing in the hippo-
campus are also invelved in
recalling past experiences.

“The two papers are signifi-
cant because they point directly
to reactivation of neural activ-
ity sequences as a mechanism
for memory recall,” says Edvard Moser, a
neuroscientist at the Norwegian University
of Science and Technology in Trondheim.
Such a mechanism may underlie several
functions attributed to the hippocampus,
Moser says, including navigation, memory,
and planning future actions.

In the rat study, researchers led by Eva
Pastalkova and Gy&rgy Buzsaki of Rutgers

5 SEPTEMBER 2008 VOL 321

Memory aid. A rat's hippocampus (sbove) generates sequences of
neural firing that may help it remember what to do next.

University in Newark, New Jersey, simulta-
neously recorded the activity of scores of
hippocampal neurons as rodents ran through
a maze shaped like a squared-off figure
eight. The rats always started the maze by
running down the middle of the three arms
and then chose to continue down either the
left or the right arm. The researchers
trained them to alternate between the right

and left arms each time they ran the maze. In
between runs, the rats spent 10 to 20 seconds
on a running wheel.

During this delay period, neurons in the
hippocampus fired in sequences that pre-
dicted which arm the rat would run next, the
researchers report on page 1322. Even in the
few cases when a rat goofed and went the
wrong way, the preceding firing sequence
predicted its mistake. These sequences—
which resemble sequences that occur as a
rat actually runs through a maze—likely
represent the brain's internal mechanism for
planning (or reminding itself) what it has to
do next, Buzsiki says.

The findings confirm a decade-old pre-
diction that the hippocampus might generate
such firing sequences to maintain important
information during a delay in a task, says
David Redish, a neuroscientist at the Univer-
sity of Minnesota, Minneapolis. Redish
notes that consistent patterns of activity
emerged only when the rat had something to
remember. “When the rat is just running on

SCIENCE www.sciencemag.org
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Probing a killer. Two new studies tally
genetic glitches that cause the brain
tumar known as glioblastoma, orange
in this image of brain cells.

genes that the Johns Hopkins
team uncovered—but not IDHI,
which was not among the genes
the team sequenced. Their larger
sample set will serve as a reliable
reference on how frequently
mutations occur in glioblastoma,
including several genes for
which the evidence was limited
until now, says Chin. Having
methylation data and samples
from patients who received treat-
ment also allowed the team to
finger mutations in DNA repair
genes that may help explain why
tumors that initially respond to temozolo-
mide, the main drug for glioblastoma, can
become resistant to subsequent therapies.

TCGA is preparing follow-on papers, for
example on using the molecular data to clas-
sify subsets of tumors, Chin notes. It will
also expand the search: The project, which is
also studying lung and ovarian cancers, will
use new technologies to sequence thousands
of genes in each tumor.

a wheel for the heck of it in its home cage,
they don’t see it.”

In the human study, published online
this week in Science (www.sciencemag.
org/cgi/content/abstract/1164685),
researchers led by Hagar Gelbard-Sagiv of the
Weizmann Institute of Science in Rehovot,
Israel, and Itzhak Fried of the University of
California, Los Angeles, recorded from hun-
dreds of neurons in and around the hippo-
campus of 13 epilepsy patients undergoing
operations in which surgeons introduced elec-
trodes into the brain to locate the source of
their seizures. The patients watched several
5- to 10-second video clips that depicted a
variety of landmarks, people, and animals. A
few minutes later, the researchers asked the
patients to freely recall the clips they’d just
seen and call them out as they came to mind.
{Most subjects easily remembered almost all
ofthe clips.) The first time the patients saw the
clips. many neurons in the hippocampus and
a nearby region, the entorhinal cortex,
responded strongly to certain clips and weakly
to others—preferring a clip from The Simp-

sons, say, to ones showing Elvis or Michael

Jordan. Later, each neuron began firing
strongly a second or two before the subject
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“I see them [the public and private
glioblastomna studies] as wonderfully comple-
mentary,” says pathologist Paul Mischel of
the University of California, Los Angeles,
who studies glioblastoma. Other researchers
who hope to use the findings to improve
cancer treatment agree. “This isastartand a
wonderful start,” says Santosh Kesari, a
neuroconcologist at Dana-Farber.

-JOCELYN KAISER

reported recalling that neuron’s preferred clip,
but not when the subject recalled another clip.

“Previous work [with animals] has shown
that such reactivation oceurs during sleep as
well as during certain behaviors where mem-
ory is needed, but it has remained unclear
whether reactivation actually reflects recall
of the memory,” say Moser. Fried’s findings
are exciting because they provide the first
direct link between reactivation of hippo-
campal neurons and conscious recall of a
past experience, says neuroscientist Matthew
Wilson of the Massachusetts Institute of
Technology in Cambridge.

Both studies have implications for an on-
going debate about the relationships among var-
ious functions attributed to the hippocampus,
says [ynn Nadel, a neuroscientist at the Univer-
sity of Arizona in Tucson. Nadel says that the
findings fit with his view that the neural mecha-
nisms underlying spatial navigation, episodic
memory, and action planning may be cne and
the same. “One might say at this pomt that the
available data suggest that the hippocampus is
eritical for ‘navigating” through space not only in
the present but also in the past, to retrieve mem-
ories, and in the future, to predict the results of
actions,” Nadel says. —GREG MILLER

ESCOPE

Japanese Budget Rollout
TOKYO—]Japan's education ministry last week
optimistically called for boosting fiscal 2009
science spending a hefty 13.4% year-on-year
to $24.1 billion. The ministry wants to add
£20 million, a 12.4% increase, for academic
research grants and 11% more—for a total of
$1.2 billion—to advance big science projects,
including $41 million for Japan's contribution
to the international Atacama Large Millimeter
Array in Chile. Applied research fared even
better. The ministry wants to increase one such
grant categary, for example, by 42%, to $4.5
million. The prapased budget faces scrutiny
from the budget-minded finance ministry.
“Negotiations will be tough, but we’ll do our
best,"” says Shinichire lzumi of the education
ministry. The budget, which takes effect in
April, will be finalized by January.

—DENNIS NORMILE

Taleyarkhan Weighs Suit

Rusi Taleyarkhan, the Purdue University
nuclear engineer deemed guilty of research
misconduct, isn’t going quietly. Last week,
Purdue stripped him of his named professor-
ship. Now, Taleyarkhan and his attarney are
considering filing a grievance with Purdue, a
lawsuit against the school, or bath, “The
pracess and the manner in which Purdue has
carried itself ... is testimony for the need to
resort to the court system,” Taleyarkhan wrote
in an e-mail to Science. In 2002, Taleyarkhan
and colleagues reported that a tabletop device
generated nuclear fusion inside collapsing
bubbles. But in July, an investigation organ-
ized by Purdue concluded that later reports
aimed at replicating the work involved
research misconduct. Taleyarkhan's attarney
says the scientist will continue to investigate
bubble fusion. ~ROBERT SERVICE

Your Local Library

The U.S. National Institutes of Health (NIH)
has chasen nine screening centers in the sec-
ond phase of its Molecular Libraries pragram
(Scrence, 8 August, p. 764). NIH wants to test
biological assays submitted by researchers
against 300,000 chemicals in hopes of finding
research probes and drug leads. Four major
centers will receive a total of $208 million over
4 years—the Burnham Institute for Medical
Research and The Scripps Research Institute,
both in San Diego, California; NIH's intramural
center in Rockville, Maryland; and the Broad
Institute in Cambridge, Massachusetts. NIH will
also support five smaller centers,

—JOCELYN KAISER
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Shapeshifting Made Easy

Mathematicians aren’t squeamish about
doing dissections, but they do often come

hinged. Now I B s at
the Massachusetts Institute of Technology
(MIT) in Cambridge have proven it’s possible
to do mathematical dissections without
falling to pieces.

The victims in this case are not frogs but
polygons: simple geometric shapes bounded
by straight sides. In the early 19th century,
mathematicians proved that any two polygons
with the same area can be cut into a finite
number of matching pieces. For example, its
possible to cut a square into four pieces and
rearrange them into an equilateral triangle.

About 100 years ago, the English mathe-
matician and puzzle designer Henry Dudeney
added an extra wrinkle to the dissection chal-
lenge: He showed that the rearrangement from
square to equilateral triangle can be done with
pieces connected by hinges (see figure,
above). Dissection enthusiasts have since
devised many more hinged transformations.

In 1997, Greg Frederickson, a computer
scientist and geometric-dissection buff at
Purdue University in West Lafayette, Indiana,
asked whether what Dudeney did for the
square and triangle can be done for any two
polygons. The question caught the attention
of Erik Demaine, then beginning graduate
work in computer science. A decade later,
Demaine, now a professor at MIT, has the
answer: in a word, yes.

Demaine returned to Frederickson’s prob-
lem last fall with his father, Martin Demaine,

tional
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and four students in a problem-solving semi-
nar: Timothy Abbott of MIT, Zachary Abel
and Scott Kominers of Harvard University,
and David Charlton of Boston University. The
group came up with a general procedure for
turning an arbitrary dissection into a hinged
dissection. Demaine described their proof at
MathFest. “Tt was a surprising result to me,
because [ thought it was false,” he says.

Their proof starts with an idea “so crazy
that we never thought of it,” Demaine says.
That idea is simply to take an unhinged dis-
section of one polygon and arbitrarily add
hinges, then subdivide the pieces and add
additional hinges until the polygon can con-
tort into its equal-area partner. The key step
is to show that judicious subdivision can, in
effect, take a hinge that connects, say, piece
A to piece B and move it to connect A to C
(see figure).

“The movement is magical,” Frederickson
says. On the other hand, he notes, “you don’t
get very pretty dissections this way.”

The construction works on three-
dimensional (3D) dissections as well, which
could help guide the design of reconfigurable
robots—modular machines that rearrange
their parts like real-life Transformers. In 3D,
unfortunately, equal volume doesn’t guaran-
tee the existence of a dissection. But when
dissections do exist, the MIT group’s con-
struction shows that they can be refined into
hinged dissections. The results are an encour-
aging first step toward applications, Demaine
says: “Now the optimization begins.”

SCIENCE

< Location, lecation, location. A square can

become an equilateral triangle without ever falling
apart {top). The same is true for other pairs of poly-
gons, The proof starts with a frick that, in effect,
maves hinges around (bottom).

Sweet Inspiration

Geometers find ideas everywhere. Take
Mozartkugel, the famously spherical choco-
late confections from Austria. Erik Demaine,
his father, Martin, and colleagues John
Tacono at the Polytechnie Institute of New
York University and Stefan Langerman at
Université Libre de Bruxelles have worked
out a more efficient way to wrap them.

As mapmakers know from trying to go the
other way, flattening a globe
invariably distorts areas on
its surface. Conversely,
wrapping a globe with an
inflexible wrapper (such
as foil) crinkles the wrap-
per with infinitely
many tiny folds. Asa
result, the area of any
wrapper must exceed the
surface area of the choco-
late ball (47 square units for
a ball with a radius of 1).

One popular brand of
Mozartkugel comes in a square
foil of side length w2 (7 times
the square root of 2). Another comes ina 1 x
2m rectangular wrapper. [n each case, the
wrapper’s area is 2n°—some 57% greater
than the surface area of the sphere. Demaine
and crew set out to see if they could do better.

The computational chocolatiers found
that they could achieve a 0.1% savings over
current practice with an equilateral triangle
whose area turns out to be approximately
1.9986n". (The exact value for 1.9986 ... isa
messy formula involving, for no obvious rea-
son, the square root of 57.) But in fact, all
that really covers the kugel is a three-leaf
petal inside the triangle (see figure). That
means the tips of the triangle can be cut off,
leaving a wrapper of area 1.8377x%

The clipped triangular wrapper offers
another advantage: The length of its perime-
ter, 5.3503x, is shorter than that of any other
shape the researchers have found. (The
square wrapper has a perimeter of 5.6569m;
the rectangular one, 6.) So a trefoil wrapper
‘would not only save foil, Demaine and col-
leagues conclude, it would also be cheaper to
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cut. The potential reduction in the carbon
footprint associated with Mozartkugel mate-
rials and manufacturing, they joke, “partially
solves the global-warming problem and con-
sequently the little-reported but equally
important chocolate-melting problem”

A Royal Squeeze

I[n 1850, the great German mathematician
Carl Friedrich Gauss took a shine to a funky
little counting problem: How many ways can
eight queens be placed on a chessboard so
that no two queens attack one another (i.e.,
line up horizontally, vertically, or diago-
nally)? It’s not obvious it can be done at all,
but it turns out there are 92 solutions. Gauss
didn’t spot them all, proof in itself that the
problem is a bit of a poser.

Modern computers can easily find all 92,
but mathematicians have upped the ante so
that even Deep Blue would scratch its silicon
head, mainly by making the board larger.
There are, for example, 2,207 893.435,808.352
ways of placing 25 nonattacking queens on a
25 % 25 chessboard, a computation completed

Taking the Edge Off

Vivat regina. Adding pawns makes a classic chess-
board problem even mare queenly.

3 years ago at INRIA.

“Theres a lot of interesting theory behind
these questions.” notes Loren Larson, a chess-
‘board problem expert in Northfield, Minnesota.
“Theyre also nice programming exercises.
They re good examples of backtracking algo-
rithms,” also known as depth-first searches.

In a talk at MathFest, Doug Chatham of
Morehead State University (MSU) in Ken-
tucky described a variant he and collabora-
tors have explored. in which pawns are

-~
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allowed on the chessboard. The pawns inter-
rupt the queens’ line of sight, making it pos-
sible for more queens to fit on the board.
How many more queens, they wondered, do
the pawns male possible?
Chatham and crew—MSU colleagues Gerd
Fricke and R. Duane Skaggs, Maureen Doyle
of Northern Kentucky University in Highland
Heights, Matthew Wolff of Pyramid Controls
Inc. in Cincinnati, Ohio, and MSU student Jon
Reitmann—have proved that each additional
pawn permits an extra queen, provided the
board is large enough. For example, with two
pawns, it’s possible to get 10 queens on a stan-
dard 8 x 8 board (see figure). In the current
proef, fitting an extra k queens using & pawns
onan Nx N board requires N to be greater than
25k, Chatham notes, but adds, “We believe the
actual minimum sizes are much smaller”
There are no immediate applications for the
queens-and-pawns problem, Chatham says,
but the original nonattacking-queens problem
has found uses in computer science for paralle]
memory schemes and in statistical physics for
particle models with long-range interactions.
“We hope to find similar applications for our
problem,” he says. —BARRY CIPRA

;. the graphs that can result when lines are drawn
/ connecting centers of tangent circles (red lines

Math has a lot to say about packing things together. The
abstract problem of cramming, for example, equal-
sized circles into a larger square has applications as
far-flung as error-correcting codes for digital
communications and the physics of granular
materials such as sand. But what if the square
has no edges? A quartet of researchers has
shown how packing works in such a borderless space.

The space in question isa torus, a shape like the surface
of an inner tube. To topologists, a torus is equivalent to a
parallelogram with its opposite edges glued together. On
the unfurled, flattened-out torus map, anything leaving on
one side immediately reenters from the other, as in many
video games. William Dickinson of Grand Valley State
University in Allendale, Michigan, and undergraduates
Daniel Guillot of Louisiana State University, Baton Rouge, Anna
Castelaz of the University of North Carolina, Asheville, and Sandi
Xhumari of Grand Valley have spent the past two summers studying
circle packings in tori.

Because a torus has no boundary, the circles are constrained
only by one another—just as they would be on a patch of regularly
repeating patterned wallpaper. Dickinson and students classified

A
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in the figure, below), then set to work analyzing
which ones lead to the densest packings (i.e.,
q packings with circles of the largest possible radius).
For five circles—the first truly challenging case—
they found 20 different ways the circles could be
arranged on the torus.

They applied the theory to two particular tori: the
“square” torus formed by connecting opposite
edges of a square, and the “triangular” torus, which
starts from a rhombus with a 60-degree angle. Guillot
and Castelaz found the best five-circle packing for
the triangular torus last summer (2007), and
Xhumari did the same for six circles this summer.
Together, the ideas they developed enabled Dickinson
to nail down the densest packing for five circles on

the square torus. It occupies /4 or 78.5% of the square torus, as
compared with 71.1% on the triangular torus (see figure).

“In general, it is very difficult to prove that a particular pack-
ing is optimal,” says Ronald Graham, a circle-packing expert at
the University of California, San Diego. Working without bound-
aries may make proofs easier to come by, he thinks, “but that is
Jjust an impression.” -B.C.

€
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Unwrapped. To cover atorus with circles, researchers studied how to pack
them inte a square or rhombus whase opposite edges are connected.
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Investigating the Psychopathic Mind

With a mobile brain scanner and permission to work with inmates in
New Mexico state prisons, Kent Kiehl hopes to understand what goes
awry in the brains of psychopathic criminals

ALBUQUERQUE, NEW MEXICO—Kent Kiehl
remembers his first conversation with a
psychopath as if it were yesterday. Kiehl had
just started a graduate program in psychology,
and he intended to study the criminal mind by
interviewing prisoners. His first subject wasa
thief who'd made a fortune robbing banks in
North America and lived the high life for
years, renting luxury apartments across
Europe and—if he did say so him-
self—enjoying a great deal of
success with the fairer sex. “Have
you ever had 15 women in one
night?” he asked Kiehl.

The man was behind bars not
because of a heist gone wrong but
because one of his girlfriends was cheating on
him. He tracked her down at a motel room
and burst in with his gun drawn. He shot her
lover, but the man managed to get away. The
woman later testified against him in court. If
he could do it all over again, he told Kiehl, he
would have killed them both. Such stories
fascinate Kiehl, now an associate professor of
psychology and neuroscience at the Univer-
sity of New Mexico and director of Mobile
[maging Core and Clinical Cognitive Neuro-
science at the Mind Research Network
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(MRN) in Albuquerque. “The other 300 or so
psychopaths ['ve interviewed are just as inter-
esting.” he says.

Atage 38, Kiehl is embarking on a project
he hopes will unravel the newral basis of psy-
chopathy, a suite of personality and behavioral
traits that is far more common in violent crimi-
nals than in the general population and is a
strong predictor of repeat offenses. Given the
crime and other societal costs
caused by psychopathic individu-
als, Kiehl says, this group has been
woefully understudied. He intends
to change that. With a custom-built
mobile magnetic resonance imag-
ing (MRI) scanner—roughly $2.3
million of equipment packed into a 15-meter-
long trailer—and permission from the New
Mexico governor to work in all 12 state prisons,
Kiehl aims to scan 1000 inmates a year.

“We'llhave to see if he gets that much done,
but if anybody can do it, Kent can,” says Joseph
Newmman, a psychologist at the University of
Wisconsin, Madison. “He has big ideas, and he
pursues them energetically”

Kiehls team conducts hours of interviews
with each subject to assess them for psy-
chopathy, substance abuse, and other mental

SCIENCE

health problems. In addition to functional
MRI (fMRI) experiments to investigate neu-
ral activity during various tasks, they're also
collecting anatomical images of the brain and
DNA samples that could eventually be used
to search for genetic risk factors—all with the
prisoners’ full consent and cooperation and
all to be used solely for research. Kiehl’s
research is funded by four RO1 grants from
the National Institutes of Health, which pay
about $900,000 a year in direct costs; MRN
paid for the scanner.

Depending on what he finds, Kiehl’s work
could raise a host of legal and ethical ques-
tions. Could brain scans or blood tests one
day improve on the personality profiles and
other low-tech metheds now used to assess
the degree of risk a prisoner poses to society?
If s0, how should they be used? Could a better
understanding of the psychopathic brain alter
the way we think about the culpability of cer-
tain criminals? Could it point the way to inter-
ventions that prevent recidivism?

‘We'll never know unless we do the
research, Kiehl says: “We just have no idea
how their brains are different, how they got
that way, and how we might be able to treat
the condition.”

Local boy does bad

Kiehl’s interest in psychopathy goes back to
his childhood. He grew up in a middle-class
neighborhood in Tacoma, Washington, not
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far from the boyhood home of serial killer Ted
Bundy. While Kiehl was in grade school,
Bundy was on a nationwide rampage, killing
dozens of young women. Kiehl’s father wasa
newspaper editor at the time, and Bundy’s
exploits were a common topic of discussion
at the family dinner table.

Bundy exhibited several defining traits of
psychopathy. He was cunning and manipula-
tive, often donning disguises or feigning
injury to lure women into a vehicle, and his
preferred method of killing—crowbar blows
to the head—as well as his proclivity for sex
with his dead victims suggest a stunning lack
of empathy. “Why would someone from my
neighborhood end up being so bad?” Kiehl
remembers wondering at the time.

By the time Bundy was executed in
Florida in 1989, Kiehl was fantasizing about
becoming a professional athlete. He entered
the University of California (UC), Davis, that
year after being recruited to play on the foot-
ball team. Solidly built at 6’2, Kiehl still
exudes an athlete’s self-confidence. On a
recent afternoon, he collected on a $100 bet
with his lab manager over how far he could hit
a golfball. “I bet [ could hit a ball farther than
Tiger Woods,” he boasted.

When a knee injury forced Kiehl to
reconsider his life goals, he recalled his fas-
cination with Bundy and began getting more
interested in neuroscience. He rotated
through the laboratories of several UC Davis
neuroscientists, setting his sights on gradu-
ate work with psychologist Robert Hare at
the University of British Columbia (UBC) in
Vancouver, Canada. Hare is a preeminent
psychopathy researcher who in 1980 pub-
lished the first version of what has become
the main tool for diagnosing
psychopathy. In its current
incarnation, the Psychopathy
Checklist-Revised (PCL-R)
scores subjects on 20 traits indi-
cative of psychopathy, including
callousness, impulsivity, and a
history of behavioral problems.
People in the general population
typically score a four or five on
the 40-point scale, Hare says. A
score of 30 is widely used as a benchmark
for psychopathy.

Psychopathy is not listed in the American
Psychiatric Association’s Diagnostic and Sta-
tistical Manual of Mental Disorders, 4th ed.
(DSM-IV). The DSM-IV diagnosis of anti-
social personality disorder captures some of
the external manifestations of psychopathy,
including impulsivity and antisocial behavior,
but ignores personality traits such as glibness,
callousness, and lack of remorse that are
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scored by the PCL-R. Studies with prison
populations have found that roughly 20%
(slightly more or less, depending on the secu-
rity level of the prison) of inmates qualify as
psychopaths. Incarcerated psychopaths have
committed an average of four violent crimes
by the age of 40, Kiehl says. More than 80%
of those who are released from prison commit
another crime, usually a violent one, within
3 years, compared with 50% for the overall
prison population. “Psychopathy is the single
best predictor of violent recidivism,” says
Kiehl, who hoped to collaborate with Hare to
study the brains of psychopathic criminals.

But Hare wasn't interested in taking him
on. “I had a lot of really outstanding students
applying to work in my lab, and his grades
weren't particularly great,” Hare says. Not
one to give up easily, Kiehl launched a cam-
paign that included a barrage of recommen-
dation letters from UC Davis faculty mem-
bers; he also drove through a snowstorm
from Tacoma to Vancouver to hand-deliver a
few bottles of California wine that he knew
Hare would appreciate. “That did it,” says
Hare. “He wore me down.”

An emotional problem?
Long before IMRI scanners came along,
researchers suspected that psychopathy
springs from a defect in emotional process-
ing in the brain. Several of the disorder’s
signature traits hint at this, as do early
studies that found blunted physiological
responses—by measures such as heart rate
and skin conductance—to emotionally
evocative photographs in psychopaths.
Such abnormalities cast obvious suspi-

NEWSFOCUS I

cion on the amygdala, the hub of emotion in
the brain. In the first fMRI study of psy-
chopathy, published in 2001 in Biclagical
Psychiatry, Kiehland UBC colleagues found
reduced amygdala activity in psychopathic
criminals compared with nonpsychopathic
criminals in response to emotionally charged
words. A malfunctioning amygdala is likely
to be one crucial factor in psychopathy, says
James Blair, a cognitive neuroscientist at the
National Institute of Mental Health in
Bethesda, Maryland. Human and animal
studies have shown that the amygdala is
essential for learning to avoid behaviors with
unwanted outcomes, he notes. By preventing
children from learning to avoid actions
that harm other people, faulty wiring in
the amygdala could derail normal social
development and contribute to the callous,
unemotional traits seen in psychopaths, he
proposes. In the June issue of The American
Journal of Psychiatry, his research group
reports that children with callous, unemo-
tional traits have less amygdala activity than
other children when viewing photos of fear-
ful facial expressions.

Other researchers question whether the
amygdala is really the source of the problem,
however. Newman, for example, has long
argued on the basis of behavioral evidence
that deficits in regulating attention may be
the central issue for psychopaths. “Once
they start paying attention to some goal they
want, they ignore cues that would otherwise
activate the amygdala,” he says.

Kiehl takes an even broader view. He sus-
pects that psychopathy involves disruptions
to a network of “paralimbic” regions in the
brain’s temporal and frontal lobes that
contribute to emotion, attention, decision-

 with his mabile MRI
scanner,
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making, and other cognitive functions.
Resolving some of the confusion about
which cognitive processes—and which brain
regions—are dysfunctional in psychopathy
is a major goal of his neuroimaging work in
New Mexico.

But neuroimaging has limitations
(Secience, 13 June, p. 1412). The behaviors
that can be studied inside an fMRI scanner,
for example, are necessarily simplified and
artificial, Proving that any given neural
abnormality that shows up in imaging actu-
ally contributes to psychopathic traits and
behavior in real life is never easy, says
Adrian Raine, a clinical neuroscientist at the
University of Pennsylvania. And then there’s
the chicken-and-egg problem. “Is it leading
a vielent, psychopathic way of life that
causes the structural and functional impair-
ments we find, or is it the other way
around?” Raine asks. “It’s going to be hard
to answer that very important question”

Prison-bound

On a blazing hot day in late July, Kiehl’s
mobile scanner was parked inside the gates
topped with razor wire at the Youth Diagnos-
tic and Development Center in Albu-
querque. From the outside, the mobile
resembles any trailer you'd see on an 18-
wheeler, albeit cleaner than most. Kiehl
spent a year working with engineers at
Siemens to design it and ensure that the
scanner’s magnetic field would remain sta-
ble in different locations. Inside, the mobile
looks like an ultra-high-tech recreational
wvehicle. The scanner sits at one end, its mag-
netic cylinder a pale blue doughnut extend-
ing from floor to ceiling. Flat-screen moni-
tors adorn the walls in the adjacent control
room, and next to that a small sitting room
contains a stack of magazines for the benefit
of a corrections officer who waits here while
a juvenile prisoner gets scanned.

All experiments are off-limits to the
media, in part because of concerns about the
privacy of prisoners but largely because of a
bad experience Kiehl had in Canada. A televi-
sion network broadeast an interview with one
of his research subjects that was edited to
make the guy seem even scarier than he was,
Kiehl says. When the inmate was denied
parole a short time Jater, he threatened to kill
any other inmates who participated in Kiehls
research; he also threatened to hit Kiehl witha
chair, Now Kiehl says he won’t jeopardize his
staff by allowing the media to watch experi-
ments or interview inmates.

Despite the nature of some of their sub-
Jjects” crimes, Kiehl's students and postdocs
say that they’ve never felt threatened. “They
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tend to really like us,” says postdoc Matthew
Shane. “They enjoy any excuse to talk with
someone from outside the prison.”

In one of the first studies using the mobile
scanner, Kiehls postdoc Carla Harenski and
colleagues investigated how the brains of
adult male prisoners respond to morally
charged photographs, such as an image of a
man holding a knife to a woman’s throat. The
inmates also rated the severity of the “moral
violation” depicted in the photographs on a
five-point scale. Those who gave high scores,
suggesting greater sensitivity to moral viola-
tions, tended to have more activity in the
superior temporal sulcus, a region implicated
in previous studies of moral judgments, the
researchers reported at an April meeting of

Neural roots. Kiehl suspects that disruptions to
paralimbic brain regians (light areas) underlie
psychopathy.

the Cognitive Neuroscience Society. The
team has subsequently scanned a bigger sam-
ple of prisoners and is investigating whether
activity in this and other brain regions differs
between those who are psychopathic and
those who aren’t.

Into the courtroom?

Such differences in brain activity within
prison populations could potentially prove
useful in assessing the risk posed by individ-
ual criminals, perhaps as a supplement to the
PCL-R, Kiehl says. That checklist is cur-
rently used in dozens of countries. Depend-
ing on the jurisdiction, PCL-R scores are
considered during sentencing and parole
hearings. Some prisons use them, along with

other factors, to determine security measures
and treatment options.

‘Whether brain scans will ever prove useful
in such settings depends on whether they add
any predictive power, says Walter Sinnott-
Armstrong, a philosopher at Dartmouth
College and co-director of the MacArthur
Foundation’s Law and Neuroscience Project
in Hanover, New Hampshire. Not everyone is
optimistic. “It’s not some sort of crystal ball
that’ going to tell you who'’s going to reoffend
in 3 years”time,” says Essi Viding, a cognitive
neuroscientist at University College London.
She also questions the practicality of the
approach, given that MRI scans cost $1000 or
more apiece and require substantial technical
expertise. Even so, research on the neural
basis of psychopathy could have important
legal implications, says Sinnott-Armstrong.
For example, he says, if future research points
to a diminished moral capacity due to a newro-
developmental defect, that could be relevant
in court, where a defendant’s understanding of
the wrongfulness of his actions has a bearing
on the verdict.

Kiehl gets impatient with such hypotheti-
cals. For him, the ultimate question is how
best to intervene—ideally, early in life before
psychopathic traits become ingrained. The
conventional wisdom is that psychopathy is
untreatable, but that’s based “more on clini-
cal lore than solid research,” says Michael
Caldwell, a psychologist at the Mendota
Juvenile Treatment Center and the Univer-
sity of Wisconsin, Madison. One widely
cited study found that psychopaths whe par-
ticipated in a treatment program in the 1970s
actually did worse than those who didn’t,
Caldwell says. But given that the treatment
regimen involved nude encounter groups and
LSD. these findings should perhaps be taken
with several grains of salt. Kiehl says he’s
been buoyed by a recent series of papers by
Caldwell and colleagues that suggest that tar-
geted interventions, including cognitive
behavioral therapy and family counseling,
with juvenile offenders with psychopathic
traits can prevent future crimes

Caldwell, Newman, and other veteran
psychopathy researchers say that they're
encouraged to see Kiehl's project getting off
the ground because public support and fund-
ing for psychopathy research has been hard
to come by in the past. “If someone is cruel
and always out for himself, it’s not something
that engenders sympathy, concern, and the
desire to understand it,” says Newman. “My
view is that it’s a really important disorder
that needs to be understood.” Kiehl says he
couldn’t agree more.

—GREG MILLER
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Fourteen years ago, scientists at the European
particle physics laboratory, CERN, near
Geneva, Switzerland, had only plans foranew
highest energy particle smasher. Now, thanks
to the efforts of thousands of people, they
have a gargantuan machine, the $5.5 billion
Large Hadron Collider (LHC), which
stretches through a 27-kilometer ring of tun-
nel between Lake Geneva to the east and
France’s Jura Mountains to the west (Science,
23 March 2007, p. 1652). “It seemed like an
enormous mountain to climb, that’s for sure,
back when we didn’t have even a single mag-
net,” says CERN's Lyndon Evans, who has led
the project since its inception.
Evans says he’s had moments of despair.
In 2004, a manufacturing error forced work-
ers to rip out and rebuild 3 kilometers of the
high-tech plumbing that carries frigid liquid
helium to the accelerator’s superconducting
magnets. In 2002, cost overruns led officials
to delay the completion of the LHC by a year.
But now, as researchers test the LHCs myr-
iad subsystems, “it really feels like an old
friend” Evans says. “It acts exactly like it is
supposed to act.” Physicists around the world
hope their @mi, the most complex scientific
apparatus ever built, continues to behave
next week when, for the first time—provided
that Jawsuits do not force a delay (see side-
bar, p. 1291)—researchers try to circulate
§ particles through its twin rings.
o In the quest to unravel the universe’s inner
E workings, the 10 September start-up of the
& LHC marks the beginning of a new age of
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exploration. The collider should bag the long-
sought Higgs boson, the missing link in physi-
cists” “standard model” of the known particles
and the one thought to give the others their
mass. [t could glimpse a slew of new particles,
such as those predicted by a scheme called
supersymmetry, or even reveal new dimen-
sions of space. Other colliders hammered out
how the standard model is structured; the LHC
should answer deeper questions about why the
maode] is as it is, says Gordon Kane, a theorist
at the University of Michigan, Ann Arbor.
“The LHC is a *why” machine,” he says.
But answers most likely won’t corne right
away, cautions CERN's Peter Jenni,
spokesperson for the

What a blast! In this simulation, a Kiggs boson is
born and decays inside the ATLAS particle detector.

2500-member team working with the 25-
meter-tall, 45-meter-long ATLAS particle
detector—one of four big detectors the LHC
will feed. “People should definitely not take it
for granted that big things will happen imme-
diately,” he says. If all goes well, the LHC will
start smashing particles in October, and oddi-
ties could jump out right away. More likely, it
will take a few years for the LHC to clinch the
discovery of the Higgs or something even
stranger. Still, after 3 decades in which the
standard mode] has answered every question
asked at particle accelerators, physicists are
eager to see something really new.

First off, look for something old

Like all colliders, the LHC aims to produce
fleeting bits of matter not seen in the every-
day world. As Einstein noted, energy and
mass are equivalent. So physicists can gener-
ate heavier exotic particles by smashing
known ones together with sufficient energy.
Blasting protons into protons at energies
seven times as high as the previous record,
the LHC could cough up new particles more
than 1000 times as massive as a proton. But
first, researchers will simply search for
familiar standard-model particles.

Ordinary matter consists of particles
called “up quarks” and “down quarks,” which
combine to make the protons and neutrons in
atomic nuclei; the electrons that make up the
rest of the atom; and wispy particles called
neutrinos that emerge in a particular type of
nuclear decay. This first family of particles is
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Researchers, Place Your Bets!

The days before the start-up of the Large Hadron Collider (LHC) should be

filled with quiet contemplation and reverence for the adventure to come, says

physicist Maria Spiropulu. “Now is not the time to speculate,” says the experimenter at

the European particle physics lab, CERN, near Geneva, Switzerland. “We should be silent and

respectful and wait for the data to come.”

Or not. Many physicists seem to think that naw is precisely the time to guess at what CERN's
great particle smasher might find. And some are even willing to put their money where their

High rollers. Tommaso
Dorigo {below) wagers
that the LHC will see
nothing new. Jacques
Distler disagrees and
expects to pocket $750 of
Doriga’s money.

favorite theoretical models are and
wager on their expectations.

Tommaso Dorigo, an experimenter at
the University of Padua in Italy, doubts
that the LHC will find evidence of super-
symmetry, a theoretical scheme that pre-
dicts a massive “superpartner” for every
known particle in physicists’ current
"standard model.” In the past 10 or 15
years, extremely precise measurements of
standard-model particles have indirectly
undermined the viability of the notion,

Dorigo says. "I realized | don't believe in the thing,” he says. Dorigo has
bet $1000 with two ather physicists that, after the LHC has accumu-
lated a certain amount of data, it will see no sign of supersymmetry.
More precisely, Dorigo has bet that the LHC will see no clear devi-
ations from the standard model of any kind, explains Jacques Distler,
a thearist at the University of Texas, Austin, who has $750 of the
action. Like a calculating professional gambler, Distler says he took

1he bet because it is so open-ended that he likely can't lose. “Histary has always been, you explore
a new energy range and you see something new,” he says.

For same, ot having a bet bespeaks the strength of their predictions. Gordon Kane, a theorist at the
University of Michigan, Ann Arbar, says he would gladly wager that the LHC will find supersymmetry, but
“nobody | know will bet against it.” Stuart Raby, a theorist at Ohio State University in Columbus, also says
he can't find anyone who will take such a bet. To which Distler says, “I wonder how hard they tried.”

The general public can get into the game, too. Online gambling sites and prediction
exchanges such as Intrade.com, Hubdub.com, and NewsFutures.com are taking bets on when the
Higgs boson will be discovered, whether the Tevatron collider at Fermi National Accelerator

Laboratary in the United States will see it first, and related questions.

flanked by two sets of heavier, unstable rela-
tives. That means there are also strange and
charm, top and bottom quarks; the electron
has beefier cousins called the muon and the
tau lepton; and there are two more “flavors” of
neutrinos. Still other particles convey forces:
Photons carry the electromagnetic force, the
massive W and Z bosons convey the weak
nuclear force, and gluons make up the strong
nuclear force that binds protons and neutrons.

Tracking such familiar particles will enable
experimenters to calibrate their immensely
complex devices, says Tejinder “Jim” Virdee, a
physicist at Imperial College London and
spokesperson for the 2900-member team
working with the 12,500-ton CMS particle
detector, ATLAS S rival. (The LHCs two other
detectors, ALICE and LHCb, won't search
directly for new particles but will do more
specialized work.) For example, a Z boson can
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decay into a muon and an antimuon, so by
studying Z physicists can measure how well
they spot those particles.

Such studies also set the baselines from
which to search for something new, Virdee
says. “If you see something [unusual), the first
question everyone is going to ask is, ‘Do you
also see the other things you expect?”” he says.
“You have to be able to say “yes”before you can
claim anything new.” The LHC should produce
a smidgen of data between October and
December, when it will shut down for the win-
ter, and experimenters will use it primarily to
“rediscover” the standard model.

The Higgs: Wait a couple of years

Of course, experimenters will also keep an
eye out for new things, such as the elusive
Higgs boson. That oddball particle solves a
serious problem with the standard model: The
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theory goes mathematically haywire unless
particles have no mass. The “Higgs mecha-
nism” sidesteps that problem by generating
mass through the interactions of the otherwise
massless particles themselves. [t assumes that
empty space is filled with a field a bit like an
electric field that drags on particles to give
them inertia, the essence of mass. Just as an
electric field is made up of photons, the Higgs
field consists of particles—Higgs bosons—
that can be ripped out of the vacuum.

But finding the Higgs may not be easy. [tall
depends on how much the particle weighs, says
Karl Jakobs, a physicist at the University of
Freiburg in Germany and physics coordinator
for ATLAS. The standard model does not pre-
dict how heavy the Higgs should be. If it weighs
between about 200 and 500 times as muchas a
proton, then it should stick out fairly clearly. In
that case, experimenters might collect enough
data to find it by the end of 2009, Jakobs says,
although analyzing the data could take months
longer. But previous searches and indirect
inferences suggest that the Higgs is lighter—
definitely more than 121 times as massive as a
proton but probably less than 170 as massive as
that benchmark. [fthe Higgs is that light, then it
could take until 2012 or later to find it.

The difference is that if the Higgs is heavy
enough, it should decay in a distinctive
way—into two hefty Z’s that both decay into
a muon and an antimuon. But if the Higgs is
too light for that, then researchers will have
to look for it decaying into combinations
such as a pair of photons. So many photons
will be produced in a typical LHC collision
that sifting out the Higgs’s signal from the
clutter will take lots of data.

Most physicists say that they are sure to
find the Higgs or something even weirder,
because without it the standard model again
breaks down mathematically at the energies
the LHC will reach. [ronically, finding only the
Higgs beson would disappoint many, as it
‘would leave physicists nothing to puzzle over.
“The worst scenario for me is that you start
running and you see no evidence of deviations
from the standard model, and after 2 or 3 years
you see evidence of a standard-mode] Higgs
and nothing else,” Jakobs says. The Higgs
would be the last brick in the standard model. It
alone would leave physicists facing a concep-
tual wall and could signal the end of the field.

Spotting signs and nailing discoveries

Most physicists expect to find much more at
the energies the LHC will explore. New forces
might emerge, or quarks themselves could tum
out to consist of other particles. More specula-
tively, space may have additional curled-up
dimensions that might be pried open, or the
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LHC might make tiny black holes, which
would tie together the realms of quantum
mechanics and gravitational physics.

Perhaps the most favored idea is super-
symmetry, a scheme that posits a heavier, un-
observed “superpartner” for every particle in
the standard model. Seemingly profligate in
its complexity, supersymmetry would help
solve a number of fundamental, albeit eso-
teric, problems in the standard model. For
example, it helps unify the three forces in the
theory, a prerequisite to formulating a theory
in which all forces, including gravity, are dif-
ferent manifestations of a single master force.
Supersymmetry might also provide the myste-
rious dark matter whose gravity holds the
galaxies together, as the least massive super-
partner would be a heavy particle that would
interact with ordinary matter essentially only
through its gravity.

Supersymmetry might be very easy to see
at the LHC, some say. “We predict a signature
that they could see with five events,” says
Michigan’s Kane. “They could see it in the
first week of running in October.” Generally,
collisions producing the undetectable least
massive supersymmetric particle would look
lopsided, with a spray of ordinary particles
shooting out one side of the particle detector
and the supersymmetric particle zipping out
the other side without leaving a trace.

But although spotting those events may
be easy, proving that they're evidence of
supersymmetry and not something else may
be tough, says CERN’s Paraskevas Sphicas,
physies coordinater for CMS: “The catch is
that the signature is so complex that we
would have to do a lot of analysis to under-
stand it.” In fact, clinching the case for super-
symmetry could take several years.

Bracing for a Maelstrom of Data,
CERN Puts Its Faith in the Grid

Researchers have hammered out new networking tools to store the LHC's instrument
readings and make them available to physicists worldwide

After the Large Hadron Collider (LHC) pow-
ers up next week, the physicists and engi-
neers who built the machine and its detectors
won't be the only ones nervously waiting for
its two beams to collide for the first time. Just
as anxious will be the researchers charged
with taking the flood of data that the LHC
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will produce and processing it, storing it, and
making it available for physicists to study the
world over. The LHC is expected to produce
15 petabytes (13 million gigabytes) of data
every year. Dedicated fiber-optic lines have
been laid down to whisk the data away from
CERN to some 250 other physics labs in 50

"
¢

First stop. CERN's computers form the central node in a global data-sharing network.
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First, however, physicists must get the
machine up and running. Researchers have
already succeeded in injecting protons into
each of its countercirculating rings. On 10
September, they’ll try to coax the beams all
the way around the rings ata very low energy.
They’ll then aim to increase the beam energy
to 70% of the ultimate goal and the beam
intensity to 1/1000 the design standard before
beginning collisions in several weeks’ time.
Next year, the LHC should smash a billion
particles each second at full energy.

The first collisions will mark the beginning
ofthe real fun for experimenters. Some say that,
although they have some pretty good ideas, they
don't really know what to expect. I want sur-
prises,” says CERN’s Maria Spiropulu, an
experimenter working on CMS, She may well
get them, although she and her colleagues may
have to wait just a bit longer. -ADRIAN CHO

countries worldwide, where about 100,000
PC processors are ready and waiting to
receive them.

At the beginning of this decade, CERN’s
information technology (IT) department
decided to handle the LHC’s torrent of data
using a novel computer architecture known
asa grid. A grid is a way of using the Internet,
Jjust as the World Wide Web and e-mail are.
But the technology has not developed as fast
as particle physicists had expected. CERN
researchers believe they have ironed the
wrinkles out of their system, dubbed the
LHC Computing Grid (LCG), but nagging
doubts remain.

“By an order of magnitude, this is the
biggest grid [yet assembled].” says John
Gordon, deputy director of GridPP, the
United Kingdom’s contribution to the LCG.
“I"'m reasonably confident that the grid is
ready for data.” But Les Robertson, head of
the LCG project from its inception in 2001
wntil the beginning of this year, adds a note of’
caution: “It’s very difficult. Theres no real
data, and real users are not active. A live test
will only come when [real] data starts to
flow.” He adds: “This is what we will use.
There’s no fallback.”

Fifteen petabytes is an enormous amount
of data. To store it all on CDs would require a
stack of disks 20 kilometers high—more than
four times the height of Mont Blane, Europe’s
tallest mountain. When CERN's [T experts
began planning how to handle data from the
LHC inthe late 1990s, they soon realized that
it would not be feasible to do itall at CERN. It
wasn’t clear that Geneva's electricity supply
could power enough computers to do the job,
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Trickle down. Beginning as a way for
hundreds of physics labs to divide the
wark of processing and archiving LHC
data, the global “grid” evolved into a
universal tool kit tor particle physicists
to share and study resulls.

Tier-2 Centers

Tier-1 Centers
= = = = 10 Ghils links.

and in any event, CERN couldn’tafford them:
All of the LHC budget was being spenton the
machine itself. “It was easier to get resources
that were already available at computer cen-
ters,” says Robertson.

At first, the CERN team set about design-
ing an architecture in which, as the LHC
detectors churn out data, the information
would be archived in its raw state at CERN
while simultaneously being streamed out to
10 or so large physics labs elsewhere in the
world. At these tier-1 centers, some process-
ing of the data would be done; then it would
be archived again and some data would be
farmed out from each tier-1 center to 10 or 20
tier-2 centers. In this way, the work of pro-
cessing and archiving data is shared among
particle physics labs around the world. The
scheme would have worked. but it lacked
flexibility, and the researchers soon heard
about something better.

In the mid-1990s, [an Foster and Steven
Tuecke of Argonne National Laboratory in
[linois and Carl Kesselman of the California
Institute of Technology in Pasadena had
devised the idea of a grid. Whereas the Web is
essentially a system for moving data around
with limited processing for tasks such as
searching, a grid aims to share everything:
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processing power, storage,
scientific instruments,
simulation, and so on.

It is calleda gridina
deliberate analogy to
the electricity grid.
‘When you plug a toaster
into a socket, you don’t
know how the electricity

was produced or how it

traveled to you. Similarly,
with a computing grid, a
researcher can use a stan-
dard PC interface to request a
job to be done. Then a program
known as middleware takes over,
marshalling resources from multiple
sites across the Internet. Raw instrument
readings may be taken from a database in
Euwrope and processed by a supercomputer in
the United States; the manipulated data may
bestored in Chinaand then put through a visu-
alization program in Japan before being
retumned to the researcher—who sees only the
results, not the journey that got them there.

A major difficulty in setting up a grid
arises from the “firewalls” that institutions
erect to protect their computers from un-
authorized access. It’s a challenge getting the
differing architectures and security arrange-
ments of all the institutions in a grid to work
together and trust one another. Each job trav-
els around with “certificates” confirming
that the user who requested the job has the
authority to use the resources. To make grids
work, there are “many hurdles, social, politi-
cal, and technical,” says particle physicist
David Britton of the University of Glasgow
in the UK.

As particle physicists learned more about
grids, the CERN team decided that the
approach offered a more flexible way to han-
dle the LHC's mountain of data, says Robert-
son. Although the same basic layout of tier-1
and tier-2 centers remains, it is no longer a
rigid structure like the spokes of a wheel, with
users tied to their Jocal tier-1 center. The pro-
duction process of disseminating the LHC
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) ‘ data is handled by the grid, and
researchers can get hold of the
data they want without knowing
where they are or what passwords
they need to get access to thern.

Since that decision was made
in 2001, dedicated high-speed
fiber-optic lines have been built
between CERN (tier-0) and the
tier-1 centers. Beyond that, the
normal Internet provides the
infrastructure. Particle physicists
in each participating country
have built up the LCG with funding from
their respective governments for computer
resources to add to the grid. Within the Euro-
pean Union, national grid efforts for research
have been linked to form the Enabling Grids
for E-Science (EGEE), which forms the
backbone of the LCG in Europe. That role is
performed in the United States by the
National Science Foundation’s Open Science
Grid. Other smaller grids, such as GridPP,
Scandinavia’s NorduGrid, and [taly’s INFN
Grid, have also been woven into the LCG.

In February and May this year,
researchers carried out two major trials of the
system, sending simulated data from the
LHC detectors themselves through CERN's
tier-0 hub out to tier-1s and tier-2s. Britton
says the February test was “quite successful,
... better than we hoped.” although they man-
aged only a couple of days running data from
all four detectors simultaneously. Much fine-
tuning was done before the May dry run, and
as aresult they ran the four detectors together
for the entire month. “We tested the whole
chain, and most things stood up,” says Gor-
don. Some bits of software didn’t behave as
expected, he says. In addition, the tier-1 cen-
ter at Amsterdam had trouble keeping its
computers cool, while the UK. tier-1 at
Rutherford Appleton Laboratory near
Oxford suffered a small power failure. “But
it was successful because we caught up,”
Gordon says.

Researchers say that almost all the com-
puting resources needed for full LHC opera-
tion are now in place, and they are confident
that the production side of the operation—
transmitting, processing, and storing LHC
data as it's produced—will go as planned.
The thing that still gives them the odd
sleepless night is what will happen when the
LHC starts producing some interesting
physics. Suddenly, thousands of physicists
across the globe who have patiently waited
years for these data will log onto the grid and
request jobs. Grid experts refer to such use as
“chaotic” because of its unpredictability.
“It’s definitely an unknown still,” says
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Is the LHC a Doomsday Machine?

Even for a car ad, the pitch on the radio was hard to ignore: an “end-of-the-
world sale,” offering a 30% discount and $1000 cash back on new auto-
mobiles. “Buy yourself something really frivolous,” it urged. The reason:
Miniature black holes created by the Large Hadron Collider (LHC) might soon
touch off an unstoppable chain reaction that would blow up Earth.

Brad Bensan, the New Jersey Hyundai dealer behind the ad, isn't really
worried about the fate of the planet. “I'm a National Geagraphic kind of a
guy,” he told Science. “I love reading about this kind of stuff.” But as the
5.5 billion particle smasher prepares to carry its first beam next week, some
people see the machine as a threat. A handful of physicists and others have
proposed an array of dangerous entities that could be created in the minus-
cule fireball of a particle collision—including microscopic black holes,
strange matter that is more stable than normal matter, magnetic monopoles,
a different quantum-mechanical vacuum, and even thermonuclear fusion
triggered by a stray beam. Discussion forums on the World Wide Web sizzle
with rants against arrogant scientists who meddle with nature and put us all
atrisk. And a few graups have sued to stop the LHC.

In March, Walter Wagner, a nuclear physicist based in Hawaii, and Luis
Sancha filed for a restraining order and injunction against the LHC in the
U.S. District Court of Hawaii. This week, Wagner
isdue to appearta fighta motion from the U.S.
Department of Energy to dismiss the case.

Meanwhile, late in August a Eurapean
group filed a complaint with the European
Court of Human Rights (ECHR} for an emer-
gency injunction to halt the switch-on. On 29
August, after 3 days of deliberation, the court
declined to grant the injunction. An ECHR
spokesperson says the plaintiffs can continue
to pursue the complaint, but given the number
of cases on the court’s files it may take as long
as 3 years to decide on its admissibility alone.
“The only serious solution is nat even to start
the [LHC] project,” says Markus Goritschnig,
spakesperson for the ECHR complaint. “We will
continue the case,” he adds.

The LHC is not the first particle collider to face campaigns over its safety.
In 1999, Wagner sued to stop the Relativistic Heavy lon Collider (RHIC) at
Brookhaven National Laboratary in Upton, New York. The case was dis-
missed in 2000, and RHIC began operating the same year. To forestall sim-
ilar campaigns against the LHC, which part of the time will collide heavy
ions at even higher energies, CERN commissioned five independent physi-
cists and one CERN staffer to assess the dangers of the new machine. Their
conclusion, published in 2003: “We find no basis for any conceivable risk.”
Asecond panel, the LHC Safety Assessment Group (LSAG), came to the same
conclusion in a report published this June.

NEWSFOC

The doom mongers do have ane thing right: The LHC just might create
black holes. According to Einstein’s theory of general relativity, energy
warps space and time. So by smashing protons together with unprece-
dented vigor, the LHC might cram enough energy into a small enough vol-
ume to create pinholes in the universe—miniature black holes. If space
has three dimensions, even the energies reached by the LHC will be about
a million billion times too low. However, string theory—which assumes
that every fundamental particle is in fact an infinitesimal vibrating
string—predicts that space has more dimensions curled into tiny loops. If
some of them are curled loosely enough, then the energy threshald may
tumble to within the LHC's reach, some theorists have argued.

But such tiny black holes should quickly evaporate into ordinary parti-
cles. At the least, they must be able to decay back into the particles that
created them. They should also decay through “Hawking radiation,” which
comes about when, thanks to quantum uncertainty, a particle-antiparticle
pair pops out of the vacuum and one partner falls in the hale while the
other shoots outward,

LHC opponents point out that no one has ever observed Hawking radi-
ation, and they fear that the black holes will grow and gobble up more and
more matter. German physicist Rainer Plaga, in a paper cited in the ECHR
complaint, theorizes that black holes could both grow and radiate
intensely, doing as much damage through
radiation as they do by eating everything in
sight. In another cited paper, Otto Rassler, a
theoretical chemist at the University of Tiibin-
gen in Germany, begins with an unusual—
and, physicists say, wrong—interpretation of
general relativity to argue that minuscule
black hales should be stable and may form
tiny radiation-spewing quasars.

All those scenarios are based on dodgy
reasoning, says Jonathan Ellis, a theorist at
CERN. Besides, he says, Earth, the sun, and
other celestial bodies are constantly bom-
barded by cosmic particles with energies far
higher than the LHC will reach. As the LSAG
noted in its report: “This means that Nature
has conducted the equivalent of about a
hundred thousand LHC experimental programmes on the Earth
already—and the planet still exists.”

Physicists may have unwittingly helped foment panic by talking too
glibly about black hales, Ellis notes. “Maybe we should be mare careful
with our rhetoric,” he says. “For example, we talk about recreating the big
bang, and people think, ‘Ch my God, they're going ta recreate the big
bang!" * Of course, physicists dan’t aim 1o literally return the universe to
its fiery birth, just to mimic those conditions in fleeting particle collisions.
Alas, that less sexy line isn't going to catch anyone’s attention, as any
good car salesman can tell you. -D.C. AND A.C.

Gordon. Britton agrees. “It will be a chal-
lenge to the grid because there will be a large
number of less expert users,” he says. “We’ll
have to learn how to help users in this type of
environment.”

LCG researchers were surprised that it
has been this hard to develop the grid. At the
outset, they expected it to evolve as the World
Wide Web did: After CERN invented it,
industry took the ball and now provides the
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‘Web as a service to researchers and the pub-
lic alike. Although some companies, includ-
ing Amazon, are starting to provide gridlike
services commercially—the buzz phrase is
“cloud computing”™—the LCG researchers
had to develop much of the new system as
they went along. “We hoped the grid would
be a service by now, but it hasn’t happened,”
says Tony Cass, head of fabric infrastructure
and operations in CERN's IT department.

Britton acknowledges that it was a risk
going down the grid route, but he says the
particle physics community looked at the
technology, assumed it would develop, and
assumed they could make it work in the time
available—just as they did with the rest of
the LHC. “That’s exactly what particle
physicists have to do: push things beyond
the current envelope”

—-DANIEL CLERY
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Reading Between the Number Lines

IN THEIR REPORT “LOG OR LINEAR? DISTINCT INTUITIONS OF THE
number scale in Western and Amazonian indigene cultures™ (30 May,
p. 1217), §. Dehaene et al. investigate how Mundurucu Indians of the
Amazon map numerosity judgments on a line segment. They conclude
that the concept of a linear number line is a product of culture and for-
mal education and that “the mapping of numbers onto space is a uni-

manifestations of number lines—linear or logarithmic—in early arith-
metic in Mesopotamia, Egypt, China, and Mesoamerica. But no such
evidence exists. Indeed, 4000-year-old clay tablets show that
Babylonians developed a sophisticated knowledge of arithmetical
bases, fractions, and operations apparently without the slightest refer-
ence to mumber lines (see photograph) (2). The number line is a com-
plex idea that appears to have been introduced as late as 1685 by John
Wallis (3). Second, ifhumans”initial intuition of “number” is logarith-
mic, we wouldn’t have had to wait until the 17th century to see the

versal intuition and that this ini-
tial intuition of number is loga-
rithmic” While I fully agree with
the former statement—which [
have defended elsewhere (J)—I
disagree with the latter.

First, if the intuition of map-
ping numbers onto space is as
fundamental as the authors claim,
we should expect ubiquitous

Ancient math. By providing insight
into the math used in ancient cultures,
artifacts such as this 4000-year-old clay
tablet can help to distinguish learned
mathematical concepts from those that
are intuitive.

invention of logarithms through Napier’s painstaking
work. These late inventions are inconsistent with the
authors’ claim that “mathematical” objects may find their
ultimate origin in basic intuitions internalized through
millions of years of evolution. The Report seems to be
less about mathematical concepts and more about the role
a line segment can play in reporting a person’s impres-
sions of numerosity.
Department of Cagnitive Science, University of Califarnia, San Diego, La
Jolla, CA 92093, USA.
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Response

WE AGREE WITH NUNEZ THAT THE MUNDU-
rucu do not master the formal properties of
number lines and logarithms, but as the term
“intuition” implies, they spontaneously expe-
rience a logarithmic mapping of number to
space as natural and “feeling right.”

Contrary to Nuflez’s claims, mappings
of numbers onto space are omnipresent in
ancient mathematics. Systems of measure-
ment in which numbers are applied in a sys-
tematic linear manner to measure lengths (as
well as a variety of physical continua) date
back at least to the third or fourth millennia
BCE in Egypt, Mesopotamia, and the Indus
Valley (/). Babylonians were engaged in the
measurement of lengths, as illustrated, for
example, by a clay tablet giving the length of
the diagonal of the square up to the sixth deci-
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mal (see photograph) (2); the realization that
the diagonal and the side of the square were
incommensurate led to a major and fruitful
crisis in Pythagorician mathematics. We did
not find a precise date for the introduction of
formalized number lines, but writings from
the 17th century indicate that mathematicians
had conceptualized number lines by that
time (3). Wallis s Treatise on Algebra, cited by
Nuflez was written years after the introduction
of coordinate systems in 1637 by Descartes
and Fermat. Wallis only uses a number line
metaphor to set the ground for the notion of
negative numbers, en route to introducing
complex numbers.

The logarithmic scale for mapping num-
bers onto space is highly resistant to change,
as we observed the production of logarithmic
scales even ameng educated Mundurucus,

who were proficient in Portuguese. U.S. chil-
dren of European ancestry show a similar
behavior, both with the present task (4) and in
a slightly different version in which they were
instructed to divide a rectangle in a given
number of parts, which should have favored a
linear scale {5). This resistance could explain
the late introduction of formal linear number
lines in mathematics, despite a solid intuition
for number-space mapping, In the absence of
a formalized conceptof logarithms, a logarith-
mically compressed scale presents limited
computational utility, in contrast to a linear
scale, which embodies properties of addition
and subtraction and can be used as a ruler.
Initially, only linearly scaled number lines
were pursued by mathematicians, yet intro-
ducing these linear scales required overcom-
ing the robust logarithmically shaped intuition
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that numbers should be mapped onto space
based on their ratio similarity. Today, the uni-
versal use of logarithmic axes, even in news-
paper graphs, and the extraordinary spread of
slide rules before the advent of caleulators
testify to the status of the logarithm as both an
abstract mathematical concept and an intu-
itive mental tool. VERONIQUE IZARD, 34
STANISLAS DEHAENE,'#**
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The Risks of Pigging Out

on Antibiotics

THE NEWS STORY “THE BACTERIA FIGHT BACK”
by G. Taubes (Special Section on Drug Resis-
tance, 18 Tuly, p. 356) highlights the growing
health threat from antibiotic-resistant bacteria,
especially methicillin-resistant Staphylecoc-
cus aureus (MRSA), and the need to rein in
medical uses of antibiotics to curb resistance.

But reining in health care uses alone is
insufficient to address the resistance epi-
demic. As recommended by the Institute of
Medicine (1), World Health Organization (2),
American Academy of Pediatries (3), and
other health organizations, routine and wide-
spread use of medically important antibiotics
in animal agriculture also must be ended to
effectively address resistance. Recent evi-
dence showing that some human MRSA
infections are associated with animal agricul-
ture underscores this point.

In Europe, MRSA has been shown to be
transmitted from pigs to farmers and their
families, veterinarians, and hospital staff
(4. 5). One MRSA strain, once found only in
pigs, is associated with serious human illness,
inchiding skin, wound, lung, and heart infec-
tions (6, 7). This new pig strain is linked to
more than 20% of human MRSA infections
in the Netherlands (8).

Researchers have only begun to examine
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MRSA from North American livestock. Both
Canadian pig farmers and swine are com-
monly colonized by MRSA (9). A recent
study found that 70% of the tested pigs in
Iowa and Ilinois carried MRSA (10).

Extensive use of antibiotics in livestock
operations can select for resistant bacteria
such as MRSA, just as in health care settings.
By one estimate, more than 70% of all anti-
biotics and related drugs used in the United
States are used as feed additives for livestock
(11). Dutch pig farms that routinely use
antibiotics are more likely to have MRSA than
farms with limited antibiotic use (/2).

According to the World Health Organi-
zation, “Our grandparents lived during an age
without antibiotics. So could many of our
grandchildren™ (/3). Overuse of antibiotics in
agriculture as well as in human medicine
could result in this frightening outcome.
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Battle of the Bugs

IN THE NEWS STORY “THE BACTERIA FIGHT
back” (Special Section on Drug Resistance,
18 July, p. 356), G. Taubes describes the ongo-
ing war between bacteria and antibiotics,
which the bacteria appear to be winning.
Against this backdrop, scientists are strug-
gling to uncover viable therapeutic alterna-
tives to these erstwhile wonder drugs.

One such alternative, probiotic therapy,
has become the focus of considerable research
effort in recent times (/). Indeed, several clin-
ical trials have attributed impressive health-
promoting effects to probiotics—so-called
“good bugs”— including effective antagonis-
tic activities against a variety of microbial
pathogens by competitive exclusion and bac-
terioein production (2).

Furthermore, a new generation of probi-
otics termed “designer probiotics” has been
engineered to express proteins that mimic cell
surface receptors, which adsorb toxins and
specifically target enteric infections by block-
ing ligand-receptor interactions between
pathogen and host cells (3). Blocking bacterial
adherence reduces mnfection, while toxin neu-
tralization ameliorates symptoms until the
pathogen is eventually overcome by the
immune system.

Indeed, McFarland (4), in her seminal
review on the control of antibiotic-resistant
Clostridium difficile, proposed that effective
treatment must “reduce the burden of C. diffi-
cile and its toxins in the intestine, restore the
normal colonic microflora and assist the hosts
immune system.” Designer probiotics, satisfy-
ing all of these criteria, provide an ideal alter-
native for the treatment of not only C. difficile
but also other multidrug-resistant pathogens.

Perhaps the only hope of winning the
war against “bad bugs™ will be achieved by
recruiting “good bugs” as our allies.
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DOE Should Keep

Education in Mind

| BELIEVE A. CHO'S NEWS OF THE WEEK STORY
“Two U.S. labs vie for long-delayed exotic
nuclei source” (18 July, p. 328) misses a few
important points about the competition
between Michigan State University (MSU)
and Argonne National Laboratory (ANL) to
build the Department of Energy-funded
Facility for Rare Isotope Beams (FRIB). I
know both institutions, having received a
Ph.D. in nuclear physics from MSU in 1967
and having worked as a contractor during the

1970s at ANL, where [ taught courses on the
assay of nuclear materials to members of the
International Atomic Energy Commission.
Cho frames this issue as a David-versus-
Goliath contest, comparing the size of
MSU'% existing nuclear science facility,
the National Superconducting Cyclotron
Laboratory (NSCL), with ANL in its en-
tirety. A more apt, apples-to-apples compar-
ison would have considered the relative
scale of MSU ($1.7 billion annual budget,
11,700 employees) and ANL (8530 million
annual budget, 2,800 employees) (J).
Clearly, both institutions are capable of
managing large, complex operations. And
of the two, only MSU, the nation’s eighth
largest university, is host to a lab designated
as one of the nation’s flagship nuclear

CORRECTIONS AND CLARIFICATIONS

Newis of the Weelk: “Full-genome sequencing paved the way from speres to a susped” by M. Enserink (15 August, p. 898).
The affiliation of microbial genemicist Claire Fraser-Liggett should have been the University of Maryland School of Medicine
in Baltimore.

Table of Contents: (25 July, p. 457). In the description of the Report “Did cooling oceans trigger Crdovician biodiversifi-
cation? Evidence from conodont thermometry” by J. A. Trotter ef af., the time of the cooling trend threugh the Early
Grdovician was incorred. The sentence should read: “About 470 million years age, ccean temperatures dropped to values
near those of today after being much higher for many millions of years, coeval with a sharp jump in biodiversity.”

Reports: “Did cooling oceans trigger Grdovician biodiversification? Evidence from conodant thermometry” by . A. Trotter
et al. {25 July, p. 550). In the References and Nates, reference 27, which is a duplicate of reference 4, should have been
deleted. References and nates 28 to 39 should have been renumbered 27 to 38. The ditations to these references are cor-
rect. In the Fig. 3 legend, the citation ta Chen et af. should be 29 (not 31).

Perspectives: “Tracking corrosion cracking” by A Stierle (18 July, p. 349). The last sentence on p. 349 incarrectly stated
that “King et of. have found that the grain boundaries in stainless steel ... are more sensitive to carbon segregation and
the formatien of chromium carbides, which makes them more sensitive ta cerresion.” Instead, the sentence should state
that “King ef of. have found that the grain boundaries in stainless steel ... are more sensitive to corresion, which might be
related to enhanced carbon segregation at these grain boundaries and the formation of chremium carbides.”

Reviews: “Rise of the Andes” by €. N. Garzione et al. {6 June,

p. 1304). Aminus sign was missing from an equation in the
second paragraph of the third column on p. 1305. The corredt equation should read “h = ~472.56'%0,_ #

il — 2645,

Reports: “Hidden neatropical diversity: Greater than the sum of its parts” by M. A. Condon et af. (16 May, p. ?ZB) The first
sentence of the main text included a misplaced reference citation. Th should read: “The d

herbiverous insects, ranging in number fram 3 million te 30 million species (1), has been hyputhesszed to he a rumuun of
plant diversity (2}, but the degree to which specializatian shapes that function is contentious {3)."

TECHNICAL COMMENT ABSTRACTS

CommenT oN “Fire-Derived Charcoal Causes Loss of Forest Humus™
Johannes Lehmann and Saran Sohi

Wardle et al. (Brevia, 2 May 2008, p. 629) reported that fire-derived charcoal can promate loss of forest humus and
belowground carbon {(C). However, C loss from charcoal-humus mixtures can be explained not only by accelerated
lass of hurmus but also by loss of charcoal. It i also unclear whether such Loss is related to mineralization to carbon
dioxide or to physical export.

Full text at www.sciencemag.org/cgiicontentAull321/5894/1295¢

Response To Comment o “Fire-Derived Charcoal Causes Loss of Forest Humus™
David A. Wardle, Marie-Charlotte Nilsson, Olle Zackrisson

e find the suggestion that substantial charcoal loss occurred in the humus-charcoal mixtures implausitle and dis-
cuss why complexing of soluble carbon released from the mixtures by underlying mineral soil should be minor. This
exchange highlights our limited knowledge atout charcoal effects on native soil carbon, indicating that strong
advocacy for charcoal addition to offset (Uz emissions remains premature.

Full text at www.sciencemag.org/cgiicontentAull/321/5894/1295d
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physics facilities by the Nuclear Science
Advisory Committee (2).

However, size is not the critical issue in
this competition. Although the national labs
provide many training opportunities, educa-
tion is of primary importance only in a uni-
versity setting. MSU has the second-best U.S.
nuclear physics graduate program (behind
MIT) and trains 10% of the nation’s nuclear
physics Ph.Ds (3). The MSU lab is currently
training about 100 graduate and undergradu-
ate students.

Cho points out that the MSU lab might
close if FRIB lands elsewhere. So, as the
competition proceeds, decision-makers must
consider whether expanding our national lab
complex at the expense of jeopardizing a
successful university-based educational and
scientific center is in the national interest.

LORENZ A. KULL
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Call for an Objective
DOE Decision

AFTER READING A. CHO'S NEWS OF THE WEEK
story “Two U.S. labs vie for long-delayed
exotic nuclei source” (18 July, p. 328), [ can’t
help but wonder: How can anyone be sure that
the U.S. Department of Energy (DOE) will
make this decision objectively? Our National
Laboratories have outlived the reasons for
which they were established, and, as would
any large and aging organization, they are
vying to find a new raison d’étre.

Our universities are hurting for American
students, particularly in technical fields.
Universities, not national labs, have been
a fountain of fresh, competent, and cost-
effective personnel that will provide leader-
ship and allow us to regain our technological
edge in the coming decades. Support for
universities is sorely needed at this time, and
DOE must bear this in mind when they make
their decision, particularly when the facts
point them in a direction that is against their
own interests.
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