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Systems that set the standard, software that's a step ahead.

Lead the way with a Stratagene personal QPCR system
featuring enhanced MxPro™ QPCR Software.

Our Mx3000P* and Mx3005P™ personal quantitative PCR (QPCR) Systems

combine an advanced optical system with powerful data analysis to give * Four- or five-color systems to best fit your
research needs

you complete flexibility at an affordable price. Our open platform design

* 96-well thermal block with temperature

supports traditional and advanced applications as well as newly emerging uniformity of +/-0.25°C

QPCR chemistries. In addition, our MxPro™ QPCR Software combines
* Mew MxPro™ QPCR Software with optional

leading edge data analysis algorithms with intuitive organization designed features for 21 CFR Part 11 compatibility

for ultimate ease-of-use.

Meed More Information? Give Us & Call:
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Stratagene US and Canada
Deder; B00-424.5404 13
Teshical Service: 800-894-1304 12

Stratagene Europe
Oeder: Q0800- MO00-M000
Techrical Service: QU00-TA00- 7400

Stratagens lapan KN
Order: 3-5821-8077
Tecknical Service: 3-5821-8076

www.slratagene.com
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Genetic Data Management and Analysis System

Introducing the Rosetta Syllegd™ system, a genetic data management
and analysis solution. The path to breakthrough science just became more
straightforward. With the Rosetta Syllego system, you can better plan and execute
genetic studies and ensure high-quality data to prevent loss of time in downstream
analyses. It also helps you connect relevant genotypic and phenotypic study data
and catlalog these data and analysis results for dravang sohd conclusions. All 5o you
can focus on what really matters —advancing your research and drug development

programs. Go to www.rosettabio.comfsyllego for more information.
1.800.737.6583 (U.5.)

ROSETTA +1.206.926.1220 [ Outside the U.S))

BIODSOFTWARE sale seftabio.com
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GE Healthcare O AKTA

100,000 scientists
working with proteins be

/ leve In
AKTA, UNICORN and wizards.

To 100,000 scientists worldwide, AKTA™ sets the standard in protein purification. All systems

in the AKTAdesign™ family work with intelligent UNICORN™ software, which makes it easy to
control every stage of your purification process. But we're never content to stand still. The
result is products like AKTAxpress™, which can solve low expression and double-tagged protein
purification challenges, and AKTApurifier™, a time-saving automated protein purification
system that can be configured to suit your personal application and workflow needs

By continually developing technolegy that can turn your scientific ideas into reality, we're
bringing science to life and helping transform healthcare.

We call it Protein Separations Re-imagined.

Discover the legendary purification power of UNICORN and AKTA, visit
www.gehealthcare.com/akta

Imaglnutlon Ot work 1GE Healthcore Bio-5cences AB, o General Electric Company.

Bjorkgaton 30, 751 84 Uppsala, Sweden
© 2007 General Electnc Company - All rights reserved
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EXPRESS

ASTROPHYSICS
Missing Mass in Collisional Debris from Galaxies
F. Bournaud et al.
The motion of gas clouds in dwarl galaxies shows that they surprisingly contain
dark matter, perhaps unseen cold molecular gas that could be more common
than thowght.
10.1126/5cience, 1142114

CONTENTS

PERSPECTIVE: Proteasomes Keep the Circadian Clock Ticking
D. Gatfield and U. Schibler
10.1126/5cience. 1144165

POLICY FORUM: Tropical Forests and Climate Policy
R. E. Gullison et al.
10.1126fcence. 1136163

CLIMATE CHAMNGE
Marine Radiocarbon Evidence for the Mechanism of Deglacial
Atmospheric CO; Rise
L M. Marchitto, 5. . Lehman, . D. Ortiz, ]. Fliickiger, A. van Geen
Carbon-14 dates from a sediment core imply that Pacific deep waters stored o,
during glacial times and then vented it as deglaciation started, accelerating the
temperature rise.

10.1126/5cence. 1138679
PERSPECTIVE: Deglaciation Mysteries
R .r. .ﬁ.l;'L'|I|'|'?|:|'

10.1126/5c0ence. 1142326

REVIEW

ECOLOGY

Global Desertification: Building a Science 847
for Dryland Development

J. E. Reynolds et al.

BREVIA

CHEMISTRY

Imaging of Single Organic Molecules in Motion 853
M, Koshino et al,
Sequential transmission electfon microscopic images allow

visualization of the mation of hydrocarbon chains confined

within carbon nanolubes.,

RESEARCH ARTICLES

GEOPHYSICS

Pervasive Seismic Wave Reflectivity and 855
Metasomatism of the Tonga Mantle Wedge

Y. Zheng, T. Lay, M. P. Flanagan, Q. Williams

Seismic imaging of a subduction zone reveals nine layers in the
mantle overlying the subducting slab, revealing a pattern of
reactions produced by ascending fluids.

IMMUNOLOGY

Regulation of B Versus T Lymphoid Lineage Fate
Decision by the Proto-Oncogene LRF

TI. Maeda et al.

Developing immune cells become antibody-producing cells
through activation of a proto-oncogene that inhibits the
alternative developmental pathway.
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REPORTS

PHYSICS

Pairing Without Superfluidity: The Ground State 847
of an Imbalanced Fermi Mixture

C. H. Schunck et al.

Strongly imbalanced populations of fermions can pair up but,

unlike balanced populations, do mot condense into a superfluid
state as temperature approaches 0 kelvin.

PLANETARY SCIENCE

The Process of Tholin Formation in Titan's 870
Upper Atmosphere

l. H. Waite Jr. et al

Cassini data show thal reactions high in the atmosphere of Saturn’s
moon Titan convert simple organic molecules to massive thalins,
which sink to produce its thick haze layers.
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phosphoELISA™ Assays

Uncover apoptosis: a sensitive and

sensible approach

Invitrogen BioSource™ phosphoELISA™ assays for studying apoptosis

Apoptosis, or programmed cell death, 15 essential to the development, immunological competence, and homeostasis of living things, It has
become one of the most widely researched cell processes in biology, with over 1,200 articles published monthly in the past year alone.
Induction of apoptosis unfolds a cascade of events that triggers the activation of effector caspase proteases. Caspase proteases then cleave
poly (ADP-ribose) polymerase (PARFP), a 116 kDa nuclear protein typically involved in DNA damage detection and repair, between Asp214 and
Gly215. This cleavage produces the p85 and p25 fragments, effectively eliminating DNA repair by PARP during apoptosis and committing the

cell to the apoptotic pathway (Figure 1),

Many assays designed for examining apoptosis rely upon the
activation of caspases. However, caspase proteases are rapidly
degraded, making them difficult to detect and often overlooked
by existing methods. Fortunately, there are other targets available
for measuring apoptotic activity. Since PARP cleavage plays a sig-
nificant role in apoptosis, PARE p25, and p85 are ideal markers for
these assays.

Invitrogen's Cleaved PARP [214/215] phosphoELISA™ Kit is
designed to detect and gquantify ultrasensitive levels of the human
PARP p85 fragment. Conveniently packaged as a ready-to-use kit it
provides sensitive guantitative results in only four hours. In fact, the
Cleaved PARP [214/215]) phosphoELISA™ Kit can detect apoptosis in
as fe'w as 50-100 cells, making it 100x more sensitive than caspase-3
protease assays (Figure 2) and 10x more sensitive than western blot
detection (Figure 3).

Now you can decisively uncover apoptotic activity in your
experiment with the Cleaved PARP [214/215] phosphoELISA™ Kit
To learn more and find additional apoptosis-related produocts,
visit www.invitrogen.com/biosource. Your search for apoptosis
solutions is over.

Figure 1—Pathway of PARP cleavage by caspases.
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Figure 2—Sensitivity comparison of the Cleaved PARP [214/215] phosphoELISA™ Kit ta
a caspase-3 protease assay. Jurkat cells were treated with 1 pM staurospotine for
3 hours, Cell extracts were prepared. Cell lysates were serally diluted and ana-
Iysed with the Cleaved PARP [214/215] phosphoELISA™ Kit (Cat, no, KHOO721)
and Caspase-3 Colormetric Kit (Cat no. KHZ0021), The amount of cell lysate
assayed was plotted against the corresponding 0D, signal.
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Figure 3—Detection of cleaved PARP [214/215] by ELISA and western blat. furkat cells
were [reated with staurosporine The amounts of cell lysate used in western
blotting and ELISA are indicated, Different amounts of cell lysate werne used due
ta the much higher sensitivity of ELISA, The bands shown in the westarn blot-
ting data were developed using rabbit anti=cleaved PARP [214/215] (Cal. no.
44-6980) and an alkaline phosphatase-conjugated anti-rabbit IgG followed by
chemiluminescent substrate and autoradiography.
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PLANETARY SCIENCE

The Orientation of the Local Interstellar B75
Magnetic Field

M. Opher, E. C. Stone, T. | Gombosi

Madeling the Sun’'s magnetic field and Voyager data from the

solar system’s edge imply that the local interstellar magnetic field

is misaligned by 60° to 907 from the galactic plane.

GEOPHYSICS

Ultralow Friction of Carbonate Faults Caused by 878
Thermal Decompaosition

R. Han, T. Shimamoto, T. Hirose, J.-H. Ree, [. Ando
Experimental faults in carbonate rock weaken dramatically when
initial frictional heating creates abundant fine particles that
effectively lubricate the sliding interface,

GEOPHYSICS

GRACE Gravity Data Constrain Ancient Ice Geomelries 881
and Continental Dynamics over Laurentia

M. E. Tamisieq, ). X. Mitrovica, [. L. Davis

Satellite gravity data indicate that the ice sheet covering

North America during the Last Glacial Maximum had two

large domes, located east and west of Hudson's Bay.

PLANT SCIENCE

The Role of Wheat Awns in the Seed Dispersal Unit 884
R. Elboum, L. Zaltzman, | Burgert, P. Fratd

The microstructure of hairlike awns on wheat seeds causes them Lo
bend reversibly as humidity changes, propelling the seed alang the
ground and into the soil surface.
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CONTENTS

CELL BIOLOGY
Positive Regulation of Itk PH Domain Function 886

Y. H. Huang et al.

A kinase phosphorylates the inositol pyrophosphate IF'_1 to generate
IP, and is necessary for cell signaling during positive selection of
immune cells.

GEMNETICS

A Commaon Variant in the FT0 Gene Is Associated 889
with Body Mass Index and Predisposes to Childhood

and Adult Obesity

I. M. Frayling et al,

A common variant of a gene that increases the risk of abesity by

~&7 percent is consistently associated with body mass index in 13
studies invalving over 38,000 subjects.

PHYSIOLOGY

Bat Flight Generates Complex Aerodynamic Tracks 894
A. Hedenstram et al,

The wake of small flying bats shows multiple vortices when traced,
sugqgesting that their flight is based on somewhat differant
principles than that of birds.

CELL BIOLOGY

The After-Hours Mutant Reveals a Role for Fbxl3 in 897
Determining Mammalian Circadian Period

5. 1. H. Godinho et al.

SCF™ Controls the Oscillation of the Circadian 200
Clock by Directing the Degradation of Cryptochrome
Proteins

L. Busing et al.

Genetic and biochemical screens identily the same protein, which
determines period length of the circadian clock by degradation of a
Enown component.

MEUROSCIENCE

How the Brain Translates Money into Force: 204
A Neureimaging Study of Subliminal Motivation

M. Pessiglione et al.

Promise of a reward, even when perceived only subliminally,
engages a specific brain region and thereby increases the effort

put into a task,
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Star Goes Out Big Time
Astronomers track a new kind of supernova, the brightest ever recorded.

Ancient Australians Were a People Apart
Genetic evidence confirms Aborigines lived in 1solation for thousands
of years.

Eta Carinae—a prime Trick Three-Planet Orbit Remains True
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PERSPECTIVE: Extrasynaptic NMDA Receptors Reshape Gene
Ranks

I. Meding

Activation of synaptic or extrasynaptic NMDARs produces different
gene expression profiles, which may explain their distinct roles in
neuranal survival and death, respectively.

PERSPECTIVE: The Regulation of Nuclear Membrane
Permeability by Ca®* Signaling—A Tightly Regulated Pore
or a Floodgate?

K. Tordk

Do calciwm signals lead to specific or nonspecific increases in the
permeability of the nuclear pore complex?

FORUM: Combining Simulation Techniques to Create a
Model

1. Shillcock

Follow this ongoing discussion of mesoscopic models for spatial
mechanisms af cell signaling.

Einstein's theory of gravity permits weird figure-8 orbit, at lzast
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A molecular geneticist studies bygone eras.
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CANADA: Opening Minds to Ancient Times

A. Fazekas

Molecular evolutionary geneticist Hendrik Poinar says collaboration
and communication are keys 10 his sugcess.

FRANCE: Still Learning

E. Pain

At age 33, Julia Kempe has four postgraduate degrees and tenure,
but she has refused to settle down.

US: Opportunities—More School?

P Fiske

Should a Ph.D. scientist get a master's degree in business
administration?

US: From the Archives—Be Honorable and Strategic

C. Golde

In negotiating an academic job, knowing what you need helps make
a compelling case.
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Magnetic Misalignment >>

The two Voyager spacecraft detected a series of radio sources
that lie just beyond the heliopause, the outer extent of the
solar wind—inflated bubble that encases the solar system.
These radio sources may originate from the intersection of an
interplanetary shock with the heliopause, but model studies
have required assumptions about the direction of the inter-
stellar magnetic field in this region. The orientation of the
local field introduces asymmetries that affect the location of
radio emission and the streaming direction of ions from the
termination shock of the solar wind. Others have assumed
that the magnetic field is aligned with the galactic plane, as
it is on large scales in the Milky Way. However, by comparing
a magneto-hydrodynamic model of the heliosphere with Voy-
ager observations, Opher ef al. (p. 875; see the Perspective
by Jokipii) show that locally the interstellar magnetic field is
misaligned by 60° to 90° relative to the galactic plane.

Pairing Up But
Not Condensing

When equal populations of fermions of opposite
spin states come together, they can be expected
to pair and condense into a macroscopically
coherent state, such as a superfluid. What hap-
pens when the initial populations are unequal?
Schunck et al. (p. 867; see the news story by
Cho} look at conditions of strong population
imbalance using clouds of fermionic gases.
Pairing of the atoms occurs, but condensation
of the pairs into the superfluid state is sup-
pressed by the imbalance, even down to the
lowest temperatures.

Fighting Desertification

Drylands host more than one-third of the world's
papulation, includ
ing many of the
poorest inhabitants
of developing
nations. These areas
are likely to be
impacted dispropor-
lionately by global
warming, but efforts
1o stem outcomes
such as desertifica-
tion are hampered
by a limited under-
standing of the
interconnectivity of
dryland ecosystems
and human social systems. Reynolds et al.

(p. 847) offer a framework for a more integrative

www.sciencemag.org SCIENCE  VOL 316

approach to understanding dryland development
and combating desertification, with particular
emphasis on constructing solutions that synthe
size scientific, management, and policy concerns.

Foggy Fallout

Titan's orange haze is caused by a smog of
organic molecules created in its atmosphere.
Some of the heavier red-brown organic mole
cules, called tholins, are thought to precipitate
onto Titan's surface. It has been thought that
tholins form at stratospheric heights in Titan's
lower atmosphere, but Waite et al. (p. 870; ses
the Perspective by Atreya) show that they form at
much higher altitudes (about 1000 kilometers).
Analysis of dala taken by the Cassini spacecrall
shows that a series of chemical reactions trans
form simple organic molecules (such as methane
and nitrogen molecules) into much larger mole-
cules (with masses of 80 to 350 daltons).
Eventually, these molecules form organic
molecules as heavy as 8000 daltons that
also bear a negative charge.

Crumbing Carbonates

As earthguakes propagate, their actions
may actively weaken previously stable
faults through changes in the rocks at
high velocity. Han et al. (p. B78; see the
Perspective by Madariaga) demonstrate
experimentally that frictional heating

B causes dramatic fault weakening in Car-
rara marble. At the sliding fault interface,
heat causes the marble to decompose into fine
particles tens of nanometers in size that make it

EDITED BY STELLA HURTLEY AND PHIL SZUROMI

more slippery. Such effects could make earth-
guakes rupture more easily in carbonate rocks.

Ice, the Mantle, and
Canadian Gravity Lows

Terrestrial gravity above a point on Earth can
vary with changes in the amount or density of
underlying mass. In northern Canada, a large
depression of the continental craton has created
a region of anomalously low gravity. This topo-
graphic low may be the remnants of the depres-
sion made by the Laurentide Ice Sheet, in the
case of incomplete rebound of the crust (glacial
isostatic adjustment, or GIA) alter the melting of
the ice sheet at the end of the Last Glacial Maxi-
mum, or the result of active downwelling of the
mantle, Tamisiea et al. (p. 881) examine 4
years of data from the Gravity Recovery and Cli
mate Experiment (GRACE) satellites and con-
clude that GIA has contributed 40 to 50% of the
gravity anomaly over the area. They also infer
that the Laurentide Ice Sheet had two large
domes during the Last Glacial Maximum, rather
than only one as some studies have suggested.

Masterful Decisions

In the immune system, B and T lymphocytes
develop via distinct pathways from common
bone marrow progenitors, and the signaling pro-
lein Notch plays a crucial role in deciding T cell
fate determination. Maeda et al. (p. 860; see
the Perspective by Maillard and Pear} now find
that a proto-oncogene called LRF represses this
Continued on page 795
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CREDIT ELEALIM ET AL

This Week in Science

Contfnued from page 793

Notch signal and in so doing induces progenitors to undergo a B cell developmental program. Thus,
LRF may act as a master regulator in the cell fate decision that generates the two main arms of the
adaptive immune system.

IP4 Recruits Signaling Proteins

Inositol phosphates are important intracellular second messengers in eukaryolic cells. In particular,
higher-order inositol polyphosphates regulate a range of biological processes, from chromatin
remodeling to calcium signaling. Huang et al. (p. 886, published online 5 April; see the Perspective
by Irvine) now report that inositol 1,3,4, 5-tetrakisphosphate (IP,) plays an unexpected role in T cells
by modifying a well-established protein recruitment pathway. Soluble IP, in the cell was found to lock
onto pleckstrin homology domains that regulate the recruitment of signaling proteins to the cell
membrane for activation during T cell development.

Genetic Factor in Obesity

To be considered robust, genelic association studies must be confirmed in more than one indepen-
dent set of subjects, Frayling et al. (p. 889, published online 12 April; see the 13 April news story by
Kaiser) present a genome scan of DNAs from a large case-control study for type 2 diabetes and iden-
tify a common genetic variant associated with obesity and a risk of being overweight. These findings
of were confirmed in 12 additional cohorts, among a total of 38,759 individuals. On average, individ-
uals homozygous for the high-risk allele weighed nearly 3 kilograms more than individuals homozy-
gous for the low-risk allele, The effect was consistent across samples, across ages (from 7 years
upward), across genders, and irmespective of diabetes status.

Awns and Seed Dispersal

Awns are pointed projections on the seeds of
wheat and other grasses that play a role in the
dispersal of seeds in the air and on the ground.
Elbaum et al. (p. 884} show how changes in
humidity lead to bending of the awns as the
result of moisture-induced changes in the
arrangement of the awn’s cellulose fibrils. In
turn, the bending of the awns not only pushes
the seed along the ground, but can even lead lo
the active burial of the seed, which presumably
improves the chances of germination.

Bat Flight Control

When animals fly, their wings produce a vortex wake that can provide clues about the aerodynamic
forces they generate. Hedenstrom et al. (p. 894; see the cover) describe unusual aerodynamic fea-
tures of the wake topology for the small bat species Glossaphaga soricing, using digital particle
image velocimetry that captures the movement of fog particles in the wake of flying animals. The two
wings generate separate vortices, interlinked by vortex structures shed from the body. During the
upstroke the outer (hand) part of the wing generates negative lift, while the inner part of the wing
{arm) generates positive lift. Different parts of the wing produce extra vortices in the wake, which dif
fer significantly from the wakes produced by birds.

Subliminal Motivation

Humans are normally aware of their motivation, such as during athletic training or studying for an
exam. Can motivation alse be unconscious, such that a person is unable to report the goals or rewards
that drive a particular behavior? Pessiglione et al, (p. 904, published online 12 April} developed an
incentive force task using either one penny or one pound as a reward. The coins were displayed at dif-
ferent durations so that they were either consciously or subliminally perceived. Using functional mag-
nelic resonance imaging and measuring a range of other physiological parameters, the authors found
that even when the subjects were not consciously aware of the size of the reward, they nonetheless
exerted more force in association with higher stakes.
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Louise M. Slaughter has
represented New York's
28th Congressional
District since 1986 and
is chair of the U.5. House
Committee on Rules.

She has an M5 degree

in Public Health.

Your Genes and Privacy

THE GENETIC INFORMATION NONDISCRIMINATION ACT (GINA) LANGUISHED IN
past Congresses for 12 years. But finally, new leadership in the House of Representatives has
given the bill its best chance to become law since its introduction in 1995, On 235 April, GINA
passed the House by a vote of 420 10 3. The act will prohibit health insurers from denving
coverage or charging higher premiums to a healthy individual solely because they possess a
genetic predisposition o develop a disease in the future, It will also bar emplovers from using
genetic nformation in hiring. finng, job placement. or promotion decisions,

Ower time, the need for GINA has only grown. We stand on the verge of some of the mosl

stunning breakthroughs in modern medical history, The completion of the sequencing of

the human genome enables researchers to identify genetic markers for a variety of chronic
health condinons, offering a new approach to treat and prevent diseases. But without federal
safeguarnds in place. the promise of genetic research will not be
realized. Fear is the obstacle that must be overcome: fear that
our personal genetic information could be abused and prevent
us from getting the health insurance we need and the jobs we
want. To benetit from gene-based medicine, the public’s fear of
genetic discrimination must be eliminated, and Congress has a
responsibility to help allay the public’s concerns.

Instances of genetic discrimination in the United States
have already occurred. In the 19705, many Afncan-Amencans
were denied jobs, educational opportunities, and insurance
based on their status as carriers of sickle cell anemia. 1n 2000, the Burlington Morthern Santa Fe
Railroad performed genetic tests on emplovees without their knowledge during an attempt to
undermine & worker’s compensation claim by proving that carpal tunnel syndrome has a genetic
basis. And in 2004, a LS, Department of Health and Human Services commuitiee heard powerful
testimony from victims of workplace and insurance discrimination. As a result of cases like
these. public concem is palpable: In a 2006 survey, 66% of respondents reported worries about
storage of and access 1w their genetic information, 72% agreed that the government should
establish laws and regulations to protect the privacy of their genetic information, and 5% said
that employvers would use such information to discriminate unless current law was amended.

Genetic discrimination is, of course, inherently unjustifiable and illogical. Having a genetic
predisposition to a disease in no way guarantees that it will develop. and virtually all of us have
some bad genes that could potentially manifest in illness. As a result, discrimination based on
one’s genetic makeup alone could logically be extended into a form of discrimination against
everyone. But what is more, the unease the public feels concerning how their genetic information
will be used has a deeply negative impact on public health. [findividuals are afraid of suffering
discrimination at the hands of employers and insurance companies, they will be less likely to get
genetic tests and receive needed preventative treatment. In the cases of breast or colon cancer,
this could mean life or death.

Perhaps worst of all, genetic research 1s being stifled. Large samples of individuals must
participate in genetic research studies to make them valid, and potential participants will hesitate
if they fear losing their jobs or health insurance. Francis Collins, head of the National Human
CGienome Research Institute, and James Watson called attention to this problem ina 2003 Science
editorial. writing that genetic discrimination will “slow the pace of the scientific discovery that
will yield erucial medical advances™ by resulting in studies based on “a self-selected group that
could skew research results.”

The responsibility of Congress to address the threat posed by genetic discrimination makes
GINAS recent passage in the House significant, Because similar bills have already been
approved by the Senate on two previous occasions, and because President Bush supports the

proposal. its future looks bright, On the day that GINA is signed into law, an msidious form of

diserimination will disappear, opening the door to a field of scientific research that holds as
much promise as any m medical history,
= Louise M. Slaughter

10.1126/science. 1144588
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ATMOSPHERIC SCIENCE
Sourcing Methane

Methane is a powerful trace greenhouse gas, sec-
ond in importance only to carbon dioxide, and
exerts an important influence on climate and
atmospheric chemistry. Both anthropogenic and
natural sources contribute substantially o the
global methane budget. Recently, Keppler et al.
claimed that terrestrial plants could produce large
amounts of methane in aerobic conditions, an
unexpected finding that, if true, would necessilate
a major revision of our understanding of the
methane cycle. Dueck et al. measured aerobic
methane emissions from six different terrestrial
plant species by employing a carbon-isotopic
labeling technique for quantification. They found
no evidence for substantial methane emission in
any of the species, either instantaneously by con-
linuous flow measurements or over the course of
6 days. They thus concluded that terrestrial plants
are not an impartant source of aerobically pro
duced methane on a global scale. — H]5
Nature 439, 187 (2006); New Phytal,
10.11114.1469-8137.2007.02103.x (2007).

MICROBIOLOGY
Building from the Inside Out

The evalutionary origins of complex organs,
which in their current state of assembly feature
many distinct components that apparently have
no function in isolation, have long been
debated. Liv and Ochman have unraveled the

WWWLE

Not So Cozy

Red dwarf
star.

EDITED BY GILBERT CHIN AND JAKE YESTON

Habitable Earth-like planets must form just close enough to

their parent star for liquid water—and hence life—to exist

on their surfaces. Any closer and surface water would be

boiled off; any further and it would freeze. Moreover, stars

must be at least as long-lived as the Sun for habitable plan-

ets to form around them. Red dwarfs offer possible suitable
sites: They are both the most common type of star in the
Milky Way and also, being smaller than the Sun, exceptionally
long-lived. However, Lissauer argues that red dwarfs may not
be so hospitable after all. Because red dwarfs are faint, their cur-
rent habitable zones lie very close to the star. Billions of years ago,
though, the star would have been much hotter, and so if a planet
were already in place then, its volatiles would have evaporated quickly.
Also, the debris left over from disks around such star systems is relatively
confined, and so any planets would have been buffeted by collisions with many
asteroids, causing water and volatiles to be lost, — ]B

Astrophys. [ 660, 1149 (2007)10.11114.1469-8137.2007.02103.x (2007).

history of the origins of bacterial flagella by
using a phylogenetic profiling method applied
across whole genome sequences to identify a sel
of 24 core genes in the common ancestor of
bacteria. The members of this core set were
prabably derived from a single gene that had
undergone a combination of successive duplica
tion, loss, transfer, and diversification events.
The evolution of the flagellar components
apparently followed
the present-day
order of assembly,
with the oldest pro
leins (the rotary
motor) being those
proximal to the bac-
terial inner mem-
brane and the most
recent (the filament
monamers) being
the most distal.
Hence, the flagel
lum probably
started life as a sim
ple proton-driven
transporter that
evolved inlo a more
elaborate secretary
apparatus—ofl a sort
still found in bacteria today in the form of the
type Il secretion system—and finally into the
self-secretory motility organelle of modern
species. — CA

Proc. Natl. Acod. So. U.5.A. 104, 7116 (2007).

E. coli flagella.
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PSYCHOLOGY
Pas des Yeux

A dialogue, though generally understood to be a
conversation between two people, allows for
much more than the mere exchange of verbal
information. Linguistic (tor example, syntax} and
nonlinguistic (for example, body postures) tell
tales develop and become synchronized as people
talk and listen. Visual attention is another dimen-
sion in which behavior can become coordinated
as when a listener’s gaze is directed toward an
object of mutual interest by pointing,

Richardson et al. show that the eyes of con
versants—who are looking at the same scene bul
are not within sight of each other—tracked the
same objecls within the scene for several seconds,
starting from the time at which the speaker began
Lo fixate on the object before talking about it and
including the time taken by the listener o sac-
cade to the object after hearing what the speaker
had begun to say. Another important contribution
to the coordination of visual attention comes
from having a common ground of understanding.
Conversants looking at a Salvador Dali painting
were more likely Lo exhibil synchronized eye
movements if they had previously heard the same
introduction, either to the painting itself or to
Dali's life, as compared to pairs of conversants in
which one had heard aboul the painting and the
other about his life. — G)C

Psychol. 5¢ci. 18, 407 (2007).

Continued on page 801
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CHEMISTRY
Shaped by a Protein
Hydrogels consist of water-soluble cross-linked
polymers that can change properties such as
their degree of swelling in response to changes
in temperature, acidity, or ionic strength.
Murphy et al. explored the use of a protein,
calmodulin, as the active component of their
gel systems. In the presence of calcium ions,
calmodulin adopts an extended dumbbell shape
that collapses upon the binding of certain lig
ands. The authors engineered a calmodulin vari
ant with the tyrosine residues at the ends of the
dumbbell motif replaced by cysteines, The two
cysleine residues were separated by 50 A in the
extended configuration but only by 15 A in the
collapsed form. The engineered calmodulin was
then incorporated
through reaction ol
the cysteine side
chains into a
polylethylena gly
col) (PEG) hydrogel.
By treatment with a
peptide ligand and
subsequent washing,
the incorporated protein could be cycled repeat
edly between the two conformations, leading to
an overall gel volume change on the order of 10
to 20%. Although this change is comparatively
small in the hydrogel context, the authors note
that the system was far from optimized, and
that there are more than 200 well-characterized

RYAAAS
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protein motions that might be adapted into
functional gels. — M5SL
Angew, Chem, Int. Ed. 46, 3066 (2007).

CELL BIOLOGY
Full to Bursting

Peroxisomes are membrane-bounded intracellular
organelles that carry out important oxidative
reactions in lipid metabolism. In order to ade
guately supply daughter cells, peroxisomes must
multiply and divide throughout the cell cycle. Guo
elal. have examined the maintenance and divi
sion of peroxisomes in yeast—specifically, how
peroxisomal membrane lipids and proteins are
dynamically and spatially requlated during the
cell cycle. They find that as peroxisomes malure,
they accumulate larger quantities of the enzymes
involved in lipid metabolism. One of these, acyl
Cod oxidase, is primarily localized to the matrix
{the interior of the peroxisame) in immalture
organelles but is partly found in association with
the inner surface of the peroxisomal membrane in
mature organelles. Once at the membrane, acyl
CoA oxidase binds to the protein Pex16p; this
interaction activates the transformation of
endogenous hpids into components that induce
bending of the outer leaflet of the membrane,
which, in turn, activales peroxisomal membrane
proteins that mediate division of the organelle.
Thus, peroxisomes have an internal sensing
mechanism that triggers their own multiplication
as they grow. — SMH

J. Cell Biol. 177, 289 (2007).

<< Just the Right Amount of Guidance

Dysfunctional signaling by the newrotransmitter serotonin (5-HT) is
associated with psychiatric illnesses such as anxiety disorders and
depression. These conditions may reflect abnormal signaling al
synapses in the adult brain or changes that have occurred during
brain development, when serotonin is present and influences

pathfinding by thalamocortical neurons. Bonnin et al. provide mechanistic insight into how
changes in serotonin signals can disrupt axon migration. In cultured explants from the dorsal

World’'s Largest
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g 713

thalamus of mice, axons are normally attracted to HEK-293 cells that have been engineered to
express the axon guidance protein netrin-1. But when the explants were treated with serotonin,
the axons reversed their response and were repelled from cells producing netrin-1. This response
was caused by decreased synthesis of the second messenger cAMP in the serotonin-stimulated
dorsal thalamus neurons. Pharmacoloegical inhibition of the cAMP-dependent protein kinase
could reproduce the effect of serotonin, whereas activation of the kinase blocked the serotonin
effect. To show the importance of this effect in vivo, the authors used targeted electroporation in
developing mouse embryos, thereby causing the cells of the dorsal thalamus to express either
more serotonin receptors (to enhance signaling) or fewer receptors (Lo limit signaling). Increas-
ing and decreasing serotonin signaling produced opposite effects, and both manipulations
caused abnormal migration trajectories of the thalamus axons. Thus, the authors propose that
developmental abnormalities inserotonin signaling—either too much or too little—may alter
the circuitry of thalamocortical axons and may contribute to mental health disorders. — LBR
Mat. Newrosci. 10, 588 (2007).

INSTITUTE®*FOR GENOMIC MEDICINE
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SPOTLIGHT: SINGAPORE

Renowned Cancer Researcher Sir David Lane Leads
the Singapore Institute of Molecular and Cell Biology

Sir David Lane is one of the scientists credited with the landmark
discovery of the tumor suppressor protein p53. His research focuses
on the study of this protein, including ways to use the p53 system to
develop new treatments for cancer. In 2004, Sir David was named the
Executive Director of the Singapore Institute of Molecular and Cell
Biology (a research institute of the Agency for Science, Technology
and Research, A*Star). Previously, he was Director of the Cancer
Research UK Cell Transformation Research Group and Professor of
Oncology at the University of Dundee in Scotland. He founded the
biotechnology company Cyclacel Ltd., and was named “Emerging
Entrepreneur of the Year” by the Entrepreneurial Exchange in 2001. #
Sir David was knighted by the Queen of England in 2000 in

recognition of his contributions to cancer research.

What did discovery of the p53
tumor suppressor gene mean
for the field of oncology?

It led to the realization that there
was a commeon step in human
cancer, and it created a major field of
work. More than 40,000 papers
have now been published on p53,
and the pathway has been shown to
be critical in protecting us from
developing cancer. The finding that
p53 is activated by cellular stress has
greatly enhanced our understanding
of cancer as a disease of defective
signaling. It is also leading to major
new efforts in drug discovery.

What recent developments
in your laboratory are you
excited about?

We have recently made great
progress discovering new isoforms
of p53 that regulate its activity in
development, and we are especially
excited about using the Zebra fish
system to study p53. This allows
powerful new genetic methods to

be applied to some of the most
difficult problems in the field. Also,
our new studies in developing small
molecules drugs to modulate the
p53 pathway are exciting. These
experiments make us increasingly
optimistic about a new generation

of anti-cancer drugs emerging from
the p53 field.

Tell us about IMCB, A*STAR's

Institute of Molecular and
Cell Biology?

IMCB was founded in1987 Itis a
great international institute with
investigators from 20 or more
countries all working together. Our
major research areas are in cell

biology, developmental biology
cancer and infectious disease. We
now have more than 40 research
teams and several support
laboratories. The Institute’s scientists
publish in the top journals and IMCB
won the Nikkei prize for innovation
in 2000.

What do you hope to
accomplish in your role as
IMCB's executive director?

| have two main goals. Excellence
comes first, and | am delighted by
our very successful international
recruitment of senior staff over the
last couple of years. This proves that




the IMCB is internationally
competitive at the highest level.

My second goal is to bridge the gap
between invention and application.
With the great resources of the
Biopolis, we will be able to take our
discoveries closer to market,
enhancing their chance of success.

Does Singapore present
unique opportunities for
cancer research in general

and your work in particular?

| have never had better resources or
more freedom to do my work. We
have superb facilities and we have
been able to recruit very hard-
working and dedicated young
scientists to work and train with

us. The Zebra fish expertise is
outstanding at IMCB, and this has
been further enhanced by Neal
Copeland and Nancy Jenkins' arrival,
which gives us a world-leading
position in cancer genetics using
mouse models.

Are there particular aspects
of Singapore’s biomedical
sciences hub—the Biopolis—
that will help drive the

process of scientific
discovery forward?

The key factor is the focus it
represents. You are constantly
meeting people from other
institutes and from the industrial
companies at the site. It's a real
critical mass. It has also become a
focal point for meetings and
international visitors. This creates
great buzz, which creates a vital
atmosphere that nurtures
innovation and discovery. It's
wonderful to sit out in the evening
in one of the bars or restaurants at
the Biopolis and swap ideas with
other scientists.

What else about Singapore
drew you to work there?

| was very interested in how
Singapore works. It seems so
efficient compared to most countries
and | wanted to understand how this
is managed. It also seemed a very
exciting thing to do, to live in
another country and experience
something of Asia. | really love the
people here. Singaporeans are very
kind and welcoming, and it's a great
cultural mix.

Are there other areas of
research in Singapore that you
find especially significant?

Some of the work on stem cells
looks very promising, and it's a
great field. | am excited by the push
in immunology because | did my
PhD in that subject. | am very
impressed by the work of Genome
Institute of Singapore in high
throughput analysis of gene
expression and in expression
signatures for disease analysis. The
Institute of Bioengineering and
Nanotechnology and the
Bioprocessing Technology Institute
are also making big contributions,
with fascinating work on new
materials and on cell production.

Who are some of the
biomedical scientists
working today you
particularly admire?

The list is very long! Nobel Laureate
Sydney Brenner, who helped set up
IMCB in 1987, has been wonderful to
interact with and has great insight
into how to create an environment
for innovation. Neal Copeland and
Nancy Jenkins, Philip Ingham and
Jean Paul Thiery—our new recruits
to IMCB—all have truly amazing
track records and very hot new
results. And this is just to mention

a few.

See you in Singapore at:

Healtheare Information
& Management Systems
Society (HIMSS)

May 15-18, 2007
www.himssasiapac.org

2Tth International

Epilepsy Conference

july 8-12, 2007
www.epilepsysingapore2007.org

AlGS World Glaucoma Congress
July 18-21, 2007

www.globalaigs.org

18th WONCA World Conference,
Genomics & Family Medicine
July 24-27, 2007
www.wonca2007.com

American Association for Cancer
Research (AACR) Centennial
Conference: Translational

Cancer Medicine

MNovember 4-8, 2007
WWwW.aacrorg

World Healthcare Congress Asia 2008
www.worldcongress.com

For more information, contact:

Singapore Exhibition &
Convention Bureau

1156 Avenue of the Americas
Suite 702

Mew York, NY 10036

(212) 302-4861

newyork@stb.gov.sg

5670 Wilshire Blvd.
Suite 1550

Los Angeles, CA 50036
(323) 677-0808
losangeles@stb.gov.sg

www.visitsingapore.com/businessevents
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Someday, a researcher will make the breakthrough discovery
that leads to the final victory in the fight against breast
cancer. When that great day comes, we hope to have played
a supporting role. To learn about scientists making significant
discoveries today, visit www.promega.com.

SZ007 Promega Comporation

TODAY COULD
BE THE DAY.
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Hard Facts About
Our Planet

One knock against Wikipedia and other user-
written resources is that you don’t know whether
an article was penned by an autharity or some
high school dropout living in his parents’
basement. By handing the writing
and editing over to experts, the
Encyclopedia of Earth aims to
provide that accountability. The
reference is the centerpiece of the
new Earth Portal, sponsored by the
nonprofit National Council for Science and the
Environment in Washington, D.C.

The 150 or so0 authors—who include Ph.D.s,
teachers, lawyers, and other specialisls—had lo
submit their credentials for approval, and their
work is vetted by an editor conversant with the
field. You can browse the more than 2000 articles
to learn how the body expels toxins and why the
global “dust budget,” a tally of how much dust
enters and leaves the atmosphere, is important
for climate forecasting. Earth Portal also offers
a news section and a discussion forum, ==
www.earthportal.org

Belugas on the Brink

The belugas of Alaska's Cook Inlet are a
genetically distinct population that has probably
been isolated for several thousand years.
Now the numbers of these toothed white whales
(Delphinapterus levcas) have dwindled to only
302. They are likely to disappear within the
century unless the
federal government
lists them as
endangered, says
the National Marine
Fisheries Service,
which proposed the
listing on 19 Apnl.

“We don't have
a fix yet on why these belugas are declining,”
says Rod Hobbs, a marine mammal biologist
at the National Marine Mammal Laboratory
in Seattle, Washington. Possible causes are
pollution, habital loss, or a shortage of salmon,
their preferred food.

As recently as the 1980s, an estimated
1300 belugas swam in the inlet. Subsistence
hunting by native Alaskans took its toll, but
tighter hunting regulations put in place in 1999
did not stop the population from shrinking—
by more than 4% a year. "We thought the
whales would have shown signs of recovery by
now,” says Hobbs, but hunting seems only to
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IN A CEREMONY LAST WEEK IN WASHINGTON, D.C., the German government turned
over a map known as "America’s Birth Certificate” to the Library of Congress, which has
purchased it for $10 million from a German prince. Created in 1507 by Martin
Waldseemiiller, it's the first map to feature the name "America” and the first to identify
the Pacific Ocean as a separate body of water. This map, printed from 12 wooden plates,

is believed to be the only remaining copy.

have “masked the real problem.” He notes that
hunters have also reported a decrease in the
belugas’ blubber content.

More-detailed studies of the whales are
planned. Once they are listed as endangered,
hunting will be banned, and a recovery plan will
be developed to bring back the population to
about 780 animals.

Chinese Orchid Craze

At an orchid show last month in Shaoxing,
eastern China, a plant sold for about
£175,000 (1.35 million yuan).

The record-breaking sale gave a  __
glimpse of a little-noted offshoot h Y
of the Asian economic boom: :
Orchids in China “are like Dutch
tulip bulbs in the 17th century,”
says William Rhodehamel of the
Hoosier Orchid Co. in
Indianapolis, Indiana.

The Chinese export (or
smuggle out) many of their
1200 native orchid species.

But there's only one brand they
themselves get excited about,
says botanist Holger Perner,

an orchid expert at Huanglong
Mational Park in Sichuan. That's

11 MAY 2006

the Oriental cymbidium, valued since the time of
Confucius, Nowadays, Perner says, dealers will
speculate with "super cymbidiums,” buying a hot
specimen as the price is rising and making mil
lions from selling pieces of the multiplying plant.
Priciest of all are strange-looking plants
not necessarily favored by the Western eye—
that result from natural mutations in the wild.
“In order to find a single rare mutant, entire
populations are stripped from the wild country-
wide,” says Perner. In China, few plant species
are protected, and it is legal to collect most
orchids in the wild. A new law to protect
cymbidiums is in the works.

N

S -'-. |

“High-value orchid under scrutiny at national
orchid fair in Yunnan Province'in 2005.
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THE MONSANTO EXPERIENCE

At Monsanto, we're passionate about using science and technology to improve agriculture.
We invest about $1.5 million a day to look for and bring to market the innovative
technologies that our customers tell us make a difference. It's research that's about more
than just biotechnology. We use many tools — like genomics, conventional and molecular
breeding, crop analytics, animal productivity, chemistry and biotechnology - to bring
forward new products to answer our customers' needs, in turn, providing benefits to not
only the farmer, but processors and consumers, as well.

At Monsanto, we believe in -

INNOVATION IN AGRICULTURE

Advanced science and innovative technology are at the heart of our company. We are

committed to developing science based solutions to make our farmer customers more
productive and profitable. Our employees are making a difference by feeding the world
while preserving the environment.

EXCELLENCE
People at Monsanto are driven to do extraordinary things and are dedicated to being the
best in our industry.

GREAT WORKING RELATIONSHIPS
Monsanto is team based with highly qualified professionals sharing knowledge, creating
a great place to work and allowing employees to take ownership for results.

To learn more about Monsanto, our passion and our opportunities,
visit www.monsanto.com.

Come grow with us.
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FOLLOW-UP

STOPGAP. The California Institute for
Regenerative Medicine (CIRM) has decided that
two interim heads can do the work of former
president Zach Hall until it finds a permanent
replacement for him.

Hall stepped down on 30 April, more than a
month ahead of schedule, citing his health and
a "contentious” debate over the timetable for a
5222 million construction program (Science,
27 April, p. 526). On 2 May, the governing
board divided up Hall's job, giving "co-equal”
appointments to Chief Financial Officer
Lorraine Hoff man and Director of Scientific
Activities Arlene Chiu. Hoffman, who joined
CIRM last November, has an extensive back-
ground in both housing and finance. Neuro-
biologist Chiu, recruited 2 years ago from the
National Institutes of Health, will serve as
interim chief scientific officer.

The board plans public hearings on the
controversial construction program. The search
continues for Hall's replacement.

MOVERS

IN A NEW SPACE. When the United
Kingdom's Royal Institution began refurbish-
ing its historic headquarters in central London
in early 2006, Richard Catlow, head of RI's
famed Davy Faraday Laboratory, moved his
research group to University College London
(UCL), But it emerged last month that the
inorganic chemist and his team members had
decided to stay at UCL. Their shift leaves

RI Director Susan Greenfield with the challenge
of filling a lab once home to luminaries includ-

Got a tip for this page? E-mail people@aaas.org
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Money
Matters

now contimue indefinitely,

ing chemist Humphrey
Dawy, electromagnetic
pioneer Michael
Faraday, and crystallog-
raphers William and
Lawrence Bragg.

Over the past couple
of decades, the lab has
concentrated on solid
state chemistry, most recently under Catlow's
directorship. For the past 10 years, Catlow's
group has worked closely with UCL colleagues.
"Our work has become more UCL-centric,
and it made sense to consolidate here,”
explains Catlow, who has headed UCL's
chemistry department for the past 5 years.

POLITICS

FISHED OQUT. A Bush Administration official
criticized for heavily editing scientific reports an
endangered species resigned last week from the

On Campus >>

OPENING UP. German physicist Romano Rupp of the University
of Vienna in Austria has become the first non-Chinese person to
be named science dean at a Chinese university. Next month,
Rupp will take charge of the Teda School of Applied Physics at

Nankai University in Tianjin.

Rupp’s appointment is part of a housecleaning by Nankai's
new president, structural biologist Rao Zihe, who is replacing

| _NEWSMAKERS

EDITED BY YUDHI]IT BHATTACHAR]EE

GIFT OF HISTORY. Physicists working in industrial labs invented the transistor,
the silicon microchip, and numerous other technologies we take for granted.
MNow, the stories of those pioneers will be recorded, thanks to a brother’s gifi.
To honor former Executive Director Marce Brodsky, 68, the
American Institute of Physics { AIP) is raising an endowment
to finance the recording of oral histories from prominent
industrial physicists. Much of the 590,000 collected so far
came from Mare's brother Julian in a gift unveiled at Marc’s
retirement party in March. “[ don’t know how they kept it a secret.” Marc says.
“I was supposed o know everything that was going on [at AIP].” Marc (right
m photo) worked at IBM for 25 years before joining AIP in 1993, and under
his guidance, AIP began collecting such interviews in 2002, That effort will

“I know Mare has very much enjoved his stay at AP, and | thought this was
an appropriate way to commemorate him,” savs Julian, 73, who co-tounded the
Comcast cable television company. Julian knows the value of oral history: In
1991, a fire destroved Comeast’s archives, prompting company officials to
interview dozens of longtime Comeast employees,

Department of the Interior (DO}, Julie
MacDonald, deputy assistant secretary for Fish,
Wildlife, and Parks and a civil engineer by
training, had pressured scientists at the Fish
and Wildlife Service to weaken protection for
species, according to DOI's inspector general,
which last month also concluded that she had
violated federal rules by leaking internal agency
documents to lobbyists (Science, 6 April, p. 37).

MacDonald resigned the same day that
Senator Ron Wyden (D-0R), citing concerns
about her actions, put a hold on the pending
confirmation of her boss, Lyle Laverty. Wyden
hasn't yet released the hold, however. "It is
not an isolated incident, and he wants some
assurances that this won’t happen again,”
says a spokesperson. Francesca Grifo of the
Union of Concerned Scientists recommends
that DOI ensure that its scientists get a final
review of their work and says it should
Increase transparency.

14 of the university's 22 deans. Rupp, who has been a visiting

professor at Teda for many years, says his appointment “sends a signal that positions at Nankai

are fully open to the international community of researchers.” Three of the nine deans already

announced are expatriate Chinese from the United 5tates, whereas the others are homegrown.
Rupp, who studies optical storage and neutron physics, will retain his current job as a physics

professor and divide his time between Vienna and Tianjin.
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CLIMATE CHAMNGE

Shethiyan Malipicl

IPCC Report Lays Out Options for
Taming Greenhouse Gases

BANGKOK—Rcining in climate change won'i
bankrupt the world economy and won't reguire
technological miracles. But we’ll have 1o stan
soon. That 1s the mostly upbeat conclusion
from Working Group 11T of the Intergovern-
mental Panel on Clhimate Change (IPCC),
which met behind closed doors for 3 days last
week here in the Thai capital.

The frun of the working group’s labor s a
35-page document that Lays out options—and
their price tags—for reducing greenhouse gas
emissions to head off catastrophic climate
change, The mostambitious plan, which would
stabilize greenhouse gas levels in the aimos-
phere {measured m equivalents of CO, ) below
535 parts per million {ppm). would come with
an estimated 3% decrease in global gross
domestic product (GDP) by 2030 compared to
business as usual. Less ambitious targets come
cheaper. The easiest option—aiming for under
T10 ppm. 50% higher than the current atmos-
pheric concentration of long-lived greenhouse
gases of 460 ppm—could vield a small net
gam for the global economy.

The report
ten by 33 of the several hundred contributing
authors ol a review of major economic model-

the executive SUMIMEAry wil-
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ing stuclies due to be released in September

concludes that getiing from today s greenhouse
gas-mEnsive economy o any of these agets
is achievable with currently available tools
such as shifting to aliernative energy sources,
boostung energy efficiency, and reducing

deforestation. coupled with a suitable mix of

caps, taxes, and economic incentives. But other
screntists warn that reality will present harder
choices than the models suggest. “The only
reason for economists o make forecasts is
make astrologers look good.” says Martin
Holtert, a physicist at New York University
who has criticized earlier IPCC sudies,

Last-ditch editing

Reachmg consensus on these take-home mes-
sages wis easier than expected. Media reports
had predicted bitter disputes between IPCC
member countries. For example. China was
expected to insist on softening statements that
might suggest that its fast-growing and fossil-
fueled economy might need to be slowed,
whereas the United States was expected to
bully for nuclear power. But in fact, says
Dennis Tirpak, a climate policy analyst who
heads the climate change umitat the Onzanisa-

After the French
election

All smiles. Demonstratars oulside the IPCC meeting
reflected the mellow mood of negotiations inside,

tion for Economic Co-operation and Develop-
ment in Paris and one of the summary’s
authors, “the atmosphere was quite civilized.”
China did put its foot down—over the
adjective used to characterize the scientific

evidence behind estimates of the cost of

achieving emissions targers. China urged that
the quality be downgraded from “high™ to
“medium.” The motivation was “only to pro-
tect the scienuhic integrty of the IPCC,” says
co-author Dadi Zhou, a climatologist and
deputy director of the Energy Research Inst-
tte in Beijing, Others who spoke with Science
aggree, “China had a valid point, and we
adopted 11" says co-author Jayant Sathaye. an
enerzy policy analyst at Lawrence Berkeley
MNational Laboratory in California.

In the end only two short passages in the
report fell short of unanimous approval, One
was four lines stating that with a price of 830
tor a ton of enmitted CO,, nuclear energy would

be cost-effective in providing nearly a fifth of

global electnicity—with the caveat that “safety,
weapons proliferation and waste remain as
constraints.” Even that cautious endorsement
sparked what Sathave calls an “adrenaline-
tueled™ discussion ending with firmly anti-
nuclear Austria insisting on a footnote saying
that it “could not agree with this statement.”
The other sticking point was a passage on
forestry, which drew Fire on techmeal grounds
from a delegate from Tuvalu.

The final result is a document that strikes
a far more optimustic tone than did the previ-
ous three mitigation reports. At least, that
was the mood of the IPCC's buoyant press
release, which has been echoed by the media

sInce s release.

Climate crystal ball
But hidden within the text of the report are
abundant references to uncertainties and
caveats that have gone largely unmentioned.
For one. many scientists are muttering. the
report is only as good as its models. To
explore mitigation options, the [IPCC uses two
distinet strategies. Bottom-up models break
the economy down into sectors and predict
how ditberent mixes of technologes will cut
carbon emissions in cach. Top-down models
simulate whole economies to compare how
different global strategies, such as carbon p

WL sCiencemad.orng
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Gene hunters’
new tool

A syndrome
without smiles

Meanwhile, Back in Washington ... What will it cost us?

0.0
After playing a minor role for years in the U.S. Senate’s Energy and - A —
Natural Resources committee, a molecule had a coming-out last week: g -05 —— Simgumn Plar
carbon dioxide. The committee was drafting a bill meant to broaden :-é"‘ -1.0
energy independence, including measures on ethanol production, E
energy efficiency, and carbon sequestration, w —L5
But when a Republican senator from coal-rich Wyoming proposed a H_E T | el billion metric tons
measure to boost the production of fuel made from gasified coal, panel £ | =% 203 billion metric tons McCain-Lieberman Plan
Chair ]eff Bingaman (D-NM) balked. Concerned that the technology was -2.5 1.“ bmw.l m“"”?ns . -
unproven and could release too much CO, into the atmosphere, he asked 2015 2020 2025 zmﬂvm:mﬂ 2040 2045 2050

Democratic members—even those from other coal-rich states, such as

newly elected Jon Tester of Montana—to hold the line against the meas-  prca qub, M modeling studies suggest that policies placing different limits

CREDITS (TOP TO BOTTOME MIT: J. BOMHANNOMN SCIENCE

ure. The amendment failed on a party-line vote. Tester said he could sup
port the technique later but that storing carbon emitted from coal-lo-
liquid facilities was a priority. “The carbon issue is that important,” he said.
The skirmish “shows how global climate change has arrived as an issue
in the debate on energy” in Washington, D.C., says Jim Presswood, a lob
byist for the Natural Resources Defense Council. Last year, when the
Republican party controlled Congress, the amendment probably would
have passed, Presswood says. But when Democrats took over in January,
they made climate change a top priority, and the new speaker of the House
of Representatives, Nancy Pelosi (D-CA), set 4 July as a target deadline to
pass a House bill that would cap L.5. emissions of greenhouse gases.
Since then, several factors have fallen into place: One longlime oppo
nent of carbon limits, Democratic Representative John Dingell of Michi-
gan, is listening, with a series of hearings on the idea. And the Edison

on greenhouse gas emissions will have varying impacts on the average L.5. cit-
izen’s wealth. Figures are cumulative amounts emitted between 2015 and 2050.

Electric Institute, which represents American wtilities, recently signaled its
openness to emission limits—provided they cover all industries and
include price controls. President George W. Bush's emphasis on research
and voluntary measures no longer holds sway.

But 4 months into their rule, Democrats are beginning to realize that
the new mood in Congress won L translate into new laws overnight. Pelosi
has pushed back her timeline as efforts (o pass a carbon bill have collided
with international implications and state interests—most importantly,
coal. Some observers are already saying that major new policies will have
to wait until after next year's presidential election.

For sure, science is getting a different reception on Capitol Hill. »

taxes or Nxed greenhouse-pas stabilization
targets, will play out through market forces.
Each approach has its drawbacks. Bottom-up
models tend to 1gnore economics, whereas
top-down models smooth over the differences
between regions and sectors. In 2001, the two
approaches were often at odds, The good
news, sayvs Sathaye, is that “for the first time,
the range of results from bottom-up and top-

“The atmosphere
[of the negotiations]
was quite civilized.”

Urganisation for Economic

—Dennis Tirpak

down models are starting to converge.” How-
CVEL, CRONMOUS Wiggle room remains.

One problem is that bottom-up models
don’t cope well with htestvle: the prelerences
that drive people to choose one mix of tech-
nologies over another. For example. the report
sugeests that a broad portfolio of alternative
enerey sources, such as solar and biofuels,
could cut projected annual CO, emissions in
the year 2030 by 5 to
7 gigatons at no cost
at all, thanks to sav-
ngs in energy effi-
ciency. But that con-
clusion 15 misleading.,
says author Richard
Richels, an economic
modeler at the Elec-
tric Power Research
Institute in Palo Alio,
California, because it
1znores the implicit
cost of making peo-
ple choose something
they don't want, “If

opment
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it’s advantageous, why aren’t people doing
! Richels asks.

Since 2001, researchers have worked to
make the models more realistie by incorporat-
ing such “market feedback.” says Billy Pizer,
an cconomist with Resources for the Future in
Washington, D.C., who co-authored a related
chapter in the full mitigavion report. But it's
one thing o account for people’s illogical
behavior and quite another to persuade them o
change i, “Its stuff that pays tor iself that peo-
ple don’t do.” he says.

Steady progress has been made with top-
down models, says Jae Edmonds of the
College Park, Marvland office of the Pacific
MNorthwest Mational Laboratory. The modelers
are now accounting for more regional details,
such as the availability of land area for biotuels
and the potential for storing coal-plant carbon
emissions underground. They have also

expanded the models o include emissions of

greenhouse gases other than CO,. such as
micthane, Doing so has lowered the wop-down
estimates of mitigation costs, “The reason 15
that vou have other opportunities to reduce »
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Continued from page 813

Hearings by at least 15 panels since January have touched on everything
from the environmental impacts of expanding biofuel production to the
effects a cap would have on Detroit’s automakers. Climate scientist
Stephen Schneider of Stanford University in Palo Alto, California, says the
“cordial” and inguisitive atmosphere of the three hearings at which he
has testified this year are a welcome contrast to the previous "20 years of
combat on the Hill" he's endured, much of it over the very existence of the
problem. Longtime foes of carbon restrictions are laying down arms. "My
view is changing, as is the view of much of the energy industry,” Repre-
sentative Rick Boucher (D-VA) said in February, crediting the "deeply
solidified” scientific consensus.

After years of relatively sporadic hearings about confronting climate
change, aggressive lobbying by industry, nonprofil activists, and scien-
tists has fueled more than 100 legislative proposals on the topic—about
a dozen with mandatory emissions limits. But the deluge of new input
“doesn’t necessarily make it simpler to get things done,” says David
Hunter, an aide to Senator Susan Collins (R-ME).

Right now the most aggressive emissions limit proposal in Congress
belongs to Representative Henry Waxman (D-CA), who wants to cut U.S.
emissions 83% from current levels by 2050. A recent analysis by
researchers at the Massachusetts Institute of Technology (MIT) suggests

times [what] we have seen over the last century, " the MIT study concluded.

But few believe that bill can fly now, as a less aggressive approach,
pushed by senalors Joe Lieberman (D-CT} and John McCain (R-AZ), failed
in 2005, attracting only 38 voltes. So others, including Bingaman, have
sought consensus by setting the emission bars lower. Bingaman's carbon-
trading proposal includes a so-called safety valve that limits the price that
industry and, subsequently, consumers must pay for emitting CO,. The
MIT analysis predicts that Bingaman's approach would cost citizens only
0.5% of available income by 2050 while holding CO, in the atmosphere
to about 490 ppm.

Some lawmakers say it's crucial to pass some bill—even a flawed
one—soon. Early LS. action, they argue, could spur the crucial partici-
pation by India and China in an emissions-control regime. “If we take
10 years lo gel started, the problem will be harder to deal with then,”
says Representative Tom Udall (D-NM). But others, including editors at
the left-leaning New Republic magazine, have urged the Democrats not
to accept compromises for the sake of expedience. "There won't be many
chances to get this right, and Democrats will need to wait until they can
go for broke,” a March editorial declared.

Privately, lobbyists on each side of the issue say that only a committed
president can muster the political force to broker a deal. Presidential con-

that the measure would cut the average citi-
2en’s available income by about 2% by 2050. It
would yield an approximate 460 parts per mil-
lion (ppm) level of CO, in the atmosphere if
China and India begin by 2025 to cut their
emissions and by 2050 to stabilize them, That
level, roughly 20% higher than today’s, would
still mean "additional warming of twice to three

emissions,” says Sathaye. For example, a land-
fill emitting methane can be cheaper to deal
with than a coal plant, but such advaniages
were lost in previous simulations.

But top-down models can still run aground
on the shoals of international politics. One
rosy prediction is that an imposed cost of
S100 per ton of CO,—equivalent to an extra
S1 per gallon at the pumps—could vield a cut
of 17 to 26 gigatons of CO, by 2030, as much
as 38% of estmated emissions under a fairly
carbon-intensive forecast. But this assumes
that the whole world participates in carbon
trading and that markets are free and transpar-
ent. Given current Indian and Chinese wari-
ness towards carbon caps, savs Pizer, “that’s
not politically likely”

Spin control

Now that the debate over the content of the
1000-page Fourth Assessment Report is done,
the battle is shifting to its mterpretation. Many
IPCC scientists say they are uneasy with the
optimistic spin put on the report. 1 think some-
thing that is being underplayed ... is the scale of
the mitigation challenge.” says Brian O"Neill,
climate policy modeler at the International
Institute for Applied Systems Analysis in
Vienna, Austria, who contributed to a chaprer
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Diet plan. The IPCC report drew on models that
caleulated global portfolios of emissions reductions
needed to reach various target levels of greenhouse
gases in the atmosphere.

on mitigation scenarios. “To limit warming to
something near the European Union's stated
goal of 2°C, global emissions have to peak
within the next decade or two and be cut by
PG o 80% by midcentury.” That's a tall order,
(' Neill says
slobal wmperatures wom out 1o be more sensi-

and it could get a lot taller if

tenders such as John Edwards, senators McCain
and Barack Obama (D-IL), have championed
forceful proposals to contain greenhouse gas
emissions. Meanwhile, the timeline is the one
thing that's becoming clear: “It'll take a ways to
pass comprehensive greenhouse legislation,”
says Hunler.

—ELI KINTISCH

tive to increases in greenhouse gases than the
IPCC has been assuming. “My point is not that
there should be more gloom and doom,” says
O Neill, but “a message that says that we have
to stay below 2°C, but don™t worry, it will be
easy and cheap, just doesn’t add up.”

Other researchers say the report’s insis-
tence that current mitigation strutegies can suf-
fice gives short shrifi to future research. That's
amistake, says HofFert: “Itis ludicrous to think
4 greenhouse-gas emissions price, cap, or tx

alone will get yvou to stable concentrations of

[greenhouse gases].” New technologies will be
critical, he sayvs, and unless policymakers pave
the way with measures such as a gradually
increasing carbon tax, they will not be compet-
itive. And Richels fears that if the akeaway
message is that mitigation is cheap, societies
“may not be as motivated to invest in the
future™ for such research.

Overall, the question of whether mitigation
15 "affordable™ —be it 0.3% or 3% of global
GDP—is "a difficult one to answer,” savs
Sathaye. But some say that when stakes are
overwhelmingly high, purely economic reason-
ing misses the boat, “What did World War 11
cost us economically” asks Hoflert. “*Does the
questioneven make sense’”™ =]JOHN BOHANNON
With reporting by Eli Kintisch,

WWW.SCIENCaMag.org
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PHYSICS

All Paired Up but Unable to Flow,
Atoms Strain Key Conceptual Link

Day leads to night, life leads to death, win-
ter leads to spring: some things necessarily
imply others. So it has seemed in physics: At
very low temperatures, certain particles
pair, and when they do, the pairs inevitably
gang up o form a “superfluid™ that flows
without resistance. That explains how elec-
trons ghide through superconductors, how
atoms of helium-=3 form a liguid with no vis-
cosity, and perhaps, how neutrons circulate
through neutron stars. But an experiment
reported on page 867 breaks the pamnng-to-
superfluidity connection, Atoms in an ultra-
cold gas can pair but do not flow without
resistance, even at temperatures approach-
ing absolute zero, physicists report,

“If they have found a [zero temperature]
state that has pairing but no superfluidity,
that would be revolutionary,” says Mohit
Randeria, a theorist at Ohio State University
in Columbus. But he cautions that it’s too
early to rewrite the physics texts,

How atoms and other quantum particles
behave depends on how they spin. Particles
can have only certain fixed amounts of spin,
and those with an integer multiple of a basic
amount called Planck’s constant are known
as bosons. They are sociable particles that at
low temperature can crowd into a single
Jjumbo quantum wave. which 1s the key to
superfluidity. In contrast, particles with an
extra half bit of spin are known as fermions
and are loners. No two identical fermions
can occupy the same quantum wave or state.

Fermions can get together, however, il

they form loose overlapping pairs that act
like bosons, In a superconductor, an elec-
tron spinning in one direction pairs with
another spinning the opposite way. and
atoms in ultracold gases can pair similarly.
But what happens when the particles spin-
ning one way outnumber those spinning
the other way?

To find out, Chrstian Schunck, Woll-
gang Ketterle. and colleagues at the Massa-
chusetts Institute of Technology in Cam-
bridge studied putts of lithium-6 atoms. In
previous work, they tested for superfluidity
by rotating the clouds and looking for
whirlpools called vortices, which are sure
signs of a flowing quantum wave (Scicnce,
23 December 20035, p. 1892), They fiddled
with the ratio of up-spinning and down-
spinning atoms and found that superfluidity

www.sciencemag.org SCIENCE VOL 316

persisted until the ratio reached about
85:15, with the pairs forcing the lefiover up
atoms to the cloud’s edge. Larger mis-
maiches quashed the superflundity,

But in the new experiment. the team has
found that even when the ratio is skewed

Ordinary Gas
E The MIT data
g
£
=
Superfluidity
50:50 8515 1000

Ratio of up and down atoms

Disconnect. When the up-spinning atoms greatly
gutnumber the down-spinning ones, the atoms shill
pair, but they do not form a superfluid.

enough to prevent superfluidity, the atoms
still pair. The researchers used radio waves to
pop the down-spinning atoms into an entirely
different quanium state. As they lowered the
temperature, they had to increase the energy
of the waves by a particular amount. That's
exactly what should happen if the atoms pair
and extra energy 15 needed to break the pairs
apart, Ketterle says,

The finding appears to clash with a theo-
rem which states that fermions that do not
form a superfluid cannot pair either. *What
wie really need now is a rethinking of pair-
mg.” says Rudolf Grimm, an expenimenter
at the University of Innsbruck in Austria,
But theonst Kathryn Levin of the Univer-
sity of Chicago in Hllinois says the theorem
“just doesn’t apply”™ because it relies on
assumptions that aren’t valid for the
strongly interacting atoms.

Even so, the experiment marks a “tri-
umph.” Randeria says. He notes that at
smaller mismatches, Ketterle and col-
leagues see the atoms pair above the tem-
perature at which superfluidity 15 known to
set in, Some physicists have argued that the
electrons in high-temperature super-
conductors form such “preformed pairs,”
but this experiment provides far clearer evi-
dence, Randeria says. In that much at least
the coupling between pairing and super-
uidity 15 unraveling, ~ADRIAN CHO

N\ C

Transgenic Hay Mowed

A federal court extended a ban on planting of
genetically engineered alfalfa last week.
Alfalfa that has been altered to tolerate appli-
cations of the herbicide glyphosate will only
be allowed back on the market alter the
U.S. Department of Agriculture (USDA} fin
ishes a delailed environmental impact study.
USDA says that could take 2 years.

The agency approved so-called Roundup
Ready alfalfain 2005, but 3 months ago, the
U.5. District Court in 5an Francisco, Califor
nia, ruled that the study should have come
first (Science, 16 March, p. 1479). The judge
in the case, Charles Breyer, imposed a tempo-
rary ban on planting in March and last week
made the order permanent.

USDA will now examine the risk that
increasing use of glyphosate will produce
glyphosale-resistant weeds, as well as the eco-
nomic impact on farmers of cross-pollination
between conventional and genetically engi-
neered alfalfa plants, especially those grown
to produce seed. Several alfalfa seed produc-
ers in ldaho have reported finding traces of
the Roundup Ready gene in stocks of conven-
tional seed. In last week’s decision, Breyer
wrote that "such comtamination is irreparable
environmental harm.” John Tumer, an official
with the USDA oifice that regulates transgenic
crops, said thal the judge “is asking questions
that we haven't had to answer before,” but he
called the assignment “doable.” USDA is con-
sidering hiring outside experts to help with
the study.

-DAN CHARLES

A Commission Before Munitions

A House defense panel wants the Bush Admin-
istration to slow down its plans to build a new
nuclear weapon. Last week, it voted Lo cut
545 million from the president’s $88 million
request for research on the Reliable Replace-
ment Warhead (RRW) and use some of the
maney for more study.

The proposed blue-ribbon commission
would “create a public discussion about future
requirements for nuclear weapons,” said Rep-
resentative Ellen Tauscher (D-CA). Some
opponents were hoping for more: “The sub-
committee is taking a ‘go slow’ approach on
the RRW rather than the ‘no go’ approach the
program deserves,” says a spokesperson for
the Union of Concerned Scientists.

Mow the focus shifts to a House spending
panel, where chair Peter Visclosky (D-IN} has
made known his doubts. The Senate’s position
is less clear. -ELI KINTISCH
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AIDS DRUGS

Brazil, Thailand Override Big Pharma Patents

Executing a much-repeated threat, Brazil
on 4 May broke sharply with big pharma
and for the first time signed a “compulsory
license™ that allows the country o make or
import a generic version of a patented anti-
HIV drug. Brazilian President Luiz Inacio
Lula da Silva, who signed the decree in a
televised ceremony. took this step shortly
after Thailand decided on similar action
with the same drug—efavirenz—and two
others, “Many other countries will likely
follow suit,” predicts economist James
Love. who runs Knowledge Ecology Inter-
national, a think tank in Washingion, D.C.
Love has urged developing countries to
issue compulsory licenses, which are per-
mitted by World Trade Organization rules
for noncommercial uses of patented drugs,

especially if they ivolve public health,
Efavirenz is used by nearly 635,000 of the
1 70,000 people in Brazil now receiving free
treatment from the government. Merck
offered earlier in the week to cut the price
from %580 per patient per year to 5400, but
Brazil noted that a generic version would
reduce cosis to about $165—saving the
country an estimated $30 million this year
alone. In a statement, Merck said it was
“profoundly disappointed™ by the decision
and warned that the “exproprniation ol intel-
lectual property sends a chilling signal 1o
research-based companies.” contending that
they “cannot sustain a situation in which the
developed countries alone are expected to
bear the cost for essential drugs.” But Pedro
Chequer. the former head of Brazil’s AIDS
program who now works for the Joint
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United Nations Programme on HIV/AIDS,
says, “1 am really proud of this wonderful
political decision.”

Thailand Faced similar praise and criti-
cism when it issued compulsory licenses for
efavirenz in November and then again in
January for the anti-HIV drug lopinavir/

ritonavir (made by Abbott Laboratories of

Abbott Park. Hlinois) and the blood thinner

clopidogrel imade by Sanofi-Aventis of

Pans, France). “Thailand’s move has strred
up a hornet’s nest,” says Jon Ungphakorn, a
former Thai senator who strongly backs his
sovernment’s actions,

To the astonishment of Ungphakorn and
many others in Thailand, Abbott
announced on 14 March that it was pulling
applications it had pending to register

seven new medicines for sale in Thaland.
Then on 30 April, the Office of the U.S.
Trade Representative cited Thailand's 1ssu-
ing of compulsory licenses as one reason
for elevating the country to the dreaded
Priority Watch List, a U.S. government
warning to countries that it judges do not
adequately protect intellectual property,
which can drive away foreign investment
and impact export tarifls. “It's surprising
that the reactions have been so harsh to a
move that is perfectly legal.” says Ung-
phakorn. *What the United States and
Abbaott have done to Thailand is to send a
message to the whole developing world:
*Don’t you dare carry out compulsory
licenses, or there will be retaliation.”™
Merck and Abbott say they do not under-
stand why Thailand has vet 1o accept their

latest offers. Merck says it will sell efavirenz
to the country for $237.25 per patient per
year—a “no profit” price that Brazil said it
would have agreed to—while Abbou
reduced the price of lopinavir/ritonayvir from
$2200 to $1000 per patient per year, { Sanof -
Aventis, which sells clopidogrel in Thailand
for about S800 per patient per year, did not
reply to an mterview regquest. )

Lawwer Sean Flynn, an intellectual-
property expert at American University in
Washington, D.C., who supports Thailand s
and Brazil's actions, says the countries ide-
ally would like to create competition
among generic manufacturers to drive
prices as low as possible. And Flynn flatly
dismisses the “tired™ argument that R&D
would be harmed by these compulsory
licenses, stressing that the drugs were not
initially made for developing countries.
“They were created for the European and
U.5. markets. and that’s where the incentive
comes from to invest in developing them,”
contends Flynn, adding that patent holders
also receive some rovalties from drugs sold
under compulsory licenses,

Abbott has taken the brunt of the criti-
cism. AIDS advocates in particular have
protested its plans to withdraw the registra-
tion of its new drugs, including a heat-
stable form of lopinavir/ritonavir that's
badly needed in Thailand. “Patients are
being penalized” charges Paul Cawthorne,
head of the Thar mission for Médecins Sans
Frontieres. “It's disgusting and completely
unethical.” Such eriticism i1s misguided,
counters Abbott spokesperson Dirk van
Eeden: “The Thai government said it will
not buy it, so why is there a need for us to
register it? he asks,

Although a handful of countries have
issued compulsory licenses for AIDS drugs
without kicking up much of a fuss, all
involved older. first-generation drugs. Now
the second-line treatments are at stake.
Economist Love adds that big pharma feels
threatened that this movement could go
beyond AIDS to heart disease and other ail-
ments, “There'’s a big push in Thailand to do
it for everything.” says Love.

Merck notes that it “remains flexible
and committed to exploring a mutually
acceptable agreement™ with Brazil, and
Thailand on 14 May plans to hold a meet-
ing with Merck, Abbott, and Sanofi-Aventis
to attempt again to negotiate lower prices
tor their products, ~]ON COHEN
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GENDER EQUITY

Women Are Scarce in New NAS Class

The number of women elected this vear to the
LLS. National Academy of Sciences {NAS) is
the smallest since 2001 and fewer than half
the number chosen in 2003, Only 12% of
the new class of 72 announced last week
{www.nas.edu ) are women, compared (o levels
approaching 25% earlier in the decade. The
dismal showing has prompted criticism from
some quarters that NAS is backing away from
efforts to promote gender equality. But NAS
officials say the meager crop simply reflects
the persistent dearth of women at the highest
levels of science.

“I am amazed that the number is so low”
says Jong-on Hahm., who untl 2005 served as
director of NAS's Committee on Women in
Science and Engineering and is now a research
professor with the Womens Leadership Pro-
oram at George Washingion University in
Washingion, D.C. “They seem o have swpped
paving attention to the issue.”

Not so, counters Ralph Cicerone, who
became NAS president in 2005, He says this
viear’s total of nine women “is an unpleasant
surprise” because activity aimed at ncreasing
women’s representation within the academy
“15 probably at an all-time high.” The acad-
emy has been encouraging its members o
wentify eminent female scientists in their
fields and generate “fuller lists™ of candi-
dates, says Cicerone. He says he cannot point
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Wrong direction. The number of women elected lo
NAS this year has taken a tumble compared with
recent classes.

to a specific reason why the number dipped.
however, and the academy has no plans to dis-
sect this vear's process,

But Cicerone says the general under-
representation of women in the academy is no
mystery. “LEven though the number of women
entering science has been increasing over the
yeurs, we are seeing a laggzing effect in the
composition of the membership. ... since it
usually takes 25 years or more of research past
Ph.D. to achieve the accomplishment required
to be elected to the academy,”™ he explains,

Critics aren”t persuaded by that argument.
“It’s the nommnation process and sometimes the
selection process that Fails women,” says Norm
Berrah, a physicist at Western Michigan Uni-
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versity in Kalamazoo and co-chair of the
American Physical Society’s Commitiee on
the Status of Women in Physics, "Women do
not lobby to be nommated. and perhaps we
should do it. Also, often the selection process
does not have enough women in it.” Berrah is
disappointed that only one of the nine new
members is from the physical sciences and
mathematics, NAS officials would not disclose
the composition of the committee that chose
nominees in that category, but it was unlikely to
have been more than the academy’™s overall
tally of 10% women,

Although they receive 43% of US. Ph.D.
degrees awarded in the natural sciences,
women face several barrers that prevent “a
normal career progression.” says Donna
Melson, a chemist at the University of Okla-
homa, Norman, For example, she savs, gradu-
ate students are sometimes discouraged from
selecting a female professor as an adviser, and
female professors are sometimes denied
access o specialized lab equipment, Similar
barriers were documented in a 1999 Massa-
chusetts Institute of Technology study
(Science, 12 November 1999, p. 1272).
Nelson savs such a climate hinders a woman's
ability to assemble the necessary credentials,

Cicerone says academy members “are keen
to do more™ to expand the pipeline as well as
identify more women candidates. One sugges-
tion 15 to find nsing stars early in their careers
and mentor them so as w increase their chances
of being elected down the road. *We hope this
year’s number is just a temporary lull,” he says.

=YUDHIJIT BHATTARCHAR]EE

U.S. Science Adviser Tells Researchers to Look Elsewhere

Hardheaded realist or apologist for the Bush
Administration? That’s what some LS,
researchers were asking themselves last
week after presidential science adviser John
Marburger said they needed to rely more on
nonfederal funding—in particu-

and Technology Forum., the largest gathering
of the year for policy analysts, sponsored by
AAAS (which publishes Science). He said
that competing societal priorities have held
science to a constant slice of the federal pie

lar philanthropy and industry—to £ 25
expand the scientific enterprise g
because Congress and the White 5 20
House cannot keep up with the E

; 15
tvpe of budgetary growth needed |
to capitalize on scientific oppor- 5 10
tunities. Several university lobby-  §
ists discounted the advice, how- E. 5
ever, saying those other sectors E i

can’t fill the gap that would be left

if federal support lags.
Marburger argued his case

last week at the annual Science
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Holding the Line
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The same slice. The share of U.5. discretionary spending going to
research hasn't changed much since the days of the Apollo program.

for the past 40 years (see graph). and that it is
unrealistic to expect legislators to grant
larger. sustained increases. 1 haven't seen
any evidence of an increased top line for sci-
ence,” he told Science after his 3 May
speech, “1 think that's wishtul thinking.”
Marburger spoke glowingly of philan-
thropies willing to support basic research,

citing the Kavli Foundation’s network of

institutes in the physical sciences (Science,
21 January 2005, p. 340), the myriad med-
ical charnties and patient advocacy groups,
and university partnerships with industry.
But many in the audience later referred to
that support as “drops in the bucket™ and felt
Marburger was simply defending the
Administration’s policies,

*“Yes. when you cut taxes and create a
deficit and spend hundreds of billions of »
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dollars on an unpopular war, it leaves you
with precious little to spend on anvthing
else,” fumed Michael Lubell of the American
Physical Society. I don’t expect to see any
real changes until after the 2008 election.”
Part of Marburger’s comments were
aimed at pending legislation that would
authorize large increases at several science
agencies (Scfence. 4 May, p. 672). “People
probably wonder why Marburger is not more
enthusiastic about these authorizations,” the
sclence adviser said n an interview, |
appreciate the desire of Congress to do this,
and [ feel uncomfortable criticizing them.
But it's unrealistic to expect it to happen.”

BIODIVERSITY

His dark analysis also applies wo the flat-
tening of the National Institutes of Health
budget after 1ts 5-year doubling ended in
2003, which he says created an inereased
research capacity that the federal govern-
ment cannot support. Refernng to the com-
munities” expectations of continued robust
increases, he said in his speech that *1 can-
not see how such an expansion can be sus-
tained by the same business model that led
to its creation. The new researchers will
either find new ways to fund their work, or
they will leave the field.”

Michael Rodemeyver, a former longtime
Demoeratic congressional science aide,

The Ultimate Life List

Hands up if you've heard this
betore: An ambitious new project
promiscs 1o Creale an online
compendium of all 1.8 million or
so described species. It can
already claim participation by
premier institutions, a wad of
start-up cash, and huzeahs from
biodiversity guru Edward 0.
Wilson. Although some confess
to a wary sense of déja vu, taxon-
omists hope that the Encyclope-
dia of Life (EOL) can provide the
long-awaited comprehensive
species catalog. Even enthusiasts
agree that 1t taces some tall hur-
dles, however, such as signing up
curators and geting permission
to use copyrighted material,

Announced this week, EOL
involves big names in biodiver-
sity research, including Harvard
University and the Smithsonian
Institution, and has garnered
$12.35 million from the John
D. and Catherine T. MacArthur Foundation
and the Alfred P Sloan Foundation. Its plan
envisions posting Web pages for each
known species. EOL will also provide
access to oniginal species descriptions by
teaming with the Biodiversity Heritage
Library, which is digitizing the pre-1923
taxonomic literature on which the copy-
right has expired.

Pages on 50000 species should be ready
by the end of 2008, with 700,000 1o 1 million
species online by 2011, says EOLs newly
appointed exccutive director, James
Edwards. He estimates that the work
will rake 10 vears and cost 570 million w

Electronic ark. E. 0. Wilson's idea for a Web-based encyclopedia
cantaining all the species an Earth is now ready for launch.

S100 mallion. A separate groupis developing a
European equivalent, known as SpeciesBase,
and the two projects will swap information.

If EOL sounds familiar. that's because its
brief overlaps with those ol several efforts,
notably the All Species Foundation, whose
chair promised to deliver a Web site for
every species (Science. 26 October 2001,
p. 769). That project is defunct. but others
have managed to cover slices of biodiversity.
At one end of the spectrum is the Catalogue
of Lite, which houses bare-bones taxonomic
data—the equivalent of name, rank. and
serial number—for more than | million
species, Al the opposite end are lush sies

acknowledges that “ics politically hard™ 1o shifi
spending toward science but disagrees with
Marburger that there is any “iron law™ fixing its
share of domeste spending. But Dan Sarewitz,
another former aide now at Arizona State Uni-
versity in Tempe, thinks that Marburger’s
underlying message is valid. "1t certainly rea-
sonable o complain that the current Adminis-
tration’s priorities have recklessly wasted the
budgetary surplus and made it impossible to
make important discretionary investments,”
says Sarewitz, “But if this 15 true for science,
then s true for other areas. ... So which ones
would science like to go up against?™”

~JEFFREY MERVIS

such as FishBase and AlgaeBase, which
home 1n on specific groups and offer illus-
trated pages on individual species.

EOL will follow both approaches but dif-
fers from these projects in automating infor-
mation collecuion. Sottware will pluck data
from FishBase, Catalogue of Life, and other
a “mashup” in Internet parl-
ance. But EOL will be a curated mashup,
with experts cralting a home page for each
species that records 15 classilication, alter-
native names, distribution, habitat, diet, and
so on. Users will have the opportunity to
build additional wiki-style pages, determin-
ing what content to include and who gets to
contribute, Edwards says. Birdwatchers
could Nock wgether w post sighting records,
for example, while molecular biologists
might add gene expression data,

Researchers praise the EOLs vision but
fret about the execution, “The exercise is
only worthwhile 11t more accurate and bet-
ter coordinated than whats already available
on the Internet,” says Frank Bisby, a taxono-
mist at the University of Reading in the UK,
and co=director of the Catalogue of Life,
Even getting the names right for the poorly
studied groups that contmn much of bio-
diversity is a challenge, sayvs Joel Cracraft,
curator of ornithology at the American
Museum of Natural History in New York City.

Obtaining permission 1o use post-1923
literature 1s also an issue, says Donat Agosti.
an American Museum of Natural History
entomologist who works in Bern., Switzer-
land. Edwards says that EOL is negotiating
with scientific societies and publishers.
Although some deals are in the offing, none
has vet been announced, he says,

-MITCH LESLIE
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FREMCH SCIENCE

Researchers Await Changes—and
Clashes—After Sarkozy’'s Victory

PARIS—"We're in mouming,” laments Cécile
Wandersman, head of a research unit at the
Pasteur Institute. “For me, this is a great hope.”
says Jean-Robert Pinte, president of the Univer-
sité Pans-Sorbonne. Both were talking about
this week's election of right-wing politician
Micolas Sarkozy as Frances next president.
As the contrasting comments indicate,
Sarkozy’s victory and his conservative
agenda have divided the scientific commu-
nity. just as it has French society as a whole.
Eonown for tough talk on law and order, immi-
gration, and morality, the former interior min-
ister 1s mistrusted and reviled by the lefi
including many in the academic world.
Wandersman, for instance. scofls at Sarkozy’s

promise to raise research spending to 3% of

gross domestic product by 2012. But to Pitte
and many others, his agenda for change
ineluding a shakeup of the higher educanon
system as early as this summer—are just what
France’s sclerotic research scene needs.
Research had playved a larger-than-usual
role in this election with both Sarkozy, who
chairs the Union for a Popular Movement
{UMP), and his rival. Socialist Party candidate
Segoléne Royal, promising to increase science
and higher education budgets. That was 1 vic-

tory in itself, says Jules Hoffmann, president of

the French Academy of Sciences: “Research
has never been this high on the agenda before.™

But the candidates’ opinions diverged on
how to address the malaise in French research
and the long-running problems at the country
universities. Science and higher education
don’t mix well in France. because most
research mkes place at mammoth government
institutions such as the Natonal Centre for
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Scientific Research (CNRS) rather than at the
universities, A highly centralized adminisura-
tion system means universities are relatively
powerless to set their own agendas; they also
suffer from the fact that the smartest voung
minds typically attend the so-called grands
ecoles, which train France’s professional and
political elite but carry out little research,
Royal’s answer to these woes centered on
10% annual budget increases and revoking the
most controversial elements of a research
reform bill that President Jacques Chirac’s
government had introduced last vear (Science,
10 March 2006, p. 1371). Incontrast. Sarkozy
offered more radical reforms thar would move
the country’s education svstem closer to the
Anglo-Saxon model. He has said he wall intro-
duce a law within 6 months that would ofter

Clear winner. Nicolas Sarkozy received 53 % of the
votes during the second round of the election.
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Facing off. Both Nicolas Sarkozy and his opponent
Ségoléne Royal stressed the importance of sdence to
France, bul Sarkozy proposed more radical reforms.

universities much more autonomy—for
instance, to manage their own budgets and set
recruitment and research policies.

Sarkozy has also suggested wrning the
big research bodies such as CNRS into
U.S.-style granting agencies that would
reward proposals rather than employ scien-
a controversial shift in a country
where science usually means a government
job for life. To carry out those promises,
Sarkozy'’s UMP will have to retain its major-
ity in the National Assembly during elections
next month: polls suggest it will.

Sarkoezy’s plans have alarmed Sauvons la
Recherche (SLR). a left-leaning movement
that brought thousands of researchers to the
streets in 2004 to protest cuts to science
budgets by the Chirac government. Nine
days before the runoff, SLR called on its
members o vote for Royal. Sarkozy seems
intent on rushing his higher education plan
through Parliament without proper consulia-
tion by the scientific community, says SLR
President Bertrand Monthubert. Turning
France's research organizations into funding
agencies would create more uncertainty for
investigators and make science careers even
less attractive, he says: “What works in
Britain or the US. doesn™t necessarily work
in France.”

But Pitte argues that more autonomy for
universities 1s “absolutely needed™—and he
hopes Sarkozy will go further. Universities
should have the right to raise wition fees and w
select the best students rather than admitting
evervone who qualifies. says Pitte. Those
reforms go against Frances egalitarian streak
and are bound to trigger protests, he admits; his
own Sorbonne was paralyzed for overa month
last year by student revolts that eventually
brought down a labor law already adopted by
Parliament. This time, says Pitte, “1 hope the
sovernment will be courgeous and hard.”

Bernard Bobe. an economist at the
Ecole Nationale Supérieure de Chimie in
Paris, notes that Sarkozy, like Roval, has
failed to address the old split between uni-
versities and grands écoles. What's more,
he is not convinced that the research and
education system will be a high priority
for Sarkozy, who has announced ambitious
plans on a raft of other issues. France’s sci-
ence system has proven extremely resist-
ant to reform. Bobe notes: I think
Sarkozy has the courage, but I'm not sure
he has the ambition™ to succeed where oth-
ers have failed. ~MARTIN ENSERINK
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Closing the Net on
Common Disease Genes

Huge data sets and lower cost analytical methods are speeding up the
search for DNA variations that confer an increased risk for diabetes,
heart disease, cancer, and other common allments

AFTER YEARS OF CHASING FALSE LEADS,
gene hunters feel that they have finally cor-
nered their prey. They are experiencing a
rush this spring as they lind, time after time,
that & new strategy 15 enabling them to wlen-
tily genetic variations that likely lie behind
common diseases. By scanning the genomes
of thousands of people and comparing the
sick with the healthy. biologists are uncover-
ing markers for DNA sequences they believe
clearly merease the nsk of type 2 diabetes,
cancer, heart disease, inflammatory bowel
disease, and other debilitating ailments.
Their new tool, known as the genome-
wide association (GWA) study, derives ns
power from the Human Genome Project and
the more recent Haplotype Map that catalogs
human genetic varation. The hunt has been

sped along as well by the plummeting cost of

gene scanning and by efficient gene-chip
technologies available only in the past 2 vears.

What sets these studies apart from earlier
gene discoveries claimed for the same dis-
eases is that the new associations are statist-
cally far more powerful and highly unlikel
to be due to chance. Researchers are also
confident about a flurry of new results
because they've been recorded again and
again in populations stuched by independent
teams. Fueling the excitement is a sense of

Most of these genes were not on

SUTprise;

anybody s candidate gene List,” says David
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Cox, chiet scientufic ofticer of Perlegen Sci-
ences i Mountain View, California, which
uses whole-genome scanning to identily
drug targets. Cox recently co-authored a
paper identifving a new genetic vanant that
raises heart disease risk and has another in
the pipeline on breast cancer. He and many
others expect the discoveries to point toward
novel brology worth exploring.

At the same time, this wave ol GWA stud-
1es 15 studded with caveats. Although many
agree that the findings are real, few scientists
believe that they should be quickly put to
climical use—for example, w evaluate a per-
son’s risk of having a heant attack. Scientists
haven't sorted out how these genes might
immteract with the environment. or how
hfestvle changes might modulate the nsk
they confer. “There’s going to be some
scrambling to catch up on the clinical side.”
says Mancy Cox, a human geneucist at the
University of Chicago in [llinoms.

Furthermore. these First studies may
have idenulied only the strongest associa-
ttons, with many more genes stll to be dug
up. Finding them will hikely require an
unusual degree of cooperation in this

intensely competitive field,

Uncommon beginnings
The new discoveries mark a major break with
the past in part because their sweep 15 50
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broad. Traditionally, geneticists focused on
single genes with potent effects, typically

looking at large famihies niddled with rare dis-

eases, such as eystic fibrosis or Huntington’s
disease or inherited torms of cancer. By
tracking a small number of genetic markers
that were linked to disease n such famihes,
researchers successfully homed in on the
culpable gene that causes disease.

These r;II'I'lI|.'L “linkage™ studies lacked
the power to pick up genetic variants that
have a modest effect or that may interact
with environmental exposures, however,
And vet it 1s these vanants, which may riise
risk by 30% or less, that could play a key
role in common, complex diseases. (The
exception 15 work by deCODLE Genetics in
Revkjavik, which has used linkage methods
and a proprietary database containing infor-
mation on much of leelands adult popula-
tion to f'ind some common disease penes. )

As an alternative to traditional linkage
studhes. researchers have ried searching for
“candidate genes” known to play a role in
some biologie process, such as insulin pro-
duction. They looked for associations

between mutations in these candidates and

common diseases, Hundreds of studies have

reported such associations. But few have

been reproduced more than once or twice.
The new strategy that’s blossomed this

spring has fundamentally aliered the gene-
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hunting landscape. Rather than work with a few
thousand genomic markers. scientisis are now
using gene chips that can scan an individuals
DNA sample for anywhere from 100,000 to
S00.000 or more single-base changes. Known
as single-nucleotide polymorphisms (SNPs),

these changes are selected to reflect pattems of

common genetic diversity. Such high SNP den-
sity makes 1t much easier to detect culprit DNA
changes. In addition, because the cost of using
such chips has dropped sharply, scientists can
test DNA from thousands of people, adding
power 1o their studies.

By compiling the SNPs from every DNA
sample in a database, and comparing the
SNPs in, say, heart attack patients to those in
healthy people. it’s possible to discern even
subtle genetic signals that contribute to
blocked arteries. The signals in GWA stud-
ies, emanating from a SNP or set of SNPs,
don’t necessarily mean that the SNPs them-
selves are influencing disease but rather that
they're located in or near the problem DNA,

Still. “one size never fits all.” and other
strategies will still be necessary to identify
the DNA behind disease. says Kathleen
Merikangas, a genetic epidemiologist at the
MNational Institute of Mental Health in
Bethesda, Maryland. For example. GWA
studies cannot discern rare vanants or exira
copies of genes, which can have a strong
effect on physiology.

Gene bonanza

The list of discases and traits examined with
GWA began as a trickle 2 years ago with a
highly touted paper on macular degeneration;
it hit on a new gene in severely affected
patients. Last October came a study that iden-
tified a gene involved in memory, and in
December yet another gene surfaced that,
depending on the version inherited, increased
the risk of Crohn’s disease—an inflammatory
bowel disorder—by as much as 56%, or
decreased it by 74%. in one group tested. All
three studies have since been replicated.

This vear. the results began to come fast
and furiously. In the first week of April, a new
gene variant involved in prostate cancer and
confirmation of a second were described in
Nature Generics. This new vanant appears to
raise the nsk of prostate cancer by 58%. and
in combination with other varants, including
five in the same region discovered with a
difterent technique, could explain a large
proportion of cases in African Americans,
according o the researchers who found them.

Late April brought a trio of online papers
in Seience that presented three novel dia-
betes gene variants; the studies also con-
firmed a handful of other findings, includ-

ing a gene involved in controlling body
weilght that was published weeks earlier.
Last week. two independent reports were
published, also online in Science, of a genetic
variant associated with heart disease that. in
the one-quarter of Caucasians tested who
carry two copies, increases the chance of a
heart attack by more than 50%,

“There is a great deal of excitement,
because everyone realizes the field is chang-
ing so fast,” says Judy Cho, who led the
group that found the Crohn’s gene and
directs the inflammatory bowel disease cen-
ter at Yale University.

The pace, most believe, will only
quicken. The Wellcome Trust Case Control
Consortium, a collaboration of 24 human
geneticists in the United Kingdom, will soon
report findings on seven diseases studied
with GWA, including bipolar disorder,
rheumatoid arthritis. and hypertension.
Papers on type | diabetes and breast cancer
are nearing publication; the latter wall report
similar findings to prostate cancer, says
co-author Bruce Ponder of Cancer Research
UK Cambridge Research Institute—a hand-
ful of new genes that slightly raise risk.

Clinical questions

What do all these discovenies mean for med-
icine? With the notable exception of the mac-
ular degeneration gene variant, which rases
disease risk about two 1o three times in those
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with one copy, most of the genes found so far
boost risk only incrementallv. Although a
50% increase may sound substantial, in
absolute terms its modest, For example, says
Ponder. a 60-year-old woman's breast cancer
risk 1s 3%. If she carries two copies of the
most potent breast cancer variant found by
his group, which makes her 1.6 times more
likely to develop breast cancer. her overall
risk increases to just 4%.

It’s also unclear how lifestyle modifica-
tions affect the total risk these variants con-
fer—in other words. whether someone can
use the information to lower disease risk.
say. by exercising or dieting. On the other
hand, if the gene 15 common, it may have ;
major impact on disease prevalence across a
population, notes Merikangas. Although the
risk may not be worrisome for an individual,
a gene with modest effects may accoumt for
many cases of disease,

These concepts are difficult o convey to
patients, “There is a complete disconnect™
between what the general public expects
from susceptibility genes for diseases such
as these, says Cox of Perlegen, and how they
should be applied clinically. “The public ...
really loves the concept of personalized
medicine.” says Cox. “They don't under-
stand, and [ don’t think we've explained. that
having something that'’s statistically mean-
ingful does not mean having something
that’s clinically relevant to them.”

SEESEEENENESERENEEEEEEENERERHS
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Rising to the top. In a genome-wide association study for type 2 diabetes, 386,731 genetic markers,
shown here by chromosome, pop up. Those above the higher line appeared to be significantly

associated with disease.
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Stll, many predict that companies will
Jump at offering “risk predictors™ directly to
consumers. DeCODE has already released a
test for TCF7L2, the highest-risk diabetes
gene. which increases the chance of disease
by about 40% among those with one copy
tested so far, and plans to offer a test for the
heart disease marker, But most academic
researchers say they need 1o know more about
how these variants cause discase before diag-
nostic tests like this one can be useful. *I"'m
not at all enthusiastic about rushing out to test
people in the clinic™ for these genes. savs
David Altshuler of the Broad Institute in
Cambrndge, Massachusetts, who helped lead
one of the teams studying digbetes,

For many biologists. interest focuses not
only on risk assessment but also on a longer-

Selected Genome-Wide Scan

stunner,” says Francis Collins, head of the
National Human Genome Research Institute
in Bethesda, Maryland. who helped lead one
of the diabetes teams, because it could help
explain why some people are vulnerable to
both diabetes and heart disease.

The next wave

To unravel the deeper biology, scientists need
to find still more susceptibility genes and
understand how they imteract. “We need to
now understand what happens if you have
three risk alleles, or five, or seven,” savs
Thomas Hughes, who collaborated with
Altshuler and is global head of diabetes and
metabolism research at the drug company
MNovartis. Some could enhance or. alterna-
tively, neutralize the effects of others, notes

DISEASE PUBLICATION SAMPLE SIZE*
DATE

Macular 2005 1700

degeneration

Inflammatory 2004 4500

bowel disease

Prostate cancer 2007 17,500

Dbesity 2007 18,700

Type 2 diabetes 2007 32,500

Heart disease 2007 41,600

* Cases and controls including replicates.

term clinical application: better understanding
diseases and designing improved treatments
to combat them. “The exciting part to us is, it’s
opening up completely new hypotheses.” says
Lon Cardon of the University of Oxtord, a col-
laborator in the Wellcome Trust consortium,

Many of the new results point to genes
in unsuspected stretches of the genome, or
to regulatory regions between genes,
ignored by studies focusing on candidate
genes. Members of one of the teams that
described new variants for type 2 diabetes,
for example. at the start of the project com-
piled a list of 1000 candidate genes they
thought they might find. None of the nine
variants the group detected were on that
original list, savs Altshuler.

The findings could also point researchers
in new directions, 1o pathways not previously
contemplated as drug targets. For example,
the newly discovered heart discase variant
talls in the same region on chromosome 9 as
one of the new diabetes variants. “This is a
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GENES OR APPROXIMATE INCREASED
VARIANTS FOUND RISK FOR HOMOZYGOTES'
1 new gene 400% to 600%

1 new gene 120%

2 variants in same  123%

region (1 new)

1 new gene &67%

9 variants (3 new) B80%

1 new variant 25% to 40%

t ; : :
For highest risk variant.

Stephen Chanock of the National Cancer
Institute i Bethesda, Maryland. But finding
this second wave ol disease variants will be
much tougher, because their effects will likely
be smaller—and will require massive data sets
in order to be detected, researchers say,

Many scientists say that the best way to
speed progress is by sharing data fresh from
the genotyping labs, even before it’s been
analyzed for gene-disease associations. But
pooling data is more complicated than it
sounds. One problem is that researchers may
have to track down people who provided
their DNA to a study to get their consent to
have it distributed widely. DeCODE CEO
Kari Stefiansson, who says the company’s
informed consent agreement could pre-
¢lude data sharing, has another concern: He
argues that because investigators have olten
collected data on climical measures using
ditferent methods, pooling the data could
lead to spurious associations. “It may be
extraordinarily misleading,” he savs.,
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But the reality is that many common
disease gene variants will likely go undis-
covered without large collaborative
efforts, The three diabetes teams, for
example, were able to firmly pin down
markers only because they shared their
data, savs Hughes. "Things that were
deeply buried in our [gene] list ... start to
shine when you pool them with larger and
larger populations.” he notes. Cho, the
Crohn's researcher, admits that she and her
colleagues rushed their first, potent gene
into print, but now she realizes that “we
have to combine forces with other people™
to find the rest.

The culture 1s already changing, For
instance, the investigators who lead the
MNational Institutes of Health (NTH }-sponsored
Framingham Heart Study will make available
laver this year SNP data and clinical informa-
tion with identifving information removed on
Q000 residents of Framingham, Massachu-
setts, who have participated in the decades-
long health study. And the Wellcome Trust
consortium, which drws on existing cohors
in the ULK.. already provides SNP data on
controls w other researchers and later this
summer will add data on subjects with dis-
eases. To his surprise. says Cardon, “we
didn’t Find any [investigators] who did not
want to [contribute].”

Hoping to encourage such sharing, NIH
expects 1o issue a new data-release policy
in a few months that will request that any
LLS. investigator receiving funding for
OWA studies deposit ther data setsin a
central repository. (Only results of genetic
analyses will be posted publicly: the SNP
data on individuals, which could in theory
be used to wentify a person, will be avail-
able to qualified investigators who agree
not to distribute it publicly.)

The proposed NIH policy. which will
also restrict patenting, will ask that data be
submitted as quickly as possible but provide
a window—perhaps 9 months—to allow the
origmal mvestigators w publish on it first,

Scientists expect that this first round of
GWA genetic discoveries will taper oft in a
vear or two as they begin the slow, hard work
of untangling what these genetic variants do.
But among many biomedical researchers,
there is a sense that the field of genomic
medicine has entered a new phase, one that
will finally test the promise of the Human
Cienome Project. “Are we on the threshold of
something?” says Neil Risch, a human
geneticist at the Umiversity of California,
San Francisco. [ think s0.”

~JENNIFER COUZIN AND
JOCELYN KAISER
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Back to the No-Analog Future?

Fossil pollen and climate models suggest a messy world in 2100, as surviving species
reshuffle into entirely new combinations, creating “ne-analog” ecosystems

Fly over northern Indiana, and vou'll see a
quilted landscape of corn and soyvbeans, punc-
twated by glacial lakes. The gelatinous mud in
those lakes has preserved plenty of fossil
pollen, from which palececologists have
reconstructed a record of the region’s past.
Mow, that same fossil pollen s providing a
glimpse into Earth’s ecological future—and
Its not a pretty picture.

It suggests that, ifthe climate changes over
the next 100 years as current models predict,
surviving species throughout much of Earth’s
land area will not simply migrate north and
south en masse as unchanging communities,
as Charles Darwin once believed. Instead,
they are likely to be reshuffled into novel
ecosystems unknown today. I that view is
even partly correct. then the task of preparing
for, or even predicting, the ecological effects
of climate change just got a whole lot harder.

Analyses over the past several decades
have shown that dunng the last North Amen-
can ice age, as the Laurentide lce Sheet
retreated nto Canada 17,000 1o 12,000 years
ago, the region from Minnesota to Ohio w
Tennessee supported a forest of spruce., sedge,
oak. ash. and hophornbeam—an ecosysiem
that simply doesn’t exist today. despite the fact
that all of those species still survive. These
odd communities—called “no analog”
ecosystems because no modem counterparts
for them exist—Ilikely arose from odd combi-
nations of climate vanables such as precipita-
tion, temperature, and seasonal variations that
also don’t exist today, say John Williams of the
University of Wisconsin, Madison, and
Stephen Jackson of the University of
Wyoming in Laramic.

Wilhiams helped demonstrate the connec-
tion between no-analog communities and ch-
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mate during his Ph.D. work at Brown Univer-
sity in the late 19905, when he compared

pollen and climate records for dozens of

field sites across the eastern United States,
That result, published in 2001, piqued
Williams's interest in whether climate
change over the next century might lead to a
similar type of ecosystem reshuffling—and
whether these changes could be predicted.
“It was a logical next step.” says Williams,
“to think about the future.”

To find out, Williams and Jackson weamed
up with John Kutzbach, a climate modeler at
the University of Wisconsin, Madison. They
have analyzed the outputs of standard climate
models o try o map geographic areas that are
likely to experience novel climates, which in
turn could result in no-analog communities. In
a paper published online in the Proceedings of
the National Academy of Sciences (PNAS) on
27 March, they project that by 2100, depend-
ing onwhich chmate scenano and model they
use, 4% 1o 39% of the world’s land area will
experience combinations of climate vanables
that do not currently exist anywhere on the
globe. Areas with these novel climates are
likely to develop no-amnalog ecosystems.

Jackson, Kutzbach, and Williams fed two
standard greenhouse scenarios into their
models: the pessimistic A2 scenano. in which
CO, concentrations reach 850 parts per mil-
lion (ppm) by 2100, and the more optimistic
B 1 scenario, inwhich CO, climbs to 550 ppm.
They divided the worlds landmasses into grid
cells measuring 28" latitude by 2,87 longitude
and, for each cell, looked at what the models
predict for four climate variables: mean
summer [l..‘l'l'l]']l_'l'il.lll.rl.:. mean \'n'i]“L'l' Ii:n'.lj'.fl::ril'
ture. mean summer precipitation. and mean
winter precipitation,

NEWSFOCUS

Brownout. With warmer winteérs, mountain ping
beetles have chewed through millions of hectares
of forests in British Columbia.

For each spot on the map. they compared
the forecast climate in 2100 with basehne cli-
mate from 1980 to 1999, To test whether
these forecast climate changes would be suf-
ficient to reshuffle ecosystems. they com-
pared them with variations in climate that
underlie different ecosystems in the same
geographic area today (for example, decidu-
ous forest and pine forest).

Not only will novel climates appear,
according to the analysis, but existing climates
will disappear for 4% tw 48% of the world's
land area. In other words. the conditions that
now exist in these areas will not be found any-
where n the world by 2100, These globally
disappearing climates signal the likelihood for
significant ecological disruption. if not neces-
sarily no-analog ecosystems. “This is a conser-
vative analysis,” savs Jackson, “If we added
more climate variables, we'd probably end up
with more disappearing and novel climates.”

New climates are expected o cause
ecosystem reshuffling as individual species,
constrained by different environmental fac-
tors, respond differently. One tree may be lim-
tted by summer rains that hold back seedling
recruitment, for instance, whereas another
species may be himated by winter freezes that
control insect pests. Some species may
migrate up-latitude or up-elevation, while oth-
ers stay put. An ecosysiem might see many
species vanish—but also new arrivals.

Williams and colleagues project that the
tropics, including Amazonia, will see the most
pronounced no-analog climates, with rising
temperatures pushing these already-warm
areas outside of any climates currently known
today. Soaring temperatures combined with
drought could selectively kill taller. canopy-
forming trees—rapidly transforming ¢co-
systems by increasing sunlight and drying a
ground level,

Within North America, the team predicts
that the southeastern United States will see
no-analog climates, driven by a selective
ris¢ in summer temperatures. The result
could be increased wildfires in forests that
are poorly adapted to fire, leading to rapid
opening of the canopy unless those forests
are managed aggressively.

“l applaud their work.” savs William
Hargrove, a landscape ecologist at Oak
Ridge National Laboratory in Tennessee.
“We've seen an explosion of ¢limate-
change models turning out results, but |
don’t see as much work on the prognostic
impact of these results on ecosystems.” In
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a similar exercise, published in 2005,
Hargrove and colleagues mapped changes
in seven climate variables across the United
States, They predicted a higher rate of van-
ishing climates by 2100 than did Williams,
Jackson, and Kutzbach. Hargrove attributes
some of this difference to the fact that his
team considered not only climate but also
other ecologically relevant variables, such
as soil type and landscape topozraphy. “If
you consider only climate.” says Hargrove,
“yvou may underestimate the magnitude of
ecological change.”

One of the biggest issues raised by novel
and disappearing climates i1s whether
species whose preferred climates disappear
locally can migrate to other areas where suit-
able climates still persist. As deseribed in
PNAS, Williams, Jackson, and Kutzbach
performed a second analysis examining this
very question. For each point on the map
where the climate changes by 2100, they
examined the surrounding areas w deter-
mine whether the current climate would
persist elsewhere within a 300-km radius.
Imposing this constraint increased the pro-
portion of disappearing climates to 14% to
85% of the world’s land area, depending on
the climate secenario and model.

Migration corridors are often proposed
as a strategy to facilitate the movement of
species in response to climate change; but
this analysis suggests that often there may
be no suitable refugia nearby. “Even if
these species can migrate quickly enough,”
says Jackson. “they may effectively have
nowhere 1o go.”

Rapid shifts in the pollen record lead some
people to predict that future changes could be
sudden as well, Some argue that it’s already
happening. with droughts across the South-
western United States between 2000 and 2005
killing over 80% of adult pifion trees in some
stands, drastically altering the pifon-juniper
woodlands. If drought frequency increases in
the Southwest, as some climate models pre-
dict. then other species could seize the niche
vacated by those dead pifons. permanently
altering the landscape’s canopy structure,
hydrology, and fire regime. “1t’s going o be
interesting to see what happens there in the
next 20 vears.” says Jackson. “This ecosystem
may or may not come back”

Others remain circumspect. Craig Allen. a
landscape ecologist who observed the die-ofls
firsthand from the US. Geological Survey’s
{USGSS) Jemez Mountains Field Station in
New Mexico. points out that the proximate
cause of most piion mortality was beetle
infestation. That means many juvenile trees
survived, and these could restore pifon
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Brave new world. Pessimistic (A2) and optimistic {B1) greenhouse scenarios predict that novel climates
will appear across the tropics by 2100, while current climate types disappear in the tropics and the higher
latitudes. Color scale represents degree of difference from current climate, with yellow-orange-red indicating
significantly different climate by 2100 and substantial risk for developing no-analog ecosystems.

populations within decades it further
droughts don't intervene.

The prospect of novel elimates has people
rethinking traditional goals such as maintain-
ing native ecosystems, “That’s probably going
to be impossible,” savs Nathan Stephenson,
a research ecologist at the USGS Western
Ecological Research Center in Three Rivers,
California. “But what you can still do, even if
you can’t maintain native communities, is
potentially maintain regional biodiversity and
ccosvstem functions.”

Mowhere 1s this point of view more evident
than in the management of forests—where
human intervention has always been heavy. In
British Columbia, climate-related surges in
mountain pine beetles and fungus have
browned millions of heetares of trees in recent
yeirs. Ecologists there are thinking about how
to maintain a forest that will provide reliable
watersheds, wildlife habitat, and lumber sup-
plies into the future. The solution could
involve planting different mixtures of wree
species or replanting forests using seed stock
from warmer areas, says Del Meidinger., an
ecologist with the British Columbia Mimmistry
of Forests and Range in Victoria. “You have to
plant something that will survive now but will
still grow well into the future”™ in a changed
climate, says Meidinger.

Land managers would love to predict
how ecosystems will reorganize, what sorts
ol no-analog communities might emerge,
and which species will dominate. Ecolo-
wists have produced niche models that pre-

dict species” future geographic distribu-
tions based on climates in their current
locations. But that approach may break
down when it comes to future no-analog
climates, says Williams, “You're limited by
what you can observe today,” he says. “lisa
real problem for making ecological fore-
casts for climates that are outside the cur-
rent range of observation.”

One promising approach to making better
forecasts 1s to base them on expenmentally
determined physiology. Ronald Neilson, a
bioclimatologist with the Forest Service's
Pacific Northwest Research Station in
Corvallis, Oregon, is developing such a
model. It predicts drought-induced mortality
and fire by calculating how much leaf area
can be supported by local moisture levels,
based on measured rates of leal” water loss.
“What we're simulating at the moment is
plant functional types.” savs Neilson. “We
want to get to the species level.”

This yvear. Neilson and Michael Loik of
the University of California, Santa Cruz, will
take the first step in that direction. They’ll
begin a seedling transplantation study to
measure the physiological tolerances of a
single species: Jeffrey pine. in the eastern
Sierra Nevada of California, I[t's an effort-
intensive approach, to be sure, but under-
standing the implications of a no-analog
future might require no less.

-DOUGLAS FOX

Douglas Fox 15 a freelance science writer based in
northern California.
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Stern countenance. Tim McCaughan
says his condition leads people to take
him mare seriously than he'intends.

The Mystery of the Missing Smile

Genetic studies and an ineffective abortion drug have provided some of the few clues
researchers have about a rare disorder that hampers facial expressions

BETHESDA, MARYLAND—TIcople can't always
tell when Tim McCaughan is joking. Several
years ago, a recently hired colleague congrat-
ulated him on a promotion, saying she was
sure it was well-deserved. “Well, how would
vou know?" McCaughan quipped, play fully
suggesting that mavbe he didn't deserve the
promotion after all. But his face didn’t convey
that he was joking. and the woman thought he
was being a jerk. McCaughan has a rare neu-
rological condition called Mabius syndrome
that limits his ability to smile and make other
Facial expressions,

“Peaple often take me much more sern-
ously than I really am,” says McCaughan, a
senior producer at CNN who oversees the
news network’s coverage of the White
House. He eventually managed to smooth
things over with his colleague, who became
his wife a few years later. *I'm still living
that one down.” he says.

MceCaughan's case of Mabius syvndrome is
on the milder side of a wide spectrum. Mamn
people have more extensive facial paralysis
that impairs their speech and causes diffieul-
ties with eating. Limb deformities such as
clubtoot often accompany Mahius syndrome.
And for some unknown reason, autism
appears to be tar more common in people with
the svndrome than in the general population,
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An international group of neurologists,
geneticists, and other specialists gathered
here recently tor the first scientihic confer-
ence’ on this mysterious congenital disorder.
They explored possible genetic and environ-
mental triggers. discussed potential treat-
ments, brainstormed research strategies, and
hashed out a consensus set of diagnostic cri-
terna, “This 1s really at such an early swage,”
says John Porter, a program director at the
Mational Institute of Neurological Disorders
and Stroke. one of the meeting’s sponsors,
The meeting was a good start, but cracking
the biology of Mébius syndrome 1sn’t going
to be easy. Porter says. [ think the mechanis-
tic msights are going to take a while.”

Frozen faces

The syndrome is named for Paul Julius
Mabius, 2 German neurologist who published
an early deseniption of it in 1888, (He was also
the grandson of August Ferdinand Mabius,
the mathematician of Mabius sirip fame.)
According to a statement developed at the
conference. the syndrome’s defining charac-
teristics are facial weakness and impaired
ability to move the eves tothe side—symptoms

" Moebius Syndrome Foundation research conference,
24-25 ppril 2007,
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that are present at birth and don’t worsen with
age. Researchers esumate that Mabius svn-
drome oceurs in | of every 50,000 live births,
affecting boys and girls equally often.

The core symptoms of Mdbius syndrome
point to defects in two cranial nerves: the
abducens nerve, which innervates the lateral
rectus muscles that rotate the eves toward the
side of the head: and the facial nerve, which
innervates the muscles of the face. Yet, there
doesn’t seem to be a single neuropathological
signature of the disorder.

At the conference, George Padberg, a neu-
rologist at the University Medical Center in
Niymegen, the Metherlands, descnibed mag-
netic resonance imaging studies he and col-
leagues have done to visualize the nervous
system in people with Mobius syndrome. as
well as findings from electrophysiological
tests of nerve function. This work has
revealed a variety of defects. In some
patients, the cranial nerves appear to be dam-
azed or even missing, Others have abnormal-
ities in the brainstem that include—and often
extend bevond—the region where the
abducens and facial nerves originate. Based
on these and other iindings, Padberg suspects
that Mabius syndrome results from genetic
miscues that derail the embrvonic develop-
ment of the brainstem.

But the search for the relevant genes has
vielded litle frun so far. The rarity of the dis-
order, coupled with the fact that only about
2% of cases are nherited, makes it ditheult to
find a sutticient number of subjects for
genetic inkage studies, says Ethylin Wang
Jabs. a geneticist at Johns Hopkins University

in Baltimore, Maryland, The complexity of

the disorder and lack of precise diagnostic
erteria have also complicated matters, Jabs
says, Padberg’s group. for example. has pub-
lished studies identilying regions of chromo-

some 3 and chromosome 10 as likely loci of

genes related to inherited Mébius syndrome
in two Dutech fanmlies, but other researchers
point out that individuals in these families
lack the eve-movement irregularities neces-
sary (o qualify as true cases of Mobius syn-
drome. (Padberg now agrees.)

Now that there’s a more precise definition
of the disorder, the next step for finding
Mibius genes. Jabs and others say. will be to
create a central database in which researchers
can share clinical and genetic data on Mébius
patients. Jabs has started a database that now
includes clinical data and/or DNA samples
from 89 people with Mébius syndrome and
more than 100 relatives, and other research
teams have similar data,

Researchers are also looking to related dis-
orders and mouse models of brain develop-

www.sciencemag.org
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ment for clues. At the conference, Elizabeth
Engle, a pediatric neurologist at Children’s
Hospital Boston, described her team’s
research on several inherited neurological
conditions that share symptoms with Mabius
syndrome. Athabascan brainstem dysgenesis
syndrome (ABDS ), named for the Native
American population in which it was first
described in 2003, causes impaired lateral eye
movements and sometimes facial weakness as
well. Similar symptoms had been reporied in
mice lacking a gene called Hova !, one of a
famuly of genes that guide embryonic devel-
opment. People with ABDS inherit a trun-
cated copy of the human version of the gene,
HOXAT, Engle and colleagues reported in
2005 in Nature Genetics. IUs possible that
spontaneous mutations in JAOYA T could be
involved in Mabius syndrome, Engle says, but
s0 Farno one has looked. Jabs has been screen-
ing her Mabius patients for mutations in two
other flox genes, HOXB T and HOXE2, based
on findings of tacial nerve abnormalities in
mice lacking these genes. So far. however,
nothing has wmed up.

Misoprostol is typically used in the first
tnimester of pregnancy. and in the sample of
Maobius children Ventura has worked with,
misoprostol exposure oceurred on average
about 4 days alter conception.

Some researchers have proposed that
Maobius syndrome can result from a transient
interruption in Fetal blood circulation, and
Ventura and others think the misoprostol find-
ings fit with that idea, One possibility is that
uterine contractions evoked by the drug dis-
rupt fetal blood supply during a crucial stage
of development. causing neural circuits in the
brainstem to be permanently miswired.

Other researchers are exploring the
apparent link between Mabius syndrome and
autism. Research teams from Sweden.
Canada, and Brazil reported at the confer-
ence that roughly a third of their Mébius
patients have autism spectrum disorders;
teams from the United States and the Nether-
lands reported autism rates of 3% or less,
however. One possibility is that the mis-
wiring of the brainstem that occurs in
Mobius syndrome somehow predisposes

NEWSFOCUS

long=-term eftects of such relatve social depri-
vation could be substantial. Schmidt says.

Unfortunately. theres little help for the
neurological symptoms of Mibius syn-
drome. One dramatic exception is “smile
surgery” developed by plastic surgeon
Ronald Zuker at the Hospital for Sick Chil-
dren in Toronto, Canada, At the conference,
Zuker described the 8-hour procedure,
which he has performed in hundreds of chil-
dren since the late 1980s. Zuker™s team
transplants a small piece of muscle from the
patient’s thigh to the face and positions 1t so
that it will raise the upper lip when it con-
tracts, To innervate the transplanted muscle,
the surgeons usually reroute a nerve that
innervates the masseter, the muscle that
raises the lower jaw during chewing. Ini-
tially, the patients need to think about clamp-
ing their jaws to fire the nerve and elicit a
smile. Zuker says. but with time the smile
becomes more automatic,

Zuker showed several before-and-after
videos that revealed stnking differences. One
boy, when asked to smile prior to surgery,

Something to smile about. Mdbius syndrome robbed Chelsey Thomas of a smile {lgft); plastic surgeons gave her a new one in two stages.

A troubling drug problem

Ciarbled genes aren’t the only way to get
Mobius syndrome. Since the mid- 9903,
dozens of cases of Mobius syndrome have
been linked to misoprostol, a drug com-
monly used by women in Brazil to induce
abortion. Elective abortion 1s illegal in
Brazil. but misoprostol is cheap and widely
avaitlable, says pediatric ophthalmologist
Liana Ventura of Fundacio Altino Ventura, a
medical charity in Recife. Brazil. Although
misoprostol is used in three-quarters of abor-
tion attempts in Brazil, 1t 15 not particularly
elfective: Up to 80% of pregnancies continue
to term, and about 20% of those result in an
infant with Mébius syndrome, Ventura savs,

www.sciencemag.org SCIENCE VOL 316

people w autism. Another, more speculative
hypothesis 15 that the limited facial expres-
sions in infants with Mobius syndrome hin-
der social nteractions early in life. thereby
stunting the development of the brains social
circuitry and leading to social impairments
charactenstic of autism.

*“We have evolved to use our faces as a pri-
mary means of communication, both through
speech and facial expressions.” savs Karen
Schmidt, a biological anthropologist at the
University of Pittsburgh in Pennsylvania who
studies tacial behavior. Aninfant with Mobius
syndrome is less able to smile and interact
with others. and many children with Mobius
syndrome are shumned by their peers, The

could only muster an expression that looked
closer to 2 grimace or frown, the corners of his
mouth moving slightly sideways and down-
ward, Adter surzeries on both sides, his smile
was unmistakable, and he even seemed to
modulate it according to whether he actually
telt like smiling or was merely indulging the
cameraman for the umpteenth time,

Still. smiles aren’t for evervone—at least
not all the time. MceCaughan, whose work at
CNN has given him the opportunity to
travel with and interview several LS, presi-
dents over the vears. says his condition
sometimes works in his favor, “1'd say 've
got the best deadpan in the business when
asking a question,” ~GREG MILLER
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“Overshoot” Scenarios and Climate Change

[FIT IS DESIRABLE TO REMAIN BENEATH LOW LEVELS OF ATMOSPHERIC CARBON DIOXIDE
concentrations, and 1I0W, 5. Broecker (*CO, anthmete,” Policy Forum, 9 Mar., p. 1371) 15
correct that this will be difficult 1o achieve I1}h~'}-m:nm1i|.- emission reductions alone. then radi-
cal thinking across a broad range of options is required,

So far, the scientific community has considered chimate change under plausible scenaros of
technical and economic futures without any explicit action to curb emissions, However, if
tollowed. such a scenano could take us into the terntory of dangerous climate change (/). to
which society would need to adapt. The community has also considered what emissions path-
ways would be needed to avord crossing unaceeptable or “dangerous™ levels, These lead to the
eventual stabilization of climate. but invariably require massive reductions in fossil fuel burn-
ing, starting soon. The latter places a burden on the current and next few generatioms, while the
tormer leaves the potentially huge problem of dealing with the adverse effects of climate
change to future generations. The balance of taking action now and the consequences of no
action are an area of active debate [e.g.. (J)].

It 15 against this dilemma that the concept of “overshom™ scenanos 1s emerging in which
atmospheric concentrations and/or associated temperature increases could temporarily exceed
target levels (such as the 2°C warmung favored by the European Union) betore dechning to
stabilization. In this scenano, emis-
sions would be reduced less severely
in the short term. but more severely
later on (possibly using carbon cap-
ture technology), when compared
to a nonovershooting scenario. As

“If emissions targets are not
met, or if the impacts of climate
change are greater than expected,
we might well find ourselves in the
position of having a greenhouse

gas level that is ‘dangerous’...”
—Huntingford and Lowe

such, “overshoot™ could be a ¢con-
the burden of mitgation from the
present generations while protecting
future generations from exposure 1o
the most severe impacts. However. it
comes with the inherent nisk that the climate might enter a state from which recovery becomes
impossible. The nisks associated with “overshooting™ and reversibility in climate change on
|"|I'ill..'|.ll..".l.| e .‘-L'il'.l..'.‘\ remain an U-['H_'II research L|1Il..'.‘~ll.i1]I I'L'Lillll'tli"_" LII_I__"I:.'l'Il attenton.

If emissions targets are not met, or if the impacts of climate change are greater than
expected we might well find ourselves in the position of having a greenhouse gas level that is
“dangerous.” thus accidentally following an overshoot scenario. In this case. the capability to
draw CO,, from the atmosphere might be highly desirable.

. CHRIS HUNTINGFORD® AND
JASON LOWE?

YCentre for Ecology and Hydrology, Wallingford, Oxfordshire, OX10 888, UK. *Met Office Hadley Centre, Reading Unit,
Metearology Building, Berkshire RG6 SBB, UK.
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scious policy that removes some of

PERSPECTIVES

CO, Emissions:
A Piece of the Pie

IN HIS POLICY FORUM "':D? ARITHMETIC" (9
Mar.. p. 1371). W. 5. Broecker uses the idea
of a permissible cumulative CO, emissions
“pie”

future emissions among the world’s nations,
The size of the pie 15 determined by the tar-
get for atmospheric CO, concentration sta-

to conceptualize the allocation of

bilization: the higher the target level. the
larger the pie. To calculate the size of the pie
for diftferent stabilizaton levels, Broecker
notes that. for every 4 Gt of carbon emitied
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(Top) WRE concentration stabilization profiles (1)
stabilizing at 450 ppm (in 2100), 550 ppm
(in 21500, and 650 ppm (n 2200). (Middle)
Corresponding cumulative emissions from mid-
2007. Emissions are the sum of fossil and land-use
change emissions. The horizontal lines show the
allowable cumulative emissions given by Broecker
for the 450 and 550 ppm stabilization cases. Armows
show how much larger the corrected cumulative
emissions are compared with the Broecker estimates.
{Bottom) Airbomne fractions {(change in atmospheric
leading per unit of total emissions) for the three sta-
bilization cases. Broecker assumes that the airbome
fraction will remain constant at the present value
(around 0.5).

11 MAY 2007

829



LETTERS

830

oday, atmospheric CO, concentration in-
creases by about | ppm. This corre sponds to
a current airborne fraction (1.e.. the change
in atmospheric loading per unit of total
emissions) of about 0.3, He then assumes
that this value for the airborne fraction can
be applied to future concentration stabiliza-
tion scenarios; i.¢.. he assumes that every |
ppm of concentration increase relative w
today increases the size of the pie by 4 Gi
of carbon. This assumption is incorrect and
leads to a serious underestimate of the size
of the pie.

A more credible estimate of permissible
future emissions 1s shown in the accompa-
nving Figure, based on the standard WRLE
concentration stabilization profiles updated
from {f). The figure shows the concentra-
tion profiles for stabilization at 450, 550,
and 650 ppm, levels chosen here purely for
illustrative purposes. Corresponding emis-
sions (middle panel) are calculated with an
inverse version of the MAGICC carbon
cycle model (2). which accounts for both
CO, fertulization and climate feedbacks on
the carbon cycle. Climate feedbacks are
important because, for any given stabiliza-
tion profile, they reduce the allowable emis-
sions significantly below those that would
be implied if climate feedbacks were ig-
nored. It can be seen that Broecker’s esti-
mates of total cumulative emissions are
much less than those calculated by the car-
bon eyele model. The model also shows that
cumulative emissions continue to rise for
centuries after concentration stabilization.
This reflects a continuing and only slowly
decreasing flux of CO, into the oceans, in
turn arising from the very long time that it
takes for equilibrium between the atmo-
sphere and ocean to be reestablished.

The reason why Broecker's estimates are
s0 low 1s because of his constant airborne
fraction assumption, Although this is a use-
ful approximation when CO, emissions are
increasing, it cannot be applied w stabiliza-
tion cases where emissions must eventually
decrease. That this assumption is incorrect
in such cases is clear from the fact that, at
stabilizaton, the airborne fraction must drop
to zero. The decline in airborne fraction
from the present value of around 0.5 to zero
at stabilization is shown in the bottom panel
of the figure.

The primary objective of Article 2 of the
United Nations Framework Convention on
Climate Change is stabilization of aimo-
spheric greenhouse gas concentrations. De-
scribing a CO, concentration stabilization
target in terms of an allowable cumulative
emissions “pie” that must be divided amongsi
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nations in some equitable manner is an
elegant way of visualizing this objective.
Through this image, Broecker’s Policy Forum
provides a useful service, which, in principle,
may help policy-makers construct policies
that are more scientifically well founded
than, tor example. the Kyvoto Protocol. It 1s
unfortunate that Broecker has underesti-
mated the size of the pie and ignored the fact
that the size of the pie changes over time.
Mevertheless, even with the much larger pie
derived here. the message that the emissions
requirements of the pie present a formidable
technological challenge o society remains an
important policy implication.

TOM M. L WIGLEY

Mational Center for Atmospheric Research, Boulder, CO
80307-3000, USA
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Response

WIGLEY 15 CERTAINLY CORRECT IN HIS ASSER-
tion that on a ime scale of several hundred
vears, the size of the carbon pie would be
considerably greater than my estimate of
7200 Gt of carbon, The reason 1s that, as the
CO, content of the atmosphere approaches
stabilization, ocean uptake becomes ever
maore important. But during the transition
period {now to 2075 A.D.) when the world is
struggling to reduce its CO, emissions, the
permissible net CO, emissions would be on
the order of 720 Gt of carbon or. using the
ocean model adopred by Wigley, 900 Gt of
carbon (see Nigure below),

Then, as Wigley points out, over the fol-
lowing 200 wears (2075 10 2275 A.D.),
another 720 or so Gt could be added without
any substantial increase in the atmosphere’s
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5 400
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On the basis of Wigley's model, the release of 720 Gt
of carbon during the transition period fram 2000 to
2075 AD. would raise the atmosphere’s CO , content
to 520 ppm. To bring it to 560 ppm during the same
period would allow approximately 25% more CO, to
be released to the atmosphere.

CO, coment., | purposetully avoided the long
term because my goal was to show, in a sim-
ple way, that, if an upper limit of 560 ppm
were set and if the carbon pie was divided
according to population, the rich countries
would face a monumental emission-reduc-
ton task.

With regard to the post-2075 world, | sus-
pect that to quell the continuing rise in sea
level driven by the melting of the polar ice
caps, there would be a desire to bring the
atmosphere’s CO, content back down at a
rate far faster than offered by the ocean. If.
as | deem necessary, CO, capture from the
atmosphere 15 to become a major plaver,
then in the post=-2073 A D, world, it would be
used to accomplish this drawdown.

Hence, although useful during the 75-
year or so period of transition from busi-
ness-as-usual CO, emissions o no net CO,
emissions, the carbon-pie concept will have
little value in the postiransition period.

Once it is stabilized, I suspect that CO,
capture from the atmosphere will be used
not only to compensate ongoing CO, emis-
sions but also to draw down the atmo-
sphere’s CO, content.

b WALLACE 5. BROECKER

Lamont-Doherty Earth Observatony of Columbia University,
Palisades, NY 10954-8000, USA.

Biobanking Primer: Down
to Basics

COLLECTION AND STORAGE OF BIOLOGICAL
samples for genetic research are increasing
(/). The implications of biobanking go well
beyvond the participant te the family and
include general findings about discrete
subpopulations (2). Research personnel and
members of Research Ethics Boards {REBs)
share responsibility for obtaining informed
consent and ensuring the protection of par-
ticipants and the confidentiality of personal
genetic and other medical and sociodemo-
graphic information (3). Do they have the
necessary expertise to fulfill these responsi-
bilities? They need to be aware of new nor-
mative frameworks that address ethical
issues in population-based geneties research
{41 and to understand that guiding principles
in traditional medical ethics might not be
sufficient (§). Several studies have noted
ariability in the way REBs evaluate a given
research protocol. running the gamut from
approval without condition to refusal (3, 6,
7). Ongoing training for those involved in
biobanks should be a fundamental institu-
tional prionty to obtain appropnate informed
consent from participants.
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Three essential elements must be ad-
dressed. First, the principal investgator (PI)
must ensure that research personnel are
competent to provide simplified, vet com-
plete, information when recruiting partici-
pants for biobanking studies.

Second, REBs must provide training spe-
cific to biobanking, Institutions should pro-

personnel should be part of the mission of

every institution to ensure a more coherent

process inobtaining informed participation.

Such traiming would be applicable 1o many
innovative initiatives,

CHRISTIANE AURAY-BLAIS™ AND

JOHANE PATENAUDE?

‘Service of Genetics, Department of Pediatrics, Faculty of

Medicine and Health Sciences, Universite de Sherbrooke,
Sherbrooke, QC, Canada J1H SN4. ? Department of Surgery,
Faculty of Medicine and Health Sciences, Universilé de
Sherbrooke, Sherbrooke, QC, Canada J1H SN4.

vide funds permitting this ongoing training
for researchers, as well as REBs, where the
requirement for expertise is essential. Those
needing biobanks should contribute finan-
clally to relevant ethics tramming. This could
be made mandatory for research personnel.

Third, the study population should be
The P, working with the REB,

needs to ensure that they are well informed

*To whom correspondence should be addressed. E-mail:
christiane.auray-blais@usherbrooke.ca
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CORRECTIONS AND CLARIFICATIONS

Reports: “Picobiliphyles: a marine picoplanktonic algal
group with unknown affinities to other eukaryotes™ by
F. Not ef al. 112 J]an., p. 253). There were Iwo errors on page
253. In the abstract, the second sentence is incarrect, it
should read, “A distinct picoplanktonic algal group, initially
detected from 185 dbosomal DNA (rDNA) sequences, was
hybridized wath rRNA-targeted probes, detected by tyra-
mide signal amplification—fluorescent in situ hybridization,
and showed an organelle-like body with orange fluores-
cence indicative of phycobiling.” In the author affiliations,
an institution (CSIC) was missing from Ramon Massana's
affiliation, It should be Institut de Ciencies del Mar,
CSIC, Passeig Maritim de la Barceloneta 37-49, 08003
Barcelona, Spain,
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PHILOSOPHY OF SCIENCE

The World of Science

Peter Lipton

obody thinks current science 1s the

complete truth; nobody thinks cur-

rent science 1s just a story uncon-
strained by evidence. But almost every inter-
mediate position has its supporters,

Many philosophers of science think that
although the whole truth and nothing but the
truth is an asyvmptote. science 1s producing
objective and mereasingly comprehensive
descriptions ofa largely invisible world. Other
philosophers would not go this far. Some
would insist that even our best scientific theo-
ries are only models, whose job it is to gener-
ate accurate predictions, not to reveal a hidden
reality, Some are depressed by the graveyard
of discarded theories that hiter the history of
science, theories that were predictively suc-
cessful for a tme but that we now know to
be fundamentally mistaken. The claim that
today’s science has finally gotten on the right
track may sound like whistling in the dark.

Maost philosophical retreats from the full-
blooded truth view take one of two forms:
partial truth or constructivism. On partial
truth approaches, we should believe only
certain aspects of our best theories, Perhaps
we should only believe what those
theories say about observables,
or about abstract structures, or
about concrete entities, Con-
structivism is more subtle.
Here what 1s to be adjusted
15 not how much truth we
claim, but our conception
of what it means to be true.
Perhaps what theories in the
natural sciences describe is not
a world entirely independent of us,
but rather a world that is partially struc-
tured by our own conception of it

The most famous version of construc-
tvism comes from the great 19th-century
philosopher Immanuel Kant. He held that
there 15 indeed a world of “things in them-
selves.” but because of its radical independ-
ence from human thought, that is a world we
can know nothing about. By contrast, the
“phenomenal” world that science describes is
a world partially constituted by us. The phe-
nomenal world 15 a jomnt product of the things

The reviewer & in the Department of History and
Philosophy of Sdence, Cambridge University, Free School
Lane, Cambridge CB2 3RH, UK. E-mail: Peter.lipton@

kings.cam.ac.uk
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in themselves and the struc-
turing activity of the mind.
And according to Kant we
bring a lot to the party. The
human contribution to the
phenomenal world includes
.‘\'F'MI.L‘L'. time, and causation.
A more recent proponent
of a version of construc-
tivism 1s Thomas Kuhn, Like Kant, Kuhn held
that the world described by science is a
world partially constituted by cognition, But
whereas Kant held that there is only one form
the human comnbution could take, Kuhn
argued that the contribution changes as sci-
ence changes. Kuhn 1s kant on wheels.
Constructivism is not easy to understand.
In what sense do scientists constitute the
world they study? What is the human element
in, say. baryons? Kuhn attempted to clarify
his constructivism in terms of taxonomies.

Scientific
Perspectivism

According to him, the things in themselves do
not come predivided into natural kinds. It is
the scientists who have to divide things up.
Thus while 1alk of barvons is talk of some-
thing in the world, the category is given by sci-
entists, not by the joints of nature.
Kant explained his construc-
tvism differently. appealing to

:'5 Hue circle, There is no simple lin-
ear relationship between wave-
length and color.

<
R

properties such as colors,
properties that already seem
anthropocentric. Colors are not
quite identified with human color
experiences, but they are taken to be
defined interms of those experiences. To say
that the ball is red is 1o say that it is disposed
to cause us o have red expenences. Thus col-
ors are not in our heads (and the ball is col-
ored even in the dark ). but they are defined in
terms of what goes on in our heads. Kant's
claim was that all the properties that science
deploys are like that,

Ronald Giere's clear and engaging book
Scienific Perspectivism develops a version of
constructivism. Like Kant, Giere (an ementus
professor of philosophy at the University of
Minnesot) explains his position with colors,
He points out that they cannot easily be identi-
fied with objective properties such as surface
spectral reflectances because ol the existence

by Ronald N. Giare

of metamers. Different reflectances may cor-
respond to the same color. Color must rather
be seen as the product of an interaction
between surface and perceiver. and this makes
colors irreducibly perspectival. Like Kant
Ghiere wants to extend his picture
of colors to all of science. Sci-
entific descriptions capture only
selected aspects of reality, and
those aspects are not bits of
the world seen as they are in
themselves, but bits of the world
seen from a distinctive human
perspective.

In addition to the color exam-
ple, Giere aruculates his perspectivism by
appeal to maps and to his own earlier and
influential work on scientific models. Maps
represent the world, but the representations
they provide are conventional, affected by
interest, and never fully accurate or complete.
Similarly, scientific models are deahzed
structures that represent the world from par-
ticular and limited poinis of view. According
to Giere, what goes for colors, maps. and
models goes generally: science is perspectival
through and through.

Constructivists deny the “view from no-
where” Science can only describe the world
from a human perspective. Objectivists claim
that, on the contrary, there is such a view:. You
can’t think without thinking. but it does not
follow that what you are thinking about
baryons, say—must somehow include the
thinker. Objectivists hold on to the idea
that the world has its own structure, which
science reveals.

Gitere’s book makes a serious case for con-
structivism, but those with strong objectivist
inclinations will not be moved. For one thing,
in spite of his best efforts and the excellent
philosophical company he keeps, the
constructivist position remains somewhat
obscure, The notion of a physical world that
emerges from the interaction of the objective
and the subjective is difficult to grasp, even if
vou are a philosopher. And although Giere's
arguments for constructivism are serious
and provocative. they have uncertain force.
Scientific descriptions surely are incomplete
and atfected by interest, but these are features
the objectivist can take on board. Com-
pleteness and objectivity are orthogonal.
Maybe in the end constructivisim is true, or as
true as a constructivist can consistently allow.
Mevertheless, the thought that the world has
determinate objective structures is almost
irresistible, and Giere has not ruled out the
optimistic view that science is telling us some-
thing about them.

10.1126/5cience. 1141366
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SOCIAL SCIENCE

The Child as
Scientific Object

Emily D. Cahan

or anyone wishing to understand the

ways in which the child sciences

emerged from a matrx of science and
social relevance. Alice Boardman Smuts’
Science in the Service of Chifdren, [8Y3-19335
15 an excellent place to begin.
The academic and profes-
sional fields we know today
as developmental psychology,
child-centered pedagogy, child
psychiatry, and policy studies
related to children were among
those born in this formative
period. In weaving a tapestry
of scienufic, social, institu-
tional. and professional histories, Smuts
provides the first comprehensive narrative of
the child sciences in the mitial third of the
previous century.

Written in an engaging style, the book
{ based on the author’s 1995 dissertation at the
University of Michigan) richly details the
movements that enabled scientific child study
to gain a foothold in American science and
society. Drawing on archives from around the
nation as well as interviews with as many
early voices as was possible, Smuts descnibes
the roles of female social reformers, philan-
thropists, and “progressive™ scientists who
established new msututions and new ways of
looking at children, The book celebrates the
work of scientists, practitioners, and a largely
female cadre of social reformers, all of whom
helped w define what Swedish social com-
mentator Ellen Key described in 1909 (/) as
“the century of the child.”

Claiming that the “revolution in child
study is a neglected chapter in American his-
tory,” Smuts unravels the history of three dis-
tinct but related approaches: child guidance,
sociological studies, and research in child
development. She views the three approaches
not as isolated efforts but as parts ol a broad
movement that shared a common goal: “the
discovery of new knowledge about children n
order to better serve both children and the
nation.” It was thought that the science of
child development would, in the taditions of
the Enlightenment and the spint of the

The reviewer i5 in the Department of Human Devel-
opment, Wheelock College, 200 The Riverway, Boston, MA
02215, USA E-mail: ecahan@wheelod.edu
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Science in the Service
of Children, 1893-1935

by Alice Boardman Smuts

Progressive Era, be used as an instrument of
individual and social reform. Scientific child
study would occupy a strategic place in the
design of practices, programs, and policies for
children. Accepting the positivistic frame-
work of the tmes, people assumed that
research in child development was free of the
“taint” of values. Smuis’s book celebrates the
triumph of science over sentiment and caprice
but leaves critical discussions of the limita-
tions of such science o others,

In the last quarter of the 19th century-—on
the heels of the Darwindan revolution and in
the midst of massive social
changes (including but not lim-
ited to industrialization, urban-
teation, and immigration )
people in the United States and
abroad began to look at and see
children differently. Children
were moving out from the
home into the public worlds of
urban sireets and schoolrooms,
and there was trouble. Children labored in
the streets, some peddled newspapers, and
some committed mild o moderate
crimes. Chanty workers observed
increasing numbers of homeless
orphans and children working
1 2-hour days in sweatshops, Reci-
tation dominated educational in-
struction, children were cooped
up in urban schoolrooms with no
ventilation, and there was no pub-
lic space in which kids could play.
Social reformers and journalisis
(such as the photographer Jacob
Riis) drew the public’s attention to
the conditions in which children
lived on the streets or in squalid.
unsafe. and overcrowded tene-
ments, People with common sense
and humanitarian ideals indicted these condi-
tions and called for reform.

In the 18805 and 1890s, there was little
secular wisdom to guide people toward sound
Judgmenis about designing programs. prac-
tces, and policies for children. Reformers
sought answers to countless relevant ques-
tions: How many hours could a child work
without sulfering physical or emotional dis-
tress? How old should a child be before under-
taking work or formal schooling? What
should the average child know about the
world? How do children relate to one another
in social groups? How many words does an
average four-year-old know? What is the
value of children’s play? What should we
teach young children? Etforts to understand
children’s lives and mentalities existed well
before this time, but they were scattered and

BOOKSETAL

heterogeneous, with few of the trappings of

conventional science—Ilittle sense of shared
purpose or methods, and little shared theoreti-
cal framework outside of evolutionary theory.
Smuts describes how the child sciences and
professions took form as graduate and profes-
sional schools proliferated, Most importam,
unlike their cousin experimental psychology,
child study and developmental psychology
did not spring forth from either philosophy or
science, Rather, they emerged out of a matrix
of scientific, social. and humanmitanan ideals.
The child sciences whose origins Smuts
recounts have been a positive force in modern
societies by helping us to design environments
appropriate for children. Developmental psy-
chology. for example, has contributed to chil-
dren’s television. preschool programs, and
instructional strategies for science and math
education; it has helped us create and evaluate
mmportant policies such as Head Start. These
designs inevitably lead to questions of value,
questions—such as what constituies “good™
development
experimental science cannot on their own

answer, This slippage from science to values is
not a sign of an immature science, nor is it
the removable error of inadequate methods.

Rather, it is inherent in the very subject of

children, their development and welfare. If we
don’t question the limitations of the child sci-
ences or make our values explicit, then we run
the risk of relving on the false claims of scien-
tism and the hubris of using current findings
to define our values. By bringing together an
enormous amount of information from scat-
tered sources, Smuts’s history offers an excel-
lent foundation for further work in the history
of scientific study of the child,
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that the empirical norms of

Study subjects. Children at the University of Minnesata's Nursery
School Laboratory (established in 1925},
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Reestablishing the
Researcher-Patient Compact

Isaac S. Kohane,'2®* Kenneth D. Mandl,'2? Patrick L. Taylor.2* Ingrid A. Holm 2%

Daniel J. Nigrin,'?* Louis M. Kunke[®38

n the name of privacy and protection of

study subjects. the research community

has, albeit with good intentions, broken
the istorical doctor-patient compact. distort-
ing an ideal of information exchange that
might inform subjects of health risks or
benefits (/. 2). To minimize privacy risks in
genomic research. investigators and institu-
tional review boards (1RBs ) construe that fed-
eral regulations require anonymized data.
This disallows communicating pertinent
results back to subjects. Such results could
help the subjects and would justify the benef-
icence of that research (3). When large
cohorts are enrolled for genomic and clinical
characterization ( 4-6). both sides agree not to
reconnect findings from the aggregated data
or to infer meaning or insight for a specific
patient, or to make that knowledge available
to the patient. The scientific motivation
behind this mutual commitment never to
communicate or identify has origins in the
evolution of modern study design (7). It has
coincided with the growth of grass-roots pri-
viicy concerns, the enactment of Health
Insurance Portability and Accountability Act
(HIPAA) (&), the Office of Human Research
Protectuion (OHRP) procedures. and state
laws to protect genetic information misuse
( 9-13).%er this intentional Failure of commu-
nication may be detrimental.

Consider the scenario: In 5000 patients
with diabetes mellitus, one subject has an inci-
dental Mnding of the expression of a fusion
gene indicative ofearly malignancy, Genome-
wide polymorphism studies reveal a variant in
400 others that predicts benefit from a recently
approved medication. To follow up. the IRB
must either sanction reidentification or
notify the entire cohort. unnecessanly alarm-
ing some (/4). This scenario will become
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MIOre COMMON is More genetic signatures are
linked with pertinent phenotypes. Further. this
highlights only one ol several opportunities
{ 15) mussed because of an understandable but
overreaching paternalism.

The advent of genome-scale measure-
ments and health information technologies
allows us to reconnect patient subjects and
researchers in a manner respectful of regula-
tions and privacy concerns and to maximize
potential benefit to the public and the individ-
ual in the course of research. A solution must
anonymize mformation while making discov-
eries available to participants who “tune in.”
Although seemingly paradoxical, it is compa-
rable to UHF/VHF television. To “partici-
pate.” an individual buys a television and pri-
vately decides when and what he watches. In
the research analogy, a subject’s “program-
ming” is a product of her own information and

the aggregated study results. Her reception of

research results depends on whether she
“tunes in” to the broadeast,

We propose a collaborative clinical re-
search regime. the Informed Cohort (see
figure. page 837). IC subjects are enrolled at
their health-care institution through an exten-
sive informed consent process. 11 they choose.,
subjects provide additional clinical informa-
tion and biespecimens, typically a blood sam-
ple. for high-throughput measurements, In
addition o the vsual concerns regarding com-
prehension, transparency, and coercion, the
consent process must mirror the dynamic
quality of the subjects’ changing imvolvement
over time—contributing more information or
withdrawing at will. Although IRBs may
absorb the additional responsibility, we pro-
pose giving cructal oversight functions w an
independent 1C Oversight Board (1COB),
responsible for communicating study infor-
mation back to patients. The [COB multidisci-
plinary team ( geneticists, statisticians, ethi-
cists, patients, and communications experts)
deals with complex issues—uwhat information
is worthy of communication and how best to
communicate it, for example.

At enrollment, subjects are given a Web-
based. interoperable personally controlled
health record (PCHR ) ( £6-18). In our model
of PCHR. design, ( /6) individual records are

Well-intentioned regulations protecting privacy
are denying important information to patient
subjects. Advances in information technology
mean that a better approach to clinical
research is possible,

encrypted. preventing compelled third-party
disclosures (/¥), for example. by subpoena.
Only the patient can decide to whom person-
ally 1dentified information will be disclosed
and under what circumstances (20-22),
Thus, each patient owns an integrated copy
of'his or her traditional record data plus high-
throughput genome-scale measurements
made on his or her own biomaterials, For
example. she may consent to share a part of
her PCHR data, which is then anonymized
and entered into a population database, Her
data can be studied in an IRB- and HIPAA-
compliant manner across topics including
population genomics, public health, medica-
tion effects, and quality of care. Data can be
shared with appropriate parties including
biomedical researchers and public health
authorities. Under no circumstances would
there be an attempt to contact or to discover
the identity of the patient. Anonymized data-
gathering can be a dynamic process for lon-
gitudinal studies ot individuals (23).

The 1C desizgn allows patients 1o be con-
tacted as necessary and as desired by each
patient. As shown in the figure, each PCHR
has an “agent,” the listener. The agent has a
dedicated purpose: to intercept broadeasts over
the Intemet from the health-care svstem with
information regarding patients with particular
characteristics and to determine whether the
descnbed characteristics match the patient
the agent serves. For example, does the DNA
polyvmorphism or diagnostic category match
the content of the patient’s record? These
broadcasts are not targeted to any specific
patient. and only under two conditions does the
agent notify the patient of the broadcasts: ifthe
patient has allowed this agemt listener function
tobe wrned on atall (it can be turned off at any
time ). and if she has allowed further notifica-
tion from the health-care system in a particular
clinical or genomic domain that is available to
her as an electronic checklist,

Researchers at any given time may make a
discovery pertaining to a class of patients
with a particular characteristic or set of
cenomic markers and may want to alent those
patients about clinical implications. request
more information, obtain more genomic
material. or perform other measurements.
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Initial Interview

However, researchers do not know whao the

patient 1s and so broadcast to the system of

the 1C—conditional on the ICOB editorial
process and approval—a description of the
kind of patients that they are seeking to con-
tact. The agent’s “decisions™ are the product
ol the subject s stated categorical preferences
tor information and the [COBs study-
specific determination about what informa-
tion can be effectively communicated in a
manner sensitive to subjects” health literacy.
AllIC agents that are turned on will intercept
all such broadeasis and determine whether
the characteristics. of the patient. genomic or
clinical. match the characteristics of the
patents described in the broadeast. The agem
listens for information pertmning. for exam-
ple, to a particular single-nucleotide poly-
morphism (SNP) and scans the PCHR. for the
presence of that SNE The notification
appears to the patient much as an e-mail does.

Because the 1C protects privacy through
anonymization, but permits direct benefit to
participating subjects, it is ethically superior
to the status quo. Itenables patients as panners
in research rather than passive, disenfran-
chised purveyors of biomaterials and data.
Further, this procedure is feasible using
today’s technology and does not breach cur-
rent regulations. In addiuon, because it is built
around PCHRs interacting with a national
electronie health network, it could have
markedly amplified rescarch potential, offer-
ing dramatically greater accessibility for
properly authorized researchers across multi-
ple health-care institutions,

Several questions remain unanswered and
require careful analysis in ways that might vary
by population and geography. How can the 1C
work for individuals with poor health hteracy?
What about individuals without effectuive and

Persanally controlled
health recards

Health care data

POLICYFORUM

ICOB review and edits
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Anonymized cohort database
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Biomixing of the Oceans?

Andre W. Visser

very now and then, an idea comes
along that is so appealing. it seems
bad manners to challenge it. Bio-
mixing—1the action of swimming organisms
in mixing the world’s oceans—is one such
1dea that has gained recent purchase. If
correct, biomixing has far-reaching conse-
quences for our understanding of the oceans.
But can swimming organisms actually achi-
eve significant mixing? Central to this ques-
tion is their mixing efliciency.
Biomixing 1s certainly an engaging
notion, For instance, at the global scale, it
suggests that billions of small organisms
paddling away in the deep oceans stir cold
deep water upward, thus contributing to
global circulation (/) and climate. At more
local scales, it sugzests that schools of krill
and other marine animals (2) plough the
thermocline, mixing nutrient-rich water
upward and thereby fertilizing their own
Feeding grounds. Swimming organisms do
seem to dissipate substantial amounts of
mechanical energy. There are even observa-
tions showing considerably elevated dissipa-
tion rates in the wake of a migrating school
of krill (3). The case for biomixing thus
seems o be compelling,
However, 1in these studies, the dissipation
of mechanical energy 1s equated with mix-
ing. Yet, most of the biomixing is purport-
edly achieved by small but numerous zoo-
plankton with diameters of | emoor less. Can
mechanical energy at these small scales
achieve any substantial mixing (that is,
inerease the potential energy of the water
column ) before it is dissipated as heat?
Turbulence in the oceans 1s generated by
a variety of mechanisms, including tides,
winds, and swimming animals, It cascades
energy from large scales to ever smaller
scales, where it is eventually dissipated.
Turbulence is effective in mixing because it
15 active over a range of scales: stretching
and folding of the fluid at large scales facili-
tates molecular diffusion at smaller scales,
The efficiency of turbulence in mixing a
stratified water column is expressed by T,
the ratio of the change in potential energy to

The author is at the Technical University of Denmark,
Danish Institute for Fisheries Research, Department of
Marine Ecology and Aquaculture, Kavalergaarden &, DK-
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The efficiency of mixing. (Top) The turbulent
kinetic energy generated by a swimming amimal dis-
sipates either as heat or in increasing the potential
energy of a stratified water column, (Bottom) The
mixing efficiency I {that is, the praportion of kinetic
energy that goes into potential-energy increased is a
function of the integral length scale L and the buoy-
ancy length scale £. For a swimming animal, L is the
size of the animal itself. Small animals tend to be
much less efficient at mixing than larger animals,
depending on the ratio L/B. For animals of a given
size (that is, L), mixing elficiency decreases as dissi-
pation rate increases, either because individual ani-
mals swim faster or because they aggregate in
denser assemblages.

the work done. Mixing efficiency is con-
trolled by three parameters: the integral fre-
quency L {(the scale at which turbulent
kinetic energy is imparted to the flow), the
rate of turbulent energy dissipation € (equiv-
alent to the rate of work done), and the buoy-
ancy length scale N (a measure of the strati-
fication of the water column). The latter two
parameters can be convenientlv combined as
the buoyvancy length scale B = (g/N)V2,
Theoretical considerations (4. §) and obser-
vations (. 7) indicate that when L = B, the
mixing efficiency is atits maximum. However,
when L < B, the mixing efficiency can be
orders of magnitude less (see the figure).
The net dissipation rate due to an assem-
blage of swimming organisms depends on
the power expended per individual and the
number of individuals per unit volume (2).
Thus. the dissipation rate £ of a school of
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Although the idea that small swimming
organisms could change the ocean’s circulation
has attracted attention, their movements do
not cause enough mixing.

krill—assuming a body length of 1 10 1.5
cm, a swimming speed of 3 to 10em 57, and
a number density of 5000 individuals m™?

is equal to 1075 o 10 W kg~!, consistent
with observations (3). How much mixing
does this represent?

An oreanism of a given body size A can-
not inject energy mto a flow at length scales
larger than iself, Thus L = &, consistent with
observations for grid-generated turbulence
(4). The buovancy frequency for the surface
ocean is typically 1072 s7% or less, so that the
buoyvancy length scale associated with the
above measurements 15 3 to 10 m, and the
corresponding mixing efficiency I'= 10 10
1072, Hence, only 1% at most of the mechan-
ical energy dissipated by the swimming
school of krill and other marine amimals
actually goes into mixing. The dissipation
rate measured in the wake of a dense assem-
blage of swimming organisms may indeed be
considerably higher than that associated
with oceanic turbulence. but 1t does not
necessarily follow that the corresponding
mixing is also proportionally higher.

The case for biomixing as an important
component of the mendional overturning
circulation is fraught with the same problem,
Considering tides and winds alone. there is
an apparent shortfall of =1 TW in the energy
budget driving this circulation (¥, ). The
oceanic biosphere captures solar energy at a
rate of =63 TW (/. 11). If only a small per-
centage of this captured solar energy makes
its way into mechanical energy of swim-
ming. the energy budget can apparently be
closed. One terawatt corresponds to an aver-
age dissipation rate of 107° W kg™ in the
deep oceans, where the buoyancy frequency
is typically 1078 s7Vor less (/2). Thus, a mean
buovancy length scale for the deep ocean is
I mor greater. However, most of the biomass
of the oceans is concentrated in small organ-
isms such as copepods (& = | mm). The effi-
ciency of these organisms in mixing 1s only
1073, 1t is only when one comes to larger, but
much less abundant, organisms, such as fish
and marine mammals, that the mixing effi-
clency approaches its maximum.

Dissipation is the end product of wrbu-
lence. It1s also the most reachly measured tur-
bulence parameter in the ocean. However,
important aspects of turbulence-—such as
mixing—also depend on the larger scales of

www.sciencemag.org




turbulent motion (/3. 14). By whatever
means one approaches the caleulation of bio-
mixing of the oceans. one will always be con-
fronted by the fact that the mixing efficiency

of small organisms 15 extremely low. Most of

the mechanical energy they impart to the
oceans s dissipated almost immediately as
heat, There may be a case to be made for bio-
mixing by larger animals on a local scale. but
their relatvely low abundance means that
they are unlikely to be important contributors
to global circulation,
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A Local Wiggle in the Turbulent
Interstellar Magnetic Field

J. R. Jokipii

ecent observations, both remotely and
in situ with the Voyager space probes,
are clearing away some of the mystery
about the interstellar magnetic feld that lies

just outside the solar system, On page 875 of

this issue, Opher e af. (/) report a new analy-

s15 showing that previous measurements of

the field (2, 3), initially indicating quite dif-
terent fields, are in tact consistent with each
other [also suggested by Gurnett ef al. (4)].
Also, it now seems clear that the very local
interstellar magnetic Nield points in a quite
different direction from that obtained from
numerous previous ground-based measure-
ments. which were averages over large dis-
tances. This discrepancy can now be under-
stood as a natural consequence of Mluid wrbu-
lence in the interstellar medium. in which the
magnetic-field direction changes dramati-
cally over shorter scales than could be mea-
sured previously. The insights gained will help
researchers better understand the mterstellar
medium and the nature of s interaction with
the plasma environment around the Sun.

A stream ol 1onized particles—the solar
wind—is continuously emitted by the Sun
and has carved out a bubble in the interstellar
plasma. called the heliosphere, which extends
outward from the Sun more than 100 asiro-
nomical units (ALY (1 AU is the distance from

The author 15 in the Department of Planetary Sciences,
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Conflicting measurements of the magnetic field
outside the solar system now make sense.

Turbulent magnetic field line

Average magnetic field

_—

Local disturbance. Schematic illustration of the braided and intertwined turbulent interstellar magnetic
tield. The average magnetic field is parallel to the plane of the galactic disk, and the filled blue circle repre-
sents the heliosphere, where the local magnetic field has a pronounced deviation from the average.

the Sun o Earth) in all directions, The ionized
regions of the interstellar gas and its magnetic
field are largely excluded from this bubble,
This local interstellar magnetic tield, im-
mediately outside of the heliosphere, 15 an
important factor in determining the interac-
tion of the interstellar medium with the
heliosphere. The interaction determines,
among other things. the effects of the helio-
sphere on the galactic cosmic rays, an impor-
tant part of Earths environment in space.
Until recently, observations of the inter-
stellar plasma and magnetic feld were
restricted to effects avermged over long lines
of sight to distant objects, corresponding to
spatial scales of tens of parsecs (1 parsec, or
pe. is 3 10" cm, or 200,000 AU ), more than
a thousand nmes the scale of the heliosphere,
These observations vielded accurate infor-

SCIENCE VOL 316

mation about the interstellar plasma and the
magnitude and direction of the magnetic
Field, but the spatial resolution was limited
by the averaging 1o scales of several parsecs
or more ( 3),

From these measurements. the magnetic
field was found to be approximately in the
galactic plane, along a spiral arm. However,
there is a complication: The interstellar med-
ium is turbulent, with pronounced fuctua-
tions of uid parameters such as density, with
a coherence scale (tvpical scale of the largest

fluctuations in the turbulence ) on the order of

I to 10 pe (6, 7). Because the interstellar
plasma is a hydromagnetic uid, there is no
electric field in the frame of the fluid and the
magnetic field 1s dragged with the plasma
motions, As a result, plasma flows and mag-
netic field should vary on similar scales.
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Therefore, itis reasonable to expect that the
very local interstellar magnetic field differs
considerably from the averages over sev-
eral parsecs, as is now confirmed by Opher
efal (1)

Observational evidence for this difference
in magnetic-field directions, obtained from
the observed deflection of interstellar hydro-
gen, was reported by Lallement er al. (2),
which allowed them to infer the plane of the
interstellar magnetic field. These results were
not consistent with the earlier results of Kurth
er al. (3) obtained with Vovager radio wave
data, which suggested a direction of the local
magnetic field nearly parallel 1o the galacte
plane, Subsequently, Gumett ef al, (4) pointed
out that the Voyager data were also consistent
with the Lallement et al. result. The analysis
of Opher ¢r al. establishes that the local
magnetic Neld is at a large angle to the large-
scale average field. finally reconciling the
varous observations,

The source of the confusion is wrbulence,
and 1ts existence in the ambient interstellar
medium has been known for decades (6-10).
Turbulence is a phenomenon whereby large-
scale flud flow breaks down into random
fluctuations and eddies and does not flow
smoothly. Turbulence in Earth’s atmosphere
can often be seen mixing the smoke down-
wind from a smokestack or a fire,

Turbulent fluid flow is fundamentally
irregular and random, and can be described
only in terms of its statistical properties, such
as mean fluctuanon scale and square of the
fluctuation velocity. In the interstellar plasma,
it 15 found that the mean square of the change
of wrbulent density and magnetic field be-
tween wo points varies as the % power of
the separation distance, from small scales
of thousands of kilometers to the coherence
scale of several parsecs. A similar scaling of
the turbulent flow velocity 1s seen in other nat-
urally oceurring turbulent flows such as in
Earth’s oceans and atmosphere. planetary
atmospheres, and in the solar wind. One may
conclude that the observed substantial differ-
ence between the large-scale average mag-
netic field and the locally observed Held is an
expected consequence of interstellar wrbu-
lence. The figure illustrates, schematically, the
inferred turbulent magnetic feld.

The analysis by Opher ef al. has also
improved our understanding of the eftects of
the interstellar magnetic field on the inter-
action of the interstellar medium with the
heliosphere. A decade ago. simulations (/4. 12)
showed that the local magnetic-field direction
may be important in determining the shape of
the heliosphere. If the local interstellar mag-
netic field 1s canved ar an angle w the mter-
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stellar plasma low direction onto the helios-
phere. the magnenc field can push the helios-
phere o one side and induce a global lateral
asymmetry. Opher et ol use simulations,
combined with comparison with Voyager |
and 2 energetic-particle observations, to fur-
ther constrain the direction and magnitude of
the interstellar magnetic field and the conse-
quent lateral asymmetry of the heliosphere.
Vovager 1, having crossed the solar-wind
termination shock in Diecember 2004, is now
exploring the heliosheath (that region of sub-
sonic outward flow between the termination
shock and the interstellar plasma). Voyager 2,
vel to cross the termination shock, 15 follow-
ing Yovager 1, but moving in a different direc-
tion and currently some 20 AU ¢closer to the
Sun. Continued measurements from Solar
and Heliosphene Observatory (SOHO) and
the launch of the Interstellar Boundary Ex-
plarer (IBEX) next vear will provide im-
proved remote observations of the inter-
action of the interstellar medium with the
heliosphere. These in situ and remote meas-

urements should continue the remarkable
recent expansion of our knowledge of the
very local interstellar medium, the solar sys-
tem’s home in space. and its interaction with
the heliosphere.
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Keeping a Tight Leash on Notch

lvan Maillard and Warren 5. Pear

A signaling pathway in bone marrow progenitor cells leads to T cell development unless a cellular
factor intervenes and turns them toward a B cell fate.

lthough multiple hematopoietic

progenitor cells in the bone mar-

row have the potential to develop
into T cells, they only do so after progeni-
tors leave the bone marrow and reach the
thymus, By contrast, B cells are produced
primarily in the bone marrow. The key
molecular determinant of the B versus T
cell fate decision is signaling by the mem-
brane protein Notch. Simply put, Noich
signaling in progenitors drives T cell
development at the expense of B cell
development (/-3). On page 860 of this
issue, Maeda eral. (4) identify a factor that
is required to block Notch signaling in
bone marrow progenitor cells, allowing
their development into B cells. The lactor
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Abramson Family Cancer Research Institute, University of
Pennsylvania School of Medicine, Philadelphia, PA 19104,
USA. W. 5. Pear is in the Department of Pathology and
Laboratory Medicine, Abramson Family Cancer Research
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1s encoded by LRF (leukemia/lvmphoma-
related factor, previously known as Poke-
mront). o gene whose dvsregulated expres-
sion can lead to cancer (causing it to be
designated an oncogene). This newly iden-
tified role for LRF indicates that Notch
signaling is actively repressed in certain
physiological conditions,

The thymus expresses an abundance of
ligands that activate Motch, in particular
the Delta=like family member DIl-4 (3, 6).
This environment 15 thus conducive to
high-intensity signaling by Notch in pro-
genitor cells that arrive from the bone mar-
row ( 7). The B cell fate of progenitors in the
bone marrow has been atiributed to the
absence of such high-intensity Motch sig-
nals, although it has not been clear whether
limited ligand availability or other factors
might explain the low levels of Notch sig-
naling in these cells. The findings of
Maeda er al. identify LRF as an important
new member in the list of molecules that
can inhibit Notch and show that Notch sig-
nals are actively repressed in bone marrow
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hematopoietic progenitors.

LRF belongs to the POK (POZ/BTB and
Krippel) family, a group of proteins that
includes PLZF (promyelocytic leukemia
zinc Ninger), BCL6 (B ¢ell lymphoma 6),
and Th-POK. All function in hemato-
lymphouwd development, and several play a
role in oncogenic transformation (8-11),
POK proteins contain an amino-terminal
POZ/BTB domain that mediates homo-
dimenzation and interaction with other pro-
teins, and a carboxyl-terminal Kriippel-type

Abundance of Notch ligands overrules LRF block

logged or  Notch

Dqt[a-!ike

Hematopaietic stem cell or
common lymphoid progenitor cell ] 'r

Notch block. Notch signaling is reduced by the cellular factor LRF, thus allowing B cell development in the bone marraw.

Strong Notch signal

etic progenitors had increased expression of
multiple Notch-regulated genes (including
Hes!, Delrext, Notch3, and pTCRa). sug-
gesting that Noteh signaling had been acti-
vated. These findings indicate that LRF
blocks (or at least substantially reduces)
MNotch signaling in bone marrow hematopoi-
etic progenitors, even if they are exposed to
Notch higands in their immediate environ-
ment (see the figure). Whether any residual
low-intensity signaling is linked to a physio-
logical function of Notch in controlling
hematopoietic stem cell self-
renewal and differentiation
remains controversial.

An interesting possibility is
that Motch ligands expressed in
the bone and bone marrow
may fulfill important nonhema-
topoietic functions, such as in
bone or vascular homeostasis,
In this scenario, physical con-
tacts between Notch ligands
and hematopoietic progenitors

In the absence of LRF-inhibitory activity, progenitor cells develop into T cells in the thymus.

zine lnger domain that binds o DNA,
Maeda and colleagues previously identi-
fied a central role for LRF in oncogenic
transformation, in which it cooperates with
several proto-oncogenes and decreases ex-
pression of the tumor suppressor protein plY
(ARF) (§). In the current work. they studied
the physiological function of LRF in
hematopoiesis. Mice lacking LRF in the
bone marrow had a profound block in early
B cell development that could not be over-
come by ectopic expression of potent B line-
age-specific transcription factors, such
as EBF (early B cell factor). Concurrently,
LRF-deficient progenitors gave rise to
T cells in the bone marrow through a thy-
mus-independent T cell developmental
pathway. Because this phenotype mimics
the effect of constitutive Notch signaling
(2). the authors investigated the effects of
LRF loss on Notch signaling, They found
that LRF-deficient multipotent hematopoi-

in the bone marrow cavity would naturally
occur, and LRF may ensure that hematopoi-
ctic stem cells and their progeny in the bone
marrow maintain the potential to develop
into multiple lineages in an environment
that may continually support high-intensity
Motch signaling.

How, then, does Notch signaling occur
in LRF-expressing lvmphoid progenitors in
the thymus? Potentially. high concentra-
tions of Motch ligands in the thymus over-
come LRF-mediated Notch inhibition, Al-
ternatively. LRF activity may be repressed.
This could be fleshed out by studying the
regulation and function of LRF at early
stages of T cell development.

Although Maeda er al. show that LRF
blocks Notch signaling, where it acts in the
Notch signaling pathway 15 not known,
Notch signaling is initiated after its interac-
ton with a ligand. This leads 1o successive
proteolviic cleavage steps including intra-

=l B cell development

PERSPECTIVES

membrane proteolysis by a y-secretase com-
plex. This event releases the intracellular
domain of Notch into the cytoplasm and
ultimately to the nucleus, where it activates
transeription upon binding to the transcrip-
tion factor CSL (CBF VRBP-1/Suppressor
ol Hairless/Lag-1) and to the transcriptional
coactivator Mastermind.

There are multiple steps in this pathway
that might be regulated by LRF. For example,
signaling via Delta-like ligands is enhanced
by the expression of the glycosyliransferase
Lunatic Fringe (/7). As a transcriptional
repressor, LRF could decrease Lunatic
Fringe expression by the progenitor cells,
thus reducing their sensitivity to a low den-
sity of Delta-like higands. Such decreased
sensitivity could be important in the bone
marrow but would be overcome in the thy-
mus in the presence of a high concentration
of Dela-like ligands. Alernatively, LRF
could enhance the effects of intracellular
Motch inhibitory proteins, such as Numb or
Fbw7/Sel 10, effectively reducing Notch
signaling. In addition, proteins
containing POZ/BTB domains
can interact with E3 ubiquitin
ligase complexes to target pro-
teins for degradation (/3).
Because the Notch intracellular
domain undergoes rapid wrnover
by proweasomal degradation, LRF
could potentially participate in
this process, thereby attenuating
Notch signaling.

The role of LRF as a Nowch
inhibitor 1s seemingly at odds
with the description of LRF as a
dominant oncogene in T cell
lymphoblastic leukemia (8), given that most
human and mouse T cell tumors contain
activating mutations in Norcehid (14). There
may be several explanations for this appar-
ent paradaox. First, not all T cell tumors have
Notch mutations and/or are Notch depend-
ent ( /4, 15); the presence of Notch muta-
tions and Notch dependence have not been
examined in LRF tumors. Second. activating
mutations in Nerch! may overcome LRF-
mediated suppression. For example, muta-
tions in the Notch heterodimerization
domain cause ligand-independent cleavage,
which would render the effects of LRF on
ligand sensitivity irrelevant, Alternatively.
carboxyl-terminal Notwch mutations increase
nuclear Notch activity, which might overnide
LRF% effects on Notch degradation.

The work by Maeda er af. provides new
mnsights for understanding the molecular
mechanisms underlving early lvmphoid
cell development. Determining the precise
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mechanism of LRF action may lead o new
opportunities to inhibit Notch for thera-
seutic purposes. Because LRF is broadly
expressed. it will also be interesting to
determine whether this factor influences
Notch signaling at other stages of hemato-
lvmphoid development, and in tissues such

as the vasculature, gut, brain, and skin,
where Notch function is critical. This ver-
satility of Notch, and the ubiquity of its
signaling pathway components, require

its tight regulation to achieve specificity,
LRF appears o keep Notch on just such a
tight leash.
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GEOPHYSICS

Slippery When Hot

Raul Madariaga

ost carthquakes in Earth’s crust are

caused by fast slip on preexisting

Faults. Slip on faults explams well
the emussion of seismic waves, but 1t does
not address how friction between rocks s
overcome, especially at the fast rates at
which earthquakes slip. On page 878 of this
1ssue, Han ef af. (1) address this question in
a laboratory experiment.

The authors studied friction at high
specds between two precut cylindrical bars
of Carrara marble cut along a section per-
pendicular to the axis of the cylinder. They

found that friction decreases as a result of

rapid, localized heating produced by high

The authar i in the Laboratoire de Géologie, CNRS=Ecole
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slip rates. Calcite, the main constituent of
marble. decomposes into small particles of
lime (Ca), forming a narrow zone of pow-
der (called faul gauge) and producing a sub-
stantial amount of CO,. The reduction in
friction is so dramatic that when the ship rate
increases bevond about 50 em/s, the fault
effectively ships freely. Marble is not the typ-
ical rock lining seismic faults, but neverthe-
less the authors attribute the reduction in
friction to low-strength minerals like tale,
The work provides new msight into friction
at high speeds that may help 1o solve some
long-standing puzzles in carthquake sci-
ence. but it also raises guestions recarding
the scaling of stresses in seismic ruplures,
Early kinematic models of seismic slip
on faults did not take into account the fric-
tonal properties ol the fault, because seis-

Laboratory experiments provide a possible
explanation for why friction between rocks
does not impede the slippage that leads to
earthquakes.

mic¢ radiation could be computed independ-
ently of the actual siresses that operated on
the fault. These models were highly success-
ful and led wo a broad understanding of
earthquake kinematics. In the early 1970s,
selsmologists realized that friction had a
fundamental role in determining the dyvnam-
ies of earthquakes. Yet the actual properties
of friction remained elusive. because exper-
iments on rock friction could only be done at
speeds of less than | mm/s, whereas earth-
quake slip occurs at rates closer to | m/s,
The most basic information about rock
friction was found by Bverlee (2), who
showed that static friction (the resistance to
the mitiation of slip on the fault) varied
between 0.6 and 0.8 times the confining
pressure (the pressure that holds the rocks
together in the deep Earth) for almost all

2.5
Slip (m)

Slip distribution during an earthquake. The image shows the slip distribution 15 s into the Landers earth-
quake of 28 June 1992 in the Mojave Desert, southern California (8, 9). In the figure, the set of Taults that
slipped during the earthquake are viewed from the west, with the slip distribution pasted on top of them.
Rupture started from the southern end (right in this figure) and propagated along several fault strands at an
average speed of 2.5 km/s. At the time of the image, rupture is starting to propagate into the last segment.
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rock samples. These results led 1o the slip-
weakening model, in which friction was
assumed to decrease as slip on the fault
increased. The key model parameter was the
slip-weakening distance (the amount of slip
required to reduce friction at high speeds).
This phenomenological model avorded the
dilficult question of the origin of friction,

Mechanical studies of rocks in the late
19705 provided the first experimental evi-
dence that steady-state friction indeed
decreased logarithmically with slip rate.
Friction also depends on several parameters
representing the state of the slipping surface
(3). In these expenments, designed to under-
stand friction at low slip rates, the slip-weak-
ening distance is very small. on the order of
a fraction of | mm.

In the past 15 years, seismologists were
able to study in detail several major earth-
quakes in the United States, Japan, Turkey,
and Tarwan. The ship-weakening distances
inferred for these events were several orders
of magnitude longer than those observed in
rate-and-state [riction experiments. A sim-
ple scaling argument explains the long slip
distances. Earthquakes are similar for a
broad range of scales. at least from magni-
tudes of about 4 to 8: the single scaling van-
able appears to be the length of the fault. If
this i1s the case, then slip-weakening dis-
tances must scale with earthquake size; oth-
erwise, either large earthquakes would all
propagate with rupture speeds higher than
that of shear waves. or small events could
never occur because of the high frictional
resistance of the faults. Han er al. find that
slip weakening occurs on scales on the
order of a meter, a value that 15 very close to
the slip-weakening distances observed in
earthquakes of magnitude around 7. A num-
erical simulation of the Landers earthquake
of 28 June 1992 in Califorma (see the figure)
required slip weakening distances of several
tens of centimeters, similar to those ob-
served by Han er af.

The experiments by Han et al. show that
friction is very sensitive to slip rate. Large
slip-rate weakening favors the creation of
rupture pulses instead of long cracks. In
pulses (4), slip oceurs in a narrow zone that
follows the rupture front: this is a very effi-
clent way to propagate seismic slip while
maintaining a high average stress on the
fault, The results reported by Han er al. may
also help to explain the “San Andreas Fault
paradox™: There is no observed increase in
heat flow near the fault, which means either
that the fault i1s very weak during slip. pro-
ducing very little heat, or that friction is high
but heat is evacuated by fluid Now (3).

The experiments also raise several ques-
tions. The most obvious is that they were
done at a fixed slip rate, whereas earth-
quakes are intrinsically transient phenom-
ena, with ship rate increasing from zero to
speeds on the order of | m/'s when the rup-
ture front arrives, finally decreasing to zero
as the fault heals. [t remains unclear whether
the friction law derived in this work applies
to ransient ship of short duration.

By far the most important question con-
cerns scaling., Han er af. carried out their
experiments at confining pressures of 7.3
MPa. Will the same friction law apply at the
much higher confining pressures that pre-
vail in seismogenic zones? Seismic data
have shown that ship rates are proportional to
stress drop (the difference between the static
and dynamie friction), Stress drops in the
experiments were on the order of 7 MPa
at the confining pressure of 13 MPa,
Extrapolating to the depths where earth-
quakes occur, this implies siress drops at
least an order of magnitude greater than
those observed. Furthermore. the experi-
ments were done on marble; the results may
be different for the silicate rocks found at
10 km depth.

PERSPECTIVES

Thermal weakening is not the only
mechanism that may reduce friction at
high slip rates: melting (6) is another
example. Furthermore, direct application
of the results reported by Han ¢f af. actual
Fault zones depends on the assumption that
slip 15 concentrated on a narrow band.
Recent experiments on sand have shown
{ 7) that ship bands tend to form outside the
main slip zones as fault zones evolve
toward large accumulated slip. We are only
at the beginning stages of a fresh under-
standing of fast frictional processes in
earthquakes.
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PLANETARY SCIENCE

Titan's Organic Factory

Sushil Atreya

Researchers have identified molecules in the atmaosphere of one of Saturn’s moons that are

responsible for its smog-like haze.

ince its discovery by Christiaan

Huygens in 1635, Saturn’s large moon

Titan has intrigued scientists, not the
least because its surface is blanketed by
thick haze. This haze plays an important role
in warming Titan’s nitrogen atmosphere,
preventing its condensation and subsequent
removal, However, the most important
aspect of Titan's haze may be its composi-
tion. It has long been suspected that the haze
results from complex organic molecules,
perhaps even prebiotic molecules (7). Now,
close fyvbys of Titan by the Cassini space-
craft reveal that such molecules may indeed
be forming. On page 870 of this issue, Waite
et al. (2) report identification of benzene,
along with both positively and negatively

The author is in the Department of Atmospheric, Oceanic,
and Space Sciences, University of Michigan, Ann Arbor, M|

48109, USA. E-mail: atreya@umich.edu

charged organic ions. Heavy molecules
formed from these ions eventally produce
Titan's upper haze layers and are expected to
contribute substantially to the total haze
content of the atmosphere,

Unlike the other moons in the solar sys-
tem. Titan has a massive atmosphere. con-
sisting of 95% mitrogen and 3% methane.
Chemical processes are initiated by the
break-up of these gas molecules by solar
radiation and charged particle collisions
(see the fgure). Even though Titan receives
only 1% of the solar ultraviolet Mux that
Earth does, and 15 bombarded by charged
particles from Saturn’s magnetosphere only
some of the time, this energy is sufficient
for photochemistry to proceed efliciently,
Simple hydrocarbons—such as ethane.
acetylene, and diacetylene—and nitriles,
such as hydrogen cyanide (HCN) and
cyanogen (C,N,) form readily. Somewhat
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more complex molecules such as propane,
butane. polvacetylenes, and cyanoacetylene
follow from these simpler unmts (3).
Researchers believed that the haze seen on
Titan by Vovager | and Vovager 2 during
19801981 was the result of condensation

ol many of these molecules and polymers of

polyynes and HCN (3), somewhat similar
to the formation of urban photochemical
smog on Earth.

That i1s where things stood until a tenta-

tive detection of a few parts per billion of

tion experiments of Titan (8), and models
showed PAH polymers to be the largest con-
tributors to Titans haze (¥).

The conventional photochemical process
leading up to PAHs begins with the dissoci-
ation of methane some 600 1o 800 km above
Titan’s surface. However, measurements
with the lon Neutral Mass Spectrometer
(INMS) on Cassini (2) show that benzene
must be forming in the thermosphere-iono-
sphere region also, well above Titan's nor-
mal photochemical regime. Moreover. the
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Haze formation. Ultraviolet radiation from the sun and charged particles from Saturn’s magnetosphere ini-
tiate photochemical reactions of nitrogen and methane in Titan"s ionosphere-thermosphere region (~1000
km altitude) and these reactions can extend into the lower stratosphere (~200 km). The hydrocarbon and
nitrile products begin condensing below ~200 km down to the tropopause (=40 km). These aerosols even-
tually precipitate oul of the troposphere and accumulate on Titan's surface together with aerosols from the

upper layers. [Adapted from (12)]

benzene (C H.) by the Infrared Space
Observatory (1S0) in 2003 (4). Wilson er
al. proposed recombination of propargyl
(C,H,;) molecules (which are derived from
acetylene) with each other to explain the
observations (3). Benzene is key to the for-
mation of polyeyelic aromatic hydrocarbons

(PAHSs) through a continued sequence of

hydrogen atom removal and acetylene addi-
tion (6, 7). Conversion from gas phase to
particulates occurs when the PAHs reach a
high mass of about 2000 daltons (1 dalton is
the atomic mass unit equal to 1/12 the mass
of the carbon atom), and ultimately soot
forms, like the exhaust from diesel trucks.
PAHs were predicted in laboratory simula-
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beneene is found to be at a concentration of
parts permillion, some 1000 times as high in
mole fraction as the stratospheric value from
the ISO and the Cassini Composite Infrared
Spectrometer. Thus, the benzene abundance
in the (lower density) thermosphere is
comparable to its abundance in the (higher
density) stratosphere.

What is the cause for this high benzene
concentration? A previously neglected mech-
anism of ion-molecule reactions seems to
be at work. Although charge-exchange reac-
tions to produce simple one- and two-carbon
1ons, such as L'Hj‘ and (_13H$' were known in
the past (/). no one recognized that the
chemistry in the ionosphere could proceed

to more complex molecules. Waite er al. (2)
show that heavier 1ons. including C H." are
formed through a sequence of subsequent
charge-exchange reactions of the above ions
with ambient neutral molecules such as
acetylene and diacetyvlene. Benzene results
trom electron recombination of C H." in the
ionosphere. The ion-moelecule reactions
proceed much more efficiently than those
between neutrals in the atmosphere below,
This can explain why the ionospheric
benzene mole fraction is enormous, With
s0 much benzene around. a large produc-
tion of PAHs in the ionosphere cannot be
far behind.

The detection reported by Waite ¢ af, of

heavy positive ions up to 350 daltons and
negative ions up to 8000 dalions by Cassini
Plasma Spectrometer (CAPS) (2) implies
that ion-molecule reactions may be produc-
ing more complex ions than just C_H," even
as the PAHs form and grow in Titan’s 1ono-
sphere, However, there 15 no way to posi-
tively identify the composition of such mol-
ecules from the CAPS spectra. Chemical
models do not help either. because the
appropriate laboratory chemical kinetics
data are lacking. Thus. to conclude that the
ions seen by CAPS are massive organic mol-
ecule precursors to haze or haze itself is
speculative. However, considering the likely
chemical pathways to the formation of such
molecules. the unexpectedly large mole
fraction of benzene in the 1onosphere, the
presence of haze layers at high altitudes, and
the total atmospheric aerosol content. this
speculation may be close to reality.

The picture emerging from the work of

Waite ef al. and previous studies is that both
the ionosphere and the neutral atmosphere
below play important roles in the formation
of complex organic molecules. These mole-
cules are precursors to haze, Very few mole-
cules survive condensation below Titan's
cold tropopause (70.4 K). As a result
aerosols have been snowing down onto the
surface of Titan over the past 4.5 billion
years. [f left alone, they could accumulate 1o
a depth of hundreds of meters. However, the

rain of methane is expected 1o wash some of

the deposit into lake beds or river basins.
Nevertheless. relauvely large quantities are
expected to survive intact on the surface.
The combined CAPS and INMS obser-
ations (2) allow a glimpse of the composi-
tion of these aerosols, Unfortunately. their
low concentrations mean that chemical
identification of the more complex of these
molecules is bevond the capability of most
instruments. Yet there is hope for detection
of complex species on the surface where the
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ammospheric acrosols accumulate. Indeed,
the Huvgens Gas Chromatograph Mass
Spectrometer (part of a probe launched from
the Cassini spacecraft) found Titan’s surface
material to be a rich mixture of molecules
{11). The Huygens team has made a tenta-
tive identification of benrene and cyanogen
among other volatles. even though the same
molecules are not vet seen in the mass spec-
tra during descent, most likely due to their
low abundance in the atmosphere below
146 km where the data were taken.

A complete chemical analysis of the sur-
Face material, including isotopes. should be

a key focus of any future missions to Titan,
This 15 because Titans surface composition
is expected to reflect to a large extent the
composition of molecules originating from
its atmosphere and 1onosphere, but in sub-
stantially greater concentration than that in
their production region. Who knows, we may
vet Find those elusive prebiotic molecules,
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CELL SIGMALING

The Art of the Soluble

Rohin Irvine

ince the 1980s, inositol lipids have

capured more attention than mmositol

phosphates as important cellular sig-
naling molecules, even though it was an
mositol phosphate—mositol 1.4,5-trisphos-
phate (IP,)}—that was assigned a definitive
cellular function first (/). Two papers re-
cently published in Science (2, 3) and one
that appears in this 1ssue (4) 2o a long way
toward redressing this balance and establish
{4)a new relationship between the lipids and
their soluble counterparts,

In most eukaryotic cells. 1P, is phospho-
rylated by a sequence of enzymes (Kinases)
to produce inositol hexakisphosphate (1P
see the Ngures) (3, 6). Remarkably, phos-
phorvlation does not stop there but contin-
ues to produce mono- and bis-pyrophospho-
rylated inositol phosphates [properly called
PP-IPg and (PP),-IP,. but loosely termed IP,
and 1Py, respectively]. A number of potential
functions have been assigned to 1P, includ-
ing DNA recombination, vacuolar morphol-
ogy. gene expression, protein phosphoryla-
tion, and telomere length i 4).

One way in which such functions for [P,
have been determined is by studying the phe-
notypes resulting from deletion of Kes- 1, the
gene that encodes 1P, Kinase n the budding
vieast Saccharomyvees cerevisiae, However, the
recent Science paper by Mulugu et al. (2)
shows that we've been aware of only half the
IP, story. The authors revisited a puzzling
finding that yeast lacking Kes-/ still make 1P,

The author is in the Department of Pharmacology,
University of Cambridge, Cambridge (B2 1PD, UK.

E-mail: rfi 20@cam.ac.uk

(7). The great investigative strength of veast 1s
the ability to manipulate its genetics, but
sometimes vou have to do things the hard bio-
chemical way. Mulugu ¢f af. combined both
approaches, forging through protein purifica-
tion and then a screen of 40 potential yeast
proteins, to identify a second. novel IP, kinase.
This enzyme turns out to be encoded by a gene
that, in the fission yeast Schizosaccharomyvees
pontbe, is functionally linked to a protein
complex (ARP) and the actin cyvtoskeleton to
control cell shape and integrity.

This new IP, kinase (called Vipl in &
cerevisiae and Aspl in 8. pombe) is tound in
all eukarvotes and has a kinase domain and a
phosphatase domain. the latter of which has
an unknown role. Mulugu ef af. used elegant
structure-based threading software to iden-
tify key residues in the enzyme that they
then mutated to generate forms lacking
kinase activity. They show that it is indeed
the ability of Vipl/Aspl to make [P, that is
essential to its contribution to yeast cellular
integrity, growth, and morphology.

New information about the synthesis and
function of inositol phosphates shows that
they may have wider and more important
effects than previously realized.

But why are there two IP, Kinases?
Mulugu et af. show by nuclear magnetic res-
onance that each kinase makes a difTerent
IP, isomer. Kes-1 makes SPP-IP,, but Vipl
synthesizes 4/6PP-1P,—that 1s. IP, with a
pyrophosphate in the 4 or 6 position.
Although 4PP-1P; and 6PP-IP; cannot be
distinguished by nuclear magnetic reso-
nance (J), 1t1s hikely to be 6PP-IP, the form
identified in the slime mold Dicrvoseelfwm
discoideum (X). This discovery enabled the
rescarchers to solve another long-standing

Inositide structures. The structures of PIP, and IP, (left) illustrate the numbering
convention of inositides. Structures of two isoforms of IP, are shown (right).

IP,(SPP-IP,)

IP, (6PP-IP,)

mystery—the identity of an [P, kinase that
makes IP.. When added together. the two IP
kinases synthesized [P in vitro. In short,
cither 1P, kinase can make IP;. but each
needs the nght substrate—an 1P, made by
the other Kinase.

Another important function for IP,
comes out of the accompanying Science
paper by Lee ef al. (3). Budding veast stop
growing when deprived of phosphate, a
result of the inactivity of a evelin/cyelin-
dependent kinase (CDK) complex that con-
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sists of three proteins, Pho80, 81, and
&5, Through an arduous purification, the
authors determined that [P, is required for
maintaining the inactive state of this com-
plex. The CDK inhibitor PhoB1 is the likely
effector protein (and receptor) for IP,, but
which [P.? The one made by Kes-1 or by
Vip1? The genetic evidence points unam-
biguously to Vipl. Moreover, Lee er al.
show that 4/6PP-1P, is more efficacious
than SPP-1P, in inactivating the CDK-Pho
complex in vitro. This is the first isomer-
specific molecular action of an [P, linked
to a physiological response, and as such,
[P, becomes a bona lde second messenger.

On page 88206 of this issue (), Huang er
al. solve an older mystery—the physiologi-

) 1 asasn,
PiP

|

IP, 3-kinase _—
1(1,4,5)p, BIP
IP multikinase (Ipk 2]!1 -;E_ :
Y asser,
IP, multikinase {Ipk E‘ll
m 1{1,3.4,5,60P,
IP, 2-kinase llnhlll

1(1,2,3,4,5,6)P,
Kes-1

Viplisp1 {
see-v, [

5PP-IP,

Kes-1 or Viplifspl

3 ee.v,

Inositide kinases. The metabolic relationships among inositides.
Yeast nomenclature is also shown; yeast has no type | Pl 3-kinase,
and IP, 3-kinase is found only in metazoans. The IP, and IP, isomers
highlighted in gold are discussed here. DAG, diacylglyceral.

cal function for inositol 1,3.4.5-tetrakis-
phosphate (IP,). Since its discovery (9). the
issue of whether IP, is a signaling molecule
has been controversial and confusing (see
the figure) (3). For example, depending on
the system, IP, blocks or promotes net cal-
cium entry into cells (/0. 1£).

This confusion is exacerbated by the
uncertain nature of an IP, receptor. 1P, is the
polar head group of phosphatidylinositol
3 4, 5-trisphosphate (PIPy.; see the figures), an
inositol lipid that governs many aspects of
cellular physiology (12). Because any PIP;
effector protein (there are now about 20 ) must
distinguish PIP, from its precursor, phos-
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phatidylinositol 4. 5-bisphosphate (PIP, ), it
must recognize PIP’s polar head group.
which is IP ;. Thus, any PIP; effector might be
expected to bind IP and indeed, those PIP,
effectors that have been studied in vitro do
precisely that. So IP, binding is not a good
criterion for identifying putative P effectors.

Three years ago. Huang and colleagues
determined that a mouse with defective T
cell development had a mutation in the gene
encoding an isoform of the enzyme 1P, 3-
kinase (/3). Contemporaneously, another
group found the same phenotype by generat-
ing a transgenic mouse lacking the same
IP, 3-kinase (/4). Now Huang er al. have
dissected out where the problem lies, The
developmental defect is due to insufficient
activation of phosphoinositide
phospholipase C (PI-PLC). the
enzyme that splits PIP, into 1P,
and diacylglveerol. It turns out
that by activating protein kinase
C. diacylglyceral drives T cell
development.

S0 what molecular evemt
that activates PI-PLC 1s miss-
ing in these mutant mice? In T
cells, activation of the relevant
() isoform of P1-PLC depends
on its phosphorylation by the
cnzyme ltk. Ltk localization
depends on PIP, in the mem-
brane. Huang er al. convine-
ingly demonstrate that when T
cells from mutant mice lacking
IP, 3-kinase are stimulated,

PIP,-dependent recruiiment of

Itk to the plasma membrane
does not occur because it re-
quires obligatory help from
IP,. As with all well-character-
ized PIP effectors, Itk binds
PIP; through its pleckstrin home-
logy (PH) domain, Huang er al.
show that low (physiological)
concentrations of [P, promote
binding of [tk’s PH domain to PIP, in vitro.
The precise mechanism by which IP, pro-
motes this interaction is not fully eluci-
dated vet, but given that the authors also
show that Itk oligomerizes (Likely forms
dimers) through its PH domain, it may
be a simple allosteric effect, In other
words, 1P, binds to one Itk monomer and
increases the affinity of another for PIP,,
At high IP, concentrations, dissociation
of Itk from PIP; occurs, as one might
expect from direct competition between
P, and PIP,.

The tale becomes more intriguing because
Huang er af. discovered two other proteins

whose PH domains exhibit IP -promoted
binding to PIP, One 1s already a promising
IP, effector. GAPI'™EBP (15, [16), unique
among known PIP;-binding proteins in
being constitutively bound to the plasma
membrane. Arguably more provocative,
however, is the other protein, a kinase called
Tec. This is a well-established PIP, effector
{4 7) but there has been no hint that it might
be regulated by IP,. This observation leads
to the sightly unnerving question: Do all
PIP; effectors show the same behavior?

One possibility is Btk. the B cell equiva-
lent of [tk. In looking at B cell signaling in
the same mutant mice, Miller ¢t al. (/1)
found that B cell development and prolifera-
tion are both compromised. Moreover. in the
mutant B cells, PI-PLCy activity is slightly
decreased. However. things are never so
simple, because the authors were unable to
detect compromised tyrosine phosphoryla-
tion of Btk in vitro, so it is unclear whether
recruitment of Btk (or another PIP, effector)
to the B cell membrane by PIP; requires
physiological input from IP,.

In considering this fascinating new rela-
tionship between PIP, and IP,. how much
PIP, is needed for IP, to be effective in vivo?
Unstimulated cells can contain a physiolog-
ically significant concentration of PIP, (/8).
Could there be circumstances where evenis
hitherto believed to be entirely under PIP,
control may be partly, or even mostly, under
the influence of its soluble counterpan?
Alter so long in the shadows, it scems that
IP, is coming into the limelight. and may be
in for an exciting time.
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Global Desertification: Building a
Science for Dryland Development

James F. Reynolds,* D. Mark Stafford Smith,* Eric F. Lambin,? B. L. Turner 11,*
Michael Mortimore,® Simon P. ). Batterbury,® Thomas E. Downing,” Hadi Dowlatabadi,®
Roberto ). Ferndndez,” Jeffrey E. Herrick, Elisabeth Huber-Sannwald,™ Hong Jiang,*
Rik Leemans,™ Tim Lynam,™ Fernando T. Maestre,®® Miguel Ayarza,' Brian Walker®

In this millennium, global drylands face a myriad of problems that present tough research,
management, and policy challenges. Recent advances in dryland development, however, together
with the integrative approaches of global change and sustainability science, suggest that concerns
about land degradation, poverty, safequarding biodiversity, and protecting the culture of 2.5
billion people can be confronted with renewed optimism. We review recent lessons about the
functioning of dryland ecosystems and the livelihood systems of their human residents and
intraduce a new synthetic framework, the Drylands Development Paradigm (DDFP). The DDF,
supported by a growing and well-documented set of tools for policy and management action, helps
navigate the inherent complexity of desertification and dryland development, identifying and
synthesizing those factors important to research, management, and policy communities.

rylands cover about 41% of Earth’s land
surfice and are home o more than 38%

ofthe wtal global population of 6.3 hillion
(1, 2). Some form of severe land degmdation is
present on 10w 20% of these lands [medium-
confidence conclusion of (2)] (3) the con-
sequences o which are estimated to affect directly
some 250 million people in the developing world,
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an estimale likely to expand substantially in the
face of climate change and population growth (4).
The United Nations has penodically focused on
desenification and drvlands, notably adopting the
Convention to Combat Desenification (CCD) in
1992 (.3 and designating 2006 a5 the Intemational
Year of the Desert and Diesertification.

One comnbution of the COCT was to enshrine
a defimition of desertilication as “land deg-
radation in ard, semi-and, and dry subhumid
arcas resulting from vanous [actors, including
climatic vanations and human activities,” that is,
encompassing both biophysical and social factors
(5). However, the CCD and related efforts receive
comparatively linde exposure in the popular and
scientific media (6), in part because of the ab-
sence of a focused imemational science program
(7). Advances in various aspects of science rel-
cvani 1© drylands and community developmen
practices in receni years suggest @ CoOmmon
fmmework for managing drvland sysiems,

The DDP presented here centers on the live-
lihoods of human populations m drvlands, and
their dependencies on these unique ccosysicms,
through the study of coupled human-crvionmental
(H=E) systems (&), The DDP responds 1o rocent
rescarch and policy trends (Fig. 1) that link eco-
system management with human livelihoods in
order to best support the large, and rapidly ex-
panding, populations of dryland dwellers (9).
The DDP represents a convergence of insights
and key advances drawn from a diverse armay
ol research in desertification, vulnerability, poy-
erty alleviation, and community development
(Table I).

Rescarch and practice in these ficlds have
increasingly convenged on a set of five general
lessons conceming the condition and dynamics
of H-E systems as they apply o sustainable
development in drylands. (i) Both rescarchers

ot R N

Fig. 1. The focus on global drylands is shifting
from an emphasis on negative images of desert-
ification (upper: drought-stricken cattle on an
eroded grassland in central Australia. Photo: M.
Stafford Smith) to a more forward-looking per-
spective concerning human livelihoods, based on
interactions between and among human activ-
ities and natural-world processes (lower: farmer
spraying organic pesticide on domesticated
quinoa in southern Bolivia. Photo: ). Reynolds).
Either way, great challenges to the future
security of some 250 millien people remain (4).

and practitioners need w0 adopt an integrated
approach: Ecological and social ssues are fune
damentally imterwoven, and so are the options
for lwelibood support and ecological manage-
menl. (i) There needs o be a heightened awane-
ness of slowly evolving conditions: Shon-icnn
measures tend to be superficial and do not re-
solve persistent, chronic problems nor deal with
cominual change. (iii) Nonlinear processes need
o be recognized: Dryvland systems are not in
equilibrium, have multiple thresholds, and thus
often exhibn multiple ecological and social
states, (iv) Cross-scale intemctions must be
anticipated: Problems and solutions @ one scale
influence, and are influenced by, those at other
scales, (v) A much greater value must be placed
on local environmental knowledgze (LEK) s
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practice is central 1o the management of most
drvlands but is ofien undervalucd.

Template for a New Science

Building on carlicr elTorts (/1) we synthesize
and formalize these lessons more explicitly in
the DDP. The issucs that the DDP principles
highlight arise from a suite of biophysical and
sociocconomic features that together constitute
a “drvlands syndrome.” such that dryland
populations are among the most ccologically,
socially, and politically marginalized popula-
tions on Eanh (/7). Sustainable development in

drvlands is determined by five key features of

the dryvlands syndrome (noted as ds-1 1w ds-3
below), which dominate the dynamics of H-E
syslems

which in-
clude and, semi-and, and dry subhumid arcas

Drviand svndrome. Drylands

are by definition (/2) arcas where precipita-
tion 1s scarce and typically more-or-less un-
predictable (ds-1: high vanabality), High air
temperitures, low hundity, and abundant solar
radiation result in high potential evapotrins-
pimtion. Many dryland soils contaim small
amounts of organic matter and have low aggre-
gate strength (ds-2: low fentility). Both tllage
and grazing by domesticated animals can
quickly have major impacts, so diyvlands arc
sensitive 10 degrdation (/. 2). These and other
biophysical features have profound social and
ceonomic implications.

Compared to mesic arcas, and a low major
desen cities nowwithstanding, the human popula-
tions of drylands are usually sparser (ds-3: sparse
populations), more mobile, more remote from
markets (ds<4: emoteness), and distant from the
centers (and prioritics) of decision-makers (ds-5:

distant voice). It is also harder to deliver services
ciliciently, and nstitutional amangements de-
vised o other regions may be dystunctional
when imposed on drylands. As a result, dryland
populations tend o lag behind populations in
other pans of the world on a variety of eco-
nomic and health indices, even contolling for
“ruralness™ (2), with higher infant monality,
severe shonages of drinking water, and much
lower per capita gross national product,

Principles of the DDP. The DDP consists
ol five principles (Table 2), which are based
on the aforementioned lessons bul tha are also
consistent with the dryland syndrome.

Principle 1. Drvland H-E svstems are cou-
pled, dynamie, and coadapting, with no single
target cquilibnum pomt (/3), They are the co-
evolved product of complex interactions be-
tween biophysical (c.g., climate, soil, biota) and

Table 1. Selected fields of activity relevant to dryland development,
showing some key advances in research and lessons for management and
policy over the past two decades, and which provide the basis for the new

Fields of activity

Some key advances in drylands research

synthesis presented in Table 2. P1 to P5 indicate how the specific
advances and lessons foreshadow principles 1 to 5 and their implications
as given in Table 2.

Some key lessons learned for drylands practitioners

Desertification and
rangelands ecology:
Understanding the
biophysical (59, 60) and
sacioecanomic (61)
drivers of dryland
degradation, as part of
global environmental
change research

Vulnerability:
Understanding the
integrated environmental,
social, economic, and
political exposure of
human welfare to 2 range
of potentially harmiful
perturbations (64)

Poverty alleviation:
Elucidates human
welfare—land degradation
relationships (68)

Community-driven
development:
Seeks to enlarge the role
of local communities in
policy and to strengthen
local autonomy in
governance (71)

Many case studies of chronic dryland degradation—caused
by interactions between biophysical and social drivers—
have been documented [e.g., land uses that exhaust
available water resources or are unsuited to highly
variable precipitation regimes (62)].

The debate about drylands being disequilibrium systems has
been resolved in favor of a more dynamic,
nonequilibrium view (13).

[=P1, P2, P3]

Vulnerability involves multiple stressors across multiple
temporal and spatial scales, and emerges from the
interactions of social actors, the environment, and
institutions (65).

Thresholds of critical risks are dynamic in space and time
and are rooted in historical structural causes [e.g.,
construction of wells during a severe drought in the
Sahel interrupted herd movements, creating new
vulnerabilities (22)].

[-+P1, P3, P4]

“Poverty trap” thresholds exist (69) from which it is difficult
for individuals and househelds to extract themselves
without outside intervention.

Livelihood diversification, which is increasingly promoted
in drylands, reduces dependence on highly variable
natural resources (2).

[-+P2, P3]

"Top-down” development policies often contradict local
practices and undermine sustainable development [e.qg.,
conflicts between state and local perspectives on
burning in Mali (72)].

Community-driven management, though more sensitive to
local conditions and knowledge, is not a universal
solution (73).

[-P4, P5]

Desertification is the emergent outcome of a suite of
social and biophysical causal factors, with pathways
of change that are specific in time and place (23).

Poor resource management is compounded by weak
institutions, poorly implemented technologies, or
exploitative economic and political systems [thus
emphasizing links between coupled H-E systems
(&63)].

[-+P1, P2]

Expansion of cropping into rangelands during wet periods
changes system thresholds and often results in crises
and environmental collapse when dry conditions
return, .., the 19305 U.S. Dust Bowl (66) and
“sandification™ in China’s Ordos Plateau (31).

With adequate preparedness, early-warning systems can
reduce the human toll of matural hazards and
livelihood-based measures can reduce longer-term
vulnerability [e.g., community adaptation to drought
in Kordofan, Sudan (67]].

[-F2, P3]

Development schemes in drylands justified as alleviating
poverty have often been driven by divergent, higher-
level political or economic abjectives [e.g., forced
relocation of Ethiopian Highlands peoples after the
1980s famine (70)].

Low productivity often means that interregional flows of
labor, capital, and skills {e.g., by migration to urban or
more humid areas) are needed to sustain poverty
reduction in drylands.

[-+P3, P4]

An increased role for local communities and land users is
needed for win-win (environment-development)
outcomes (74) requiring rights to participate and
capacity-building initiatives.

Proper engagement of local people (and local
environmental knowledge) with scientists (and
scientific knowledge) can contribute to sustainable
management (75, 76).

[--P5]
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human (e.g.. demographic, economic, institu-
tiomal ) subsystems (/4), complete with a history
and geography, and are constantly changing
response o both external (e.g.. chmate, prices)
and internal (e.g., feedbacks between soil
nutrients and plam growth, a famer’s coonomic
decisions regarding land use) drivers. An
example of the coevolution of H-E systems s
provided by Mortimore and Hamis (15) for the
Kano Close-Sctthed Zone in Nigeria, covering
the period 1962 w 1996 (16). Given this scenario,
approaches 1o development must simultancously
consider both biophysical and sociocconomic
dimensions of the dryland svstem in question
[key implication | (ki-1) in Table 2]/ 7). Trends
in sonl fertility or biodiversity, for example, must
be linked w factors such as labor, sculement
pattems, and livelihood system dynamics, and
vice versa, with appropriate temporal and spatial
delinitions (/8),

Principle 2. The ertical dynamies of dryland
systems are determined by “slow™ varables,
both biophysical and sociocconomic [as exems-

plified by the coevolution of the couplad H-E
systems of Mamdi, Niger (Box 81, supporting
online text)]. Slow vanables (c.g., sol fertility,
houschold capial wealthy have kengthy tumover
times and are thus uselul for gaining insights
into long-term H-E changes, resource collapses,
potential surprises, and new opportunitics (f9).
The vagarics ol precipitation, pest outbreaks,
and other strongly Muctuating variables charme-
teristic of drylands tend o gencrmte noise, mak-
ing such “fast” variables with relatively mpid
tumover times (eg., crop yvield, houschold dis-
posable cash) poor indicators of land degradation
or the need for intervention (/7). Nevertheless,
both research and human exploitation of re-
sources are ofien based on relatvely fast var-
iables (/9), which for drylands has confused
the debate about stmtegie development needs
(20, 210

Given the complex, multivariate structure of
H-E systems, 1t 15 important 0 recognize that
not all varables cary equal weight (/7). It is
oltan possible o identify combinations of inter-

REVIEW

related vanables that can be grouped together as
syndromes of degrmdation (22, thus simplilying
analysis and imtervention (ki-2, Table 2) (23),
Principle 3. Slow vanables possess thresh-
olds that, i crossed, cause the system 10 move

o s new state or condition. The importance of

thresholds s widely recognized im both the
ceological and sociocconomic literature (24)
and, although this usually focuses on one, dom-
inant “shilt,” Kinzig er al. (23) show that most
regional-scale systems have a number ol actual or
potential regime shilts, in different  domains
tecological, social, economic) and at differem
scales, such that one shilt may tngger or pre-
clude others, Thresholds may vary as a function
ol intemal dynamics at other scales, and m some
mstances can be deliberaely altered. For ex-
ample, the provision of piped water or solar
cookers in remote villages can dramatically alier
the mcome threshold at which women have
spare tme o invest in small business or
cducation by reducing the time taken w collect
water or fuel {260).

Table 2. Principles of the Drylands Development Paradigm, with a brief overview of their importance vis-a-vis the five main components of the dryland
syndrome (ds-1 to ds-5, see text) and their implications for research, management, and policy. [Based on Stafford Smith and Reynolds (77)] H-E, human-
environmental systems; LEK, local environmental knowledge.

Links to dryland

Key implications (ki) for

Principles Why important in drylands [d:!r:dt;a::rs} s, wanagement; s poticy

P1: H-E systems are The close dependency of most drylands livelihoods on  ds-1: variability; ki-1: Understanding dryland
coupled, dynamic, and the environment impaoses a greater cost if the ds-4: remoteness desertification and development
coadapting, so that their coupling becomes dysfunctional; variability issues always requires the
structure, function, and caused by biophysical factors as well as markets simultaneous consideration of
interrelationships change and policy processes, which are generally beyond both human and ecolagical
over time. local contrel, means that tracking the evolving drivers, and the recognition that

changes and their functionality is relatively harder there is no static equilibrium “to
and more important in drylands. aim for.”

P2: A limited suite of Identifying and monitoring the key slow H and E ds-1: variability ki-2: A limited suite of critical
“slow” variables are variables is particularly important in drylands processes and variables at any
critical determinants of because high variability in “fast™ variables masks scale makes a complex problem
H-E system dynamics, fundamental change indicated by slow variables. tractable.

P3: Thresholds in key slow  Thresholds particularly matter in drylands because the  ds-1: variability; ki-3: The costs of intervention rise
variables define different capacity to invest in recovering from the impacts ds-2: low productivity; nonlinearly with increasing land
states of H-E systems, of crossing undesirable threshalds is usually lower ds-4: remoteness; degradation or the degree of
often with different per unit (area of land, person, etc); and, where ds-5: distant voice sociceconomic dysfunction; yet

controlling processes;
thresholds may change
over time.

P4: Coupled H-E systems
are hierarchical, nested,
and networked across
multiple scales.

between levels,

P5: The maintenance of a
body of up-to-date LEK is
key to functional
coadaptation of H-E
systems,

Drylands are often more distant from economic and
policy centers, with weak linkages; additionally,
regions with sparse populations may have
gualitatively different hierarchical relationships

Suppaort for LEK is critical in drylands because
experiential learning is slower where monitoring
feedback is harder to obtain (owing to more variable
systems, larger management units, in sparsely
populated areas) and, secondarily, where there is

outside agencies must be called upon, the
transaction costs of doing so to distant policy
centers are usually higher.

ds-3:
ds-d:
ds-5:

ds-1:
ds-3;

relatively less research,

sparse population
remoteness;
distant voice;

variability;
sparse population

high variability means great
uncertainty in detecting
threshaolds, implying that
managers should invoke the
precautionary principle.

ki-4: H-E systems must be managed at
the appropriate scale; cross-scale
linkages are important in this, but are
often remote and weak in drylands,
requiring special institutional
attention.

ki-5: The development of appropriate
hybrid scientific and LEK must
be accelerated both for local
management and regional policy.
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As an H-E system mowves further from some
desimble condition or state, the cost of inter-
vention to “return” the svstem to that condition
also increases, Sudden changes or nonlincaritics
associated with thresholds (c.g., run-off’ from
overland ow o gullies; labor withdrawn due w
war or out-migrtion) tend o amplify the costs
of imervention (ki-3, Table 23, In impoverished
drvlands, these costs are funher exacerbated by
cconomic limits o local investment capacity,
thus triggering the call for extemal resources
that further increase ransaction costs in remote
areas |examples in (J7, 27)] (28).

Principle 4. The involvement of multiple
stakeholders, with highly differing  objectives
and perspectives, llustrates the nead o pay at-
tention 1o the multilevel, nested, and networked
nature of H-E systems. Operating hicrarchically
and across scales, linkages between stake-
holders embed the system in question within
others (10, 29), Such scale 1ssues are especially
important in divlands because so many of them
are sparsely occupied and remote, c.g., from
city-based agencies or company  headguaners,
which weakens political and cconomic em-
powerment (30} In addition, slow variables at
one scale of interest are aflected by slow and
fast variables operating at other scales, such that
imterventions at one scale geperally alter the
system at the next |e.g., (3]

However, not every problem need be viewed
as encompassing all scales of concem. Berkes
and Jolly (32 for example, argue that short-
term coping moechanisms are displaved at the
houschold and individual scales, whereas long-
term adaptive stratepics, such as change in cul-
tural values, are expressed at broader scales. In
general, intervention on, and management of,
a particular process must occur at the ap-
propriate scale (ki-4. Table 2). For example,
inasmuch as management is alfected by insii-
tutions {rules of governance). the two should be
scale-matched (33).

Principle 5. The key 1o mainiaining func-
tional coadapiation of coupled H-E sysiems is
an up-to-date body of “hyvbnd™ environmental
knowledge that integrates local management and
policy expenence with science-based knowledge,
all of which must be mediated through an ¢l
fecuve msmutonal frumework, Local coviron-
mental knowledge, which encompasses o wide
range of activities, may develop rapidly or over
eenermtions (34) and has served long-persisting
eroups well [e.g. native Americans (35)].

In the modern world, however, the tradition-
al role of LEK is threatened by rapid changes in
both biophysical (e.g.. exotic-species introduc-
tions, shifls in climate) and socioeconomic (e.g.,
population growth, changing technologies. new
economic demands) drvers, Funhermore, in the
varable envionments of drvlands, especially
those subject o climate change, acquinng new
LEK through leaming lrom expericnce is par-
ticulardy slow, so Wentifying new alliances of
local and scicnce-based knowledge systems 1o

11 MAY 2007 VOL 316 SCIENCE

specd up this acquisition is particularly  impor-
tant (27} (ki-3, Table 2). Examples of the
preducts of such allianees include local climate
forccasts (J36) and soil classilications (37),

Application of the DDP

The DDP serves two pumposes: One is concep-
tual, providing a holistic synthesis of the dis-
parate lessons dimwn from previous work on
desertification and development (Table 1) in the
setting of the unique features of drylands (the
drvland syndrome) the other is practical, pro-
viding a template whereby each of the five prin-
ciples (Table 2) can be thoroughly examined and
tested in case studies,

Other complex, megrated approaches 10
environment and development issues that have
been entenamed e the past, such as farmung
systems research [e.g, (38, 39)), have fheed the
genuine difficulties that rescarchers, managers,
and poliey-makers have with tackling complex-
ityv. To address the global problem of desertifi-
cation realistically, an imlegrative approach is
required, not only because of synergy between
clements of coupled H-E systems (£4), but also
because programmatic and policy concems
about cach have implications that oflen conflict
il treated individually (21). The real challenge
that the DDP aims o satisfy is to develop el
ficient and cffective approaches o understand-
ing complex H-E interactions in drylands, while
respecting and recognizing the capacity of local
communitics and policy-makers to deal with
their complexity.

The DDP 15 being tested by the ARIDwer
network (40) with imerdisciplinary workshops
of 15 w 25 panicipants. To dae, ARIDner

workshops have addressed local questions of

land degradation in rural, drvland H-E sysiems
in Bolivia, Mexico (4/) (Box 83), and Honduras
(42). The DDP is most eflective when oon-
cepiualizing and framing local issues, and their
potential solutions, because it is open o the
many different lenses through which dryland
use and development are viewed by muliple
stakeholders. In these workshops, the imple-
mentation phase was found 1o be most challeng-
ing, requiring that all stakeholders joimtly work
through the DDP prnnciples, agreemng on the
specific implications of cach. The Mexican and
Honduran case studics revealed that it is nec-
cssary 1o allow people 1o explore problems in
their own words and zmdually work specific
issucs into the DDP framework.

Drvland development issues occur also in
more developed countries. In Australia, for ex-
ample, the Desert Knowledge initiative (43)
secks sustainable livelihoods and viable desen
settlements, and in the United States, the Cemral
Arizona-Phoenix Long Term Ecological Re-
scarch project (44) secks to understand the
relation between land-use docisions and ccolog-
ical consequences. These projects share the long-
term goal of improving drvland ecosystems and
regional cconomics and, building on DDP-like

analyses, soeck coonomic livelihoods that may
cmerpe from sustamable vse of drvland environ-
ments yvet reach out successlully to markets be-
yond these regions,

The DDP does not pupon o represent an
exhaustive set of programs, tools, and ap-
proaches for dryland development. In fact, m
reeent years there has been substantial improve-
ment in the suite of wolsets available to the
policy, management, and rescarch commu-
nities concerned with dryland  developmen
le.g., (2, 45-49)). Raher, the DDP serves as
an analytical framework through which specific
problems may be dentilied and opportunitics
implemented with greater insight. We are conffi-
demt that further application and 1esting of the
DDP through case swdies will lead to commued
refinement of a pasimonious set of theoratical,
svstems-onented principles for analyezing drvland
development issucs in any paticular region of
the world, 10 the bettenment of the 2.5 billion
people who live in drylands globally.
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Imaging of Single Organic
Molecules in Motion

Masanori Koshino,* Takatsugu Tanaka,? Niclas Solin,” Kazutomo Suenaga,**

Hiroyuki Isobe,***t Eiichi Nakamura®?*

rogress in [uorescent imaging has afforded
Pn.'nl'.u‘lﬁlhi} specilic views ol the structural

dvnamics of single large biomolecules
(/). However, translating such advances 1o the
scale of small-molecule chemistry has proven
challenging. For orgamic compounds, speciro-
scopic and diffractive techmgues have recently
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Fig. 1. (A) Molecules 1 to 4. (B) TEM image of 1 in a CNT. Scale bars indicate 1 nm. (C and D) Model of 1 in CNT
and simulation of its micrograph. Hydrogen, white; boron, pink; and carbon, gray. (E) Molecular image and
digitized image contrast ratio of 1 obtained by subtracting the background contrast from (B). (F) TEM image of 2
sticking to a tube defect indicated by a red arow (movie 53). (G) Experimental images of the intertwined
hydrocarbon chains of 4 at consecutive times in seconds. (H and 1) Models of 4 at 4.2 s and 6.3 s, respectively.

furnished detailed time-resolved picturnes of stiic-
tural evolution avemged over large ensembles
{23, In principle, il small molecules could be
confined within an adequate field of view, trans-
mission clectron microscopy (TEM) would offer
sullicient resolving power o measure three-
dimensional structural dyvnamics at the single-
molecule level. However, the assumed  high
sensitivity of hyvdrocarbons o damage by clee-
tron impact has discouraged previous exploration
of this method (3-5) We repont herein the ob-

servation, with near-atomic resolution, by TEM of

a single small organic molecule either at rest or
trmslating within a smgle-wall carbon nanotube
(CNT)

We chose for this proot-olfprinciple study
molecules 1 1o 4, containing hydrocarbon chains
covalemly amached w0 an ortho-carborne ond
group [Fig, 1A: CaBgtla circa (ca)-0.8-nm di-
ameter], which serves s a tag lor identification by
its chamctenstue shape.

www.sciencemag.org  SCIENCE VOL 316

As the molecular comainer, we chose a mix-
e of CNTs with diameters of 0.9 10 1.2 nm,
from which we could combinatonally investgate
size matching between the host and the guest.
The guest molecules were imtmoduced by vapor-
vaation at 160FC m vacuum mto ONTs that had
been oxadatively perforated. Room-emperature

TEM (120 kWY, 24 A nsolution) was applied with
0.5-5 ¢leciron irmadiation imaging intervals, fol-
lowed by 1.6-s periods of charge-coupled device
data readout time,

The single-chain molecule 1 in 0.9-nm-
dimmeter ONTs was entirely immobilized, and s
head and il structure was clearly visualiaed (Fig.
1B and fig S1). Comparizon of the expenmenial
images | Lo« 0L (SDynm length| with simulation
(1.7 nm) indicated that the hydrocarbon chain
adopts a fully stretched contormation (Fig. 1, C and
12). The measured image contrast between the head
and il structures was 1:1.05 = 0.27 (SD) (Fig. 1E),
which agrees very well with the 104 value obtained
by simulation (fig S1). Electron energy loss spec-

troscopy (EELS) analysis supponed the presence of

carborane (fig. S2). Molecules 2, 3, and 4 in namow
CNTs were identified in a similar manner (fig, S1),

Molecules 2 and 4 may be trapped in ca.-
| 2-nm-diameter ONTs, because one ol their
hydrocarbon tails appears w stick 1w the CNT wall

.z, the tail of 2 sticks at the position shown by
the red arrow 0 Fig. 1F) and serves as a hinge for
the thenmal motion of the mertwined hydrocarbon
chains, The sticking phenomenon is probably due
to interaction of the cham tenmimus with a defiec-

tive arca, such as a hole or an oxidized portion of

the ONT wall. Molecule 4 in Fig. 1G imodels in
Fig. 1, H and [; figs. 54 and 55; and movies S1
and 52) changed its conformation in a stepping
manner from one conformation (e.g., at 0 5) 1o
another (6.3 ) twice during the first 20 5 and then
shified 10 funher different conformations after-
ward (33,6 5), Molecules loosely trapped in
ca-l2-nm-dameter CNTs tmnslated back and
forth without changing their molecular onenta-
tons but with frequent stepwise speed changes
from 0 (e, stickmg) o over 10 nm's (lgs. S6.and
ST and movie S3) The sticking may
be reversible (movie S3), These ne-
sults highlight the unanticipated wtiliny
of TEM for single-molecule chemical
analysis relevant o fundamental reac-
tivity as well as to engineering appli-
cations, such as tribology and gas
absorption and slorage in activated
carbon.
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Pervasive Seismic Wave Reflectivity
and Metasomatism of the Tonga

Mantle Wedge

Yingcai Zheng,® Thorne Lay,’* Megan P. Flanagan,” Quentin Williams®

Subduction zones play critical roles in the recycling of oceanic lithosphere and the generation of
continental crust. Seismic imaging can reveal structures associated with key dynamic processes
occurring in the upper-mantle wedge above the sinking oceanic slab. Three-dimensional images of
reflecting interfaces throughout the upper-mantle wedge above the subducting Tonga slab were
obtained by migration of teleseismic recordings of underside P- and S-wave reflections. Laterally
continuous weak reflectors with tens of kilometers of topography were detected at depths near 90,
125, 200, 250, 300, 330, 390, 410, and 450 kilometers. P- and S-wave impedances decreased at the
330-kilometer and 450-kilometer reflectors, and S-wave impedance decreased near 200 kilometers
in the vicinity of the slab and near 390 kilometers, just above the global 410-kilometer increase.
The pervasive seismic reflectivity results from phase transitions and compositional zonation assodiated
with extensive metasomatism involving slab-derived fluids rising through the wedge.

ipping oceanic lithosphere sinks at sub-

duction zones in a fundamental process

of plate tectonics, The overlving mantle
wedge becomes enniched in volatiles released
from the descending slab, underzocs localized
partial melung and ascent of magmas 1o produce
island or continental arcs, and expericnces both
slab-parallel and slab-pempendicular shear Mows,
often with back-are spreading due w the sea-
ward migration ol the wench (/). Charactenzing
the struciure and processes located in the manile
wedge is essential for understanding the fonma-
tion of cominental crust, evolution ol back-arc
basins, and volatile circulation in the mantle
(f. 2.

For the past 40 million vears, the Pacific
plate has been sinking at the Tonga subduction
zone, the northern portion of which has the
highest known e of mtemplaie convergenee
due to a combination of [ast Pacific plate motion
and rapid back-arc spreading of the Lou Basin
(3. The number of imermoediate- and  deep-
focus canthqguakes i the Tonga slab 1s higher
than in other subduction zones, and the scismic-
ity reveals slab buckling and contortions caused
by mesistance o sinking near the global 660-km-
deep scismic discontinuity, accentuated by infer-
actions with lower-mantle flow pattems (4).
Seismicity also occurs outside of the Tonga slab
at depths below 500 km, in what appear 10 be
remnant slab pieces from earlier subduction
gones with different geometries (5). nesulting in

'Department of Earth and Planetary Sciences, Univarsity of
Califormia, Santa Cruz, CA 95064, USA. “Energy and Envi-
ronment Directorate, Institute of Geophysics and Manetary
Physics (IGPP), Lawrence Livermore Mational Laboratory
(LLNU, Livermore, CA 94551, USA,

*To whom correspendence showld be addressed. E-mail:
thorne @ pme.ucsc.edu
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a broad horizontal distribution of deep-locus
canhguakes.

Investigations of the structure of the man-
tle wedge above the Tonga slab have mainly
used sparse seismic instrument deployments
along the island are and scross the Lan Basin 1o
image volumetrie M- and Sawave velocity varia-
tions (6, 7), P-wave attenuation (&), upper-
mantle S-wave velocity discontinuitics inferned
from converted wave analyses (9, 1), and 5-
wave splining patterns (/7). The data covernge
is limited, resolving structure only along a
couple of wo-dimensional (213} profiles par-
allel and pempendicular 1o the arc. The mantle
wedge appears o be struciurally  complex
(requiring a 3D characterization) but, as is true
for other island-arc regions, it is prohibitively
expensive 10 deploy large numbers of portable
seismic stations above the wedge, We devel-
oped a 3D model of P- and S~wave reflecting
interfaces throughout the Tonga manile wedge
using signals from deep Tonga slab carth-
quakes recorded ot telescismic global seismic
stations. The startling extent of scismic nellec-
tvity that we discovered allowed us 1o place
constrnints on petrological and  dynamical
phenomena in the wedge.

Seismic data analysis. Scismic wave inves-
tigations wend to focus on either the “smooth™
components of internal Earth structure (such as
volumetric velocity heterogencity ). which are
best resolved by seismic tomogrphy, or the
“rough” components (involving strong gra-
dients or discontinuitics in material properties),

which are best resolved by the siacking of

reflected or converted amivals, Most mantle-
woedge studies have addressed smooth compo-
nents of the structure, revealing broad patiens
associated with thermal heterogencity i the

SCIENCE WOL 316

slab and wedge (/21 but some have resolved

the reflectivity of lmited locations or sections
of mantle wedges (9, 10, 13, [4). One strategy
for detectng reflecting structures m the wedge
involves the analysis of initially up-going
cnergy [rom deep-focus events that reflects
downward from the underside of mantle dis-
continuities to evenually be observed at tele-
seismic distances (Fig. 1) This geometry

provides high laeral spatial resolution of

structure near the source, This sirategy has
previously been applied to individual events
(05 18), but we explodted the abundant, wide-
spread deep seismicity bencath the Tonga

mantle wedge and the global dismbution of

broadband seismograplie stations operated by
the Federation of Digital Scismic Metworks,
regional networks, and EarthScope Transport-
able Array o generalize it into a multuple-cvent
truc-amplitude 3D wavelield migmtuon, stack-
ing signals to determine reflector positions at
depth. Essentially, we tumed standard reflection
imaging upside down, using deep sources and
distamt observations 1o image a grdded rep-
resentation of the seismic reflectivity in the
mantle wedge between the source depths and
Carth's surface above them,

Basic processing steps (J9) involved (i) de-
comvolution ol the instrument  responses: (i)
deconvolution of the stacked down-going - or
horizontally polarized Swave (5H) displace-
mcnt source wavelet from the wavelovm interval
precursory o and including the up-going depth-
phase surface reflections ( pP and s5H, where
15 the up-going P wave from the eanhquake o
the reflector and  is the up-going S-wave); and
then (iii) convolution with Ricker wavelets that
had ceniral frequencies of 0.06 He (7) and 0.05
He (SH). Each signal was nommalized by the
strength of the reference P or § phase, reflecied
from Eanh's surface above the source (pf or
s5H) 1w eliminate vanations in source strength.
Comections were made for path sampling, ge-
ometric spreading from the source to the
reflector, and radiation-pattern variations  be-
tween the path to the reflector and the reference
phase. We constrmined the lluminated region 1o
be in the viemity of the geometrical ray path to
aviod large mdiation-pattern comections;  this
intrinsically favors the imaging of near-honzontal
structures, The nomalization of the images by
illumination factors and the summing of local dip-
angle domain images achicved stable ampliude-
balanced migrations ( [Y).

The imaging domain extended from 1595 10
2578, 175°E 1o 185°E, and (rom the surface 10
a depth of 300 km, discretized in 0.1° latiwde
and longitude increments and 3-km depl incre-
ments, About 2300 vertical-component telescismic
Powave seismograms from 835 doep (=400 km)
canthquakes with magnitudes larger than 5.0 that
occumed between 1988 and 2006 were usad, with
any signals having weak pP amivals being
excluded. Stations at epicentral rnges from 40°
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o 1407 were wsed. About 3100 SH-wave scis-
mograms from 99 decp ecarthquakes were used,
excluding any signals with weak sSH amvals.
The image domain above a given source
is an expanding cone, with overlapping paths
from multiple events providing the redundant

tions relative 1o the source region is non-uniform,
with concentrations at azimuinhs o North Amer-
ica and to BEurmsia. Thus, the maging domain
was not uniformly sampled, but the illumination-
factor normalization balanced the migration
images proportionately, although we applied a

threshold so that regions of very limited path
coverage were not overly enhaneed.

sampling necded for stable migrmtion (Fig, 2
and fig, S1) The distnbution of teleseismic sta-

EQ
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’ apecentral dislance 9.0 deg
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Fig. 1. Schematic of the Tonga mantle wedge imaging geometry. Deep-focus earthquakes within the
subducted Pacific plate in the Tonga subduction zone radiate up-going energy that reflects from the
underside of Earth’s surface { pP) or the underside of velocity contrasts at depth d above the sources (paP)
and then travels to teleseismic distances. The pyP arrivals are precursors to the surface reflections. The
inset shows ray paths for pgP and pP to a teleseismic distance of 80°. Data from stations in the range
from 407 to 140° were used for imaging the wedge. An example of a vertical-component seismogram is
shown on the lower right, with energy between P and pP mainly caused by underside reflections, which
arrive as precursors to pP. EQ, earthquake; PcP, down-going P wave that reflected from the core-mantle
boundary.
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Fig. 2. Map showing earthquake locations (black crosses) and underside geometrical reflection
points (green dots) (A) at 410 km, payeP and (B) at the free surface, pP. The positions of the Tonga
and New Hebrides trenches are shown in red. The 400-km and 600-km depth contours for the top of
the Tonga slab are indicated by the labeled blue and gray lines, respectively. The image volume
expands upward toward the surface, with the pP surface-reflection points defining the maximum
lateral extent of coverage. The locations of the vertical cross sections shown in Figs. 3 and 4 are
indicated in (A).
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Source depths were taken from a catalog of
relocated hypocenters that includes depth phases
(200 or, Tor events in 2006, rom moment tensor
mversions. Random perturbations of the source
depths by up to 20 km did not have an impor-
tant cffcet on the final migration images, The
reference velocity model that we used for the
inversions was the 1D model from the Interna-
tional Association of Scismology and Physics of
the Earth’s Imerior (IASPO1) (21), Minor distor-
tions of the reflectors could oceur because of
neglect of the 3D volumetric velocity heteroge-
neity, but no high-resolution P~ and S-wave
omogrmphic models spanning the volume of
our image are available for use in the migr-
tions, This led us 10 emphasize frequencies
below 0.1 He, so tha travel-ume decormelation
was nol a problem (fig. S2). This bandwidth
limited the resolution of the shampness of the
reflectors, but it also ensured that coherent
signals stacked 1o mive meaningful mmages (figs.
53 and 54). The use of muliple events with
differem focal mechanisms reduces down-going
conversions and suppresses receiver-side effects
10 @ great extent.

Confidence bounds on the images were
established by performing 200 bootswap iter-
ations, retaining the same event distribution and
il number of traces, while re-sampling the
seismogram popalation. The final images shown
are the averaged maodels, with the color hues
saturated for highly resolved (97% confidence)
features stronger than 3 5D above background
and fading o white for poordy resolved features
<] SD above background (fig. 55).

P and SH reflectivity. The migration yiclded
AD reflectivity structures with associated vari-
ance cstimates that are difficult o display in
their entirety, so several 2D cross-sectional
images are shown (Fig. 3 shows sections mainly
along the trend of the Tonga slab: Fig. 4 shows
east-west sections through the most  densely
sampled portions of the image volume, as
depicied in Fig. 2). These images convey the
primary aspects of the 3D structure (additional
cross sections are presented in figs. S6 and S8 o
510). The color scale in Figs. 3 and 4 indicates
the strength and sign ol the reflected amplitude
at cach position, relative to the surace reflec-
tion, with color saturation decreasing proporions
al o the number of standard deviations above
the noise level. Weak features that are likely o
be anifacts are suppressed by this weighting (Hg.
55). Because the reference phases were aligned
to peak at the free surface, there is a (very salu-
rated) blue stripe right at the surface, underlain
by a broader red band that is an anifact caused
by the side lobe of the Ricker wavelet. This
negative side lobe has an amplitude that is ~40%%
of that of the positive surface-reflection peak,
obscunng any rellectivity above T0 km, such as
underside rellections trom the crust-mantle bound-
ary. The higher velocity of P waves causes the
side lobe to broaden more in the P images than
in the SH images. Weak side lobes are also ex-
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pected o be present above and below strong
arnvals at greater depths.

The reflecuvity in the image volume 15
dominated by quasi-horizontal reflecting sur-
faces (steeply dipping interfaces, such as the
upper boundary of the slab, could not be
imaged because of a lack of stations at small
epicentral distances), with strong blue featres
corresponding o P- or SH-impedance in-
creases with increasing depth and strong red
features corresponding 1o P- or SH-impedance

Fig. 3. (A) Pwave and
(B) SH-wave profiles
along wvertical section C
to C (Fig. 2) through the
migration volumes. The
period of the Ricker
wavelet applied to the
data is 16 s for P and
20 s for SH. Blue indi-
cates positive impedance
contrasts with increasing
depth, whereas red in-
dicates negative im-
pedance contrasts with
increasing depth. The
color hues are saturated
for features =3 SD (3a)
above the background
level and fade to white
for features <1 SD
above the background.
The strong blue and red
stripes near the surface
are the images of the pP
and sSH surface reflec-

decreases with increasing depth. Lateral dis-
ruptions of the reflectors at large depths occur
i poorly sampled regions, underlam by few or
no deep carthguakes, but spatial coverage
cxpands upward from the deep sources, so
that any lateral continuity is best resolved at
shallower depths,

The immediate dominamt aunbute of the
images is that there s oxiensive P and SH re-
flectivity in the Tonga mantle wedge, with
extensive lateral continuity, The overall comela-
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tions. The upper surface of the subducting Pacific plate is indicated by the gray facade. The deep-focus
earthquake hypocenters are shown by green dots. Lat, latitude; Lon, longitude; deg, degrees.

Fig. 4. Vertical west-
east profiles in the (A
and B} P-wave migra-
tion volume and (C and
D) the SH-wave migra-
tion volume along pro-
files A to A’ (Fig. 2} at
18°S [(A) and (C)] and
B to B at 21°5 [(B) and
(D}]. The period of the
Ricker wavelet applied
to the data is 16 s for P
and 20 s for SH. Color
scales correspond to
those in Fig. 3. The
strong blue and red
stripes near the surface
are the images of the

pP and sSH surface i

reflections. The upper -"_1..‘_;;‘_ j
surface of the subduct- 2y s
ing Pacific plate is indi- SMEN .

cated by the gray
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tion cocflicient between all of the / and SH
images is low (with an absolute value of =0.13),
but vanable illumination and resolution of the
structures must be considened. Some features
comelate well, whensas others have the opposite
sign or no comelation. Specilically, the P~ and
SH-wave images consistently show  positive
reflectors near depths from 73 1o 100 ki (we
refer to this as the “90-km™ [eature), 300 km,
and 410 km. Negative P and SH reflectons are
seen near 330 and 430 km. In the castem part of
the wedge, a P reflector near 125 km is nega-
tive, but an 5H reflector is positive. In addition,
there is a positive P reflector near 200 km, ac-
companied by a weak positive SH reflector Far
away [rom the slab and a strong negative SH
reflector near the slab. There is a patchy positive
P reflector near 250 km with linde 54 reflec-
tivity, and there is a negative SH rellector near
390 km with fitle P reflectivity. For both P and
SH waves, the 410-km rellector becomes more
shallow by tens of kilometers in the vicinty of
the subducting slab (Fig. 4 and [g. S6). Other
boundaries appear to have variable topography
and lateral disruptions. In all cases, the apparcm
depths and apparent topography are probably
biased by the use of a laterally homogencous
11D background model for the migrations. Some
other intermittent leatures are secn in the
images, but we believe that our data set obustly
resolves only the structures noted above.

Some of the reflectivity features in the
Tonga wedge correspond to structures detected
in other regions. The strong positive SH
reflections and weak positive P reflections
from near 90 km may represent the Hales
discontinuity (22, 23). The positive P rellector
pear 200 km may correspond 1o a feature
commonly found under continental regions

facade. The deep-focus earthquake hypocenters are shown by green dots. The intermittence in the reflectors may be due to non-uniform ray path sampling.
In many instances, the reflectors extend to the westward edge of our field of illumination.
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22, 24, 25) but also seen in back-arc (2.3) and

occanic (26) regions. The velocity increase
near 300 km observed near 21°5 (profile B to
B’ in Fig, 4) has been seen in some back-arc
and occanic regions (23, 27), and a weak
increase near this depth has been reported
along the Tonga arc (22) and in a 2D profile
across our image volume near 18°S latitude
(10y. The sharp drop in velocity just above the
410-km increase that we find in S8 images has
been detected under continents (24, 29). The
410-km increase s observed globally and
regionally (/7. 22, 30), and we consistently
observe this in regions where the deep-locus
events are concentrated and the up-going phascs
sample this depth mnge well,

Thermal and petrological interpretations.
The notion of a simple homogencous upper-
mantle comer-Mlow regime dominated by tlem-
perature variations relative to the slab, as
tvpically  invoked in textbook cartoons of
mantle-wedge processes, is clearly inadequate.
The rough structure in the Tonga mantle wedge
requires multiple reflecting contrasts in mate-
rial propenics in the wedge that need dynam-
ical and petrological explanations. The bands
of reflectivity in our images are not anifacts of
wavelet side lobes or other processing eflects,
bt they emerge from the extensive stacking of
signals From different source depths and loca-
tions, Therefore, we believe they represent true
structures, albeit ones that are possibly unigque o
this back-are environment. Although comer
Tow and upwellings under the are and back-
are basin must mvolve themmal heterogenety,
this reflectivity requires processes that sharpen
the pradients in structure enough 1o rellect
seismic waves, and this sugpests petrological
effects involving compositional differences,
phase changes. partial melt, or anisotropic
tabrics.

Standard Earth models predict relmively
linle wpper-mantle reflectivity between 30
and 300 km: A velocity decrease is some-
times observed at the top of a low-velocity
zong (the so-called Guienberg discontinuity
found near 65 km depth under oceanic ne-
gions), a 220-km velocity increase is primarily
associated with continental regions, and the
410-km increase is typically interpreted as the
olivine=to-wadslevite (f=phase) ransformation
in (Mg FepSiOy Relatively simple upper-
mantle structures of this type are at odds with
the observation of additional discontinuities
in many regions (22, 23, 3/).

The geochemical characterstics of the Lau
Basin are notably complex and provide possible
insights imo the origin of some of the seismic
lavering in this region. In paricular, both
sediment-derived melts (32} and pervasive
slab-derived Nuids appear 1o have ahered this
region ( 2.7), When coupled with the observation
that hydmous silica-nich mehs may be eritically
important in the subarc mantle (34), the
possible phase transitions and  compositional
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zonation that might occur within a heavily
metasomatized mantle emerge as potental
explanations for the scismically lavered Tonga
mantle wedge. With the rapid castward rollback
of the wrench in this region and the exposure of
this region 0 subduction from the former
Vitiaz slab (3), pervasive metasomatism s
expected throughout the entire region of our
study, Metasomatically associated mincral-
ogic variations and transitions are thus con-
sistent with the extended lateral comtinuity of
the velocity contrasts we observed (Fig. 4).
The spatial distribution of mineralogic hetero-
geneity associated with metasomatic alteration
in the wedge is likely o be complex: Silica
eorichment can occur through reactions be-
tween ascending liquids and ambient mantle
(35, residue Trom solidificd mels could be ad-
vected downwand by comer Now, and lenses of
mincralogic heterogeneitios could be generated
(36) In this context, mineralogic components
that can produce detectable seismic contrasts
ieven in small abundance) include albite and
silica, each of which undergoes phase transi-
tions with large changes in elastic properties.
The former is the dominant component of the
trondhjemitic magmas that are likely o bhe
derived Trom the slab (34) I these magmas
react with the wedge, they can generate sodic
amphibole and highly Mg-rich pyroxene; if
they are spatially localized, they can give rise 1o
veins of sodic metasomatic minerals. At -2.5
GPa and [000°C, albite decomposes to jadeite
and quartz (37), with an increase in velocity
at the transitions of -23 and ~29% in P- and
S-wave velocity, respectively (38). Accord-
ingly, il even 3% by volume of sodic feldspar
is present, seismic velocity increases of ~2%
in P-wave velocity and ~3% in S-wave
velocity should occur near 80 km depth
icalculated using o Reuss average and assum-
ing ecqual temperature dependences of the
clasticity of cach phasc).

The key point is that modest quantities of
minerals with phase ransitions associated with
major changes in elasticity can produce weak
bui resolvable scismic discontinuitics, and a
heavily aliered mantle wedge is certainly miner-
alogically complex. Free silica could be gen-
crated 1in and subsequently advected throughout
the wedge by basaliic hquid emplaced at depth
and crystallizing as eclogite, by silica veining
associated with aqueous fuids, or by crystalli-
zation of wapped silica-rich magmas (such as
trondhjemites) at depth. Not only can free silica
generate a discontinuity near % km depth as-
sociated with the quanz-coesite transition, but
several percent of silica can generate P- and
S-impedance increases of a few percent near
300 km depth, as a result of the coesite-
stishovite phase transition (27}, Another type
of mechanism, the reaction of forsterite and
periclase w anhydrous phase B (which in-
volves the depletion of silica), may be an
alternative explanation for discominuitics in

the 275- o 300-km depth range (39). The
presence of Si0x would decrease the 1/l
ratio (where 15 15 P-wave velocity and I
15 Sewave velocity), so a detatled V'l to-
mographic map might help to distinguish
between these explanations. A recent to-
mographic study (7) showed large decreases
(~—0.1) in the F,/V; ratio in the depth mnge
of 250 to 350 km beneath the Lau spreading
center, This could indicate that free Si0, is
indeed present.

The positive velocity contrast near 200 km
depth may similarly be associated with the in-
teraction of slab-derived siliccous melis with
the mantle wedge: Such mehs may equilibrate
with normal mantle w form Mg-nch orthopy-
oxene (34-36), a phase known to undergo a
transition near this depth to a high-pressure
clinopyroxene structure, In this instance, an
=20 abundance of orthopyroxene would
probably be required 1o generate a velocity
contrast of 1 to 2% (40). However, abundances
of orthopyroxene of near 40% have been
observed in metasomatized xenoliths from the
mantle wedge underdying the Kamchatka arc
{35). The lateral varation in the sign ol §
reflectivity near this depth might require a
fNow-induced change in the anisotropic fabric,
possibly a trnsition from horizontal inflow o
slab-parallel downwelling.

The velocity decrease near 330 km depih is
near the final depth ot which water is antici-
pated 1o be released (rom the basaltic crust, as
defined by the high-pressure stability limit of
phengiie (47). This decrease may accordingly
define the lower limit of metasomatism and
meling (and thus silica ennchment and veining
and basalt liquid genermion) within the mantle
wedge. Stishovite, the stable form of silica a
these depihs, is ~300% faster than olivine in 5-
wave velocity and almost 4006 faster in P-wave
velocity: A lack of this phase below this depth
tand a few percent above it) could gencrate this
decrease in velocity, Although P- and S-velocities
are positively conelated for some features such
as the 90-km and 410-km reflectors, the possible
rmnge of causcs for the structures that we
observed does not dictate that they need 1o be
strongly comrelated overall, As data accumulate,
improved resolution of the reflectuvity will be
possible.

I matic melis do become negatively buoyam
within the deep upper mantle (42, then, depend-
ing on their precise chemistry, some melis could
descend 10 above the 410-km-deep olivine-1o-
wadslevite ransition and produce a thin meh
layer, manifested by a sharp SH-velocity reduc-
tion near 390 km. The observed velocity reduc-
tion near 430 km is probably influenced by side
lobes of the strong 410-km rellectuon, but it ap-
pears o be oo strong 1o be completely attrbumed
o these Jobes, No obwvious petrological com-
plexity is anticipated at this depth, but this region
may be strongly perturbed by the relic Vitiae slab
remmnant, pan of which overlics the Tonga slab.
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Fig. 5. Schematic cartoon of the Tonga mantle wedge environment above the subducting Tonga
slab, highlighting the reflectivity detected in the P and 5H migrations in Figs. 3 and 4. The overall
concept is that extensive fluid expulsion has permeated the wedge environment with Si-rich melts
and fluids. Fluid expulsion from the slab and possibly from relic pieces of the Vitiaz slab is
concentrated at depths near 100 and 325 km. Phase changes in the 5i contribute to the reflectivity
near 90 and 300 km. The accumulation of silicate melt in a thin layer above the 410-km reflector
may have origins in fluid accumulation, and partial melting in the transition zone associated with
the perturbed region above the Vitiaz slab may cause reflectivity near 450 km. SL, sea level; AV,
P-wave velocity contrast; AV, S-wave velocity contrast,

Fluid expulsion from the slab remnam coulbd
possibly lower the velocitics or even cause partial
melting.

Conclusions, Scismic reflectivity in the
mantle wedge between 50 and 500 km was
observed 10 be widespread, and it inspired the
creation of a model of an extensively metaso-
matized region permeated by Quids from the
subducted slab (Fig. 5). Given that the wedge is
expected to bave a complex comer (low, in-
cluding slab-pamallel transpon associated with
the fan-shaped back-arc spreading of the Lau
Basin and slab and trench roll-back, we think il
is unlikely that the reflectivity involves strong
compositional stratilication, Because phase
changes of minor components, such as numer-
ous Si0.-nich veins, can have strong ellects on
seismic wave veloeiies, we believe that Muids
(and their wesiducs) play a paramount role in
both partial mehing and the development of the
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chemical complexity and silica enrichment of

the wedge. Shear flows may accentuate the
reflectivity by the development of gradients in
anisotropic propertics. Progress m understanding
this very complex environment will  require
simultancous  consideration of the rough and
smooth propenics of the medium and not just
refined tomographic images.
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Regulation of B Versus T Lymphoid
Lineage Fate Decision by the
Proto-Oncogene LRF

Takahiro Maeda,’ Taha Merghoub,® Robin M. Hobbs,® Lin Dong,® Manami Maeda,™
Johannes Zakrzewski,® Marcel R.M. van den Brink,” Arthur Zelent," Hirokazu Shigematsu,®
Koichi Akashi,® Julie Teruya-Feldstein,? Giorgio Cattoretti,®t Pier Paolo Pandolfi®t
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Hematopoietic stem cells in the bone marrow give rise to lymphoid progenitors, which
subsequently differentiate into B and T lymphocytes. Here we show that the proto-oncogene LRF
plays an essential role in the B versus T lymphoid cell-fate decision. We demonstrate that LRF is key
for instructing early lymphoid progenitors in mice to develop into B lineage cells by repressing T
cell—instructive signals produced by the cell-fate signal protein, Notch. We propose a new model
for lymphoid lineage commitment, in which LRF acts as a master regulator of the cell's

determination of B versus T lineage,

Il hematopoietic cells are gencrated
Al'rum a small subset ol pluripotent

stem cells (HSCs) via lincage-restricted
progenitors. In adult mice, HSCs reside in
the bone marrow (BM) and give rise 1o
Ivmphoid-restricted  progenitors (f), which
subsequently develop into B and T Ivmpho-
cytes in the BM and thymus, respectively. This
developmental process 15 coomdinated by the
expression of distinet sets of genes al speeilic
differentiation stages. Although some of the
transcriptional regulators that play Key roles in
carly stages of lymphoeyte development are
known (2, 3), the precise molecular mecha-
misms by which lvmphoid-resineted progeni-
tors are instructed toward B or T eell fates are
still undelined.

The prowo-oncogene LEF (4). encoded by
the Zhth7a pene, |formerly known as Poke-
mon () and also described as FBI-T (6) and
OCZF (7)) is a transcriptional repressor that
belongs 1o the POK (POZ/BTB and Krippel)
protein family, Promyelocytic leukemia zine
finger (PLZF) and B cell lymphoma 6
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(BCL6), two members of the POK family,
are involved in chromosomal transloca-
tions associated with acule promyelocytic
leukemia (APL) and non-Hodgkin's lym-
phoma (NHL), respectively (8, 9). In a simi-
lar manner, we recently reported that LEF
plays a pivotal proto-oncogenic role and is
highly expressed in human NHL tissues (5).
Emerging experimental evidence indicates
that the POK family is indispensable for
normal hematopotesis and immune system
developments (9-12). BCLA has been shown
to be essential for germinal center (GC)
formation and for T helper type 2 (Ty2) in-
Nammatory responses (9) More recently,
two independent groups reported that a close
homolog of LRF (Th-POK, also known as

chrox or Zbeh7h) is a masier regulator of

CD4/CDE™ (CD4/B) T cell lineage specifi-
cation (/1. 120

Given thm LRF is broadly expressed in
multiple  hematopoictic lincages (g, S2A),
especially in the GC B cells (5). forms
complexes with BCL6 (4), and s highly
expressed in human NHL tissues, we hypothe-
sized that this gene could play a keyv role in B
cell development. We therefore  investigated
both fetal and adult lvmphopoiesis using LRF
gene deletion i mice,

B cell development. Deletion of the Zhh7a
gene in mouse was carried out with a con-
ventional gene knockout approach (fig. S1,
A and B). Although we did not observe a
gross defect in the heterozvgous mutant,
homozyvgous deletion of the Zwh7a gene
(Zhth7a ) resulted in embryonic lethality
around 16,5 days post coitum (DPC) be-
cause of severe anemia. Examination of B
lymphopoiesis in 14.5 DPC fetal livers (FLs)
from Zbth7a™" mice revealed a reduction in the
total number of CDI9"B2207 B cells (Fig. 1A
This was mainly due to reduction of B cells
after the pro-B stage of differentiation. Abso-
lute numbers of the carlicst B cell precursors

(Lin AA41'CDIYB2207) were comparable to
those of wikl-tpe (W littermiate controls, where-
as total numbers of Lin AA41TCDIY B220Y
and Lin AA41TCDIYB220" B cells were
markedly decrcased in Zivh7a” FLs (Fig.
1A, right). Hemmopoictic stem cell (HSC)
and common lymphoid progenitor (CLPY
populations were intact in ZwbTa™" FLs
(fig. S2B).

Pro-B cells can be propagated in vitro on
OPY stromal cell layers in the presence of
interleukin 7 (IL-7) and Fh3 ligand (/3).
Substantial numbers of pro-B cells could be
propagated from Zheb7a™" letal liver HSCs
(FL-HSCs), but Zbih7a ™ pro-B cells were
barely detectable (Fig. 1B), which indicated
a cell-autonomous defect o carly B cell de-
velopment. In contrast, Zhth7a " FL-HSCs
retained their capacity for T cell develop-
ment with Zbth7a ™ FL-HSCs successfully
giving rise o T eells in vitro, after culture on
OPY-DL1 swromal cells overexpressing the
Notch ligand Delta-like 1 (/4) (fig. 52C). To
further investigate the defect in carly B cell
development in Zbth7a FLs, we performed
BM competitive repopulation assays (/5).
Thus, Zbth7a™™ and Zhb7a™" FL cells
were transplanted separately into lethally ir-
radiated recipient mice along with WT BM
cells from a congenic strain expressing the
CD45.1 antigen (g, S3A, left), In these ex-
periments, Zhth7a™™ FL eells successfully
gave rise to peripheral blood (PR) B cells in
the recipients: however, Zhth7a™ FL
derived B cells were virtually undetectable
(hg. S3A, right).

The rale of LRF i adult lymphopoicsis was
next explored by using conditional deletion of
the Zbih7a gene (fig. S1, C and D). Mx/-Cre
transgenic mice were used, in which Cre recom-
binase is induced in HSCs by administering
polvinosinic-polveviidvlic acid (plpCy (J6). A
series of double-mutant mice were wreated with
plpC at 3 weeks ol age as previously described
(Fig. 1C, lefi) (/6), and peripherl blood was
analvzed at 2-week intervals. Afier plpC
treatment, a significant decline of white blood
cell (WBC ) counts in the Zhih 7gaxFlax Melenes
mice was observed (Fig, 1C), primarily duc o a
considerable reduction in circulating B220" B
cells, whereas T cell numbers remained similar
to those of controls (Fig. 10). _

Like the defect scen in Zhth7a mice
iFig. 1A) B cell development in the BM of
Zhih 7t Mt ice was severely impaired
(Fig. 1D). Thus, pro-B. pre-B, and immuno-
globulin IgM" B cells were drastically reduced.
whereas absolute numbers of the prepro-B cells
thig. S3B) (/7) were increased in the plpC-
treated Zheh 7o Medoes pag (Fig. 1, D and
E). OfF nowe, LRF mBRNA expression m the
plpC-treated Zbih7a™ M9 brepro-B cells
wits essemially  undetectable, as revealed by
quantitative  rcal-lime  fluoreseence  polymenise
chain reaction assays (QPCR) (hg. S3C).
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Fig. 1. LRF is indispensable for both fetal and adult B lymphopoiesis. (A)
On 14.5 DPC, FL cells were stained with fluorochrome-conjugated
antibodies against B220, (D19, AAd.1, and lineage markers. (Left)
Representative profiles made by fluorescence-activated cell sorting
(FACS) of the Zbth7a™* and Zbtb7a™ FL cells. Total numbers of FL
mononuclear cells were counted, and absolute number of B cells in each
developmental stage was calculated. Average cell numbers of three
independent embryos for each genotype are presented (£50). (B) The
14.5 DPC FL-H5Cs (Lin"5cal®c-Kit*) were cultured on OP9 stromal cell
layers in the presence of IL-7 and FIt3 ligand. After 10 days of culture,
cells were isolated and analyzed by FACS. {C) (Left) Schematic
representations of mouse breeding strategy for conditional LRF knockout
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experiments. (Right) Follow-up of the PB counts after plpC (or phosphate-
buffered saline} injections over time. Four groups of mice were examined
according to genotype and treatment. WBC counts in the PB were mea-
sured by a hematology analyzer, and total numbers of B and T cells were
subsequently calculated based on the percent positive cells having B220
and CD4/8 expression, respectively. The average cell count of five animals
was plotted on each time point with error bars (+SD). (D} BM cells were
stained with fluorochrome-conjugated antibodies against B220, CD19, IgM,
D43, and lineage markers (21} 1 month after the last plpC injection.
Representative FACS profiles for each genotype are shown. (E) Absolute cell
number of each population was calculated according to FACS profiles. Black
horizontal bars represent mean cell counts among five animals.
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Fig. 2. Extrathymic DP T cell development in the BM after LRF loss. (A) Thymic T
cells were analyzed 1 month after plpC injection. (Left) Representative FACS
profiles for each genotype. (Right} Proportions of CD4/8 DN, CD4/8 DP, CD4
single-positive (CDASP) and CD8 single-positive (CDBSF) populations were
examined, and the DN fraction was further stratified according to CD44 and
CD25 expression, Three mice were analyzed for each genotype. (B) BMMNCs were
analyzed for CD4/8 expression 1 month after plpC treatment. (Left) Representative
FACS profiles for each genotype. (Right) Average percentage positive of three mice
for each genotype is demonstrated (5D}, (C) (Top) Immuncfluorescent analysis of
€03 and PU.1 expression in BM sections. (Battom) Immunohistochemical analysis of

862

11 MAY 2007 VOL 316 SCIENCE

T cell and B cell markers (CD3 and Pax5, r&speclml‘;'} in BM sections 1 month after
pipC treatment. (D) Either Zbth7a™* M7+ or Zhth el MAT* dongr BMMNCS
(CD45.2*) were transplanted into lethally irradiated recipient mice (CD45.1%). After
engraftment, recipient mice were treated with plpC. Recipients’ BMMNCs were then
collected and analyzed 2 weeks after the Last :E.Ec administration. Representative
FACS profiles are presented. (E) Zbth7a™* donor BMWMNCS (CD45.2°) were
tramsplanted into lethally irradiated recipient nude mice. Two weeks after
transplantation, mice were treated with either plpC or phosphate-buffered saline.
Recipients’ BMMNCs were harvested and subsequently analyzed 10 days after the
last plpC administration, Representative BM FACS profiles are presented.
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performed as described in Fig. 3A.
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Furthermore, proponions of the HSCs and CLPs
were not prossly aflected in the plpC-treated
Zhib 7" Mrleet e (fig. S3D), although
absolute numbers of their HSCs and CLPs were
shightly mereased as compared with control
mice (fig. S3E).

Extrathymic T cell development. Both T
and B cells share their origins with a CLP (/).
However, we did not observe a gross defect
in the T cell compariment in plpC-treated
Zhih7a oo Mrioe thymus (Fig. 2A) Al-
though a slight decrease was observed in
double-negative 3 (CD4 CDS CD44 CD25
or DN3)and CD4TDS CD44 CD25 (DN4)
thymocyte populations, the proportions of
CD4 simgle-positive (CD4-5P), CDE-SP, and
CD4X double-positive (DP) T cells were
comparable 10 those of control mice (Fig.
2A). Unexpectedly however, an accumulation
of extrathymic DP T eells in the BM of plpC-
treated Zhih 7o Mederet phice was detected
(Fig. 2B) that made up nearly 30% of the
BM mononuclear cells i BMMNCs) 1 month
after plpC treatment (Fig. 2B). lmmuno-
histochemical and'or fluorescent analyses Tur-
ther demonstrated that CD3*™ DP T cells
accumulated in the BM of Zhh 7" Mrlewt
mice (Fig. 2C). These extrathymic BM DP T
cells were polyelonal in origin, as revealed
by DEL-to-JB1 rearrangement status of the T
cell receptor B locus (fig. S4A). Morcover,
quantitative measurement ol gene dosage
indicated that the Zivh7a gene was almost
undetectable in both thymic and BM DPF T
cells in the plpC-treated Zhth7g" e Meleres
mice (g, 84, B and C). Notably, extrathymic
T cell development appeared 1o be limited w
the BM, as these cells were not observed in
spleen or Peyer's patches ifig. S4. D and E).

To investigate whether the extrathymic DP
T cell accumulation seen when the LRF gene
was deleted was caused by delects in a cell
intrinsic mechanism, LRF inactivation was in-
duced in BM-reconstituted recipient mice. Thus,
zlhlrh';uﬁﬂ.l'ﬁ* My fernes or Zhih 'I',l'rFﬁlL:-"- Mxlent
BMMNCs were transplanted into lethally ir-
radiated recipicnt mice, Aller engrafiment,
recipient mice were treated with plpC 1o
induce Cre expression (Fig. 2D, left). In
Zhihy7g"To= Mt constituted  mice, an
accumulation of donor-derived (CD45.27)
DP T cells was seen in the BM with a
significant reduction of B cells both in BM
and PB in a cell-awtonomous manner (Fig.,
2D and fig. S4F). To determine whether
extrathymic BM DP-T cell development was
thymus-independent, Zhih 7gt o Mulere:
BMMNCs were transferred into lethally irra-
diated athymic nude mice, and the LRF gene
was subsequently inactivated afier engrafi-
ment by plpC administration. DP T cell accu-
mulation was observed in the BM 10 days
after the last plpC administration (Fig. 2E),
indicating that in the absence of LRF, lvimph-
oid progenitors in the BM gave rise 1o BM DP
T cells in a thymus-independent fashion.

Aberrant lymphocyte commitment. To ex-
plore whether the early B cell developmental
program takes place correctly in plpC-treated
Zhth7 "o Meleret praneo-B cells, the expres-
sion ol the genes encoding pre-BCR compo-
nents, terminal deoxynucleotidy]l transferase
(TdT), and Rag recombinases was examined.
In these experiments, mRNA levels of pre-
BCR componems (lga, Igf, and Vpre-Bl),
Rag recombinases (Rag-1, Rag-2) and TdT in
Zheh7a"™ Mt pice were markedly reduced
compared with those of control mice (Fig. 3A).

Fig. 5. Proposed model for the role of LRF in determining B versus T lineage fate. (Left) In BM, where
stromal cells express moderate levels of Notch ligands, LRF expression in HSCs and lymphoid pro-
genitors functions to repress T cell-instructive signals produced by Notch. ICN, intracellular domain of
Notch; CSL, CBF-1 (RBP-Jx, Jx recombining binding protein}—Suppressor of Hairless—Lagl (Motch ef-
fector). (Right) However, once progenitors home in on the thymus, where Notch ligands are more
abundantly expressed, this repressive role of LRF on Notch function is overruled (top), which allows
efficient production of T cell precursors.
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Early B cell development is governed
bv a small set of eyviokines and transerip-
tion factors. Both PULL and Ikaros arc essen-
tial for the maintenance of HSCs and CLPs
(I8, 19 FI3 ligand is required for the
generation of CLPs but not HSCs (260h, Both
IL-7 and its receptor (IL-TR) are ndispensable
for prepro-B 10 pro-B transition (2/) and
transeription factors Bellla, E2A, Stats, and
Ebfl also play critical roles at this develop-
mental stage (3) (fig. S3A). plpC-ircated
Zhth 7 e Melent renro-B cells showed a
significam down-regulation of E2A, EbI1,
and Pax5 mRMA (Fig. 3A). Similarly, small
amounts of Ebfl protein were detected in
plpC-treated  Zhih 7o Meeret o onro-B
cells, whereas Statd protein was  abundant
{Fig. 3B). Because the enforced expression
of EbM1 is able to rescue B cell developmental
defects in PUI™, TR, and E247°
mice (), we examuned whether the over-
expression of Ebfl in Zbih7a ™ FL-HSCs
might have a similar effect. Positive control
LR F-transduced Zhth7a™" FL cells success-
fully gave rise to splenic B cells in recipient
mice (fig. S3B). However, neither GFP- vector
nor Ebl-transduced FL cells were able 1o res-
cue the Zheb7a~ " B cell phenotype (fig. S5B).

Given that plpC-treated Zhih g 'ox Medenet
prepro-B cells were unable to progress fur-
ther in the B eell developmental program,
we speculated that they might have become
abemrantly commitied to the T cell lincage, thus
generating the extrathymic DP T cells found
in the BM. To test this, we examined mRNA
expression levels ot T cell-speeific targa
genes in the plpC-treated Zheh 7! Melones
prepro-B cells. In these analyses, mRNA levels
of Noichl, Notch3, but not Notch2, and their
downsiream target genes were profoundly ele-
vated in the plpC-treated Zheh7g™He" Meleoe:
prepro-Bocells (Fig, 3C). Despile expressing
the cell surface B cell marker B220 (Fig. 1),
plpC-treated  Zhih7gtles Meleret brenro-B
cells appeared aberrantly commitied o the T
cell rather than B cell lincage. To determine
whether the plpC-treated Zhph7g" o Meleres
prepro-Bcells could differentiate into more
mature stages of T cell development, sorted
prepro=-B cells were culwred on OPY stromal
cell layers. Afier coculiure with control OPY-
GFP cells, the plpC-treated Zhh 7g" e Medons
prepro-B cells, in which one allele of LRF re-
mained intact, efficiently ditferentiated into Prn—ﬂ
cells, while the pIpC-treated Zhih g e
prepro-B cells did not give rise 1o pro-B cells
(Mg, S6A, lefi). In the case of cells express-
ing the Delia notch ligand (OP9-DLI). how-
ever, control prepro-B cells still differemiated
into pro-B cells, even though activation of the
Nowch pathway drives T cell development (g,
S6A). This is likely because normal prepro-B
cells express very low levels of the Nowhl
receptor and thus cannot respond to the DLI
signal (see Fig, 3C for Notchl mRNA), On the
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contrary, the plpC-treated Zhh 7g o Mrler
prepro-B - cells immediately lost B220 cx-
pression on the cell surface and eflectively
differentiated to CD48 DP T cells (Rg. SoA,
right). In agreement with these findings,
z{,”,?ﬂﬂrw‘_ SMxlone+ Dl'h.'["‘l'l-“ﬁ cells were most-
ly positive for CD23 and ncgative for the
CD44 surface markers, which is reminiscent
of normal thymic DN3 T cells (Fig. 3D).
Taken 1ogether, these data indicate that in the
absence of LRF, lvmphoid progenitors give
rise 1o aberrant B220-positive DN T like
cells, which subsequently differentiate 10 DP
T cells in the BM at the expense of normal B
cell development (Fig. 3E).

Notch repression by LRF. Noich signaling
is critical for T cell development and the
perturbation of this pathway can result in
cellular transformation (22). Furthermore,
Noich is obligatory tor correct fate determi-
nation toward B or T limeage in the lvmphoid
progenitors (2) and was recently reported as
the most commonly mutated gene in human
T cell acute lymphoblastic leukemia ( T-ALL)
(23). Noteh ! deletion in mouse HSCs resulis
in a marked reduction in thymic T cells and
simultancous B cell development in the
thymus (24). Conversely, constitutive activa-
tion of Notchl pathways in HSCs and/or
CLPs results in blocking of B cell devel-
opment and a profound expansion ol extra-
thymic DP T cells in the BM. Although these
mice eventually develop T cell leukemia in
the BM (22, thymic T cell development is
not impaired, for the most part (22). Given
that the phenotype of LRF conditional
knockout mice is scen in mice overexpross-
ing the intracellular domain of’ Nowehd ihat
lcads to constitutive Notch pathway activa-
tion (22), we hypothesized that LRF might
oppose Notchl function at HSC and/or CLP
stage, To test this directly, we examined
expression of Norch genes and their targets
in H5Cs and CLPs. Afier plpC ireatment,
LRF mRNA was efficientily eliminaied
both in HSCs and CLPs (Fig. 4A) and
was followed by the up-regulation of all
Notch target genes in the plpC-treated
Zhth7a™lews Melrer yees and CLPs (Fig.
4A), Corresponding Norchf mRNA levels
were comparable to those of control mice
(Fig. 4A). This “Notch signature” was
evident mainly at the HSC and CLP siages,
as relatively low levels of Noreh target genes
were detected in myeloid or ervthroid pro-
genitor companments (Ag. S6B). To further
elucidate whether the aberrant T cell com-
mitment in the absence of LRF was Noich-
dependent, LRF conditional KO mice were
treated with a gamma secretase inhibitor (GS1),
GSls are potent mhibitor of Notch signaling
that act by preventing the cleavage and release
of the intracellular moiety of the Notch recep-
tor (23), Stnkingly, this almost completely
rescucd abnormal B or T eell commitment seen
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in LAF conditional KO mace (Fig. 48). After
GSI treatment, neither the DP T eells nor aber-
rant DN T-like prepro-B cells were abserved
(Fig. 4B). Furthennore, Zhth7g"ow Melens
prepro-Bcells could give nse to pro-B cells
afier GSI treatment (Fig. 4B) It was note-

worthy that, in these pro-B cells, expression of

VipreBl, a component of the pre-BCR, re-
sumed after GSI treatment, whereas LRF
mBRNA became barely detectable, which con-
firmed that gene targeting was comrect (Fig. 40,

Discussion. Our lindings allow us 1o reach
two conclusions, First, we identify LEF a5 a
master regulator in determination of B versus
T Iymphoid fate, with loss of LREF in HSCs
and CLPs, resulting in an absence of B cell
development and spontancous  extrathymic
DP T cell development in the BM. Sccond,
we demonstrate that loss of LRF results in
aberranmt activation of the Noich pathway,
with Noteh target genes becoming strongly
up-regulated in HSCs and CLPs. Taken
together, we propose a working model for
B versus T cell lineage fate determination, in
which LRF plays a pivotal role as a negative
regulator of T lineage commitment by
opposing Notch function (Fig. 5). In normal
H5Cs, LRF opposes Notch function. LRF
blocks basal MNotch signaling triggered from
BM stromal cells, which express moderate
level of Notch ligands (26). BM siromal cells
also express molecules that support B cell
commitment and development, such as FI3
and SDFI1 (27). Therefore, HSCs and 1ymph-
oid progenitors in the BM are commined to
the B cell lineage by detault and difTerentiate
ino B cells in the presence of signals, such
as IL-T (27). After homing to the developing
thymus, in which Notch ligands are abun-
dantly expressed (26). H5Cs and/or lymph-
oid progenitors efTiciently give rise to thymic
T cells, because. at this poimt, Notch sig-

naling would overrule the repressive role of

LRF on Notch lunction. However, in the ab-
sence of LRF, the low levels of Notch ligands
expressed by the BM siroma would now be
sulficient to activate Nofelt targel genes nor-
mally repressed by LRF in HSCs and CLPs,
thus aberrantly specifving T cell fate (Fig. 5).
In support of this working model, exogenous
cxpression of LRF in HSCs was scen 1o result
in inefficient DN T cell production, as com-
pared with mock-infected HSCs in an OP9-
DL1 culture system (fig. S6C),

Our data provide strong evidence that
LRF can oppose the Notch signaling path-
way. Given that GSI treatment, which blocks
the Notch pathway upstream, was sulTicient
1o cause resumption of normal B versus T cell
commitment in mutant HSC and CLPs, LRF
likely targets upstream components of the
pathway rather than repressing downstream
Nereh target genes. As we observed high LRF
expression in NHL patients (5) and Noich
signaling is known 1o play a tumor suppres-

sive role in human B cell malignancies (248).
it is tempting to speculate that LRF can also
exert 1ts oncogenic activity by opposing Notch
function in the B cell compartment. In ad-
dition, given that LRF is widely expressed in
the organism and Notch has deseribed roles in
regulating the development and differentiation
of multiple tssucs, the extent of LRF's repres-
sive mle on Notch-dependent processes re-
mains 1o be seen,
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Pairing Without Superfluidity:
The Ground State of an Imbalanced

Fermi Mixture

C. H. Schunck,® Y. Shin, A. Schirotzek, M. W. Zwierlein, T W. Ketterle

We used radio-frequency spectroscopy to study pairing in the normal and superfluid phases of a
strongly interacting Fermi gas with imbalanced spin populations. At high spin imbalances, the
system does not become superfluid even at zero temperature. In this normal phase, full pairing of
the minaority atoms was observed. Hence, mismatched Fermi surfaces do not prevent pairing but
can quench the superfluid state, thus realizing a system of fermion pairs that do not condense even

at the lowest temperature,

ermionic superiluidity has many manifes-

tations in nature; it occurs in such diverse

systems as superconducting  materials,
liquid *He, neutron stars, and ultracold quantum
gases. Al its heant lies the fomation of fermion
pairs. Although the Pauli principle forbids
identical fermions o occupy the same quantum
state, pairs of femions can condense and thus
become superfluid. Superconductivity, the flow of
eleatrical current without resistance, is a manifes-
tation of fermionic superfluidity in a condensed-
matier system. Superconductors are chamcienized
by a temperature T* where electrons start Lo pair
and a eritical temperture T, for the onset of
superconductivity. In conventional supercon-
ductors, understood  within the  amework of
Bardeen-Cooper-Schriefler (BCS) theory, fermi-
on pairs lorm and condense simuliancously
(i, T = 151 In high-iemperature supercon-
ductors, strongly correlated clectrons exist in
the nommal phase. that is, 7% = T.. The
interactions that mediate pairing and wlimately
lead o superconductivity in these complex
systems are stll subject 1o debate (7). Another
strongly interacting butl compartively simple
fenmion svstem s an ulirmcold gas of neutral
fermionic atoms, High<tanperature superfluidity
wis recently observed in these gases (2),
opening a new approach o explore the highly
comclated nommal phase of strongly inlerwcting
fermions and its relation 10 the onsct of
superiluidity.

Ulracold atomic Fenmi mixtures of two spin
states close 10 a Feshbach resonance constiute a
highly controllable model system for strongly
interacting fenmions. By msonantly  changing
the imerction strength batween the Rermionic
atoms, the crossover from BCS superfluidity of
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loosely bound pars (o Bose-Ensten condensa-
tion (BEC) of tightly bound molecules can be
explored. BEC-BCS crossover theory at linite
temperature contains painng in the normal phase
below a temperature 7* > 7, (f, 3-5). Evidence
for pairing above 7; in ultracold Fermi gases was
found in (6. 7) via radio-Trequency (1) spec-
troscopy. Here, we use il spectroscopy 1o study
primarily the normul stme of an imbalanced spin

mixture. An imbalance in the spin populations of

the two-state Fermi system leads 1o a qualitative
change of the phase diagam: Above a cenain
internction-dependent population imbalance, the
trnsition W0 the superfluid state s suppressed
even ol zero lemperature. This is known as the
Chandrmsekhar-Clogsion (CC) or Pauli para-
magnetic limit of superfluidity (8, 9). In several
works, the CC limit is assumed 1o imply pair
dissociation and is refemed to as “Pauli pair
breaking™ (f0-72), that is. T and T are as-
sumed o vanish simultancously. The CC limit
his been observed and characterized in ultracold
alomic zases (1.3,

We report on the observation of a gap in a
single-particle excitation spectrum (representing
a spin response [unction) of a highly imbalanced
sample. This implies that the system is in a
comrelated state and that the minority component
15 paired. Pairing of fermions s thus not
necessanly a precursor 1o superlluidity: T* s

fnite even when T vanishes, The CC limit of

superfluidity, at least for strong inicractions, is
not associsled with breaking of fermion pairs
but only with the quenching of the superfluid
state. Another and probably very different sys-
tem with finite 7* and vanishing 7, has been
discussad in strongly underdoped cuprates (1),

The f spectma presented in this work were
also comelated with an indirect signature for su-
perflluidity by determining  pair  condensate
fractions (f4, /5). We conclude that rfl specira
cannot distinguish, at present experimental neso-
lution, between normal and supertluid states.

In our expenment, a strongly interacting,
imbalanced spin mixtre of ®Li fermions in the
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two lowest hyperfine states, labeled 1) and 2}
{comresponding to the F = Yo mp = [y and

F = '.'3. Hip = '_.-'3} states at low magnetic
fieldy was created in an optical dipole ap at
833 (0, the cemter of the [1-2) Feshbach reso-
mance [sce (13, /6) tor details]. On resonance,
all imteractions in the [13-2) mixture ane
universal, as the Formi cnergy Ep and the
inverse Fermi wavenumber Lkp are the only
relevant energy and length scales. The im-
balance & of the mixwre was controlled as re-
ported in (3, I7), whene 8 = (N — Na)(Ny + N3)
and Ny and Az are the som numbers in states
1} and 2}, respectively. Here, Er &g and the
Fermi temperature T are given for a non-
micmetng Fermi gas with the same atom
number as the majonty component. To access
a broader rmnge of tempertures, we used two
optical traps with different waists, chamcterized
by the axial and radial trappmg frequencies oy,

and o (as given in the figure captions of the of

spectra),

The interactions wene spectroscopically probed
in a three-level system (/8). A 2-ms of pulse
resonant with the transition from state 2) (the
minority component) to a third state, labeled 33
(F =35, me= %3 at low field) was applied.
Immediately afier the o pulse, the optical vap
wias swilched ofl and the eloud was allowed 1w
expand for absorption imaging. Two absom-
tion images of atoms in states (23 and | 1) were
taken successively, and the stom number fraction
NN, + N3) was obtained as a function of the
applied . The f spectra at the highest imbalances
were taken with a population transter smaller
than 3% ol the wotal number of atoms. The data
points in all spectra are the average ol three

2 ¥
™S
SR~ - i i
T
1
% . o -
= 014§+ —
EL e S
ﬁ: \
T T Li T T 1
00 02 04 06 08 1.0
Imbalance

Fig. 1. The temperature-imbalance diagram
shows where the rf spectra presented in Fig. 2
(black circles), Fig. 4, A to C (blue diamonds), and
Fig. 4, D to F (red triangles) were taken. All spec-
tra were obtained on resonance at 833 G. The
arrows indicate the order in which the spectra are
displayed in the figures. The shaded region in-
dicates the superfluid phase. The spectra corre-
sponding to the open circles and triangles are
similar to the spectra of Fig. 2, A to C, and are
shown in (19). Except for the data close to zero
imbalance, for which the interacting temperature
T is given, temperatures have been determined
from the noninteracting wings of the majority
cloud (25).
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imdependent measurements. Temperature was
adjusted by evaporation 1o different depths of
the optical trap, followed by recompression.
Spectra presented as a data set were taken with
the same Nnal trap depth. Figure 1 provides an
overview of the imbalances and temperatures
at which the rf spectra were obtaimed. Specilic
details are given in the figure captions and in
(19 All radio frequencies were referenced 1o
the 29-3) resonance recorded in the absence of
atoems in state 1),

Fig. 2. Radio-frequency A
spectroscopy of the mi-
nority component in an
imbalanced (6 -~ 0.9),
strongly interacting mix-
ture of fermionic atoms
above the CC limit of su-
perfluidity. As the tem-
perature is lowered, full

Atom number in 13}
[a. w]

The rf spectroscopy measures a single-
particle spin excitation spectrum for the minorty
component of the mixture (20-23). To under-
stand the expected of spectm, one can use a

simplified description of the gas as a mixture of

free atoms and molecule-like pairs, which is
strietly valid only in the BEC limit. Transfeming
an unbound atom from state 2% into state | 3)
requines an encrzy Afy As the |13} mixture
is also strongly incracting because ol a [1)-3)
Feshbach resonance located at 690 G ([8), we

TMe=19

pairing develops in the
absence of superfluidity. B
(A} An asymmetric and
broad peak centered at
the position of the atom-
ic line is observed. The
asymmetry and the large
width might be caused by
the presence of pairing cor-

TMe=10

relations already at T/l = 0.021,
1.9. For this spectrum C
only, heating was applied
and the atom number in
state 13} was recorded
(19). (B and C) The pair-
ing peak emerges. (D) At
I'Te = 05, the pairing
peak remains and the
minority atoms are al-

0.0254

0.020+

Decreasing temperature

T.I"TF =09

most fully paired (see
also Fig. 4A). As a guide
to the eye, a double-peak
line consisting of a Lo-
rentzian fit to the atomic
peak and a Gaussian fit
to the pairing peak is
included. Spectra were 0.02
taken for the following .

D
0.04

Atom number fraction in 129

0.03

=0.5

TiTe

parameters (see also -40
the solid black circles
in Fig. 1): (A} 6 = 0.87,

0 40
Radio-frequency offset [kHz]

T o T

B0

120 ¥

Ee=hx260kHz, #T, =19, (B} 6 =094, E,=hx 360 kHz, "I = 1.0; (C) 6 =094, E. = h x 360
kHz, T/Te = 0.9; (D) 6 = 0.93, £ = h » 340 kHz, T/ Te = 0.5. The trapping frequencies were o, = 21 x

3.5 kHz and w; = 2r x 77 Hz.

Fig. 3. Radio-frequency spectrum of the
minority component obtained at a mag-
netic field of 937 G (1/keay; = —0.18)
and imbalance & = 0.88, demonstrating
strong pairing above the CC limit on the
BCS side of the Feshbach resonance (ay; is
the s-wave scattering length in the 1112}
mixture). The rf spectrum was taken for the
parameters E¢ = ft x 280 kHz and T'T; =
0.3. The trapping frequencies were oy, =
2n x 2.9 kHz and w=y = 25 = 64 Ho

Atom number

fraction in 12}
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first assume, as in (6, 7), that mean-ficld shifls
{i.c., shifts corresponding to Hartree tenms) are
absent i the of spectrum. Then Af» and the
width of the atomic 233} transiion are
independent of the density of atoms in state
1}, However, if an atom in state 2} is paired
with an atom in state |1}, the of phoon must
provide the binding encrzy Eg required to break
the pair in addition 10 ALy, Therefore, if pairing
is present in the system, a second peak emerges
in the minority rf spectrum that s separated
from the atomic line and associaed with pairing
(6, 7). In a Fermi cloud, pairing is sirong only
near the Fenmi surface. Because the of photons
can excite atoms in the whole Fernu sea, the
observed spectral gap Av may have 1 be
micmpreted as o par-binding energy averaged
over the Fermi sca. Indeed, i the BCS limit one
his v o AYER where b is Planck’s constant
and A s the BCS pairing gap 123). Under these
working assumplions, we mterprel the emer-
gence of a gap in the spectrum as a paring
efleat.

The presence of painng in the nomal phase
has been observed in the el spectra for a highly
imbalanced mixwre, with 8 ~ 0.9, on resonance
at 833 G (Fig. 2) and on the BCS side at 937
G (Fig. 3). At high tempersture, only the
atomic peak was present, and as the tem-
perture was owered, a second peak—the pair-
ing peak-—emerged and separated from the
atomic peak. A sufliciently low temperatures,
cssentially only the pairing peak remained. This
behavior is qualitatively simular to whiat has been
observed in an equal mixture (6). The spectral
gap Av (Le., the shift of the painng peak relative
to the atomic line) increases as the empemture is
lowered. At the lowest temperature of 0087 T
iFig. 4A), we measured a shifi of (L38ER

Al the spectra in Figs. 2 and 3 were obiained
at high imbalances above the CC limit of
superfluidity. Here the system cannot undergo a
phase ransition 1o the superfluid state even m
e lemperature. For a trapped gas on
resonanee the CC limit is reached at a critical
imbalance of 6, o, = 0.74 = 0.05 (/3. /7). in
agreement with a calculated value of 6 ey =
077 (24, On the BCS side of the Feshbach
resomance, atl an mteraction strength of Lkpags =

(.18, the eritical imbalance is Beex = 0.6 = (L1,
as previously measured around s imteraction
strength (13,

Because we observed full pairing in the
nomal phase of the strongly intcracting gas, one
might not expect the rf spectm to reveal the on-
sel of superfluidity,. We recorded of spectra cov-
ering the phase ransition from the nommal w the
superfluid stae by varyving imbalance (Fig 4. A
o O as well as temperture (Fig. 4, D 1o F), In
both cases, no signature of the phase transition
wiis resolved, although both the emergence of
fermion pair condensates and sudden changes
in the density profiles (£3, 17) showed the phase
transition, In our previous work (2, 17), these
indircet indicators of superfluidity were cor-
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related with the presence of quantized vortices
(i.e.. superfluid flow).

Figure 4. A 1o O, illustrates that working
with high imbalances has the advantage of re-
ducing line-broadening effects that arise from
averaging over the inhomogencous density dis-
tribution of the sample. The nammowest line was
observed at the highest imbalance (Fig., 4A),
where the minority is considembly smaller than
the majority cloud. The homogencous linewidih
should reflect the wave function ol a single fermi-
on pair. The observed namow linewidih indicates
localizmion in momentum space well below the
Fermi momentum &g, and hence a pair size on
the order of the interparticle spacing.

We now examine the assumptions underly-
mg our nterpretation of the peaks m the of
spectr. In particular, we address the question of
whether our observations can distinguish between
parring comelations and mean-ficld effects. In-
deed, mean-ficld-like shifis were observed, for
example, in the rf spectrum of Fig. 2C where
the atomic line shows a shift of 0.03E; o higher

energy, Although the |1}-3) interactions are in
the unitary regime for a typical value of Apayy =

A3 (varying, for example, lrom -3 to -3.6
across the munorty cloud n Fig. 2C), they may
not have fully converged to their value at
unitarity and thus may have caused the ob-
served shifs (w3 15 the s-wave scattering length
in the [1=3) muxture), However, all shifts of the
atomic line are small relative to the size of the
spectral gap of up w0 0.38EF and are only seen
in the presence of the painng peak (fig. 53
displays all observed shifis of atomic and
pairing peaks versus temperature),  Although
the shifis of the aomic line are small at all iem-
peratures, the shifts associmted with the pairing
peak start rising below T ~ 1, accompanied
by a decrease m the weight of the atomic line. In

the imermediate temperature range, where the of

spectrm show a double-peak struciure, the pair-
ing peak should onginate primanly from the
Igher-density region i the center of the cloud,
and the aomic peak should onginate from the
low-density wings. Therefore, il one were 1o

REPO

nomalize the data according 1o the local density
of majenty atoms, the data points for the atom
peaks would shill up m T by a factor of be-
tween 15 and 5, the smaller factor reflecting the
cases of large imbalance, where the minority
cloud is considerably smaller than the majority
cloud. As a result, near T pgocn = 0L5, we have
observed both atomic peaks and pairing peaks,
which is an indication for the local coexistence
of unpaired and paired minority atoms, Howey-
er, in this possible coexistence region, cither the
peak separation is small or one peak has very
small weight, Therelore, more work is needed 1o
study the possibility of coexistence. An alter-
mative interpretation assumes single local peaks
and a sudden onset of peak shilts below T~ 1.
This appears 0 be mcompatble with a local
men-field approxmation as well: The mean
field in the unitanty limit should saturate when
Fapproaches Ty and not vary strongly for 7 <
T because the relative momentum of wo
particles in this regime s dominated by the
Fermi momentum and not by the thermal
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Radio-frequancy offset [kHz]

Radio-frequency offset [kHz]

Fig. 4. Radio-frequency spectra of the minority component obtained while
crossing the phase transition by reducing imbalance (A to €) and tem-
perature (D to F). The rf spectra do not reveal the phase transition. The onset
of superfluidity is indirectly observed by fermion pair condensation. The
condensate fractions are zero in (A) and (B} and 35 = 2% in (C). The onset
of superfluidity as a function of temperature occurs between (D) and (F), with
condensate fractions of 0% in (D), 3 £ 2% in (E), and 17 £ 3% in (F). The
insets in (A) to (F} show the column density profile (red) of the minority
cloud after a rapid magnetic field ramp to the BEC side and further ex-
pansion (19); the blue dashed line is a Gaussian fit to the thermal
background. The additional insets in (D) to (F} show phase-contrast
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images for a trapped cloud, obtained at imbalances of the opposite sign.
Spectra were taken for the following parameters in (A) to (C) (see also the
blue diamonds in Fig. 1): (A) & = 0.87, Bz = h x 27 kHz, T'T = 0.08; (B} 6 =
073, Ee=h=x 2T kHz, TTe = 0.10; (C) 3 = 0.00, Ep =h x 23 kHz, T/ =
0.10. The trapping frequencies were o, = 2r % 143 Hz and w, = 2n x 23 Hz.
For the spectrum in (C) we quote the temperature T obtained from a fit to
the interacting Fermi gas (19). Spectra were taken for the following
parameters in (D} to (F) {see also the solid red triangles in Fig. 1): (D) 6 =
037, Eg=hx38KkHz /I =0.18; (B} 6 =032, ;= h = 38 kHz, /Ty =
0.14; (F) & = 0.29, Eg = h = 35 kHz, /T = 0.09. The trapping frequencies
were oy = 2n % 192 Hz and i, = 21 = 23 Hz
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momenium. Furthermore, a sudden onset of

mteractions. would likely affect the density
distnibution of the mmonty atoms. However,
the mumority clouds observed 1n expansion are
well 1t by a single Thomas-Feni profile (25),

The BEC-side picture of a mixture of single
atoms and melecules seems o extend into the
resonance region, in the sense that fermion pairs
form high above the supedluid trnsition wm-
perature and possibly coexist locally with un-
paircd moms. However, the ermion pairs on
resonance behave differently from “real™ mole-
cules: Their binding energy increases with lower
temperature and  higher atomic density. Most
important, fermion pairs above the CC Tinat do
not condense at low temperure as bosonic
molecules would do at any imbalance, Although
some extensions of BCS mean-ficld theones w
the imbalanced case do not predict pairing at
imbalances & above the CC limiat (26), a survival
of Cooper pairs “lar from the trmsition region™
has been predicted (27) for a superconducting
system that s driven into the nommal, paramag-
netic phase by Zeeman splitting.

The observed spectrml gaps appear 1o be
insensitive o the density of the minority atoms
(Fig. 4. A 10 C). At very high imbalances, one
should indeed appeoach the limit of one mi-
nogity atom immersed ina lully polareeed Fenmi
sea. In (24, 28, 20} the ground-state energy lor
this scenario has been caleulated 1o be about

0L6E5, Tor example, by using a modified Cooper-
pair wave function ansatz (28). These calcula-
tions do not provide an exeitation spectrum and
do not distinguish between pairing {comdation)
enerzies and mean-ficld (Hartree) terms. There-
fore, the theoretical result camnot be direetly

compared 10 our spectroscopic measurement of

fidv = ~038Ep a0 T/ T = 0.08.
Whether superluidity can occur for Jarge
imbalances and low atom pumbers in highly

clongated geometries remains a subject of de-
bate (300 In light of our findings, 1t may be
important 1o clearly  distinguish between the
effeets of painng and of superfluidity, It has also
been suggested that the presence of an atomic
peak next w the painng peak in the minority
cloud at 2o temperature and high imbalance

could provide cvidence for exotic forms of

superluidity, such as the Fulde-Femrdl-Larkin-
Owchinnikow stae (31, However, for the param-
eters studied here, the atomic peak is seen 10
disappear as the temperalre is reduced (Figs, 2
and 4A).

Working with imbalanced Fenmi gases, we
were able o study and characterize painng in a
situation where no superfluidity occurs ¢cven at
zero wemperature, The spectral gap Av appears
to be only weakly dependent on the imbalance.
This finding suggests that near unitarity, coertain
painng comelations i the superflusd state are
similar 10 those m a dilute cloud of minority
atoms immersed into the Fermi sea of the ma-

jodty. Moreover, it implies that the encrpetics

that drve the normal-to-superfluid phase ransi-
tion involve more than the obsernved pairing
energy. Further studies of the strongly correlated
nomal state might vield new insights into the
microscopic physics of the superfluid stae,
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The Process of Tholin Formation in
Titan’s Upper Atmosphere

]. H. Waite Jr.,™ D. T. Young," T. E. Cravens,” A. ). Coates,® F. . Crary,” B. Magee,** ). Westlake®

Titan's lower atmosphere has long been known to harber organic aerosols (tholins) presumed

to have been formed from simple molecules, such as methane and nitrogen (CH, and N;). Up to
now, it has been assumed that tholins were formed at altitudes of several hundred kilometers by
processes as yel unobserved. Using measurements from a combination of massicharge and energy/
charge spectrometers on the Cassini spacecraft, we have obtained evidence for tholin formation at
high altitudes (~1000 kilometers) in Titan's atmosphere. The observed chemical mix strongly
implies a series of chemical reactions and physical processes that lead from simple molecules
(CH4 and N3) to larger, more complex molecules (80 to 350 daltons) to negatively charged massive
molecules (~B000 daltons), which we identify as tholins. That the process involves massive
negatively charged molecules and aerosols is completely unexpected.

cthane and nitogen in Tian's atmo-
sphere are supplicd with free encrgy
from solar ulavielet (UV) mdiation

and energetic paticls in Satum’s magnctosphere,

11 MAY 2007 VOL 316 SCIENCE

These circumstances make Titan, a prolific source
of complex onzanic compounds, unparalleled in
the solar system. Hydrocarbon chemistry s
further enhanced by the escape of hydrogen from

ihe cxosphere, which acceleraies the conversion
of methane o unsaturied  hydrocarbon-nitrile
spocies by circumventing the buildup of molecu-
lar hvdrogen, thus promoting unsaturated
hvdrocarbon formetion (4, 2 Sagan and Khare
(.3} have suggested that the penultimate result
of the formation of these large compounds 15
the generation of hydocarbon-nitnle  acrosols
{tholins ) thought o populate haee loyers in Tian's
simtosphere (4, 3). Similar orzanic chemistry
occurs during sool lormation in Earth’s tropo-
sphere (A-&) and may have taken place in the
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Table 1. INMS observed neutral mole fractions at closest approach,
Mole fractions are found from inbound observations within 15 km of
closest approach to maximize signal and reduce contamination. Un-
certainties are shown in parentheses. H, values for all flybys [4.05 =

REPORTS I

107% (3.00 = 107°)] have been adopted from analysis of the first Cassini
encounter with Titan (TA), Temperature values are obtained from the
scale height of N, measured within 100 km of closest approach. SZA,
solar zenith angle.

T16 T17 118 119 120 T21 123
Total density (cm™) 1.78 x 10'° 5.39 x 10’ 1.06 x 10" 7.10 x 107 3.28 x 10° 7.23 x 107 7.66 x 107
(5.33 x 10%) (3.04 x 10% {4.18 % 10% (3.45 x 10% {3.33 x 109 {3.46 x 10% (3.49 x 10%)
N, 0.975 0.965 0.971 0.968 0.968 0.971 0.975
{3.52 x 1079 (9.64 x 10°%) {4.56 x 107%) {5.47 x 1079 {113 % 107 (5.37 x 1079 {5.36 x 107"
CHa 0.0127 0.0241 0.0155 0.0213 0.0193 0.0184 0.0137
(318 x 107"  (7.69x10°%)  (4.59 x 107%) (6.46 x 10°%) {127 x 107"  (5.89 x 107%) (5.03 x 107%)
C;Ha 2.05 x 1074 2.60 x 107* 252 x 107" 2.03 x 107" 251 x 107* 2.04 x 1074 2.24 x 107
(307 x10°%  (6.04x107%)  (4.43 x 1079 {4.77 x 107%) (110 x 107%)  (4.69 x 107%) (.89 x 107%)
C;Ha 6.80 x 107 1.01 x 1073 7.15 x 1074 9.93 x 107" 7.69 x 107* 733 x 107! 8.31 x 107"
{6.02 x 1079 (1.28 x 107%) (8.04 x 107%) {1.14 x 107%) {2.06 x 107%) (9.58 x 107%) {1.02 x 107%)
C;Hg 1.66 x 1073 1.06 x 107° 2.04 x 107° 9.68 x 107® 1.26 x 107 8.74 x 107% 1.17 x 1077
(852%x107"  (1.19x10% (123 x 1079 (1.02%x107% (239%107% (947 x 107 (1.09 % 107%)
CiH, 1.21 x 1073 9.61 % 107% 1.09 x 107% 1.08 x 107° 7.23 % 10°% 7.26 % 107% 1.21 x 10°°
(6.81 x 107" (1.06 x 107%) (8.39 x 107") {1.01 x 107%) (1.69 x 107%) (8.06 % 1077) {1.04 x 107%)
CHa 4,58 x 107® 3.95 x 107% 5.05 x 10°° 5.81 x 107® 3.96 x 107 233 % 1078 5.86 x 10°®
(3.97 x 107" (6.44 % 1077) {5.43 x 107") {6.99 % 1077) (1.19 % 10°%) (434 % 1077) (6.85 % 107}
C:N; 3.51 % 10°® 4,53 x 10°° 3.30 x 10°° 5.81 x 107® 4,16 x 10°° 243 % 1078 5.16 x 10°®
(543 %107}  (1.08x107%  (6.86 x 107") (1.09 x 107%) (1.91x107% (692 x 107 (1.01 x 107%)
CiHe 4.39 x 10°* 1.35 x 107 3.30 = 107% 2.42 % 10°° 1.55 x 10°% 1.07 % 107% 5.07 x 10°*
(321x10" (311x107)  (3.62x1070) (3.72 x 1077 (614 x 1077) (242 x 1077) (5.25 % 1077)
C3He 4.00 x 107* 1.83 x 10°° 272 % 10°% 2.03 x 107° 1.55 % 107 175 x 107% 3.02 x 107*
(4.29 x 107") (5.07 x 1077) {4.61 x 107) (4.78 x 1077) (8.61 x 107) (453 x 1077) {5.69 x 107)
Altitude (km) 950 1000 960 980 1030 1000 1000
Latitude 85° 23° 71° 61° 7.5° 44° 31°
SZA 105° 45° 90° 81° 25° 124° 53°
T (K) 128 =5 116 + 16 132+ 8 133+ 7 200 = 13 142 = 8 168 + 10

carly Earth’™s atmosphere belore the bulldup of
oxyeen 2.2 < 10% years ago (9).

During the Cassini spacecrali’s fist encoun-
ters with Titan, the lon Newtral Mass Spectroms-
cler (INMS) revealed an aimosphere dominated
by Na and CHy, accompanicd by a rch mixiure
ol hydrocarbon-nitrle compounds with masses
up 1o 100 dalons (), which was the upper
detectable limit of the mass mnge of the INMS.
OF particular imponance for the development of
complex chemistry in the upper aimosphere was
the tentative idemification off benzene (Cgllg),
which 1s a critical componem in the formation of
polyevelic aronatic hvdrocarbon (PAH) com-
pounds. In this paper, we report on quantitative
observations of hydrocarbon-nitrile: compounds
i Titan’s upper atmosphene (950 1o 1150 km) by
the INMS, wgcther with evidence from the
Cassini Plasma Spectrometer (CAPS) (£f) of
heavy positively charged (1060 1o 350 dalions)
and negatively charged (20 10 8000 dalons) ions
(12), The presence of nogative jons in particular
wias a complete sumprise, and we argue that they
play an important ole in tholin formation,
These dma were obtained during six recent
Tian encounters (Tables | and 23, indicating
that the chemical processes are a persistent
phenomenon,

The low alitude (950 km) and high Ltiude
(=70¢) of the closest Cassini encounter with
Titan (T16) allowed aceurate detenmination of
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Table 2. INMS observed ion densities (ionsicm®) at closest approach. lon data are not available for
T20 because the ram-directed flow of ions during the encounter was outside the INMS Feld of view.

LST, local solar time.

T16 T17 T18 119 121 123
CHe" 8.47 x 10° 25.9 4.68 3.95 x 10* 0.422 2.85 x 10°
(1.03 x 10"  ©.977) (0.6000 (993 x 10"  (0.272)  (4.88 x 10%
CoHe* 2.83 = 10* 153.0 13.75 2.18 % 10° 1.09 1.35 x 10°
(3.59 % 10% (22.2) (2.44) (653 % 109  (0.4500  (2.31 x 10%)
HCNH* 1.28 % 10° 767 66.4 1.28 % 10° 5.66 5.42 x 10°
{1.62 % 10°) (85.8) (10.9) (3.01 x 10%)  (3.24) (9.28 x 10°)
CaHa* 1.12 % 10° 113 717 7.51 % 10° 41.9 2.41 % 10°
(1.57 x 10%) (24.7) (9.92) (4.01 x 109  (29.47)  (4.20 x 10%)
CaHs* 9.98 x 10° 19.8 6.39 553 x 10* 0.766 1.06 x 10*
{1.73 % 10% (9.95) (0.903) (555 x 10"  (0.216)  (1.99 x 10%)
CaHs* 9.05 x 10° 14.8 7.26 352 x 10* 1.09 1.15 x 10*
{1.56 x 10% (9.17) (1.12) (3.86 x 10  (0.223) (213 x 10%
CyHs* 834 2.60 5.14 3.06 x 10° 0.900 1.64 x 10°
{2.10 x 10%) (2700  (0.763) (498 x 10  (0.755)  (3.88 x 10%)
CeHy* 1.04 x 10° 3.80 5.83 3.61 x 10° 0.504 2.22 x 10*
{2.55 x 10%) (4.26) (0.868) (642 x10Y)  (0.394)  (5.22 x 10°)
CoHy" 2.05 x 10° 6.82 17.1 5.55 x 10° 2.20 3,25 x 10°
(3.40 x 10%) (8.33) 2.30) (9.33 x 109 (1.96) (7.40 x 10%)
Altitude (km) 950 1000 960 980 1000 1000
LST 17.4 10.5 4.8 23 20.4 14.1

beneene density and mixing ratios over an alu-
tude mnge of 130 km, Assuming local themmo-
dynamic oquilibnum  with the major specics
(Na), the fits 1o data (Fig, 1) give a scale height
of =13 km, which is consistent with a specics

with a molecular mass of 78 atomic mass umils
acting under molecular diffusion. This finding
mdicates that molecular diffusion. rather than -
bulent atmosphenc mixing, is the dominant trins-
port process and that temspont time scales are
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more mpid than chemical-loss ime scales. Data
taken during subsequent flybys have confimmed
the presence of benzene at a mole fraction of ~1
to 5 pans per million (Table 1) and the dom-
inance of tansport 0 determining the altitade
variation, INMS-denved ion and neutral spectra
from 1 1o 100 daltons (Fig. 2) illustrate the ion-
neutral chemistry cormespondence for compounds,
starting with Cl compounds and continuing
through beneene and toluene, In the case of ben-
zene, a chemical equilibrium exists between it
and the beneene cation Cglly™. Other combina-
tions of fon and pewral species seen in the
spectra suggest the complexity of the chemical
processes ot work,

In addiion 1o INMS daim, the CAPS lon
Beam Spectrometer (1BS) (£) (Fig. 3A) found
complex  hydrocabon-nitrile species at much
higher molecular masses (—-350 dalions) than
can be measurod by the INMS, However, where-
as the INMS s a quadnupole mass spectromeler
(1), the CAPS IBS is an clectrostatic analyzer
that makes use of the high Mach number (14
for a mass of 100 dalons) of cold ionospheric
ions mmmed into the instrument o infer mass/
charge spectm from measured ion energy/charge
and knowledge of the spacecrafl’s electrical
potential in Titan's atmosphere. The IBS was
not designed specifically for this task, and so its
effective mass resolution at Tian is limited 10 a
mass resolution (MAM, where M s the mass in
daltons and AM is the mass resolution in
daltons) of =8 wversus 100 [or the INMS,
However, IBS resolution s sufficient 1o separate
familics of mass peaks. This [unctionality 15
evident in the spectrum shown (Fig, 3A),
where the unresolved mass groupings <100
amu correspond o families of peaks in the
INMS spectra (Fig. 23 OF particular interest are
several prominent peaks at =130, ~170, and -335
dalions. These we identify as naphthalene, an-
thracene derivatives, and an anthracene dimer.

The 1BS analvsis method can be applied w
energy spectra (Fig. 3B) obwined from the
CAPS Electron Spectrometer (ELS) (1, £2) 1o
imfer the existence ol heavy negative ions. Al-
though designed o detect electrons, the ELS
can also detect negatively charged jons, Analy-
sis ol the three-dimensional velocity distnbution
of the wns shows that, although extending to
=2 keV due o their kinetic encrgy i the moying
spaceerall reference frame (6 km's), the ions are
very cold (0.1 ¢V} and hence highly supersonic,
Taking the encrzy spectm as proxies lor mass
spectra (Fig. 3B), we can identify peaks at —135,

=35, and 100 dalwons and a broad range of

misses between 100 and ~8000 dalons, with a
peak at 1300 dalions. Thus, both 1BS and ELS
data cleardy show the presence of heavy mole-
cules well above the mass mnge of the INMS,
implying a complex organic chemistry that has
neither been observed nor considered before,
The existence of large negative jons s an
indication of complex carbon-nirogen precur-
sors (PAHs and assonted nitriles) that may lead
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to the production of tholins, Our analysis sug-
gests that the organic compounds scen by the
INMS and 1BS are formed through ion-neutral
chemical processes, which then give rise 10
the complex hydrocarbon-nitrile negative ions
found by the ELS,

Earlicr modeling cfforts [for infommation on
the initial model and revised jon-neutral chemis-
try added, sec (13) and (/4), wspectively; for
original references for benzene production, see
(4] showed that benzene can be produced by
ion-neutral chemistry involving small molecules
at altitudes near 1000 km in Tin's upper atimo-
sphere and through thiee body-association reac-
tions of carbon radicals pear 750 km, [NMS
measurements (Fig. 2 and Tables | and 2)
prov ide a direct means of evaluating high-aluwde
production pathways (Table 3). Although disso-
ciation of methane and nirogen is key 10
initiating the production ol simple organic units
{such as acetylene, ethylenc, ethane, and hydro-
gen eyanide), won-neutral chemistry must play a
central role in linking these orpanic units wogether
to foam more complex organics, starting with
benzene,

By untangling the complex hydrocarbon-
nitrile mixture (15, £6) that the INMS observes,
we can estimate the chemical lormation process
for benzene using chemical schemes (Table 3)
developed o understand the Tormation ol sool
on Eanh (6-8, 13, M) and PAHs in interstellar
clouds (/7). In the low-pressure regime found at
1000 km, the ion-neutral fomation pathway
involving Cglly™ and Cylls™ is over five omders
of magnitude laster than neutral reaction path-

ways acting through photochemical or energetic
particle production of radical hydrocarbon spe-
cies, such as CaH. However, the photodisso-
ciation rate of benzene is large (<107 s7") and.
when combined with the estimated 1on-neutral
production rate of 1 = 1072 em™ 571, leads to
the undercstimation of the benzene concentra-
tion by about an order of magnitude, Potential
solutions 1o this dilemma include (1) an uniden-
tified benzene source at the altide of observa-
tion, (i) a stabilization or regencration process
that mitigates the photodissociation of beniecne,
or (1ii) some combination of the two,

In addition 1o the measured beneene density
profile (Fig. 1), independent evidence (18) in-
dicates that the Jevel at which molecular dif-
fusion dominates wrbulent mixing is over two
scale heights below 1000 km, We caleulate a
transport lifetime based on the molecular dif-
fusion coeflicient (/4) of 5 = 107 s, which is to
be compared with the chemical loss lifctime of
| = 107 s. Thus, the photodissociation pathway
cannol be representative ol the chemical life-
time. An altemative involves mpid regencration
ol benzene alter dissociation w0 the Cglls or
Cally radicals. Most of the obvious reactive
pathways involving reactions with Hs, CHa,
Colla, Cally, or Callg have activation energics
(49, 200 that render these reactions inellective in
the low temperature (120 o 130 Ky of Tian's
atmosphere (near 1000 km) in high northem
latitudes, whereas pathways that involve growth
iy more complex organics procecd with lower
activation energics and  therelore more rapid
reaction rates. Therelore, we conclude tha the
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Fig. 1. INMS measurements of the altitude distribution of benzene during the T16 Titan encounter. Error
bars indicate statistical uncertainty in counting rates. The dashed line is an exponential fit to the data,
indicating the molecular diffusive scale height of a molecule the mass of benzene in Titan's atmosphere.
Data below 1000 km (blue region) were averaged to produce the mass spectrum shown in the inset.
(Inset) Fits to the benzene mass spectrum with the use of recent INMS calibration values are shown, along

with estimated uncertainty (error bars).
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ultimate fate of benzene dissociation is the pro-
duction of higher-order PAHs and that diffusive
mixing infemed from the observed altiude dis-
tnbution requires a loss mte through photodis-
sociation that s an order of magnitude slower
thian present measurements and theorics suggesl
[for rates used, see (27); see also (22) and, for
dissociation products, (23-25)]. Indecd, this s
consistent with the measured beneene concenta-
tion based on our present inferences of chemical
production rates. Model cloulations (14} sug-
gest that production at smaller solar-illumination
angles rises at a mte tha compensates for in-
creased losses from photoedissociation, and there-

fore the benzene concentmtion may remain the
same in the illuminated upper atmosphere (T17
im Tables | and 2) Our present observations
thus leave open the questions of missing ben-
zene production mechanisms and stabilization
of the “hot™ benzene formed through photo-
dissocition,

Our data show that the key chemical role of
benzene-PAH formation begins at high altitudes,
CAPS IBS measurements (Fig. 3A) allow us 10
tematively infer the existence ol higher-order
PAH ions associaed with higher-order PALLs,
such as naphthalene (130 dalions) and anthra-
cene (=170 dalions), Furthenmore, comparison
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Fig. 2. Correspondence of ion (upper) and neutral (lower) mass spectra measured by INMS during
T19 between 950 and 1000 km. Benzene molecules and their fon counterpart can be identified at
78 and 79 daltons in the spectra. High-pressure background in the ion source has been subtracted

fram the neutral spectrum.
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of measured densitics with the saturation vapor
pressure (261 shows that benzene and hydrogen
cyanide are near saturalion vapor pressure and
that diacetylene, naphthalene, and anthmcene
are highly supersarted at 125 K (Table 1),
This comparison is reinforced by the tentative
identilication of jons associated with the anthr-
cene dimer near 340 dalons as measured by the
IBS. The decrcasing density ol the intervening
species between 170 and 340 daltons suggests
a competition between chemistry and physical
condensation processes. Dimer formation is the
first step in condensation in the lree molecular
flow regime, where himolecular actions dom-
nate the condensation formation process (27)
mnd competing condensation and chemical ki-
netics are a hallmark of existing soot fonmation
models (6-8). From the measured jon densi-
ties, we infer the relative rate of condensation to
be one-tenth that of chemical processes, We also
estimate a production rate (=1 = 107" g em 2 57")
for formation of more complex. PAH-nitrile com-
pounds from baeene.

The final step in the tholin formation process
is aggregation of higher-order PAl-nitrile com-
pounds that lead o negative fons. Negative ion
lormation is expected as a result of the tendency
ol complex PAHs and cyanoaromatics (248, 29)
to have electron aflinities tha range between 2
and 5 ¢V Our observations of Tons with mass/
charge (amu per atomic charge ¢} between 1000
and ROO0 dalons (Fig. 4) suggest that this is
indeed occurning. Under the conditions at - 100
km (T, = ~125 K and n, = ~10° m 2, where T,
15 clectron emperature and w15 electron
density ), small dust grains immersed in a plasma
will charge negatively o a potential (307 ¢ -~

2.5 kTie ~ -0.027 V with a charge () = dreg a
i expi-aip), where g is the permintivity of
free space, a is the particle mdius, and Ap is
Debye length. IT we assume the ions are
singularly charged with a density of 1 = 0
kg m ™, then the particle radius lies between 73
and 130 nm. Because we cannol measune charnge
independently, the jon mass may actually be
much larger. A particle with mass/charge of SO00
daltons, an assumed density of 1 = 107 kg m ™,
and € = 5¢ has a mass of 400K amu and a
radius of 260 nm. These panticles are clearly the
size of acrosols that, bocause of the chemical
processes wking place around them, we dentily
as tholins. Particles of this size ane gravitation-
ally bound to Tian and will tend 1o sink into the
lower atmosphene, where they are indeed found
(3, 4). The interactions of these charged tholins
with ambipolar (37) and induced corotational
(31 elecrric fields remain o be investigated.
Depending on the influence of the electric
fields, the charged tholins may descend into
the stratosphere or escape Tian’s atmosphere
altogether,

Other instrumentation aboard the Cassini
spacecralt s providing coroborting evidence
of high-altitude acrosols, The Cassini Ultaviela
Spectrometer (UVIS) has necently observed acro-
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Fig. 3. (A} Positive ion spectrum from 1 to 350 daltens inferred from
energy/charge measurements made by the CAPS IB5 near 1000 km
during the T18 encounter. There is a change in slope of the ion
abundance near 170 daltons and a change in the appearance of peaks
near 170 and 340 daltons, These appear to be an indication of the

Table 3. The primary fon and neutral chemical reactions in Titan's atmosphere at ~1000 km (37-40).
k, chemical rate coefficient; hu, photonic energy; -, not measured. The asterisk indicates that the

reaction occurs at 125 K.
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onset of condensation of the complex carbon-nitrogen aromatics. (B)
Megative ion (ng spectrum from 10 to 10,000 daltons inferred from
energy/charge measurements made by the CAPS ELS near 1000 km
during the T16 encounter. Error bars indicate uncertainty in the number
density.
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CHs"* C4H; + CoHs*, HENH®, CHg® — CyHy* + products
[4H5' CEHz + c;H;t + [4H5+ + H-;_r
CeHy™ 1. CyHg™ + CoHy = CgHy" + Ha 7.3 107"
2. CyHa* + CaHy - CoHe® + Ha 1.2 x 10710
{followed by) CeHe™ + Ha = CgHy™ + hu 3.0 x 10718
{or) CaHs ™ + C3Hg — CeHy™ + GoHa 1.7 x 10718
{which competes with) CaHs™® + CHy —~ C3H;™ + Ha 7.5 » 107
{which recombines to form benzene) CgH;™ + & - CgHg + H 1.5 x 107%*

sols at an altiude of 1000 km (32) They sug-
gest that Mie scattering from particles with radin
of 12.5 nm with number densitics of ~50 cm ™
prowides an adequate explanation of the data,
The size that UVIS infers [or the acmosols 1s to
be compared 10 the mass/charge group detected
at WK dahons by the CAPS ELS. Each of
these particles 15 mterpreted as having a mass of
00K amu, a density of 1 = 10 . ko m * and a
size of 200 nm. However, the CAPS-infermed
densitics are lower than those acquined by the
UWIS, albeit at a very dilferent time and place,

Benzene and higher-order PAH production
at high altiudes is indicative of additional com-
|'|i|;\ |.'|1|,'|1li.\.!:j\ nvolved in the FLIERLAY th of tholins
at Jow [ hll'.llnh]ﬂu;t’iu '.t|1i1lldu;.~. l"'ﬁ!l.lL'“L'l.,' i{icl'l-
tifying the existence of benzene in the tropo-
sphere (33) and sirmosphere () also suggests

that bemeeene plays a major mole n the growth of

tholins throughout the simosphere. Benzene has

11 MAY 2007

been observed to vary with atitude in the strato-
sphere, with mixing mtios of 5 = 107" in the
south and a maximum of 3 = 107 in the nonth
at 75°N (4). Low temperitures (120 to 130 K)
mcasured at high northern lattwdes in the upper
atmosphere near 1OOB km result in near satum-
tion pressures for benzene and hydrogen cya-
nide and highly supersaturated  conditions  for
diacetylene, naphihalene, and anthracenc (26)
his promotes mapid tholin growth through het-
crogeneous condensation (27) and intemal par-
ticulate chemistry (6-8, 17, 27) and keads 10 a
transfer of benzene and other organics from the
gas phase o the surface of the tholins, The loss
i'll. |'||.,'|':f\‘[Il.,' .;l['ll.l l.'ﬂil\'r \'I|I|.|F1'l|‘|.l'||:'..|.'.‘| ||]|'I.|‘ll'_,_'|l
condensaton  onto ||!\,.' nascent  tholin My
account for the observation that benzene mixing
ratios observed in the thermosphere are more
than fowur orders of magnitude larger than those
in the stmtosphere.
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Fig. 4. Cartoon showing the chemical process
leading up to the formation of tholins in Titan's
upper atmosphere. The process begins with free
energy from solar UV radiation and energetic
particles impinging on Titan's atmosphere, The
most abundant constituents (CHg and N;) combine
through a number of reaction pathways to form
larger organic and nitrile compounds (100 to 350
daltons) that eventually lead to the formation of
negatively charged tholin aerosols (20 to 8000
daltons) observed at ~1000 km.

We have presented data fromm three Cassini
particle spectrmaneters that mdicate that a com-
plex 1on-neutral chemistry in Titan's atmosphere
near 1000 km plays a major role in the formation
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of progressively more conplex hydrocarbon mol-
ceules, from beneene to PAHs and ulimately to
acrosol particles with ~260-nm madi. The exis-
tence of ~40,000-uu acrosols, formed by the
growth of complex organic compounds in the
upper amosphere, appears o answer the long-
unresolved question of the origin of tholin pre-
cursors found at Tian, The chain of molecular
growth that we have identified in this study is
similar to that fisst identified in the Miller-Urey
experiments (), We suspect that the ultimate
destination of these large onganic molecules and
acrosols lies in the organic haee layers in Tian's
strmosphere (3, ). However, depending on the
dynamic effects of atmosphene and inducad co-
rotational clecirie fields on these panicles, they
might also escape Tiim's atmosphere to become
the source of PAHs observed 10 collect on the
surfaces of Salum'’s icy moons (34, 35),
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The Orientation of the Local
Interstellar Magnetic Field

M. Opher,** E. C. Stone,? T. |. Gombosi®

The orientation of the local interstellar magnetic field introduces asymmetries in the heliosphere
that affect the location of heliospheric radio emissions and the streaming direction of ions from the
termination shock of the solar wind. We combined observations of radio emissions and energetic
particle streaming with extensive three-dimensional magnetohydrodynamic computer simulations of
magnetic field draping over the heliopause to show that the plane of the local interstellar field is ~60°
to 90° from the galactic plane. This finding suggests that the field orientation in the Local
Interstellar Cloud differs from that of a larger-scale interstellar magnetic field thought to parallel

the galactic plane.

he heliosphere created by the supersonic
solar wind is compressed by the motion of

the Sun relative w the local interstellar
medium, producing a comet-like shape with an
extended wil. The solar wind abruptly slows,
forming a termination shock as it approaches con-
tact with the mterstellar medium at the heliopause,
Bevond the heliopause, the interstellar wind con-
tains mainly hydrogen and helium, both as neutral
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atoms and as ions that camy the froaen-in inter-
stellar magnetic field.

Recent Voyager observations of ions stream-
ing from the termination shock (/4. 2) have led 10
the suggestion that north-south and cast-west
asymmetries of the heliosphere are induced by
the interstellar magnetc ficld (3), However, the
inferned feld direction from the model of (3) was
parallel o the hydrogen deflection plane (HDP)

rather than the galactic plane (GAL )L On the basis
ol the polarization of light from nearby stars,
Frisch (4. 5) suggested that the galactic magnetic
ficld is parallel to the GAL. However, the direc-
tion of the galacuc magnetic feld 15 deduced
from measurements averaged over a much larper
distance (light-years). A dircction pamallel 1o the
HDP was suggested by Lallement ef al, (6) for
the Jocal imerstellar fickd, on the basis of solar
Lyman-c mdiation that 15 resomuntly  backscat-
tered by interstellar hydrogen atoms, The HDP s
tilted from the ecliptic plane by 60 and differs
from the GAL by 607, We used Voyager | and 2
observations in conjunction with a magneiohy-
drodyvnamic model o discriminate between these
two planes and to constrain the orientation of the
local nterstellar magnetic ficld.
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In the past 20 years, Vovager | (V1) and 2
(V21 have been detecting rmdio cmissions in the
outer heliosphere at frequencies from 2 1o 3 kHz
(791 The mdio enmussions were detected  cach
solar evele: st in 1983 1984 during solar cyele
21 (7}, second in 19921994 during solar cycle
22 (&), and most recently durmg solar eyele 23
(9). The curmemly aceepted scenario is that the
radio emissions are generated when a strong

interplanctary shock produced by a period of

intense solar activity reaches the vicinity of the
heliopause and moves into the inerstellar plasma
beyvond (9, 70). Radio direction-finding mesasure-
ments from V1 and V2 have been used 1o de-
termine the positions near the heliopause al
which the mdio cmissions are genermed (/)
(Fig. 1. The sources lie along a line that passcs
near the nose of the heliwosphere that roughly
parallels the GAL. The GAL is 120° from the
ccliptic plane { /2). Because the galactic magnetic
f1eld 1s onemed neardy paralle] w the GAL, Kurth
and Gumett (77) suggested that the local miter-

stellar magnetic ficld (in the local neighborhood
of the Sunp was also pamallel o the GAL.

However, Gumett ef af. (13) recently pointed
out that at Earth’s bow shock and imterplanctary
shocks, the mdio emission oceurs where the
magnetic Geld lines are angental w the shock
surface, and they suggested that heliosphenic m-
dio emissions occur where the local inersiellar
magnetic ficld is tngential w the surface of the
shock that excites the plasma (or B-n = 0, where
B is the magnetic ficld and n is the shock
nomal ). They concluded that the condition B
0, combined with the source location observed by
the two Vovager spacecrafl, implics than the local
interstellar magnetic field is pempendicular 1o the
GAL. This direction diflers from the carlier sug-
gestion (9 and 15 within 167 of the HDP.

The mierstellar magnetic Geld s froezen into
interstellar plasma that s deflected around the
heliopause, causing the ficld w drape over the
heliopause. As a result, the region where Bon =0
will depend on the shape ol the heliopause,

which is distorted by pressure of the local inter-
stellar magnetic lield. For imtensities around a
few microgauss, the ambient interstellar magnet-
1¢ pressure 15 comparable w0 the gas pressure,
with the magnetic pressure incrcasing in those
regions where the mterstellar How decreases as it
approaches the heliopause, We investigated how
the proposed location of the rdio sources (where
B-n = 0 on the surface of the heliopause) varics
with the oriemation and strength of the local
interstellar magnetic feld.

We considered several directions of the
interstellar magnetic ficld —the HDE the GAL.,
and the plane pempendicular 10 the radio source
plane (13) (PPGy—with different inclination
angles a (the angle between the imterstellar
magnete ficld and intersiellar wind velocity). In
the model coondmmate system, where s the
angle between the interstellar magnetic field and
the solar equator, the HDP comesponds 1o § -
607, the GAL o f= 120°, and the PPG o =447
(12}, Assuming a spherical interplanctary shock,

A \Bism B
&0 Y

Y
c T T T D

o

Ecliptic Latitude

g T

=
Ecliptic Longitude

Fig. 1. (A and B} Radio source location as a function of the interstellar
magnetic field (Bygy) direction in (A) the HDP plane and (B) the GAL
plane (with i = 45°). The surface of the heliopause is shown from upwind
with respect to the interstellar wind. The isocontours show the strength of
the radial component of the interstellar magnetic field, 8, on the
heliopause, The green band is the location of the radio sources (at B, = Q).
The red arrows show the direction of Bism. (C and D) Same as {A) and (B)

00

200 260
Ecliptic Longitude

160

but converted to ecliptic coordinates for Bygy in (C) the PPG (with o =
30°) and (D) the GAL (with a = 45°). The direction of the nose of the
heliosphere {(diamond} and the GAL (black line} are indicated for
reference. The radio sources detected by V1 and V2 are shown as solid
circles. Note that the colors are inverted from {C) to (D) because the
interstellar magnetic direction was inverted from (A) to (B) (see red
vectors in the insets).
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the tmgential field condition for the mdio sources
translates o 8 = (1, where B: i1s the radial com-
pronent of the imterstellar magnetic ficld. For cach
modeled direction of the interstellar magnetic
field, we compared the expected location of the
radio sources (8, = 0 at the heliopawse) with the
observed location of the madio sources detected
by VI and V2.

The model used here is the same as used by
(.7) |sce (/2)]). The imerstellar magnetic field
(Bisa ) magnitude is taken 1o be Bigg = 1.8 ph
[with the y component of By (Bisa ) = 0]
The coordinate system has the interstellar veloeity
direction in the +x direction and the = axis as the
solar rotation axis of the Sun, with v completing
the nght-handed coordinate system, In this
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Fig. 2. (A and B) Streaming of TSPs from the MD point to V1 for the interstellar magnetic field in (A)
the HDP (with «« = 45°) and (B) the GAL (with « = 45°), The interplanetary magnetic field is carried
radially outward by the solar wind, forming a spiral on a conical surface. The conical surfaces coinciding
with the V1 trajectory are shown. V1 is first connected to the shock along the spiral magnetic field lines
that contact the shock at the MD point. The solar magnetic field lines that intersect V1 are colored as
follows: black, the 0 AU field line intersecting the shock where V1 crosses the shock; red and blue,
magnetic field lines 2.0 AU and 3.0 AU upwind, respectively, from the O AU line; green, the
nonspherical termination shock. The magenta arrow indicates the streaming direction of the T5Ps from
the shock along the field line to V1. (€ and D) Similar plots for V2, showing field lines 3.0 AU {red) and
5.0 AU (blue} upwind of the 0 AU line. Note that in both views the solar magnetic field spirals clockwise
with increasing distance outward. (E and F) Summary of the streaming of TSPs from the MD point back
to V1 and V2. The nose direction (diamond) and the GAL are indicated.
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coordinate systemy V1 s at 29.01° latitude and
21347 longitude and V2 is at -31.2° latitede and
[78.4°% longitude, which gnores the 7257 tlt of
the solar equator with respect o the echiptic plane.

Figure 1 indicates that the heliopause is
stromgly mfluenced by the mterstellar magnetic
ficld direction; the heliopause is asymmetric both
nonh-south and cast-west and has a pline of syme-
metry approximatcly paralkel o the plane of the
local interstiellar magnetic leld. As a result, the
heliopause surfaces for HDP and GAL field ori-
entations are almost mirror images ol cach other.

With Bisa paralle] to the GAL (with a = 455,
Fig. 1D, the region where B, = 0 s almost
pemendicular to the GAL, which is inconsistem
with the radio observations, With Bigyy in the
PPG owith a = 30° (Fig. 1C) produces the best
agrcement with the Vovager radio observations,
as suggested by Gumett ¢f af. (/3). The HDP
onentation differs from that of PPG by only 167
and 15 alko in geneml agreement, as suggested
by the similarity of the regions with B, = 0 in
Fig. 1A (HDP)and Fig. 1C (PPG). The offset of
~15% between the observations and the region
with 8, = 0 for the model in best agreement
(Fig. 1C) indicates that the accuracy ol the
model is not adequate to distinguish between
the PPG and HDP field orientations.

We also investigated the eflfects of changing
the imterstellar wind direction w0 5% above the
ecliptic plane [in the solar ecliptic coordinate sys-
tem, the imersiellar wind direction is 235°
(longitude) and 57 (latitude)] and changing the
intensity of Bgy from L8 pG oo 2.5 pG. For both
cases, the change in the pradicted location of mdio
sources was minor (£2). As @ increases from 157
to 607, the 8, = 0 band moves counterclockwise,
with the best agreement for o = 30° 10 457 (12).

The second set of observational data that we
used to constrin the orientation of the local in-
terstellar magnetic field was the streaming ions
lrom the termination shock, W1 crossed the tere
mination shock at 94 AU in December 2004 and
ts now bevond 100 AL inthe heliosheath (£, 2, 14).
V2 is already detecting signs of the upcoming
shock (2, 15) and is expecied to cross the 1er-
mination shock within the next [ to 2 vears, In
mid-2002, V1 began obscrving enhanced inten-
sitics of 1ons streaming from the shock (/6. 17).
The beams of enenzetic termination shock par-
ticles (TSPs) were steaming outward along the
solar spiral magnetic field. The sirong upstrean
TSP beams were observed much of the time until
V1 crossed the shock at 94 ALL The sircaming
along the magnetic ficld upstream of the shock
source wis expected to be inward along the spiral
field if the temmination shock were spherical.
However, the observed Dow was outward along
the field, requiring a shock source located inwand
along the spiral field seveml AL closer tothe Sun
than is V1, With a nonspherical shock, V1 could
be connected w0 the termination shock along
magnctic feld lines that crossed the termination
shock and crossed back to the supersonic solar
wind., This led 1o the suggestion that the upstream
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breaming resulted from a blunt ( /&) or ssymimetnc
shock (2). The asymmetnic shock could result
trom an interstellar magnetic lield mclined ina
prarticular direction (19, 200 In a recent report (3},
we showed that an interstellar magnetic field in
the HDP could distont the tenmination shock in a
dircction that explains the TSPs streaming
outward at V1.

Figure 2 shows that tor Bigy parallel 1o the
HDP, the longitude of the MD point (the mini-
mum radial distance of the wermination shock 1o
the Sun) is greater than the longitude of V1, so
the TSPs will stream outward along the spiral
field. Inthe heliospheric southem hemisphere the
longitude of V2 is greater than that of the MD
point of the shock, so the TSPs will stream
imward toward V2, as s observed, However, for
Bisaq parallel 1o the GAL, the MD o the nothem
hemisphere shifis to a smaller longiude than V1,
s that the TSPs would stream mward toward V1,
opposite o what is observed.

In this calculation we did not include the
neutral hydrogen atoms that interact with the io-
nized component by charge exchange. Although
the inclusion of the neutral atoms will 1end 1o
symmelrize the solution and quantitatively affect

the degree of asymmetry, the general character of

the asymmetry is expected o remain the same,
with the plane of symmetry of the distonted helio-

pavse determined by the plane of the local inter-
stellar magnetic field (2£, 223, Thus, it would be
expected that differemt onemations of the local
interstellar magnetic ficld would result in the
same qualitative differences in the predicted radio
source locations and streaming directions of up-
stream dons as desenbed here, On the basis of
those differences, and assuming that the source of
radio cmission is the region where the ficld
draped on the heliopause is perpendicular o the
radial direction, we find from Voyvager observa-
tions that the plane of the local interstellar mag-
netic feld is not parallel 1o the GAL but is 60° 10
90° from that plane (rotted clockwise from a
view from the Sun), This sugeests tha the ficld
oriecniation in the Local Interstellar Cloud differs
from that of a larger-scale mterstellar magnene
ficld thought 1o parallel the GAL.
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Ultralow Friction of Carbonate Faults
Caused by Thermal Decomposition

Raehee Han,* Toshihiko Shimamnlu,zf Takehiro Hirnse,zzl: Jin-Han Ree,? Jun-ichi Ando®

High-velocity weakening of faults may drive fault motion during large earthquakes. Experiments on
simulated faults in Carrara marble at slip rates up to 1.3 meters per second demonstrate that
thermal decomposition of calcite due to frictional heating induces pronounced fault weakening
with steady-state friction coefficients as low as 0.06. Decomposition produces particles of tens
of nanometers in size, and the ultralow friction appears to be associated with the flash heating
on an ultrafine decomposition product. Thus, thermal decomposition may be an important process

for the dynamic weakening of faults.

he strength of seismogenic faults, which is
fnctional mesistance 1o fault shp during

carthquakes, has boen a magor subject of

debate in fault mechanics for 30 years (/, 2).
Although the stress-heat flow paradox for the
San Andreas fault (no heat-flow  anomaly,
contrary 1o the prediction from in silu stress
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measurcment and laboratory data of rock friction)
Favors extremely ow Fault strength (3, 4 ), reasons
lor the weakness have been unclear, Recent work
has shown that the dynamic weakening of faults
dunng seismic slip can be caused by mechanisms
such as mctional meling (3-9), thermal pressur-
ization ( f0-4 3), and silica-gel tormation (14, 15).
Fauli gouge was also shown 1o exhibit pro-
nounced slip weakening at high slip rates ( /6),
presumably because of flash heating (£3). Some
analyses have predicted that slip-weakening dis-
tance, over which the initial peak frction drops 10
steady-state dynamic [riction (&, /.2), and lfracture
energy (13, 16) are of the same onder as those
parameters that are determined seismologically,
narrowing the gap between labortory studics of
fault mechanics and scismology. Modeling the
generation of large canhguakes is now becoming
possible on the basis of the measured mechanical

and trnsport propentices of Tault zones. Moreover,
the dynamic weakening of faults may explain the
lack of hea-flow anomaly after carthquake
events along the San Andreas Gl

Themmal decomposition of rock-foming min-
erals at high ambient wemperature and pressure
can dramatically lower the strength ol rocks be-
cause of the buildup of pore Muid pressure and
the associated reduction of effective nonmal stress,
provided that the sample is effectively undrained
(47). Even a shallow crustal levels with low
ambient temperature, thermal decomposition may
occur al an elevated temperature because of
coscismic fricional heating along  fault 2ones.
We demonstrted that a carbonate fault can lose
frictional strength almost completely because of
the thermal decomposition of calcite caused by
fnctional heating dunng  high=velocity  friction
expenments on Canam marble at seismic slip
s,

Forty-lwo [nction expenmenis were con-
ducted on precun bare surfaces of a pair of solid
cylindrical specimens of Carmara marble (~949%%
calcite) at room temperture and room humidity,
The expenmients were camad ol at nemmal
stresses of 1] o 13.4 MPa and at equivalent slip
rates of (L03 10 1,30 m s, with a rotary-shear,
high-velocity friction apparatus at Kyoto Univer-
sity (/&) The diameter and length of the speci-
men were 218 10 24.8 mm and about 20 mm,
respectively (1 9). Because there is a slip-mte gra-
dient across the fault duc 10 eylindrical specimen
geometry, we use the tenm “equivalent slip me™
{“slip rate” or “velocity™ hereafien) (7, 18, [9).
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At dilferent slip rates (Fig, 1A) the [riction
coctlicient of the specimens decreased nearly
exponentially from peak fnction, pg,, to nearly
steady-state Incien, e (20), with incrcasmg dis-
placement. The shp-weakening distance ranged
from a few o severl meters, The pg, decreased
markedly from 0.6 10 a mnge of 0.04 w 0.11
with an increase in slip rate (Fig, 1B). A lincar
friction law holds for both peak and steady-state
frction. yielding p, of 0.60 +
0,06+ 001 (Fig. 1C). This py value is more or less
typical for marble (0.4 1© (L8) from conventional
slow slip-rate (<1 mm s '}s:»;pmnwnl:- (2/). But
Mss at @ high slip rte (1.1 0 1.2 m s ') was ex-
tremely low, In contrast, pg values remained fll%h
(046 100,63 ) at slow slip mies (0.03 w0 008 ms

Microstruciural observations  and Ll.i_l.,ll'l'ln
probe microanalysis of deformed specimens
were conducted on thin sections nomal o the
fault and parallel 1o the slip direction. W staried
expenments with precut surfaces ol Carmra mar-
ble, but gouge zones formed very quickly on
both sides of the slip surface, which nearly co-
incides with the precut surface (Fig. 2A) Sam-
ples were collected from the slip surface for
abservations with a lield-emission scanning clec-
tron mictoscope (FE-SEM) and o transmission
electron microscope (TEM) and for x-my dif-
frction (XRD) analyses. Those analyses re-
vealed that the gouge 2one forms at a very carly
stage ol displacement (<2 m), when the outer and
imner zones of gouge consist of caleite and lime
(Ca0)y and/'or hvdrated lime [CalOQH |, respec-
tively. In the host rock adjacent 1o the faull gouge,
fracturing of caleite grams occurned, and the size
ol caleite frgments decreased toward the slip
surface 10 become caleite gouge. Caleite ther-
mally decomposes imo lime and COs gas al
about 72010 900°C (22, 23), and the lime can be
transfommed o hydraied lime by absorbing
moisture when it is exposed 1o the atmosphere,
Thus, thermmal decomposition of calcite occurmed
from a very early stage ol slip.

Many fracturcs were present over a wide
decomposition zone between the decomposition
fronts ( DFs)( Fig, 2A0; those [ractures must have
increasced penmeability, The decomposed zone con-
sisted of grainlike aggregates ranging from about
106 1o a few hundred nanometers in diameter

(Fig. 2B), but cach aggregate was composed of
ultrafine grains that were several o a few ens of

nanometers in seee (Fie 2C and fig. 53), Caleie
decomposition was confirmed in specimens at
fast slip rates (0.4 m s '),
decomposition was present in a specimen de-
formed at a slow slip mie of 008 ms ' (run num-
ber HVR322; compare XRD curves in Fig. 2D).
We did not recognize glass or amorphous male-
rial in any of the specimens (fig. S3).

To determine the timing of decomposition
with respect o the ship-weakening behavior, we
measurced the emission of COy released from a
deforming sample by using two solid clectrolyie-
type CO= sensors (19), Sensor 1 (without a filter)
was set very close 1o the Fault (about 30 mm

www.sciencemag.org  SCIENCE VWOL 316
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but no evidence of
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Normal stress = 7.3 MPa
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Fig. 1. Frictional properties of simulated faults in
Carrara marble at subseismic to seismic slip rates. (A)
Friction coefficient versus fault displacement for five
runs conducted at different slip rates and at a normal
stress of 7.3 MPa (except for HVR522 at 4.9 MPa).
The dashed black rectangle shows an example of the
range of data used for the estimation of steady-state
friction. (B} p,, plotted against the slip rate for 10
runs conducted at a normal stress of 7.3 MPa. Vertical
bars show the 5D of 1., (shown only when the 5D is
greater than the box size). (C) Shear stresses plotted
against normal stresses at peak and steady-state fric-

tion at slip rates of 1.14 to 1.18 m s™". Open squares
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Fig. 2. Textures and decomposition products in fault zones. (A) A cross—polarized light photo-
micrograph of a thermally induced decomposition zone developed in Carrara marble, deformed at a slip
rate of 1.30 m s and at a normal stress of 4.6 MPa (HVR398, total slip = 125 m). DFs are between
the wall rock and the decomposition zone, Slip was highly localized along the surface denoted by “slip

surface.”

(B and C) SEM and TEM photomicrographs, respectively, illustrating microstructures of the

lime (Ca0) aggregates on the slip interface, (D} XRD spectra of an undeformed specimen, a preheated
specimen, and specimens deformed at different conditions. Diffraction intensity is shown in 1000 =

counts per second (cps) on all vertical axes.
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away) o detect the onset of decomposition. It
took about (L9 to 1.0 5 tor this sensor to begin to
detect OO, Sensor 2 (with a filer) had an mmial
response tme of about 2 s and a Y0% response
time of =90 s, This scnsor was used 1o deter-
ming the wial amount of CO; emission. AL a
high nomal stress (12.2 MPa) and the largest
sliprte (117 ms™"), Hp of about (L6 dropped 1o
g of about D04 (Fig, 3A), Sensor 2 showed a
continuous increase toward a CO; concentration
ol about 29,000 parts per million. This concen-
trtion roughly agrees with the expected emis-
sion of OO0z from the volume of decomposad
caleite that was estimated on photomicrographs,
The oatput from sensor 1 showed a reduction of
COy concentration afier the end of a run because
of dissipation of concentraed OO near the fault
(Fig. 3A). The first detectable output from sen-
sor | was recognized o 1.0 s (Fig. 3B). The ini-
tial response tme was 0.9 1 10 s for this sensor,
s0 there must have been an emission of OO,
almost immediately alter the onset of slip (24).
Another run at a lower slip mte (017 m s ') and
at a nomal stress of 9.8 MPa also indicated that
the slip weakening was concurrent with the ther-
mal decomposition of caleite (fig. 54

Thus, a fault in Carrara marble clearly shows
propounced slip weakening at high slip mies
while undergoing caleite decomposition along
the slip surface. This means that a Bl can be-
come very weak as a result of frictional heating
caused by its own motion, Such dynamic weaken-
ing should destabilize fault slip and foster the
gencration of large carthquakes (/3). We next

A
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8 3
g {
: 3
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address the question of what causes such a
pronounced weakening of a fault. One may
consider that a buildup of pore pressure ina fault
zone owing to the release of CO4 gas is the most
likely cause for fault weakening, To test this
possibility, we conducted a cntical experiment
using preheated and decomposed spocimens of
Carrara marble (lell in an oven at 9007 10 904°C
for 1.5 hours), We quantitatively confirmed com-
plete decomposition by measuring weight loss
after heating and by XRD analyses (Fig. 2D).
The decomposed specimens could no longer emit
Cyy gas (J9). The behavior is markedly similar
between faulis in Carmara marble and in decom-
posed specimens (Fig, 41, We have not measurcd
the penmeability of the decomposed one in mar-
ble vet. But frmctures in the decomposed wone in
Fig, 2A suggest that the permeability of the de-
composed zone s large enough for CO; 10 c5-
cape and to prevent the buildup of high pore Nuid
pressurcs. Enhanced permeabality dunng the de-
hydration of serpentinite ot elevated ambient
temperature (nol due to frctional heating) was
also conlinmed recently (25).

These results indicate that the weakening is
attributed not to CO5 pressure but o the low fric-
tional strength of newly formed ultmafine lime
grains. Among other possibilitics, frictional melt-
ing can be immedintely removed because caleite
decomposition occurs before meliing. Also, CaO)
melting would be unlikely because its melting
temperature (=2572°C) is much higher than the
temperatures recorded at the slip mertice. Indecd,
wie did not deteet any glass or amomphous mate-

Slip rate (m 8"

1.0

o p o oD
o N & O &
Sp rmte (ms")

30 38 40 L ¥ 44
Tirrens (8]

Fig. 3. Monitoring of CO, gas emission and temperature measurement. (A} Friction coeffident and outputs
from two CO, sensors plotted against time. Sensor 1 (without a filter) is a quick-response sensor for detecting
the onset of CO; emission, and sensor 2 (with a filter) is a slow-response sensor for menitoring the amount
of emitted COs. V, slip rate. (B) Enlargement of (A} for the first 5 s of slip, with an output only from sensor
1 shown with mechanical data. The timing of peak friction and the first detectable change in output from
sensor 1 are indicated by arrows. Vertical gray bars in both (A} and (B} indicate the response time of sensor
1 (about 1 s). (O Friction coefficient (blackl, slip rate (blue), and temperature measured with a radiation
thermometer {red) plotted against time in HVR511, which was conducted at about the same sliding
condition (normal stress and slip rate of 12.1 MPa and 1.18 m s, respectively) as that in HVR&01. (D)
Enlargement of the decreasing sliprate phase of the experiment after turning off the magnetic clutch in (C).
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rals in fult zones (g, S3). Wrinkle-like pulscs or
nomal separation of a faull along a bimaterial
interface (26} 15 also unhikely bocause there is no
maitenal contrst across a fault in our experiments,

In view of the existing data, we considened
that flash heating (L3 at merfaces of ultrafine
particles is cntical for pronounced weakening of
carbonate faul. The weakening by ash heating
or transient ocal heating al asperity contacts has
been proposed 10 oceur via local meling at
asperity contacts and/or by strength degradation
of asperity contacts at submelling wemperatures
(43). The lavter case is more likely for decom-
posed calcite because lime has a very high melt-
ing temperature, However, exact deformation
micchanisms along sliding asperity or grain con-
tacts still remaim 1o be explored.

To demonstrate the importance of tempeni-
ture rise during high-velocity shiding, we measured
the temperature along the Tl of the specimens
iFig. 3, C and D), usimg a mdiation thermometer
(19, 27) durmg a run conducted at about the same
sliding condition as that in HVR601. The ther-
mometer measured an avermge temperature higher
than 350°C over an area of 0.4 mim in diameter
with a [ast response time (<(L1 5), The measured
temperature reached a maximum ol 950°C a1 30 5
ihigh cnough for caleite decomposition) alicer m-
taining about 650°C during the lirst 9 s (Fig, 3C).
The local temperature at sliding asperitics should
be higher than the measured surfice temperature
even in the carly stage (<9 s), in view of the CO,
crmission data (Fig, 3, A and B). The fFiction and
thermal cvolution in the hnal swges of the
cxpenment are very interesting. Adter the speci-
mient wis disconnected from the motor, Bl shp
decelerated and stopped in about 3 s (Fig. 3, C
and D). Friction mcreased al an accelerating mie
as the temperature fell. The inverse relation be-
tween [nction and wemperature strongly suggesis
that the immediaie sirength recovery could be
related to a mpid drop in tlemperature.

The simulated faults of Carara marble exhibit
lower friction than does the Nojima fault gouge.
although their overall behaviors are similar (/6).
A possible reason for this difference is a very
cllective production of ultmfine grins that are
tens of nanometers in diameter (Fig. 2C) by a

ordinary (3.7 MPa. 1.18 m s}

pre-haated (3.9 MPa, 1.14 m &)

0 2 4 6 8 10 12 14 16
Faul displacement (m}

Fig. 4. Comparison of frictional behavior of a
fault in Carrara marble (ordinary) and a fault in
preheated and completely decomposed specimens
of Carrara marble.
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decomposition reaction (no time for gmin growth
dunng scismic-fault motion), The process may
bre similar 1o the cases of intenmediate- to deep-

focus carthquakes, for which the fommation of

ultrafine reaction products may play a decisive
roke in carthquake genaration (28), Other gouge
materials have w undergo grain comminution
torm ultrafine grains, which requires extm work
in lault zones, resulting in higher fHction. For slip
on faults in Carmra marble, understanding lric-
tion between nanometer-scale particles seems 1o

be a key for delineating the exact mechanisms of

the dynamic weakening of faults,

Our results have imporant implications for
carthguake geology and ful mechanics. Marked
decomposition weakening may be a widespread
phenomenon, because fwlt gouges commonly
contamn sheet siheate mmerals that decompose
even at lower temperatures than that for caleie
decomposition, although thermal decomposition
of sheet silicates may be followed by frictonal
meltng (29). Also, thermally mduced decom-
position may leave geological evidence (other
than pscudotachylvtes) of seismic-fault slip. con-
trary o geologists” opinion that faulls do not pre-
serve a record of seismic slip, except for the small
percentage ol faults containing pseudotachy Iyte
(3. Indeed, we have shown that coscismic de-
composition of siderite produces a stable mineral,

magnetite (3}, Thus, the elear demonstration of

thermal decomposition during scismic slip opens
up a new serics of investigations i integrated
fault and carthquake studies,
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GRACE Gravity Data Constrain
Ancient Ice Geometries and
Continental Dynamics over Laurentia

M. E. Tamisiea,™*t ). X. Mitrovica,? ]. L. Davis®

The free-air gravity trend over Canada, derived from the Gravity Recovery and Climate Experiment
(GRALE)} satellite mission, robustly isolates the gravity signal associated with glacial isostatic
adjustment (GIA} from the longer—time scale mantle convection process. This trend proves that the
ancient Laurentian ice complex was composed of two large domes to the west and east of Hudson
Bay, in accord with one of two classes of earlier reconstructions. Moreover, GIA models that
reconcile the peak rates contribute ~25 to ~45% to the observed static gravity field, which
represents an important boundary condition on the buoyancy of the continental tectosphere.

he similarity between the geometry of the
free-air gravity anomaly (FAGA) over
Lavrentia (/) and the perimeter of the an-

cient ice complex that covered the region led o a
long-held view that the perturbation largely
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reflected incomplete GIA in response o the ice
age (/-4 In this case, the seismic high-velocity
anomaly underlving the continent (.3) would be
interpreted as a neutrally buovant, chemically
distinet continental root, in accord with the tecto-
sphere hypothesis (6). In contrast, forward analy-
ses of GIA andlor mantle convection aimed at
fitting the peak anomaly (79 have concluded
that GIA is responsible for only ~ 1010 -30%% ol the
total signal. In this scenano, the scismic anomaly
would be associated with active downwelling flow
that drives a dynamic depression, and gravity low,
on the overriding craton, Simons and Hager (/1)

have, on the basis of GIA modeling combined

with an analysis of the spatio-spoectral content of

the Lavrenmian gravity feld, proposed an inter-
mediaie scenario in which GIA and convection
contribuie roughly equally 1o the observed signal.

The chamcteristic time scale of GIA (a few
thousand vears) is orders of magnitude shoner
than that of convective [Tow, Accordingly.
Mitrovica and Peltier () suggested that con-
sideration of the time rae ol change of the
gravity ficld would, when it became available,
provide a robust method for solating the GIA
signal, The trend field would also provide liner
spatial resolution of jee=sheet history  than the
sptic ficld. Observational constrmints on gravity
trends from land-based surveys in Hudson Bay
cxist (1, 12), but these are oo sparse o ac-
curately constrain the regional (and peak) GILA
signal. Recently, measurements obtained by the
GRACE smellite mission (/3) have reached sul-
ficiem time span o yicld welul constmints on

regional gravity trends. Our goal is to make use of

the GRACE data 1o constrain the GLA signal and
thus test the suite of published models for the
dyvnamics of the Laurentian craton, We also use
the GRACE-denved maps of gravity rates 1w ad-
elress a cenury-long debate concerming the geom-
ctry of late Pleistiocene ice cover over the region,

We use monthly Center for Space Rescarch
(CSR) RLOD GRACE solutions for the geoid,
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spanning Aprl 2002 o Aprl 2006, Our analysis
procedure (/4) adopts a truncation at spherical
harmonmic degree and order ( and m, respectively)
of 70, applics standard approaches to smoothing
(Gaussian with a 500-km radius) and destriping
the solutions 1o reduce satellite crrors, and
yiclds estimates for parameters goveming the
in- and out-of-phase annual, trend, and constant
terms and their errors. We caloulate the geoid
height anomaly rines from cach solution on a 1°
by 19 grid. The result, over Laurentia, is shown
in Fig. 1.

Previous applications of GRACE daw have
focused on rates associated with hydrological
processes ([3) and the stindard approach in
such cases is 1o convert the geoid height mtes w
changes in equivalem water thickness. With
respect o the spherical hanmonic expansion,
cach temm is multiplied by 2/ ¢ 1 (15}, thus ac-
centuating higher degree and onder terms (and
ther associated error). The signal associated
with GIA is largely due to the motion of mass
within the Earth's crust and mantle, as opposed
to variations of surlface and groundwater mass,
In this application, or indeed in studies of sur-
lace observations related 10 mantle convection,
geoid rates are commonly converted o trends in
the FAGA. Inthis case, a multiplicative fclor of
{1 s applied (16) to cach term in the spherical
hamonic expansion, which acts w shift power
to shorter wavelengihs, Smaller-scale features in
the FAGA are therelore emphasized relative 1o
those in the geoid.

Our GRACE-derved map of the FAGA
trend over Laurentia (Fig. 2A and the associated
emor estimate in fig. SIA) unambiguously
indicates that the ancient ice complex that once
covered the region had a mulidomal structure,
Specifically, deglaciation ceniers ane apparcni in
regions o the west (Keewatin and east inorth-
e Quebee) of Hudson Bay, The broad-scale
geometry of the Laurentide Ioe Sheet at the Lasi
Gilacial Maximum has been the source of long-
standing debate [see (/7) for a review of early
work]. Before the mid-206h century, recon-
structions of Laurentide ice cover generally in-

SN |
€603 00 03 06 098 12 1.5 18
Geold Raie (mmiyr)

Fig. 1. Observed time rate of change of the
geoid over Laurentia from CSR RLO1 GRACE solu-
tions from April 2002 to April 2006.
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cluded ice domes over Keewatin and northem
Quebec, but this view was superseded by the
monodomal model advocated by Flint (£8) on
the basis of an analysis of gravity dati. Sub-
sequent studies, i particular the detailed geo-
maomphological analysis of Dvke and Prest (79),
retumed to the multidomal (i.c., ice domes over
Keewatin, northem Quebee, and the Foxe Basin

just south of Baltin Island) model, although the

ICE-3G (I 7) and [CEG (20) global ice-sheet
reconstructions, based on both geological and
geophysical data, were once again charactenzed
by a largely monodomal Laurentian complex. A
recent revision o these global models, [CE-3G
(21), motivated in part by crustal motion data
in Yellowknmife and ground-based gravity mea-
surements along a transect including the west
coast of Hudson Bay (1), involved a major
ice dome over Keewatin and a smaller ice center
in nonhem Quebec, in qualitative accord with
the Dyvke and Prest (79 reconstruction. Our re-
sults strongly suppon the multidomal Laurentide
ice peometry advocated by Dyke and Prest (19)
and allow us 1o rejeet the monodomal model.
GIA is not the only process contributing 1o
the observed mie lields. Imernnual vanations in
hydrology, mass loss from Greenland lee Sheet
and Alaskan glacier lickds, and emrors in the
ocean model of Hudson Bay could all contribute
o the observed signal. In an attempt to account
for hydrology, we have caleulated the mite over
the same time penod from the Global Land Data
Assimilation System (GLDASYNoah hydrol-
ogy data set (14, 22). This correction is small
in terms ol the total signal observed in the
region, but it slightly deereases the local max-
imum value ol the observed FAGA mate west
of Hudson Bay and moves the location of this
peak rate farther north (Fig. 2B). In an attempt

to reduce the contamination rom mass loss of

the ice fields. this paper locuses on compar-
isoms of forward predictions of GIA with the
observed FAGA in a region bounded by lon-

gitudes TTO®W 10 85°W and latitudes 50°N o
TO°N {indicated by the arca within the black
line m Fig. 2B). Possible errors due o occan
vadability in Hudson Bay are part of an on-
going study,

We adopt the ollowing procedure 1o eti-
mate the contrbution of GIA o the static FAGA
over Laurentia, First, we use standard numenical
simulations of the GIA process 1©0 gencmile a
model (or set of models) that provides a good
fit 1o the rate map in Fig. 2B. We next use this
model to predict the statie FAGA and then com-
pare this prediction to the GRACE-derived static
field within the bounded region. In all cases, we
apply the same smoothing, destriping, and har-
monic truncation 1o the GIA model predictions
that were used o mmalyvee the GRACE observa-
tons ( J4).

Our GIA predictions are based on spherical-
Iv symmetrie, self-gravitating Maxwell visco-
clastic Earth models with elastic structure given
by the Preliminary Reference Earth Model (23).
We assume an elastic lithosphere of 120-km
thickness (the predictions are insensitive 1o
reasonable variations in this choice) and a radial
viscosity  profile chamcterized by isoviscous
upper and lower mantle (UM and LM) regions,
The boundary between these regions is taken al
670-km depth, and the viscositics above and
below this imterface are free parumeters denoted
b vy and vy gy respectively. We use the global
ICE-3G iee history (21 and solve for a gravita-
tionally sel-consistent ocean load.

Figure 3 shows the reduced ¥* misfit be-
tween predictions of the geoid and FAGA e
fields over Laurentia and the associned GRACE
observations |Fig. | (with the hydrological sig-
nal removed) and Fig. 2B, respectively]. Good
fits (241 w0 the daa are generally obtained for
models with v values between 2.5 = 10°! and
4 = 10* Pas and vn values between 3 = 10*
and 1 = 10* Pa s. A second set_of models
characierized by vy above 6 = 10™ Pa s and

I |
-1.5-1.25 -1.0 0.75 0.5 -0.25 0.0 0.25 0.5 0.75 1.0 1.25 1.5
FAGA Rate (1Gal/yr)

I

Fig. 2. (A) Rate of change of the FAGA from CSR RLO1 GRACE solutions from April 2002 to April
2006, (B) Same as (A) but with an estimate of the hydrological contribution derived from the
GLDAS/Noah data set (22) removed. The thick black line encloses the region used for the com-
parison of the forward GIA models with the observed fields, This region was chosen in order to limit
contamination from ongoing ice mass variations in Greenland, Alaska, and British Columbia, as
well as hydrological mass variations across the rest of the North American continent.
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viw greater than 3 = 107 Pa s also yields rel-
atively low f values, Two sets of solutions of
this type are commoen m studics of present-day
GIA observations, A weak lower mantle asso-
ciated with the first class of models initally
adjusts quickly and thus reaches close o equi-
librium since the end of the deglaciation, where-
as a stronger lower mantle (in the second class of
models) adjusts slowly throughout the loading
eycle, We can rule out the higher mantle vis-
cosity models on the basis of independent analy-
ses of postglacial decay times in the Hudson Bay
region (20, 25). The minimum reduced 3 misfit,
for the FAGA mte (Fig. 3B) observation, is ob-
tained by the model with vy = 8 = 107 Pa s and
vim =3 = 10* Pas.

Next, we tum to the static FAGA Geld, In this
case, our GRACE-derived (Fig. 4A) cstimate is
based on the CSR GGMO2S solution (26). Note
that this static licld shows a single large anom-
aly with peak amplitude of 34 mGal (where
1 Gal = 107 m s*) centered over Hudson Bay
and, as discussed above, a geometry that is less
reflective of the morphology of the ancient ice
complex that covered the region. Our next step
is o predict the static FAGA field due 10 GIA
with the use of the same Earth model that best
s the FAGA rie (27). Figure 48 shows the re-

Ty

Yim (Pa s)

sidual ficld generated by removing this GIA pre-
diction from the observed stane field (Fig. 4A).
Classically, peak estimates ol the GIA pre-
diction and the static FAGA observation, which
do not necessarily occur at the same location,
have been compared to determine the relative
contnbution of GIA w0 the observed licld. The
application of this procedure indicates a GIA
contbution of ~38% (or 13 mGal) 1o the ob-
servied peak.

As noted, a mnge of GIA models provides
similar fits 10 the GRACE-denived rawes (Fig. 3).
Therefore, we repeated the above analvsis for a
large suite of models within this mnge and, in
cach case, we computed the GIA contribution 1o
the static FAGA, In addition, we also considered
the impact on this contnbution (and on the
prefemed set of models) of emors in the hy-
drology model and variations in the parameters
goveming the GRACE datn amalysis [e.g.,
destriping and Gaussian smoothing (/4)]. These
tests mapped oul a possible mnge i the GIA
contribution to the static FAGA field of -25
1o ~<45%, Thus, the continental root bencath
Laurentia is contributing, via a convectively sup-
ported dynamic depression of the eraton, to the
FAGA lield. This range is intenmediate a5 com-
pared o estimates by Simons and Hager {(10),

Fig. 3. (A) Reduced ¥* residual between GIA predictions of the geoid rate and the observed field
(Fig. 1) on a 1 by 1* grid within the region bounded by the thick black line in Fig. 2B. The GIA
models are distinguished on the basis of the adopted vyy and vy values, and the grid of dots
indicates the set of models used to generate the contour lines. (B} Same as in (A) but for the FAGA

rate field.
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who argued for a 50% contribution from GIA,
and other studies that have concluded that GIA is
a minor conrbutor to the static feld (7-%). In
any case, although chemical heterogeneity in the
continental root beneath Laurentia is compen-
siting for thermal buoyancy, the cancellation
implicd by the tectosphere hypothesis 1s not sup-
ported by our analvsis of the GRACE-derived
gravity fichd,
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The Role of Wheat Awns in the
Seed Dispersal Unit

Rivka Elbaum,* Liron Zaltzman,™? Ingo Burgert,* Peter Fratzl'*
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The dispersal unit of wild wheat bears two pronounced awns that balance the unit as it falls.

We discovered that the awns are also able to propel the seeds on and into the ground. The
arrangement of cellulose fibrils causes bending of the awns with changes in humidity. Silicified
hairs that cover the awns allow propulsion of the unit only in the direction of the seeds. This
suggests that the dead tissue is analogous to a motor. Fueled by the daily humidity cycle, the awns

induce the motility required for seed dispersal

wins and other appendages on the seed

dispersal unit of planis aid in dispers-

ing the seed 1o a permination site (/-3).
Hairs, wings, and hooks influence the route of
seeds from the mother plant to a surfhee by wind
or animal dispersal [phase 1 dispersal (4] Hy-
groscopically active awns propel sceds on the
grovmnd through cotling and uncotling (5, 6) and,
thus, manly aflect the movement of the sead
afler it reaches the resting surfawce [phase 11 dis-
persal (4] The nature of the soil alfects the abil-
ity of the seeds to locate a sale site. Larger seed
dispersal units are more easily buried in coarse
panticle soils, where the lumps are similar in size
to the dispersal units. On liner-grinad carth, they
tend o move along the soil surface (7). Sceds
bearing active awns are more abundant in stnic-
tured soils, meaning soils that contain a stable
system of pores and aggrepates of different sizes,
perthaps because the seods are easily anchored.
Unawned snall seeds are prevalen in hight sandy
soils, where they are mapped, mainly by random
movement of earth. Seeds equipped with passive
awns are evenly abundmt in both environmenis,
with a preference for stable porous soils (8, ¥).
These observations do not conform to twe pre-
diction made by Clambers ¢f al. (7) that langer
seed dispersal units will be tapped preferential-
Iy in soils of large panicle size, which suggesis
that passive awns may interact with the soil by a
mechanism vet unknown.

To find the specific features that may suppori
this interaction, we studicd awns of wild and
domesticated  tetraploid  wheat lines [ Trivicum
trrgichom ssp. (A)). Thin cross sections and
oblique scctions examinad by scanning clectron
microscopy  showed two photosynthetic zones
surrounded by cells tha provide  mechanical
support to the awn (Fig. 1), This design is com-
miedy 1o passive awns of wheat and other crops
(M) A silica Jayer is deposited on the extemal
surface of the epidenmis (/1) (Fig. 2A), covering
separated papillae and hair cells (fg. 51). This
form of tiling crcates a surface that s mechan-
ically both hard and wugh, 1o imemct with the
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soil. The hairs are 0.1 10 0.2 mm long and point
toward the up of the swn, More hairs are found
on the ridge surface, Bcing away from the dis-
persal unit axis (Fig. 1). Back-scattered electron
images of the supporting tssue showed no evi-
denee for structuml or compositional  differ-
ences between the cap and the narrower ndge.
Nonctheless, scannmg  acouslic  MICTOSCOpPY
reveaked a huge acoustic impedance contrast in
the same sample, related o vardations in stillness
(Fig. 2B). The impedance at the rdge was about
1/10th that @t the cap. To support this linding,
wie measured the local effective Young’s modu-
lus at the cap and @t the ridge using a nano-
indemation probe. At the ridge, the reduced
Youne modulus was 100 « 28 GPa (n = 16}
however, the cap was much firmer, with a mod-
ulus of 2005 = 2.6 GPa (i = 7)., comresponding o
the upper range of spruce wood |7 10 23 GPa
(12)]. Wheat stems were studiced by a four-point
bending test, with reporied Young moduli values
about hall’ of those we obtained m the ndge
[4.76 1o 6.58 GPa (/3)]. Nane-indentation mea-
sures the cell walls specifically and is -
sensitive o voids in the underlving tissue, so i

is likely to vield higher values than macroscopic
feals,

To understand the difference m stiflfness be-
tween the cap and the ndge, we st checked
whether lignin is more abundant in the cap. We
rcjected this hypothesis, as staining by astra-
blue-saframin indicated an even distnbution of
lignin in the cross secton (g 82) Next, we
checked whether changes in the cellulose aricn-
tation contribute to the observed vanation in
iffness (/4) It is well known that in the sec-
ondary wall of wood cells, cellulose microfibrils
are winding helically around the cell. The ul
angle of the fibrils with respect o the cell axis,
wsually called microfibril angle (MFA), de-
tenmines the stiffness of the wood cddl, Specif-
ically, when the cellulose MEA in different wood
types deensses from 507 10 57, the cornspondimg
dilfness 15 known 10 mercase from | o 14 GPa
(12, 15). We used wide-nngle x-ray scattering o
mezsure the MFA in different regions of the
awns (/0. We found that the cellulose ibnls are
very well aligned along the long axis of the awn
in the cap, with a MFA ¢lose to zero (Fig. 2C).
At the ridee, the Obrils were Tound 10 be ran-
domly orented (Fig. 2D), similarly 1o the paren-
chyma of the wheat stem (/6). However, this
structure characterizes only the lower part of
the awn, close w the seed. At the upper part, the
cellulose was found o be aligned both at the
ridge and at the cap,

We suggest an active role to this structure
in the seed dispersal umt. The two different
cellulose arrangements expand differently m
ambient humidity  conditions, similar to the
mechanism of seed explosion in the Acantha-
ceae capsule (1 7) and the opening ol pine cone
scales (/8). Water molecules that adsorb to the
long crystalline cellulose fibrils will not make

Fig. 1. (Left) Wustration of the wild wheat plant (Trticum turgidum ssp. diccocoides) and two dispersal
units {not to scale). Each dispersal unit carries two pronounced awns that balance the dispersal unit as it
falls, A scanning electron micrograph in the back scattering mode of a section through a wild wheat
awn is shown on the right. The section is taken from the lower third of the awn and is oriented in a way
similar to the rectangle drawn over the bottom dispersal unit. The dilferent tissues are indicated by
arrows. The cap and ridge are facing in the same direction along the awn.
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generally expand only laterally, except for the
lower part of the nidge, where the fibrils are not
aligned but are randomly onented. This part wall

them longer but will cause a lateral expansion
by swelling of the noncrystalline hemicelluloses
between the erystallites. Thus, the awns will

Fig. 2. Structural features of the lower part of the wheat awn. (A} Silica deposited at the epidermis,
epidermal papillae, and hairs (inset) is detected on a polished sample by a scanning electron
microscope in the back-scattered mode. Silica tiles stiffen the epidermis and protect the structure
as it interacts with the soil. (B} The differential stiffness between the cap and the ridge is
demonstrated by an acoustic impedance map (1 by 1 mm? field, brightness level is correlated to
the relative impedance). Wide angle x-ray scattering patterns of the crystalline cellulose at the cap
(C) and at the ridge (D) suggest that the difference in stiffness is created by different organization
of the fibrils in the two regions.
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Fig. 3. The principle of the dispersal unit movement. (Top) The average distance (+ SO} between
the awns of four dispersal units is presented versus relative humidity (r.h.) of the surrounding air.
(Bottom) One cycle in the humidity-driven movement of the awns. (I} shows the seeds and part of
the awns immersed in soil. The red arrow indicates one of the silica hairs. (I} Because of increased
humidity, the awns straighten. The silica hairs lock the awn and prevent an upward movement. As a
consequence, the seed has to move downward by a distance d, indicated in (1), to account for the
increased length projected onto the vertical. (111} After drying, the awns bend again, which shortens
the length projected onto the vertical. Because the silica hairs are locked into place, the seed
cannot move back upward, and the awns are drawn further down into the soil (see the silica hair
marked by a red arrow). Hence, the net movement of the seed in one cycle corresponds to d.
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work like a muscle: expanding in length with
humidity, pushing the awns together, and con-
tracting with drying, pulling the awns apart. Such
movement was observed long age i awns ol
wild wheat (I mergichin ssp. diceocoides), goal
grasses (Aegilopy ssp.), and Brownes ssp., but its
imponance for dispersal was not known (/9),
To swdy the bending of the awns, we scanned
the relative humidity of the air between 001 and
0.9 am 30°C and followed the change in the dis-
tance between the wo awns on the same dis-
persal unit (Fig. 3 and movie S1) The awns
bent at a point about 2 em above the seed,
corrgsponding to the location of the mndomly
onented cellulose crystals. Above this position,
no bending was observed, in agreement with
the finding that the cellulose erystallies were
aligned throughout the cross scction. In prin-
ciple. the elongation of the lower ridge relative
i the cap may also induce twisting of the
sructure rather than bending, but we belicve
that the shape of the cross section with a wide
cap. shaped like a hall’ moon (Fig. 2B), may
favor bending and creates a joint movement.
The movement is reversible: thus, the hu-
midity cyele causes a periodic movement of the

awns, which resembles the swimming stroke of

frog legs, Most interestingly, there is a humidity
cyele in the natural habita of the wheat in the
dry period afier the sceds npen: dunng the day,
the air 15 drv, but at night, as the temperature
goes down, humidity rises. This suggests that
the awns may provide the motility required for
seed dispersal, as was shown for the hyvaroscop-
ically active awns (f).

To propel the seed on the soil surface, prome-
ment fricton forees most exisl This s miost
likely supplicd by the silicified epidermal hairs
that couple the unit o the soil in a ratchet man-
ner. As the awns bend, the hairs slide on the soil
particles, allowing movement only in the dinec-
tion of the seed (Fig. 3). The rough soil lumps.
which often contain silicates, are probably not
able w bumnish away the silicilied protrusions
even alter several oveles of the awns™ move-
ment. [n this way, the sced is pushed ino the
soil and, thus, is protected from predators, ex-
treme dryness, and fires, With the first rains, the
sced will have a better chance of gorminating in
a safe site. To show the abality of the seed dis-
persal unit w propel, we placed 1t horgzontally
on a feh cloth, which emangled the epidennal
hairs. As we cyeled the relative air humidity, the
dispersal unit moved in the direction of the sead
{monvie S20 An identical design s preserved in
awns of domesticated wheat, even though their
function was lost during the domestication pro-
cess, as the seeds do not disperse spontancously.
The short evolutionary time since domestica-
tion (about 10000 vears) probably allowed the
complete loss of awns in sevenl domesticated
wheat lines, but not the alteration of the awn
structure,

The wheat dispersal unit seems o be op-
timized to multiply the spacies n the enviromment
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of the Fenile Crescent with long dry summers and
short mimy winter seasons. As a sellf-pollinating
annual that grows in dense stands, long-distance
dispersal would not improve survival, The local
surroundings of the mother plant should be sul-
ficient to suppont the next generation as well,
However, the place where the seed falls may be
less ideal than a nearby location. It was shown
that active awns are able to propel seeds on the
ground for several centimeters (6), We suggest
that the paired passive awns of wheat are also
able w move the seed along the soil surface,
as well as verically, for bunal. The movement,
based on a unique arangement of cellulose
fibrils, is fucled by the daily changes in air
humidity, The pointed epidenmal hairs break the
symmetry and allow the wut 1o move & a micher,
promoting faster bural. This system increascs
the chances of the sced to germinate and 1o
reach maturity and may increase the hikelihood
of a specilic stand o prolifierate.

The understanding of this sced dispersal
mechanism may help in developing new con-
cepts in woed control, The microscopic mecha-
nism lound o provide motility 1o the seed may

also serve as a model in biomimetic materials
rescarch, Indeed, a hydmtion-dependent bending
movement was recently reponted in an artifi-
cial system consisting of nano-silicon columns
cmbedded in a hydrogel Glm (200, From a mech-
anistic point of view, we have discovered a
device for movement that is composed of passive
clements, Locomotion is provided by a volume
containing nonoricnted cellulose crvstallites that
shorens on drving and pulls the awn like a mus-
cle. The energy source for this active movement
is the daily cyele of air humidity.
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Positive Regulation of Itk
PH Domain Function by Soluble IP,4
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Pleckstrin homology (PH} domain—mediated protein recruitment to cellular membranes is

of paramount importance for signal transduction. The recruitment of many PH domains is
controlled through production and turnover of their membrane ligand, phosphatidylinositol
3,4,5-trisphosphate (PIP3). We show that phosphorylation of the second messenger inositol
1,4,5-trisphosphate (IP3) into inositol 1,3,4,5-tetrakisphosphate (IPs) establishes another maode
of PH domain requlation through a soluble ligand. At physiological concentrations, 1Py promoted
PH domain binding to PIPs. In primary mouse CD4*CD8" thymocytes, this was required for full
activation of the protein tyrosine kinase Itk after T cell receptor engagement. Our data suggest that
IP; establishes a feedback loop of phospholipase C—y1 activation through Itk that is essential for

T cell development,

leckstrin homology (PH) domains play a
Pu‘ilim] role m signaling by recruiting signal-

ansducing proteins o ocllubr membrngs,
For cxample, T cell receptor (TCR) signaling in-
duces the mecruiment of phospholipase C-yl
(PLC=y1) and the Tec family protein tyrosine
kinases Ik and Tee via binding of their PH do-
mains to the membrane lipid phosphatidylinosiol
3 A S5Ansphosphate (PIP3). This allows the Tec
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kinascs w0 phosphorvlate and activale PLC-yl,
which subscquently produces the second mes-
sengers mosiiol |4 3-ansphosphate (1Py) and
diacylglyeerol (DAG) (/). Recruiiment of PIP;-
binding PH domains is believed o be controlled
by PIPy generation and tumover, Here, we show
that 1Py phosphorylation into inositol 1,3.4.5-
tetrakisphosphate (IPg) by 1Py 3-kinose B (pkB)
generates a soluble PH domain ligand that reg-
ulates PH domain binding to PIP3 in vivo, At
physiological concentrations, 1Py promoes Ik
recruitment 1o PIPy. In thymocyies, this s es-
sential for full activation of Ik and its effecior
PLC-v1. Thus, [P, acts as an important “third
messenger” in vivo,

lipkB™ mice are severely immunocompro-
mised and lack mature T cells because of a block
of T cell development at the D4 CDE™ double-

positive (DP) stage in the thymus (2, 3). At the
D swge, potentially useful thymoeytes ane
positively selected o develop imo mature CD4
or CD8 single-positive (SP) T cells. Potentially
autoreactive or nonfunctional thvmocyies are
deleted (7). Positive selection s medinted by
TCR engagement, resulting in PLC-y] activa-
tion. Its products 1P; and DAG mobilize Ca®* or
activate the Ras-Erk pathway, respectively (1, 4).
Surprisingly, TCR-induced 1Py accumulation
and Ca® release were normal in ItpkB™
thymocyies (2, 3), but Erk activation was sc-
verely perturbed (3, 3) (g, S1A).

Nomal proximal TCR signaling (fig. S1B)
suggestad a defect downstream of LAT (linker of
activated T cells), an adapier protein that binds
Itk and PLC-y1 (@), To identify the most prox-
imal defeet causing penurbed Ras-Erk activa-
tion, we examined DAG production. TCR-induwoxd
DAG accumulation was strongly reduced in
ltpkB™ DP cells (Fig. 1A) Morcover, TCR-
induced PLC-yl activation was strongly  but
mcompletely reduced (Fig. 1B and fig, SIC),
Thus, defoctive Erk activation in lipkB™ cells
likely resulis from impained DAG-dependem Ras
activation. [n suppon of this view, mnsgenic over-
expression of the DAG effector RasGRPD failed
to rescue IpkB™ ™ thymocyvte development (fig.
S1D), but treatment with the DAG analog
phorbol 12-mynistate | 3-acetate (PMA) rescued
Erk activation in lipkB™ cells (3). Furthermore,
low-dose PMA rescued CDGY up-regulation on
lipk B~ DP cells in vitro (Fig. 1C) and induced
substantial development of matre, HSA™ Sp
thymocytes in IipkB™ neonatal thymic ongan
cultures (Fig. 1Dy Thus, impared DAG pro-
duction duc to reduced PLC-y1 activation is a
major componant of the maturational defieets in
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lipkB ™ thymocyies, These resuls reveal a specif-
i requirement for DAG in thymocyie positive
selection and suggest that IpkB 15 required  tor
DAG producton by PLC-y 1.

We next addressed how ItpkB  regulates
PLC=yl. The imability of catalytically inactive
ItpkB 1o rescue T cell development from IipkB™
bone marmow (fig. 52) demonstrated that its cat-
alytic activity s required. Nomal 1Py accumula-
tion in pkB™ thymoeytes (2, 3. 5) (i S3)
suggests that 1Py is the key ipkB effector. The
PH domain of the close Ik relative Bik, a PLC-y
activator in B cells. binds 1Py in vitro, Whether
Ik can bind 1Py is unclear (5, 7-9). We lound
that wild-type but not PH domain-mutant Itk
bound 1w PIP3- or [Pg-coaed beads m cell
extraets g, S4A), which suggests that [tk could
act as an [Py cffector Indeed, endogenous Itk
bound to PIP;- or IP-coated beads in thymoeyte
lysates (Fig. 2A) Stimulation with antibodics 1w
CD2 and CD4 ransiently inereased Ik bind-
ing 1o both PIP;- and 1Py-coated beads (Fig. 2A),
which suggests that TCR stimulation could in-
duce an Itk conformation with higher allinity for
PIP; and 1Py, Secondary PIPy pull-downs from the
supematants of pamary PIPy or [Py precipita-

A i DAG Production

WitpkB+'+ DP
QitpkB-- DP

CD3 Stimulation

Fold over Unstim
;%] 3 E-N tah &

[=]

WitpkBs/+ DP
 ltpkB -/ DP

Media CD3 PMA
Stimulation

tions did not precipitate additional Ik (Fig. 2A)
Thus, PIPy and 1Py levels were not imiting, and
IPs-coated beads could quantitatively deplete the
cellular Ik pool capable of bindmg P1Ps.

In contrst o wild-type cells, Itk mteractions
with PIP;-comed beads were unaflected by TCR
stimulation of ItpkB ™ DP cells (Fig. 2B). Thus,
TCR-augmented Dk binding o PIP; depends on
IPy production. PIPy is belicved 10 be concen-
trated at sites of TCR engagement (/). Consist-
ent with defective PIP; binding, beads coaied
with antibodies 1o CD3 and CD4 or 1o CD3 alone
induced the translocation ol green Nuorescent
protein (GFP) - tagged Ik to bead contact sites in
controls, but not in pkB™ DP thymocyies
(Fig. 3, A and B). By contrast, LAT enrichment
wis indistimguishable (Fig 3B) As i Jurkar cells
(1, PH domam deleton abrogated Ttk ennch-
ment even in wild-tvpe cells (Fig. 3C)L Consti-
tutive membrane localization through addition
of a mynstoylation moul restored  recrnuitment
even of PH domain-deficient Itk in wild-type
and IpkB™ DP thymoeyies (Fig. 30C). Thus, 1P
is required for TCR-induced 1K reeruitment.

Defective localiztion should prevent the as-
sembly of ik into adapter protein complexes con-

B MHC+ itpkB-- DP
CD3 CD3/4 CD3 CD3/4 _
01251250125125 min
—“--m S . -nPLC 1
~Ras
D tpkB*~  ItpkB"
15 72 |{ 04 88
Media T 1 “1
4.5 ' 2
=t
O
Q
Low |
dose
PMA
cD8
gated

Fig. 1. Impaired DAG production and PLC-y1 phosphorylation in ItpkB™ thymocytes. (A) DAG content in
ItpkB** or ItpkB™ DP thymocytes stimulated with an antibody to CD3 & shown as relative change
(+SEM} versus unstimulated samples at 15 5, 30 5, 1 min, and 5 min after stimulation. (B} Immunoblot

analysis of PLC-y1 activation, monitored via Tyr'®>

phospharylation (218), in major histocompatibility

complex—deficient (MHC ™) versus ItpkB™" DP thymocytes. The blot was reprobed with an antibody to Ras
as a loading control. Data are representative of three independent experiments. (C) ItpkB*™ or ItpkB™
thymocytes cultured overnight with medium, with beads coated with antibody to CD3, or with PMA (1 ng/ml)

were assessed for CD4, CDB, and CD69 surface expression by flow cytometry. Shown are percentages of

CD69* DP cells from four independent experiments (+SEM). (D) tpkB™ or ItpkB*~ neonatal thymic lobes
were cultured with medium or PMA (0.1 ng/ml) for 4 to 5 days, followed by medium for 1 day, and
analyzed. Top: TCRyd~ gated CD4 and CD8 profiles. Bottom: Heat-stable antigen (CD24, HSA)
expression on CDB 5P T cells. Data are representative of three independent experiments.

WWW.SCiencemag.ong

SCIENCE WOL 316

REPORTS

mining LAT and the Itk substrmie PLC-yl (6).
Indeed, small amounts of Ik and LAT reciprocally
cotmmunoprecipitated  from wald-type DP thyimo-
cyles, but not from IthiH"" cells (Fig. 3D). More-
over, Ik inleractions with PLC-y1 were strongly
reduced, consistent with the decreased  PLC-y
| activity in ipkB™ cells (Fig. 1B and fig. S1C).
By contmst, coprecipitation of LAT and PLC-y
I was langely 1Py-independemt (Fig. 3Dy, LAT
binding is required for Ik activation (A), Consistent
with impaired LAT binding, Ik activation wis
stongly reduced in IpkB™ DP cells stimulated
with antibodies 10 CD3 and CD4 (Fig. 3E). Thus,
1Py is required for Ik recnaiment o LAT and Tk
activation. Becusse [Py had no substantial effect on
Ik Kinzse activity in vitro (e, S4B), its ole i 1k
activation m T cells hkely refleas ns rogquirement
for Itk membrane recrutment through PIP.

We therelore examined the effect of exogenous
Iy on PIPy mtemctions with k. Surprisingly.,
we found that addition of [Py at physiological
concentrations reported for TCR-stimulated T
cells (129 augmented Itk binding 1o PIPy (Fig. 4.
A and B). This augmentation occurred even
with [tk PH domain lragments in cell extracts
(Fig. 4, C and D} or in a purified in vito system
iFig. 4E). Thus, [Py augments PIP; binding 10
the Itk PH domain alone, independent of other
domains or of the activation stme of Ik, AL very
high concentrations, [Py inhibited PIP; binding.
Regioisomeric inositol 1,24, 5-1etrakisphosphate

A supomatant .

PIPy P, anti-ltk anti-ltk Ppt
015015015015 minaCOVCD4

S - - |k

—— P,

PIP, IP, PIP, PIP,
015015015015

————-

- -

Ppt
min aCDA'CD4
= ik

B HpkB*  ItpkB-
nF [w P-"IPP‘
015 015 minoCOWCDY
= - W 1R

101807 1.01.005

Fig. 2. TCR stimulation induces a transient, IPs-
dependent increase in Itk binding to PIPs. (A)
Lysates from wild-type DP cells unstimulated (0 min}
or stimulated with antibodies to CD3 and CD4 (1 or
5 min} were precipitated with beads coated with
PIPy or IP, or with antibody to Itk, followed by im-
munoblot analysis of Itk content. Where indicated,
supernatants from primary precipitations were incu-
bated with additional PIPy-coated beads or antibody
to Itk for secondary precipitation of unbound Itk. (B)
Lysates from ItpkB** or ItpkB™ DP thymocytes,
either unstimulated or stimulated with antibodies to
€03 and CD4, were analyzed for Itk binding to PIP;
as in (A). Quantification below lanes indicates rela-
tive change versus unstimulated controls,
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or inositol | 4.5.6-1etrakisphosphate had no
clfeet on Ik binding 1o PIP; (Fig. 4, A and E).
1Py augmentation is PIPy-specilic, as Ik binding
to phosphatdylinositel  4.5-bisphosphate or

phosphatidy linositol 3 4-bisphosphate (PIP2)
was unaflected (fig. S5, A and B},

The ability of 1Py o promote PH domain
binding to the cognate hgand PIP3 s unexpected

and striking. Several potential mechanisms could
be envisioned (g, S6). In one madel, 1P bind-
g mduces a PH doman conformation with
high affinity for both [Py and PIPs. Excess PIPy

Itk

A DIC Itk-GFP v APH Itk MyrAPH Itk
Juo o ] 25| T, P
MHC- §
Lt E]_s +. 15 4 ** ** 15 15 4 i* .*
%10 i '?* 1.0 i * 1,0-..-... 1n-* L
]
itpkB-- \ 'rus - - 05— e EM -
2§388; 883883 883883 883883
w L% (%
MHC- ItpkB~- MHC- ItpkB~- MHC- ltpkB~- MHCG-- ItpkB"-
Fig. 3. IP, & required for Itk recruitment and activation. (Ate © D Itk IP LAT IP E 3
2 ViR ItpkB++ lpkB~
MI—IE'_" or ItpkB™" thymocytes nucleofected with wild-type (Itk), PH ITpKB* ItpkB 7 ItpkB ItpkB /- pDP pDP o
domain—deleted (APH Itk), or myristoylated PH domain—deleted P DP DP DP ;
(MyrAPH Itk) 1tk-GFP or LAT-GFP fusion protein constructs were _ 01501 5 min
exposed to isotype control (Ctrl) beads or to beads coated with 0101 0101 min japp—— « . =pltk
antibodies to €03 and CD4 or to €03 alone and analyzed by confocal - — == <PLCyl

o —-—— - [tk

&= 58

- p?_HF'-?ﬂ

-esasel e - AT

microscopy. (A) Representative images of topologically comparable
complexes [dichroic images, differential interference contrast (DIC)] ‘
reveal GFP-Itk accumulation at the bead-cell contact site for con-
trols (MHC™) but not for ItpkB™ cells. (B} and (O show mean
localization indices (=5EM; n = 10 to 40). Statistical significance

h -* c
. - LC
(Student’s f test): *P < 0.044, P < 0.016, P < 0.0001. Data are

representative of three independent experiments. (D) Itk and LAT complex

formation in itpkB** or ItpkB™" DP cells stimulated with antibodies to CD3 and
CD4, as assessed by immunoblot analysis of Itk or LAT immunoprecipitates. LC,
immunoglobulin light chain, (E) Itk immunoprecipitates from IpkB** or IpkB™
DP thymocytes stimulated with antibodies to €03 and CD4 were assessed for

Fig. 4. IP; augments Itk

PH domain binding to J& Pidins(3.4.5)P, Ppt  WCL

PlP';lr (A ML{"WE‘ DP e ultk

Itk 5Eh-:tspl'lr:r;.rl.aql:u:m by immunoblot with antibody to Btk phosphorylated at

and to Itk phospharylated at Ty ™ (pltk) or control antibody to Itk (Itk).
Immunubiut analysis of ZAP-70 phosphorylation and LAT expression in whole-
cell lysates (WEL) indicates robust activation (pZAP-70) and equal loading (LAT).
Data are representative of three independent experiments.

Pidins(3.4,5)P, Ppt Ptdins(3,4,5)P, Ppt
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Itk-PH 0 1001 v 01 W01

-MycHis
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1,2 4,5-tetrakisphosphate
[Ins(1,2,4,5)P,], fol-
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analysis uf bound Itk,

- Tae
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= PLCY1
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L
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pendent experiments. (C 21| ’. - ;
and D) 2937 cel lysates g ] P A ey 3
expressing Myc- and His- & £
domain fragments were ot o e el
incubated with PIP,- W
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relative change + range (1 = 2). (E} Purified recombinant GST-Itk PH domain
fusion protein was incubated with PIP;-coated beads with or without IPy or
inositol 1,4,5,6-tetrakisphosphate [Ins(1,4,5,6)P,] and analyzed as in (A). (F)

(B) Quanulled data in-

sentative of three inde-

double-tagged Itk PH T A ——— 0
without IPs and analyzed as above. (D) Quantified data indicate average
Immunoprecipitations with an antibody to Myc were conducted from
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lysates of 2937 cells expressing Myc- and His-tagged (PH-Myc) or yellow
fluorescent protein—tagged (PH-YFF) Itk PH domain fragments alone or
together, or PH-Myc together with full-length Itk-GFP {FL-GFP) without or
after addition of 10 uM P4, and were analyzed via SD5—polyacrylamide gel
electrophoresis and immunoblot with an antibody to Itk.
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at bead surfaces or sites of TCR ligation then
displaces the bound 1Py (1ig. S6A) The ability of
siluble PIP3 10 modulate Tk binding o PIP3-
coated beads with a dose response simalar 1o that
of [Py (fg. S5, C and D) is consistent with this
“induced-fit model.”™ An attractive  allemative
model s suggested by our finding tha the Ik
PH domain ageregates with other Itk PH domain
fragments or full-length Ik in a manner unaf-
fected by 10 uM 1Py (Fig. 4F) IP4 binding 1o
one PH domain might induce conformational
changes in the other subunits that increase their
alfinities for PIPy allosterically (fig, S6B). Fulure
rescarch will distinguish between these models
and conclusively determing the precise mecha-
nmism by which 1Py augments PH domain
mieractons with PIP4.

Ohur results show that [Py acts as an cssential
mediator of Ik and PLC-y1 activation and DAG
production in DP thymocyites through Ik re-
cruitment 1o sites of TCR engagement (fig. 87).
This 1Py function is essential for TCR signaling
during thymoeyte positive selection. Besides Ik,
low-micromolar concentrations ol 1Py also aug-
mented PIPy interactions of several other PH
domain proteins, including Tee and GAP1'™*
(3. f3-15(Fig. 4, A and B), In particular, 1P,
augmented PIP; binding of GAPI"™®" pp
domain Imgments (fig. SSE). Dysregulation of
several [Py-regulated PH domain proteins could
explain the phenotypic dilferences between
IpkB™ (2, 3) and Ik mice (6). By contrast,
PH domain-dependent PLC=y1 binding to PIP;-
coated beads was unalfected by 1P (Fig. 4, A
and B). Thus, positive or negative regulation of
PIP; binding through soluble IPy may serve as a
peneral mechanism that conrols membrane
recruitment of a group of PIPs-binding proteins
in a specilic manner (Fig. 4 and fig. 85) (/60 T
will be interesting 1o detenmine whether defects
in this mechanism of [P action contribute to the
impaired B cell development and [unction in
IipkB ™ mice, as reported in (/7). PIPy-binding
proteins and [Py exist in all cukarvoies. Thus,
1Py modulation of PH domain function likely
has global implications.
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A Common Variant in the FTO Gene Is
Associated with Body Mass Index
and Predisposes to Childhood

and Adult Obesity

imothy M. Frayling, “™* Nicholas ). Timpson,™ ™ Michael N. Weedon,™"* Eleftheria Zeggini,™™*
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Colin N. A. Palmer,™® Alex S. F. Doney,® Andrew D. Morris,’® George Davey Smith,*
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Obesity is a serious international health problem that increases the risk of several common
diseases. The genetic factors predisposing to obesity are poorly understood. A genome-wide search
for type 2 diabetes—susceptibility genes identified a common variant in the FTO (fat mass and obesity
associated) gene that predisposes to diabetes through an effect on body mass index (BMI). An
additive association of the variant with BMI was replicated in 13 cohorts with 38,759 participants.
The 16% of adults who are homozygous for the risk allele weighed about 3 kilograms more and had
1.67-fold increased odds of obesity when compared with those not inheriting a risk allele. This
association was observed from age 7 years upward and reflects a specific increase in fat mass.

besity is a major cause of morbidity and
mortality, mwsociated with an increascd
nsk of type 2 diabetes mellitus, heart dis-

case, metabohe syndrome, hypertension, stroke,
and cenain forms of cancer. 1t s tvpically mea-

surcd clinically with the sumogate measure of

body mass index (BMI), caleulated as weight di-
vided by height squared. Individuals with a BMI
= 25 kg/m® are classified as overweight, and those
with a BMI = 30 kg/ni” are considened obese, The
prevalence of obesity s increasing worldwide,
probably as the result of changed lifestyle. In
20032004, 66% of the LS. populaion had a
BMI = 25 kg/m®, and 32% were obese (/).

Twin and adoption studies have demonstrted
that gepetie factors play an important role in
influcncing which individuals within a popu-
lation are most likely 1o develop obesity in re-
sponse to a particular covironment (2), However,
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despite considerable effons, there are, as vet, no
cxamples of common genctic vanants for which
there 5 widely replicated evidence of associa-
tion with obesity in the general population.
Monozenic forms of obesity at present account
for ~7%% of children with severe, young-onsct
obesity (3), but as this seventy of obesity is only
secn i <00 1% of the population, these muta-
tions are rare in the general population. Recent
attempts o identity gene variants predisposing
to common, polygenic obesity have proven con-
troversial. Initial reports of promising dssocia-
tions between common vardants in the GAG2
(473, ENPPI (5,8, 9 and INSIG2 (91 2) genes
and altered BMI have not been widely replicated.

Obesity is a major risk Bctor or tvpe 2 dia-
betes, and vanants that influence the develop-
ment of obesity may also predispose o type 2
diabetes. As part of the Wellcome Trust Case
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Control Consortium (WTOCC), we recently com-
pleted a penome-wide association study com-
paring 1924 UK. type 2 diabotes patients and
2938 UK. population conrols for 494,032 auto-
somal single-nucleotide polvmorphisms (SNPs)
{Wellcome Trust Case Control Consortium ), SNPs
in the FTO (i mass and obesity associated) gene
region on chromosome 16 were stongly asso-
ciated with type 2 diabetes (¢, s939604, OR =
1.27:95% Cl1 = 116 to L.37; P=35 = 10°%), This
association was replicated by analvzing SNP
r9930609 in a further 3737 type 2 diabetes cases
and 5346 controls (OR = 115 95% C1 = L0910
123; P=9 = 107, Analysis of BMI as a con-
tinuous (it wis possible i the imital diabetes
cases and in all replication samples but not in the
mitial control samples. The diabees-risk alleles
at FTE were strongly associated with mercased
BMI (Tahle 1), In the replication samples, the
associalion between FTO SNPs and type 2
diabetes was abolished by adjustment for BMI
(OR = 1.03; 95% CI = 0.96 10 1.10; 7= 0.44),
which suggests that the association of these SNPs
with T2D nsk is mediated through BMI. The
major signal for association with BMI coincides
perfectly with that for type 2 diabeles, and
rsO3O609 represents a cluster off 10 SNPs in
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the first intron of FTO that arc associated with
both traits (Fig. 1). All BMI-associated SNPs
(P ranging from | » 10% w01 < 107% are highly
correlated with each other (7 from 0.52 10 1.0),
SNP m9939600 was used in all funher studies,
because among the cluster of most highly as-
socited SNPs 0 had the highest genotyping
success nte (100%). The HapMap (haplotype
map of the human genome) population frequen-
cies of the 9939609 A allele are 0.45 in the
CEPH (Centre d’Ewde du Polymorphisme
Humain) Europeans, 0.52 in Yorubans, and (.14
in Chinese and Japanese,

We studied the association of FTO gene vari-
ation with BMI and the nsk of being overweight
and obese m an addinonal 19,424 white Europe-
an adults from seven general population-hasced
studhes (mean age 28 1o 74 vears, mean BMI 22.7
w 27.2 ke/m®) and in 10,172 white Furopean
children from two studics (mean age 7 1o 14
years, mean BMI 16.1 10 19.2 kg/m®) [table S1
and supporting online text (/7).

Inall adult population-based studies, we found
that the type 2 diabetes-associated A allele of
rYO3G600 (frequency 3995) was associated with
increased BMI (Table 1) with a median per-allele

Fig. 1. Associations of | "
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change of ~-0.36 kg m’ {range (L34 10 046 kg m).
In ecach study, carners of two A alleles had a
higher BMI than heteroey gote individuals; when
we compancd the additive model oa general model
in cach study, there was no consistent evidence
for departure from an addiuve model, Because
there was no evidenee of heterogeneity (2 = (74)
across the adult studies (/4), we combined them
using the inverse variance method 1o pool con-
tinuous data (£ scores) and the Mantel-Hacnseel
method tor binary data. Each additional copy of
the 939608 A allele was associated with a
BMI increase of a mean of 0,10 Z-score units
(95% CI = 0.08 10 0.12; P =2 = 107, equiv-

alent 1o ~0.4 kg/m’. When these data were com-
bined with those from the case-control samples (a
total of 30,081 pamticipants), the statisiical con-
lidence of the association was Turther mereascd
(P=3 = 107**)(Table 1 and fig. S$1). When we

applicd a Bonlermoni comection for the number of

tests pedormed i the mital genome-wide scan
(~400,000), the association remained significant
(= 1.2 = 107", This association was present in
adults of all ages (Table 1y and of both sexes (lig.
SIB and S1C), with no difference between males
and females (77 = 0.13),

Although BMI is a comtinuous trait, standand
cul-0ffs are used 1o assess the burden of in-

REPORTS I

creased body weight on health. Hence, we as-
sessed whether the inhentance of the FTE SNP
sY939609 altered the nisk of being cither
overweight or obese compared with being
normal weight (<25 kg/m®). In all the studies,
the A allele was associted with increased odds
of being overweight (Fig, 240 and also of being
obese (Fig. 2B and wable S2). In a meta-analysis
of the population-based studies, the per-A
dllele odds ratio (OR) for obesity in the adul
general population was 131 (93% Cl = 1.23 10
1.39; P= 6= 107" for overweight, it was .18
(95% Cl = 11310 1.24; P= 1 = 107", When
participants from the tpe 2 diabates cose and

Table 1. Association of BMI with rs99394609 genotypes, corrected for sex, in type 2 diabetes cases from genome-wide and replication studies, control
participants from replication studies, and adult population-based studies. P values represent the change per A allele. BMI presented as geometric
means and back-transformed 95% confidence intervals.

Age, years  Males Mean BMI (95% CI) by genotype P
Stundy (mean, sD) (%) N = o PP
Type 2 diabetes
UK cases (WTCCO) 58.6 (10.3) 58 1913 30.15 (29.69, 30.62) 30.47 (30.12, 30.83)  31.99 (31.39, 32.59) 8 x 107
UK T2D Cases 59.2 (8.8) 58 609 30.89 (30.12, 31.69) 31.14 (30.51, 31.78) 33.46 (32.38, 34.58) 0.001
UKT2D GCC Cases 64.1 (9.6) 57 2961  30.59 (30.24, 30.95) 30.956 (30.67, 31.26) 31.98 (31.48, 32.50) 3w 107°
Combined T2D (%) 3 % 107 (15.6%)
Nondiabetic controls
EFSOCH 31.8 (5.6) 51 1746  24.50 (24.21, 24.80) 25.21 (24.95, 25.47) 25.41 (24.92, 25.91) 0.0002
UKT2D GCC Controls 58.8 (11.9) 52 3428  26.25 (26.02, 26.48)  26.34 (26.13, 26.54) 27.07 (26.71, 27.44) 0.001
Population-based studies
Adult
ALSPAC (mothers) 28.4 (4.7) 0 6376 2242 (22.28, 22.56) 2273 (22,61, 22.85) 23.27 (23.03, 23.51) 3% 107W
NFBC1966 (age 31) 31 48 4435 2412 (23.94, 24.31)  24.43 (24.26, 24.60)  24.82 (24.53, 25.12) 5w 107°
Oxford Biobank 40.6 (6.1) 55 765 25.48 (25.02, 25.94)  25.36 (24,95, 25.78)  26.43 (25.70, 27.17) 0.09
Older adult
Caerphilly 56.7 (4.5) 100 1328 26,10 (25.80, 26.40) 26.48 (26.20, 26.76) 26.69 (26.11, 27.28) 0.03
EPIC-Norfolk 59.7 (9.0) a7 2425 25.87 (25.63, 26.11) 26.20 (25.99, 26.42) 26.61 (26.22, 27.01) 0.001
BWHHS 68.8 (5.5) 0 3244  26.77 (26,51, 27.02) 27.33 (27.09, 27.56) 27.58 (27.17, 28.00) 0.0002
InCHIANTI 74.3 (6.9) 45 851 26,99 (26.53, 27.47) 2699 (26.61, 27.37) 27.84 (27.23, 28.46) 0.06
Combined population 2 % 10729 (Do)
studies (%)

Combined population
and control studies (/%)
All studies ()

1 % 107 (D9%)

3 x 107%% (0%)

Table 2. Association of BMI (corrected for sex) and birth weight {corrected for sex and gestational age) with rs9939609 genotypes in children. P values
represent the change in log BMI per A allele. BMI presented as geometric means and back-transformed 95% confidence intervals,

Males Mean trait value (95% CI) by genotype
Cohort Age (years) (%) = o R P
Children®

ALSPAC 7 51 5969 16.00 (15.92, 16.07) 16.11 (16.04, 14.18) 16.31 (16.19, 16.43) 3Ix107
8 50 4871 16.80 (16.70, 16.90) 17.01 (16.92, 17.09) 17.29 (17.14, 17.45) 1x107
2 50 5459 17.20 (17.08, 17.31) 17.53 (17.43, 17.63) 17.86 (17.69, 18.04) 5x1071
10 50 5273 17.66 (17.54, 17.79) 18.05 (17.94, 18.17) 18.37 (18.18, 18.57) 1x1071
11 49 5010 18.46 (18.32, 18.61) 18.82 (18.70, 18.94) 19.20 (18.98, 19.42) 7 x1077

NFBC1966 (age 14) 14 a7 4203 19.14 (19.02, 19.28) 19.25 (19.14, 19.38) 19.38 (19.19, 19.57) 0.04

Birtht
ALSPAC 1] 51 7477 3438 (3422, 3455) 3452 (3437, 3466) 3454 (3429, 3480) 0.21
NFBC1966 1] 47 4320 3523 (3501, 3546) 3538 (3518, 3558) 3536 (3501, 3571) 0.492

*ALSPAC children are offspring of the participants included in the adult study (Table 13, and data are shown at five available ages. NFBCL966& children are the same participants as those in the

adult study (Table 1).

studies. Non-singleton births and individuals born at gestation <36 weeks were excluded from the binth-weight analysis.
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tALSPAC birth data are for the same participants as those in the children study. NFEC1966 birth data are for the same participants as those in the children and adult
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A

Study ID

Type 2 dinbetes cases

WTCCC Cases

UK T2D Cases

UK T2D Genelics Consorlium Casas
Subtotall-squamd = 0.0%, p = 0,605)

Non-diabetic controls
EFSOCH Centeols

UK T2D Ganetics Consorlium Controls
Subtotall-squared = 54.0%, p= 0,140

Subtotal (I-squared = 0.0%, p = 0EES)

Halemganaily between groups: p = 0L191
Overall (l-agumd = 0.0°%, p = 0L4T6)

Per-A allale adds ratio for
overwalght va normal (85% CI)

1.30 (1,15, 1,60)
1.20 (0,87, 1.90)
122 (1.03, 1.44)
1.28 (114, 1.48)

1.24 (1,08, 1.44)
1.08 (0,98, 120
1.13(1.04, 123)

1.24 (1,14, 1.36)
118 (1.08, 1.29)
1.15 (0,93, 141)
1.28 (108, 152)
1.08 (0.95, 122)
1.17 (105, 1.30)
1.15 (0,83, 1.41)
1.18(1.13, 1.24)

118 {1.14, 123)

0.75 1.0 15
B
Study 1D Par-A allale odds ratio for
' bese ve normal (85% C
Type 2 diabeles cases I . " L
WTCCC Casas —_— 1.58(1.29, 1.94)
UK T20 Cazes — 1.38 (0,92, 2.06)
UK T20 Genelics Consarium Cases R — 127 (1.07. 1.51)
Subtotal (|-squared = 22.2%, p = 0.276) ..:E:. 1.38(1.23, 1.57)
Hon-diabetic controls i
EFSOCH Contmls e — 1.41 (1,14, 1.76)
UK T20 Geneties Consarium Contrals —— 128 (1.11,1.46
Sublotal (l-squared = 0.0%, p = 0.460) 1.32 (1,17, 1.48)
Population-based i
ALSPAC Mothars L — 1.43(1.23, 1.67)
NFBC1966 —— 1.36 (1.17. 1.57)
Crdard Blobank — 1.21 (0.90, 1.82)
Caamhilly - 1.37 [1.07, 1.75)
EPIC-Norfolk —— 1.24 (1.09, 1.40)
BWHHS ——— 126 (110, 1.44)
INCHIANTI . 1.26 (0,98, 1.64)
Sublotal {l-squared = 0.0%, p = 0.802) Q, 1.31(1.23,1.39)
L]
Hetaroganaily batwesn groups: p = 0678 !
Cverall {laguared = 0.0%, p = 0.803) <> 1.32 (1.26, 1.39)
0.75 1.0 1.5
C D
0.3 E 03 P=0.03
E 0.2 p 02
N ]
= 01 0.1
g
g L B o
k-]
'ﬁ -0 E -1
oa] T AT A Bozd T AT AA
39608 ganolype 9935609 genolypa

Fig. 2. (A and B) Meta-analysis plots for odds of (A) overweight and (B} obesity, compared with
normal weight in adults for each copy of the A allele of rs9939609 carried. {C and D) Bar charts
showing (C) DEXA-measured fat mass in 9-year-old children and (D) DEXA-measured lean mass in
9-year-old children, both from the ALSPAC study. Error bars represent 95% confidence intervals

control studies were included. the magnitude of
the association was unchanged, although the
statistical conlidence increased (obesity: OR =
1.32; 95% C1 1.26 10 1.39; P =3 = 107%; over-
weight: OR = 1.18;95% Cl= 1.14 10 1.23], P=
2 < 1077), Individuals homoeygous for the A
allele at rsB939609 ( 16% of the population) are
at substantially increased risk of being over-
weight (OR = 1.38;95% CI=1.26 10 1.52); P=
4 107"y or obese (OR = 1.67; 95% C1 = 1.47
w 1.89; 2 =1 = 107" compared with those
homozygous Tor the low-risk T allele (37% of
the population). The extent of the variance in
BMI explained by rs9939609 was ~1%, and the
population attributable risk was 20.4%, for obe-
sity and 12.7% for overweight,

Childhood obesity 15 also increasig rap-
idly worldwide and i a cause of considerable
concemn (f5), To determine the age at which
the association of FTO SNP 9939609 with
BMI first becomes evident, we analveed two
large bith cohons for which sunable measures
were available from birth to carly adolescence.
These included 7477 UK children from the Avon
Longitudinal Study of Parents and Children
(ALSPAC) cohort who had anthropometric
measures al binhand at 7. 8.9, 10, and 11 vears
of age and 4320 children from the Nonhem
Finland 1966 birth cohort (NFBC1966) with
birth measures as well as height and weight
available at 14 vears, rs9939609 was not
associated with binh weight ( Table 2) or ponderal
mdex at birth (iable S3A) in either cohort. In
children from the ALSPAC study, cach copy of
the r=9939600 A allele was associated with an
merease in BMI by 0.08 Z-score units (95% Cl =
0.04 10 0.12: =3 = 1075 ~0.2 ke/m®) at age 7.
an sssociation maintained up 1o the most recen
assessment at age 11, when the per-allele inercase
was 0,12 Zscore units (95% C1 = 0,08 10 0.16;
P=7x% 107" ~0.4 kg/'m?®) (Table 2). Arall ages,
the A allele was associated with an increased nsk
ol childhood obesity (e.g., OR per-A allele ot age
11 years = 1.35: Cl = 1.14, 1.61: P=6 = 107Y)
and of being overweight (e.g.. OR per-A allele
atage Il years=127:Cl=1.16101.39; P=2 >
1077), as defined by age-specific BMI (table 52).
In the Finnish cohort, cach copy of the rs4939609
A allele was associated with an increase in BMI
by L0353 Aescore units (95% C1 = 0.003 1o 000
P=004; ~0.1 ke m?) at the age of 14 years
{Table 21 We conclude theretore that FT6 SNP
mYYIM0Y 15 not associaed with changes in
fetal growth but is associated with changes in
BMI and obesity in children by the age of 7.
changes that persist into the prepubenal period
and beyond.

BMI is a convenient surrogate measure for
obesity, but it may be influenced by changes in
height, bone mass, and lean mass, as well as
adiposity, We used additional anthropometric
mcsurements available m the study samples o
address this ssue, In all population-based co-
hons, the 9939609 A allele was associated with
higher weight {overall per-A allele incroase =
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(L09 Z-score units: 95% C1l= 007 w 011 ) P=
4 % 10" <12 ke in adults) (tables S3B and
S3C) but there was no difference in height (tables
S53C and S3D). Consistent with this observation,
we found evidence for higher waist circum fer-
ence (overall per-A allele = 008 Z-score units;
95% Cl=0.0510 0.11; P=4 = 107% -1 cm)
(table S3E) and higher subcutancous miss ias-
sessed by skinfold measures (per-A allele dif-
lferenee = 0L11 Z-score units; 95% Cl = 0,06 10
0.16; P = 2 = 107%) (table S3F). In the children
from the ALSPAC study, dualcnergy x-ray ab-
sorpiometry (DEXA)-derived measures of
mass and lean mass were available atage 9, The
association of 930609 A allele with weight
was almost exclusively attributable 1o changes in
fat mass, with a per-allele difference of 012 2-
stone umts (959 Cl =008 10 0.16; P=6 = 10 N
equivalent 1o a 14% dilference across the three
genotype groups) (Fig. 2C). Genotype-related
differences in lean mass were, in contrasl, a
modest 004 Z-score units (95% C1 = 0,005 1w
0.08; P = 0.03), which is cquivalent to a 1%
increase across the three genotype groups) (Fig.
2D). Therefore, the association of genetie varia-
tion at FTO with BMI results from longitudinal
changes in o mass that, on the basis of an-
thropometric measures, reflect both  increased
waist circumference and subcutancous fat,

One important potential source of [alse-
positive associalions in genetic studies is popula-
tion strtification. We do not believe this is likely
o be important in the association of the FTO
SNP with BMI or type 2 diabetes. In all study
cohorts, any individuals who were not Eumopean
whites were excluded. In addition the cohons
were all reeruited from single couniries, with the
majority coming {rom specific small geograph-
ically defined regions, and the analysis for asso-
ciation was done only within individual cohors.
Analysis of the FT0 signal docs not suppaort this
association resulting from population siratilica-
tion. In the original genome-wide association
study, the principal component analysis (6) im-
plemented in EIGENSTRAT (/7) made no dif-
ference 1o the evidence Tor association for type 2
diabetes (2 = 5.3 » 107 with EIGENSTRAT
adjustment and 5.2 = 107 without). Similarly,
adjusting for the 11 geographic regions did not
alter the sigmbicance of the F7C association for
BMI (P =9 = 107 adjusted; & = 107 unad-
Justed). The minor allele frequency of 939600
differs very litile across our studics from Finland,
ltaly, and many different regions in the UK rang-
ing from 038 o .40 in all except the second-
stmallest swdy, where it was 044, We tound no
significant regional variation in allele requency
in UK wype 2 diabetic patients, whether 1esting 4
(P=040or 1] (£ = 022) geographical regions
of residence. For all these reasons, we do not
believe that stranfication/structure effects provide
a realistic interpretation of our findings,

We have shown that common variation in
the FTU} gene is reproducibly associated with
BMI and obesity rom childhood imo old age.

www.sciencemag.org  SCIENCE VWOL 316

SNP rs99 39604 lics within the fist intron of the
FTO gene and, based on information from
HapMap, 15 highly comrelated (77 = 0.5), with
45 additional SNPs within a 47-kb region that
cncompasses parts of the fist wo introns as
well as exon 2 of FTO, There are no features 1o
suggest that any of these SNPs represents the
functional variant. Linkage disequilibrium be-
tween the BMl-associated SNPs and other
vardants falls mpidly owtside the 47-kb region,
such that there are no SNPs comelated at * -
0.2 owside a 90-kb interval (Fig. 1 and [ig.
S2). Sequencing of 47 individuals selected for
BMI = 40 kg/m® has revealed no clear candi-
date functional vanants in the FTO coding re-
gion and mimimal splice sies or 3" UTR 10
explain the association (able S4), FTE) is close-
lv adjacent to a gene of unknown function
KiA4005 (Fig. | and fig. S2), which is tran-
scnbed i the opposite direction. This opens up
the possibility that genetic variation affects a regu-
latory element for KELATO0S; however, there is no
obvious such varant within the 47-kb associated
region. We conclude that the 47-kb intron within
the FTO gene is most likely to contain the predis-
posing variani(s), but there is, al present, no clear
genctic mechanism to explain how this aliers the
function or expression of FTO KLLAOOS, or
more distant gencs.

FT is a gene of unknown function in an
unknown pathway that was originally cloned as
a result of the identilication of a fused-toe (Fr)
mutant mouse that results from a 1L6-Mb dele-
tion of mouse chromosome 8 (f8) Three genes
ol unknown function (Frs, Frar and Fro), along
with three members of the Iroguois gene family
(i3, I3, and frad from the freB gene eluster),
are deleted in Fr mice (18). The homozygous
Fr mouse is embrvonically lethal and shows
abnormal development, including lefi/right
asvmmetry (/9). Heteroeygous animals survive
and are chamcterized by fused wes on the
forelimbs and thymic hyperplasia but bave not
been reported 10 have aliered body weight or
adiposity (/%). The lused-toc mutant is a poor
mode] for studying the mole of aliered Fio activity,
because multiple genes are ddeted. Neither
isolated Inactivation nor overexpression of Fro
has been descnbed.

We used reverse transenption PCR 1o assess
the expression of FTE and AAA/0F ina hu-
man tssue panel (F8) FTO was found o be
widely expressed in fetal and aduli tissues, with
expression highest in the brain (fig. 53A). The
transcription stan site of KLAANN05 lies only
200 base pairs from the 5" end of FTO and ~61
kb from the 47-kb interval containing the BMI
associations, ALAAT05 is also ubiquitously ex-
pressed with relatively high levels in hypo-
thalamus and islet (fig. S3B), The similanty of
expression profile between these two trinscripls
may indicate joint transcriptional regulation but
docs not provide nsights into which of the two
penes s more likely w0 be wvolved. Further
work with both knockout and overexpression

REPORTS

models of FT0 and KFAATNS are likely 1o pro-
vide the most fruitful approach o understanding
the mochanism and pathways whereby these
varants miluence the risk of obesity.
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Bat Flight Generates Complex
Aerodynamic Tracks

A. Hedenstrém,' L. C. Johansson,® M. Wolf,* R. von Busse,? Y. Winter, %3t G. R. Spedding®

The flapping flight of animals generates an aerodynamic footprint as a time-varying vortex wake in
which the rate of momentum change represents the aerodynamic force. We showed that the wakes
of a small bat species differ from those of birds in some important respects. In our bats, each wing
generated its own vortex loop. Also, at moderate and high flight speeds, the circulation on the
outer (hand) wing and the arm wing differed in sign during the upstroke, resulting in negative lift
on the hand wing and positive lift on the arm wing. Our interpretations of the unsteady
aerodynamic performance and function of membranous-winged, flapping flight should change
modeling strategies for the study of equivalent natural and engineered flying devices.

ats and binds represent two independent
B evolutionary pathways solving the

same problem: powered wvertebrate
Might. The smaller specics show similar wing
mormphology, kinematies, and Might speeds and
operate at similar Revnolds number (/). How-
ever, the wings ol bats and birds also differ in
some important respects. For example, the pri-
mary feathers of a bird wing can be separamed
S0 air can pass through as in a Venetian blind to
produce a feathered (and acrodynamically
inactive) upstoke. Although bat wing mem-
branes can be actively stretched and collapsed
(2. they probably cannot be made acrodynam-
ically inactive as easily as bird wing leathers.
Flapping wings generate trailing vortices con-
taining information about the time-history and
magnitude of the acrodynamic force produced
during the wingbeat, and so wake vonices act
as an acrodynamic footprint marking the previ-
ous passaze of the animal through the air (3 10),
The equivalence of forces exened between a
solid object and the sumounding Mud s a
consequence of Newton's laws and has long
been exploited o cstimate drag forces from wake
momentum fuxes (41, £2). Similarly, for a hifting
body immersed ina uniform flow of speed U the
acrodynamic lift perunit of span can be writien as
L' = pUT, where p is air density and I is the

circulation on the wing section. In the absence of

1De1:|artr!|1ui:ril of Theoretical Ecology, LWnd University, SE-
223 62 Lund, Sweden, “Department of Biology, University
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viscosity, vorticity and circulation are conserved
according o Helmholtz’s laws, and s0 any
change in aerodvnamic force (and hence circula-
tion on the wing) must be associated with the
shedding into the wake of vorticity ol opposite
sign, whose circulation matches the change on
the wing,

The wake vortices of three bird species have
recently been studied in some demil across wide
speed rnges (8, 10, 13), whereas those ol bats
have reccived comparatively linle attention (6).
In the one qualiative study of airflows behind
bats passmg through a bubble cloud (#). the bats
were reporied 0 generate single vortiex loops
trom cach downstroke (with an inactive upstroke)
ai slow speed, whereas at a [aster cruising speed,
a pair of undulating vortices trailed the path of the
wingtips throughout the wingbeat, implying that
the upstroke generated lifi. However, kinematic
siudies show a wingtip reversal during the
upstroke during hovering and slow speed in bats
(f4-19), sugzesting a reversal of the wing circu-
lation during the upstroke, whose signature should
be obsarvable in the wake,

W made a systematic and guantitative study
of the vanation in wake opology and relative
down= and upstroke function with flight spoeed
in a small nectar-feeding phyllostomid bat spe-
cies, Clossophaga sovicing. Although detailed
kinematics data are available for this specics
across a speed rnge from 1.2 10 7.5 més (£9, it
is impossible o infer the wake vortex distribu-
tion from Kinematics alone (/9), The aim was
also 10 test the hypotheses, based on Kinematics,
that (1) the backward flick of the wing o slow
speeds, as micmred on the basis of kinematics,
genermates Lift and thrust (f4, 16, 17, 19% and (i)
that the negative angle of attack during the
upstroke al moderte speeds generates negative
litk (24, 16, 19, Images ol the wake were

analyeed by means of a digital particle image
velocimetry (DPIV) method, and the quantita-
tive measures of wake vorticity and 1otal cireu-
lation were used 10 deduce the magniude of
aerodvnamic forees and construct the wake
topology (20),

We studied the wakes generated by two adult
. soricing individuals across the speed mnge
from 1.5 1o 7 m/s [body mass, 11 g wingspan,
0.24 m; aspect ratio, 6.3 (2/): Reynolds number
(Re) =4 = 10° to 18 = 10%: Strouhal number
(S0 =027 1w 081 {22)). Two onentations of the
image plane wene used: (i) a vortical streamwise
plane aligned with the Mow at three different
positions along the wing span (outer wing, inner
wing., and mid-body), and (i) a cross-stream
plane aligned perpendicular o the low direction
(Trefliz plane) (20,

We locus our presentation of the wakes on
slow (1.5 m/s), mediom (4 m's), and high
(6.5 m/s) speeds, which cover the natural range
of forward speeds (19, 23). At slow spead (top
row ol Fig, 1), a strong stan vortex, formed a
the beginning of the downstroke, can be seen
across the span (red blobs at right in Fig. 1, A
e C, marked 1 in Fig. 1A). Al the transition
from downstroke to upstroke, the wing goes
through a large supination (pitch-up rotation),
so that the wing is ipped upside down. Al this
point, a combined stwop-and-start vortex is shed
iblue blob, lefi side of Fig. 1, A to C). Durng
the upstroke, the wing moves backward faster
than the forward speed, with circulation re-
versed, and the induced flow in the wake is
primarily a backward-direcied jet. Thus, the
net acrodynamic force is forward (thrust) and
upward (lifi)y. At the following transition from
upstroke to downstroke, the wings pronate mp-
idly (& pitch-down rotation), to shed a combined
start/'stop vortex for the next downstroke, This
startstop vortex (2 in Fig, 1A) appears above
the previous one (1 in Fig, 1A) because the
wake has convected downward in the interim.
At the higher Might speed of 4 my's, illustrated in
the next two rows of Fig. 1 (pancls D to F for
downstroke and G to 1 for upstroke), the wake
structure is quite different. The downstroke gen-
eriles i strong stan vortes (red patches in Fig. 1.
Do F). The corresponding stop vonex is weaker
and more diffuse, increasingly so as we move
from outer wing (Fig. 1D to inner wing (Fig. | E)
and body (Fig. 1F) image planes, Trace amounts
of negative (blue) vorticity can be seen through-
out the wingstroke. The associated induced
velocity field (vectors in Fig, 1, D wo F) shows a
downwand- and backward-directed momentum
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Jet whose reaction force on the wings will be lifi
and thrust.

At 4 mis, the upstroke gencrates it as
demonstrated by the downward flow in Fig. 1,
H and L As the wing is exed on the upstroke,

the outer wing image plane (Fig. 1G) now cuts
through the outer part of the tmiling wingtip
vortex, which has a flow curling upward around
the trmiling vortex. The transition from lifling
upstroke 10 downstroke 1s marked by a feature

Inner wing

Mid body

4 m/s (Downstroke) 1.5 mfs

4 m/s (Upstroke)

4 m/s (Transvarse)

Mid downstroke

.---""".

Mid upstroke End of upsiroke

e "

Fig. 1. Color-coded vorticity fields from a bat flying in a wind tunnel (see also fig. §3). Flight
direction is from right to left for the upper nine panels, as indicated by the bat silhouettes to the left.
The upper nine panels show spanwise vorticity {ty) from image planes aligned with the flow [the x-z
plane (fig. 51)], at positions directly downstream from the outer wing (column 1), inner wing
(column 2), and body (column 3), and at 1.5 m/s (A to C) and 4 m/s (D to 1), respectively (further
details in fig. 52). At 1.5 m/s, an entire wingstroke is captured on one frame, but at 4 m/s, separate
frames show the downstroke [(D) to (F)] and upstroke [(G) to (I)] because the wingbeat wavelength
increases with increasing speed. The bottom row (] to L} shows streamwise vorticity (m,) from the
transverse image plane [y-z (fig. S1)]. Each transverse image covers the left wing and the body, as
indicated by the bat silhouettes below. In (L), a white arrow indicates the vortex shed from the outer
wing at the end of the upstroke. The color scale symmetrically represents variation in vorticity {per
second) as follows: top row, —450 minimum, 450 maximum; second, third, and fourth rows, —300
minimum, 300 maximum. Velocity vectors are scaled to the reference vector (5 m/s) at bottom left.
Each panel covers an area measuring 19.5 x 19.5 ¢m?,
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scen in Fig. 1, E, F, H, and 1. where a substantial
upward flow appears o the right of the strong
start vortex. At the mid-body position (Fig, 1F),
there is also a stronger Tow in the Mght dircction,
from rght 1o left. The stan vortex is weaker here
than @l corresponding points in the wing cvele
but further out on the wing (Fig. 1, Dand E), It is

chear that at the nner wing, some Kind of

secondary vortex shedding has occured, one
that is associated with drag and negative lift

Further evidence comes from tmnsverse
planes that cut across the wake in Fig. 1, J 1w L
thotom row), In both mid-downstroke (Fig. 1J)
and mid-upstroke (Fig. 1K), although the major
leatre is an induced downwash that character-
izes a lifting body, there s also a streamwise
vortex of opposite sign (vellow patch), shed
toward the wing root (lig. 53). The hormzontal
distance between tip vortex (blue) and oot vorex
{yellow) is reduced as the wings are flexed on the
upstroke. At the end of the upstroke, the stream-
wise vorticity (Figz. 1L} shows another secondary
How at the top ol the image (while amow; see also
Fig. 1G above and to the dght of the red stan
vortex ). This is a vorex dipole structure with
opposite sense o the main vorex: The yellow
patch is outboard ol the blue paich and the
induced flow is upward. The circulation on the
outer, hand wing has been reversed, and kine-
neitic measurements show that it has a negative
acrodynamic angle ol atiack here (g, S4). At a
Might spead of 6.5 m's, the wake is qualiatively
similar 1o that a1 4 m/s, but the strength of the
vortices is reduced and the wake wavelength is
increased (fig. 83)

A full-span ransverse image from the mid-
downstroke wake (Fig. 2) sumimarizes one mo-
ment in the wingbeat and clearly shows the
cores of the wingtip vortices and the opposing
vorticity near the wing base. The strength of the
wing base voriex is approximately 30% of that
of the tip vorex, and it is evident that the three-
dimensional wake structure over the entine wing-
beat will be substantially more complex than
realized hitherio. Neveriheless, ceriain quan-
titative measures reveal a quite orderly progres-
sion of wake voriex strengihs with Might speed.

The magnitude of circulation of the strongest
start and stop vortices in the wake deereases
monotonically with fhght speed (Fig, 3). The
continuous vadation in circulation with Mgt
specd suggests o commensurale  conlinuous
change in wake geometry, which echoes previ-
ous findings for birds (8, /1, [3), and also
pamllels the continuous change in wing Kine-
matic parameters with varving flight speed in
this (/9) and other (f4, 16, 17) bat species. The
measure /U, where ¢ is the mean chord, can
be interpreted as hall” the time-averaged il
coeflicient (/3). Under sicady conditions, fixed
wings of similar aspect mtio and a1 similar Re
can generte lift cocllicients up 1o abow 1.6
24), and because 21 Ue measured for our bats
rcached values greater than 4 at 1.5 m's (Fig, 3).
it is likely that some unsteady high-lil mecha-
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nism 15 ivolved at slow speeds (25) Also,
when [ 1.5 mvs, for example, St (22) was
approximiately 08, a compamtively large num-
brer that also argues lor the mporttance of un-
steady mechanisms (M9, 26)

Previows studics on binds showed that the
circulation of the primary start or stop vonices
alone was insuflicient 10 suppon the bird's
weight o slow speed (4, 5, &, 10, 13} However,
when the additional positive vonlicity shed at the
transition between down- and upstroke and into
the following upstroke was included in the cal-
culation (&, /0, [3), an approximate (verical)
force balance could be obtained for binds, Fol-
lowing these caloulations, we may compare the
ol wake circulatons with a nominal value
My that would be required 1f the wake were
composed solely of ellipucal loops  generated
during the downstroke (201 As in the bird mea-
surements, calculations where the observed circu-
lation I g, was confmed o mein start/stop vortices
showed an insuflicient wake vorlex strength for
0.23+0.05
SD) for both individuals]. Only when

weight support at L5 mvs [T /T
(mean

ok cxplicitly includes all the diffuse traces of

same-signed vorticity (Fiz, 1, D 1o F) docs the
ratio of measured to required circulation ap-
proach 1 [Fowe/T 0.77 0.17 W
observations) and 083 « 018 (= 23
tions) | for both bats, These values are still below
| (P 0001, 1 test) because the upstroke
generates it not accounted for by Iy (Fig. 1,

L

obhserva-

A, B HL L and K). Therefore, the wakes of these
bats cannot be adequately described by single
discrete vortex loops, and the difference due w0
the acrodynamically active upstioke 15 more
promument than m the birds studied so lan

Our Nlow visualization studics demonstrate
how the wake signature changes with light
spocd and that the upstroke genemtes a com-
bincd Wit and thrust a
lindings suppon previous hypotheses based on
wingbeat Kinematics (/4-/9, 27). The upstroke
of these bats also generated useful lift at higher
spocds but with different mechaniams, AL show
h|"l\,'t,'\th, [i|\,‘ W il]':: L,‘ill,'il!..liiﬂt'l ih ey 1.T,‘1\‘|,|, whencas

slow  speed. These

at medium and high speeds it has the samg
sense dunng both downstroke and upstroke, The
circulation drops 1 0 ot the tmnsiton between
up- and downstroke, which contrasts with the
constani-circulation wake model for birds at
crutsing specd (7, X)) Our data also provide
evidence for a negative Lift during the end of the
upstroke at medium and high speeds due 10

rolation (promation) and a negatve angle of

attack of the outer wing at this phase (/4) (fig.
541, This negative il may be a constraint due 1o
the use of membrmnous wings, which canno
separate like the wing leathers of birds, Another
difference from birds is that here the circulation
varies along the wing span (Fig. 1, D w F).
Therefore, neither the simple idealized wake
models (discrete loops or constant circulation

with partially fexed upstroke) nor the more

Fig. 2. Velocity field from the transverse (y-z) plane, with a phase- and parallax- corrected image
of the bat as seen flying in front of the image plane. The example is from mid-downstroke at 4 m/s,
where the two wingtip vortices are clearly seen framing a central induced downwash along the
wing's trailing edge. Weaker vortices of opposite sense appear at the wing roots. The colors of the
flow vectors indicate the streamwise vorticity magnitude and sign (blue, clockwise and negative;
red, anticlockwise and positive).
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complex pattems based on detailed bird Mign
measurements (&) are directly applicable. Al-
though the wake properties of this bat species

44
2
L
L .
Y ) o S
2 . =2
= it 'E' !‘-—u_!
o s
A
2 o/ﬂ
2 4 5 8
U {mi's)

Fig. 3. Variation in drculation I” of the strongest
starting (positive) and stopping (negative) vortices
with flight speed (U} for two bats. I” i non-
dimensionalized by the mean wing chord ¢ and U.
Bat 1 (black squares, start; white squares, stop) and
bat 2 (black circles, start; white circles, stop) show
statistically indistinguishable values (analysis of
variance). Error bars show + 1 5E.

A

Fig. 4. Cartoons of the (A) slow speed (1.5 m/s)
and (B) medium speed (4 m/s) wakes. Blue denotes
vortex structures originating from the downstroke;
red from the upstroke. The arrow indicates the flight
direction. The slow speed wake has separate vortex
loops close to the wing/body junction and a strong
signature from the upstroke in red. The medium
speed wake has a more continuous shedding of
vorticity into the wake, together with reversed-sense
vortices produced by the outer wing at the end of
the upstroke, This wake also has separate structures
shed from the wing roots. The wake at 6.5 m's (not
shown) differs from the wake at 4 m/fs by having
a longer wavelength, but is otherwise similar.
Alternative views are given in fig. 55.
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differ in imponant ways from those of all
previously studicd passerine binds, the gencrality
of the result 15 not yet clear. Kinematic pamm-
eters vary between different species of bats (17),
including the presence of features such as the
upstroke reversal found in G, soricing (1Y), How-
ever, based on the similaritics among bat specics
in the vanation of wingbeat kinematics with Qight
speed (173, we may predict the presence of similar
leatures in future bat studies,

From the combined evidence of the wo
pempendicular image planes (Fig. [ and fig. 83},
together with quantitative measures ol the vor-
tex sizes and strengths at different stages of the
wingbeat and a different spans, we propose
conceptual wake models for example Might
speeds of 1.5 mis (low) and 4 m's (medium)
as shown mn Fig. 4. These are not discrete
models for each speed but are simply represent-
atives from a continuum across the speed mnge
{(Fig. 3 The data show that the acrodvnamic
wake signature 15 much more comphicated than
previous flow  visualization stedies had  sug-
gested (), which is due to the higher-spatial-
resolution technigue we used. The wake models
ol Fig. 4 sugzest how a new vortex-based acro-
dynamic model of bat Mlight could be con-
structed, Future experiments may investigate the
detailed Now on the Mexible-membrane bat
wing itsell’ o establish the link between the
lifi-generating mechanism and the resulting
wake propertics reponted here. Those  results
can further be compared with numerical simu-

lations of appropriate model problems in
Nexible wing acrodynamics (2¥),
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The After-Hours Mutant Reveals
a Role for FbxI3 in Determining
Mammalian Circadian Period

Sofia I. H. Godinho,* Elizabeth S. Maywood,?* Linda Shaw,* Valter Tucd,®

Alun R. Barnard," Luca Busino,” Michele Pagano,® Rachel Kendall,® Mohamed M. Quwailid,’
M. Rosario Romero,” John O'Neill,? Johanna E. Chesham,” Debra Brooker,

Zuzanna Lalanne,” Michael H. Hastings,” Patrick M. Nolan't

By screening N-ethyl-N-nitrosourea—mutagenized animals for alterations in rhythms of wheel-
running activity, we identified a mouse mutation, after hours (Afh). The mutation, a Cys*>°Ser
substitution in Fbxi3, an F-box protein with leucine-rich repeats, results in long free-running
rhythms of about 27 hours in homozygotes. Circadian transcriptional and translational oscillations
are attenuated in Affh mice. The Afh allele significantly affected Per2 expression and delayed the
rate of Cry protein degradation in Per2::Luciferase tissue slices. Qur in vivo and in vitro studies
reveal a central role for Fbxl3 in mammalian circadian timekeeping.

ircadian thythms, oscillations with a pe-
‘ riod of =24 hours, are vital for physio-

logical and behavioral homeostasis in
multi- and unicellular organisms, In mamimals,
these biological rhiythms are generated by several
genetic clements that form autoregulatory tran-
seriptional and translatonal feedback loops (f-4).
For the clock 1o function effectyely, however, the
phase and extent of protein expression must also

WWW.SCiencemag.ong

be tightly regulated. Posttranslational modifica-

tions necessary Tor the accurate timekeeping of

this molecular machinery have been described.
For example, Per levels depend on phosphoryl-
ation by Doubletime in Drosopdila (5) or caseimn-
kinase le in mammals (6), and sumoylation is a
regulator of Bmal 1 fimction (7). Ciocadian roles
for ubiquitin E3 ligases containing F-box motifs
(&) have been described in Drosophila for Slimb

SCIENCE WOL 316

(9 and JETLAG (/) and n Arabidopsis for
ZEITLUPE (4, 12y and FKF1 (43). Large fami-
lics of mammalian F-box proicins have been
identified (/4--16), but, apart from mammalian
orhologs of Drosepdila Slimb (3-TRCP) in cul-
tured cells (£ 7). none ane known to degrade clock
proeins in mammals.,

To identify previously unknown genetic fac-
tors affecting mammalian circadian behavior, we
conducted N-cthy -N-nitrosourea (ENU) screens
for alierations in circadian wheel-running activity
in mice (/8). We identilied one mouse with a
circadian perod (tppd of =24 hours, significantly
lomger than the population mean (23,63 hours).
The phenotype was mherited ina dominant fash-
1o, with tpp ranging from 239 1o 24.3 hours,
Intererosses revealed an additional  phenotype
with a 1pp of ~26.5 hours and a delay in the
entminment phase angle (Fig, 1A). Frequency
distribution plots of backeross (v = 264) and
intercross progeny (1= 73) indicated semidomi-
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Unit, Harwell, Duferdshire 0X11 ORD, UK. *MRC Labora-
tory of Molecular Biology, Neurobiology Division, Hills
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10016, USA.
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nant inhentance of the phenotype, with the latter
revealing a group of amimals with Tpp mnging
troam 253 to 27.6 hours (Fig. 1B). We named the
mutart “atter howrs ™ (Af and mapped the do-
minant phenotype @ low resolution (78), sclecting
13 mice displaving the most exireme T pheno-
types for a genome scan. A single region of link-
age was found on mouse chromosome 14, lanked
by DI4Mir239 (66,65 Mb) and D/4Mi267
( 114 Mb). Using additional polymormphic markers,
we relined the nonrecombinant region to 6,41 Mb
between 5965 and 96.06 Mb (Fig. 1C) and
confinned the position by genotyping homoey-
gotes, This region s extremely gene-poor, con-
taining only 23 annotated genes (79). We scanned
all Ensembl-annotted genes for mutations using
denaturing high-pedormance liquid chromatogra-
phy and sequencmg. Sequencng revealed a pomt
muiation in the coding region of an F-box gene,
Flad 3, resulting ina T—A tmnsversion at position
1430 (Fig. 1D} The Afh mutation results in the
substitution of serine for Cys™ (C3585) in Fbx13
(Fig. 1E) Genotyping allowed us 1o charmclerize
the belaviorl phenotype of mutants systematical-
ly (table 81 and fig. 81).

The physiological function of Fbxl} is un-
known. The N-terminal F-box domain implicates

A

this protein in ubiquitination and proteasomal
degradation, whercas the Caarminal leucine-rich
repeat ILRR)Y domamn 1s hikely o be involved in
recognition of phosphorvlated targets. Analysis
of conserved Tunctional domains (20) suggests
that C338 15 an essential residue in a subclass of
LRER, the cysteine-containing LRR (LRR-ce).
The Fbx3 sequence is highly conserved in ver-
tebrtes, but there are no invertebrite onhologs,
Fbxl3 is ubiquitously expressed, and the protein
is predominantly, although not exclusively, nu-
clear { 14}, In vitro ransfection of either wild-type
or mutant Fbx13 mgged with green Nuorescent
protein (GFP} imo COS7 cells confinned its
predominanmly nuclear localization with no differ-
ences i protein stabiliny (Mg, S2A), Funhemore,
there was no circadian or genotype eftect on gene
or prolein expression (g, 82, B and C).
Similarly, protein localization was not afliected.
To investigate the molecular basis of period
lengthemng m homoey goles, we examined cir-
cadian expression profiles vsing in st hybrd-
ization, immunohistochemistry, and Westem
blotting. In the suprachiasmatic nucleus (SCNY,
the central pacemaker driving circadian rest-
activity eyeles, Afh affected sicady-state levels
of the principal negative-feedback regulators of

the clock. Period genes Perd and Per2, Cryplo-
chrome gene O/, and the positive regulator
Bmall (Fig. 2A). Although rthythmic with a
prodongad penod, peak mENA levels of all tour
genes were reduced relative o wild-type, More-
over, during late cireadian night [circadian ume
(CT)E 10 CTO3), Perd, Per2, and Crl mRNA
levels were suppressed for longer than in wild-
type mice. These mRMNA changes were echoed in
cycles of protein expression. For Perl and Per2,
the number of immunoreactive (-ir) nuclei in
SCN was severely reduced across circadian time,
particularly at the peak around CT12 10 CTIS.
Similarly, the nocurmal peak of Bmall-ir was
lower in mutants. Despite the marked decline in
Crvd mBRNA, however, A homoezygotes showed
no apparent alicrmton in the number of Cryl-ir
nuclei (lig. 53). We confimmed and extended the
observations in the SCN by quantifving liver
mRENA and protein in wild-tvpe and homaoey gous
mice. Peak mRNA levels of Perd, Onef, Ro-
erba, and the clock-controlled D site albwmin
promoter-binding protein (Ohp) were reduced in
homoeygotes. Fiwld and Clock mRNA levels
were nonperiodic and equivalent in wild-type
and homoey gous mutant liver (Gg. S4). Quanti-
lication of liver proteins by Western blotting
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Fig. 1. Mutant phenotype and cloning of the Afh mutation. (A)
Representative activity records of +/+ (tgp = 23.68 hours), A+ (tgp =
26.73) mice. Images show double-plotted
actograms of wheel-running activity under light-dark (LD) conditions (days 0
to 7) followed by constant darkness (DD, days 8 to 21). Short, vertical bars
represent bouts of wheel-running activity. Periods of light and dark are
indicated by horizontal bars above actograms, and the transition from LD to
DD is indicated by an arrow. (B) Frequency distribution of tpp in Affv+
backcross and intercross progeny. (C) Mapping of the Affi mutation to

24.23), and AffiAfh (1gp =

A

chromosome 14 by haplotype analysis. The number of haplotypes analyzed (n)
and tpp (means + SEM) are indicated. (D) Sequence analysis revealing a T—A
transversion at nucleotide position 1430 of mouse Fbxl3 in the Afh mutant. (E)
(Top) Schematic representation of Fbixl3 indicating the positions of F-box and
LRR-cc regions. The position of the C3585 substitution is marked by an
asterisk. (Bottom) Protein sequence alignment of the C-terminal end of Fbxl3
in mutant and wild-type mouse and other vertebrate species. The shaded
vertical box indicates the position of the C3585 substitution, and the bold
haorizontal line indicates the consensus LRR-cc sequence.
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confirmed the suppression of Perl and Per2
m mutants, whereas Cryl showed interme-
diate levels ol expression at all ume points
(Fig. 2. B and C). The levels of Cry protem
over the circadian cyele can explain the effect
of A on the clock machinery, Elevated levels
of Cry at CT9 1w CT12 can enhance the sup-
pression of Clock-Bmall - dependent transcrip-
tional activation in mutants, whercas reduced

Fig. 2. Suppression of A
clock gene and protein
oscillations in AffiAfh
mice. (A) Levels of Cryl,
Perl, PerZ, and Bmall
mRMA in SCN of +4+ o

800 Cryl

levels of Cry at CTIS to CT24 are a conse-
quence of this,

To investigate directly the ellect of Fbx13 on
modecular timekeeping within the SCN, the Afh
mutant was crossed into the Per2::Luciferase
(Per2:Luc) reporter line (21), and we reconded
bioluminescence from SCN slices using a
photomuluplier assembly (22). SCN from neo-
natal mice exhibited sinusordal thythms of lucif-

B
2, tm

(solid circles) and AfhvAfh
(open circles) mice was
measured by in situ hy-
bridization. Each value
represents the mean +
SEM (n = 3). (B) Levels

Pert

038 8 1215003 M

368 0 REWMNMNIT

Pt

of Cryl, Perl, and Per2
protein in liver of +/+
(solid circles) and Afhfh
lopen circles) mice was
measured by densitomet-
ric analysis of Western
blots. Each value repre-
sents the mean = SEM -

100, Perd

Hybridization signal (nCi/g)

@ 3 8 % TN ME

38N WM MDD

Protein (fold change)

Por2

tn= 3). Values are normal-
ized to an internal control
(actin) and expressed as
the fold change from the
value at CT3. (C) Repre-
sentative Western blots of
liver from +/+ and AfiAfh

80

]

B 3 &8 9 1215187 M

o

2 8 8 17 15 W N M I
Circadian time (h)

Cc

s

Ay ARy

38 BIREEF M CTh

368 PIFEEPN

mice showing stabilization
of Cryl and suppression
of Per oscillations in mu-
tants (22).
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1.

Fig. 3. Per2:Luc expression in SCN slices reveals a delay in oscillator protein accumulation in
Afh/Afh mice. (A} Lengthening of the mutant period of Per2::Luc expression in postnatal and
adult SCN slices. Wild-type (blue}, heterozygote (red), and homozygote (green), n = 14, 18, and 7
(postnatal) and n = 3, 4, and 3 (adult), respectively, means + SEM. (**P < 0.01, ***P < 0.001).
(B} Comparison of the circadian period observed in vivo {(actogram) and in witro using
photomultiplier tube (PMT) analysis: wild-type (solid circles, n = 3), heterozygote (open

diamonds, n =

4), and homozygote (open circles, n =

3), means = SEM. (C) Amplitude of

Per2::luc expression in wild-type (0 = 14}, heterozygous (n = 18), and homozygous (n = 7)
postnatal slices, means + SEM. (D) (Top) Representative bioluminescence rhythms (cps, counts per
second) recorded from organotypic SCN slices in wild-type (blue), heterozygous (red), and homozygous (green) mice. (Bottom) Alignment of

waveforms by peak expression (22).
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crase activity, with a significant lengthening
of period in heterozygotes and homozygotes
(Fig. 3A). In adul mice, tpp was determined in
vivo by wheelkmnning, and the period of the
SCN molecular cvele was tested in vitro. Inshices
from wild-type mice, the in vitro period was
slightly shorter than the in vivo, but overall, the
two methods gave comparable results (Fig, 3, A
and B Peak amplitude in homoey gotes was low
and variable: there was no significant effeat of
genotype (Fig. 3C) Finally, alignment of SCN
wavelorms by peak expression revealed than the
principal effect of the homoey gous mutation was
a prolomgation of the circadian nadir of Per2::Luc
expression (Fig, 3D). This extension ol the
negative-feedback phase is consastent wath in situ
hybridrztion and immunostaming data and s suf-
ficient to explan the lengthened circadian perod.
Real-time recordings of Per2:Luc from wild-ype
and hderozygous Kidney, lung, and liver all exhib-
it well-delined circadian cyeles for 4 davs (fig.
55). Recordings confinned that the molecular
clock in perpheral tissues is sensitive to the Afh
allele,

In the accompany ing paper (23, Busino e al.
found that Fbxl3 binds and drives the ubiguiti-
nation and consequent degradation of Cryl and
Crv2, Thus, we investigated the dynamics ol Cry
degradation in wild-type and mutant tissue, We
treated lung tssue shices from Per2:Luc mice
with the protein synthesis inhibitor eyelohexi-
mide (CHX) and ollowed the time course of
prodein degradation (Fig. 4A). Although peak
levels of Per2:Lue were lower in A Af0r slices
{eoinciding with the ume of CHX treatment),
the rate of degradanon of Per2: Luc was similar
to that of wild-type, with minimal levels detecied
after 4 hours of CHX weatment. Per2:Luc bio-
luminescence hal Hlife was 0.54 = 0.08 hours for
wild-type and 046 + 0.07 hours for A

1.04
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o

12 24

Time (h)
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A B wr Afh
.gm 0 25 5 0 25 5 CHX(h)
8 - e CTY2
Actin
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CHX (h) 3501 OwTt
3001 | AR
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0 3 55 8 0 3 55 8 CHX(h) 8 200-
e . . ag— Cl‘)‘1 = 150-
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— . ——— —— — — Actin 50+
. i T : 0
Fig. 4. Increased Cry stability in organotypic tissue slices from 00 25 50

AfhiAfh mice and in mammalian cells expressing Fbx(3*". (A)
Real-time recording of Per2:Luc (top panel) in isolated lung

CHX (h)

from +/+ (solid circles) and Afh/afh lopen circles) mice, means & SEM (n = 3). Cycloheximide (CHX,
20 pgfml) was included in the medium at the peak of Per2::Luc expression, and bioluminescence
was recorded after 0, 1, 2, 4, and & hours of treatment. Tissue samples were collected after 0, 3,
5.5, and 8 hours of treatment, and protein levels were determined by Western blotting (bottom,
WT, wild-type, Afh, homozygous mutant). Blots represent pooled samples from five tissue slice
recordings and were repeated to confirm results. (B} (Top) Western blots against S-tagged Cry2
expressed in COS7 cells in the presence of either wild-type Fbxl3 or Fbxl3*™ protein. Cultures were
treated with CHX (20 pg/ml) and sampled after 0, 2.5, or 5 hours, Group data (bottom, means =
SEM, n = 3) reveal progressive degradation of Cry2 in presence of wild-type Fbxl3. Degradation of

Cry2 was significantly delayed in the presence of Fbhx3*" (22).

(means = SEM, n = 5). Conversely, Cryl levels,
although lower in wild-type samples afier 3 hours
ol treatment, remained high in A fh samples
alier up 1o 8 hours of treatment. In a funther ex-
periment, we looked at the mie of S-tagged Cry2
degmdation in CHX-treated COST cells cotrans-
fected with wild-type FbxI3 or Fhx13M® protein
(Fig. 4B). Alihough the dynamic of protein deg-
radation differs from that of native tissue, we
detected a significant delay in Cry2 degradation
in cells transfected with FoxI3A®,

These data provide a role for FbxI3 in mod-
ulating mammalian circadian homeostasis and a
biological mechansm wherehy this can occur,
Fhx3 M lengthens top by 3 hours, delaying the
rate of Cry protein degrmdation and prolonging the
phase of Cry-mediated negatve feedback. As a
consequence, peak levels of Per, Gy, and Bmald
mRNA are reduced in homozygotes, as are the

cormesponding proteins. Despite reduced levels of

Crv mRNA, protein levels are stabilized in
mutants, with an inermediate level of expression,
Consequently, the circadian Cry prolile in Afh

mutants reflects a compensatory combination of

reduced Cry transcaption and Cryv proteasomal
degradation,
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SCF™® Controls the Oscillation of the
Circadian Clock by Directing the
Degradation of Cryptochrome Proteins

Luca Busino,” Florian Bassermann,® Alessio Maiolica,” Choogon Lee,® Patrick M. Nolan,*
Sofia I. H. Godinho,* Giulio F. Draetta,® Michele Pagano™

One component of the circadian clock in mammals is the Clock-Bmall heterodimeric transcription
factor. Among its downstream targets, two genes, Cryl and Cry2, encode inhibitors of the
Clock-Bmall complex that establish a negative-feedback loop. We found that both Cryl and Cry2
proteins are ubiquitinated and degraded via the SCF™™* ubiquitin ligase complex. This regulation
by SCF™™2 is a prerequisite for the efficient and timely reactivation of Clock-Bmall and the
consequent expression of Perl and Per2, two regulators of the circadian clock that display tumor
suppressor activity. Silencing of Fbal3 produced no effect in Cry1™;Cry2™" cells, which shows that
Fbxl3 controls clock oscillations by mediating the degradation of CRY proteins.

CF (Skplicullin/F-box. proteing ubiguitin
Slig:m: complexes mediate the tmely pro-
teolysis of imponant cukaryvotic cellular
regulators (1) In mammals, there are more than

70 SCF ligases, cach characterized by a ditferent
F-box protcin subunit that binds and recruits

substrates, Despite the large number of F-box
proteins, only five human SCF ubiguitin ligases
have been matched 1w substrates, To identify
biologically imponant substrates of SCF ligases,
we have combined immunopunfication with anal-
ysis by mass spectrometry (2, 3) Here we de-
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scribe work on the omphan F-box protein Fbxl3,
which we originally identifiod as an interactor of
Skpl by yeast two-hybnd screening ().
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*To whom correspondence showld be addressed. E-mail:
michele.pagano@med.myu.edu

Fig. 1. CRY proteins specifically bind Fbxl3. (A)
NIH 372 cells were infected with retroviruses en-
coding the indicated FLAG-tagged F-box proteins
(FBPs). During the last 6 hours before harvesting,
cells were treated with the proteasome inhibitor
MG132. Exogenous proteins were immunoprecipi-
tated (IP} from cell extracts with an anti-FLAG
resin, and immunocomplexes were probed with
antibodies to the indicated endogenous proteins.
Lane 1 shows a whole-cell extract (WCE) from cells
infected with an empty virus (EV). (B) HEK293T
cells were transfected with constructs encoding
the indicated FLAG-tagged circadian clock pro-
teins (CCPs). Exogenous proteins were immuno-
precipitated from cell extracts with an anti-FLAG
resin, and immunocomplexes were probed with
antibodies to the indicated endogenous proteins,
Lane 1 shows a whole-cell extract from cells trans-
fected with an empty vector.

Fig. 2. Fbxl3 controls the degradation and
ubiquitination of (RY proteins. (A) Fbxl3 promotes
the degradation of Cry2. The graph shows quan-
tification of Cry2 half-life in HEK293T cells transfected
with Cry2 alone or in combination with either Fbxl3 or
Skp2 (with or without MG132). Error bars represent
+5D (n = 3). A representative experiment is shown in
fig. 52. (B) Knockdown of Fbxl3 stabilizes Cry2. The
graph shows quantification of Cry2 hall-life in
HEK293T cells infected with lentiviral constructs that
direct the synthesis of two different shRNAs to Fbx13
or an shRNA targeting LacZ. Error bars represent +50
{n = 3). A representative experiment is shown in fig.
53. (C) Fbxl3 ubiquitinates Cry2. In vitro ubiquitination
assays of recombinant Cry2 protein were conducted
in the presence of the Skpl-Cull-Rocl complex plus
one of the following recombinant Fbox proteins:
Fbul3, Skp2, or [§Trcpl, as indicated. Samples were
analyzed by immunablotting with an antibody to Cry2,
The bracket at the left marks a ladder of bands cor-
responding to polyubiquitinated Cry2. (D) HEK293T
cells were transfected with Gry2, Skpl, Cull, and Rocl
in the absence or presence of either FLAG-tagged
Fiol3 or a FLAGtagged Fhx[3(AF-box) mutant. After
immunopurification with an anti-FLAG resin, in vitro
ubiquitination of Cry2 was performed. Samples were
analyzed by immunoblotting with an antibody to Cry2.
The lower panel shows levels of Fbxl3, Foxl3(AF-box),
Skp1, and Cull in the immunoprecipitates,
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Fbxl3 was expressed in Hela-S3 cells and
immunopurified (fig. S1). The mass spectrome-
try analysis of copunlicd endogenous proteins
revedled the presence of two peptides comespond-
ing to Cryl and three peptides cormesponding 1o
both Cryl and Cry2.

The Cryprochome proteing, Cryl and Cry2,
are evolutionarily conserved proteins that con-
trol the circadian clock (5, 6). A light-regulated
master circadian pacemaker in the suprachias-
matic nucleus ol the hypothalamus controls sheep-
wake eveles and other divthims (6, 7). In addition,
an imrinsic, cellFauonomos circadian clock (light-
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inscnsitive) with a rhythm of about 24 hours ex-
ists in penpheral tissues o coordinate the timing
of basic cellular functions (for example, cell cy-
cle progression and checkpoint activation) (8, %),
The clock machinery is driven by two profeins,
Clock and Bmall, which heterodimerize o form
an active tmnscrplion complex. Among several
clock genes, the Clock-Bmall heterodimer drves
the tansenption of the Cry and Perdod (Per)
genes. In wrn, Cryl and Cry2 inhibit Clock-
Bimal | -dependent transerption, creating a nega-
tive-feedback loop that is cemral 1o the oscil-
lation of the ¢lock. In mammals, CRY proteins
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Fig. 3. Foxl3 controls oscillations of the clock by mediating the
degradation of CRY proteins. (A) Fbx(3 pmmutes Egrl oscillations and
the accumulation of PER proteins in Cryl ™ ;02" cells but not in
CryI™ :Cry2™ cells. MEFs were infected with lentiviral constructs that
direct the synthesis of shRNAs targeting LacZ or Fhxl3, as indicated.
Cells were asynchronously grown to confluence in a medium
containing 10% serum (Asynch.) and then shifted to a medium
containing 50% horse serum (50% HS) for 90 min. After this period,
the serum-rich medium was replaced with 0.5% fetal bovine serum—
containing medium and cells were collected at the indicated hours
after serum shock. Cell extracts were analyzed by immunoblotting
with antibodies to the indicated proteins. The graphs on the right
illustrate the quantification by densitometry of triplicate experiments,
including that shown in the left panels. The value given for the
amount of Cryl, Perl, and Per2 present in asynchronous cells was set
as 1. Error bars represent +5D. (B) Fbxl3 promotes the accumulation
of Bmall-Clock-regulated mRNAs in Cry1*'*:Cry2*"™ cells but not in
CryI™ :Cry2™" cells. Triplicate experiments were performed as in (A),
except that whole-cell RNA was prepared to determine the levels of
the indicated mRNA via quantitative reverse transcription polymerase
chain reaction. The value given for the amount of mRNA present in
asynchranous cells was set as 1. Error bars represent +5D.
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are the most potent repressors of Clock-Bmall
(H0-13). An integral component of this
feedback loop is the requirement for degrada-
tion of CRY repressor protcing, without which
the amplitude of the circadian clock oscillations
would be inhibited, Although CRY proteins arc
known 1o be degraded via the ubiquitin system
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{/4), the specific ubiguitin ligase that directs this
event has remained unknown,

To investigate the specificity of binding be-
tween CRY proteins and Fbx13, we sereened 10

human F-box proteins. FLAG-agged versions of

these F-box proteins were retrovinlly expressod
in NIH 3T3 cells and then immunoprecipitated 1o

evaluate their interaction with three endogenous
clock proteins. We found that the only F-box
profcin able 1w commmunoprecipitate Cryl and
Cry2 was Fbxl3 (Fig. 1AL The Fhxl3-CRY
imeraction was futher confimmed by a com-
plementary experiment in which FLAG-taggoed
versions of cight clock proteins were expressed in
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Fig. 4. The Fbul3(C3585) mutant binds to and ubiguitinates CRY proteins less
efficiently than wild-type Fbxl3. (A) NIH 313 cells were left uninfected (U1} or
infected with retroviruses encoding Fhwl3, Fhal3(C3585), or FEx13(C358A) (all
FLAG-tagged). During the last & hours before harvesting, cells were treated
with the proteasome inhibitor MG132. Proteins were immunopredipitated from
cell extracts with anti-FLAG resin, and immunocomplexes were probed with

human embryonic kidney (HEK) 293T cells. im-
munoprecipitated, and tested for their ability 1o
colmmunoprecipitate seven endogenous  F-box
proteins. Only Cryl and Cn2 interacted with
endogenous Fbxl3, but not with Skp2, Fbxl10,
Fhxll 1, BTrepl, Emil, or cvelin F (Fig. 1B).

These results prompted us to test whether
Fbxl3 is involved in regulating the stability of CRY
profieins. Too this end, we tansfocted HEK293T
cells with Cnv2 and either Fbxl3 or Skp2. Whercas
the expression of Skp2 had no observable elfect
on Crv2 stability, the expression of Fbxl3
resulted in a decrease in the hali<life of Cry2,
which was elficiently coumeracted by the ad-
dition of the proteasome inhibitor MG 132 (Fig.
2Aand [ig. 82). We also used two small hairpin
RNA (shRNA) constructs 1o reduce the expres-
sion of Fbx13 in HEK293T cells. Although both
constructs targeted Fbx13, construct 2 was more
efficient in silencing Fbx13 expression (lig.
S3A). Accordingly, boih constructs induced an
increase in the hall=life of Cry2, but construct 2
produced a more robust effect (Fig. 2B and lig.
S3R). Stbilization of both Cryl and Cry2 was
also observed as an effect of Fbx13 knockdown
in NIH 3T3 cells (fig. 54),

To test whether CRY prodeins are ubiguitinatod
via the SCF™B ubiquitin ligase, we recon-
stituted the ubiguitination of Crv2 0 vitro,
Cry2 was cfliciently ubiguitinated only when
Fbxl3 was present (Fig. 2C). Dilferent recom-
binant F-box proteins, including Skp2 and
BTrepl, were unable to trigger the ubiquitina-
tion of Cry2, Addition of methy lated ubiguitin
1o the reaction inhibited the formation of the
highest-molecular-weight forms of Crv2 (fig.
53). demonstrating that the high-molecular-
weight forms of Cry2 are polvabiguitinated
species of the protein, We also used a comple-
mentary in vitro ubiquitinalion strategy using
immunopurificd Fbxl3 proteins. Fbxl3, but
not an inactive FhxI3AF-box) mutant (4), in-
duced the ubiquitination of’ Cry2 (Fig. 2D),
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was also assayed.

which supports the notion that the effect of
Fbxl3 on Cry2 is direat.

To study the biological imporance of
SCF™ mediated proteolysis of CRY pro-
teins, we investigated the effect of Fbxl3 knock-
down in cells in which the circadian clock is
synchronized. A 90-min pulse with 50% horse
serum syachronizes clock oscillsors in conflu-
ent fibroblasts (/5. 16). By synchronizing mouse
embryvonic fibroblasts (MEFs), we observed pe-
riodic oscillations in the levels of Cryl, Perl,
and Per2 (Fig. 3A) Silencing of Fbxl3 abaol-
ished the oscillations in the levels of Cryl and
produced a deercase in the expression ol Perl
and Per2 (Fig. 3A). Similar resulis were obiained
in NIH 3T3 cells with the use of two difterent
shENA constructs (figs. S6 and 57).

We propose that when FbhxI3 is down-
regulated, stabilized Cryl persistenily  inhibiis
Clock-Bmall, which is responsible for the in-
duction of Per and Cr genes. In suppon of this
hypothesis, we found that the knockdown of
Fbx13 inhibited the induction and oscillations of
Clock-Bmal | -regulated mRNAs (Perd, Per2, and
Crvd ) (Fig. 3B and fig. 58} Moreover, chromatin
immunoprecipitation experiments showed  that
silencing of Fbxl3 increwsed the abundance of
Crvl protemn at the promoters of the Perd, Per2,
and Crvf genes (fig. S9). Because the levels of
Fhxl3 do not oscillate (Fig. 3A), it is possible that
posttranslational modifications of CRY proteins
regulaie their recognition by Fbxl3, as is the case
for most substrate - F-box protein interactions (1 ).

To determine whether the effeas of Fhxl3
knockdown on the circadian clock are dependem
on the stabilization of CRY proweins, we silenced
Fbxl3 expression in Crd ™, O™ MEFs (12).
No substantial differences in the protein and
mRNA levels of Perl and Per2 were observed in
Crel™:Crv2” MEFs after down-regulation of
Fbxl3 (Fig. 3).

In the accompanying report (7 7), Godinho
of al. wsed a forward genetic screen 1o induce
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antibodies to the indicated proteins. (B) HEK293T cells were transfected with
MYC-tagged Cry2 together with vectors encoding the indicated proteins. Cry2
was immunoprecipitated from whole-cell extracts with an antibody to MYC,
and immunocomplexes were probed with antibodies to the indicated proteins.
(€} The experiment was performed as in Fig. 2C, except that Foxl3(C3585)

mutations in mice that increase the length of the

circadian clock and identified a mouse mu-
k) R T S e

tation in Fhxl3 [a Cys™™ — Ser (C3585) sub-

stitution | that results in a circadian rhythm of

about 27 hours in homozygoles. To investigate
whether this mutation interferes with FbxI3
activity, we generated a FhxI3(C3585) mutant,
as well as a FhxI3(C358A) mutant (containing a
Cys"™ — Aln substittion), FLAG-tagged ver-
sions of Fbxl3 and the two mutanis were retro-
virally expressed in NIH 3T3 cells and then
immunaprecipitted 1o evaluate their interaction
with endogenous Cryl and Skpl. Whereas all
three proteins were able to coimmunoprecipitate
Skpl, only wild-type Fbxl3 mieracted with Cryl
iFig. 4A). In a complementary experiment,
MY C-tagged Cry2 was expressed in HER293T
cells wgether with one of the following F-box
proteins: Fbxl3, Fhxl3(C3585), Fbxll5, and
Blrepl. Adier immunoprecipitation, Fhxl3(C3I585)
was found 10 bind Cry2 less efficiently than did

Fbxl3 (Fig. 4B). Accordingly, cxpression of
FhxI3(C3585) had no effect on the sabiliy of

Crvl (fig. S10), and FhxI30C3585) was less ef-
ficien than Fhxl3 in ubigquitinating Cry2 in vitmo
(Fig. 4C7). These results provided evidence that
the phenotype observed mmice (7) s duc o a
decreased ability of FhxI3(C3585) to bind 1o
and induce the proteolysis of CRY proteins,
Our study demonstrates that the SCF™™8
ubiquitin ligase controls the oscillations of the

circadian clock. Fhxl3-mediated degradation of

Cryl and Cry2 is a prerequisite for the ellicient
and timely reactivation of Clock-Bmall and the
consequent transeription of target genes, includ-
ing Perd and Perd, two putative tumor sup-
pressors that control fundamental  processes
such as the iming of cell eyele progression and
checkpoint activation (/8-2/). Because silencing
of Fhsl3d produces no effects in ol :0n2™
cells, we conclude that the effects of FoxI3 on the
clock are largely mediated via regulation of Cryl
and Cry2 stability,
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How the Brain Translates Money

into Force: A Neuroimaging Study
of Subliminal Motivation

Mathias Pessiglione,* Liane Schmidt,” Bogdan Draganski,” Raffael Kalisch,®

Hakwan Lau,” Ray ). Dolan,* Chris D. Frith®

Unconscious motivation in humans s often inferred but rarely demonstrated empincally, We imaged
motivational processes, implemented in a paradigm that varied the amount and reportability of
monetary rewards for which subjects exerted physical effort. We show that, even when subjects cannot
repart how much money is at stake, they nevertheless deploy more force for higher amounts. Such a
motivational effect is underpinned by engagement of a specific basal forebrain region. Our findings
thus reveal this region as a key node in brain circuitry that enables expected rewards to energize
behavior, without the need for the subjects’ awareness.

umans tend 1o adapt the degree of effon

they expend aceording to the magnitude

ol reward they expeet. Such a process
has been proposed as an operant concept of
motivation (/-3 Motvational processes may
be obvious, as when a prospector spends days in
extreme conditions secking gold. The popular
view is that motivation can also be unconscious,
such that a person may be unable to repont the
eoals or rewards that drive a panticular behavior.,
However, empincal evidence on this issue is
lacking, and the potential brain mechanisms in-
volved in converting expected rewards into be-
havioral activation are poorly understood.

We developed an experimental parmdigm 1o
visualize unconscious motivational processes,
using functional magnetic resonance maging. A
classical approach 10 ngger unconscious pro-
cessing 15 sublimmal stmulaton, which can be
implemented by means of masking procedures,
The werminology we use in this repon is based
oma recent taxonemy (<), which a process s
considered subliminal i it is atended but not
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reportable. Successful bmin imaging studics of

subliminal processes have locused so far on
processing words (5, 6) as well as emotional
stimuli (7, 8} In our swdy, the obyect of mask-
ing wis an meentive stimulus for a future action,
represented by the amount of reward at stake.
The question we asked is whether, and how, the
human brain energizes behavior in proportion o
subliminal incentives.

We developed an incentive foree task, using
money as a reward: a manipulation that is con-
sistently shown to activate reward circuits in the

stimulus

humgn bram (9471, The exact level of motiva-
tion was manipulated by mndomly assigning the
amount at stake s one |1-|1L|t'|n.|: OF One Penny.
Pictures of the L'ull'x;h]‘tur'uﬁlhg coins were dis-
plaved on a computer screen al the beginning of
cach tmal, between wo screenshots of “mask”™
imges (Fig. 1) The reportability of the monctary
stakes depended on their display duration, which
could be 17, 50, or 100 ms. The pereeption of the
first two durations was determined as subliminal
in a preliminary behavioral test, where subjects
reported not secing anything other than the mask,
The third duration was consistently associaad
with conscious pereeption of the stimuli and their
associated amount,

o characterize the effects of the monctary
stakes, we recorded not only brain activity b
also skin conductance and hand-grip force. Skin
conductance response (SCR) is linked 1o auo-
nomic sympathetie arousal (72) and 1s thercalter
imterpreted as rellecting an aflective evaluation
of the monelary stake. Hand-grip foree is
understood 1o be a measure ol behavioral
activation. Online visual feedback of the lorce
exerted was displaved as a fluid level moving
up and down within a thermometer depicted on
the screen (Fig, 1), Subjects were instructed tha
the higher the Tuid level ose. the more of the
monctary stake they would et 1w keep. At the
end of the wial, subjecis were given  visual

D=17 or 50 or 100

Fig. 1. The incentive force task. Successive screens displayed in one trial are shown from left to
right, with durations in ms. Coin images, either one pound (£1) or one penny (1p), indicate the
monetary value attributed to the top of the thermometer image. The fluid level in the thermometer
represents the online force exerted on the hand grip. The last screen indicates cumulative total of

the money won so far.
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feedback of the amount of money that they had
accumulated. Thus, this cumulative total was
mereased alfter every mal, though neghgibly so
when one penny was at stake,

Fig. 2. SPMs of brain Force
activity. Voxels displayed

in gray on glass brains ]
showed a significant ef-
fect at P < 0.05 after
correction for multiple
comparisons over the
entire brain, The [x, y, 2]
coordinates of the differ-
ent maxima refer to the
Montreal Meurological
Institute (MNI) space.
Axial and coronal slices
were taken at global
maxima of interest indi-
cated by red symbols on
the glass brains. 5PMs
are shown at a lower
threshold (P < 0.001,
uncorrected) and were
superimposed on the av-
erage structural scan to
localize significant acti-
vations. The images in
the left column show re-
gression with the amount

i X

TR S
Lt MY g 4 50)
I

452 .18 80]

For the analysis of brain activity, we first
examined the main contrast between monctary
stakes, m the conscious condition, at the time of
middle column). Alier

stimulus onset (Fig, 2,

of force produced, whatever the condition. The images in the middle column show contrast between
conscious pounds and pennies trials (£1 to 1p, 100 ms). For this contrast, SPMs were coregistered with an
atlas of the basal ganglia (right column). Caudate, putamen, and accumbens are shown in green; external
and internal pallidum are shown in blue, with limbic sectors in violet.

Fig. 3. Main effects of
stimulus duration. (&) Incen-
tive force task. Time courses

A pailidal activation
05

aa L "_) _n-iflfr'l"llllll

: 04
were averaged across trials
for the different stimuli 03
(black lines indicate £l and g2 <
white lines indicate 1p) and .
durations (thin, interme- at f \
diate, and thick lines indi- 0o VA
cate 17, 50, and 100 ms, .
respectively), Time 0
comresponds to the moment  ~02 VT
of stimulus display. The his- RS RN
tograms indicate the effet 05
of mativation (£1 to 1p), and 4
the error bars indicate SEM. 03
Pallidal activation is 0z
expressed as percentage of 01 . o I'"l
blood oxygen level— 90 & i

dependent signal change,
Force and skin conductance
are expressed in proportion 1
of the highest measure. (B)
Perception task. Stimuli were
the same as in (A). Possible
responses were “seen £1,”
“seen 1p,” “guess £1," and
“guess 1p." A “correct” re-

17 S0 100

B Correct responses (%)

il

Skin conductance

Grip force
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sponse means that the subject chose the stimulus that had been displayed. A “seen” response means that the
subject perceived all or part of the stimulus. Error bars indicate SEM.
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comrection  for multiple comparisons over the
whole brain (familv-wise cror, P < 0.05), the
only significant activation was located bilateral-
Iy m the basal torchram, bordenng several stree-
tures encompassing the ventral stiatum, ventral
pallidum (VP), extended amygdala, and basal
nucleus of Meynert, These structures have been
conceplualized as forming output channels for
the limbic system, which is devoted to cmo-
tional and motivational functions (13). Ac-
cording 1o fiber tracing studics, reward-related
information may access these structures either
by a subconical route via the hippocampus
and/or amyedala or by a cortical route via the
orbitofronmal and'or anterior cingulate arcas
(J4-17).

To mprove anatmical localization, we co-
registered the statistical pammetne map (SPAM)
with a recent histology-hased atlas of the basal
gangha, which was designed 10 distinguish be-
tween functional termtories (18, 19). Activation
locr overlapped with imbie termones ol both
extemnal and internal pallidal segments (Fig. 2.
Aght column ), which together formm the VP, The
main inputs 1o the VP come rom the ventral
striatum, where reward-related activations have
been consistently Tound (9 /7). VP activation
might denote engagement of the same ventral
snato-pallidal pathway, with a shift in its ex-
pression being related w the patuee of the up-
coming task. More specifically, ventral striatal
activity has been linked to reward prediction and
reward prediction emror during leaming (240, 21,
Rather than concentrting on leamning, our de-
sign [peused on motvation dunng eflon, which
clicited specilic processing in the VP Our [inding
accords well with evidence in rodents, showing
that VP neurons encode rewarding properties of
cnvironmenial stimuli (22), and supgesis a role
for the VP in incentive motivation. Furthenmore,
lowering the threshold (F < 0,001, uncomected)
revealed that activation extended posteriorly.
within nonlimbic weritones ol the pallidum, point-
ing out a plausible oute by which the VP may
influence cortical motor arcas (/4. [15).

To dissociate motivation per s¢ from [orce
production, we next examined brain activity tha
was linearly related 1o the amounmt of force
produced, whatever the condition (Fig. 2, lefi
column), Adier correction for multuple compar-
isons over the whole brain (family-wise croor, P -
0.03), significant activations were found m the
supplementary motor arca (SMA) and in the
primary motor area (M 1) Unlike the pallidum.
these structures have previously been shown 1o
activate in relation with the amount of force
produced (23-25). Morover, MI activation was
observed on the left side. which was consistent
with the use of the right hand for the sk, where-
as pallidal activation was bilateral, Thus, in our
analysis, the dissocition was clear-cut, probably
reflecting the fact that monctary stakes were
constant throughowt the sk, while grip force
decreased mal afier inal, probably as a result of
fntigue (fig. 511 Such dissociation suggests that
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maotivational processes mediated by the VP
include modulation of SMA activity, which in
tum dnves muscular contrctions via M1,

We next asked whether such a circut was
engaged by subliminal ncentives. We avermged
parameter estimates (Fig, 3A, left pancls) over
the pallidal voxels that showed significant act-
vation in the previous SPM, The contrast be-
tween monctary stakes was signilicant for 100
and 50 ms (paired  tests, both P values < 0,001)
but not for 17 ms. No significant activation was
found elsewhere in an SPM estimated for this
contrast at 30 ms, even with our liberal threshold
(7 = 0001, uncomrected), Thus, only the VP ap-
peared i position 10 modulate behavioml acu-
vation according w0 subliminal incentives and
hence o undapin a low-level motvational pro-
cess, as opposad o a conscious cost-benelit cal-
culation. Agam, such a mwle accords well with
experiments on mdents, which show that VP
mampulations mfluence goal-directed beluvior, as
seen with sell-stimulation afier elecrode 1m-
plantation in the VP (26) or impaired acquisition
of conditioned-place preference afier the genera-
tion of VP lesions (27).

We next sought to link our imaging results
to simultancously measured avtonomic and be-
havioral responses. The dvinamics of responscs
recorded from skin conductance electrodes indi-
cated that they were tiggered at the time ol stim-
ulus display, with a typical SCR profile starting at
2 s post-stimulus and peaking around 5 s (12),
Companson between monetary stakes showed
significant effects at 100 and 50 ms (paired flests,
both P values < 0.05) but not at 17 ms (Fig. 3A,
middle panels). Thus, like tear-relevam stmuli
(2X), sublimmal mmcentives could be evaluated
alfectively, with subjects being more responsive
o images of pounds than o those of pennics.
Autonomic responding was not a mere side eflect
ol force production. because it evolved with a
dilferent emporal profile throughout the task.
Indeed, grip force decrcased for consciously
perceived pennics, while skin conductance in-
creased for consciously perceived pounds (fig.
51). Reganding grip force, we found similar dy-
namics, whatever the condition: subjects giving a
short squecee, with peak latency at around 1 s,
and relaxing before the next nal (Fig. 3A, nght
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panels), Hence, similar results were tound when
considering either the height of the peak or the
arca under the curve. Companng between mon-
ctary stakes, significant effects were found at
100 s, 50 ms, and even at 17 ms (paired ¢ tests,
all  values < 0,01}, Thus, the brain could ener-
gize behay ior in proportion to the reward at stake,
even when subjects could not sce it

Finally. we controlled for subjective percep-
tion with a forced choice task (Fig. 3B). While
still in the scanner, subjects were shown the same
masked stimuli and had 10 repon whether they
saw a coin, and which coin they thought it was,
cither from seeing it or from guessing. Based on
the percentage ol correct responses, the analysis
could then be resiricied to all sitwations where
subjects pucss at chance level about stimulus
identity (fig. 52). Even in these situations, pal-
lidal activation and hand-gnp foree were signil-
icantly higher for pounds as compared 1o pennics
(paired ¢ tests, both P values < 0.01) As with the
preliminary test, subjects reported secing almost
no stimuli at 17 and 50 ms and almost all stimuli
at 100 ms, Compared to the 100-ms condition,
subjects also had similarly long response times at
17 and 50 ms, indicating that they were expe-
riencing the same degree ol uncenainty about
stimulus identity. Thus, subjective perception
changed as a function of category, from sub-
liminal o conscious, between 50 and 100 ms. In
comtrast, objective markers of motivation (pal-
lidal activation, SCR, and hand-grip force)
oradually increased with stimulus duration,

These results indicate that motivational pro-
cesses mvolved in boosting behavior are quali-
tatively similar, despite whether subjects ane
conscious or not of the reward at stake. Con-
sistently, the same basal lorcbrain region under-
pinned subliminal and conscious motivation.
Such subcortical localization might relate 1o the
simple and repetitive nature of the task, rendering
strategic control unpecessary, However, differen-
tial symipathetic arousal denoted by SCRs argues
against an intempretation in ienms of mere stimulus-
response habit formation, which is known 1o
involve the basal ganglia (29). More genemlly,
our paradigm oflers a potential ool o discrim-
inate between motor and affective components of
motivation for financial reward in hunans, anal-

ozous o the dissociation between wanting and
liking food reward desenbad in rodents (30). Such
a ool may be paticularly useful in explonng
negative symploms, like those manifested i de-
pression or schizophrenia, involving acute dys-
function within the motivational process,
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Multiphoton Laser Scanning Microscope

The Fluoview FV 1000-MPE multiphoton laser scanning microscope sys

tem is for deep observation and imaging of living or thickly sliced spec-
imens. Neuroscientists and cell biologists can use the system Lo image
dynamic processes up to several hundred microns deep in living cells
and tissues without inflicting significant photo-damage on specimens.
The system is particularly useful for repeated long-range or time-lapse
exposures, and any applications that require deep imaging or extensive
fluorescence excitation. The FY1000-MPE incorporates a femtosecond
pulsed laser to achieve photon density at the focal plane with minimal damage or photobleaching of living cells. It is optimized
for use with near-infrared wavelengths, and a full line of water immersion objectives is available for specimen penetration and
imaging. Multiphoton systems allow researchers to achieve thinner optical sectioning and cause less photobleaching and photo-
toxicity to surrounding areas of the specimen. They are thus suitable for deep, in vivo imaging.

Olympus For information B00-455-82 36 www.alympusamerica.com/microscopes

Mutation Surveyor Update

Version 3.01 of Mutation Surveyor DNA variant
analysis software includes two additional func-
tionalities: vector masking for use in the quality
control of DNA clones and negative single
nuclectide polymorphism (SNP) indicator for
clinical analysis of sequence traces. The vector
masking tool allows users to inform the software
of the vector region, which permits the software
to use its patented physical trace comparison
technology o detect any sequence change from
the original sequence trace in up to 400 clone
traces in less than 90 seconds. The negative SNP
indicator clearly indicates the absence of a
nucleotide change in sequence traces.
SoftGenetics For information 814-237-9340
wew.softgenetics.com

Transcreener PDE Assay

Transcreener Assays rely on homogeneous
immunodetection of nucleotides for robust,
generic detection of entire families of drug tar
gel. The assay extends nucleotide deteclion
capabilities to include adenosine monophos-
phate, adenylic acid (AMP} and guanosine 5'-
phosphate (GMP} detection. The Transcreener
PDE Assay is a [ar-red, competitive fluorescence
polarization immunoassay based on the detec
tion of the hydrolyzed substrates AMP or GMP.
Enzyme progress is indicated by a decrease in the
fluorescence polarization signal. The simple two-
step, endpoint assay can be used for any enzyme
class that produces either AMP or GMP.
BellBrook Labs For information 866-313-7881
www.bellbrooklabs.com

Eight-Channel HPLC

The ExpressLC-800 Plus high performance liquid
chromatography (HPLC) system leatures new sol-
venl switching functionality, making up to six
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solvents available to each of eight LC channels.
Solvent switching is easily programmed via the
system control software, The ExpressLC-800 Plus
is suitable for methods development and high
throughput applications in drug discovery. It
allows solvents to be changed automatically with
less handling and fewer errors. The system's
eight channels offer true multiplexed HPLC for
savings in analysis lime, labor, and laboratory
bench space. The instrument combines advances
in gradient delivery and mixing, sample injec-
tion, and optical detection to deliver dramati-
cally increased levels of separation resolution
and speed.

Eksigent For information 925-560-2637
www.eksigent.com

Proteome Fractionation

FOCUS-Global Protein Extraction kit is a simple,
rapid, and reproducible method for extraction of
varipus classes of cellular proteins, both soluble
and insoluble, The insoluble protein fractions are
further fractionated into various classes of mem-
brane proteins, such as mildly hydrophobic
membrane proteins, highly hydrophobic trans-
membrane proteins, and membrane proteins
rich in cholesterol, glycolipids, and glycocyl-
phosphitidylinositol.
G-Biosciences/Genotech For infarmation
B00-628-7730 www.GBwsciences.com

Raman Spectrometer

The benchiop RamanStation 400 Raman spec-
trometer combines research-grade performance
with push-button ease-of-use. The Raman5ta
tion’s dispersive echelle-spectrograph technol-
ogy allows reliable performance, without the
need for moving parts, while enabling detection
of the full spectral range at a high resolution in a
single acquisition. Raman spectroscopy is a non-

destructive technique based on the detection of
scattered light to identify and analyze molecular
species that has been limited lo a narrow sector
of highly skilled researchers with special train
ing; the RamanStation is designed to make il
accessible to more users. With the push of a but-
ton, an operator can obtain high-quality infor-
mation regarding the identification, composi-
tion, and molecular structure of samples.
Perkin-Elmer For information 781-663-6900
www.perkinelmer.comframanstation400

Literature

The Analytical Sample Preparation catalog fea-
tures a requlated methods and applications guide
and a filter guide. Products featured include air
and liguid monitoring, membrane filters, syringe
filters, and water purification systems. The Cell
Biology Application and Producl Guide showcases
a complete range of products to fulfill basic
needs, such as cell culture supplies and reagents,
as well as more advanced applications, such as
stem cell research, The guide also provides mem-
brane-based cell culture protocols, workflows,
and application notes. The Immunodetection
Application and Product Guide includes opti
mized protocols lor commonly used immunode-
tection technigues such as immunoprecipitation
and protein immunoblotting, as well as protein
concentration and antibody purification.
Millipore For information 978-762-5294
www.millipore.com%11K

Newly offered instrumentation, apparatus, and laboratory
materials of imterest to researchers in all disciplines in academic,
industrial, and government arganizations are fextured in this
space. Emphasis is given 1o purpose, chief characteristics, and
availability of products and materials. Endarsement by Saence
or AAAS of any products or materials mentioned is not implied.
Additional information may be obtained from the manufacturer
or supplier.

Www.sClencemad.org




Science

Classified Advertising

From life on Mars
to life sciences

For full adwertising detals, goto
whwew sciencecareers.ong and clekon
For Adwertisers, of call one of our representatiees,

United States & Canada

E-mail: advertise@sclencecareers.org
Fax: 202-289-6742

IAN KING Sales Manager/Industry
Phone: 202-326-6528

NICHOLAS HINTIBIDZE West
Phone: 202-326-6533

DARYL ANDERSON Midwest/Canada
Phone: 202-326-6543

ALLISON MILLAR Mortheast

Phone: 202-326-6572

TINA BURKS Sout he ast

Phone: 202-326-6577

Europe & International

E-mail: ads@science-inL.oowuk
Fap: +44 (0) 1223 326532

TRACY HOLMES 5ales Manager
Phone: +44 (0) 1223 326525
CHRISTINA HARRISON

Phone: +44 (0} 1223 326510
ALEX PALMER

Phone: +44 (0) 1223 326527

LOUISE MOORE
Phone: «&4 (0) 1223 326528

Jlapan

JASON HANNAFORD

Phone: +81 (0) 52-757-5360
E-mail: jhannaford@sciencemag.jp
Fax: +81 (0) 52-757-5361

To subseribe bo Seience:
Ini L5,/ Conadacall X021 26-6417F or 1-800 F31-4519
I the resst of thvee waorled call +&4 (00 122 3-326-515

Soience mak e eveny offer] 1 soreen it ads fof ffensive
and | of St rimmaiary languliein simrdane with U5,
and noeel) 5 Ine Since we e an iniemadanal joumal,
you may see ads bom rond) 5. mundnes that equest
applcations. hom specific demogaphic goups. Sine U4
Loy does ok apply to oiber count e we ey io accom-
mocate recrulling pactions of pher countries, Howe|
W ENCCUTAEE OU M ACETE 1 lerT us [0 Ay acs tal Sy
feel e dacriminmizey or ofipasive,

ScienceCareers.org

We kmaw Seience Rlasas

Careers.org

SENIOR RESEARCH ASSOCIATE
Center for Translational Medicine
University of Minncsota

The University of Minncsota is secking candidates
to fill several positions which will dircar preclinical
laboratory studies utilizing human cells and for ro-
dene models that will form the basis for Phase T imal
testing, of cell-based products in the newly created
Center for Translatonal Medicine (CTM). The
candidares will be primarily responsible for the de-
velopment, review fevaluation, and interpretation of
experiments that support the wanslation of basis
discovery and rescarch into Thase I clinieal tnals, as
well as preparanion of dara and reports for regulatory
submissions, Candidares will serve as entical mem-
bers of a liatson team, interacting with leading sa-
entists, clinicians, and the pood manuficturin
practice production team o help bring novel cell
therapy produces and sorategics to the clinic.

The individual will develop novel experimental
strategics and svstems o aid in the cell-based,
product development process and will be responsible
for ereating novel protocols to address experimental
questions, planming activines, incloding design and
exceution of experiments, interpret and analysis the
results, ensure data quality, and provide timely in-
sightful reparts.

The wdeal candidates will be highly motivated and
creative, possess strong interpersonal skills with a
strong background in rescarch of cellular, pharma-
cological, molecular, or protein produces, and will be
extremely detail-oriented, and possess excellent
compurer, organizatanal skills, and prablem solving
abilities. A broad-based understanding of cell biolo-
gy or bischemistry is essential.

The positions will include responsibility for the
direet supervision of other scientific staff, commen-
surate with the candidate’s ability. These positions
will report to Dre. Bruce Blazar, Director of CTM.
As part of the CTM you will benefit from strong
leadership, a bold vision, and an empowering
culture.

Senior Research Associate is the highest rescarch
tthe ar the University of Minnesora, and is recog-
nized as a carcer position. These positions will enjoy
comperitive compensation which will be comnen-
surate with experience, as well as a very progressive
benefits package. Requirements: Required qualifica-
vons: Ph.D. or MDD degree s required. Minimum
of five vears of expercnce conducting rescarch, o
nclude at least three vears of supervisory expericnce
in ccllular, protein, or pharmacological agent ma-
mipulation and testing i biological systems relevant
for clinical trial applications. For one of our po-
sitions, demonstrable, hands-on expenence with
animal models is required, Preferred qualificarions:
Previous experience in a product development en-
vironment, and background in stem cell research
would be an advantage, Qualified applicants should
provide a letter of nguiry, resume, or curiculum
vitac, and a list of three professional references,
Contact: Randall Tlachac, e-mail: rtlachac@umn.
edu. Telephone: 612-624-0765.

The UsDA, Animal and Mant Health Inspection
Service, Forcign Animal Discase Diagnostic Labaora-
tory on Plum Island, New York, is secking a full-rime
SUPERVISORY VETERINARY MEDICAL OF-
FICER (0GS-15; annual salary of $115,929 1o 51454400
plus benefits), Incumbenr will serve as the DIREC-
TOR of the faality, The incusibens muse be @ US
citizen and alde 1o obtain o weret securnty dearane
wirle emploved for the postton. A copy of announce-
mient number 24V8-2007-0175 (opm to the puhi'h:l
or 6%5-2007-0223 can be obtained at website: h
phs::lrtl'l..uupbs.n[xn .gov, or call telephone: 15

www.sciencecareers.org  SCIENCE  VOL 316

663-7266 for aplicanon procedures. This position
will be open April 30 through May 29, 2007, 1T
Federal Cawermnenr & an el Empleymeny Chpportionity
!:}u;ln'd].':'r.

POSITIONS OPEN

UIC COLLEGE OF
e o PHARMACY

FACULTY POSITIONS
Department of Biopharmaceutical Sciences
College of Pharmacy
The University of Hlinois at Chicago

The Department of Biopharmaccutical Saences i
the College of Pharmacy invites applications for
tenure-track positions at the ASSISTANT, ASSO-
CIATE, or FULL PROFESSOR level in the broad
ficld of biopharmaccutical saences, with an emphasis
on novel methods of drug and biopharmaceutical
delivery and /or molecular pharmacology, The De-
partment of Biopharmaceuncal Scicnces has particu-
lar interests and sirengths i pharmaccutics and
phamacology related to cancer thempy. The Col-
lege of Pharmacy has complementary strengths in
analvrical and medicinal chemisory, proteomics, and
dinical pharmacy with emphasis on cancer chemo-
prevention, cardiovascular pharmacology, neuro-
pharmacalogy, and infectious discases, We are
particularly imtercsted in candidates with resecarch
mterests that will complement these departmental,
College and University rescarch efforts. The success-
ful candidate will have a record of peer-reviewed
publications and grant support in these arcas, de-
pending on rank, and should be prepared o par-
ricipate in the teaching programs in the College.
Faculty rank and salary will be commensurare with
expericnee and achicvements, Applicants must pos-
sess a rebevant doctoral degree. Women and minor-
itics are encouraged o apply

The University of Hlinois at Chicago (ULC)
College of Mharmacy is in the heart of the Hlinois
Medical Distrce, which indudes the ULC Medical
Center, College of Medicine, the UIC Hospital, and
other health science colleges, The College of Phar-
macy is ranked among the top four U5, colleges of
pharmacy in total funding from the Natonal
Institutes of Health, The Deparmment of Biophar-
maceutical Scences can offer newly renovated first-
class [aboratory space and a competitive staroup
package. For more information abour the College
of Pharmacy and the Department of Biopharma-
ceutical Sciences, sce website: http:/ www.uic.
edu/pharmacy /.

Please submit a letter describing current and
proposed rescarch activities, current curriculum vi-
tac, including grant funding history, and three
references to:

Havar Onvuksel, Ph.ID.

Professor and Associate Head
Department of Biopharmaceutical Sciences
Callege of Pharmacy (MC 265)
University of Illinois at Chicago
833 South Wood Street
Chicago, IL 60612-7231

Applications may be submirted clectronically o
e-mail: bpssearch@uicedu. The positions are avail-
able beginning August 15, 2007, review of can-
didates will contimue until the positions have been
filled. The University of Mineis ot Clizapo is an Affir-
puattiie Acrion /Egral Opportunity Enpleyer

STRESS RESISTANCE and AGING in MICE
University of Michigan School of Medicine
POSTDOCTORAL POSITION for studies of

stress redstance in cells from long-lived mutant
muce. Experience in cell iology, signal transduction,
or molecular pathology or wsacology required. Send
curriculum wvitae, statement of rescarch interests, and
namies and contact information for three references
v Richard A, Miller, University of Michigan,
P.O. Box 2200, 3001 BSRB, Ann Arbor, MI
4810%; or to e-mail: millerr@umich.edw. A Bl
i .h'l’klli".lu ty J;'nqn’.lj'rr.
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PIONEER.
. A DUPONT COMPANY

THE

WORLD DEMANDS
AND YOU DELIVER

Pioneer's legacy
of excellence

is reflected

in its people.

www.pioneer.com

DuPont’s significant investment in its Agriculture & Nutrition Platform, including Pioneer Hi-Bred International, has created
challenging, cutting-edge career opportunities for you, Pioneer wants you to be a part of our industry-leading plant
genetics and biotechnology organization. You will join a team of talented, dedicated professionals. A large number

of research opportunities exist at our 90+ worldwide research facilities, including our headquarters in Johnston, lowa.

As the leading developer and supplier of advanced plant genetics, our international presence and affiliation with our
parent company, DuPont, will give you the opportunity to expand your career, join a growing industry and make a

positive, global impact.

The World Demands... Can You Help Us Deliver?
Learn more about Career Opportunities at hitp://www.pioneer.com/careers

QP

The miracles of science~

The DulPort Dval Logo and Tre mindes of science™ ae radamarks of DuPond or ils afiliates. & Registered rademarks and service marks of Pionear Hi-Bued Indemational, e S2007, PHIL RADIZ244

[_I‘E-m MAYO CLINIC

Research Surgeon

Rochester, Minnesota

Mayo Clinic in Rochester, Minnesota, is seeking a surgeon of exceptional
caliber with high interest and early career successes in clinical, translational
or basic research to devote up to 75% effort to reseanch and academics.
Positien will inchude membership in one of the established research
programs in Department of Surgery, which have laboratory space, core
faciities, technical support, and mentoring for advancing careers o achieve
independence, These programs conduct research of intermational stature in
physiclogy, immunology, blochemistry, molecular biology, and genetics.

Compensation is competitive and benefits are comprehensie, including

a relocation package. Rochaster, a eity of 95,000, blands cosmopalitan
atmiosphare with Midwest hospitality, offering cultural amenities of a
symphony orchestra, art center, and repeértory theatre; recreational activities
featuring several stale, counly, and city parks, eghl golf coursas, and miles
of biking and hiking trads. With an excellent schod system and favarable
cost of living, Rochester consistently ranks among Money maganing's “Best
Places to Live"

To learn more about Mayo Clindc or Rochesier, MM, please visil
www.mayoclinic.org.

Please send letters of interest with CV and bibliography to:

Doris Hansen
Department of Surgery
Mayo Bullding West
200 First Street SW
Rochaster, MN 55905

Mayo Foundation is an affirmative action and equal opportunity employer and
educator. Post-olfer/pro-amploymont drug sereening s required.

YALE UNIVERSITY
ﬂ: School of Forestry & Environmental Studies
= School of Architecture

i o y
2 Sustainable Design and Development

Yale University's School of Forestry & Environmental Studies and School of
Acrchitecture seek applicants for an unprecedenied joint ladder level Assistant
Professorship in Sustainable Design and Development, with an emphasis on
the urban envirenment. More specifically, we seek individuals who have exper-
tise, or the potential 1o establish this expertise, in the management and design
of urban environmental systems and urban ecological infrastructures with a
focus on the neighborheod and community scale rather than the building and
site scale. Candidates should not only demonstrate an interest in minimiang
adverse environmental impacts of urban development but also in enhancing
beneficial human connections to natural systems in urban areas, The successful
candidate will be expected to advise, supervise and instruct both environmental
studies and architecture students, offering lecture, seminar md/or project-based
courses in areas such as sustainable design and development, urban design,
urban ecology, landscape ecology and design, and restoration of urban envi-
ronmental systems, This person will be expected to assume a leadership role
in the recently established School of Forestry & Environmental Studies and
School of Architecture joint Master’s Degree program. We prefer a candidate
with advanced training in any of the following fields: sustamable design and
development, urban design, landscape ecology and design, urban ecology,
architecture, or allied ficlds.

Applicants should send a curmiculum vitae; statement of research, teaching,
and’or professional practice inferests; two representative examples of research
or professional publications and ‘or design work; and a hist of three references
to: Professor Stephen B Kellert, Yale University, School of Forestry &
Environmental Siudies, 205 Prospect Street, New Haven, CT 06511, USA.
and Professor James Axley, Yale University, School of Architecture, 180
York Street, New Haven, CT 06511, USA. The deadline for applications
is July 15, 2007,

Yele University is an Affirmative Action/Equal Qpportunity Emplover.
Men wiid woimien of diverse ractallethiic backgionds arid cultiives
e encauraged to appiy.
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INCUBATING INNOVATION:
Diversity Efforts Rejuvenate the
Life Science Work Force

By Alethea Hannemann

tart with these numbers: African-Americans make up 13 percent of
the United States population, but comprise only 5 percent of those
employed in the life, physical, and social sciences. Orwith this: less
than 3 percent of Ph.D.s in biology and chemistry are held by African-
Americans. Different statistics pepper various reports, but none dispute the cen-
tral fact, that African-Americans do not hold life science jobs in numbers commen-
surate with their representation in the US population. The gap matters not just to
African-Americans considering science careers, but to science itself. It raises important
guestions, such as: How can we address health disparities without researchers from differ-
ent backgrounds or clinical trials using a range of relevant populations? And how can the US
produce world-class scientists without cultivating the ample talent in underrepresented pop- information students have about
ulations, including African-Americans? Esteemed programs such as the Mational Institutes
of Health Minority Access to Research Careers (MARC) have encouraged African-American career choices, the better career
scientists for years, but it's clear that more efforts are needed. Now some of the best minds
in government, academia, and industry are searching for new answers and new strategies,
using innovative programs to bolster the life science work force and address disparities from
the ground up.

€€ The more options and more

choices they will make. 99

Offering Alternatives for Younger Students
While a knack for science aften manifests early—what scientist can't recall a fond memory
of an ant farm or a chemistry set? —turning that spark into a sustained career takes years
of study, planning, and dedication. So it makes sense that some initiatives focus on early
education and exposure, hoping o give Alrican-Americans a strong foundation. At the Uni-
versity of Texas Medical Branch (UTME) in Galvestan, for example, community science pro-
grams, including after-school workshops, summer camps and research programs, and career
days, start at the prekindergarten level and focus on underserved communities. As Clifford
Houston, UTMB's associate vice president for educational outreach, points out, “The whole
idea is to bring in students who have been ignored or disadvantaged.” And those students,
once engaged, show a commitment to science studies. Grades almost universally improve,
and at the popular UTMB-supported Galveston County Science and Engineering Fair, Houston
sees an increasing number of African-American entrants. “Not just presenting but winning,
getting first, second, or third place,” says Houston. "We can look at winners and say, okay,
Lthat person was in our summer science camp.” Houston feels the programs create alterna-
tives for local students who may not have considered science otherwise. “What we find is
that the more options and maore information students have aboul career choices, the better
career choices they will make,” he says.
Wayne Bowen, biology professor and co-director of the Molecular Pharmacology, Physiol-
ogy and Biotechnology Graduate program at Brown University, agrees that reaching African- a8
American students at a young age is crucial. But he thinks that providing good role models is
as impaortant as making sure kids learn. “African-American students don't see many people Regional Focus: North Carolina — June 8
like them in careers like this,” he says. "They've seen African-American doctors, maybe, but International Careers Report: UK and Ireland — June 22
scientists?” In 2001, Bowen served as the president of NIH' Black Scientists Association
(BSA), which works to increase the numbers and visibility of African-American scientists at
NIH. In addition to programs such as a seminar series, BSA often brings in continued » M\ .

"-.'.‘--u emamd B

Clifford Houston

UPCOMING FEATURES

Careers in Chemistry — August 10

www.sciencecareers.org/businessfeatures 911




® ONCAR

Focus on Diversity

“African-American students don't see
many people like them in careers like
this. They've seen African-American
doctors, maybe, but scientists?”
—Wayne Bowen

student groups to publicize science career opportunities, After one
presentation, says Bowen, a student came up to the assembled sci-
entists to tell them about his interest in oceanography. “Even though
hewas at NIH, National Institutes of Health, he saw an opportunity to
talk to someone who might know something aboul oceanography,™
says Bowen. “There was probably no one at his school who could
help him at all.”

Building Relationships As Challenges Grow

Mot every student who finds an interest in elementary or second-
ary school, however, will choose to pursue it through a demanding
university program. Many students, of all ethnicities, enter college
with the intent Lo study the sciences, and many leave; attrition is not
confined to a particular group. “But the problem is multiplied for un-
derrepresented minorities,” says George Langford, Dean of the Col-
lege of Natural Sciences and Mathematics at the University of Mas-
sachusetts at Amherst (UMass). “When students come into the uni-
versity, the numbers of white and black students with an interest in
the sciences are about the same. However, fewer minority students
complete their undergraduate degree in the sciences.” One problem
is budgetary restrictions: “We don't have sufficient infrastructure to
support the numbers of students. It's very expensive to support a
professor in the sciences, as compared to the humanities. We have
to investin labs, in faculty.” Tighter budgets mean large introductory
classes, which can be daunting, particularly when students don’t see
other African-Americans in the class or more importantly, teaching it.
"IF I look at UMass," Langford says, “well, | can count the number of
minarity faculty on my fingers.”

Such a homogeneous faculty can lead to lost opportunities. Often,
Langford says, African-American students miss out more on what's
not in a syllabus than what is. The issue isn't preparation, he says;
it's social capital, the culture of science rather than the content.
Knowing which professors to approach in a department, and how
often to drop into their offices; understanding which publications to
bring up in a conversation, or which professional associations to join;
assimilating the argot of the industry and separating slang from nec-
essary jargon: all these skills are as important Lo success as grades
and lab technique. “Minority students come in without that; so do
white students; but because it's transmitted culturally, it's hard for
white Faculty to transmit it to black students. Black students study
extremely hard, they do well, but they don’t always meet the cultural
requirements.” Langford is working with colleagues in other UMass
colleges, such as humanities and fine arts, developing new courses
and partnerships to help students and faculty understand the is-
sues they'll Face. Facilitating a dialogue between scientists and other
scholars, Langford hopes, will help life science faculty realize that not
all essential skills can be gauged with an exam.

In an effort to bring maore African-American scientists to campus,

912

UMass has also diversified graduate program recruiting and reten-
tion strategies. The university leads the Northeast Alliance for Gradu-
ate Education and the Professoriate (NEAGEP), a National Science
Foundation-funded program that unites large schools such as UMass
and the Massachusetts Institute of Technology with minority-serving
partner institutions. NEAGEP's arientation, mentoring, and tutoring
provide a stable community for African-Americans who choose Lo
study at UMass, while professional development opportunities help
them negotiate the first steps in their new career. Since the program’s
inception, the percentage of new life science doctoral enrollees who
are from underrepresented minorities has increased more than five-
fold, from 3 percent in 1999 to 15 percent in 2005. Other universities
support similar programs. For example, in the Leadership Alliance
Summer Research Early Identification Program (SR-EIP), headquar-
tered at Brown, participating students receive a stipend, travel allow-
ance, and housing, and work for eight to 10 weeks with a faculty or
research mentor at one of 32 alliance institutions. At the end of the
program, students present their findings at a national sympaosium.
The young researchers get valuable lab experience and a great net-
working opportunity, while faculty can use the program to identify
talented African-American students; Brown's Bowen says he often
uses the alliance database for recruiting.

Other members of the Leadership Alliance include several histori-
cally black colleges and universities (HBCUs), such as Howard Univer-
sity, Spelman College, and Xavier University of Louisiana. HECUs, of
course, produce significant numbers of African-American graduates
each year, and many are putling special resources toward science
programs. At Morehouse College, for example, ).K. Haynes, Dean of
the Division of Science and Mathematics, touts the Hopps Research
Scholars Program, supported by the US Department of Defense. The
Hopps program, in which students do research with chosen mentors
from freshman year until they graduate and take special classes fo-
cused on graduate school preparation, kicked off in 2006 with about
25 participants, but two recent classes of Packard Scholars followed
a similar program. "Al least 70 percent of those young men went to
graduate school,” Haynes says; with the right resources, he hopes to
bring that matriculation number up to 85 percent.

Supporting Work Force Breadth and Depth

Support for undergraduate and graduate programs that encourage
African-American scientists also comes from industry leaders. Merck,
in a partnership with the United Negro College Fund, awards at least
37 scholarships a year to African-American researchers at the under-
graduate, graduate, and postdoctoral levels; to date, the program
has trained more than 370 scientists. To Deborah Dagit, executive
director of diversity and work environment at Merck, the UNCF-Merck
program is far more than a feeder program for her company. “We seek
to prepare students for careers in the pharmaceutical industry, and
sometimes with our company, but also in other ways. For example,
farmer fellows can be our partners in clinical research.” Increasing the
number of African-Americans in biotech will benefit the industry as a
whole, she says; whether Merck sees adirect benefitis irrelevant. “We
really did this toincrease the number of black scientists, not to benefit
Merck in particular. If they're working with another health care com-
pany to address needs within the African-American community, then

we would have accomplished our goal.” contlinued »

www.sciencecareers.org/businessfeatures
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Focus on Diversity

Like Dagit, Rodney Moses, vice presi- ¢
dent of talent acquisition and talent man-

Amgen
www.amgen.com

™ versity efforts to thrive, it must support
employees internally, providing resources

agement al Invitrogen, thinks that diver-
sity efforts must work to invigorate the
entire industry, rather than a particular
company. “We have a day job, whichis to
meel our customers’ needs, but we also

Brown University
www.brown.edu

Invitrogen
www.invitrogen.com

and connections that increase retention
and promote talent. At Merck, Diversity
Awards highlight the contributions of Af-
rican-American scientists, among others,
and the Black Employee Network offers a

need to invest in the pipeline.” To that
end, Invitrogen is leading a new inilia-

JustGarciaHill
www.justgarciahill.org

range of networking and support oppor-
Lunities. The company also offers an inno-

tive that uses corporate funds to bolster
science education. Called the San Diego
Workforce Collaborative, the program is

Leadership Alliance Summer Research Early
Identification Program (SR-EIP)
www.theleadershipalliance.org/

vative mentor-matching program, which
works similarly to popular online services
such as Match.com; it helps interested

a combined effort by the State of Califor-
nia; a range of local technology and bio-
technology employers; and the San Diego
Workforce Partnership, an innovative job
training and employment program that
has pooled state and private resources to
rejuvenate the local work force. Invitrogen
hopes to augment the funds it already
contributes to community development
and scholarship opportunities by encour-
aging other San Diego biotech companies
to join the collaborative. “It's an opportu-
nity for the state to generate $1.3 million
in scholarship money,” says Moses. “That
would be a huge win if we could get other
companies involved.”

Focusing Resources to Foster Talent

Even the most skilled and talented stu-
dents, however, can have a hard time
finding their way once graduation comes
along. Most national science arganiza-
tions have subgroups that help young Af-
rican-American scientisls navigate career
planning, but more targeted organizations

matriarch/default.asp

Marehouse College
www.morehouse.edu

National Association for Blacks in Bio
www.nab-bio.org

National Institutes of Health
Black Scientists Association
bsa.od.nih.gov/bsaabout.htm

Mational Institutes of Health
Minority Access to Research Careers
www.nigms.nih.gov/minority/marc.html

Northeast Alliance for Graduate
Education and the Professoriate
WWW.Neagep.org

San Diego Workforce Partnership
www.sandiegoatwork.com

UNCF* Merck Science Initiative
www.uncf.org/merck

University of Massachusetts at Amherst
www.umass.edu

University of Texas Medical Branch
Science Education, Div, of Community Outreach
www.utmb.edu/oeo/Student_Programs

mentors meel other employees who share
their professional goals and interests.
Leveraging new lechnologies to support
time-tested career strategies, the sys-
tem can be a big help to a new employee
searching for advice and guidance.

Looking Forward, Reaching Out

Most scientisls agree thal mentoring,
whether formal or informal, is key to pro-
fessional success. According to Amgen
scientist Karla Savage, “There's a big
transition going from academia to indus-
try; things are a bit more formal and more
organized, and mentors can help to figure
it ouk." Like Merck, Amgen has a Black
Employee Network (BEN), which provides
opportunities for networking and profes-
sional development, brings in outside
speakers, and helps employees meel
other professionals who share their am-
bitions and experiences. The group also
performs outreach, and in this it helps to
bring diversity efforts full circle; employ-
ees who have benefited from diversity ini-

include JustGarciaHill, a virtual communi-
ty that seeks to support minorities entering science careers, and the
Mational Association for Blacks in Bio (NABB), a growing organiza-
tion that works to create networking and communication opportu-
nities between African-Americans in science careers. Chad Womack
founded NABB to fill what he describes as a large gap in the work
force pipeline. “There's no simple answer,” he says of the lack of Af-
rican-American scientists. “Part of it is recruitment and retention; not
just getting people into the pipeline, but getling people in the pipe-
line out.” NABB holds a national event, African-Americans in the Life
Sciences (AALS), at the Biotech Industry Organization’s annual con-
ference; regional branches will soon provide further networking op-
portunities, and a new journal will publicize research openings and
developments in critical issues such as health disparities. NABB also
plans what Womack describes as “a biotech boot camp,” a confer-
ence to help potential entrepreneurs learn how to contact investors,
find financing, and commercialize technology.

Organizations like NABBE may make it easier for companies to
find talented African-American scientists. But for a company’s di-

914

tiatives are eager to pass on what they've
learned. In February, for example, the Amgen BEN held a youth sum-
mit to discuss the achievements of black scientists with local Afri-
can-American students. “Young people are always so excited to see
people who have impressive jobs,” says Savage. "There's more to
science than just being a doctor. We can help foster their career ex-
ploration as they grow older.”

In the end, building a robust, diverse science work force will take
vigorous effort from many camps. The good news is that a host of
programs in government, academia, and industry are dedicated to
increasing the numbers of African-Americans in science. With con-
tinued efforts, education and recruiting programs should soon bear
fruit, bringing new power to the life sciences. Says Merck's Dagit,
“We feel strongly that our internal talent needs to match the market-
place, | think the life sciences have been a little too late to the party
on bringing our talents and resources to bear on solving some of the
critical issues within a given community. I'm proud to work for a com-
pany that feels strongly about that.”

Alethea Hannemann is a San Francisco-based freelance writer.

www.sciencecareers.org/businessfeatures
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I've got the

®

science

In me.

Pure Science. It's the building block of life at
Invitrogen. That's because a career here requires
an unyielding commitment and focus on
science. And even though we all have this core
value in common, we recognize and embrace
our differences. It's the uniqueness of the
individual collaborating across teams, across
departments, and across cultures that has made
us a global biotech leader.

At Invitrogen we understand that creativity and
innovation are forged best in an atmosphere of
openness where different perspectives, skills,
and passions are embraced and encouraged.
We're about asking questions and finding
answers no matter where the journey takes

us. We're about taking risks and fearlessly
embracing new frontiers in science - one
scientist at a time, one team at a time, one
customer at a time.

We invite you to discover life at Invitrogen
where the spectrum of opportunity is
virtually unlimited.

Visit us online at www.invitrogen.com/careers.

We are proud to be an Equal Opportunity
Employer dedicated to hiring a diverse
work team.

& invitrogen
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NSF-IGERT Opportunities at the
University of Wisconsin-Madison

Exceptional students mterested ininterdisciplinary and imemational
environmental study are invited to apply for traineeship with generous
stipend. wition waver, and health benefits. Opponunities are available
in twa different programs

Bipdiversity Conservation and Sustainable Development in
Southwese Clina

IGERT trminees will address the mteractions of ecology, livelihoods,
and govermance by pursuing a PhD in one of over a dozen depart-
ments and participating in IGERT seminars, workshops, language
traming, and feld research in the Himalayvas of Yunnan, China - a
“biodiversity hotspot,” The application deadling for this program is
February 1, 2008,

Leam more: http://www.swehina.wise.edu

Certificate on Humans and the Global Envirenment - the
CHANGE ITGERT (Nelson Instinte for Envirommental Studies)

CHANGE IGERT fellows acquire a greaduate certificate that
blends natural science, social science, and humanistic approaches
to understanding environmental vulnerability and sustainability as
they pursue their PhD. The application deadline for this progmm is
January 2, 2008,

Lenm more: httpafwww.sage.wise.edufigert/
THE UNIVERSITY

WISCONSIN

MADISON

E<BROAD

INSTITUTE

The Broad Institute

was founded (o empower
scientists of all kinds to
work together on difficult,
diverse, critical genamic
and biomedical challenges
The Institute is a unigue
collaboration between the
MIT and Harvard academic
and medical communitios,
and it offers the resgurces
and beneafits provided to all
MIT employees, including:

= Competitive pay

* Medical, dental,
life insurance plans

* 401(k) plan with
matching contributions

+ Tuition assistance plan
* Four weeks of vacation

It's in Your Genes.

Join a team that works the way
you've always wanted to work.

Opportunities include: Research
Scientists, Aesearch Technicians,
Scientific Management, and
Computational Scientists and
Engineers. Visit our website 1o view
our current oppoariunities and apply:

after one year www.broad. mit.edufinfo/careers
g T-Pas:tsubmdr program e Broad Institute i an equal
= Athletic and opporfunityfaffirmative acton

fitness centers
+ Child care services

amplayar.

DIRECTOR
Mount Sinai Cancer Institute
The Mount Sinai Medical Center ;
Mount Sinai School of Medicine MUUUt
Mount Sinai Hospital Slnal
New York, New York

HOHENT SIRAS
SCHOOL OF
HEDICINE

The Mount Sinai Medical Center is recruiting for an outstanding physi-
cian scieist 1o serve as the Director ofthe Mount Sinan Cancer [nstitute.
The Mount Sinai Medical Center has recently completed a sirategic plan
and has embarked on a | Billion dollar capital campaign. A major priority
of the strategic plan 15 0 major expansion of cancer programs, resulting
in a doubling of faculty, research space, and clinical facilities.

The Director will have the opportunity to build an ouwtstanding com-
prehensive cancer progrum with an emphasis on tmnslatnonal research
leading to therapeutic breakthroughs.,

Mount Simai is currently mnked amongst the wp 20 medical schools in
MIH funding and places a strong emphasis on the integration of basic and
clinical research. The leadership of The Mount Sinai Medical Center is
commitied (o establishing one of the nation’s premier cancer programs
located m an academie full service medical center, The Medieal Center
will provide the resources necessary (o recruil and retain the highest-
quality seientists and climicians.

The position requires that the candidate have an M.ID., or M.DJPh.D.,
an outstanding record of scientific accomplishment in cancer research
and exceptional leadership ability.

PROCED'RE FOR CANDIDACY — For further information about
how to apply for this position, please contact: Dennds 8. Charney, MLID.,
Dean, Mount Sinai School of Medicine, Excecutive Vice President for
Academic Affairs, The Mount Sinai Medical Center, One Gustave L.
Levy Place, Box 1217, New York, NY 10029-6574: Phone (212) 241-
5674: Fax. (212) 824-2302; Email: dennis.charneyvi@mssm.edu.

Assistant/Associate Professor
Department of Pharmacology, Physiology and Therapeutics

University of North Dakota
School of Medicine and Health Sciences

Applications are invited for one full-time tenure-rack faculty position
al the Assistant/ Associate Professor level, Applicants for this faculty
position must have a PhuD, or equivalent degree with at least three vears
of postidoctoral training. Applicants for the position al the Associate
Professor level must have evidence of significant independent funding,
Preference will be given to those applving mass spectrometne, pro-
teomic and/or modem molecular strategies w0 arcas of existing strength
in the Department; namely cellular signaling, neuroscience and aging.
A number of our faculty members are supported by a S-year $10.3 M
COBRE (NIH) grant that was recently renewed for a second S-year
pericd to study “Pathophysiological Signaling in Meurodegenerative
msenses.” The successful candidate will be expected 1o momntam an
active extramurally funded research program and paricipate in team-
taught graduate and medical courses.

Please send current curriculum vitae, contact information for at least three
individuals willing 1o serve as references, and descriptions of previous
and proposed research as well as weaching expenence to: Dr. Jonathan
Iy, Geiger, Professor and Chair, Department of Pharmacology,
Physiology and Therapeutics, Box 9037, University of North Dakota,
Schonol of Medicine and Health Sciences, Grand Forks, NI 58203
(Ph. T01-777-2183, Fax 701-777-4490, jeciger i@ medicine.nodak.cdu).
Applications will be reviewed as received unul the position 15 filled.
The University of North Dakota, with about 13,000 students, is located
in Grand Forks, ND, a family-onentated community of over 50,000
people with excellent schools, parks, and abundam yvear-round owtdoor
recreational activities,

The University af North Dakata is an Equal Qpporiunit
Affirmerive Action Emplover and invites appdications from alf
guiclificed fvelividhials.

www.med.und.nodakedu/depis/pharm




DEPUTY DIRECTOR
National Institute of Diabetes and Digestive and Kidney Diseases g?&
Department of Health and Human Services -

Mational Institutes of Health

THE POSITION: The National Institule of Diabetes and Digestive and Kidney Discases i NIDDK) s secking exceptional candidates for the
position of Deputy Director ol the Institute. The incumbent serves as an active partner with the NIDDK Director in the leadership of a 1.8
billion national organization that conducts and supports biomedical and behavioral research. The NIDDEK supports and conducts research to
understand, treat, and prevent some of the most common and severe diseases alfecting the public health, and disseminates research findings
and health information w health care professionals, patienis and the public through national health information and education programs
Chttp:fwww2loniddknih.gov/). This position offers a umque and exciting opportunity for an extremely capable individual to share
respensibility in providing strong and visionary lcadership to an organization dedicated to uncovering new knowledge and technologies, both
basic and clinical. The NIDDK secks candidates who have a commitment to scientific excellence and the energy, enthusiasm, and innovative
thinking necessary 10 help kead major strategic planning initiatives and their subsequent carciul implementation. The Deputy will be expected
to represent, and speak on behall of, the Director and the Institute before Members of Congress and their stafls, high level Government
officials, leaders of national volumary and professional health organizations, and leaders in business, science and academia.

QUALIFICATIONS REQUIRED: Applicants must possess an M., Ph.D. or equivalent degree, as well as senior-level rescarch
expericnee or knowledge of research programs in one or more of the following discase arcas: diabetes, endocrinology and metabolic dis-
cases; digestive discases and nutrition; and kidney, urologic, and hematologic discases. Candidates should be outstanding commumnicatorns
and known and respected within their professions as distinguished individuals of outstanding competence.  Applicants should also
demonstrate the abnliy o thimk strmegcally, work collaboratively and wse a consultative approach 1o problem selving and decision making.

SALARY/BENEFITS: Salary is commensurate with experience and a full package of Civil Service benefits is available, including:
retirement, health and hife msurance, long term care insurance, leave and savings plan (401K equivalent). This position s subject to a
background investigation,

HOW TO APPLY: A Curriculum Vitae, Bibliography, and two letters of recommendation must be received by July 2, 2007, Application
packapges should be sem 1o the National Institutes of Health (NIH ). National Institute of Diabetes & Digestive & Kidney Diseases
(NIDDK), 31 Center Drive, MSC 2560, Building 31, Room 9A-16, Bethesda, Maryland 20892, For further information, please call
(300 594-7772. All information provided by candidates will remain confidential and will not be released outside the NIDDK scarch
process without a signed release from candidates.

DHHS and NTH are Equal Opportunity Emplovers

nepgll_'ltiﬁt > SANTA FE INsTITUTE AFFYMETR IX@
[ ]

Cell Biology
Yale University

School of Medicine Undergrad, Grad, f
Yale Umiversity School of Medicine Postdﬂ'ctﬂ'ml F‘EIIOWShiP =

announces a search for Chair, Depariment PL] s e
of Cell Biology. This department, which was ﬂppurtumtles Allymetrix, Inc. is a pioncer in creat

founded by Geonge Palade inthe carly 19707, A N T Caticing ing l‘”.":"mhm“%h 1_"“15 “.m .'!ru.-.lrn )
can be arguably considered the birthplace of Annual Lomplex Systems ing the genomic revolution. “ln‘_i""?
modem cell biology, and 115 research has Summer Schoal/Graduare actively recruiting in our Emeryville.
consistently been at the forefront of the field. % i . t Sacramento, Santa Clara and South
The suceessiul candidime will be expected 10 1"':5""‘\’:"I"-:‘l'l'-"_‘ﬂI mn (_,HII‘I!,'JLJ.['J'[!HI‘I'.I] San Francisco locations. Positions
possess an oulstanding academic record in Social Sciences/ Postdoctoral are available at various levels in the
rescarch and education, together with dem- Eell hi following depariments:
onstrated leadership capacity. He/she must clowsniIps. « Research and Development
meet ||'Il..' I.'\.‘L'IL[I!'L"]'I'IL:'I“.‘\ 1:]]’ :ll'lpﬂll'llll'll.'lll iy .[I"} .[ ]]1i 1 I{ it |'|_ Ilh I. lant

= e —_— Scientists, Rescarch Assistants
Full Professor at Yale. Application deadlines vary. S e

‘ Associates)

Interested candidates should send a curncu-
lum vitae and hibliography, a brief statement
of programmatic goals, and a list of profes- .
sional references prior to July 30, 2007 either SFlisa private nonprofit science

* Manufacturing (Engineers)
* Finance/I'T and Human Resources
{ Analysts, Programmers, Accoun-

See: www.santafe.edu

: - lants)
clectronically (1o darlene.a.smithia vale.edu) 7 : .
v b Ak 36 : research and educarional center « Sales and Marketing
Jorge E. Galiin, Ph.D. ﬂ:cusing on the common fun- N . i .,
Chair, Cell Biology Scarch Committee e i i ! lo apply for one of these positions
c/o Elinor Lutch damental [.'II']I'IL‘I].'I]L‘i-i mn I-"‘}]}'HL"J-L or o explore other carcer opportuni-
Dean’s Office, Yale Medical School cum;‘:ur-.uiun;ﬂ. l)iulngit‘;ﬂ. and ties with us, please visit Affymerrix

333 Cedar Street, €203 SHM :
Post Office Box 208055 social complex systems.

New Haven, CT 06520-8055

Yerle Universiry is anr Equal COpportuniry,
Afftrmative Action Emplover. Minoritfes and
WEAROR e I'."HIL'UHJ"{H_I."L'HI Har M';J‘I'Jlrl.'.

online at http:dwww.alfvimetriv.com/
corporate/carcers/index.aflx.

SEL is an equal opportunity employer.
Women and minorities are encour-
aged 1 apply.

Affvmetrix is an Egnal Opportunity
Emyplener,

ScienceCareers.org
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THE HONG KONG

POLYTECHNIC UNIVERSITY
it 2 T

DEPARTMENT OF HEALTH TECHNOLOGY AND INFORMATICS
CHAIR PROFESSOR (tenable from 1 September 2007)

The Hong Kong Polviechnic University is the largest governmeni-funded teniary institution in Hong Kong with a total student headcount of about 27 500, of which
13,6000 are full-time students, 13,000 are part-time students, and 900 are mixed-mode students. The University has 26 academic departments and units grouped under
six facultics, as well as 2 independent schools. It has a full-time academic stafT strength of around 12000 The total consolidated expenditure budget of the University
15 1n excess of HES4 billion per year.

The Hong Kong Polviechnic University aims (o appoint a Chair Professor to provide leadaship in the Department of Health Technology and Informatics, including
research and teaching. The position, tenable from | September 2007, is expectad to be filled preferably by a leading academic in the areas of either *Biomedical
Science”™ or “Medical Imaging & Radiation Science™

The Department of Health Technology and Informatics houses the disciplines of Biomedical Engincering, Medical Laboratory Science and Radiography. The Depart-
ment offers programmes st various levels, from BSe to PhD. The Department currently has 29 faculty members, with over 20 technical, clinical and administrative
personnel, plus around 85 research students and research staft, 135 postgradunte students, and 300 undergmduate students. It is a key lending academic unit in the Joint
Umiversities Consortium on Biomedical Engineering — a deep collaboration between The Hong Kong Polviechnic Umiversity and The Chinese University of Hong
Kong. The Depariment hosts an interdisciplinary Research Centre for Musculoskeletal Bioengineering and the Joint PolyU-Zhejiang University Research Centre for
Mewral Systems and Rehabilitation Engineening. It operates two clinics providing specialised services, numely, the Jockey Club Rehabilitation Engineering Centre and
Clinee, andd the Radiography Chinee. Information on the Depariment can be obtuined through s departmental homepage at hotp:/'www.polva.edu. hk i,

Applicants should have a PhD degree and an outstanding track record as a Professor for some vears. Previous workmg expenence in the professional discipline
and a recogmised professional qualification are desirable. The candidate must have attained infernational recogmition i his'her expertise, a strong track record of
publications in top=tier international jounals, and an exemplary record of extenal research and consultancy funding. Interdisciplinary leadership experience would
be considersd as a major assel,

Imitial appointment will be made on a fixed-term gratuty-beanng contract. Re-engagement thereafler is subject to mutual agreement. Remuneration package wall be
highly competitive.

Applicants are invited to send detailed curmculum vitae with names and addresses of two referees o the Human Resources Office, 13/F, Li Ka Shing Tower, The
Hong Kong Polvteechnic University, Hung Hom, Kowloon, Hong Kong (Fax: (852) 2764 3374: E-mail: hrstaffie polvoeduhk). Reeruitment will continue
until the position is filled. Candidsture may be obtained by nomination.  The University reserves the right not to fill this post or 1o make an appointment
by invitation. General information about the University 15 available on the University™s World Wide Web Homepage http: fwww.polywedu.hk, or from
the Human Resources Office (Tel: (852) 2766 4653). Details of the University’s Personal Information Collection Statement for recruitment can be found
at hetpewww polvo.edu hkhrofjobpics. him,

Nurturing talents and innovating since 1937 BB HwW F-t+F HNEHNTFAIA

TENURE-TRACK FACULTY POSITION
SCHOOL OF

VETERINARY MEDICINE

University of Wisconsin-Madison

Environmental Physics & Climate Dynamics

The Divisions of Engineering and Applied Science
and Geological and Planetary Sciences at the
California Institute of Technology invite applications
and nominations for a tenure-track laculty position in
Eovironmental  Science and  Engineering at  the
assistant prolessor level,

Tenure Track Faculty Positions for

Influenza Research:
Epidemiology, Immunology, Bicinformatics

The Depaniment of Pathobiological Sciences, School of Veterinary
Medicine, University of Wisconsin-Madison, invites applications for
three tenure track faculty positions 1o collaborate with investigators in
molecular virology, pathogenesis, and cellular immunclogy at its new
Influeneza Rescarch Instiute. Applicants must have a PhD in epidemiol-

The normal term of the initial appointment is four years and is
contingent upon completion of a Ph.D. degree. Exceptionally

qualified applicants may also be considerad at the Associate or
Full Professor level.

Our focus is on candidates who have an outstanding research
record in environmental physics or climate dynamics and have a
commitment to teaching in these areas. Research areas may
include: atmosphere and ocean dynamics, climate physics,
cloud dynamics, air-sea interactions, and ice dynamics.

Applicants are asked 1o wvsit:
http:/fwww.eas.caltech.edu/searchfenv_physics_climate
for instructions on how to apply online. Electronic (pdf) copies of
a curriculum vitae {including a list of publications), a staterment
of teaching and research interests, and three publications are
raquired as a part of the application.

]

Division of Engincering and Applied Science
Colweeh is av Expar! -Chppror tandnedA i rmwarive- Actvon Emplaver,
Weormen, mimerilies, vereran, ool dinehiiesd persons ame sncouneped i appdy

CALIFORNIA INSTITUTE OF TECHNOLOGY

ogy, immunology, of bioinformatics, a keen interestin influenza research,
astrong record of research productivity commensurate with experience,
as well as the ability and desire to establish an extmmurally funded
research progrm Candidates are expected o developa solid independent
extramurally funded influenza research program, preferably in inmate
immunity 10 viral infections, the epidemiology of influenza domesti-
cally and intemationally, or viral evolution and bioin formatics of viral
provdeins and RNA, Successiul candidates will panicipate, 1w oa limited
extent, in the mstructional activitics of a professional, undergraduate,
and/or graduate course related 1o their discipline. Relevant post-doctoral
or prior faculty experience is requined. Positions will be filled at the level
of Assistant Professor.

Applications, including curriculum vitae, a short letter of research
mterests, and names and addresses of ot least theee references should
be sent via surface mml or emal w: Dr. R.D. Schultz, Professor and
Chair, Department of Pathobiological Sciences, School of Veterinary
Medicine, University of Wisconsin-Madison, 20015 Linden Drive,
Madison, Wisconsin S3T06-1102: (60%) 263-988%: schultzrimsvm.
vietmed. wisc.edu.

The University of Wisconsin is an Equal Opporturity and Affirmative
Action Emplover: Minorities and women ave strongly wiged to apply.
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Nanotechnology is considered to be one of the most important

emerging technologies worldwide. Through the controlled
manufacture and structuring of materials, it allows the creation

of completely new product properties. It is an innovation driver
for many industry sectors. BASF is one of the leading companies

in the field of chemical nanotechnology

The BASF conference on Nanomaterials will foster the exchange
of ideas, techniques, expenments and applications. A series

of lectures will be given in order to match BASF's future vision
with current activities of the research institutes in the field of
Manomaterials. Leading scientists from all over the world will be
participating in the conference as speakers on the following topics:
1. MNanomodified and nanostructured materals and foams

2. Synthesis and modification of nanoparticles

3. Nanotechnology for electronics

4. Interface of bio- and nanotechnology

Invitation procedure

The conference is open to every young researcher at the PhD,
post-doctoral or junior professor level, working in the four fields

mentioned above, Full scholarships for participation are available —

please send your CV and an abstract for a poster referring to these

} 1 BTl

asf.com by June 30, 2007.

topics to andreas.a.fechtenkoetter@!

We look forward to meeting you in Singapore.




tE NATIONAL INSTITUTES OF HEALTH

N-[DDK (’( ) Tenure-Track Position in Endocrinology and Metabolism and Human Obesity
Y/ National Institute of Diabetes and Digestive and Kidney Diseases

We seck an outstanding scientist to direct a vigorous, innovative rescarch program in the Clinical Endocrine Section of the Clinical
Endocrinology Branch to advance knowledge in the arca of obesity and weight regulation with particular emphasis on the neuroen-
docrine aspects of weight regulation and the role of sleep in obesity. Applicants must be highly motivated and have a demonstrated
track record through publications that address significant contributions to the field of endocrinology and metabolism. The successful
sandidate is expected o develop an independent. world-class research program complementary to current investigations within the
Branch. The position comes with generous start up funds and on-going support.

The Clinical Endocrinology Branch. NIDDK is located on the main NIH campus in Bethesda, Maryland. a suburb of Washington
DC. The Branch represents interests similar in range to those of an academic department. There are strong interactions among the
independent rescarch groups. and the position offers unparalleled opportunities for interdisciplinary collaboration within NIDDK
and throughout NIH. Applicants should submit a curriculum vitac, bibliography. copics of three major publications. a summary of
research accomplishments, a brief statement of future rescarch goals, and arrange for three letters of reference to be sent to:

Dr. James Balow, Chair, Search Committee, ¢/o Glynnis Vance, NIDDK, 9000 Rockyille Pike, Building 10-CRC/Room 5-
2551, National Institutes of Health, Bethesda, MD 20892

Application Deadline: June 8, 2007

7"y Tenure-Track Position in Clinical Research in Diabetes and Kidney Disease
N]DDK () National Institute of Diabetes and Digestive and Kidney Diseases

We seek an outstanding seientist to direct a vigorous, innovative clinical research program in the epidemiology, physiol-
ogy, and treatment of type 2 diabetes, diabetic nephropathy, and related disorders. Applicants must be highly motivated
and have a demonstrated track record through publications that address significant issues of causation, prevention, and
treatment of these conditions, Applicants must also be licensed to practice medicine in one of the United States and
have substantial experience in community relations. recruitment, and clinical research among US minority groups. The
successful candidate is expected to develop an independent, world-class research program complementary to current
investigations within the Phoenix Epidemiology and Clinical Research Branch (PECRB). The position comes with
generous start up funds and on-going support.

The PECRB, NIDDK is located in Phoenix, Arizona. The Branch represents interests similar in range to those of an
academic department. There are strong interactions among the independent research groups, and the position offers
unparalleled opportunities for interdisciplinary collaboration within NIDDK and throughout NIH. Applicants should
submit a curriculum vitae, bibliography, copies of three major publications, a summary of research accomplishments,
a brief statement of future research goals, and arrange for three letters of reference to be sent to:

Dr. James Balow, Chair, Search Committee, ¢/o Glynnis Vance, NIDDK, 9000 Rockville Pike, Bldg. 10-CRC/Rm.
5-2551. National Institutes of Health, Bethesda, MD 20892

Application Deadline: June 8, 2007.

THE NIH 1S DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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Tenure-Track Position in Human Energy Metabolism
NIDDK ({) National Institute of Diabetes and Digestive and Kidney Diseases

We seck an outstanding scientist to direct a vigorous, innovative research program in human energy metabolism and serve as Director
of the newly established Metabolic Core Laboratory (MCL), Clinical Endoerinology Branch, NIDDK. The MCL performs a number
ol analyses including exercise testing, physical acuvity monitoring, body composition measurement, and 24-hour energy expenditure
analysis in health and disease. Applicants must be highly motivated and have a demonstrated track record through publications
that address significant contributions in the areas of energy expenditure and physical activity as it relates to metabolism and weight
regulation. The successful candidate 1s expected to develop an independent, world-class research program complementary to current
mvestigations within the Branch and to successfully oversee the functioning of the MCL. The position comes with generous start
up funds and on-going support.

The Clinical Endocrinology Branch, NIDDK 15 located on'the mam NIH campus in Bethesda, Maryland, a suburb of Washington
DC. The Branch represents interestssimilar in range to those of an academic department. There arc strong interactions among the
independent research groups, and the position offers unparalleled opportunities for interdisciplinary collaboration within NIDDK
and throughout NIH. Applicants should submit a curriculum vitae, bibliography, copies of three major publications, a summary of
research accomplishments, a brief statement of future research goals, and arrange for three letters of reference to be sent to:

Dr. James Balow, Chair, Search Committee, ¢/o Glynnis Vance, NIDDK, 9000 Rockville Pike, Building 10-CRC/Room 5-
2551, National Institutes of Health, Bethesda, MD 20892.

Application Deadline: June 8, 2007

NLZ\M Diabetes Unit For students, recent graduates, and
SE Postdoctoral Research Positions postdoctoral, research, and clinical fellows.
Laboratory investigations focus clucidating molecular mecha- Your on-line guide to training with the best
nisms for functional foods and nutritional supplements that may
be beneficial for treating discases such as diabetes and metabolic Ao frmil
svindrome that are characterized by reciprocal relationships biomedical research institution.
between insulin resistance and endothelial dvsfunction (sce
Circulation 113:1888-1904, 2006). Positions are available for In Bethesda, Maryland,
acjcnlir‘.l:- with M.D. ﬂ.lh.l or Ph.D. degrees and less Ih:an five years ard at other NIH laboratories.
of postdoctoral experience. Molecular and cellular biology expe- Office of Intramura) Training
ricnce and a strong publication record are cssential. The salary and Education
; : : Bethescda, Maryand
will be commensurate with your expericnce. 20892
BO0.445.8283

The Diabetes Unit, NCCAM provides state-of-the-art rescarch

facilitics in the intramural program at NIH in addition 1o a o r'
collegial and nurturing working environment. Please forward
your CV, bibliography, list of three references, and a cover letier l C

slating vour scientific interests and experience to:
Michael J. Quon, M.D., Ph.D. (email:quonmia nih.cov, Dia-
betes Unit, NCCAM, NI 10 Center Drive, Building 10,

Room 6C-205, Bethesda, MD 20892, W trajnrng n’h gov
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Tenure-Track Position in Molecular Genetics
NIDDK @)

National Institutes of Diabetes and Digestive and Kidney Diseases

We seek an outstanding scientist to direet a vigorous, innovative research program in Molecular Genetics in the Genetics
and Endocrinology Section/Metabolic Discases Branch. Applicants must have a demonstrated track record of significant
publications that address identification and mechanisms of action of tumor genes. The successful candidate is expected to
develop an independent, world-class research program complementary to current investigations within the Branch. The
position comes with generous start up funds and on-going suppert.

The Metabolic Discases Branch of NIDDK is located on the main NIH campus in Bethesda, Maryland, a suburb of Wash-
ington DC. The Branch represents anterests similar in range to those of an academic department with groups studying
G-proteins and hormone-secreting tumors including those mediated by the MENT or HRPT2 genes in man. There are
strong interactions among the three independent research groups. and the position offers unparalleled opportunities for
nterdisciplinary collaboration within NIDDK and throughout NIH. Applicants should submit a curriculum vitae, bibli-
ography. copies of three major publications, a summary of research accomplishments, a brief statement of [uture rescarch
goals, and arrange for three letters of reference to be sent to:

Dr. Dan Camerini-Otero, Chair, Search Committee, c/o Linda Robinson, NIDDK; 9000 Rockyille Pike, Building
5/Room 201, National Institutes of Health, Bethesda, MD 20892,

Application Deadling; June 15, 2007.

( Tenure-Track Position in Human Molecular Genetics
NIDDK ()) National Institute of Diabetes and Digestive and Kidney Diseases

We seek an outstanding scientist to direct a vigorous, imnovative rescarch program in the molecular geneties of human type 2 diabetes
and/or obesity, in particularas these discases relate to the Pima Indian population of Arizona. Applicants must be highly motivated
and have a demonstrated track record through publications that address significant 1ssues of discovery of genetic susceptibility fac-
tors to these conditions in humanpopulations, The successtul candidate 1s expected to develop an independent. world-class rescarch
program complementary to current investigations within the Phoenix Epidemiology and Clinical Research Branch (PECRB). The
position comes with generous start up funds and on-going support.

The PECRB, NIDDK is located in downtown Phoenix; Arizona. The Branch represents interests similar in range to those of an
academic department. There are strong interactions among the independent research groups, and the position offers unparalleled
opportunities for interdisciplinary collaboration within NIDDK and throughout NIH. Applicants should submit a curniculum vitae,
bibliography, copies of three major publications, a summary of rescarch accomplishments, a brief statement of future research goals,
and arrange for three letters of reference (o be sent to:

Dr. Dan Camerini-Otero, Chair, Search Committee, ¢/o Linda Robinson, NIDDK, 9000 Rockville Pike, Building 5/Room 201,
National Institutes of Health, Bethesda, MD 20892,

Application Deadline: June 15, 2007

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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NTDDK (( POSTDOCTORAL FELLOWSHIPS IN MOLECULAR AND CELL BIOLOGY
)) Mational Institute of Diabetes and Digestive and Kidney Diseases (NIDDK)

We are secking outstanding postdoctoral candidates holding a PhD, an MD or an MD-PhD with a background in molecular and cell biology and genetics
interested i the following research lopics:

A) IDENTIFICATION OF NMOVEL REGULATORS OF MESENCHYMAL STEM CELL SPECIFICATION

The laboratory studies the transcriptional regalation of adipogenesis and 15 currently interested m the characterization of novel molecules that can influence
adipocyte cell lineage specification. 11 you would like 1o apply for a postdoctoral position in this laborstory, please send your curriculum vitae with a cover
letter to Dr. Elisabetta Mueller (elisabettamirmd dk.nih.gov). To learn more about our research, please visit our lab website at http:/intramural.nidd K.nih.
gov/research/Taculty.asp?People_ID=1T02

B) SKELETAL MUSCLE STEM CELL REGULATION

Our laboratory studies the role of TGF-beta family members in skeletal muscle development and metbolisme. A postdoctoral position is available 1o study

the regulation of adult skeletal muscle stem ecll quiescence and activation, Please send your curriculum vitag witha cover letter to Dr. Alexandra McPhermon
{mepherronademiddk.nih.gov), To leam more about our rescarch, please visit our lab website at hitp:/fintramural.niddkoih.gov/research/Tacultv.asp? People_
1D=1701

C) BIOLOGY OF SPHINGOLIPID SIGNALING

The laboratory studies the signaling fumctions of sphingolipids. a diverse group of cellular lipids, with focus on their roles in immunity and inflammation. 1f you
would like to apply for a postdectoral position in this laboratory, please send vour currieulum vitae with a cover letter to Dr. Richard Proia (proiainih.gov). To
learn more about our research, please visit our lab website al http:fintramural.niddk.nib.goviresearch/faculty.asp” People_ID=1533

Applications will be reviewed upon receipt. The selected candidates will be contacted for an interview within a month from the application.

Postdoctoral Research
Training at NIH

Launch a career to improve hurman health

Work in oneof 1250 of the most innovative and well-
equipped biomedical research laboratories in the world

Explore new.options in interdisciplinary and
bench-to-bedside research

Develop the professional skills essential for success

Earn an excellent stipend and benefits

Click on www.training.nih.gov

Office of Intramural Training and Education
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Chief Scientist to head new theoretical biology or bioinformatics laboratory
Permanent Position, RIKEN

RIKEN invites applications for the position of Chiel Scientist (Laboratory Director) 10 head a new laboratory for theoretical biology or
bioinformatics. Applications from overseas are welcome. The successiul candidate will be responsible for tha laboratory’s overall management
and research strategy, directing research projects and contributing to more general aspects of RIKEMN's management and research planning
activities.

Laberatery - RIKEN Discovery Research Institute (DRI} will establish a new laboratory for biology research focusing on in silico biclogy. One
of the directions taken by the life sciances in the post-genome era is the in silico reconstitution of biomolecules, cells, and tissues uwsing
theoretical and mathematical approaches. Related to this is bicinformatics, the processing of massive volumes of omics databases.

Job title and number of positions - Chief Scientist, one person

Qualifications - Applicants should have ability and experience equivalent to that of a professor who manages research at a univarsity
graduate school, and appropriate research experience supported by a distinguished research record and the ability to play a pivotal role
in these areas. This position is open 10 all nationalities.

Location - RIKEN. 2-1 Hirosawa, Wako, Saitama, 351-0198, JAPAN

Status - The post is a permanent appointment, subject to RIKEN's mandatory refirement age of 80. However, it is possible, depending on
evaluation results, to continue research after the age of B0 (73 maximum) as a Distinguished Senior Scientist. Terms and conditions of
employment shall include a direclor-level salary, annual salary system, and bonuses, and be in accordance with RIKEN's procedures for
appointing Chiet Scientists.

Deadline and documenis to be submitted - Applicants should send a full curriculum vitae and photograph; list of publications; one copy
each of five key publications; a statement (about 5 Ad-size pages) explaining former research experience and proposals for research at
RIKEN; and the mames and addresses of three referaes. Please write to the address below for further details. All applications should reach
RIKEN by September 30, 2007.

Personal infoermation - Submitted documents will be handled in accordance with the RIKEM rules concerning personal information, and
only used for screening applications for this position. Personal information will not be disclosed, transferred, and lent to any third party
without a justifiable reason.

Starting date - April 1, 2008 or as soon as possible after then.

Motes - Submitted documents will normally not be retumned. Information about RIKEN and its procedures for appointing Chief Scientists
is available on the RIKEN website: hitp:/fwww.riken.jp/engn/r-world/info/recruitfindesx. htmi

Inquiries, and where applications should be submitted - Dr. Minoru Yoshida, Head of the Chief Scientist Nominating Commiltee,
Chemical Genetics Laboratory, RIKEN, 2-1 Hirosawa, Wako, Saitama, 351-0198, JAPAN Tel.: +81-48-467-9516 / Fax: +81-48-462-4676 /
E-mail: yoshidam@riken.jp

Open Rank
Tenure Track Position

UniverSity Of Heidelberg The University of North Carolina at Chapel

Hill, Department of Genetics. in conjuncs
ton with the Carolina Vaceme Instiute, s
searching for mdividuals with promasing or
eatablished research programs in the broadly
defined aren of genetics of pathogenesis and

The Faculty of Medicine Mannheim, University of Heidelberg offers the position of a its application to vaccine design.
Full Professor (W3) of Urology R e e s s TR
(formerly held by Prof. Dr. Peter Alken). dl':i;. ~.rlr ;;LJT:::E a ::tlll':ui;gdrw:ﬂqnl’ recent

The Full Prafessarship will ba a tenured position. The successful canddate should have a :lstrﬁrshed accomplishments as a posidoctoral fellow
record of qualifications in all areas of urclogy. The Department of Urology should secure ; 2 g v b
!eval patient care in all clinical in- and outpatient areas. It should furthermore have a special or sustained productivity as an established

on Uro-Oncology. The successful candidate should actively take part in established and davabpng faculty member. Candidates chosen will be
research programs of the Faculty in the field of oncology, medical technology, vascular mecdicineg placed in a tenure track position at The Uni-
mﬂflmﬁﬁﬁllm l'lﬂfﬂhﬁwm actively participate in restructuring the undergraduate versity of North Carolina at Chapel Hill,
curriculum a .
W?WI candidate should I:?a Eli:w:tl?ﬂ certified urologist ﬂgﬂmhmkh' !'Ff'llli'ﬂﬂg inter- Applicants should send a curriculum vitae, a
nal acknowledged academic qualifications commensurate rank of a full professor A e By
with life-time tenure including extraordinary cinical and teaching skills, a distinguished record of e bkl b s
uﬁwm administrative experience and an understanding of deparimental financing in of three I:ﬂ;;:‘;‘;‘-l';"j:h iR
un . " £
The successful candidate will fulfil his/her clinical duties with the University Medical Centre Mannheim; Director, Carolina Vaccine Institute
to this end he/she will be appointed Chainperson of the Dept. of Urclogy at University Medical Centra University of North Carolina
Mannheim. In this respect, ha/she will negotiale a separate contract with the University Medical at Chapel Hill
Centre Mannheim, Campus Box #7292
The position is available unimited. in casa that the successiul candidate has not been ad 10 a professonship L W
poskion bolors, Siale lew feguition demends Lnder chapler 50 0f the Linveroity low 1o 1 118 poSiion 88 8 tenur [h'm'm"‘r:[ Lhid
Track position for 3 years. Exceptions ara poasible for candidates from abraad or from non-university institulions or email to
i candidates cannot bo atiracted otharwese. Whan the position is tenured after the tenure track perod, 1ha foemal rjohnsiis med.unc.edu
epplcation process need not be repeated.
The Liniversity of Heidelbarg is an Eqgual Opportunity/Affirmiative Action Emplayer, We stronghy encourage applications from
Interested candidates should submit a full CV with copies of certificates, WUIGHMI'I lest and sedected wanreen annd minarities, The University of

nts (acconding to the structured listing: http:fwww.ma. unl-mdei
tiﬂupdmndmksclpubbmnmmthus 5] .c. | wn pisssigesiumnias, odind il
the Faculty of Medicine Mannheim, University of Halduﬂnrg University Medical Gunh'u POGITHIILY IO
Mannheim, 68167 Mannheim, Germany.

Newth Caralira at ('Fﬁ,rlrh'.ll Hill ix an .qurmi'-f




diseevey  Your future at JCU

School of Veterinary and Biomedical Sciences

Townsville, Australia
ASSOCIATE PROFESSOR AND HEAD OF ANATOMY - Reference number 7079

We are seeking an outstanding anatomist who can provide effective and dynamic leadership for the Discipline of Anatomy within the context of multiple degree
programs in the Faculty of Medicine, Health and Molecular Sciences. Anatomy is taught in a broad range of courses, induding Medicine, Rehabilitation Sciences,
Pharmacy, Sport and Exercise Science, Mursing Science, Medical Laboratory Science. The successful applicant will be expected to have an ongeoing research
program,

Salary: Associate Professor - Academic Level D - A$91,559 - §100,724 per annum.

LECTURER/SENIOR LECTURER - PHARMACOLOGY - Reference number 7080

The School of Veterinary and Biomedical Sciences is seeking a Pharmacologist to join the Discipline of Physiology and Pharmacology within the Faculty of Medicine,
Health and Molecular Sciences, Phamacology s taught in a broad range of courses, including integrated Veterinary Science and Medical Curricula, Rehabilitation
Sciences, Biomedical Sciences, Sport and Exercise Science, Medical Laboratory Science, Pharmacy, and Mursing Science, The successful applicant will have the
opportunity to work with existing academic strengths in the development and delivery of innovative curricula in a range of degree programs and to pursue research
opportunities relevant to the region.

Salary: Lecturer - Academic Level B - A$62,531 - §73,990 per annum or Senior Lecturer - Academic Level C - AST6,281 - 587,740 per annum,
LECTURER/SENIOR LECTURER = PHYSIOLOGY - Reference number 7081

The School of Veterinary and Biomedical Sciences is seeking a Physiologist to join the Discipline of Physiology and Pharmacology within the Faculty of Medicine,
Health and Molecular Sciences. Physiology is taught in a broad range of courses, including integrated Yeterinary Science and Medical Cumicula, Rehabilitation
Sciences, Biomedical Sciences, Sport and Exercise Science, Medical Laboratory Science, Pharmacy, and Mursing Science. The successful applicant will have the
opportunity to work with existing academic strengths in the development and delivery of innovative curncula in a range of degree programs and to pursue research
opportunities relevant to the region.

Salary: Lecturer - Academic Level B - A$62,531 - 573,990 per annum or Senior Lecturer - Academic Level C - A$76,281 - $87,740 per annum.

Enquiries to: Associate Professor Lee Fitzpatrick, telephone +61 7 4781 4449

Caimns, Australia

LECTURER/SENIOR LECTURER - PHYSIOLOGY - Reference number 7082

The School of Veterinary and Biomedical Sciences is seeking a Physiologist to join the Discipline of Physiology and Pharmacology within the Faculty of Medicine,
Health and Molecular Sciences. Physiology is taught in a broad range or courses, including integrated Veterinary Science and Medical Curricula, Rehabilitation
Sciences, Biomedical Scences, Sport and Exercise Science, Medical Laboratory Science, Pharmiacy, and Mursing Science. The successful applicant will have the
opportunity to work with existing academic strengths in the development and delivery of innovative curricula in a range of degree programs and to pursue research
opportunities relevant to the region.

Salary: Lecturer - Academic Level B - A$62,531 - $73,990 per annum or Senior Lecturer - Academic Level € - AS76,281 - $87,740 per annum.
Enquiries to: Professor Phillip Summers, telephone +61 7 4781 4758, e-mail Phillip. Summe rs¢@jcu.eduw.au

Employment Type: Appaintments will be full-time on a continuing basis subject to a probationany period.
Benefits include generous employer superannuation contribution and attractive options for salary packaging.

Applicants must follow the Method of Application procedures (including systematically addressing the Selection Criteria). Further information is
available at http://www.jon.edu.au/jobs/ or by contacting the Recruitment Officer, Faculty of Medicine, Health and Molecular Sciences, telephone:
+61 7 4781 6209; e-mail Adele.Goalder@jou.edu.au

Applications close on 1 June 2007. Please quote the appropriate reference number.

The University reserves the right to invite applications or not to make an appointment.

Equal Opportunity in Employment is Unhersity Policy

Visit our website:
www.jcu.edu.au

ScienceCareers.org




A University to

match your ambitions

UCD is at the forefront of leading edge research and teaching activities
across a wide range of disciplines. Our current academic leaders are
recognised, nationally and internationally, as innovative and creative
contributors to their specialist fields. Successful candidates will play a
critical role in helping UCD to further build its reputation as an
internationally recognised centre of academic excellence,

the full-time permanent position of:
and Physical Sciences

Ref:002314

procedures) can be obtained from:

(quoting the above reference number)

Ireland’s
education
capital.

Closing date for receipt of applications

The Governing Authority of the University invites applications for

College of Engineering, Mathematical

Professor of Physics and Head of School

Prior to application, application details (including application

UCD Personnel, University College Dublin, Belfield, Dublin 4.

Africa Rice Center
(WARDA)

invites applications for the
position of

Assistant Director General
for Research &
Development (ADG-RD)
(Ref. no. IRS 005/RD/PL2/07)

Applications will be received
until 15 June 2007

WARDA is one of the 15
international Centers
supported by
the Consultative Group on
International Agricultural
Research (CGIAR).

For detaifed position
announcement, please visit

Email: Aisling Kinsella@ucd.ie Web page: www.ucd.iefvacancies

| www.ucd.ie/vacancies |

For an informal discussion of the post please contact: Gerard OSullivan,
Professor Email: gerry.osullvan@ucd.ie Tel +353 1716 2211

is no later than 5.00 p.m. on Friday 22 june 2007.
LD & an equal epportunities employer.

our website:
www.warda.org

Universitat Karlsruhe (TH) ‘(IT
Forschungsuniversitat - gegrindet 1825 '~ | "SIl W

The Faculty of Chemistry and Biosciences al the University of Karlsruhe
(TH) has an opening for a

W3 Professor for Theoretical Biophysics

to be recruited at the sarliest possible date within the framewaork af the
axcellence initiative.

The candidate is expected to carry our basic research in the field of
theorelical biophysics. These aclivities should complement the current
topics of the life sciences in Karlsruhe ("siructure of biclogical interfaces®,
“biological functionality of nanostructures®™, "structure and dynamics of
molecular interactions™) and strengthen the interdisciplinary approaches
within the Karsruhe Institute of Technology (KIT). Research topics should
be focussed on the field of cellular biophysics (e. g. modelling of cell-cell
or cell-surface interactions, theoretical analysis of cellular mechanics or
physics of tissues) or molecular biophysics (e. g. modelling of mulliprotein
complexes, biomambrane systems, protein networks, or intracellular
signalling cascades).

Teaching will cover the areas of biophysics and cell biclogy at the under-
graduate and graduate level in the courses of Biclogy and Chemical Biology.
Lectures in biophysics for graduate studenis of Physics will be encouraged.
The successful candidate is expected o contribute to administrative and
curricular activities in the Faculty.

The candidate should have a Habilitation or equivalent scientific standing
and expenence. Applications from qualified women are strongly encouraged.
Handicapped applicants will be treated preferentially if equally qualified.

In the case of a first-time appointment to a professorship, contracts are
subject lo a later lenure decision; axcepbions are possible,

Applications containing the usual supporting materials and including five
selected reprints should be addressed to the Dean, Faculty of Chemistry
and Biosciences, Universitit Karlsruhe (TH), Kaiserstr. 12, 76131
Karlsruhe, Germany by May 31, 2007.

Assistant Professor
Department of Plant Sciences
University of California, Davis

The Department of Plant Sciences, University of Califormia, Davis,
CA invites applications for an Assistant Professor posiion, Successful
candidate’s rescarch will focus on wsing new theoretical approaches and
computational biology methods to effectively mine the lange multidinen-
sional dotasets gencerated by global genomic technologies (o understand
the basis of quanitative phenotvpes and the consequences of natural
varation in wild and domesticated plant populations

The position is one of seven positions in a compus-wide Computati onal
Metworks [nitiative and thus the Geneticist would be expected 1o work
collaboratively with other faculty hires under the initiative. The ability
to teach undergraduate and graduate students 15 a requrement and the
successful candidate will be expected w teach subjects related to guan-
titative genctics and/or biological networks and participate in teaching
other undergraduate and'or graduate courses as they relate o their ancas
of expertise and to the Plant Science curriculum. A PhD. or equivalent
level of experience in genetics or related fields is required.

Please refer o hup:iplantsciences. recruitments. uedavis.cdu lor posi-
tion detanls and online apphicanon process. Please include statements of
research and weaching interests, curriculum vitae, publication list, copies
of 3 of your most imporiant research publications, copies of undergradu-
ate and graduate transcripts (if within 3 years of either degree), and the
names, c-mail addresses. and telephone numbers of at least five profies-
sional references. For technical or admimstrative questions regarding
the apphcation process please email plantsciences(mucdavis.edu.
For information on the position, please contact the chair of the search
committee I¥r. David Neale (dbnealefa uedavis.edu). Review of the
applications will begin August 16, 2007, The position will remain open
until filled.

The University of Cadiforsia is an Affirmative Action
Equal Opportumity Emplover,




The Howard Hughes Medical Institute
invites applications for investigator
positions from scientists who

have demonstrated originality and
productivity in biomedical research
and who show exceptional promise
for future contributions.

Eligibility
Ph.D. or M.D. (or the equivalent)

Tenured or tenure-track position as an assistant
professor or higher academic rank (or the
equivalent) at an eligible U.S. institution

Four to 10 years of experience since appointment
as an assistant professor

Principal investigator on one or more active
national peer-reviewed research grants with a
duration of at least three years

Application deadline: June |3, 2007

Application information:
www.hhmi.orglinvestigator2008/sci

HHMI

HOWARD HUGHES MEDICAL INSTITUTE

HHMI investigators are among the most creative and
promising biomedical scientists in the naton. They
rigorously pursue significant biological questions,
develop innovative research wols and methods, and
lead their scientific fields into new areas of inquiry.
Woaorking to push the boundaries of fundamental
knowledge and uldmately o improve human health,
HHMI investigators forge links between basic biology
and medicine.

‘The Institute secks to appoint to its investigator
program approximately 50 outstanding scientists.

‘This competition will enable HHMI to strengthen

its community of researchers and bring innovative
approaches to the study of biological problems not only
in the biomedical disciplines but also in adjacent helds,
such as chemistry, physics and biophysics, biomedical
engineering, and computational biology. Candidates
should apply dircatly o HHMI; prior institutional
endorsement is not part of the application process.

HHMI, a nonprofit medical research organization,
plays a powerful role in advancing biomedical research
and education in the United States. The investigator
program rests on the conviction that scientists of
exceptional talent, commitment, and imagination
will make fundamental biological discoveries for

the betterment of human health if they receive the
resources, time, and freedom to pursue challenging
questions. The Institute's investigators, selected
through rigorous national competitions, indude

11 Nobel Prize winners and 115 members of the
MNational Academy of Sciences.

The Howard Hughes Medical Institue is an equal
opportunity employer. Women and members of racial
and ethnic groups traditionally underrepresented in the
biomedical sciences ave enconraged to apply.
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Neuroscience Faculty

Stony Brogk University and the Department of
Neurabiology and Behavior are pleasad (o announce
amajor imtiative in Neuroscience beginning with
the recruitment of multiple lenure-track faculty
members at the Assistant Professor level in 2007.
Successiul candidates will join an active and diverse
group of neuroscientists at Stony Brook University
and its afiiliated instiutions, and will panticipate

in the Diepartment’s edecational mission of under-
graduate, graduate, and medical school teaching
QOutstanding candidates in all Felds of neuroscience
will be considered, but those engaged in a multidis-
ciplinary approach to newral circuits and behavior
are especially encouraged to apply. Applicants
must have a Ph.0. or equivalent degree and
postdoctoral experience

Review of applications starts immediately and will
continue wntil all positions are filled. Exceplional
packages include state-funded salary and benefits,
newly renovated lab space, and genenous

start-up funding.

Interested individuals can apply online

at www stonybrook.edu/cjo or send C.V,
statement of research interests, and contact
information for three references to:

Faculty Search Committes, Department of
Neurabrology and Behavior, Life Sciences

Building, Stony Brook University, SUNY

Stony Brook, NY 11794-5230

Reference Number: F-4043-07-04

[Exqual Opportunisy,/Afr mative

Action Employer. Women, S I “NY
people of colar, indnidunls i

with disabilities, and veterans BR‘\'*.&‘I{
e ancowsged to apphy \

You got
the offer
you always
dreamed of.

Now what?

www.sciencecareers.org
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Director for the Thomas
Jefferson National Accelerator
Facility (Jefferson Lab)

JefMersom Science Associates, LLC (JSA)

the Southeastern Universities Research
Association and Computer Sciences
Corportion/Advanced Technologies Division
Joimt Venture that serves as the management
and operations contractor forthe U.S. Depan-
ment of Energy’s Thomas Jefferson MNotional
Accelerator Facility (Jefferson Lab) in New-
port News, Virginia - invites nominations and
applications for the position of Lab Director.
Ihe JSA Board sceks a strong and visionary
sciemtific leader with effective management
skills who enjoys stature among peers in the
scientific and lab communites,

Ihe suceessiul candidate will be responsible
for leading and managing all Lab initiatives
and activiies in support of a world-class
rescarch facility, including its strategic and
long-range planning and its building of a
Cl'lll'lpr{']'lf'l'lil"-'t‘ external relations Progrim
to serve and promote the imerests of the Lab
and its users. Reporting (o the JSA Board, the
Lab Director is also the President of JSA and
5 responsible for the Lab’s 700-plus staff
and total aninual budget of approximately
100 million

JefTerson Lab (www.jlab.org) is a national
laboratory for nuclear physics research. As
a user facility for more than 2000 scientists
worldwide, its primary mission s (o conduct
basic research to advance the understanding
of the fundamental constituents of the atonic
nucleus and their imteractions. The tools for
probing the structure of the nucleus are the
Lab's Continuous Electron Beam Accelerator
Facility (CEBAF) and the advanced particle-
detection and ultra-high-speed data-acquisi-
tion equipment in three experimental halls.
Currently operating ot 6 GeV, the Lab s in
the project engineering and design phase of a
% 300 M upgrade of the electron accelerator o
12 GieV that includes the addition of a fourth
experimental hall to investigate the ongins
of quark confinement through the study of
CXOUIC MCSONS,

The Lab has achieved US leadership and
world-class status in its core competency in
superconducting radio frequency aceelerator
technology. It has applicd this capability by
building the superconducting linac of the
Spallation Neutron Source as one of six partner
labs and itsecks to position isell similarly for
future Office of Science accelerator consiruc-
tion projects. By partnering with industry, gov-
ernment and universities, the Lab developed
the world's most powerful Free Electron Laser,
therehy providing an opportunity to explore
diversification into other scientific arenas.

MNominations, applications, and inguiries
should be dirccted 100 Dr. Jerry Draayer,
1200 MNew York Ave., NW; Suite 4303 Wash-
ington, DC 20005; draay eri sura.org. For
timely consideration, submit a resume and
outline of gualificationsaccomplishments
by 15 June 2007, Dr. Thomas Appelguist
of Yale University and Dr. Ernest Moniz of
MIT are, respectively, chanr and vice-char of
the Search Committee.

JSEA ix e Eguad Oppovinnity
Affrrmeative Action Emyplover

RESEARCH SCIENTIST &
RESEARCH TECHNICIAN
Behavioral Genetics Research

Avera MeKennan in Sioux Falls, South
Daakora, is seeking spplications for the
following positions. These positions will be
responsible for studying the molecular

BENETics o f behavioral disorders.

RESEARCH SCIENTIST/POST-DOCTORAL
BESEARCHER - Rag. #2339

A degree in biological science and a Phid

in molecular genetics or a related anca with
pust-doctoral study is requined. Candidares for
this position will need the abiline ro work
independently with minimum supervision.
Besponsibilities include serving as a group
leader and overseeing the day-to-day activities
of the laboratory while supervising a group of
researchers and bioinformarics analyses,

RESEARCH ASSOCIATE/ TECHNICIAN

- Reg, #2340

A BS in molecular genetics with several vears
of experience, preferably including an MS in
human genetics, is required.

Extensive knowledge and experience in the
operation of ABl genetic sequencing and
amabvsis equipment is an esential requirement
for both positions. Laboratory experience

in genetic linkage and asodaton

studies including genavping of SNIs
microsaellites, DNA pooling analysis and
basic staristcal approaches are alio required.
Experience of Affymetnx gene chip
vechnology is preferred.

Applicants will abso need w0 demonserane a
strong interest and recond of achievernent

in researching the genetic mechanisms of
complex diseases including a strong
publication record in peer reviewed journals,

South Dakota offers an custanding family
arenied environment with plenty of acriviries
for the young and young ar heare. The ary’s
low cost of living — with no state income tax
and low raxes overall - and cosmopalitan
atmosphere provide a pleasant contrast with
the idvllic rural serring of the South Dakom
counirysice.

Avera McKennan offers competinive
compensation, benefies and professional
growth opporunitic in a caring working
environment. Positions are open unal Filled.

Avera McKennan Hospiral &
University Health Center
Human Resources
el hr@ mckennan.or

WWWW.AYETA MJEI

Avermgjjﬂ:
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Does your next career step

need direction?

I got the affer I've been

With thousands of job postings, dreaming of

it's a lot easier to track down a

For a career in science,

! turn to Sclence

career that suits me
¢4 T
¥ oFe

Now what?

AYAAAS

You know, ScienceCareers.org
is part of the non-profit AAAS

That means they e pulting
something back into science

‘ [ have a great new research idea.

\ Where can | find more grant options?

| want a career,
not just a job

There's only one place to go for career advice if you value the
expertise of Science and the long experience of AAAS in
supporting career advancement - ScienceCareers.org. The
pages of Science and our website ScienceCareers.org offer:

» Thousands of job postings * Funding information

* Career advice articles and tools = Networking opportunities

www.sciencecareers.org



8th. Annual HBCU-UP.National Research.Conference

Science and Technology: Knowledge Generators for Global Competitiveness

OCTOBER 4-7, 2007 » WASHINGTON, DC
Grand Hyatt Hotel, 1000 H Street, NW

&
:
£
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:
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A national gathering of more than 7oo students and faculty working together to enhance the quality
of undergraduate science, technology, engineering, and mathematics (STEM) education and
research at the nation's Historically Black Colleges and Universities. Students will be presenting
research in more than & STEM fields.

This is an excellent opportunity for representatives from universities, corporations, and federal
agencies to promaote:

= Undergraduate Research Opportunities
= Graduate School Opportunities

= Fellowship & Internship Opportunities
= Faculty Research Opportunities

Exhibitor and recruiter information is available at:

www.HBCU-UP.org F

The HBCU-UP National Research Conference 8
is organized by AAAS for the National Science Foundation. :

AYAAAS

[e] ,a* ADWAMEI NG SCIERCE. SEEWIMG SOCIETY
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AWARDS

Mominations are invited from Heads of
Research Institutions, Universities and
Medical & Phamaceutical Colleges, for the
Ranbaxy Research Awards-2006.
Thera are four Awards of Rs. 1 lakh each,
for excellence in original research, in
Medical and phamaceutical Sciences.

POSITIONS OPEN

\: CIC
o MNanNoGcGune

The Manoscience Cooperative Research Center CIC nanoGUNE
Consolider (www.nanogune.eu) invites applications and
nominations for three positions as

Group Leaders

CIC nanoGUMNE Consolider, located in San Sebastian, Basque
Country (Spain), is a R&D center created recently with the mission
of conducting basic and applied world-class research in
nanoscience and nanotechnology, fostering training and
education excellence, and supporting the growth of a
nanotechnology-based industry.

The Group Leaders of nanoGUME will be responsible for the
design, management, and operation of their respective Research
Area and laboratories. At the present time, nanoGUNE is
welcoming applicants in the following disciplines:

Medical Sciences

One Award each for Basic Research,
Medical Research and Clinical Research.

Pharmaceutical Sciences
One Award

The sponsored work of Indian scientists,
bath in India and abroad, together with their
bio-data, research achievements, awards
received in the past and papers published,
may be forwarded (in 12 bound seis) lo
the Ranbaxy Science Foundation by
July 2, 2007

Detalls of the procedure are being drculated
to nominators and are also available from
the office of the Foundatlon anmnd on
our Website. A panel of judges, comprising
aminent sclentists, will review the research
work. Non-resident Indian scientists are also
eligible for these awands.

* Nanofabrication and nanostructure assembly (#001)
«  Synthesis of nanomaterals and nanostructures (#002)
« Biological nanostructures and nanobiotechnology (#003)

Candidates should have an outstanding track record of research,
with an orientation to nanoscience and nanotechnology, a proven
ability to obtain competitive research funding, and a proven record
of technological transfer initiatives, Proficiency in spoken and
written English is compulsory; knowledge of Spanish is not a
requirement. An attractive remuneration will be offered.

Applicants should forward their CV, a summary of research
interests, and a list of at least three references to

Dr. O.P. Sood

Member-Governing Council

RANBAXY SCIENCE FOUNDATION

778, Seclor 18, IFFCO Road, Udyog Vihar Indusinal Aneq,
Gurgann- 122 (15 (Haryana) India

Phone : 91-124-2341477 (D) 234200110, 4012501-10

director @nanogune.eu RANBAXY Fax ; 91-124-2342018, 2342017
& " SCIENCE FOUNDATION E-mai : omprakash smﬂgrmba:rcm
Closing date: 30 June 2007 . Weebste g Tww ranbaxysGencebundation com
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OSITIONS OPEN

ASSISTANT or ASSOCIATE PROFESSOR
{Meurobiology)

The Department of Veterinary Bioscicnces in
the College of Vewerinary Medicine at the Uni-
versity of Hlinois at Urbana-Champaign invites ap-
plications for Assistant or Associate Professor as a
NEURORBRIOLOGIST.

Candidates must possess a Ph.DD, or equivalent
degree from an accredived instimure. Postdocroral
[r.‘li.lli."% and neurobiology teaching experience are
desirable. Candidares with a rescarch focus in neuro-
endocanology, neuropharmacology, newrotoxicol-
opy, or neuroimaging or who hold the DV.M. or
cquivalent degree are prefemmed.

The successtul candidate will develop a rescarch
program which complements existing Department
and campus strengths in reproductive biology, neuro-
science, and environmental toxicology; full infor-
mation about the Deparment is available ar website:
http: /Swww.evm.uive.edu/vb/index.cfm and

abour the campus Neuroscience Program ar website:
http: / Swww. life.viuc.edu/neuroscience /. The
suceessful candidate will teach newrobiology in the
vetennary curniculum, participate in graduate instruc-
tson, and develop an independently funded rescarch
program. Academic and other service is abso expected,

Appoimtment will be full-tme, tenure-track (nine-
manth) on an academic-year basis with the possibil-
ity of supplementing salary from extramural rescarch
grants for up to three summer months, The appoing-
mient i expected to begin on or after August 16, 2007

Salary and rank are negotiable and commensurate
with qualifications.

Qualificd applicants should elecrronically submit a
cover letter, curniculum vitae, and contact informa-
tion for three references to: Linda Swett, Search
Coordinator {e-mail: Iswett@uiuc.edu ). Questions
may be directed to Dr. Paul Cooke, Chair; e-mail:
p-cocke®niucedu or telephone: 217-333-6825.

In order to ensure full consideration, applications
must be received I'r'_l.' June 15, 2007, Murarity, wanren,
dnd arfier |]'|:_||_-|‘I1r.u|'nl i sed i i,'l'l||.l|lr|?_“'i,'|f (i1 .r”rfj' Thie -
versity of Mhineds 5 an Equal Opportunity Ewphoyer

THE UNIVERSITY of CHICAGO

The University of Chicigo’s Department of Radi-
ation and Cellular Oncology and the Ludwig Cenrer
for Merastasis Rescarch i secking applicants for full
time RESEARCH ASSOCIATE, JUNIOR
RANK (Instructor, Assistant Professor) positions.
The primary activity of a Rescarch Associate s re-
scarch in association with a faculty member or team.
Candidates are required to possess a Doctorate de-
gree and prior rescarch expericnce in the field of
maodecular and cellubar biology and for models of
merastasis, Compensation is dependant on qualifica-
tions. The University provides a gencrous package of
frnge benefits.

Interested candidates should submit curmoulum
vitae, bibliography, a statement of rescarch, and con-
tact information for three professional references ro:
Dr. Weichselbaum, ¢/o Janet Riley, Department
of Radiation and Cellular Onoology, 5758 5.
Maryland Avenue MC9006, Chicago, IL 60637
or via e-mail: jriley@radonc.uchicago.edu. For in-
formation about the University of Chicago please
consult website: http:/ Suchicapo.edu.

The Ulmiversity of Cliicoge i an Affermatie Action /Lgual
Cipportuniry Employer

POSITION ANNOUNCEMENT
University of Connecticut
ASSISTANT PROFESSOR: MOLECULAR
BIOLOGIST speaalizing in crop improvement.
For deraik sce: Department of Plant Scicnce,
position search #2007102 (website: hitp://waww,
hr.uconn.edu/jobs-fac. hml).

We Crifi R .r_|l|1g|.|'|..|ﬂ.-.ur_- fraep rl.'nﬁrl'.!(_llllq'_-q'.lm'.f s,
including minovitics, women, and prople with disbilities,
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POSITIONS OPEN

ASSISTANT DIRECTOR, FLOWCYTOMETRY
AND CELL SORTING CORE

Applications are imvited for Assistant Director,
Flow Cyvtometry and Cell Sorung ( FACS ) Core Facili-
tvin the University of South Carolina Schoaol of Medi-
cine Instrumentation Resource Facility (website:
http:/ /dba.med . sc.edu fprice firf Sirf.htm ). Thes
will be a full-time rescarch rack Taculty posinion thar
will invelve 50 percent time towards development of
FACS Core and 50 percent time dedicated o de-
velopment of an individual s own rescarch program.
The FACS Core will be a service facility developed
to assst other Poncpal Investgarors and their lab-
oratonics in cxperiments that mvolve analvsis and
cell-sorting technologies. A strong background in
immunalogy, expericnce in hands-on operation of a
FACS system, and interpretation of FACS daa are
essential. A background in stem cell biology s
desirable. The candidates can have research experi-
ence in any arca of biomedical sciences although
preference will be given to those interested in cancer,
HIVAAIDS, or cardiovascular development and
discase. Review of applicants will begin immediarely
and continue until the position is filled. Applicants
should submirt their curriculum vitac, future rescarch
plans, and three letters of reference to: Dr. Robert
Price, Director, Instrumentmaton Hesource Facil-
ity, University of South Carolina School of Medi-
cing, Columbia, SC 29208, E-mail: price@med,
se.edu, TTe | ‘miversity of South Cavaling 0 an Affimmative
Action, Egual Opportanity Instiftion

DIRECTOR, Division of Viral and Rickertsial
Diseases (DVRD), the Natonal Center for Zoo-
notic, Vectorborne and Enteric Diseases
(NCZVED), CDC, is sccking an exceptional can-
didate for the position of Dircctor, DVRD. The
mission of DVRIY s to prevent illness and death
caused by viral and rickersial infectious discases of
public healch importance in the United States and
throughout the workd, The Division fully integrares
moadern aboratory and epidemiologic science for the
accomplishment of it mission; disease surveillanee
and epidemiologic ficld investgarions are integrated
with microbiologic and molecular biological labora-
tory technologics and many special reterence diag-
nostic services. These programs are national and
intermational in scope and invalve kboratory rescarch,
survetllance, medical, and epidemiology service activ-
itics, The Dircctor oversces complex saentific and
epidemiological programs in the field of viral and
rickensial discases, and working with DVRIY staff,
conceives and establishes program plins and objec-
nives and provides overall direction in their accom-
plishment, and provides guidance in program
development and identification of scicntific goals.

Inquirics nade before May 14, 2007, may be
dirccted 1o Dr. Mark Eberhard, Chair, Secarch
Committee, at e-puilk meberhard@edegov. CINC &
ar Egunl Clpporminnry Enployer,

POSTDOCTORAL RESEARCH SCIENTIST
Tissue Engineering and Regenerative Medidne
Laboratory (TERML)

Columbia University Medical Center

We seck a selffmotivated individual ( Ph. DD, ) with
expertise in molecular biology and molecular genet-
ics and previous documented experience in trans-
genie models with previous publication record in
these arcas. Ability 1o work collaboranvely with stem
cell biologists, bioengineers, and computer-aided
design and compurter-aided manufictunng engi-
neers, with a common goal o engineer biologically
derived tissues and organs, Position 15 grant-funded
and is available immediately; salary commensurate
with expericnce.

Applicants should send a statement of career goals,
speafic rescarch interest, contact information for
three references, and full-lengeh curriculum vitae 1o
Sarah Kennedy (e-mail: sk2848@columbia.edu).

{ oliiniya l'urw'r_ur]' B gdnn .-1|li']||.l|.1rrn' -'|.|'r|1u.]:'.||u.||'
Clpportunity Lmplayer,

What’s
your
next

career

www.scienceca [eers.org

Job Postings
Job Alerts

Resume/CV
Database

Career Advice
from Next Wave

Career Forum

Graduate
Programs

Meetings and
Announcements

ScienceCareers.nr,r__l,

We know science

RVasas

WWW.SCIencecareers.org




MARGALEF

prize

in ecology

and environmental
sciences

The Autonomous
Government of Catalonia
(Spain) launches the 2007
ition of the 100,000
International Ramon
Margalef Prize in Ecology

THE PRIZE

The main objective is the recognifion of a sclentific career
or o discovery in ecology or another environmenial science
which has significantly confributed to scienfific knowledge
It is owarded fo living individuals, 1o legal enlities or to
groups from all over the world.

The prize is worth 100,000,

NOMIMATIONS

Nominations can be submitted by qualified represeniafives
of universities, higher insfitutions of learning, research
cenfres, winners of the Prize in previous years or former
members of the Jury.

They should be submitted through a leffer or statement of
well reasoned justification, eccompanied by o curriculum
viloe of the candidate.

The nominations should be addressed to the Technical
Secredariat of the Prize, Presidency Office of the Autonomous
Government of Catalonia |Generalital de Catalunyal

For detailed information please refer to:
www.gencat.cat/premiramonmargalef
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POSITIONS OPEN
FrOSTDOCTORAL POSITION

A Postdoctoral position s available immediarely
in the Schubiger Laboratory, with NIH funding for
four vears, The Laboratory is investigating regener-
ation in Dresaplifa imaginal dises and we have
recently identified three genes necessary for the loca-
tion and timing of blastema formation. These genes
all have vertebrate homologues. Our work addresses
a hundamental question in developmental biology
and will provide an opportunity for the candidate to
buald a carcer in this arca. Applicants should have a
I'h.1D., have experience in molecular genetics, be able
to work independently, and have a strong publication
record, Applications should include curriculum vitae
and three references, Iv is expected that candidares
will apply for their own funding during the first vear

Applications should sent to: Gerold Schubiger,
Department of Biology, P.O. Box 351800 Uni-
versity of Washington, Secattle, WA 98195-1800,
Telephone: 206-543-8158, c-mail: gerold@u.
washington.edu,

The Ulniiversity -._If' Wesdeinpnan s an .'_Iﬂl'.uu.:rl':w' Ation,
I."-Fl.ll' Clpyroririty ﬂ:'.llql.r:r]'l'r The 1 'rlzlﬂ.-fJ]' ts building a ad-
terally diverse faculty and staff aod strongly enomisnpes appling
traris fravi wasiniend, anisrorities, edieidoals wsrl disabelinies, nd
sl v lerng,

INSTITUE of HUMAN VIROLOGY
University of Maryland School of Medicine
Baltimore, Maryland

The Instivate of Human Vieology s secking to fill
a TENURE-TRACK FACULTY POSITION
with an investigator with the abality to establish an
independent rescarch program centering on the
molecular biology Avirology of human papilloma
virus and its interactions with host cell factors,
especially those relevant 1o cancer. The successful
candidate will have a demonstrable track record of
relevant publications in peer-reviewed joumals and
of atracting peer-reviewed funding, preferably
related to cancer. The level of appointment will be
commensurate with the candidare’s expenence.
Interested applicants are requested o forward
curnculum vitae in PDF format to: Chairperson,
THV Faculty Search Committee, Institute of Hu-
man Virology, 725 W, Lombard Street, Baltimore,
MD 21201,

e Univerity of Marpland, Baltimore, i an Equal
Clpportunity, Affirmatioe Adion Employer

RESEARCH TRAINING FELLOWSHIDP
Yale University School of Medicine

Underrepresented minority openings for a two to
threc-vear NIH-supported  postdoctoral training
program in vascular biology (molecular and transla-
tinnal ) with rolling admission at the Yale University
School of Medicine. Interested candidates should be
M.Ds, Ph.Ds, or MDD /Th.Ds, may have com-
pleted clinical training, and mur be E88, ervizens or
permanent resdents, Contact:

Jeffrey B. Bender, M.D.

Yale University School of Medidne
Anlyan Center for Medical Hesearch, S5-469A
300 Cedar Street
PO, Box 208017
New Haven, CT 06510
E-mail: jeffrev.benderé@yvale.edu

BESEARCH ASSOCIATE /SENIOR
RESEARCH ASSOCIATE

T cell and APC signaling and T cell function.
Candidates wall build upon new insights concerning
cooperation between  innate Sadaptive  immunity.
Well-funded and highly productve Labortory of
14 with four faculty. Contact: M. Edward Medof,
M.D, Ph.0y. E-mail; mxm | 6@ case.edu.

RESEARCH ASSOCIATE (multiple positions)
with expenence in mass spectrometry. Send resume
to: J. Schenkel, Case Western Reserve University,
School of Medicine, 10900 Euclid Avenue,
BREB933, Cleveland, OH 44106, Must reference
job code FF4007

934
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POSITIONS OPEN

Sccking POSTDOCTORAL RESEARCH
FELLOW in Winston-5alem, Forsyth County,
Morth Carolina. Reguires knowledge in biochemical,
histopathological and heratological research, Per-
form sodium dodecy] sulfare-polvacrylamide gel elec-
trophoresis and Western blor analysis on samples
from rransgenic mouse fdliy and from tssoe cul-
tures. Care and maintain stable CHO Apo A-1 mu-
tant cell fines in tissoe culture as well as HepG2 and
COS cells, Requines expericnce in protein ¢xpressaon
using E.cofi hosts and the punfication of thee pro-
tems wang classical biochemical technigues, Re-
quires use of these cxpressed protein in preparing
discordal recombinant ipid protein complexes, lipid
extracrion, trvpsin digesnon and mass spectroscopy in
order tomap the tertiary structure of the lipid binding
apoprotein, Requires Ph.D, in biology or biochem-
istry. Requires: knowledge and use of mass spectrom-
eter; two years of cxperience with mass spectromercr
machines; and use of high pcr!'urrl'l:u'mc liquid
chromatography machines. Salary 548,298 a vear.
Work schedule: Monday through Friday, 8:30 am. to
5 p.m. Send resumes by fax: 484-270-1600 or by
mail to: Backlog Elimination Center, Employ-
ment and Training Administration, Division of
Foreign Labor Certification, 1 Belmont Avenue,
Suite 220, Bala Cynwyd, PA 19004, Reference
ETA case number P-05152-49230w0l5 in replics.
Affirmarie Action/Egual Opporaaity Enployer.

THREE-YEAR POSTDOCTORAL
FELLOWSHIP
for Work on Human ES Cell-Derived
Motor Neurons
We scck a Postdoctoral Fellow with experience in
working with human ES cells to join a privatcly
funded laboratory in Manhaman associated with
Columbia Universitv, The candidate will use motor
neuron denved from new ES cell lines to study discase
mechanisms in amyotrophic lireral selerosis and spinal
muscular atrophy. The work will be carriad out in
collaboration with scientists at the Harvard Stem Cell
Institute and the Memoral Skean-Kettenng Cancer
Center, The fellowship is for three years. Salary in
excess of 545,000, commensurate with experience,
Applications consisting of full curnculum vitae and
covering lerter with derails of ar least two references
shoukd be sent to:
Mary Lee
Project ALSJenifer Estess Laboratory for Stem
Cell Research
E-mail: projectals.employé gmail .com
Website: hup: //www.projectals.org

THE UNIVERSITY of CHICAGO

The University of Chicago,/Department of Radi-
ation and Cellular Oneology and the Ludwig Center
for Metastasis Rescarch 1s secking applicants for
full-time POSTDOCTORAL SCHOLAR POSI-
TIONS. The primary acrivity of a Rescarch Associ-
ate is rescarch in associaton with a foulty member
or eam. Candidates are required to possess a Dog-
torate degree and prior research expericnce in the
ficld of molecular and cellular biology and/or models
of metastasis.

Interested candidates should submit curriculum
vitae, bibliography, a statement of rescarch, and
contact information for three professional references
to: Dr. Weichselbaum, ¢/o Janet Riley, Depart-
ment of Radiation and Cellular Oncology, 5758
5. Maryland Avenue MC92006, Chicago, IL
60637 or via e-mail: jriley@radonc.nchicago.cdu.

POSITIONS OPEN

POSTDOCTORAL POSITIONS
Molecular Microbiology and
Pathogenesis of Bacterial and

Viral Infections

Marional Institure of Allergy and Infectious Dis-
cases training grant-funded Postdectoral positions
are avallable at the Usiverity of Colorado Health
Sacnces Center to study modecular mechamisms of
bacterral mfectons (with Randall Holmes, Michael
Schurr, Michael Vasil, Andres Vazquez-Torres,
or Martin Voskuil), molecular aspects of virl
infections (with David Barton, Thomas Campbell,
Robert Garcea, Donald Gilden, Kathryn Holmes,
Jerome Schaack, Kenneth Tyler, or Linda Van Dyk),
molecular basis of innate immunity (with Charles
Dinarello, Sonia Fores, or Andres Vazquez-Tormres),
or structural biology of microbial pathogenesis (with
Mair Churchill). Sce website: http:/ www.uchsc,
edu/sm/microbio,/ for information about many of

our rescarch programs. Rescarch facilitics, grant
funding, and training environment are excellent.
Candidates with Ph.D. or equivalent rescarch de-
grees must have experience in microbiology, bacte-
riclogy, virology, immunology, molecular biology,
genetics, biochemistry, cell biology, structuml bi-
ology, or a related ficld. Candidares with M.D.,
DVM., or equivalent clinical degrees must have
demonstrated  competency for rescarch related to
our program. Individuals from underrepresented
groups in the biomedical sciences are encouraged
to apple. Compensation s determined by NIH
policics. Applicanes for these pesitions wst be citizens
or permanent vendenrs of the Unired Srates. Submic
curriclum vitae, bibliography, and names of three
professional references to: Training Program Diiree-
tor, UCHSC at Fitesimons, Microbiology De-
partment, Mail Stop 8333, P.O. Box 6511,
Aurora, CO 30045 or e-mail randall.holmes@
uchsc.edu. The Diivesiey of Colorade Health Samas Cen-
ter B committed o Egul Olppornoity and Afinnarie Adion

DIRECTOR, Neuroscence Imaging and Phys-
iology Facility, University of Vermont, Duries:
maintain ssiems, train users, design expenments,
collect data. Opportunitics: collaborare with re-
searchers and teach oprical imaging, course. Facility
includes: BioRad Radiance multiphoton microscope,
Applicd Precision Deltavision  restoration  micno-
scope, Nikon total intermal retlection microscope,
ratiometnic imaging svstem and Noran laser scanning
confocal microscope, and electrophysiology equip-
ment, Minimum qualifications: Master's degree
related science and three o five vears of expenience
in confocal, mult-photon, and deconvalution mi-
croscopy as applied o cell binlogical problems
required, or an equivalent combination. Ideal: neu-
roscience background, computer expertise, excellem
interpersonal and communication skills, Apply
oithine, website: http/ Swww.ivmjobs.com, e
Ulmiversity of Voot i2 s Egriel ippostaniry! Affmnatice
Action Emplayer. Applicetions frm nvmen and people from
divene rial, etfhinie, aod celteral bagkgrownds are econrraped.

MARKETPLACE

EZBiolab www.ezbiolab.com

Custom Peptide10mg 90%: $19.59/aa
AB Production $785 peptide included
Gene Synthesis £1.20/bp
siRNA 20 nmol PAGE purified: 3285

The University of Chicage &5 an Affmnative Acion /Equal
Opportunity Employer

FPOSTDOCTORAL POSITION available ar
the Universaty of California, Los Angeles, 1o study
Regulatory T cells development and function {Na-
ture Immunofogy. 8:359-68, 2007, fowrmal of
Tomunoloqy 178:2961-72, 2007 ). Experence in
modecular binlogy and immunology desirable. Send
curriculum vitag, a brief description of rescarch ex-
pericnce, and names of three references to Dr. Talal
Chatila (e-mail: tchatila@mednet.ucla.edu).

Immunochemical Reagents

* Hapten Reporter Groups and Conjugates
% Wide Selection of Conjugates:
- Proteins/Sepharose/Fluors/FICOLL

BIOSEARCH +1.800.GEMNOME.1
EFCHNOLOSe www.btiimmuno.com
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The most wonderful
discovery made by
scientists IS science itself.

Jacob Bronowski
Mathematician (1908-1974)

Shimadzu is a participant in

the 55th ASMS Conference

on Mass Spectrometry
Indiana Convention Center Indianapolis, Indiana
June 3to 7, 2007

Please visit us at Booth #94.

Shimadzu transcends modern assumptions and limits to shine a beam of light on yet undiscovered scientific truths. Shimadzu
believes in the value of science to transform society for the better. For more than a century, we have led the way in the
development of cutting-edge technology to help measure, analyze, diagnose and solve problems. The solutions we develop find
applications in areas ranging from life sciences and medicine to flat-panel displays. We have learned much in the past hundred
years. Expect a lot more.

www.shimadzu.com e SHIMADZU



—— R&D Systems Proteome Profiler” Arrays
Simultaneously detect multiple proteins in a single sample.

R&D Systems offers

these Array Kits: HRP-labeled streptavidin

- Human Cytokine protein . ,
Array Kit, Panel A ~ _,t b s
- Human Phospho- \

Immunoreceptor capmre

Array Kit antibody

- Human Phospho-
Mitogen-Activated _ :
Protein Kinase Proteome Profiler Arrays enable t_he measurement of the relative levels of phosphorylation
(MAPK) Array Kit or abundance of multiple proteins in a single serum, plasma, or cell culture supernatant

sample. Proteome Profiler kits contain buffers, detection antibodies, and membranes

- Human Phospho- spotted in duplicate with capture antibodies carefully selected for their specificity. And
Receptor Tyrosine with chemiluminescent detection, no specialized equipment is necessary.

Kinase (RTK) Array Kit

detection substrate

Cytoking

U.5. & Canada

RA&D Systams, Inc. Sample data for R&D Systems Human Cytnkipe Array, Panel A demonstrating hilgh-thrnughput
Tel; (B0G) 343-7475 multi-analyte profiling of 36 cytokines, chemokines, and acute phase proteins in a single sample of
info@RnDSystems com PBMC supernatant.

Europe
RE&D Systems Europe Ltd.
Tl +484 (001235 529449

info@fnDSystems.oo.uk

For more information visit our website at www.RnDSystems.com/go/ProteomeProfiler ——

RO Systema i a vegistered
trademark of TECHNE Corporation

For research wae only. Mot for use in diagnostic procedunes

Selection expanding weekly—uvisit www.RnDSystems.com RD
to sign up for weekly new product updates. A, i
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