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Our complete quantitative PCR portfolio features products that include

sample preparation, cDNA synthesis, QPCR amplification and detection, .+ Brilliant® Il reagents are designed for earlier Ct
i detection, improved reproducibility, and dynamic range
and powerful data analysis software to meet today’s research needs as

*  Four- or five-color Mx™ QPCR systems with powerful

well as tomorrow'’s future applications. Couple our Mx™ line of high MxPro~ QPCR Software

performance real-time GQPCR systems with our next generation Brilliant® (|
* = Complete QPCR portfolio of instruments, reagents,
QPCR reagents and there's no need to look any further than Stratagene ; service, and support

for your QPCR research needs.

For more information about our Brilliant® || GPCR reagents or Mx™ GPCR
systems, please visit www,stratagene.com/MxQPCR.
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cell sciences

Cytokine Center

Browse our web site with over 1300 proteins,
including recombinant cytokines, growth
factors, chemokines and neurotrophins. Daily
shipping and competitive pricing are offered.
Bulk quantities of many proteins available.

PROTEINS
4-1BBL

4-1B8 Receptor

& Chine

ACADS

ACAT2
Ghom30Adipolean
Actvin A

Activin B

ACY1

AITAL

Ak

Alpha-Fato Protein (AFP)
Alpha-Galactosidass A
Angiopaiatin-1 (Ang-1)
Angiopaletin-2 (Ang-2)
Anginstatin K13
AnnaxinA

apo-SAR

Apolipraboin A-1
Apoliprolain E2
Apoliprotain E3

Apoliprotein E4
APRIL

Arlamin
ATF2
Aurora A
Aurora B
BAFF
BAFF
BCA-1/BLC rGXCL13
BOMA
BO-1

BD-2

BD-3
BONF
Bamcalulin
Bhvalirudin
BMP-2
EBMP-4
BMP-S
BMF-T
BEMP-13
sBMPR-14
Brain Natriuretic Probain

Calbindn D-9K
Calbindin D-28K
Calbindin D-20K
Calmodulin

Calcitonin Acetate
Carbonic Anhydrase 1l
Carcino-embryonic Anligen
Cardiotrophin-1
Caspasa-3

Caspase-8

(s

co4

coa2

CD40 Lgand  TRAP

D85 { sFas Ligand
0105 / Endoglin
CHIPS
CMTF
Collagen
CREB
CTACK / CCL2T
CTGF
CTGFL / WISP-2
CTLA-4 /Fe
CHCL1G
CYRE1
Cytoxaratin 8
DEP-1
Dasmoprassin
Disulfide Oxidoreducinss
E-salaclin
ECGF
EGF
Elafin / SKALP
EMAPI
EMNA-TB/ CHCLS
Endosiatin

tidase
Eotaxin / CCLNM
Eotaxin-2
Eataxin-3 (TSC)
EPHB2
EPHB4
Epigen
Epiregulin
Epltifiatide
Erk-2
Erythropoietin (EPQ)
Exodus-2
Fas Ligand
Fas Receptor
FGF-1 (acidic)
FGF-2 (basic)
FGF-4
FGF-5
FGF-6
FGF-T | KGF
FGF-8
FGF-8
FGF-10
FGF-18
FGF-17
FGF-18
FGF-18
FGF-20
sFGFR-1 (g} / Foc Chimern
sFGFR-2 {lilc) / Fc Chimera
sFGFR-3 / Fc Chimara
sFGFR-4 [ Fc Chimara
aFit-1 (native)
aF#-1 {D3)
sF-1 (D4)
sFH-1 (D5)
sF-1 (D7)
Fit3-Ligand
aFit-4
sFi-4 | Fe Chimara
Follistatin
F5H
Fracialkine / CX3C
G-C5F
a-Galactosidase A
Galoctin-1
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Gakectin-3

Gastrointestingl CA
GCP-2

GDF-3

GDF-a

GDF-11

GDNF

GLP1

Glucagon
GM-CSF
Gosaralin

GPBE
Granzyme B
GROa

GROf

GRCy
GROMGSA
Growth Hormone
Growth Hormone BP
GST-p21MWAF-1
HB-EGF

HCC-1

HGF

Histdy-RNA synthatase

Histredin
HRGT -1
1-309

I-TAC

IF M-t

IFM-x A&
IFMN-=x 23

IF M-tz 20
IFN-[

IFM-=y
IFMN-Ormiga
IGEF-1

1GF-1
prolGF-Il
IGFEP-1
IGFEP-2
IGFBP-3
IGFEP-4
IGFBP-5
IGFEP-B
IGFBP-T
-1

=1

IL-2

IL-3

-4

slL-4 Receplor
IL-5

IL-&

sIL-& Receplor
-7

IL-8 (72 a.a.)
IL-8 (77 a.a.)
L-g

IL-10

L-11

IL-12

L-13

IL-13 analog
IL-15

IL-16 (121 aa)
IL-1& {130 a.a.)
IL-17

L-178
IL-17D

IL-1T7E
IL-17F

IL-19

IL-20

IL-21

IL-22

IL-31

Ingulin

P10

JE

JNK2a1
JHNK22

K/ CXCLY
KGF
L-asparaginase
LAG-1

LALF Papilide
LAR-PTP
LEFR

LC-1

LD-7TBj

LOH

LEC § MCC-4
Leptin
LIGHT

Lix

LEM

LL-37
Lunghkine / CXCL15
Lymphotactin
SLYVE-1

M-CSF

MCP-1 (MCAF)
MCP-2

MCP-3

MCP-4

MCP-5

MDC (67 a.a.)
MDG (69 a.a.)
MDH

MEC

Mak-1

M

Midlking

MIG f CXCLE
MIP-1a/ CCL3
MIP-1i7 CCLA
MIP-3f CCL23
MIP-3x / CCL20O
MIP-3)i f CCL18

MIP-4 (PARC) / CCL1B

MIP-5 / CCL1S
MMP-3
MMP-7T
MMP-13
Myostatin
Manog
MNAP-2
Maurturin
NFAT-1
p-NGF
NOGGIMN
MO

NP1
NT-1/BCSF-3
NT-3

NT-4
Ocraotide
Oncostatin M

Csteoprote gerin (OPG)

CTOR
Oaytocin
paB-c
PAL-1
Parathyroid Hormaone
PDGF-AM
PDGF-AB
PDGF-BB
PDGF-CC
Parsaphin
PF-4
PIGF-1

PIGF-2

PKA a-subunit
PKG-a

PKC-y
Plaiotrophin
PLGF-1
Polymyxin B (PMB)
PRAS40
PRL-1

PAL-2

PRL-3
Prokinaticin-2
Prolactin
Protinein
PTHr®
PTP1B
PTP-lAZ
PTP-MEG2
PTP-PEST
sHANK
sFAMKL
RANTES
RELM-a
RELM-fi
Resistin
RPTPp
RPTRy
RPTPu

SCF

SCGF-a
SCGF-i
SDF-1a
SDF-1p
Secratin

SF20

SHP-2

STAT1

c-Sre

TACI

TARC
TCPTP
TECK

TFF2

TGF-u
TGF-fi1
TGF-fi2
TGF-}i3
Thyrmosan el
sTIE-1/Fc Chimera
sTIE-2/Fc Chimera
TL-1A

THF -

THF-B
sTHF-recaptor Type |
s THF-recaptor Typa Il
TFO

sTRAIL R-1 (DA4)
sTRAIL R-2 {(DRS)
TRAILApa2L
TSG

TSH

TSLP

TWEAK
TWEAK Racoptor
Urokinase
EG-VEGF
VEGF121
VEGF145
VEGF165
VEGF-C
VEGF-C 25
VEGF-E
HB-VEGF-E
sVEGFR-1
SVEGFR-2
sVEGFR-3
Vislatin
WISP-1
WISP-2
WISP-3
WHNT-1

480 Neponset Street, Building 12A, Canton, MA 02021 - TEL (781) 828-0610 + EMAIL info@cellsciences.com
CALL TOLL FREE (888) 769-1246 + FAX (781) 828-0542 « VISIT www.cellsciences.com




GE Healthcare illustra”

Get attached to illustra
for faster nucleic acid
sample prep.

Mew illustra™ nucleic acid sample prep kits from GE Healthcare give vou optimal
vield and purity. What's more, they do this in as little as half the time it takes
the best competing products. Whether you're purifying nucleic acids in plasmid,
blood, tissue, cells or bacteria, you'll find that superior results and ocutstanding
reproducibility come easily with llustra mini and midi kits,

With mere than 20 years® experience in nucleic acid research, we're bringing
science 1o life and helping transform healthcare, We call it Life Science Re-imagined.

wwaw gelifesciences.com/illustra

Speed is crucial to the sundew plant's success.
It reacts rapidly, bending its tentacles to bind its prey.
Some species can do this in just tenths of a second.

imagination at work e o e 1 ooy
10 2007 Genenal Eleciric Company - Al ghts resenced.
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Heart Attack Risk Overshadows a Popular
Diabetes Therapy

Delay in Europe Could Mean Extra Year for
LS. Collider

Bush Boosts AIDS Relief: Cause for
Applause and Pause

Initiative Aims lo Merge Animal and Human
Health Science to Benefit Both

SCIENCESCOPE
AlIDSTruth.org Web Site Takes Aim at "Denialists’

River-Level Forecasting Shows No Detectable
Progress in 2 Decades

DMA Study Forces Rethink of What It Means
lo Be a Gene

Attempt to Patent Artificial Organism Draws a Protest

NEWS FOCUS

Food for Thought
Swapping Guls for Brains

Florida Red Tide Brews Up Drug Lead for
Cystic Fibrosis

Stalking a Violcanic Torrent

Artist's view of the Sun’s core, showing

gravity waves inferred from observations

with the Global Oscillation at Low Frequency
instrument aboard the Solar and Heliospheric
Observatory, These signatures of solar gravity
provide clues about the rotation rate of the 1549 Newsmakers
solar core. See page 1591.
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D. 1. Meltzer, reviewed by D. Stanford

POLICY FORUM

Sustainable Development of the Agricultural
Bio-Economy
N. Jordan et al.

PERSPECTIVES

Recent Progress and Continuing Puzzles in
Electrostatics
L. B. Schein

Waves in the Sun’s Core
F. Hifl
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QlAcube — pure efficiency

Wit o e New Prodes Award [NPA|
Detignation of the Adcciation lar
Lohorpiory Automalion [ALA) 2007

reddot design award
winner 2007

indanl deasyn meod
product design 2005
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Eliminate manual processing steps QQ
Continue to use trusted QIAGEN spin-column kits

Free up your time with affordable, automated sample preparation -
Purify DNA, RNA, or proteins from up to 12 samples per run

Standardize your results and increase your productivity DO O1
111
Contact QIAGEN today or visit www.giagen .com/MyQIAcube . QIAGEN@JI

Sample & Assay Technologies
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CONTENTS I

Science

GEOCHEMISTRY

Remnants of the Early Solar System Water Enriched in

Heavy Oxygen lsotopes

N. Sakamoto et al.

Material extremely enriched in the heavy isotopes of oxygen is abundant in the matrix

SCIENCE EXPRESS

WinWLS CIeNCaXpress. I‘_'lr-'j

IMMUMNOLOGY of a primitive metearite, identifying a distinct water reservoir in the early solar system.
Reciprocal Th-17 and Regulatory T Cell Differentiation Mediated by 10.1126/5c0ence. 1142021
Retinoic Acid

D. Mucida et al. PERSPECTIVE: Strange Water in the Solar System

During development, a metabaolite of vitamin A directs progenitor immune cells E. D. Young

10.1126/5cience. 1145055

to become cells that prevent inflammation rather than ones that promote it.
10.1126/4cience. 1145697  CLIMATE CHANGE
Four Climate Cycles of Recurring Deep and Surface Water

DEVELOPMENTAL BIOLOGY Destabilizations on the Iberian Margin
Noise in Gene Expression Determines Cell Fate in Bacillus subtilis B. Martrat et al.
H. Maamar, A Raj, D. Dubnau Alternating penetration of deep ocean waters from southern and northern poles
Bacteria that show more random fluctuations in gene expression are maore [ikely to into low latitudes drove century-to-millennial climate changes for at least the
switch to an alternative phenotype in which they can take up foreign genetic material. past 400,000 years.

10.1126/cience. 1140818 10.11265600ence. 1139994
TECHNICAL COMMENT ABSTRACTS RESEARCH ARTICLE
ECOLOGY GEMETICS
Comment on "Carbon-Negative Biofuels from 1547 The Release 5.1 Annotation of Drosaphila 1586
Low-Input High-Diversity Grassland Biomass” melanogaster Heterochromatin
M. B Russelle et al. C. D. Smith, 5. Shu, C. |. Mungall, G. H. Karpen
full text at www sciencemag.org’cgiicontentfull/316/583 17156 7h DMNA near the centromeres of Drosophila chromosomes is repetitive

and consists of transposons, tandem and satellite repeats, and over

Response to Comment on “Carbon-Negative Biofuels : -
200 coding and noncoding genes. == Report p. 1625

from Low-Input High-Diversity Grassland Biomass”
0. Tikman, J. Hill, C. Lefiman

full text at wwi sciencemag.org'coifcontentfull/3 16583 1/ 1567 REPORTS

ASTRONOMY
REVIEW Tracking Solar Gravity Modes: The Dynamics of the 1591
Sl gﬂfrfgﬁa et al
The Macroecological Contribution to Global Change 1581 e SR . o -
Solutions Satellite detection of deep buayancy-driven oscillations within

the Sun implies that the solar core is spinning faster than the
surrounding radiative zone. == Perspective p, 1573

BREVIA PHYSICS

Tuning the Quantum Stability and Superconductivity 1594
of Ultrathin Metal Alloys

M. M. Ozer et al.

Incorporating small amounts of bismuth into thin lead films adds
exutra electrons to the film, allowing control of its mechanical stability
and superconducting behavior.

CHEMISTRY 1581
Metal Chlorides in lonic Liquid Solvents Convert 1597

Sugars to 5-Hydroxymethylfurfural

H. Zhag, |, E. Helladay, H. Brown, Z. C. Zhang

A chromium catalyst efficiently converts glucose, which can be

obtained renewably, to a versatile intermediate feedstock usually

derived from petroleum.

GEOPHYSICS

Extracellular Proteins Limit the Dispersal of 1600
Biogenic Nanoparticles

1 W Maoreau et al.

Cysteine-rich proteins from sulfate-reducing bacteria help
aggregate metal-containing nanoparticles, retarding their

maobility in the environment.

LT Kerr, H. M. Kharouba, D. ]. Currie

PLANETARY SCIENCE

The Mass of Dwarf Planet Eris 1585
M. E. Brown and E. L Schaller

Observations of the orbit of dwarf planet Eris” satellite Dysnomia
indicates that Eris has a density similar to Pluta’s, but is about

1.27 times as large.

CONTENTS continued >>
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THE

DR. PAUL JANSSEN AWARD
FOR BIOMEDICAL RESEARCH

THE SELECTION COMMITTEE

OF
THE DR. PAUL JANSSEN AWARD

FOR BIOMEDICAL RESEARCH

INVITES NOMINATIONS FOR
THE 2008 AWARD

2006 WINNER:

DR. CRAIG MELLO

FOR HIS ROLE IN THE DISCOVERY OF RNA INTERFERENCE (RNAJ)
AND THE ELUCIDATION OF ITS BIOLOGICAL FUNCTIONS

Please go to www.pauljanssenaward.com for more information
Deadline for nominations is December 1, 2007

2008 Selection Committee
Dr. Solomon Snyder Dr. Craig Mello

Chairman

Dr. Hartmut Michel
Dr. Linda Buck

Dr. Edward Scolnick
Dr ]t’ﬂl‘l—h‘jﬂfiﬂ I-L‘.l'll'l d 2 & ©]chnsen & Johnson Pharmaceunical Services, LLC 2007

Sir Richard Sykes




Science

REPORTS CONTINUED...

GEOPHYSICS

Origin of the Low Rigidity of the Earth’s Inner Core 14603
A B. Belonoshko et al.

Molecular simulations suggest that crystal defects, rather than
metting, may explain the low rigidity and shear wave velocities

of the Earth's inner core.

ECOLOGY

Frequent Long-Distance Plant Colonization in the 14606
Changing Arctic

I. G. Alsas et al,

Arctic islands have been colonized repeatedly by plant species

from distant sources, suggesting that plant ranges can shift

rapidly northward in response to global warming.

MEUROSCIENCE

Modulation of Meuronal Interactions Through 15609
Neuronal Synchronization

I. Womelsdorf et al.

The interaction of two neuronal groups in the visual systems

of cats and monkeys depends on the phase relation between

their riythmic activities.

= Perspective p. 1578

NEUROSCIENCE

Neural Mechanisms of Visual Attention: How 1612
Top-Down Feedback Highlights Relevant Locations

Y. B. Sealmann, I. N. Pigarev, T. R. Vidyvasagar

As visual information flows from the reting 1o the cortex, feed back

to neurans farther down the pathway increases activity in specific
upstream areas Lo enable focused spatial attention,

== Perspective p, 1578

CELL BIOLOGY

ti-Klotho as a Regulator of Calcium Homeostasis 1615
A Imurg

A protein with several reported functions may also influence calcium

metabolism by modulating the abundance of the sodium-potassium

pump at the plasma membrane.

CELL BIOLOGY

Wnt Induces LRP6 Signalosomes and Promotes 1619
Dishevelled-Dependent LRPS Phosphorylation

]. Bili¢ et al.

Large, ribosome-sized protein compleses containing receptor and
adapter proteins assemble at cell membranes to detect and transduce
a critical developmental signal.

1578, 1609,
& 1612

PSYCHOLOGY

Neural Responses to Taxation and Voluntary Giving 1622
Reveal Motives for Charitable Donations

W. T Harbaugh, U. Mayr, D. R. Burghart

Seeing one's taxes spent on public services is not as rewarding

as paying for them oneself.

GENETICS

Sequence Finishing and Mapping of Drosophila 1625
melanogoster Heterochromatin

R. A Hoskins etal.

DMA near the centromeres of Drosaphila chromosomes is repetitive
and consists of transposons, tandem and satellite repeats, and over
200 coding and noncoding genes. == Research Article p. 1586

IMMUNOLOGY

The Vaccine Adjuvant Monophosphoryl Lipid Aasa 1628
TRIF-Biased Agonist of TLR4

V. Mata-Haro el al,

A bacterial ipid that can be added to vaccines to boost effectiveness
is less toxic than current versions, prabably because it selectively
stimulates only one immune pathway.

== Peripective p, 1574

BIOCHEMISTRY

Crystal Structures of Human MD-2 and Its Complex 1632
with Antiendotoxic Lipid IVa

U, Ohto, K. Fukase, K Miyake, Y. Satow

The structure of 3 membrane protein bound to bacterial
lipopolysaccharide reveals the first step in how the innate

immune system senses the presence of invading bacteria.

»= Perspective p. 1574
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Europe's most important interdisciplinary forum

Learn aboul new trends ond direclions in research, business, science palicy and funding
Network with the leaders of the warld science communily

Communicate your leading research ond ideas to an intermational audience
Participate inthe debate. the discussion and the excitement of European science and technaology
Meet ond talk to scientific journalists from Evrope ond around the world
Develep your career, vour future projects. yeur horizons and your contacts
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ESOF2008

Scientific themes
The human mind ond behaviour
The very big and the very small

Maintaining an open society through science
Engineering the body

‘What should we eat and how should we look like?
Enhoncing energy security, fighting global warming
Science pelicy

Science and orl

Demography in an ogeing Eurcpe

Screening: burdens ond benefits

A FORUM FOR LEADING SCIENTISTS, YOUNG RESEARCHERS, POLICY MAKERS, BUSINESS PEOPLE AND JOURNALISTS

EUROSCIENCE OPEN FORUM

ESOF 2008

SCIENCE FOR A BETTER LIFE
BARCELONA, JULY 18-22
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WWW.sCiencemag.org

SCIENCENOW

WWW.SCIENCENOW. org

Mew Earth or Planetary Hothouse?
Scientists challenge the livability of the first potentially
hahbitable extrasolar planet.

Work Out, Chow Down
There's no easy explanation for why we eat more after exercise,

Heavyweight From the Distant Past
Astronomers find ane of the universe's oldest black holes.

¥

Opportunities for scientists in pharmacy.

SCIENCE CAREERS

WL SCIEnCecarears. org

SPECIAL FEATURE: Careers in Pharmacy

K. Travis

Science Careers explores careers for pharmacists fram

the research bench Lo the corner pharmacy.

US: Behind the Scenes, Pharmacists Play a Key Role
in Clinical Research

K. Hede

Demand for pharmacists trained in clinical research is
growing at organizations involved in drug developmenl.

FRANCE: French Pharmacist Finds Regulatory Niche

BRCA and estrogen receptar ubiquitination.

E. Pain
SCIENCE'S STKE Franck Diafouka tried several pharmacy jobs before finding
www.stke.org SIGNA IN KNOW WVIRONMEN a good fit in public health.

PERSPECTIVE: Double Duty for Racl in Epidermal
Wound Healing

C. M. DiPersio

Rac1 has roles in promoting both the proliferation and migration
of keratinocytes during wound healing.

PERSPECTIVE: BRCAL Control of Steroid Receptor
Ubiquitination

G. F. Heine and ], D. Parvin

Ubiquitination of the estrogen receptor by BRCAT complex links
the ubiquitin ligase activity of BRCAL 1o its role as a tissue-specific
tumaor SUppressar,

CREDIT (SCIENCE CAREER : RODRIGD S5ENMA, CREATIVE COMMONS

SCIENCEPODCAST.

US: Pharmacists Working in the Community

A. Fozekas

Community pharmacists say their jobs extend beyond being
drug managers.

Listen to the 15 June Science
Podcast to hear about neural

' insights into motives for

charitable donations, the
- e == possible role of cooking in

human evolution, sustainable
‘*‘-I development of a U.5.

"bio-economy,” and mare.
WWWLSCien emad.ong/about/podcast.dil

Separate individual or institutional subscriptions to these products may be required for full-text access.
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~ "cDNA Synthe5|s for gPCR

Exceptional representation from less starting material every time.

Introducing qScript™, from Quanta BioSciences, the new
standard for reproducibility, specificity, speed, and sensitivity
in cDNA synthesis for gPCR. No other product delivers
better sample representation, faster, and easier. qScript™
is available in several formats:

* qScript™ cDNA Supermix: The first and only optimized
one-tube 1st strand cDNA synthesis for 2-step RT-PCR.

* qScript™ ¢cDNA Synthesis Kit: Broad reproducibility
for 2-step RT-PCR.

qRT-FCR ol 5'end of TREAP geme. 100 ng and 100 pg input beeels
cormpoading 1o 1 jg and 1 ngof RMA in the first-strand reaction.

DELTA En

a1

7
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/
a

15 m
EYELE NUBMBER

E) k] &l

Wgenp” Biupdror ¥ @ Qurtiecr

ghaipt™ b5 a trademark of Quanta BloScences, |nc SwperSeript™ and Platinum *Tag ane eqitered irademarks of InvEregen Corporaten QuasiiTect™ i a tegisbered
pademark of Qlagen K ISaipt™and 0™ aee trademarks of Blo-Rad Laboratories, lnc. Quanta BioSclences i licersed for gPOR. See quantablo. com for detalls

* qScript™ Flex cDNAKit: Priming flexibility and
sensitivity for 1st strand cDNA synthesis.
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Signatures of the
Sun’s Center

The Sun's vibrations can reveal details of its
inner structure. Pressure-driven modes have
long been observed, but they provide only lim-
ited information about the center of the Sun,
which contains more than half the Sun's mass
and is the region where fusion occurs. Gravity-
driven modes can potentially reveal more about
changes in buoyancy of the Sun’s dense inner
care but are very weak at the Sun's surface and
have been hard to detect, Garcia et al. (p. 1591,
published online 3 May; see the cover, the 4 May
news story by Kerr, and the Perspective by Hill}
report the observation of a periedic structure in
the solar power spectrum that is characteristic of
gravity modes in 10 years of data taken with the
Global Oscillation at Low Frequency (GOLF}
instrument aboard the Solar and Heliospheric
Observatory (SOHO). These signatures suggest
that the Sun’s core rotates faster than in the rest
of the radiative zone.

Controlling Quantum
Stability

When films undergo thinning, they often break
up into droplets as this change in morphology
decreases surface tension. However, recent work
has shown that for metallic films there are thick-
nesses, counted in a sequential odd-even integer
number of monolayers, where the films are
remarkably stable. This quantum stability is
thought to arise from the competing effects of
surface tension and the energy of the electrons
confined to the layer. Such guantum confine-
ment effects can also affect properties such as
superconducting transition temperatures. Ozer
et ol. (p. 1594) show that quantum stability and

CREDITS (TOP TO BOTTOME L LAPRE: J. W. MOREALU AND 1 F BANFIELDVUNNERSITY OF CALIFORNA, BERKELEY AND P K. WEBER AND L D, HUTCHEON/LAWRENCE LIVERMORE NATIOMAL LABORATORY
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<< Imperfect Inner Core

The Earth's inner core is not as stiff as would be expected for a solid-
iron alloy, and one explanation for the deviation is that the inner
core is partially molten. Belonoshko et al. (p. 1603) performed
molecular dynamics simulations, which show that crystal defects
could also reduce the inner core's rigidity and decrease its shear wave
velocity. Their results, which are in closer agreement with seismic
observations, suggest that the low rigidity of the Earth's inner core
arises from viscous grain boundaries and high diffusion within iron crystals

at high temperature.

the superconducting behavior can both be con-
trolled by varying the electron density in the
lead films by forming alloys with bismuth,

Limiting Nanoparticle
Dispersal

Sulfate-reducing bacleria are known to produce
metal-derived nanoparticles as part of the reduc-
tion process that helps reduce metal concentra-
tions in anoxic walers, but the extent to which
the resulting nanoparticles
move about in the
environment is
uncertain. Moreau
et al. (p. 1600)
study the role of
microbially

derived proteins
on the formation of
zinc sulfide particles
in a biofilm. The metal-
binding polypeptides and

proteins are important factors in extracellular
metal-sulfide biomineralization, and they may
play an important rele in aggregation processes
that limit the spread of nanoparticles in natural
environments.

Arctic Plant Dispersal

Understanding of how the distributions of plant
species might shift in response to climate change
is hampered by the difficulty of obtaining good
guantitative estimates of the frequency of long-
distance dispersal. By analyzing the genetic vari-
ation of more than 4000 plant samples repre-
senting nine different flowering plant species
from the arctic archipelago Svalbard and neigh-
boring regions, Alsos et al. (p. 1606} show that

15 JUNE 2007

long-distance dispersal has occurred from vari-
ous source regions in the Arctic during plant col-
onization of the Svalbard archipelago since the
Last Glacial Maximum. Long-distance dispersal
appears to have been much more commaon than
previously believed, which in turn suggests that
northward range shifts could occur rapidly fol-
lowing global warming.

From Local to
Global Ecology

Macroecology aims to build guantitative predic-
tions about the distribution and abundance of
organisms at the scale of regions and even
continents, and is relevant to the under-
standing of biotic changes that may take
place as a result of shifting climates. Kerr
et al. (p. 1581} review recent progress in
the macroecological research program and
assess its polential practical benefits to the
management of the consequences of global
change,

Focus on Fly

Heterochromatin

The DNA of eukaryolic genomes is packaged into
chromatin. Euchromatin marks regions that are
generally gene-rich and transcriptionally active,
whereas heterochromatin (encompassing roug hly
30% of the genome in flies and humans) in-
cludes regions that are generally transcription-
ally repressed and often include densely
repeated sequences. Such repelitive regions are
intrinsically difficult to analyze with current DNA
mapping and sequencing methods. Smith et al.
(p. 1586) and Hoskins et al. (p. 16.25) describe
Continued on page 1539
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This Week in Science

Continuwed from page 1537

a tour de force analysis of roughly 15 to 25 megabases of heterochromatic DNA from pericentromeric
regions in the fruit fly Drosophila melanogaster. Mapping, sequencing, and annotation of the regions
reveals that the great majority of the sequences is repetitive, consisting of retrotransposons, DNA
transposons, landem repeats, and satellite repeats, with ~9% of a unique sequence housing several
hundred protein-coding genes and a smaller number of non—protein-coding genes.

Attention and Rhythm in Perception

How does the nervous system enable communication between different brain areas or different neu-
ronal groups? (See the Perspective by Knight.) Saalmann et al. {p. 1612) simultaneously recorded
from two areas in the dorsal stream of the visual pathway, the lateral intraparietal area (LIP} and the
medial temporal area (MT), while monkeys performed a delayed match-to-sample memory task,
Activity in LIP predicted activity in MT when the receptive fields of the LIP and MT neurons were in the
same place and when the monkey was attending to that place. LIP feedback can thus account for
attention-enhanced MT responses. Womelsdorf et al. (p. 1609) combined multielectrode recording
data from three different experimental preparations to test the hypothesis that the phase relation
between the rhythmic activity of groups of neurons determines the strength of their mutual influence
and found a heavy dependence of the correlation on phase. These results suggest a mechanism by
which signals are matched and coupled during complex perceptual and cognilive operations.

The Gift of Giving

In Europe, taxation rates are high, and
services are funded by government spend-
ing, whereas in the United States, low taxes
and higher philanthropic donations are the
norm. Harbaugh et al. (p. 1622) have car-
ried out a neurceconomic study o assess
the degree of personal reward {as indexed
by neural activation of reward-related brain
areas) in response to mandatory {(via taxation) and voluntary contributions to charity. Subjects experi-
enced a hedonic reaction when tax revenues were transferred o a charity, and subjects who showed
greater neural activation under this regime were more generous when charitable contributions were
made voluntary. The sense of well-being in the voluntary giving condition surpassed that seen when
subjects were taxed.

Tuning Immune Stimulation

During vaccination, an additional stimulus to the immune response is often needed and is provided
by a material called an adjuvant. Lipopolysaccharide (LPS) in the outer membrane of Gram-negative
bacteria is a potent stimulant of the innate immune response, but the potential for toxic shock does
not allow for its use in humans. A recently approved adjuvant, moenophosphoryl lipid A (IMPLA), has
limited side effects compared to LPS from which it is derived {see the Perspective by Fitzgerald and
Golenbock). Mata-Haro et al. (p. 1628) show that MPLA activates only a specific signaling compo-
nent of the Toll-like receptor 4 (TLR4} pathway and avoids the myeloid differentiation factor 88 arm
of TLR4 signaling, which can account for the much higher toxicity associated with LPS. Ohto et al.
(p. 1632} determined crystal structures of the TLR4 co-receptor MD-2 alone and in complex with the
antiendotoxic tetra-acylated lipid A core of LPS. MD-2 has a deep hydrophobic cavity that accommo-
dates the four acyl chains of the lipid core.

Signaling Central

Wnt growth factors activate a signaling cascade that plays a key role in animal development, stem

cell biology, and human cancer. Although many of the cascade components have been identified, how
they come together to transmil the signal from the plasma membrane inside the cell is not clear. Bilic
et al. (p. 1619) show that Wl ligands induce formation of large, ribosome-sized complexes, lermed
the low-density lipoprotein receptor—related protein 6 (LRP&) signalosome at the plasma membrane,
The large protein assemblies contain activated Wni receptors and cytoplasmic adapter proteins. The
scaffold protein Dishevelled and the Wnt co-receptor LRP6 play a central role in LRPé-signalosome
formation, triggering subsequent molecular interactions that regulate the level of nuclear B-catenin.
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Nuclear Weapons Nonproliferation

THE UNITED STATES IS CONSIDERING THE DEVELOPMENT AND DEPLOYMENT OF
new nuclear weapon designs, the objective being to sustain the nation's ultimate deterrent for
the foreseeable future.® These initiatives are presented as supporting the highest ULS. security
priorities, which include countering the threats of terrorism and the proliferation of nuclear
weapons—priorties that are widely shared intermationally,

Proponenis argue that the United States discussing, let alone deploving, new weapon designs
has no significant impact on proliferation. Officials responsible for the US. nuclear weapons
enterprise have made this point by considering the impact on three groups internationally: existing
nueclear powers, rogue states, and terrorists, According to this characterization, rogue states and
terrorists pursue their own interests, disregarding international influence to the degree they can.
And the balance of power remains essentially unchanged among existing nuclear powers, As a
senior Chinese colleague put it. our nations remain effectively deterred whether or not
the United States introduces new weapons into its nuelear arsenal,

But the proponents’ argument i1s flawed because 1t ignores the vasl
majority of nations around the world: nonnuclear powers that do conform
to international norms. To the degree that it considers deploving new
weapons. many of these countries view the United States as remaining
aloof from its obligations under the Nuclear Non-Proliferation Treaty.
Indeed. many of the acknowledged nuclear powers also express grave
concerns that the United States” statements and actions may erode the
nonproliferation regime by influencing the nonnuclear nations,

OF course, we cannot be certain how deploving new warhead types will
affect the nonproliferation regime: after all, science provides only part of the
expertise required to inform policy, so this issue has to be approached with humility
and care. But countering the proliferation of nuclear weapons remains one ol our highest
prionties, and there is the real potential of undermining that goal. Simply stating. without evidence,
that LS. actions have no significant impact on prohiferation amounts to ignoring the issue.

This is especially the case given that the United States has exceptional technical talent in areas
relevant to nonproliferation. The national laboratories have vast expertise in assessmg nuclear
programs of all kinds: in racking nuclear materials and supporting their protection, control, and
accounting: and in applving nuclear forensics. They provide tmining for imemational inspectors,
participating in inspections as appropriate. and maintain collaborations with counterparts
worldwide. Moreover. they have the analytic tools of the scientific method and can evaluate
competing lypotheses about what does or does not contribute to enhanced proliferation. Yet rather
than benefiting from this national capability, their expertise remains essentially untapped as
different options for LS, policy are assessed. This is an unnecessary oversight and a missed
opportunity, The existing national capabilities should be explicitly charged to evaluate the
international impacts of different nuclear weapons options being considered.

It is all the more unzent that we do better as technical developments heighten, rather than
diminish. the prospects for nuclear weapons proliferation. The knowledge, people. and materials
associated with nuclear programs are spreading relentlessly. Indeed, a central reason why non-
proliferation is among the highest security priorities for many countries is that there is already an
enormous source of materials and expertise that can contribute o proliferation. Moreover. the
commumity of latent nuclear states has greatlv expanded over the vears and will continue to do so.

It is therefore urgent that we collectively focus on the most effective means to counter the
proliferation of nuclear weapons, including fully using the United States” relevant technical capa-
bilities. Doing so will call more for intelligence and law enforcement—that is, for cooperative
measures—than for raditional deterrence or military coercion. Partnering with nations around the
wuorld currently offers the most promising approach to the growing threat of nuclear arms.

- Raymond Jeanloz

*The United States Nuclear Weapons Program: The Role of the Reliable Replacement Warhead (www.aaas.onginewsieleases/

2007 media/mrw_report_2007.pdf ). 1This editerial is adapted from R. leanloz, Nonproliferation Threat of Nuclear Weapon
Programs (presentation at the AAAS Symposium on Ethical ssues in Nudear Weapon Programs, Washington, DC, 16 February
2007) (www.schencemag.orgcgcontentfulli3 165831154 1/DC1).

10.1126/science. 1142197
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Thinking Unselfishly
Problems that appear fiendishly challenging at
first glance can seem childishly simple if viewed
from the perspective of another. The capacity to
infer the mental states of others—theory of
mind—is known to develop at approximately the
same age in children raised in different cultures,
but the ease with which adults access these mind-
reading abilities has been suggested to vary across
countries, from the collectivism of East Asia to the
individualism of the United States.

Wu and Keysar use a two-player game based on
a 4-by-4 array of pigeonholes containing mundane
objects, some of which are visible to both players
and same only to the second. Directions (to move an
object) that are completely unambiguous from the

vantage point of the first player can, in fact, cause the second player to hesitate in choosing between two identical
objects (only one of which is visible to the first player). They find, by tracking visual gaze and reaching movements, that
Chinese reacted more quickly than Americans (non-Asians) and were almost never distracted by the second object that
they could see but that their playing partner could not. These results favor the proposal that cultures with greater
emphasis on interdependence induce a greater readiness to adopt or acknowledge the perspective of the other. — G)C

GEOLOGY
Volcanic Shakeup

The powerful Sumatra Andaman earthquakes of
2004 (magnitude 9.3) and a few months later in
2005 (8.7) caused considerable devastation in
Indonesia and, as a result of a huge unami, the
surrounding regions. Walter and
Amelung now suggest that
these earthquakes may
trigger an additional
hazard. Such large
subduction-zone
earthquakes have

been followed within

a few years by erup-
tiens in the neighbor-
ing volcanic arc, in
some cases from dor-
mant or rarely erupling
volcanoes; examples include
eruptions after the major (mag-
nitude 9.0 or higher) earthquakes of

Kamchatka in 1952, Chili in 1940, and Alaska in
1964, Two volcanoes (Talang and Barren Island)
erupted in Indonesia soon after the nearby 2005
quake. Although the overall incidents are few, the
pattern for large quakes is consistent and, accord-
ing to the authors' analysis, statistically signifi-
cant. Their numenical modeling shows that gener-
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ally such large earthguakes in subduction zones,
which are produced by large oceanward slip of the
overlying plate, induce some extension in the vol-
canic arc further landward. Such extension can
lower the pressure on trapped magma, inducing
or hastening eruptions or leading to further mell-
ing. The authors recommend a close watch of gen-
erally quiet volcanoes in Indonesia over the
next few years. — BH
Geology 35, 539 (2007).

ENVIRONMENTAL SCIENCE

Fish Fatalities in
the Field

Municipal wastewaters contain
an enormous variety of chemi-
cals, and fish located in down-
stream watenways have been
reported to show allerations in repro-
ductive endocrine function. Such male fish
express proteins, such as vitellogenin, that are
naturally found in the female reproductive sys-
tem, and these males have been shown to develop
early-stage eggs. It has been proposed that natu-
ral or synthetic estrogens in the water may con-
tribute to the feminization of male fish, and con-
trolled laboratory studies support this claim. Kidd
et al. describe in detail a whole-lake analysis of

Psychol. Sci. 18, 600 (2007).

wild fathead minnows that have been exposed to
low concentrations of estrogens. The results, which
span seven years, reveal that when the synthetic
estrogen 17 c-ethynylestradiol (as used in contra-
ceptive pills) was added to a lake in northwestern
Ontario, levels of vitellogenin mRNA and protein
increased, and male fish showed arresied testicu-
lar development in comparison to fish in nearby
untreated lakes. Intersex fish—that is, males with
primary stage cocyles—were observed, and
female fish showed elevated vitellogenin and dis-
played delayed ovarian development. Further-
maore, though itis common to see fluctuations in
wild fathead minnow populations, the experimen-
tal population collapsed after the second season
of estrogen addition. This work demonstrates that
chemicals like those that are detected in munid-
pal wastewaters can affect wild fish reproduction
and population sustainability, — BAP

Proc. Nall. Acad. Sci. US.A. 104, B&97 (2007).

MICROBIOLOGY
Circumventing Host Mismatches

For many human pathogens, the molecular fea-
tures of host specificity have not been defined, and
this presents a hindrance to developing faithful
animal models for diseases. A notable exception is
the foodborne bacterium Listeria monocytogenes,
in which the virulence factors internalin A and B

WWW.sCiencemag.ong
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and their host targets (E-cadherin and hepatocyte
growth factor receplor, respectively) are known to
promote adherence (the first step in infection) to
nonphagocytic host cells. One successful way of
making a laboratory model for listeriosis has been
te humanize mouse gut epithelium by introducing
human E-cadherin, but this can add unexpected
variables to experimentalion. Wollert et al, have
taken the obverse approach and adapted the
pathogen to the mouse by using structure-based
design to make individual amino acid substitutions
in internalin A. Substitution of the proline at posi-
tion 16 by glutamate together with a second sub-
stitution of a glutamate by a glutamine appears Lo
equalize the binding affinities of internalin A for
human and mouse E-cadherins. In vivo experi-
ments confirmed that the engineered bacteria
were competent to colonize the villi of mouse guts
and cause systemic listeriosis. — CA

Cell 129, 891 (2007).

DEVELOPMENT
Staying in Touch with Satellites

Adult skeletal muscle is remarkably proficient at
repairing itsell after bouts of intense exercise or
injury, thanks to a population of satellite cells
that are located in between the outer sheath (the
basal lamina) and the inner muscle fiber, Satel-
lite cells are normally guiescent, but in response
to stress they begin dividing to generate new

Satellite cells (fuschia) and muscle fiber {green}.

muscle tissue and o restore the pool of satellite
cells. An unresolved question is whether satellite
cells are already-committed muscle progenitors,
true stem cells, or a mixture of the two. Using
genetically manipulated mice and in vivo track-
ing of satellite cells, Kuang et al. found that this
population is in fact heterogeneous. Satellite cells
that coexpress the molecular markers Pax? and
Myl preferentially differentiate into muscle cells,
whereas those that express only Pax7 (about 1 in
10) undergo sell-renewal, thereby replenishing
the satellite cell reservoir, Notably, MyfS-deficient
satellite cells produced MyfS-expressing daughter
cells when cell division was asymmelric; that is,
when the milotic spindle was orienled perpendic-
ularly to the axis of the muscle fiber. In these
instances, the daughter cell that remained
attached to the basal lamina became a new satel-
lite stern cell, but the daughter cell that lost con-
tact with the basal lamina became committed to
the muscle cell lineage. The authors speculate
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that a perturbation of the balance between stem
cell renewal and commitment to differentiation
within the satellite cell population may be a con-
tributing factor in human diseases such as
Duchenne muscular dystrophy. — PAK

Cell 129, 999 (2007).

AFPLIED PHYSICS

Clean Up on Graphene

Graphene, which comprises exfoliated sheets of
graphite that are often supported on a dielectric
substrate, can display unusual electronic proper-
ties that arise through two-dimensional confine-
ment, and in device configurations, biasing of the
dielectric can be used to control its conductivity.
Although these materials are often assumed to be
nearly ideal, in practice the dielectric layer could
have trapped charges, and materials used in pro-
cessing could remain on the graphene, Ishigami
et al. present atomic-resolution scanning tunnel-
ing microscopy studies of graphene devices sup-
ported on silica. The as-processed graphene sur-
faces are covered with photoresist and could not
be atomically imaged, even after solvent clean-
ing. Exposure Lo an argon-hydrogen atmosphere
at 400°C removes the photoresist layer and
reveals the influence of the dielectric layer: In
addition to the expected hexagonal patterns, a
triangular lattice is observed, either from film
curvature or the effect of trapped charges. The
graphene layer exhibits corrugations that follow
the underlying substrate’s roughness. — PDS
Nano Lett, 7, 10.1021/nl070613a (2007).

CHEMISTRY
Whole Numbers for Half Cells?

Electrochemical reduction potentials in solution
are generally measured and tabulated relative lo
a chosen reference reaction at the opposite elec-
trode, Leib ef al. have taken a step toward formu-
lation of an absolute scale through gas-phase
cluster experiments. They induced collisions
between electrons and agueous clusters of Ru?*
hexaammine ions, mass-selected to correspond to
a bulk concentration of 1 M, and then they meas-
ured the energy dissipated upon electron capture
by tracking how many water molecules evaporated
from the cluster. This value in turn could be cor-
rected for solvation free energies of reactant,
product, and free electron Lo yield an estimate of
solution-phase reduction energy. The authors note
that although a solvated electron may still differ
substantially from a charge translerred directly
through a melal electrode, the cluster method
includes molecular solvent-solute interactions that
are otherwise very challenging to model, — J5Y

J. Am. Chem. 5o¢. 129, 10.1021/a0677%4n

(2007).
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expression levels from a variety of sample types. The result? Lower barrier to gel started, reduced experimental variability,
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Humidity cracked
this medieval
wooden altarpiece.

EDITED BY ADRIAN CHO

Forecasting Global Warming’s
Monumental Impact

If you plan to see the Coliseum, Notre Dame, and other European landmarks, the new
Vulnerability Atlas might help you decide which ones to visit first—before climate change
ruins them. Aimed at policymakers and preservationists, the atlas roughly maps how climate
change caused by global warming could harm the continent's historical monuments, statues,
and buildings over the next century. Produced by Noah's Ark, a 3-year, €1.2 million project
sponsored by the European Commission, the atlas marries climate modeling with research
on how wood, stone, glass, and other materials are damaged by climate-influenced factors.
For example, it shows where in Europe attacks by wood-destroying fungi may increase
because of warmer, weller weather.

Cristina Sabbioni, a physicist at the Institute for Sciences of the Atmosphere and
Climate in Bologna, Italy, who coordinated the project, says it's a “shame” that more
attention has been paid to the impact of climate change on the skiing industry than on
Europe’s historical treasures, But attitudes may be changing. Later this month, UNESCO
will call for research on how climate change endangers cullural heritage globally, notes
May Cassar of University College London's Centre for Sustainable Heritage. “Noah's Ark
just scratched the surface,” she says.

Something in the Air

Trace amounts of cocaine are wafting through
the air in some cilies, according Lo a study
released last month. Conducted by the Institute
for Atmospheric Pollution of the Italian National
Research Council,
the probe exam-
ined three cities:
Rome, Taranto in
southern taly, and
Algiers in Africa.
Algiers was “clean”
and Taranto had
little cocaine in

ils air, says vo
Allegrini, director
of the institute, Bul
in Rome, which is
home to more than

More than one

Drug Addiction in Lisbon. “Air is a volatile
medium, and | do not believe air analyses
could be a good way of tracking drug addiction,”
he says. "Analyses on waslewalers are surely a
more reliable survey tool.”

Higgs Sighting du Jour

Particle physicists’ most coveted prize,

the Higgs boson, has been spotted again—
according lo Internet gossip. In January,
bloggers reported thatl physicists working with
CDF, one of two particle deteclors fed by the
Tevatron collider at Fermi Mational Accelerator
Laboratory (Fermilab) in Batavia, llinois, had
seen signs of the particle. Now, researchers

BOTANY'S WAYBACK MACHINE

with Fermilab’s DO detector supposedly see
stronger evidence, albeil at a different mass.
Terry Wyatt, a physicist at Manchester University
in the U.K. and DO co-spokesperson, says only
that "it's not science until it's been approved”
for official release.

With the brawnier Large Hadron Collider
starting up next year in Switzerland and the
Tevatron facing obsolescence, such rumors
will likely proliferate, says Tommaso Dorigo,

a COF member from the University of Padua in
Italy. “Rumaors cannot be controlled because
high-energy physics is a small world, and people
have friends and like to talk about their work,”
he says. Dorigo should know: He reported both
rumors on his blog.

CREDITS (TOR TO BOTTOME ROMAMN KOZLOWS KLEC/MOAHTS ARK: ALESSANDRC BUANCHUICOREBIS: MISSOUR BOTANICAL GARDEN

kind of snow blows

through Rome.

of the work.

10,000 cocaine
users, levels
reached 0.1 nano

grams per cubic meter in spots. In some locations,
the concentration of cocaine was more than

10 times higher than that of dioxin, a ubiguitous
pollutant, notes Angelo Cecinato, coordinator

Levels are likely similar in other major
cities, Allegrini says. And although media
reports have jumped on the fact that the
highesl concentrations of cocaine were found
near a university, Allegrini stresses that

“we have not suggested any cause-relation.”
Caution is warranted, says Norbert Frost of the
European Monitoring Centre for Drugs and

www.sciencemag.org SCIENCE VOL 316

The classic literature in bolany dates back to the early
days of the printing press. Check out some of these
hoary texts at Botanicus, an online library run by the
Missouri Botanical Garden in 5L Louis. The
site features digitized versions of almost
200 titles published between 1480 and
1935 on plant systematics. You'll find
works by German explorer Alexander von
Humbaoldt, Harvard botanist Asa Gray, and
Joseph Hooker, Darwin's confidant and defender. Many
texts feature lavish illustrations, such as this painting of
the water lemon (Passiflora lourifolia), which comes
from a 19th century series that catalogs exotic plants in
British gardens. ==

wwaw. botanicus.org
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Who’s working

for science?

Top quality research depends on comprehensive support.
AAAS is present al every stage of the process - from
advising on funding policy initiatives to tracking the US
Federal R&D budgeling process. As the experts, we
brief Congressional staffers and representatives from
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governments around the world. And only AAAS Funding
Updates - sent out monthly - provide continual coverage
of R&D appropriations. By actively working to increase
support for research, AAAS advances science.
To see how, go to www.aaas.org/support
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| _NEWSMAKERS

EDITED BY YUDHIJIT BHATTACHAR]EE

A FRIEND AT NIH. Former White House aide [. Lewis “Scooter” Libby Jr. may
have earned national scorn for lyving about his role in the disclosure of a C1A
agent’s identity. But he remains in the good graces ofmany political bigwigs—and
at least one prominent science administrator: Anthony Fauei head of NIH's
National [nstitute of Allergy and Infectious Discases,

Along with Donald Rumsfeld, Paul Wolfowite, and Henry
Kissinger, Fauci wrotea “presentencing” letter to the judge who
presided over Libby's trial, vouching for Libby's “integrity,
honesty, unselfishness, and tireless efforts in helping o
safecuard our nation.”” District Judge Rezzme Walton released
the letters on 5 June—the same day he sentenced Libby o
30 months in prison and a $230,000 fine for perjury and
obstruction of justice during a federal investigation into how
agent Valerie Plame’s cover was blown,

Fauci says Libby contacted him aftter being convicted:  Anthony Fauci
“He said, *We don’t want you to offer any opinion about
whether I'm guilty: it’s justa plea for merey.” ™ Faueis two-page letter, written on
official NIH letterhead {which federal rules allow), explains how he worked
closely with Libby during the past 5 years on biode fense issues, including the
drafting of the Project BioShield legislation.

IN THE NEWS Clinical Oncology in Chicago, Illinois. the role of proteins in biological systems,
MUM’S THE WORD. Two cancer researchers (Meanwhile, activist patients who want disease, and therapy in order to speed up
who made skeptical comments about a the Dendreon product approved staged drug discovery.

proposed anticancer drug have now gone a protest at the Capitol in Washington, D.C.) The 43-year-old Sundstrom, who has
silent after receiving phone and e-mail Hussain received similar threats, according worked for the drug industry and is currently
threats. Howard Scher of the Memorial to a 4 June story in The New York Times. chief scientist at Oxford University's
Sloan-Kettering Cancer Center in New York Both scientists are withholding comment Structural Genomics Consortium, plans to
City and Maha Hussain of the University of on the incident. build a staff of 100 young researchers to
Michigan, Ann Arbor, expressed doubts about work on five specialty areas. He hopes

the adequacy of data from the Dendreon MOVERS that finding common themes, such as the
Corp. in Seattle, Washington, supporting a MORE STRUCTURE. | pathways involved in tumor growth, will
proposed “vacdne” for prostate cancer in Structural biologist allow the research to be carried out “in a
private letters to the U.5. Food and Drug Michael Sundstrom maore coordinated fashion than in a normal
Administration (FDA) while serving on an has been named academic environment.” Ulla Wewer, dean
advisory panel reviewing the application, director of a new pro- | of health sciences, says the gift will sustain
According to a Memorial S5loan-Kettering tein research center the center for the first 5 years, after which
spokesperson, Scher began to receive being launched with researchers will seek outside grant support
extremely hostile, anonymous messages a 5108 million gift to extend their work in cancer, Alzheimer's
after his comments became public. Scher from Denmark’s disease, obesity, and other fields.

was given special security protection at last Movo Nordisk Foundation. The center, based Sundstrom starts in September, and the
week’s meeting of the American Society of at the University of Copenhagen, will study center will formally open in fall 2008.

Two Cultures >>

BIRD'S-EYE VIEW. While most geologists stay on the ground, Michael Collier
takes to the sky. An avid pilot and photographer, Collier has spent 3 decades illu-
minating the geological stories behind landscapes. In April, his 13th book was
published—a glossy collection of photographs called Over the Mountains: An
Aerial View of Geology. Several of the photos went on display last week at a solo
show in the Washington, D.C., headquarters of AAAS (which publishes Science).

Collier, 56, majored in geology, then spent a few years as a boatman on the
Grand Canyon. He earned a master’s degree in structural geology, then a med-
ical degree. When not photographing landscapes, he's a part-time family physi-
cian in Williams, Arizona. He has logged some 4000 hours in his 50-year-old
Cessna 180, which he has nicknamed “Buzzard.” “When I'm cutting and curling
at 1000 feet, the stories begin to pop out in three dimensions,” he says. (Inset
shows folded rocks at Sheep Mountain, Wyoming.) His next book is about rivers.

CREDITS (TOP TO BOTTOME CHRIS KELPOMIS/BELOOMBERG NEWS/LANDOV, NLAD: BENT BORGESEN: DAVE EDWARDS: INSET: MICHAEL COLLIER
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DRUG SAFETY

Boost for
HIV/AIDS funding

Heart Attack Risk Overshadows
A Popular Diabetes Therapy

Regulators and physicians are once again on
the defensive. nervously struggling o interpret
revelations about a popular drug, This time the
worry focuses on a treatment for diabetes that
two separate analyses have linked to heart
attacks. The drug, Avandia, has been on the
market for 8 years and has been taken by mil-
lions of diabetes patients worldwide, In the
3 weeks since a physician at the Cleveland

Clinic in Ohio warned about a hearnt attack hae-
ard. the furor has prompted congressional
hearings, patient anxiety, and demands
that the U.S. Food and Drug Administration
( FDA) explain why potennally severe problems
with an approved drug have gone undetected
until now,

The Avandia case shares eere parallels
with that of the anti-inflammatory drug
Vioxx—except that Vioxx was clearly hinked
to heart attacks ina single, massive clinical trial
and was quickly pulled off the market in 2004
by its maker, Merck. The Avandia case is
murkier. Steven Nissen, chair of cardio-
vascular medicine at the Cleveland Clinic,
found an alarming signal in a meta-
analysis of 42 Avandia trials, and experts are
still debating its implications. Nissen began
investigating after noting an increase in heart
attacks in two trials published last year. There,
the differences were not statistically sigmbi-
cant, but “I sat up and took notice.” says
MNissen, who also spoke out against Vioxx.

To bring wogether a much broader swath of
Avandia studies, Nissen wsed data released
under a legal setilement by Avandia’s maker,
GlaxoSmithKline. Sued in 2004 by New York

Auorney General Eliot Spitzer on charges of

concealing data on the antidepressant Paxal,
the company had agreed to post online trial
results, During a frenetic week in late April,
Missen and Cleveland Clinic staustician Kathy
Wolski melded data from dozens of Avandia
trials. including results of 27 sull unpublished.
They found that patients on Avandia were
43% more hkely to have heart attacks than
those in a comparison group,

After Nissen and Wolski's results appeared
online on 21 May in the New England Jowrnal
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of Medicine (NEJM). Glaxo and FDA
revealed that Glaxo had performed a similar
meta=analysis last vear and found an increased
heart attack risk of 31%. Glaxo had given the
information to FDA and posted it
quietly on 1ts Web site—so quietly
that Nissen didn’t discover it
until 2 days before submitting his
own meta-analysis for publication,
But what, exactly, have the new
data revealed? Even Nissen agrees
that mew-analyses, including his

Metadata moment. The Cleveland Clinic's Steven Nissen testified
before Congress about potential links between heart attacks and
use of the diabetes drug Avandia.

and Wolski's, have drawbacks. The number of
heart attacks identified in more than 27,000
people was small: 86 i the Avandia group and
72 in the comparison group, in trials that
lasted at least 24 weeks. And because the mdi-
vidual studies were not looking for heart
attacks, they did not use a uniform definition.

Furthermore, meta-analyses combine trials
that are different lengths and based on different
types of comparisons. Because of the statistical
challenges, a meta-analysis is often "an
absolutely imprecise measure of nisk,” says
Darren MeGuire, a cardiologist at the Univer-
sity of Texas Southwestern Medical Center in
Dallas. But in the case of Avandia, “it's the best

The genome in
a new light

wee have,” says MeGuire, and “that’s the prob-
lem, Its uncertain. ... but vou can’t sweep it
under the carpet.”

Researchers note that Missen’s work 15
strengthened by Glaxo’s own meta-analysis.
The company, however, 15 plaving down the
results. Meta-analyses are “ways of asking
questions,” not answering them, sayvs Anne
Phillips. Glaxos clinical vice president for the
cardiovascular and metabolic medicines devel-
opment center. The company followed up with
an observational study of 33000
patients in a health insurer’s
database and found no increase
in heart attack nsk for those on
Avandia, in a report published
last week in Pharmacoepidemy-
ooy aned Divieg Safery.

Outsade Glaxo, McGuire and
many others are concerned
enough to be asking how Avan-
dia might cause heart attacks,
The drug belongs to a class
called thiazohidinediones: it
reduces blood sugar mainly by
making many of the body’s tissues
more sensitive to insulin, This
allows those tissues to better
respond to the hormone and keeps
glucose levels healthy.

Thiazolidinediones. however.
have broad effects, tuming off or
on dozens of genes. The class has
a troubled history. One member,
the diabetes drug Rezulin, was
vanked off the market in 2000
after being linked to hiver Falure,
Thiazolidinediones, including the
two currently on the market, are
known 1o increase the risk of fluid
bulldup and heart failure and carry warmings
to that effect. Yet the heart attack signal has
COME 25 2 Surprise w many. in part because a
study published in 2003 suggested that the
other available thiazolidinedione—a drug
called Actos from Takeda Pharmaceuticals
and Eli Lilly

The heart attack nsk. if confirmed may be
specific to Avandia, and some observers sus-
pect that the cause may be the drug’s effect on
lipids. A study published in 2003, led by
Ronald Goldberg of the Unversity of Miami,
reported that whereas Actos lowers triglye-
enides. Avandia raises them. Avandia also
raises LDL, or “bad™ cholesterol, more so p

protects against heart attacks,

wWWww.sCliencemadg.org
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than Actos, and it raises HDL, or “good™ cho-
lesterol, less. David Nathan, director of'the dia-
betes center at Massachusetts General Hospital
in Boston, says this difference has made him
reluctant to prescribe Avandia. On the other
hand, says Joree Plutzky, a preventive cardiolo-
gist at Harvard Medical School in Boston. the
Muid buildup associated with both Actos and
Avandix may increase heart attack nsk.

Many researchers were banking on a

PARTICLE PHYSICS

Cooking and

brain growth

definitive answer from a large clinical trial
run in Europe, Australia, and New Zeland
called RECORD and funded by Glaxo,
examining the cardiovascular effects of
Avandia. In an interim analysis in NEJM last
week (the trial is to end in late 2008), the
study leaders found no heart attack signal
associated with Avandia; they could not rule
out the risk. either. But because the study
reported a much lower rate of heart prob-

Mount Doom’s
deadly spills

lems than predicted. some are concerned
that it may not be powerful enough to answer
this question,

“The sin of it 15 that were still not sure”
what's going on. says Nathan. Observers
hope to learn more from an FDA advisory
committee meeting slated for 30 July. For
now, doctors and their patients are lefi 1o sift
through data that's far from complete.

~JENNIFER COUZIN

Delay in Europe Could Mean Extra Year for U.S. Collider

Physicists were hardly surprised when officials
at the European lab CERN announced last
week that the worlds new highest-enerzy atom
smasher. the Large Hadron Collider (LHC),
will not start up in November as planned.
Assembly of the $3.8 billion accelerator near
Gieneva, Switzerland, was more than a month
behind, leaving no time for a scheduled month-
long *
prohibitively expensive in the winter (Science,
6 April. p. 31).

But with the LHC' start-up delayed until
April 2008, physicists in the United States are
mulling another possibility: At a meeting last
week at Fernm National Accelerator Labora-
tory ( Fermilab) in Batavia, [llinois, they began
discussing whether to run the lab’s venerable
Tevatron collider for another year. through 2010,

Just a vear ago. Fermilab physicists worried
that the Tevatron would shut down before 2008
(Science, 2 June 2006, p. 1302), The 2009
run now scems likely, and
researchers are speculating
about running longer, *1 would

‘engineering run” before power becomes

not want o see '.I.!'I}'“'i]l'li_' done
that would preclude running in
20010." says Terry Wyatt of
Manchester University in the
U.K.. who is co-spokesperson
for the team working with DY),
one ol two particle detectors fed
by the Tevatron. “Signing con-
tracts to start dismantling the
machine in October 2009
would be crazy”

The decision will begin
with deliberations by the Parti-
cle Physics Project Prioritiza-
ton Panel { P3), which advises
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the LS, Department of Energy (DOLE) and
the National Science Foundation. At the
meeting, P3 heard updates from researchers
working with DO and the rival CDF detector.
The panel will make its official recommenda-
tion for 2009 next month. Because the Tevatron
is cranking out copious data while the LHC is
delayed "one can anticipate that we will rec-
ommend running in 20097 says PS5 chair
Abraham Seiden of the University of Califor-
nia, Santa Cruz.

Making the call for 2010 will be tougher, “Tt
would ke some unusual circumstances w jus-
tify runming beyond 2009 Sewden says. The
Tevatron might get a further lease on life if
experimenters see signs of the long=-sought
Higgs boson or other particles. or if the LHC
comes on slowly,

The timing will be tricky. To help DOE set
its 2010 science budget. P5 must weigh in by
the end of next summer, But the LHU won't

Overtime? Fermilab’s
Tevatron collider could keep
cranking through 2010,

start smashing particles unul next July, “The
problem is that by next summer the LHC is
barely twrning on, so we won't know how
things are going to go.” says Pier Oddone,
director of Fermilab,

Fermialab officials must also determine
whether enough people will stick around to
keep the Tevatron going. Researchers are
flocking to the LHC, and neither DO nor CDF
has a formal agreement to continue beyond
2009, However, Fermilab’s Robert Roser,

co-spokesperson for CDF. says that if

rescarchers see solid evidence of the Higgs or
something else. many will stay to cineh the
discovery: “That would more or less guaran-
tee we'll have enough people.”

Running the Tevatron another vear would
cost about 530 million, Oddone says. He
hopes DOE could squeeze that amount
from its $750 million particle-physics
budget without affecting Fermilab’s neutrino
experiments, work on the pro-
posed International Linear
Collider, and other projects,

Mo one expects the Teva-
tron to run bevond 2010, To
make progress, experimenters
must continually improve the
collider to double and redou-
ble the size oftheir data set. By
running through 2010, the
Tevatron should double the
data it will have produced by
the end of next vear. But with
no upgrades in the works, dou-
bling 1t again would take
4 more years. By then, the LHC
should have long since buried
the Tevatron, -ADRIAN CHO
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Bush Boosts AIDS Relief: Cause for Applause and Pause

When Presidemt George W. Bush announced
on 30 May that he wants to double the budget
for the AIDS program he initiated to help
financially strapped countries battle their epi-
demics. Democrats and Republicans alike
applauded the move. Reflecting the sentiment
on both sides of the aisle, Representative Tom
Lantos (D-CA), who chairs the House Com-
mittee on Foreign Affairs that first authonzed
the President’s Emergency Plan for AIDS
Relief (PEPFAR) in 2003, said it was “music
o my ears, and [ will do all I can o ensure har-
monious support for it.” Many AIDS
researchers immediately started o think about
how PEPFAR 11, as some are calling it, could
reach more people with its prevention, care,
and treatment efforts.

But HIV/AIDS advocates who closely
track PEPFAR's every move had a less charia-
ble reaction to the proposed 530 billion plan,
asserung that its misleading o call it a dou-
bling. Congress, they note, has steadily appro-
priated more money to PEPFAR, with the fis-
cal year 2008 payout totaling $5.4 billion
close to the 56 billion a year Bush wants for
PEPFAR 1. “To call the 530 billion a doubling
is really disingenuous,” contends Asia Russell,
who heads international advocacy for the
Health Global Access Project in New York
City. “Bush really announced a maintenance
spending level for the next
3 years.” Even Anthony Faua,
head of the National Institute
ol Allergy and Infectious
Diseases in Bethesda, Mary-
land, and an architect of
the original PEPFAR, says
$30 billion represents a
*shght o modest increase.”

On top of these monetary
concerns, advocates and scien-
tists alike want Congress to
remove L'{'I']'I.\'ul]'Eliﬂl:i on h'['l'l.‘l.'

Several scientists who were involved with
the 10M evaluation, although praising Bush's
leadership and ongoing commitment, see
ample room for improvement, One of those,
James Curran, former HIV/AIDS chiel at the
Centers for Disease Control and Prevention in
Atlanta, Georgia, and now dean of the Rollins
School of Public Health at Emory Umiversity,
also i Adlanta, says that earmarking funds for
abstinence programs often pits PEPFAR
against other donors and country plans. A
study done by the Government Accountability
Office reported inApril 2006 that “meeting the
spending requirement can undermine the inte-
gration of prevention programs” by, for exam-
ple. foreing countries to cut funds for thwarting
mother-to-child transmission or for education

campaigns that target groups at high risk of

becoming infected.

PEPFAR. which is authorized to run
through 2008, to date has supported the anu-
HIV treatment of more than 1.1 million people
in 12 sub-Saharan African countries, Haiti,
Guyana, and YVietnam., (Support can include
anything from providing drugs to training
health-care workers, funding labs, or helping
these 15 “focus” countries develop policy,) By
the end of September 2006, PEPFAR officials
say it had supplied anti-HIV drugs to more
than 500,000 infected pregnant women to pre-

With PEPFAR Support

PEPFAR money can be spent. ::::‘x 1,101,000 ,
When Bush first proposed Lnﬂﬂ:mﬂ /S
I"TIEFITAR as a 5—}-u.;|1'. .S]:T bil- 500,000 7L
lion program, he insisted on 800,000 /azlz.mu
specific provisions in the legis- 700,000 i
I::lu.m, the most l..'l.'lj'l'lIU'l.'t.'l‘:iI.'!].l'I‘I 600,000 1,000
which requires that one-third 500,000
l1:|-[hl.‘ money spent on preven- ‘W*x 201,000
tion must go toward pro- a0, o

; : i 200,000
moting abstinence before SRR —/-‘ﬁ;; 235,000
marriage. A March Institute ' :

0
of Medicine (1OM) report

strongly urged Congress to
remove these earmarks,
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Making the grade. If PEPFAR stays on track, it will support the treatment
of 2 million HIV-infected people in poor countries by the end of 2008.

vent transmission of the virus to their babies
and provided care to 2 million AIDS orphans.
Another 18.7 million people received HIV
tests and counseling. “Lots of people’s lives are
being saved.” says Mark Dybul. the Global
AIDS Coordinator who heads PEPFAR.

Bush’s latest proposal 1s “unquestonably a
doubling of resources.” says Dybul. He says
PEPFARs critics highlight “relatively minor
issues” such as the size of the increase and the
earmarks, ignoring the fact that many other
developed countries contribute relatvely little
to the global HIV/AIDS effonts, "If | were an
activist, I wouldnt be focusing on the $30) bil-
lion but asking wheres the rest of the world so
that we can expand service?” (The Group of
Eight industrialized nations, which includes
the United States, last week announced that it
would spend $60 billion on HIV/ALDS “over
the coming vears,” half’ of which would come
from PEPFAR 1)

In March, Representative Barbara Lee
{D-CA) inroduced a bill that would sirike the
abstinence-only earmark from the onginal
PEPFAR authorization: the bill is currently
under consideration. Barry Bloom, dean of
Harvard School of Public Health in Boston,
says he hopes Congress excises all of the ear-
miarks when it writes the legislation reauthoriz-
ing PEPFAR. probably in early 2008, “That
kind of blanket micromanagement ends up
wasting the public’s money.” says Bloom.

Other crnitical 1ssues are how many people
PEPFAR will treat and whether it will expand
into more countries. Dvbul says PEPFAR will
hit its target of having 2 million on treatment
next vear. PEPFAR I calls for supporting the
treatment of another hall-million peoaple,
bringing the total to 2.5 million. The relatvely
small increase reflects the fact that PEPFAR
has slowly ramped up whereas PEPFAR 11
will start off with at least 2 million on the
treatment rolls and nullions more in preven-
tion programs. And rather than adding more
focus countries, PEPFAR 11 calls for estab-
lishing “partnership compacts™ that would
require new countries to increase their own
spending on HIV/AIDS and health-care sys-
tems in order 1o receive PEPFAR funds.

Michael Merson., who heads the Duke
Global Health Instutte in Durham, North Car-
oling, and onee ran the Global AIDS Program
tor the World Health Organization, says he'd be
“delighted™ if Congress supported the presi-
dent’s request: “Whether it’s enough or not
enough, 1ts a lot more than we're doing for
other global health needs.” ~]ON COHEN
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MEDICINE

Initiative Aims to Merge Animal and
Human Health Science to Benefit Both

Medical and veterinary science are like sib-
lings who have grown apart, But now, theresa

Nurry of efforts o reunite them. Proponents of

this idea. called “one medicine” or “one
health,” say that breaking down the walls
between the two fields will help fight diseases
that jump from animals 1o humans,
such as SARS and avian
influenzz., and advance both
human and animal health,
In April. the Ameri-
can Veterinary Medical
Association
{AVMA) decided 10
establish a 12-member
task force to recom-
mend ways in which
vets can collaborate
with colleagues in
human medicine. In late
June, the house of delegates
of the American Medical Associa-
tion (A AMA) will vote on a resolution in sup-

port of strengthened ties between schools of

medicine and veterinary science, increased
collaboration in surveillance and the devel-
opment of diagnostics, drugs, and vaccines
across species barriers, and a “dialogue”
with AVMA. The theme is also on the pro-
gram at infectious-disease meetings 1n
Europe and the Umited States this vear.

Although still closely connected in the
19th century, human and animal medicine
became increasingly disconnected in the
20th. Recent health emergencies have
occasionally driven them back into each
other’s arms,. The global outbreak of the
H3NI avian influenza strain, for instance,
has led to closer ties between the human
and animal health agencies at the global
and country levels.

But such collaborations are the exception
when they should be the norm. especially
now, with dangerous new zoonoses popping
up, says Laura Kahn, an mmternist at Prince-
ton University. During the 1999 West Nile
outbreak in the United States. vets saw birds
dyving while doctors noticed an uptick in
patients with neurological symptoms, but it
took a while before someone made the con-
nection. Concrete plans still need o be
tleshed out. Kahn savs, and obstacles
abound; For instance, educational collabora-
tions could be tough in the United States,
where there are only 28 vet schools, often in

rural areas, versus more than 140, mostly
urban-based, schools of medicine,

The benefits of collaboration could go
beyvond zoonoses, says Jakob Zinsstag of the
Swiss Tropical Institute in Basel. For
instance. in Chad, Zinsstag has helped
introduce joint vaccination came-
paigns for livestock and
humans, which has helped

hard-to-reach nomadic
populations. In the
United Kingdom,
It's all connected.
Human and animal
medicine should grow

closer together, One
Health supporters say.

the Comparative Clinical
Science Foundation has

announced plans to fund cross-
species studies in areas as diverse as cancer,
aging, and genetic disorders—which will
vield different insights than the use of animals
as models for human disease, Kahn says,

The term “one medicine”™ was coined in
1960s by Calvin Schwabe, a veterinary sci-
entist and epidemiologist at the University
of California, Davis, who died last year. The
push to put his ideas into practice originates
from a fairly small number of people. Kahn,
who became a convert from studying
emerging diseases and bioterrorism, got the
ball rolling with an article in Emerging
Infections Diseases last year. She also wrote
a “vision statement™—together with Flonda
veterinarian Bruce Kaplan and former gov-
ernment virologist and biotech executive
Thomas Monath, now at the investment
firm Kleiner Perkins Caufield & Byers in
Menlo Park, California—supporied by
dozens of prominent researchers. They
tound an enthusiastic champion in AVMA
President Roger Mahr.

In a way, the movement 15 also a struggle
by veterinarians for a place at the table in

public health. says Joan Hendricks, dean of

the University of Pennsylvania’s vet school.
*“We have been knocking politely at the door
for a while,” she says, but human medicine
has been slow to respond. But if the AMA
resolution gets passed next week, she adds,
“1t would be a phenomenal support.”
-MARTIN ENSERINK

raise vaceination rates of
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Hubble Due for Fall
2008 Makeover

I's official: In 15 months, NASA will send a
space shuttle to service the aging Hubble Space
Telescope. Plans to return to Hubble were put
on hold 4 years ago after Columbia disinte-
grated. NASA chief Michael Griffin pledged last
year to reverse his predecessor’s decision to let
Hubble die, but the space agency waited until
Atlantis lifted off from its Florida launch pad
last week to put the 10 September 2008 servic-
ing flight on the busy shuttle schedule.

If the maintenance mission—its filth—is
successful, Hubble will sport two new instru-
ments, The Cosmic Origins Spectrograph and
Wide Field Camera 3 will, respectively, measure
the structure and composition of matter and
examine the universe in multiple wavelengths,
By replacing gyroscopes and filling the fuel
tank, the mission is also expected to extend the
life of the telescope, first launched in 1990, to
2013. That's also when NASA intends to launch
its James Webb Space Telescope, Hubble's
follow-on. ~ANDREW LAWLER

Peer Review Peered
At, Reviewed

Two new panels will try to figure out how to
tweak the vaunted peer-review process al the
National Institutes of Health (NIH} to cope
with soaring numbers of applications and
other pressures on the agency.

MIH has created two working groups—one
external, one internal—to examine the “con-
tent, criteria, and culture of peer review” in
light of flat budgets, a rising number of grant
applications, shrinking success rates, and a
dearth of experienced reviewers (Science,

20 April, p. 358). The external committes is
co-chaired by cell biologist Keith Yamamolo
of the University of Califormia, S5an Francisco,
a member of the last review panel 8 years
ago. Yamamolo expects the new panel to
probe the current emphasis on preliminary
results and weigh the proper balance between
the bona fides of the investigator and the
value of the project itsell, The internal group,
co-chaired by Jeremy Berg, director of the
National Institute of General Medical Sciences,
will examine the same issues, Both panels are
to gather input and report back in December.

Meanwhile, a House spending panel last
week voted to add 5750 million next year to
the agency's current 529 billion budget, a
2.6% raise that lags biomedical inflation. The
increase drops to 1.9% if 5200 million
tagged for the global AIDS fund is removed.

=JOCELYN KAISER AND ELIOT MARSHALL
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HIV/AIDS

AIDSTruth.org Web Site Takes

Aim at ‘Denialists’

For 20 vears. a small but vocal group of AIDS
“dissenters” has attracted international atten-
tion by questioning whether HIV causes the
disease, Many AIDS researchers from the out-
set thought it best to ignore these challenges.
But last vear, another small and equally vocal
group decided to counter the dissenters
whom they call “denialists™—with a feisty
Web site, AIDSTruth.org. It has started to
attract nternational attention itself. “Its great”
savs Mark Wainberz, head of the MeGill AIDS
Centre in Montreal, Canada. “We really need
to get more people to understand that HIV
denialism does serious harm. And we were in
denial about denialism for a long time.”
Launched by AIDS researchers, clini-
cians, and activists from several countries,
AIDSTruth.org offers more than 100 links 1o
scientific reports to “debunk denialist myths™
and “expose the denialist propaganda cam-
paign for what it is ... to prevent further harm
bemng done w imdvidual and public health.”
The site also has a section that names denial-
1sts and unspanngly crtiques their wrtings,
vartously accusing them of homophobia,
“scientific ignorance of truly staggering pro-
portions,” conspiracy theories, “the dogmatic
repetition of the misunderstanding, misrepre-
sentation, or mischaractenzation of certain
scientific studies,” and Nat-ouwt lies, “There
wis a perceved need to take these people on
in cyberspace, because that’s where they oper-
ate mostly, and that’s where the most vulnera-
ble people go for their information.”
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savs immunologist John Moore, an AIDS

researcher at the Weill Medical College of

Cornell University in Mew York City.

Peter Duesberg, a prominent cancer
researcher at the University of California,
Berkeley, whom colleagues have pilloried
ever since he first questioned the link between
HIV and AIDS in 1987, remains unswayed by
the Web site, which he derides in an e-mail

interview as a “scientifically worthless mux of

ad hominems, opinions, intolerance, and reli-
gious energy—instead of a theory and facts”
Duesberg maintains that “many essential
questions” about what he calls the "HIV-ALDS
hypothesis™ remain unanswered.

Two factors led Moore and like-minded
thinkers (who now number 11) to take off the
gloves and hit back with AIDSTruth.org,
which went online in March 2006, One was
an article in that month’s 1ssue of Harper's
magazine, “Out of Control. AIDS and the
Corruption of Medical Science.” which
chronicled Duesberg’s travails for challeng-
ing dogma and also questioned the safety and
effectiveness of an anti-HIV drug that’s
widely used to prevent transmission from an
infected mother to her baby. Moore and other
Web site co-founders wrote a 35-page cri-
tique of the article. The second trigger was the
situation in South Africa. “Many people who
had tought demialism in the early 19490s had
lost interest in the subject, but in South Africa,

1t was at 1ts peak,” explains another founder of

the Web site, Mathan Geften of South Africa’s

Truth be told. Protesters around the warld assailed
South Africa's health minister for questioning the
worth of anti-HIV drugs.

Treatment Action Campaign. Geflen and oth-
ers worried that his government might use the
Harper'’s article to justify further inaction.
“South Africa has more people living with
HIV than any other country. and it’s also been
a place where AIDS denialism has had politi-
cal support with terrible resulis.”

The no-frills Web site receives no fund-
ing. doesn’t pay contributors. and features
no ads. It refuses to debate whether HI'V
causes AIDS, which it says “is as certain as
the descent of humans from apes and the
falling of dropped objects to the ground.™ It
has also posted articles by authors of peer-
reviewed publications who believe their
findings have been distorted by people try-
ing to prove that HIV/AIDS is a ruse. “The
denialists tend to be grotesquely inaccurate,”
says Richard Jefferys, an activist with the
Treatment Action Group in New York City
who also helped start the site, “It’s almost
like the more outrageously inaccurate the
¢laim is, the more they repeat it.”

To the delight of Jefferys and others, a
Supreme Court judge in Australia in April
cited a debunking article on AIDSTruth.org
ina closely followed case that involved a man
convicted of endangering life for not reveal-
ing he was infected with HIV to sexual pan-
ners. The man appealed, claiming that no
studies prove HIV causes AIDS. His defense
consisted of two “expert” witnesses. one of
whom was extensively questioned about alle-
sations that she had misused a researcher’s
results on sexual transmission of HIV. The
questions were inspired by an editorial posted
on AIDSTruth.org. The judge concluded that
neither defense wimess—both of whom are
branded as demalists on AIDSTruth.org
was qualified o express opinions on these
questions. “There’s a constant concern that by
rebutting these things, you're giving them
more credence—there’s a thin line between
slayving the monsier and feeding it,” says
Jefterys, “The judge’s decision made the Web
site seem really worthwhile.”

AIDSTruth.org has seen its popularity
rise from about 60 unigue visits a day to 150,
But as Moore notes. “we're certainly not high
up in the Google rankings.” Then again, he
argues, any effective rebuke to the “anti-
scientific” opinions that attract so much
attention is worth the effort, 1 you ignore
the denialists. theyre not going to disappear,”
says Moore. “And they don't like the fact that
we can get in their faces. They're used to
being unchallenged.” =]ON COHEN
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HYDROLOGY

River-Level Forecasting Shows No
Detectable Progress in 2 Decades

And you thought weather forecasters had it
tough, Hydrologists looking o forecast the
next flood or dangerously low river flow must
start with what weather forecasters give
them—predictions of rain and snow, heat and
cold—and fold that into myriad predictive
maodels. Then those models must in tum fore-
cast how rain and any melted snow will flow
from rivulet to river while hable to loss to
evaporation, groundwater, reservoirs, and
farmers’ fields. During their century in the
forecasting business, hvdrologists have devel-
oped a modicum of skill, but a newly pub-
lished study fails 1o find any improvement
during the past 20 vears in forecasting river
levels out to 3 days,

“I's a pretty shocking result,” savs hydrol-
ogist Thomas Pagano of the ULS. Department
of Agriculre’s Natural Resources Conserva-
tion Service in Portland, Oregon, who was not
involved in the study, If the new
results are widely applicable,

how much water was added by melting snow
versus how much soaked into the ground,

In the April Bulletin of the American Mete-
arofogsical Socien (BAMS), Welles and col-
leagues report mixed results. Forecasiers
showed real skill in predicting river levels
I and 2 days in advance compared with
assuming that river levels would not change.
But despite new models, more-powerful com-
puters, better ways of displaying data and
results, and even improved precipitation fore-
casts from NWS, the 1- and 2-day predictions
didn’t become more accurate over the | or
2 decades of the verilication study, at least in
the two areas studied.

Troubleshooting hydrologic forecasting to
understand why it's been resisting improve-
ment will take “objective study and well-
structured verification,” says Welles, “not
expert opinion or ad hoc experience.” BAMS

Oklahoma River Forecast Skill
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“we're treading water in terms of @ 25
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E them. Yet “little verification of
hydrologic forecasts has been
conducted to date,” says hydrologist Edwin

g Welles of the National Weather Service

s (NWS)in Silver Spring, Maryland.

E So Welles—who has worked at NW'S since
1994—tackled hydrologic verification in his

j 2005 dissertation for the University of Ari-

£ #zona. He considered NWS forecasts and

2 ohservations of river levels during 10 years at

= four locations in Oklahoma and during
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20 years at 11 locations along the mainstem of

the Missouri River. On the Missour, a forecast
location had 500 to 1000 upstream basins
teeding water to it, Each basin required its own
set of calibrated predictive models, each pre-
dicting a different step in water low, such as
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Flat-lining. Although errors in river-level forecasts (solid lines) can
be smaller than a simple assumption of no change (dotted lines),
errars have not declined with changes in forecasting procedures.

Editor-in=-Chief Jeff Rosenfeld agrees. Writ-
ing in an accompanying editorial, he finds
that the Welles paper makes the point that
“forecasting must include verification if it is
to be scientific. Every forecast is like a
hypothesis, and in science every hypothesis
must ultimately be tested.™

NWS s taking Welles's research seriously.

It began verifying rver forecasts at all 4000 of

its locations last year. And last fall, an NWS
team produced a plan based on Welles's
research that should lead toa single hydrologic
verification system by 201 1. By then, fore-
casters should be stroking against the current
toward better forecasts, -RICHARD A. KERR
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War on TB

The World Health Organization (WHO) has
jumped on the news wave following the
Atlanta lawyer who flew commercially to sev-
eral countries with a dangerous form of Luber-
culosis. WHO's Stop TB Partnership will issue
new guidance this month for countries bat-
tling drug-resistant forms of the disease.
Although TB is curable, drugs fail in one-third
of people with multidrug-resistant strains and
in more than two-thirds of those with exten-
sively drug-resistant forms.

WHO's Paul Nunn says strengthening labs
in the developing world is key. “South Africa
has more laboratories capable of doing cul-
ture and drug-susceptibility testing than the
rest of the continent put together,” he says.
The plan also calls for expanding surveillance
and implementing infection-control measures
in hospitals. The plan’s estimated yearly cost
is 51 billion, but Nunn predicts it would save
1.2 million lives by 2015. -JON COHEN

Trial for Vaccines

Parents who blame vaccines for their chil-
dren’s autism finally have their day in court,
Congress shielded vaccine manufacturers
from liability in 1986, requiring that claims
be filed with the U.5. Court of Federal Claims
in Washington, D.C., before a federal com-
pensation fund pay damages. More than
4800 parents have filed claims since 1999,
and the court began hearing evidence this
week in a representative test case,

The main focus is on a mercury-based pre-
servative called thimerosal. Epidemiologists
have found no link between autism and this
ingredient, which has been phased out of
almost all childhood vaccines (Scence,

12 September 2003, p. 1454), “This sort of
palaver has the potential to inhibit vaccina
tion,” rues William Schafiner of Vanderbilt Uni-
versity in Nashville, Tennessee. A ruling could
take as long as a year. —ERIK STOKSTAD

Get Back to the Lab

Asian research funding could soon eclipse
European public and private spending on
research and development (R&D), says a new
report released by the European Union (E.U.).
China could overtake the E.U. by 2009 in
terms of R&D spending as a percentage of
gross domestic product, the report says. It
notes that European industry contributes less
to research: only 55% of total R&D spending,
compared to 64% (U.5.), 67% (China), and
75% (both Japan and South Korea),

=DANIEL CLERY
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GENOMICS

DNA Study Forces Rethink of
What It Means to Be a Gene

Genes, move over. Ever since the early 19005,
biclogists have thought about heredity prima-
rily in terms of genes. Today. they often view
genes as compact, information-laden gems
hidden among billions of bases of junk DNA,
But genes, it turns out, are neither compact nor
unigquely important. According to a pain-
staking new analysis of 1% of the human
genome. genes can be sprawling, with far-
flung protein-coding and regulatory regions
that overlap with other genes.

Az part of the Encyclopedia of DNA

savs Francis Collins, director of the Mational
Human Genome Research Institute (NHGRI)
in Bethesda, Maryland, “we're beginning to
understand the ground rules by which the
genome functions.”

Once the human genome sequence was in
hand by 2003, NHGRI set up ENCODE o
learn what those 3 billion or s0 bases were all
about. The mitial 4-vear, 542 million effort,
which tackled 1% of the human genome,
brought new and existing experimental and
computational approaches to bear, mapping

DNA work. For Ewan
Birney, coordinating

300 authe

challe

Elements (ENCODE) project, 35 research
teams have analyzed 44 regions of the human
genome covering 30 million bases and figured
out how cach base contributes to overall
genome function. The results, compiled in a
paperinthe 14 June issue of Nesoe and 28 papers
in the June issue of Genome Research, provide
a litany of new insights and drive home how
complex our genetic code really is. For exam-
ple. protein-coding DNA makes up barely
2% of the overall genome, vet 80% of the bases
studied showed signs of being expressed, says
Ewan Birney of the European Molecular Biol-
ogy Laboratory’s European Bioinformaties
Institute in Hinxton, UK., who led the
ENCODE analysis.

Given the raditional gene-centric perspec-
tive. that finding *“is going to be very disturbing
to some people,” savs John Greally, a molecu-

lar biologist at Albert Einstein College of

Medicine in New York City, On the other hand,
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not just genes but also regulatory DNA and
other important features such as gene start
sites, NHGRI now plans to spend about
$23 million annually over the next 4 years o
perform a similar analysis of the whole
genome, expecting that the lessons learned
from the pilot ENCODE and new sequencing

technologies will greatly reduce the costs of

this extended project (Science. 25 May.,
p. 11200 The goal is 1o measure all the difter-
ent kinds of features across the human genome
and ask which features go together to under-
stand the whaole package,” savs Georpe Weinstock,
a geneticist at Baylor College of Medicine in
Houston, Texas,

A key component of the pilot ENCODE is
an analysis of the “transcriptome.” the reper-
toire of RNA molecules that cells create by
transcribing DNAL For protein-coding genes,
most of their RNA transcnpts—the messen-
ger RNA (imRNA )J—get translated into

chains of amino acids by ribosomes. For other
tvpes of “genes.” RNA is the end product:
Ribosomal RNAs become the backbone of
the nbosome. for example.

Researchers used to think very little RNA
was produced beyond mRNA and a smattering
of RNA end products. But about half the tran-
serpts that molecular biologis Thomas Gingers
of Affvmetrix Inc. in Santa Clara, California,
discovered in his RNA survey 2 vears ago
didn™t fit into these categories (Science,
20 May 2003, p. 1149), a finding ENCODE
has now substantiated. The ENCODE
researchers knew going in that the DNA they
were studving produced about eight non-
protein-coding RMNAs, and they have now dis-
covered thousands more. “A lot more of the
DNA [is] wrning up in RNA than most people

O Y

would have predicted” says Collins.

ENCODE has produced few clues as to
what these RNAsdo—leaving some to wonder
whetherexperimental antifacts inflated the per-
centage of DNA transcribed, Greally 15 satis-
fied that ENCODE used enough different
technigques to show that the RNA transcripts
are real, but he's not sure they're biologically
important. “It’s possible some of these tran-
scripts are just the polymerase [enezyme] chug-
ging along like an Energizer bunny™ and tran-
seribing extra DNA. he suggests,

But in the 8 June issue of Scicnce (p. 1484).
Gingeras and his colleagues reported that
many of the mysterious RNA transcripts found
as part of ENCODE harbor short sequences,
conserved across mice and humans, that are
likely important in gene regulation. That these
transcripts are “so diverse and prevalent across
the genome just opens up the complexity of
this whole system,” savs Gingeras, [
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The mRNA produced from protein-coding
genes also held surprises. When Alexandre
Reymond. a medical geneticist at the Univer-
sity of Lausanne, Switzerland, and his col-
leagues took a close look at the 400 protein-
coding genes contaimed in ENCODE'S target
DNA, they found additional exons—the
regions that code for amino acids—for more
than 80%, Many of these new lfound exons were
located thousands of bases away from the
gene’s previously known exons, sometimes
hidden in another gene. Moreover, some
mENAs were derved from exons belongmg to
two genes, a finding, says Reymond, that

SYNTHETIC BIOLOGY

“underscores that we have still not truly
answered the question, “What 1s a gene? ™ In
additon, further extending and blurnng gene

houndaries, ENCODE uncovered a slew of

novel “start sites” For genes—the DNA
sequences where transcripiion begins—many
located hundreds of thousands of bases away
from the known stan sites.

Before ENCODE started, researchers knew
of about 532 promoters, regulatory DNA that
helps jump-start gene activity, in the human
DNA chosen for analysis, Now they have
775 in hand, with more awaiting vernification.
Unexpectedly, about one-quarter of the pro-

NEWS OF THE WEEK

moters discovered were at the ends of the genes
instead of at the beginning.

The distributions of exons, promoters, gene
start sites, and other DNA features and the exis-
tence of widespread transcription suggest thata
multidimensional network regulates gene

expression. Gingeras contends that because of

this complexity, researchers should look at
RNA transcripts and not genes as the funda-
mental functional units of genomes. But
Collins is more circumspect. The gene “is a
concept that's not going out of fashion,” he pre-
dicts, “1t’s just that we have w be more thought-
ful about it ~ELIZABETH PENNISI

Attempt to Patent Artificial Organism Draws a Protest

An activist group’s concern about mavenck
genome sequencer J. Craig Venter’s intention
to patent an entirely synthetic free-living
organism has thrown a spotlight on the emeng-
ing ntellecwal-property landscape in this hot
new field. The protesters claim that Venter
wants his company o become the Microsoli
of synthetic biology. dominating the industry.

Venter hopes to use the artificial life form,
which he says does not vel exist, as a carrier
for genes that would enable the bug to crank
out hydrogen or ethanol to produce cheap
energy. Duke University law professor Arti
Rai says the patent., if awarded. “could be
problematic” only if Venter’s product became
the standard in the field. But Venter says this
application is just the start: He plans to patent
methods that would cover more than the sin-
gle microbe deseribed in the application.
“Wed certainly like the freedom to operate on
all synthetic organisms™ that could serve as a
chassis for swapping out genes, says Venter,
whose research team 15 at the nonprofi
J. Craig Venter Institute in Rockville, Mary-
land, but who recently started a company 1o
commercialize the work,

Filed last October and published by the
LLS. Patent and Trademark Office on 31 May,
the application describes “a minimal set of
protein-coding genes which provides the
information required for replication of a free-
living organism in a rich bacterial culture
medium.” The application cites work by
Hamalton Smith and others on Venters team
on a simple bacterium called Mveoplasma
genitalinm that they are using to determine
the minimum number of genes for life. They
wint to synthesize this “minimal genome™
From scratch, get it working inside a cell, then
add genes to produce cheap fuels (Science,
14 February 2003, p. 1006),

www.sciencemag.org SCIENCE  VOL 316

In a press release, the ETC Group, a tech-
nology watchdog in Ouawa, Canada, called
Venters “monopoly claims ... the start of a
high-stakes commercial race to synthesize and
privatize syntheuc life forms.” ETC calls for
the 1.5, and international patent offices to
reject the patent so that societal implications
can be considered. ETC also cited a recent
Newsweek interview in which the scientist
savs he wanis to ereate “the first billhon- or
trillion-dollar organism.”

Venter says this 15 Just one of several patem
applications that would give his company,
Synthetic Genomics Inc.. exclusive rights to
methods for making synthetic organisms. The
artficial Myveoplasma “may or may not be™
the one used to generate hydrogen or ethanol,

Future monopoly?
Craig Ve
ent

ar ijd MSms.

he says: his team 1s working on several
species. “We haven't given any thought to” the
licensing conditions, but in any case, they
would not impede work inacademic labs, says
Venter, adding, “This 1s a problem that we
hope will have hundreds of solutions.”

R says the nonon that Venter's Mveopdasnna
strain will dominate the way Microsoft’s Win-
dows did is tenuous because “about 10 things
would have to happen.” among them that Venter
would create the organism, get the patent, and
others would adopt his technology as the stan-
dard. Even if that happened, Vemter “could do
well [financially] and do good.” she says, by
licensing the technology at low cost as a
research tool, as happened with the onginal
patents on recombinant DNA technology.

Other synthetic biologists don’t seem
fazed. “He's shooting an arrow in the general
direction that things are poing.” says Fredenck
Blattner of the University of Wisconsin,
Madison, who has patented a stripped-down
Escherichia coli and founded a company
called Scarab Genomics that is commercializ-
ing the technology while disbursing it to aca-
demic researchers for a small cost, The more
pertinent question, says Harvard's George
Church, is whether the inventors’ claims to
have devised something useful will hold up,
as there s no obvious reason why a completely
synthetic Myveoplasma 1s needed rather than,
say, modified £, coff to make hydrogen.

Massachusetts Institute of Technology
synthetic biologist Tom Knight, who has
pointed out that anvone could get around the
patent simply by adding more than the
450 genes stipulated, says his complaint is
that the application doesn’t explain how to
build the artificial cell. “I think it’s rather
tasteless.” Kmight says.

-JOCELYN KAISER
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Food for

Thought

Did the first cooked meals help fuel the dra
evolutionary expansion of the human brain?

RICHARD WRANGHAM WAS LYING
beside a fire at home on a cold winter might in
Boston 10 vears ago when his mind wandered
to the first homamids to cook food. He imag-
ined & small group of Home erectus huddled

around a camplire m Afnc, roasting a leg of

wildebeest and sharing a morsel of singed
]'.ll'F[."Ill.! O IMEnNmx,

As a Harvard University primatologist
who studies wild chimpanzees in Africa,
Wrangham knew that cooking is one of the
relatively few unigquely human abilities. He
also knew that our habit of predigesting our
food by heating it allows us o spend less
enerzy on digestion. And he suddenly realized
that cooking is not merely the basis of culinary
culture. It would have given our ancestors a
big evolutionary advantage. *“'With cooking,
we should see major adaptive changes.” says
Wrangham. He arzues that cooking paved the
waty for the dramatic expansion of the human
brain and eventually fueled cerebral accom-
|'||]:'L|I'I['I'IL‘!'I[K such as cave P;lll'll.ll'l:'g, ".'I.TI'l.II'I:_E
symphonies. and inventing the Internet. In
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fact, Wrangham presents cooking as one of
the answers to a long-standing riddle in human
evolution: Where did humans get the extra
enerey 1o support their karge brams?

Expanding the brain demands a new
supply of energy. because human brauns are
voracious, The brain consumes 60% of the
energy expended by a resting newborn baby.
And a resting adult’s brain uses 25% of its
enerzy, as opposed to 8% used on average by
ape brains. But humans consume about the
same amount of calories as smaller-brained
mammals of similar body size—{for example,
small women have the samie basal metabolic
rate as large chimpanzees.

One classic explanation for this phenome-
non is that humans saved energy by shrinking
their gastrointestinal organs, effectively trading
brains for guts as they shifted to a higher qual-
ity diet of more meat. That theory is now gath-
ering addinonal support (see sidebar, p. 1560).

Wrangham thinks that in addition, our
ancestors got cooking, giving them the same
number of calories for less effort. He floated

Joy of cooking. Cooked food
provides easy calories, but did
H. erectus have camplires?

his lypothesis back in the late
19905 ( Science, 26 March
19949, p. 2004), but now he’s
championing it with a slew of
new data, some of which he
presented at a recent sympo-
sium.” “Even small differences
in diet can have big effects on
survival and reproductive suc-
cess. he says,

Other researchers are enthu-
stastic about the new results.
They show “the fundamental
importance of energy budgets
in human evolunon,” says paleg-

Cambridge University in the
LLE. But many aren’t convinced
by Wrangham’s arcuments that
the first cooked meal was pre-
pared 1.9 million to L6 million
yvears ago, when the brain
begzan to expand dramatically
in f erectus, They think that
although saving energy by
shrinking the gut may have been
important at this tme. the culi-
nary explosion came later, perhaps during the
evolution of our own species less than half a
million years ago. “What all these adaptations
are about 15 mereasing the bang for the buck
nutritionally”" says William R. Leonard, a bio-
logical anthropologist at Northwestern Univer-
sity in Evanston, Winois, “The challenge uli-
mately is to work out the exact tming of what
led to what.”

Boosting brainpower
Even those unsure about the mole of cooking in
huwman evolunon agree that something crucial
must have happened to our ancestors” energy
budget. Line up the skulls ofeardy hominids and
you'll see why: From 1.9 million to 200.000
years ago, our ancestors tripled their brain size.
The eariest members of the human family,
including the australopithecines that lived
from 4 million to 1.2 million vears ago (see
timeline. p. 1559). had brains about the size

" “Primatology Meets Palecanthropology Conference,”
17-19 April, University of Cambridge, United Kingdom.
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anthropologist Robert Foley of
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A rance of sarly Homo Appearance of Homo erectus/
Human Events pea by prasghicsctd —
, | Brain more than fire, maybe cooking
Earliest stt;ae ‘doubles in Evidence of hearths
Appearance of earliest hominids Appearance of " {Homo erectus and cooking
{5 million to 7 million years ago) australopithecines Claims for pearance of earliest
evidence of mo sapiens and
controlled fire Neandertals
6 Ma 5 Ma 4 IFP.Ia 3 ;ﬁa 2 Ma Fresr.nt

of chimpanzees. The brain didn’t expand dra-
matically until just after /7. erecnis appeared in
Afica about 1.9 million vears ago (where it s
also known as L ergaster). with a brain that
eventually averaged 1000 cubie centimeters
{cc). or about twice the size of a chimpanzee’s.
The next leap in brain capacity came 500,000 10
200,000 years ago with the evolution of our
own species, whose brains average 1300 cc,
and of Neandertals (1500 cc).

What spurred this dramatic growth in the
H. erectus skull? Meat. according to a long-
standing body of evidence. The first sione tools
appear at Gona in Ethiopia about 2.7 million
vears ago, along with evidence that hominids
weere using them to butcher scavenged car-
casses and extract marrow from bones. But
big changes don’t appear in human anatomy
until more than 1 million yvears later. when a
1.6-million-year-old skull of /1. ereerns shows it
was twice the size of an australopithecines
skull, says palecanthropologist Alan Walker of
Pennsylvamia State University in State College.
At about that time, archacological sites show
that £ erecriy was moving Carcasses o campe-
sites for further butchering and shanng: its
teeth, jws, and guts all got smaller, The radi-
tonal explanation is that £ erecnis was a better
hunter and scavenger and ate more raw meat
than its small-braned ancestors.

But a diet of wildebeest tartare and antelope
sashimi alone 1sn’t enough to account for these
dramatic changes, sayvs Wrangham., He notes
that 71, erecmes had small teeth—smaller than
those of its ancestors—unlike other camivores
that adapted to eating raw meat by increasing
tooth size. He argues that whereas carlier ances-
tors ate raw meat, /. erecies must have been
roasting it, with root vegetables on the side or as
a fallback when hunters didn’t bring home the
bacon. “Cooking produces soft. energy-rich
foods.” he says.

To find support for his ideas. Wrangham
went to the lab to quantfy the nutntional impact
of cooking. He found almost nothing in food
science liverature and began to collaborate with
physiologist Stephen Secor of the University of
Alabama, Tuscaloosa, who studies digestive
physiology and metabolism in amphibians and
repiiles. Secor’s team fed 24 Burmese pythons
one of four diets consisting of the same number
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of calories of beef: cooked ground beetf, cooked
imtact beef. rw ground beef. or raw intact beef’
Then they estimated the enerzy the snakes con-
sumed before, during. and after they digested
the meat, by measuring the declining oxygen
content in their metabolic chambers. Pythons
fed cooked beel spent 12.7% less energy
dhgesting it and 23.4% less energy if the meat
was both cooked and ground. “By eating
cooked meat, less energy is expended on diges-
tion; theretore, more energy can be used for
other activities and growth,” savs Secor.

Secor also helped Wrangham and graduate
student Rachel Carmody design a pilot study in
which they found that mice raised on cooked
meat gained 29% more weight than mice fed
raw meat over 5 weeks. The mice eating cooked
food were also 4% longer on average, accord-
ing to preliminary results. Mice that ate raw
chow weighed less even though they consumed
more calories than those fed cooked food. “The
energelic consequences of eating cooked meat
are very high.” says Wrangham.

The heat from cooking gelatinizes the
matrix of collagen in
animal flesh and opens
up tightly woven car-
bohydrate molecules
in plants to make them
easier to absorh. This
translates into less
time spent chewing:
Chimpanzees spend
5 hours on average
chewing their food whereas hunter-gatherers
who cook spend | hour chewing perday. In fact,
Western food is now so highly processed and
easy 1o digest that Wrangham thinks food labels
may underestimate net calorie coumts and may
be another cause of obesity,

The immediate changes in body sizes inthe
mice also suggest that our ancestors would

have been able to get rapid benefits out of

cooking, says Wrangham, That’s why he thinks
there would be little lag time between learning
to cook and secing anatomical changes in
humans—and why he thinks early H. erectus
must have been cooking, Less chewing and
mawing would lead o smaller jaws and teeth,
as well as to a reduction in gut and rib cage
size—all changes seen in /1. erectus. Those

“Even small differences in
diet can have big effects on
survival and reproductive

—Richard Wrangham,
Harvard University

changes would be favored by selection: Domi-
nant chimpanzees that nab the biggest fruitina
tree, for example, have more offspring, says
Wrangham. It seems to me that groups that
cook would have much higher reproductive
fitness.” he says.

Under fire

Wrangham's synthesis of nutritional, archaeo-
logical, and primatological data adds up o a
provocative hypothesis that hot cuisine fueled
the bram. “It’s such a nice explanation,” says

peleoanthropolozist Leslie Adello, president of

the Wenner-Gren Foundaton in New York City.
She says the smaller teeth in £1. ereenes indicate
to her that it wasn't chewing much ough raw
food: “Something must be going on. [ only
there were evidence for fire”

And that's the stumbling block to
Wrangham’s theories: Cooking requires fire.
Irrefutable evidence of habitual cooking
requires stone hearths or even clay cooking
vessels. Solid evidence for hearths, with
stones or bones encircling patches of dark
ground or ash, has
been found no earlier
than 250,000 vears
ago in several sites
in southern Europe.
Charred bones, stones,
ash, and charcoal
300,000 to 300,000
years ago at sites in
Hungary, Germany,
and France have also been assigned o hearths,
And burmned flints. seeds. and wood tound ina

success.”

hearthlike pattern have been cited as signs of

controlled fire 790,000 years ago in Israel
(Seience, 30 April 2004, p. 725).

But even the earliest of those dates are long
after the dramatic anstomical changes seen in
I erecius, says Wrangham. He notes that evi-
dence for fire is often ambiguous and argues
that humans were roasting meat and tubers
around the campfire as early as 1.9 million
years ago,

Indeed, there are a dozen claims for
camptires almost that ancient. At the same

meceting, paleoanthropologist Jack Harris of

Rutgers University in New Brunswick. New
Jersey. presented evidence of burned stone
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Swapping Guts for Brains

Cooking is the latest theory to explain how humans can feed their vora-
cious brains enough calories to survive {(see main text), but there's
another, classic explanation: As our ancestors began lo eat more meat,
they took in enough calories at each meal to permit their guts to shrink,
saving energy from digestion that in turn helped fuel the brain. Called the
expensive tissue hypothesis, this theory was proposed back in 1995 when
paleoanthropologist Leslie Aiello, then of University College, London, and
physiologist Peter Wheeler of Liverpool John Moores University discovered

the tradeoff in guts and brains in 18 species of pri-
mates. They found that our gastrointestinal tract is
only 60% of the size expected for a primate of simi-
lar size (Science, 29 May 1998, p. 1345).

Now, after a decade of stasis, the idea is getting
new support from studies of birds, fish, and primates,
Researchers are also expanding the theory by show-
ing that these energetic tradeoffs only happen in ani-
mals that grow up slowly, suggesting that a slowdown
in juvenile development sel the stage for a large
brain. “I'm extremely happy that people are taking
this up, " says Aiello. "Now we're going to get some
where with it.”

Aiello's hypothesis languished in the late 1990s,
after researchers sought an energetic tradeoff in other
animals—and didn’t find it. Small-brained birds such
as chickens don’t have big guts, for example. And pigs
have small brains and small guts.

But more nuanced animal studies are now shoring
up the theory. Last year, Carel van Schaik and Karin
Isler of the University of Zurich clarified the situation
in birds. Most birds, streamlined for long flights,
already possess relatively small guts, they explained
in the Journal of Human Evolution. 5o the energetic
tradeoff happens instead between brains and pec-
toral or breast muscles: Bigger birds such as turkeys
need bigger pectoral muscles to get airborne, and
they have smaller brains—these are “the dumb ones
we like to eat,” says van Schaik. Those with bigger
brains have smaller pecs.

The hypothesis also "holds up very well” in six other
species of primates, based on preliminary data on wild

monkeys and apes, says van Schaik. Brainy capuchin monkeys, for example,
eat a high-quality diet of insects and bird eggs and have tiny quts. Howler

Big, bigger, biggest. The brain of
Australapithecus (top) is half the size
of Homo erectus {middte} and one-third
the size of H. sapiens (bottom).

monkeys have tiny brains and big guts to digest bulky leaves and fruit. "The
new data beautifully show the tradeoff, gram for gram, between the brain
and gut,” says neurobiologist John Allman of the California Institute of Tech-
nology in Pasadena.

In another paper in press in the journal of Human Evolution, van Schaik
and Duke University graduate student Nancy Barrickman confirm earlier
reports thal primates can grow a big brain only if they adopt a particular
life history strategy. Van Schaik's team shows that 28 species of pri

mates, from tiny mouse lemurs to great apes, have
slowed their metabolic rates, thus prolonging their
juvenile years, postponing the age at which their first
offspring are born, and living longer. This kind of life
history is thought to be an adaptation for decreasing
infant mortality and boosting maternal health in ani-
mals in which the adults have good chances Tor sur-
vival, says paleoanthropologist Jay Kelley of the Uni-
versity of lllinois, Chicago, It also allows primate brains
time to grow larger and more complex before adult-
hood. "Once they slowed down life history, the big
brain was inevitable,” says Kelley.

Preliminary evidence from the eruption of
molars in three Homo erectus juveniles, including
the Mariokotome skeleton from Kenya, fits with this
idea: The teeth suggest that this species had just
begun a particularly dramatic developmental slow
down during childhood, a slowdown that reached an
extreme in modern humans, says Christopher Dean
of University College London.

In this scenario, our ancestors slowed down their
development even more as their brains got larger,
which required additional energy from a smaller gut
and better diet. Thus, the expensive-tissue hypothesis
works in primates and other mammals whose young
grow up slowly, but not in animals that grow up fast
and die young, such as pigs. The energetic tradeoff
with the brain can only happen if brains have enough
time during development to grow big. "It turns out
Leslie [Aiello] was exactly right—with a footnote,”
says van Schaik,

-A.G.,

tools 1.5 million years ago at Olduvai Gorge
in Tanzania and at Koobi Fora in Kenva,
along with burned clay, /. erectus has been
found at both sites. Claims by other
rescarchers include animal bones burned at
high temperatures 1.5 million years ago at
Swartkrans, South Africa, and clay burnt at
high temperatures 1.4 milhion years ago in
the Baringo basin of Kenyva.

But where there i1s smoke there 1sn’t neces-
sarily cooking fire: None of these teams can
rule out beyond a doubt that the charring comes
from natural fires, although Harns argues that
cooking fires burn hot at 600° 1o 800°C and
leave a trail different from that of bush fires,
which often bum as low as 100°C,

All the same, those most familiar with
H. erecius aren’t convinced they were chets,
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Walker says that if the species was cooking
with fire, he and others should have found a

stone tools. Others agree: “1 think Wrangham's
timing is wrong; cooking is associated withthe
rapid expansion of the brain in Neandertals
and modern humans in the past half-=million

years,” says neurobiologist John Allman of

the California Institute of Technology in
Pasadena. Paleoanthropologist C. Loring
Brace of the University of Michigan, Ann
Arbor, agrees. He notes that less than 200,000
years ago, the lower faces of Neandertals and
modern humans became smaller, and this is
about the same time evidence appears for
carth-oven cookery: “While fire has been
under control back near 800,000 vears, its use
in the systematic preparation of food has only

been over the last 100,000-plus vears.”
Others. such as Carel van Schaik of the
University of Zurich, think that cooking may
have played an important role early on,
along with other adaptations to expand
human brainpower. As Alello observes, the
big brain was apparently the lucky accident
ol several converging factors that accentuate
each other in a feedback loop. Critical
sources of energy to fuel the brain came
from several sources—more meat. reduced
guts, cooking, and perhaps more efficient
upright walking and running. The order in
which our ancestors adopted these energy-
saving adaptations is under hot debate. with
the timing for cooking hardest to test,
Regardless, “it’s all beginning to come
together” says Aiello, =ANN GIBBONS
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Florida Red Tide Brews Up Drug
Lead for Cystic Fibrosis

Among the nasty compounds produced by the organism responsible for Florida's red
tides is one with some surprising properties

Karenia brevis packs a powerful punch for a
tiny organism. The culprit behind Flonda's
notorious red tides, the dinoflagellate pro-
duces a dozen toxins. And when a red tde
coincides with an onshore breeze, emerzency
rooms brace for an influx of patients: The
organism’s airborne poisons, collectively
known as brevetoxins, constrict bronchioles
and send asthmatics and others with breathing
difficulties serambling for treatment. So the
last thing you might expect from this nasty
organism is a compound that alleviates
wheezing and shortness of breath and helps
clear mucus from the lungs. Yet one oddball in
K. brevis’s armamentarium. a compound
called brevenal, does just that, at least in
sheep. It’s being evaluated as a potential treai-
ment for the debilitating lung disorder cystic
fibrosis (CF), which afflicts 30000 people in
the United States. and researchers are poised
to test it on Flonda's endangered manatees
next time some of the mammals are poisoned
by a red ude.

Brevenal's surprising properties have
been under investigation since the com-
pound was first discovered in 2004 at the
Center for Marine Science (CMS) at the
University of North Carolina, Wilmington.

Mew findings reported at the Society of

Toxicology meeting in Charlotte,
North Carolina, in late March
indicate that the compound binds
to a novel receptor in the lung., and
that o synthetic version seems o
work as well as the natural com-
pound in laboratory and animal
tests, Yet to be determined, how-
ever. 1s Just why K. brevis pro-
duces a compound that counter-
acts some of the effects of its own
fearsome suite of toxins. But then
again. it’s not clear why 1t produces those
toxins either, notes CMS Director Daniel
Baden.

From beach to bedside?

The oceans have long been touted as a
potential source of new drug candidates,
and researchers have systematically scoured
sponges. corals, and marine microorganisms
for likely compounds. Brevenal wasn’™t
found that way: A shortage of guppies for

Wiww.sCIENCEemag.org

routine toxicology screening led to its
serendipitous discovery.

CMS pharmacologist Andrea Bourdelais
wits measuring the lethality of extracts iso-
lated from brevetoxins by adding a tiny bit
of test material to a beaker containing water
and a guppy, If the fraction is toxic, the fish
dies. Toxicologists usually retire Fish that
survive such tests to prevent subsequent
chemical interactions. but the laboratory’s
supply of guppies was running low, so
Bourdelais reused the survivors, When she
added a known toxic fraction to beakers

with leftover guppies. to her surprise, they
did not die. *1 had a spontaneous gut
feeling

a gee-whiz moment—that the

first material was an antidote

to the second one,” Bourdelms recalls.
Bourdelais subsequently showed that the
mysterious extract (later named brevenal)
protects guppies from death by brevetoxins
in a dose-dependent fashion. The lab
already had discovered that brevetoxins act
on sodium channels, so Bourdelais used a
standard lab test to check whether brevenal
prevents the toxins from binding to the
sodium channel receptor. It did. Bourdelms
then sent the mysterious compound 1o
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William Abraham. research director at
Mount Sinai Medical Center in Miami
Beach, Florida, who had determined that all
brevetoxins set off bronchoconstriction in a
sheep model of asthma. Brevenal, he dis-
covered, suppresses this effect.

Detective sodium transport is a hallmark
of CF; it draws water away from airway sur-
faces, making mucus drier and stickier.
Sodium channels are therefore a primary
target for CF drugs, so Abraham compared
brevenal to the CF drug amiloride in the
sheep model. In the January 20035 American
Jowrnal of Respiratory and Critical Care
Medicine, he reported that brevenal not only
blocks bronchoconstriction, but it also
increases mucus clearance—and it does so
at concentrations | million—fold lower than
amiloride, “We were excited that brevenal
may have potential as a CF drug.” says
Abraham. based on 1ts apparent potency
compared to amiloride, which has a
mediocre track record in the clinic, Also
intrigued was AAI Pharma Inc.. a company
headguartered in Wilmington, Morth

Split personality. Karenia brevis (inset), which causes Florida’s red tides {(above),
produces an antidote to its own branchocanstricting Loxins.

Carolina. 1t negotiated an exclusive license
in 2004 to explore brevenal’s potential as a
treatment for CF.

Since then, Baden, Bourdelais, Abraham,
and their colleagues have continued to
probe brevenal’s modus operandi. At the
toxicology meeting, they reported that i
acts on a new drug target: It binds a novel
receptor in lung tissue associated with
voltage-gated sodium channels; amiloride
binds a related receptor, the epithelial
sodium channel recepror. Baden also

15 JUME 2007

us

1561



NEWSFOCUS

1562

reported that chemists in the laboratory of
Makoto Sasaki at Tohoku University in
Sendai. Japan, have synthesized brevenal
from cheap starting materials. Dubbed ME-1,
the synthetic agent performs as well as natu-
ral brevenal in receptor-binding assays and in
preventing bronchoconstriction and ¢leanng
lung mucus in sheep, Baden reported.
Promises of new therapies for CF surface
regularly, but many fizzle out. And in spite of
its early promise, brevenal still has a long
way to go, Steve Fontana, vice president of
legal affairs at AAI Pharma. says the com-
pany’s scientists are evaluating brevenal and
its dervatives tor safety and biologieal activ-
ity, Onee they find the best drug candidate,
the company will file an Investigational New
Drug application with the U.S. Food and

GEOPHYSICS

Dirug Admimistaton (FDA), but clinical tri-
als are several vears out,

In fact, humans may not be the first
test subjects for brevenal’s therapeutic
potential. That honor may go to Florida's
endangered manatees.

“A red tide event spreads hke a wildfire
and poisons birds, fish, sea twrtles, mana-
tees. and dolphins.” sayvs Andrew Stamper. a
veterinarian at Disney s Animal Programs in
Lake Buena Vista, Florida. In March and
April of this year, about 30 manatees died
following a red tide spike. and 150 died in

1946 from red tide poisoning. Only 3000 of

the mammals are estimated to live along
Florda’s coast,

In February, Stamper received a “com-
passionate use” permit from FDA to evalu-

Stalking a Volcanic Torrent

The setting of the climax of the Lord of the Rings, New Zealand's Mount Ruapehu is
earning a second reputation as a laboratory for understanding killer mudslides

MOUNT RUAPEHU, NEW ZEALAND—From a
helicopter, the steaming lake nestled in the
snowy crater below looks inviting, like a
giamt Jacuzzi for Maori gods, But taking a
dip would be a bad idea; Mount Ruapehu's
rocky chalice burbles with scalding sulfu-
ric acid. The otherworldly volcano was
used for scenes of the hobbit Frodo ascend-
ing perilous Mount Doom in the Lord of
the Rings. But the real Mount Doom 15 a
killer, too. Cradling a deep lake between its
2500-meter peaks, Ruapehu is prone to
lahar Nows. one of the most dangerous-
and least understood—volcanic hazards. In
1933, a lahar {an Indonesian word meaning
mudslide) here knocked out a train bridge:
5 minutes later, a passenger
train plummeted into a gorge,
killing 151 people.

Earlier this vear, Ruapehu’s
acidic lake was unleashed again.
MNoxious waters blasted down the
slopes, picking up rocks as big as
cars along the way. But this ime,
not a single person was hurt.

Mot only was the lahar pre-
dicted by an early warning sys-
tem, but the event also generated
“orders of magnitude more data
than for any other lahar event
anywhere in the world.” says
Vernon Manville, a volcanologist
at the Institute of Geological and
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Nuclear Sciences (GNS) in Taupo, New
Zealand. *This has been a 10-year experi-
ment in the making.” The information
maother lode should help scientists better
protect the millions of people who live in
the path of lahar-generating volecanoes
around the world.

Wiring up Mount Doom

In 1995, Ruapehu’s roughly 50-year cycle of

eruptions kicked in again. Gobs of lava
burped up from the bottom of the crater,
adding 7 meters of loose ash and stones,
sulled tephra, to the rim. The deepened crater
soon Filled with snowmelt from above and
sulfuric acid and other material from

Bracing for the big one. Readying for a world first: recording
data from a volcanic lahar in action,

ate the satety and effectiveness of brevenal
in manatees. Stamper’s colleague, veterinar-
1an David Murphy of Lowry Park Zoo in
Tampa, Florida, will test brevenal on res-
cued manatees brought to the zoo's rehabili-
tation center. When poisoned by brevetox-
ins, manatees become paralyzed and drown
because they cannot hold their head above
walter to breathe. Murphy straps lifejackets
underneath rescued manatees and supports
their half-ton bodies in shallow tanks. Nor-
mial breathing resumes in a few days, but full
recovery takes months. Brevenal “will add a
new weapon in our arsenal,” Murphy says.
The next time a red tide hits, “we’ll be ready
to oo,” says Stamper.

-CAROL POTERA

Carol Potera is a science writer in Great Falls, Montana.

fumaroles below. One of Ruapehu’s grum-
bles late last year tniggered an earthquake
that whipped the lake into a frenzy, slam-
ming the crater walls with G-meter waves. It
was clear that 1t was only a matter of time”
before the tephra rim failed and caused a
lahar, says Manville,

But exactly when the big one would strike
was unknown. The inherent unpredictability
of lahars 15 what makes them so dangerous,
says Cynthia Gardner, a geologist at the Cas-
cades Volcano Observatory in Vancouver,
Washington. Most eruptions are preceded by
a telltale increase in underground vibrations,
swelling of the slopes, and changes in the
composition of vented gases. But a lahar
“can occur without warning.” Gardner says.
Besides eruptions and earthquakes, even a
heavy rain can be enough to loosen unstable
material at the top of many steep voleanoes,
Gravity does the rest.

Another deadly aspect of lahars is the
great distances they can travel down river
valleys, sometimes hundreds of Kilometers
from a volcano. “Imagine.” says Gardner, "a
rushing surge of water coming toward vou
that's tens of meters thick™ and carrving
boulders. trees. and even houses. The best
chance of survival is to get out of the way
only lahars are o fast to outrun. The dead-
liest lahar in recent history occurred in 1985,
when an eruption of the Nevado del Ruiz
voleano in Columbia triggered mudslides
50 meters thick that buried a wown 70 kilo-
meters away, killing 23,000 people.

To warn of an impending lahar at
Ruapehu, a team led by Harry Keys, an engi-

neer at the New Zealand Department of

Conservation, wired up the mountain. His
group installed underground microphones,
called geophones, at the lake’s rim 1o record
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Mount Doom, brooding. Data from Ruapehu's lahar flow will help better protect millions of people living near other volcanoes.

vibrations. A buried wire was set to trip if the
tephra dam broke. and a depth meter was
deploved in the lake 1o record sudden drops,
Geophones on the slopes listened for
approaching flows, When any signal leaped
above the background noise, an alarm mes-
sage was sent automatically to scientists,
police, and the highway authorities,

Scientists thought this would give a
wood idea of when a Ruapehu lahar would
strike: where was another question. “What
we're learning is that lahars evolve.” says
Sarah Fagents, a geophysicist at the Uni-
versity of Hawaii, Manoa. Although a lahar
may start as a hguid with the low viscosity
of water. it quickly becomes as thick as wet
concrete as it picks up fine sediment, then
morphs back inwo a less-viscous flow as it
sheds particulates down the slope. Asat that
weren't already hard enough to simulate on
acomputer, as a lahar rips up material here
and dumps it there. the changing terrain
steers the flow.

“A whole lot of footwork™ was required to
record how Ruapehu’s slopes looked befare a
lahar struck. sayvs Alison Graettinger, a grad-
uate student at the University of Waikato in
nearby Hamilton, The grunt work included
taking samples and Global Positioning Sys-
[Em measurements (o map out the ICH'PI'I'IPL!hi-
tion and distribution of material on the
slopes. The researchers also used light detec-
tion and ranging (LIDAR) technology o
build three-dimensional models of land fea-
tures by firing laser pulses and measuring the
delay of the reflection.

By early 2007, all that remained on the
scientists’ to-do list was to install the last
lahar-weighing sensor and a camera. Before
the team could finish, nature intervened.

Chrenicling its wrath
At 11:21 a.m. on 18 March. a 20-meter-
wide section of the tephra dam crumbled.

WNW.SCIENCemadc.org

The breach trebled in size in 10 minutes, At
s peak, the lake discharged the equivalent
of an Olympic swimming pool of water
every 4 seconds, By the ime the Nlow ended
a couple of hours later, 1.3 million cubic
meters had drained.

For the first time ever. researchers knew
a lahar was on the way and watched the
event unfold.

The ultimate cause of the dam’s failure
was 5 days of heavy raun that nudged up the
water level inside the crater by a half-meter.
However. signs of trouble had begun
appearing months carlier. In January, the
team found that the dam was becoming
more electrically conductive—an indicator
that water was infiltrating the dam’s porous
matrix—and that tephra sediment was trick-
hing down its outer surface. The major col-
lapse was preceded by several smaller ones
starting more than an hour before—all cap-
tured on camera. These early tremors were

also picked up by the geophones and set off

the alarm system.

It was clear this was no false alarm
when a “landshde-type falure™ cut the trip
wire. Lavers began sloughing from the
dam’s outer surface imward until erosion
reached “a critical point™ and rapidly
accelerated about 13 minutes later, says
Chris Massey, a GNS geological engineer
i Wellington., The lahar traveled 155 kilo-
meters along river paths until it reached the
ocean at 3 a.m. the next morning. The dam-
age was minor
toilets. and a farmer’s pump shed were
and the alarm system allowed
authorities to close highways well in
advance to clear the way.

Since that day, a team led by Manville
and Shane Cronin, a volcanologist at
Massey University, has worked nonstop to
gather data from Ruapehu before wind and
rain erase the evidence. The wechnigues used

destroyed
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a small bridge, a block of

to establish the “before™ picture—such as
LIDAR scans and hield sampling
being repeated to get the “alter.” Data
analysis is just beginning. but it is already
providing “a unigue insight into how natural
dams fail.” Massey says. For example, he
says. it 15 clear that the dam’s stability “was
highly sensitive o relatively minor changes
in lake water level.”

Down the mountain, other data revealed
that as the lahar surged along a riverbed. it
may have created a soliton. a standing wave
that can propagate over great distances
without losing energy or changing shape.
Photographs of the lahar’s leading edge

are

seem to show such a wave, and analysis of

water samples indicates that the lahar was
pushing a huge swell of fresh river water
ahead of 1t Solitons have been observed i
canals, says GNS geophysicist Desmond
Darby, but this is the first evidence of one
generated by a volcano. Although the soli-
ton didn’t make the lahar any more vicious,
it’s "an interesting phenomenon.” Manville
sayvs. The Ruapehu researchers will present
Findings next month at a meetung of the
International Union of Geodesy and Geo-
physics in Perugia, Ttaly,

The ongoing scrutiny of Ruapehu’ latest
lahar could save lives elsewhere. Probably
the biggest threat is in Ecuador, where some

100,000 people live in the direct path of

potential lahars from Mount Cotopaxi, says
Patricia Mothes, a volcanologist at the Geo-
physical Institute in Quito. The data coming
ottt of New Zealand get at “some of the ques-
tions that [always have™ about how to assess
lahar risk, she savs. such as which conditions
are more likely to spawn sediment-laden
lahars capable of “transporting huge boul-
ders very long distances.”

Someday, Mount Doom may become
more famous for saving hives than for
menacing hobbits, -JOHN BOHANNON
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Culture, Conflict, and... Climate?

DESPITE THE HISTORICAL MILITARY ROLE OF ANTHROPOLOGY IN UNDERSTANDING LOCAL
peoples duning the Colonial period (1), defense policy-makers and acadenue researchers rarely
play well together in the proverbial sandbox, A general Cold War—era preoccupation with tech-
nological superiority, combined with the negative aftereffects of poor cultural understanding of
opposing forces in the Vietnam War, lefi the ULS. Department of Defense (DOD) unprepared to
integrate cultural knowledge into a comprehensive intellectual infrastructure, In the current
“Cilobal War on Terror™ or “Long War™ era, it needs such tradecratt now more than ever.

The article “Pentagon asks academics for help in understanding its enemies™ (Y.
Bhattachanee, News Focus, 27 Apr. p. 334) outhines a new DOD mimative, called Human Social
Culture Behavior (HSCB) Modeling. designed to begin and encourage advanced anthropologi-
cal analyses of cultures that the ULS, mulitary might encounter during overseas operations. This
relatively inexpensive defense
transformation—largely a shift in
thinking—could have benefits
beyond active counterinsurgency
warfare and counterterrorism.
This i1s increasingly important,
given the recent DOD emphasis
on stability operations throughout
the world—proactively preventing failed states and discouraging formation of terrorist havens.

HSCB models may have further applications to one of the most pressing environmental
problems of our ime—global climate change, Reputable and reasonable projections suggest
that future changes in climate will increase the frequency and severity of food and water short-
ages, heat-related illnesses, and infectious disease epidemics ( 7). These outcomes may exacer-
bate local tensions, act as a “threat multiplier” in some unstable regions, and significantly
imerease the nsk of state falure in rezions of strategic importance (3). IFHSCB models can be
expanded to incorporate environmental knowledge, they might be used effectively to prevent or
mitigate environmentally induced conflict. Conversely, climate change will also have local pos-
itive effects, and knowledge of the environmental terrain will have benefits in those situations
aswell. Ulumately, inaclimate of change. cultural and environmental knowledge could be inte-
grated into a global early waming svstem, detecting the sorts of changes that might signal insta-
bility and a need for intervention. Earlier this year, the House accepted provisions, inserted into
the FYOS intelligence authonzation bill. that explicitly direct the US. intelligence community
to consider climate impacts when preparing future National Intelligence Estimates. At the time
of wrting, similar provisions are being considered by the Senate.

MARK D. DRAPEAU™ AND BRYAN K. MIGNONE®

YARAS Science & Technology Policy Fellow, Center for Technology and Matienal Security Policy, National Defense University,
Fort Lesley ]. McNair, Washington, DC 20319, USA. E-mail: Drapeau@ndu.edu. PScience & Technology Fellow, Foreign
Policy Studies Program, The Brookings Institution, 1775 Massachuselts Avenue, NW, Washington, DC 20036, USA. E-miail:
bmignone@braokings.edu

warning system....”

*These views are those of the authors and not the official views of the National Defense University, the U.5. Defense
Department, of the LS. Governmenl.
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Better Use of Existing
Knowledge

IT IS ENCOURAGING TO SEE THE FOCUS ON
cross=cultural research by the ULS, Department
of Defense ("Pentagon asks academics for
help in understanding  its  enemies,” Y,
Bhattacharjee, News Focus. 27 Apr., p. 334).
However, the same information 1s effectively
gathered by imterviewing local experis and
having representatives of the United States “on
the ground” to sort through the data. Our Stte
Department does a good job with this
and understood the problems with imvad-
ing lrag quite well. However, this advice
wits 1gnored. Perhaps it would be more
productive to study our institutions and
see how we can better make use of the
good knowledge that we have, rather
than generating redundant data, which
have a high probability of also being ignored.
It has been said that the most effective way o
deflect accountability in government is to
study the problem for long enough for the next
election to take place (and memories to fade).
A related concern is how to address solu-
tions onee the problem 1s obvious, This “nd-
ing the tiger™ problem (“if you get ofT, it will
eat yvou™) needs a focus on amnesty for error,
but not for intransigence. During delays in
correction, much damage 15 done that could

and should be avoided.
CHRISTOPHER BATICH

College of Engineering, University of Florida, Gainesville,
FL 32611, USA

Grazing and “"Degradation”

IT IS HARD TO SEE, GIVEN PREVIOUS ANALYSIS
(/). the pomt of redefiming “nonequilibrium™
systems as “all systems that are not at equilib-
num.” as L. Gillson and M. T. Hoftman do in
their Perspective “Rangeland ecology in a
changing world™ (Perspectives, 3 Jan.. p. 33).
This would apply almost everywhere and
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would be inconsistent with many publications,
Few ecologists use “equilibrium™ to mean that
species track their resources precisely: they
emphasize constrained variation in abundance,
despite stochasticity (2). Correlations between
regional and temporal variation in rainfall and
herbvore abundance confirm equilibnal con-
sumer-resource dependence when viewed at
sufficient spatial and temporal scales (3-3).
The real challenge is to distinguish the subset
of resources in the system that hmit large
herbivore numbers from those that do not. and
to understand how species of plant and animal
in each subset respond to herbivory (6. 7).
Crucially, a nonequilibrium area for one
species may be a key resource for another.
Gillson and Hoffman ask how “degrada-
tion” can be defined in naturally vanable sys-
tems. This problem and its solution are not

unigue to grasslands, Relatively natural pro-
tected arcas are used as “biodiversity bench-
marks.”" and their state in a particular season is
compared with management treaments in the
same region and season (8=70). There 15 sub-
stantial literature on the effects of grazing, and
taxa vary in their responses, “Degradation™ 1o
one person can be “improvement™ to another
as with controversies over traditional grazing 1o
prevent natural succession in semi-natural
habitats (8). Societies must decide subjectively
and explicitly which changes in wildlife are
acceptable.
CLIVE HAMBLER," SUSAN M. CANNEY,!
MALCOLM ]. COE, * PETER A. HENDERSON,?
AMDREW W. ILLIUS?

'Department of Zoology, University of Oxford, South Parks
Road, Oxford 0X1 3PS, UK. %Institute of Evalutionary
Biology, School of Biolegical Sciences, University of
Edinburgh, Edinburgh EH9 3]R, UK.
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Response

DEFINITIONS OF DISEQUILIBRIUM AND NON-
equilibrium have been discussed previously in
the literature (/. 2). The term “disequilibrium™
was onginally used 1o define systems that
were stochastically driven and not aftected by
density-dependent effects (3. 4), Wius and
(’Connor {3) subsequently redefined the
term by applving it to key resource areas,
affected by density-dependent competition.
The term “disequilibrium™ has thus been used
in two distinet ways in the literature. It was our
aim to make this distinction clear and o focus
on how density dependence and stochasticity
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LETTERS

interact in nonequilibrium systems (where a
noneguilibrivm system 15 defined as a system
that tracks a changing environment and there-
fore doesn’t reach equilibrium). We apply the
term “disequilibrium™ in its original sense only
to that subset of systems that are dominated
by stochasticity, but agree with llius and
O'Connor that competition may be important
at key resource areas.

The lack of clarity over the usage of the
terms “disequilibrium™ and “nonequilibrium™
has obscured the fact that there is general
agreement that complex ecological systems
are aftected by both density dependence and
environmental stochasteity. Our Perspective
presented a view based on complex systems
theory that shows how density dependence and
stochasticity interact. and how density depend-
ence can oceur at different population sizes,
depending on rainfall and therefore forage
availability and quality. This synthesis is sup-
ported by empirical work demonstrating inter-
actions between raintall variability, nutrient
cvecling, and grazing (6, 7).

Our Perspective ruised the possibility that
nonequilibrium systems may lose resilience
if heavily grazed, because of an increased
dominance of annual and unpalatable plants,

Congratulations

to the
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2006 Medical Research Award
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Huda Zoghbi, MD
Bavlor College of Medicine

Annual-dominated systems are more sensitive
to drought than perenmial-dominated systems.
and this potential or actual loss of resilience
in terms of the ability of the system to absorb
disturbance without changing to a new domain
of attraction—has implications for rural liveli-
hoods. In many rangelands, raditional practices
and institutional responses to environmental
variability (e.g.. mobility, herd-splitting. more
restrictions on grazing) have already been
eroded because of the loss of grazing lands, the
imposition of fixed stocking rates, and the
desire of many national govemments (o settle
mobile pastoralists. The management options
avaulable are therefore limited, and high vari-
ability in annual-dominated, disequilibrium
systems may increase the vulnerability of farm-
ers to environmental fluctuations and drive
livelihood diversification, particularly where
long-distance seasonal migration of people and
livestock 1s no longer an option. There is thus a
need for a greater integration of micro-eco-
nomic research to understand how farmers
have adapted and diversified their management
responses and livelithood strategies in response
to restricted access o grazing and water (8- /1),
We agree with Hambler er ol that defining
degradation in vanable ecosystems is a chal-

lenge not unigue o rangelands. Our poing was
that ecosystem varability tends to occur with-
in upper and lower bounds, and once ecologi-
cal or environmental thresholds are exceeded,
the system will then vary within new limits,
Knowledge of when and why these transitions
oceur is an essential underpinning of' the scien-
tific aspects of mnge management, As we also
pointed out in our Perspective, however, an
understanding of the effects of different man-
agement options on plant communities still
leaves policy-makers with the challenge of
deciding what 15 an acceptable outcome In
terms of plant diversity and ecosystem
resilience. while also considering the effects
on rural livelihoods,

LINDSEY GILLSON AND M. T. HOFFMAN
Institute for Plant Conservation, Botany Department,

University of Cape Town, Private Bag X3, Rondebosch 7701,
South Africa. E-mail: Lindsey Gillson@uct.acza
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A Brief History of the
FFAG Accelerator

THE NEWS FOCUS ARTICLE "A HALF-CENTURY
late, aliernative accelerator takes off™ by E.
Cartlidge (16 Feb., p. 933) notes the recent
revival of the fixed-field alernating-gradient
synchrotron (FFAG) accelerator concept, but
does not give the history of FFAG. Tihiro
Ohkawa in Japan. Keith Symon in the United
States, and Andrei Kolomensky in Russia inde-
pendently invented the FFAG concept. The ULS,
group, the Midwest Universities Research
Assoctation (MURA), had been formed w
develop plans for a high-energy research accel-
erator program in the Midwest in the early
19505, and 1t was within this group that Symon
conceived of FEAG and that the three difTerent
FFAG electron accelerators were built and
operated studyving many aspects of accelerator

oo

physics. After MURA learned of Ohkawa's
independent invention of FFAG. he was invited

to visit the MURA group for the summer of

1955 and then, in 1956, came to the United
States w work within MURA for a few vears.

LAWRENCE W. JONES,* ANDREW M. SESSLER,?

KEITH R. SYMON?

‘Department of Physics, University of Michigan, Ann Arbaor,

M 4B109-1040, USA, Ilawrence Berkeley Mational

Laboratory, Berkeley, CA 94720, USA. *Department of
Physics, University of Wisconsin, Madison, Wi 53706, USA

TECHNICAL COMMENT ABSTRACTS

CommenT on “Carbon-Negative
Biofuels from Low-Input High-
Diversity Grassland Biomass”

Michael P. Russelle, R. Vance Morey, John M.
Baker, Paul M. Porter, Hans-Joachim G. Jung

Tilman et al. {Reparts, 8 December 2006, p. 15%8) argued
that low-input high-diversity grasslands can provide a sub-
stantial proportion of global energy needs. We contend that
their conclusions are not substantiated by their experimen-
tal protocol. The authors understated the management
inputs required to establish praines, extrapolated globally
from site-specific results, and presented potentially mis-
leading energy accounting.

Full text at wew.sciencemag.orgfcgifcontentfull/316/
5BILN56TD

LETTERS I

Response To Comment on “Carbon-
Negative Biofuels from Low-Input
High-Diversity Grassland Biomass”

David Tilman, Jason Hill, Clarence Lehman

We discovered that biofuels from low-input high-diversity
mixtures of native perennial prairie plants grown on
degraded soil can provide similar bioenergy gains and
greater greenhouse gas benefits than current corn ethanol
produced from crops grown in monoculture on fertile soil
with high inputs. Russelle et al.’s technical concerns are
refuted by a substantial body of research on prairie ecosys-
tems and managed perenmial grasslands.

Full text at www.sciencemag.orglegifcontent/full/316/
S83V1567c
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Culturing Life
How Cell
Technologies

by Hannah Landecker
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CELL BIOLOGY

The Culture of Cell Culture

M. Susan Lindee

wltwring Life, Hannah Landecker’s

history of cell culture, is a sly com-

mentary on our mixed-up. opsy-turvy
biclogical world, cirea 2007, Mouse-human
hybrids, immortal cells, cloned puppies, ge-
netically modified crops, and dinosaur proteins
tound in tossilized bone
all suggest that or-
ganisms are plastic,
unstable, and not even
the masters of their
own cells, which can
live outside them, per-
haps “forever” Lan-
decker’s work tracks
the practices and tech-
nologies implicated in
this unsettling state
of affairs over the last century,

Drawing primarily on the methods sections
of published scientific papers, a nontraditional
hustorcal resource. Landecker (an anthropolo-
aist at Rice University) explores techniques for
handling cells outside the body. She proposes
that the emergence of new methods of cell
manipulation produced a scientific and social
climate in which living matter is assumed 1o be
material that can be started or stopped at will.
Time and place are her underlying subjects: She
asks how cells became “autonomous™ and how
they became “immortal.”

Cell culture technigques were first developed
in the 18805, but Landecker begins her story
with the work of Ross Harrison, who in 1907
demonstrated that tissue fragments could live
in vitro for weeks ata time. Their survival forso
long under controlled laboratory conditions
wits greeted by scientific observers with disbe-
lief and excitement: A cell witha life of its own
wits a truly novel object,

s, Cambridge, MA,
288

In early 1912, the eccentric and controver-
sial Alexis Carrel, a physiologist at the
Rocketeller Institute. drew on Harnsons
methods o culture a pulsating chicken hear.
Carrel (the Nobel laureate in physiology that
vear) fused philosophical and biological
imperatives in his work. choosing to grow
heart muscle tissue because of its dramatic
appeal to students, other scientists, and the
public. Carrel wanted to suggest the possibili-

The reviewer is at the Department of History and Sociology
of Science, 365 Logan Hall, University of Pennsylvania,
249 South 3éth Street, Philadelphia, PA 19104-6304,
USA. E-mail: mlindesg sas. upenn. edu

ties of immortality, and public interpretation
followed this line of reasoning in spectacular
news stories promoting his work.

The most famous immortal cell, of course,
1= HeLa, culured by George and Margaret Gey
at Johns Hopkins University in 1951 and still an
extremely important laboratory technology.
After George Gey showed that polio could
infect the cultures. the need to test the Salk
vaccine led o the firsteffort w grow HelLacells
in large quantities. In 1953, the Mational
Foundation for Infantile Paralysis established a
central production laboratory at the Tuskegee
Institute. [t shipped 600,000 cultires of HeLa
over the next two years, in the process develop-
ing the methods and shipping practices that
tacilitated the widespread use of the cell line in
many other contexts. Without
the sense of nauonal urgency
that characterized the polio vac-
cine prozram, this rapid stan-
dardization and dissemination
of HeLa would have been un-
likely. Gev's policy of traveling
with a
tucked into his shirt pocket next
1o his chest to keep them warm,
could never have had the same
impact, Later the line became
too successtul, an overaggres-
sive contaminant, and a major
quality control problem, poten-
tially invalidating many scien-
tific studies,

The story of the African-
American patient Henrietta
Lacks and her cancerous cervi-
cal cells has fascinaed people
tor more than 50 years. Lan-
decker considers the many popular stories
written about HeLa and proposes that they
help us to understand an emerging transition
in 1eas about technological and human life,
HeLa, she shows, has been repeatedly con-
strued by scientists, journahists, and others n

few tubes of Hela,

terms that conflate the person who died of
cancer and the cell line, with calculations of

their “combined age™ and cumulative weight
{(“what she would weigh now™). Spectral images
ol Lacks wandering “somewhere, with freshly
paimted oenails and curlers in her hair™ and
images of the patient as saint or martyr illumi-
nate the characteristics of a scientifically
mediated, disembodied immortality. These
narratives, Landecker suggesis, reflect ten-

sions around a new possibility for evervone:
that a tissue sample taken from one’s body
could go on to have an independent. enduring.
and highly distnbuted hie as a subject of bio-
medical attention and interest.

The technical potential of cell culture
began to reshape genetics in the 19505 and
196405, when techniques for hybridizing cells
seemed to provide a way around the inconve-
nience of sexual breeding, The fact that cells
from different species could be fused also sug-
wested that, at least at the cellular level. there
were no mechamisms for recognizing incoms-
patibility berween species. Somatic cell hybridi-
zation was astonishing. almost unbelievable,
to early scienuific observers. But it quickly
became the basis of sophisticated research
programs in multiple domains,

Bons Ephrussi proposed with some trepi-
dation in 1972 that it had become possible 1o
make almost any kind of hybnd cell. from
across all of biology, for any kind of purpose.
And Lewis Thomas observed that the “labora-

Focus of many narratives. Hela cells.

tory rick™ of cell fusion was the “most unbio-
logic of all phenomena, violating the most
fundamental myths of the last cenry™ (/).
Fundamental myths, as Landecker reminds
us, are a part of scientific history. Her accoumt
of the development of cell culture techmques
delineates the shifting meaning of the whole
organism. as it has come to be seenas a biolog-
ical stage through which cellular matenals
cvele in time. By juxtaposing the practical
details of deep freezers, record-keeping prac-
tices, and nutrient media with changing public
and scientific discourses of ite and death, she
prowvides critical historical and anthropological
insight into the meanings of hybndity. auton-
omy, plastcity, and immorality of cellular life,
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Her work also provides a thoughtful perspec-
tive on the contemporary public and scientific
spectacle of “Stuart Linle™ mice, stem cell leg-
islation, farmaceuticals, and other chimeras.
Cell culture, she suggests, has changed what it
means to be biological.
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ARCHAEOLOGY

Folsom Points

Dennis Stanford

he results of excavations dunng the

19205 at the Folsom, New Mexico, site

demonstrated to most scientists” satis-
faction that prehistoric people hunted ice age
bison in Morth America. These finds also dis-
pelled decades of acnimonious debate regard-
ing the timing of human arrval in the Westemn
Hemisphere. Scientific publications and pre-
sentations resulting from this ground-breaking
research discussed the age of the bone bed,
bison taxonomy. and possible strategies
used to trap and kill these members of the
Pleistocene megafauna. The unique fluted
projectile points found among the bone
became the index fossils for the Folsom tech-
nological horizon. Even with the landmark
site’s important role in the development
of Amernican archaeology, David Meltzer's

Folsom: New Archaeological livestigations of

a Classic Paleoindian Bison Kill is the first
comprehensive report published on it

Mear the 75th anniversary of the Folsom
discovery, Meltzer (an anthropologist at South-
ern Methodist University ) embarked on an
interdisciplinary program to reinvestigate the
site. Using methods unknown in the 19205,
the project aimed to refine our understanding
of the ecological context of this bison kill
and the cultural and taphonomic events that
shaped its archaeological record. For instance,
it was unclear whether the bone bed repre-
sented a single killing event, what hunting
strategies were emploved, and whether a camp-
site was established near the kill.

The strength of the reinvestigation resides
in the resulis obtained by modern paleoenvi-
ronmental and geological collaborative stud-
1es: these are presented in detail along with

The reviewer is in the Department of Amthropology,
MNational Museum of Natural History, Smithsonian
Institution, 10th and Constitution, Washington, DC 20560,

USA. E-mail: stanford @si.edu
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In situ. The Folsom point found in August 1927
between two ribs of the extinct bison,

fresh archaeological discoveries. Throughout
the book, Meltzer weaves a historical thread
from the notes, letters, and communications
of previous investigators. His in-depth sum-
maries present their thoughts. worries, criti-
cisms, disagreements, and headline-shaping
hypotheses. Placing the early conclusions
within the context of the new investigations,
Meltzer compares. contrasts, and interprets
them. When one considers the methodologi-
cal advancements and expansion of archaco-
logical knowledge over the past 75 vears, it 15
striking how well many of the original inter-
pretations hold up.,

The latest research provides new insights
about the paleotopographic setting of the kill
area. Subsurface contours of the underlving
bedrock (mapped by correlating core and
auger hole data) suggest that
two short northeast-trending
gullies or “paleotributaries™
with relatively steep sides
coalesced roughly 60 m before
they emptied into a larger south-
cast-flowing  drainage. This
topographic situation would
have provided several 90-
degree turns and steep banks
for casting spears or darts
down on the bison. These land-
scape features offer the best
clues for a method used to kill the bison. but
exactly how that task was accomplished at
Folsom still remains a matter of conjecture.

Studies of pollen samples collected from
Bellisle Lake (located on nearby Johnson
Mesa) and from the bone bed iselll. along
with information gained from the study of
land snails and carbon and nitrogen stable
isotopes derived from the bison bone, suggest
that climatic conditions during the Folsom

Falsom

Bison |

by David J. Meltzer

BOOKSETAL

period were cooler and drier than ar present,
with scattered wet places on the landscape.
These environmental conditions are broadly
consistent with late glacial records elsewhere
in the region.

Even though researchers from the many
disciplines involved in the project “helped
throughout the fieldwork, analysis, and writ-
ing. going above and beyond the call of co-
author obligations.” they were recognized only
by an authorship status of “with™—thereby
making Meltzer the sole author rather than edi-
tor. as is normal in interdisciplinary works. This
approach appears o be unfair w his collabora-
tors, especially graduate students and younger
professionals establishing careers. In addition,
important data can be missed when a nonspe-
cialist, no matter how talented, rewrites a tech-
nical research report. For example, although
long, the discussion of the geology fails to pre-
sent stratigraphic cross sections that clearly
illustrate the sedimentary units and idemify
locations of samples referred to in numerous
figures and tables. The single labeled figure of
the stratigraphy (figure 5.1)—a 1928 photo-
graph taken of a profile in the North Bank of
the arroyo, not seen by the modem investiga-

tors—does not satisfy an enquiring mind. I

Vanee Holliday had been the lead author of the
geologic section, perhaps he would have pro-
vided these important diagrams. What might
be missing from other chapters?

The book includes boiler-plate questions
concerning artifacts, technological organi-
zation, and mobility. But few are answered,
either because their resolution 1s bevond the
reach of current archaeological methods or
because of the site’s small sample size. The
remnvestigation confirms that
one fall in an arrovo, late-ice
age hunters killed more than
30 bison cows and calves. For
insight into the technological.
logistical, and social deci-
sions made by these sophisti-
cated big game hunters, the
data gleaned from the stones
and bones at Folsom are in-
sufficient. Those complex issues
are best approached through
considerations of other Folsom
sites where processing and camping areas
have been found with larger and more
diverse artifiact assemblages.

I was excited about doing this review:
Folsom archacology is one of my Favorite top-
ics, and [ have always considered Meltzer an
excellent wordsmith. However, in Folsom he
veers away from his usual engaging style to
produce a too-dense study.

10.1126/science. 1129537
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ENVIRONMENT

Sustainable Development of the
Agricultural Bio-Economy

N. Jordan,'™ G. Boody.? W. Broussard,? J. D. Glover,* D. Keeney,” B. H. McCown ® G. Mclsaac,’
M. Muller’ H. Murray,® J. Neal ® C. Pansing," R. E. Turner," K. Warner,"2 D. Wyse'

“bio-economy™ based on agricultural

biomass 15 emerging in the United

States that offers an avenue toward
energy independence and a more “green”
economy (/). Models for biomass produc-
tion range from monoculiures of annual and
perennial crops to seminatural plant commu-
nities (2, 3). Monocultures are simpler to
implement, but will likely perpetuate prob-
lems that have arisen from current monocul-
tures of annual crops (mainly corn, soybean,
wheat. and cotton). Recently, market-based
agricultural policies have resulted in large
payments to farmers and landowners to
make up the difference between low com-
modity prices and costs of production (4);
from 1997 to 2006, producers received 30%
of their net farm income in direct govern-
ment payments (5). Environmental problems

are frequently associated with cultivation of

the annual crops that are eligible for subsidy
payments, including degradation of water
quality with sediment, nutrients, and pesti-
cides; hydrologic modifications contribut-
ing 0 flooding and groundwater depletion;
disruption of terrestrial and aguatic wildhife
habitats: emission of greenhouse gases: and
degradation of air quality with odors, pesn-
cides. and particulates ().

Farm size has increased. and few people
are able to enter farming. harming rural com-
munities socially and economically { 7). Inthe
Corn Belt states such as lowa, over half the

Yhgronomy and Plant Genetics Department, University of
Minnesota, St Paul, MN 55018; “Land Stewardship
Project, White Bear Lake, MN 55110; *Department of
Oceanography and Coastal Sciences, Louisiana State
University, Baton Rouge, LA TOB03; *The Land Institute,
Salina, K5 67401; *Institute for Agriculture and Trade
Policy, Minneapolis, MN 55404; “Center for Integrated
Agricultural Systems, University of Wisconsin-Madison,
Madisan, W1 53706; "Department of Natural Resources
and Envirgnmental Sciences, University of Illinos, Urbana,
IL&1801; *Minnesota Institute for Sustainable Agriculture,
University of Minnesata, 5t. Paul, MN 55108; *Leopold
Center for Sustainable Agriculture, lowa State University,
Ames, 1A 50011 *“Mississippi River Basin Alliance,
Minneapolis, MN; “Coastal Ecology Institute, Louisiana
State University, Baton Rouge, LA 70803; 2Emvironmental
Studies Institute, Santa Clara Universily, Santa Clara, CA
94053, USA

*Author for correspondence. E-mail: jorda020@umn.edu
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land is owned by absentee landowners (&),
which makes implementation of conservation
practices more difficult. Now, excess com
and soybean stocks are being converted to
biofuels. and demand for corn has skyrock-
eted, resulting in a considerable expansion of
corn production and concomitant environ-
mental impacts (Y).

Despite troubling implications of these
current trends, research and development
{R&D) and policy have focused on maximiz-
ing biomass production and optimizing its use

(/). with far less emphasis on evaluation of
environmental, social, and cconomic per-
formance (¥). This imbalance may provoke
many interest groups to oppose growth of
such an agricultural bio-economy (/).

Current federal programs and policy on
environmental quality in agricultural land-
scapes mainly subsidize retirement of land
from active production. This has produced
substantial environmental benefits (/). but
serious problems remain. Major additional
cains may result from a “working landscape™
approach that improves environmental per-
formance of active farmland by rewarding
farmers for delivering environmental bene-
fits, as well as food and biomass (/2). Our
proposals aim to promote working landscapes
by capitalizing on the potential of “multifunc-
tonal™ agriculwre,

A US. farm policy shift to joint production of
commodities and ecological services will
advance sustainable agriculture.

Multifunctional Production Systems

Agrcultural multifunctionality is defined as
the joint production of standard commodities
{e.z., food or fiber) and “ecological serv-
ices.” Examples of the latter include in-
creased recreational opportunities inagricul-
tural landscapes and protection of biodiver-
sity and water quality (/3). Biomass-produe-
tion systems such as mixtres of muluple
species (3), ree cropping on farmland ([ 4).
and managed wetlands (/5) use perennial
plant species as the basis of joint production,

Multifunctional landscape in lowa, USA.

There 1s mounting evidence that these sys-
tems can produce certain ecological services
more efficiently and effectively than agro-
ecosystems based on annual crops. Ex-
amples include (1) s0il and nitrogen loss rates
from perennial crops are less than 3% of
those in annual crops (/6); (1) perennial
cropping systems have greater capacity to
sequester greenhouse gases than annual-
based systems (/7): (1) n certain scenarios,
some perennial crops appear more resilient
to climate change than annuals, e.g., increases
of 37 to 8°C are predicted to increase Morth
American yields of the perennial crop
switchgrass (Panfcuwm virgatum ) (I8): and,
(iv) among species of concern for conserva-
ton, 48% increased in abundance when on-
farm perennial land cover was increased in
European Union incentive programs { / ¥),

WWW.SCIENCEMag.org
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Multifunctional production systems can
be highly valuable. The 34-million-acre Con-
servation Reserve Program (CRP) has been
estimated to produce $500 million/year in
benefits from reduced erosion and $737 mil-
lion/year in wildlife viewing and hunting
bhenefits at a cost of ~S1.8 billion (/f). If
benefits such as carbon sequestration are
dadded. CRP likely produces a net gain in
many areas, if not for the entire nation.

Diversified grassland agroecosysiems on
degraded agricultural land can increase both
carbon storage and net energy gain in bio-
fuel production (3). This could provide 15%
of electricity demand and eliminate 15% of
CO, enussions if implemented globally,

Restored wetlands on flood-prone farm-
land can provide biomass, increase wildlife
abundance. and improve water quality by
processes such as denitrification (/5),
Denitrification in managed wetlands is
estimated to reduce costs of biological
nutrient removal in municipal water treat-
ment by about 13%.

An assessment of the powental eco-
nomic, social, and environmental perform-
ance of multifunctional systems is provided
by a simulation study performed for two rep-
resentative agricultural watersheds in the
upper Midwest United States [subbasins of
Wells Creek (16.264 ha) and the Chippewa
River (17.994 ha) in Minnesota] (/3).
Results indicated that benefits could be
attained by increased cultivation of peren-
nial crops without increasing public costs.
Environmental benefits included improved
water quality, creased fish abundance,
increased carbon sequestration, and de-
creased greenhouse gas emissions. Eco-
nomic benefits included soecial capital for-
mation. greater farm profitability. and
avoided costs associated with specific envi-
ronmental damages. The most extensive
land-use change scenario (7 o 14% conver-
sion to perennials) was projected to produce
the greatest reductions in sediment and
nutrient loading to waterways: sediment
loading was reduced by as much as 80%,
Total government payments were projected
to decline by 13%. These projections offer a
widely applicable model for agroecosys-
tems in the Midwest United States,

Testing the Model

Multifunctional systems have been tested
only at relatively small scales. We propose
creation of a network of research and demon-
stration projects to establish and evaluate eco-
nomic enterprises based on multifunctional
production systems. This program will also
help test and refine federal farm-bill policy
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1o support biomass production.

State, federal, and private agencies should
pool their resources to support this network.
These projects must be sufficiently scaled to
address the complexity inherent in land-
scape-scale multifunctionality and in the
fecdback loops connecting natural, human,
and social resources, They should be estab-
lished in medium-sized watersheds (~3000)
km?) and should be managed by groups that
encompass multiple stakeholders and levels
of government. Such an effort 1s under way
ina larger subbasin of the Chippewa River in
Minnesota (/3). tocused on development of
grasslands for biotuel and meat and dairy
food production,

Financial and policy support should be
given to the multi-stakeholder processes
of learning. deliberation, negotiation. and
experimentation that are needed 1o establish
and evaluate research and demonstration
projects. Such processes might help, for
example. to simplify complex funding land-
scapes of subsidy policy like the one that
appears to be hindering biofuel development
in the United Kingdom ( 2). Sturrings of
the necessary approach are evident in recent
strategic alliances among regional and nat-
ional groups concerned with the environ-
ment, renewable energy development, and
agriculture [e.g., see (21, 22}].

Research must be focused on the rade-
offs that arise, e.g.. between wildlife habitat
and biomass production. Models indicated
that the form of the trade-off determined
whether wildlife-friendly farming was more
cost-effective than an alternative policy.
the retirement of “marginal”™ farmland to
increase wildlife habitat (23). More broadly,
modeling has indicated that many trade-off
problems might be overcome if a sufficient
range of ecological services ( e.g.. water-qual-
ity protection, as well as wildlife conserva-
tion ) was provided (£3). Empirical research is
urgently needed in the context of specific
enterprises, such as biofuel production.

Conclusions

Two key policy instruments to achieve the
goals we have described are the omnibus
farm bill and the existing agricultural R&D
infrastructure. Agricultural subsidies in
2005 exceeded %24 billion, and the 2007
tarm bill deliberations should highlight how
these federal dollars could better achieve
national priorities. In particular, the new
farm bill should provide the agricultural
Ré&D infrastructure with incentives to eval-
uate multifuncuional production as a basis
for a sustainable agricultural bio-economy.
We judge that this can be done with very

POLICYFORUM

modest public investments (=520 million
annually . A variety of strong political con-
stituencies now expects a very different set
of outputs from agriculture, and the U5,
farm sector could meet many of these
expectations by harnessing the capacities of
multifunctional landscapes.
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APPLIED PHYSICS

Recent Progress and Continuing
Puzzles in Electrostatics

L. B. Schein

lectrostatic effects are all around us.

Children rub balloons that then stick on

walls, Copy machines and laser print-
ers rely on the charging of small. colored,
insulating toner particles to form images. And
we have all been jolted after walking across a
rug in dry weather and wuching a doorknob,
Electrostatic charging also causes lightning,
damage to semiconductor devices. and super-
tanker explosions,

To conirol these effects, we need 1o know
how charging occurs and how electrostane
forces behave, Surprisingly. although electro-
static charging is well known, it remains

among the most poorly understood areas of

solid=-state physics. Several recent studies
have improved our insights into electrostatic
charzing and adhesion, which in trn may fos-
ter advances in the near future that could influ-
ence multibillion-dollar industries,

Charging between metals is well under-
stood and is directly related to the difference
in work function (the energy required to
remove an electron) between the metals (7, 2).
But when insulators are involved, which is
almost always the case in the examples
above. our understanding is rudimentary.
Most researchers believe that msulator
charging is a surface phenomenon. However,
when the surfaces of two materials are
brought together and separated. the actual
contact area is difficult to determine. In addi-
tion, the precise nature of the surfaces is usu-
ally not well defimed: Dust particles, surface
contaminants, and even ultrathin water layers
may constitute the outer surface. The number
of surface molecules involved in the charg-
ing process is extremely small, on the order
of one molecule in 10* or 105, The determi-
nation of the nature of the charging sites by
surface science tools remains an unsolved
solid-state physics problem. As one can
imagine, creating a reproducible surface and
abtaining experimental reproducibility among
laboratories has been a challenge.

The need for reproducible toner charge in
electrophotography (2, 3} (the copier and
laser-printer technology) has led to materials
ideal for controlled msulator charging expen-
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Extreme closeup. Ascanning electron micrograph of 10-um
toner particles on a 200-um carrier particle used in electro-
photography. Detailed understanding of how these particles
become electrostatically charged and the resultant adhesive

force have improved the imaging technology.

ments. The figure shows a scanning electron
micrograph of'a mixiure of insulating pow-
ders. Both the small powder (polymeric toner
particles) and the large powder {polvmer-
coated magnetic particles called carrier parti-
cles) are nsulators,

When these powders are maxed, electro-
static charge exchange occurs. The mixture is
net neutral, with one sign ol the charge on the
toner particles and the other sign on the carmier
particle. By virtue of the charge on the pow-
ders. they adhere to each other. This micro-
graph, therefore, shows the two fundamental
issues associated with insulator charging:
charge exchange and adhesion. This mixture
of insulating powders is used in copy ma-
chines and laser printers because magnetic
forces can move the large particles, which in
turn move the smaller, hard-to-control toner
particles that are attached.

Experiments with these powders have
helped researchers settle some questions
about charging mechanisms. Two theories
that describe how insulator charging is lim-
ited by surtace properties have been sug-
gested, One theory assumes that there are
electronic surface states on the insulating par-
ticles and that charge is exchanged w equili-

Insight into how small insulating particles
become electrically charged is affecting laser
printing technology and may have other
industrial applications.

brate the “surface work functions™ (4).
{Quotation marks are used because it 1s
unclear whether the concept of work
tunction is usetul in insulators—excess
electronic charges cannot move or lose
energy to establish thermodynamic
cquilibrium.) The second theory as-
sumes that insulators charge until an
electric field called the effective elec-
tric field, 1s created at the interface
between the particles (5, 4).

Using mixtures of powders similar
to those shown in the figure, my col-
leagues and 1 have found that only the
electric field model is consistent with
the data (7, &). The effective electric
field is easily calculated from the data:
It depends on the material and 15 on the
order of 10 V/pm. Unfortunately. it is
difficult to account for this value of the
effective electric field with any simple
model. For example, if the field is asso-
clated with a solid-state energy change
(1 V) divided by the distance at which
electron transfer by tunneling ceases (1 nm,
which is used successtully in the theory of
metal-metal charging). the predicted hield 1s
1000 Viam. two orders of magnitude larger
than observed.

Despite this discrepancy. the electnie feld
mode] is a step forward, allowing a test of
suggested models of insulator charging. For
example. models that invoke bulk properties
almost surely will not be valid, Any suggested
surface mode] needs to account for this eftec-
tive electric field. Through the vears many
“models” or correlations have been suggested
for insulator charging (/. 2). These include
correlations with dielectric constant. the
basic and acidie nature of the matenals, poly-
mer “work function,” and surface chemistry
determined by measurmg the residence ume
of probe molecules using inverse gas chro-
matography (¥, /1)), However, no reasonable
explanation of the effective electric field has
vet emerged.

Charged insulators adhere to surfaces,
which is important in electrophotography
where electne fields are used to move charged
toner particles to form images afier overcoms-
ing their adhesion. Particle adhesion has gen-
erally been thought o be due to the simple
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electrostanie atraction of the charges on the
particle to induced charges in the adhering
surface. However, experiments have shown

{ 11} that the adhesion s at least one order of

magnitude larger than predicted by a model in
which the charged object 1s represented by
putting the total charge in the center of the
abject, Even with modifications 1o include
nonuniform charge distributions (//) and
nonelectrostatie forces of adhesion (12),
these models cannot explain the observations.

Instead, the enhanced adhesion seems to
be caused by the discreteness of charge. which
15 the way nature provides us with charge (i.e.,
one electron has exactly 1.6 x 107" Coulomb
of charge) (1 3). Discrete charges near the con-
tact points produce strong electrostatic forces
approximately equal to the force of the total
charge in the center of the particle. The physi-
cal picture that appears 1o describe the data is
that there is electrostatic adhesion at every
contact point (due to discrete charges). To
minimize adhesion, the number of contact
points needs to be minimized.

This 1dea has practical implicanons in

electrophotography (/4. 15). The number of

contact points was minimized by coating the
toner particles with about a monolayer of 10-
nm-diameter silica nanoparticles. A toner par-
ticle with uniform small protrusions around

the surface will, when placed on a flat surface,

make contact only at a minimum number of

protrusions, minimizing both electrostatic and
van der Waals adhesion. This new toner has
adhesive forces lower by a factor of at least 10
than those of commercially available toner,
which has resulted in the implementation of a
new electrophotographic development sys-
tem. The result is a true deskiop color laser
printer that is presently under development,
which 1s much smaller—about the same vol-
ume as a black-and-white laser printer—and
much less expensive than 1s currently com-
mercially available ( /6, 1 7).

Ouwr understanding of the charzing mecha-
nisms in insulating particles is sull rudimen-
tary. although a specitic model. the electric
field model. appears to have been experimen-
tally verified. If the effective electnic field
could be associated with material propertics
of insulators, a rational approach to the design
of the charging properties of insulators will be
possible, changing the multibillion dollar
indusiry of toner manufacture in electropho-
tography. The new understanding of charged

particle adhesion has led to the design of

low adhesion toner, which will dramatically
change the color electrophotographic printing
industry. Perhaps the concept of reducing
adhesion by coating particles with a mono-

PERSPECTIVES

layer of nanometer-diameter silica will be use-
ful in other echnologies.
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ASTRONOMY

Waves in the Sun’s Core

Frank Hill

Ithough we cannot use light waves to

see inside the Sun and other stars, we

can learn about their interiors {rom
mechanical waves generated deep within.
These waves, similar in some ways 1o seismic
waves on Earth, come in two main types:
gravity waves or g modes™ that are driven by
buoyancy. and pressure waves or “p modes,”
which are ordinary sound waves. Helio-
seismologists seek to understand what 1s hap-
pening inside the Sun by observing the oscil-
lations produced on the solar surface by these
modes. Such studies have produced many
solar surprises. including a bizarre pattern of
internal rotation (/) twisting flows below
sunspots that produce strong flares (2); and
evidence that the neutrinos generated by the
fusion in the core change their nature as they

The author is at the National Solar Observatory, National
Optical Astronomy Observatories, Tucson, AZ B57 26, USA.

E-mail: Thill@nso edu

www.sClencemag.orng

travel through the solar plasma (3). How-
ever, until now we have not been able to

probe the deepest part of the Sun, where
fusion reactions create the energy that sustains
lite on Earth. On page 1591 of this issue,
Garcia ef af. repont their work on g modes,
which offers the most promising hope we

SCIENCE VOL 316

Waves deep within the Sun may help
astronomers see the normally hidden core
where energy-producing fusion reactions occur.

have so far of examining the Sun’s core (4).

The p modes are trapped in the Sun’s outer
layers. and only a very few penetrate below a
fractional radius of 0.2 into the core of the
Sun. The g modes, on the other hand, are
trapped in the core as well as in the radiative
zone, as shown in the figure, This makes them
extremely valuable for report-
ing the temperature, pressure.
and motions at the solar center,
Because they are trapped so
deeply, however, they produce an
effect at the solar surface that s, at

Good vibrations. A cross section of the
solar interior showing examples of the
ray paths of different waves. Whereas
the p modes are mainly confined to the
outer layers, the g modes propagate
near the center and can provide infor-
mation about the core. Garcia et al.
may have observed g mode signatures
in the ascillations of the Sun's surface,
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best, about three orders of magnitude smaller
than what can be detected with current or fore-
seeable systems (3-7) such as the SOHO
{Solar and Heliospheric Observatory) and
SDO (Solar Dyvnamics Observatory ) space-
craft, or the ground-based GONG (Global
Oscillation Network Group) program.

Yet solar g modes do have one characteris-
tic that makes their detection a bit more feasi-
ble: They are predicted to maintain phase
coherence for vears. Phase coherence means
that all the waves stay in syne. so that many
waves could work together to produce a dis-
tinct and useful signal. This possibility moti-
vated Garcia ef af. to study a 10-yvear sequence
ofobservations now available from the GOLF
{Global Oscillation at Low Frequency) instru-
ment on SCOHO,

Giarcia ef al. also exploited another charac-
teristic of ¢ modes: Their periods are evenly
spaced. unlike p modes, which have evenly
spaced frequencies. By building a model that
explored the range of likely periods, along with
the possible effects of rotation on the g modes,
Giarcia ef e, were able to identify a structure in
the period spectrum of the GOLF data. The
characteristics of this observed structure are
strikingly similar to the theoretical spectrum
that they constructed, making this the best indi-
cation yet that the g modes do indeed exist and
are not cousins of Lewis Carroll’s precisely
described and long-sought but mythical snark.

In addition o adding weight 1o the evi-
dence for the existence of solar g modes,
Giarcia er el also provide a rough estimate of
the rotation rate of the core. This question has
been debated for at least two decades in the
helioseismology community, and there are a
few bottles of vintage wine waiting to be
awarded to the winner of some friendly bets
on whether the core rotates faster or slower
than the surface. Garcia er al. are squarely
in the “faster than surface™ camp with these
results. However, & more accurate answer
must await computation of joint inversions of
both the p-mode and g-mode frequencies into
values of rotation rate.

Even though this is an exciting result for
helioseismology. stellar structure. and solar
physics, a crucial step remains before it can
be truly accepted. As in all of science, con-
firmation is vitally important and espe-
ciilly so when the phenomenon has been
sought for a long time. as the g modes have
been. It i1s essential that the same analysis
be performed on other data sets, and that an
independent analysis be devised that can
reveal the same feature in the original data
set, Helioseismology is a subtle business,
and several helioseismie results that would
have been very exciting if true have fallen
by the wayside when they could not be con-
firmed. However, confirmation requires
the existence of an independent data set,

and this may not be the case in the near
future for helioseismology.

There are only two major imaging helio-
seismology systems in the world—the GONG
program and the SOHO spacecraft. SOHO is
reaching the end of its hifetime and will
be replaced by the SDO mission, which is
scheduled for launch in 2008, However, the
Astronomy Division of the National Science
Foundation, which funds the GONG program,
recently conducted a high-level review toiden-
tify funds for operating future facilities, One of
the recommendations of this review (&) is o
close GONG 1 year after the successful launch
of SDO), unless outside funds for GONG oper-
ations can be wenufied, 1T this happens, helio-
seismology will be unable to confirm its most
exciting results and may die completely as a
science. which would be a pity,
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IMMUNOLOGY

The Shape of Things to Come

Katherine A. Fitzgerald and Douglas T. Golenbock

successtul vaceine is usually a com-
hination of two agents. One is an
antigen, the foreign substance that
triggers an immune response—namely. the
production of antibodies that recognize the

antigen and lead to the destruction of

pathogens that bear it. The other component
is an adjuvant, which boosts this immune

response by enhancing the activation of

immune cells (T cells and antibody-produc-
ing B cells). Adjuvants that hold consider-
able promise in vaccine development are lig-
ands for certain members of the Toll-like
receptor (TLR) Family that are expressed on
the surface of immune cells. But to harness
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these ligands therapeutically, a detailed
mechamstic understanding of their adjuvant
effects is needed. Two reports in this issue,
by Mata-Haro ¢ af. on page 1628 (/) and by
Ohto et al. on page 1632 (2), provide new
insights into the manner by which Toll-like
receptor 4 (TLR4) becomes activated by
adjuvants, and reveal molecular mecha-
nisms by which recognition of different lig-
ands by the same receptor shapes the
immune response in different ways.

Among the ligands that activate TLRs are
deoxveytdylate-phosphate-deoxyguanylate
(CpG) DNA, which activates TLRY, and
monophosphoryl lipid A, denved from the
active moiety (lipid A) of bactenal endotoxin
(lipopolysaccharide), which activates TLR4.
Recoznition of lipid A and related molecules
by TLR4 requires MD-2, MD-2 lacks atrans-
membrane domain and binds w the extra-

Mechanistic understanding of how ligands can
fine-tune the immune response may lead to
better vaccine adjuvants.

cellular domain of TLR4 (3). Activating the
TLR4-MD-2 receptor complex is thought to
involve reorganization of the cvtoplasmic
Toll-interleukin-1 receptor (TIR) domain of
TLR4, enabling the recruitmem of four
adapter molecules; MyDES, Mal (also called
TIRAP). TRIF (also called TICAMI ). and
TRAM (also called TICAM2) (4). These
adapters. in twrn, initiate signal transduction
pathways that lead to the production and
secretion of molecules that regulate immune
cells, called evtokines. as well as increased
expression of molecules on the surface of spe-
cialized immune cells (dendritic cells) that
enhance T cell activation.

Olwo er al. report the erystal structure of
MD-2. both in its native state and bound to
lipid IVa. Lipid [Va is similar in structure o
lipid A but inhibits bacterial lipopolysaccha-
ride. Lipid IVa also lacks two of the six fay
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acids present on lipid A that is found in the
lipopolysacchanide of Escherichia coli or
Salmomella nphinrim.

Mata-Haro et @f. report that mono-
phosphoryl lipid A somehow engages the
TLR4-MD-2 complex differently from
lipopolysaccharide. thereby selectively acti-
vating only the TRIF-TRAM signaling path-
way. These events result in T cell activa-
tion (see the figure). The concomitant failure
of monophosphoryl lipid A
to engage the MyDS8-Mal
pathway (which controls the
expression of certain proin-
Mammatory evtokines) appears
to account for the lack of
harmtul endotoxic effects nor-
mally associated with activat-
ing TLR4-MD-2, These obser-
vations provide an empirical
hasis to suppon the safe use of
monophosphoryl lipid A as an
adjuvant, because they show
that 1t 15 not simply a weak
endotoxin: Equivalent adju-
vant activity was obtained in
animals that were treated with
monophosphoryl lipid A and
lipopolyvsaccharide, vet mono-
phosphoryl lipid A exhibited
minimal toxicity.

Although TLR4 has long
been considered 10 bhe the
lipopolysaccharide receptor.
there has been no direct evi-

CYTOPLASAY
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idenity, of MD-2 and MD-2 bound to lipid
I'Va suggests that we now know the confor-
mation of MD-2 in its inactive state. We
regrettably must still speculate about how the
shape of MD-2 might change when bound to
a stimulatory ligand such as Lipid A or
monophosphoryl lipid A.

Our best understanding of TLR4-MD-2
signaling comes from studies using highly
purified lipopolysaccharide or synthetic
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7
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different cell types and/or in response to
different ligands: one involving all four
adapters (4). another involving only the
MyDR8S-Mal pair (6). and another that selec-
tively triggers a TRAM-dependent response
that is independent of MyDS88 and Mal
and mostly independent of TRIF ( 7). Mata-
Haro et al. add yet another level of complex-
ity and demonstrate that monophosphoryl
lipid A, presumably when bound to MD-2,

Monophaosphary| lipid A (MPLA)
(possible vaccine adjuvant)

dence that its lipid A moiety
actually binds to the receptor.
By contrast, there is substan-
tial evidence that lipid A and
several of its analogs, such as
lipid IVa and monophosphory]
lipid A, bind MD-2 (5). Thus,
the most widely held theories
in the TLR field suggest that the true ligand
for TLR4 15 not lipopolysacchande, but a con-
formationally active form of MD-2. It is of
great interest. therefore, that Ohto er al.’s
resolved structure of MD-2 shows an oval-
shaped. highly ordered molecule with a
hydrophobic cavity sufficient in size wo fit the
four fatty acyl residues of lipid I'Va. It is not
clear how MD-2 can tnt additional acyl
residues present on lipid A, but endotoxicity is
likely related to a conformational change in
MD-2 that allows this to occur,

It may be overly optimistic to conclude that
we now know the shape of MD-2 in the
absence of ligand. because the structure of
MD-2 was resolved with contaminating
myristic acid within the hydrophobic core.
Monetheless. the overall similarity, it not

forms of lipid A. Until recently, it was
thought that upon TLR4 activation by any
cognate ligand, all four adapter proteins
were recruited to the same receptor homo-
dimer, triggering the simultaneous activa-
tion of two signaling pathways—that which
promotes the expression of proinflamma-
tory cyvtokines via the transcription factor
NF-xB (the MyD8S-Mal pathway), and the

signaling cascade that triggers expression af

the cytokine type | interferon via the tran-
seription factor IRF3 (the TRIF-TRAM
pathway ) (4). Evidence is mounting that this
may not be the case but instead, different
*“flavors™ of these responses are activated
depending on the nature of the ligand

engaging MD-2. Indeed. several modes of

signaling by TLR4 have been reported in

Rules of engagement. The TLRA-MD-2 complex is expressed as dimers on the surface of immune cells (T and B cells, phago-
cytes). Lipid & and two of its analogs, lipid IVa and monophosphoryl lipid & bind to MD-2. There is no direct evidence that these
lipids bind TLR4. The spedfic engagement of each lipid may cause structural changes in MD-2 and TLR4, resulling in new pro-
tein binding sites in the cytoplasmic domain of TLRA. The resulting recruitment of specific adapter proteins activates distinct
signaling pathways and associated cellular responses.

selectively triggers the TRIF-TRAM signal-
ing pathway only to elicit adjuvant activity.
The authors suggest that the failure to
engage the MyDES-Mal pathway may occur
because phosphatidylinositol 3-kinase is acti-
vated. This enzvme, which hydrolyzes phos-
phatidylinositol 4, 5-bisphosphate in  the
plasma membrane, could block Mal function.
Mal contains a binding domain for phos-
phatidylinositol 4.5-bisphosphate, an interac-
tion that facilitates its recruitment to domains
in the plasma membrane containing TLR4 (8).
This would preclude the recruitment of
MyD8E and activation of NF-xkB—driven
inflammation.

One plausible explanation for differem
maodes of TLR4 signaling is that the nature off
ligand-bound MD-2 may differentially acti-
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vate TLR4, resulting in different arrange-
ments of the TIR domain in the cyvioplasmic
region of TLR4. The structure of MD-2 pro-
vides clues as to how this might come about,
For example. one of the true surprises of the
MD-2 structure 1s that neither of the two
bysine residues that Mank its hydrophobic
pocket (Lys'™ and Lys'*?) bind the 1- or the 4-
phosphate of lipid 1Va, comrary to previous
predictions (9). It may be that the same phos-
phates on lipid A are free to interact with
TLR4 and thereby influence how the receptor
undergoes conformational changes or. alter-
natively, forms dimers or higher-order recep-
tor ageregates. Highly toxie forms of lipid A,
which have six 1o eight acyl chains, must sit
differently in the hydrophobie pocket of MD-
2, perhaps enabling the lipid to bind more effi-

ciently o TLR4, Depending on how many
phosphates bind o TLR4, if any at all, or how
tight the binding might be, the TLR4-MD-2
complex might form distinet types of signal-
ing platforms in the cytoplasmic domains of
TLR4 dimers and hence selectively recruit
adapter molecules. Such speculations make it
imperative that a high-resolution structure of
MD-2 bound to a proinflammatory endotoxic
ligand such as lipid A, as well as of MD-2
bound to the extracellular domain of TLR4, be
resolved. Additional studies should focus on
the selective recruitment of adapter molecules
by different TLR4-MD-2 ligands. Better inte-
grating the studies of function and structure
will enable the design of new adjuvants and
other drugs for the myriad of human in-
Nammatory disorders associated with TLRs,

including systemic lupus ervithematosus,
sepsis, and asthma.
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How Will the Stratosphere Affect

Climate Change?

Mark P. Baldwin, Martin Dameris, Theodore G. Shepherd

he recent projections of climate change

considered by the Intergovernmental

Panel on Climate Change (IPCC) (/).
which focus on the troposphere (up 1o 10-km
altitude ), are based on climate models that
larzely neglect the effects of the siratosphere
on climate change. Yet. the stratosphere (at
altitudes of 10 to 50 km) contains Earth’s pro-
tective ozone laver, which affects the encrgy
balance of the lower atmosphere. Further-
more, circulation changes in the lower strato-
sphere (up to 20-km altitude) affect tropo-
spheric weather and climate, especially at high
latitudes (2). Why 15 it so difficult to include
stratospheric effects in IPCC projections?

In the past ~25 years, the composition of
the stratosphere has changed substantially,
Abundances of anthropogenic greenhouse
oases () and ozone-depleting substances ( 4)
have nisen, while the ozone layer has thinned
{see the figure). Following the successful
implementation of the Montreal Protocol,
which regulates production of ozone-deplet-
ing substances, the concentrations of these
substances in the stratosphere have stabilized,
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Dameris is at the Institut fiir Physik der Atmosphare,
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and the severity of the ozone hole 15 expected
to decrease over the coming decades, How-
ever. concentrations of most greenhouse
gases will continue to rise,

The temperature of the stratosphere is
determined by small quantities of gases that
interact with the incoming solar and outgoing
infrared radiation. Ozone heats the strato-
sphere by absorbing solar ultraviolet radia-
tion. Greenhouse gases (including ozone and
ozone-depleting substances) both absorb and
emit infrared radiation and can thus either
heat or cool the atmosphere. depending on the
balance between absorption and emission:
for each gas, this balance depends on altitude
and temperature (2). In the case of carbon
dioxide, increased abundances cause a net
warming of the troposphere and a net cooling
of the stratosphere.

Satellite observations confirm that the
stratosphere has cooled since 1979, in re-
sponse o a combination of increasing carbon
dioxide and ozone depletion (5). In the lower
stratosphere, the global-mean cooling ap-
pedars to be primarily attributable to ozone
depletion (3). However, the radiative changes
in the lower stratosphere depend strongly on
latitude: Ozone depletion has led to cooling
outside of the tropics, especially in polar
rezions (0), whereas the direct radiative effects
of ozone-depleting substances have had a
substantial warming eflect in the wopics ( 7).

Changes in stratospheric chemistry and
circulation associated with czone recovery may
affect the patterns of future climate change.

This lantudinal dependence implies that
the north-south temperature gradient and the
wind structure of the lower stratosphere must
also have changed. The altered winds modify
the propagation of atmospheric Rossby waves
{which are responsible for large-scale modu-
lations of the jet stream) from the troposphere
into the strtosphere. Such changes in strato-
spheric winds in wirn affect weather and cli-
mate at Earth's surlace,

For example, the ozone hole in the South-
em Hemisphere spring has atfected Antarctic
surface climate (8). In the Northern Hemi-
sphere, a natural oscillanon of equatorial
stratospheric winds with a period of roughly
2 vears affects midwinter surface wind pat-
terns over northern Europe (9). During win-
ter. wind shifis in the lower stratosphere pre-
cede similar wind shifis at the surface (i),
with substantial changes to both weather and
the likelihood of extreme weather events (/ /).
The mechanisms by which stratospheric cir-
culation changes are communicated to the
surface are not well understood (/2). but any
long-term changes to stratospheric winds and
temperatures are likely to affect surface ¢li-
mate and climate variability.

The changes o temperature and circula-
tion in the lower stratosphere over the past
~23 vears scem to have been driven primarily
by changes in ozone-depleting substances
and ozone deplenon. They can thus be ex-
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pected to reverse as the ozone laver recovers.
This reversal may obscure, or even alter. the
climate-change signal from other greenhouse
Theretore, studies attempting 1o ex-
plain and predict climate change must
account for the combined effects of climate
change and ozone recovery,

The coupled atmosphere-ocean climate
maodels that are used to understand past and
future climate change senerally do not have
substantial interactive chemastry or even
well-represented stratospheres. These models
often include the radiative effects of ozone-
depleting substances and of ozone depletion,
but they are not designed 1o predict changes
to the ozone layer or the dynamics of strato-
sphere/troposphere coupling. Many of the
maodels considered in the recent IPCC report
(1) held strmtosphernic ozone forcing constant
during the 2 1st century. Inany case, without a
well-represented stratosphere. it is unlikely
that the dynamical response to stratospheric
radiative changes can be captured.

Coupled chemistry-climate models, such
as those used in (§). include good representa-
tions of the stratosphere and interactive ozone
chemistry and can therefore simulate changes
to the ozone layer and their coupling to cli-
mate change. According o these models,
ozone recovery will not be a simple reversal
of ozone depletion. Rather, the stratospheric
cooling from mcreasing greenhouse gases
will accelerate the recovery of the ozone

Za5C5,
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layer, so that pre-1980 ozone abundances are
expected to be reached in the middle of this
century. The main reason for this aceelera-
tion is that most ozone-destroving chemical
reactions will be slowed as the stratosphere
cools. Bevond 2050, the ozone layer is pre-
dicted 1w become thicker than observed at
any time n the last century as the strato-
sphere continues to cool.

Mearly all climate models with well-
represented stratospheres indicate that the
large-scale equator-to-pole overturning
circulation, called the Brewer-Dobson circu-
lation (3}, will accelerate under climate
change (/4). This would lead to weaker west-
erly winds and higher temperatures in the
extratropics during winter and spring. Such
circulation changes would be expected to
couple downward to affect surface weather,
especially over the Arctic and Europe. How-
ever, stratospheric models have so far used
prescribed ocean-surface temperatures, which
strongly damp any tropospheric response to
stratospheric changes.

[nclusion of stratospheric ozone-climate
effects in coupled atmosphere-ocean climate
models will not significantly alter the overall
estimates of globally averaged surface warm-
ing. However, because of the possibility of
dynamical responses to the stratosphenc
changes, projections of the evolution of polar
chimate could be substantially different, espe-
cially inthe winter and spring in the Northern

PERSPECTIVES

Ozone and climate. Chemical reac-
tions on polar stratospheric clouds,
such as those shown here (laken over
Sweden from the MASA DC-8 on 14
January 2003), lead to stratospheric
ozone depletion. Models predict that
the ozone hole will recover over the
course of this century, affecting cli-
mate pattemns in the stratosphere and
at Earth's surface.

Hemisphere and spring and sum-
mer in the Southern Hemisphere.
Estimates of the future evolution
of rainfall and storms in northern
mid-lattudes could also change.
Predicting the future effects of
stratospheric change on surface
climate is a substantial task. Do-
ing so will require models that
combine the coupled oceans of
the current climate-prediction
models with the detailed strato-
spheric radiation and chemistry of
chemistry-climate models. This
modeling was impractcal for
the 2007 [PCC report. It is an im-
pending challenge for modelers 1o
include a full representation of
stratospheric circulation and chemistry in the
climate simulations for the next IPCC repont.
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Neural Networks Debunk

Phrenology
Robert T. Knight
yslems neuroscience

aims 1o understand
how billions of neu-
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“Bottom-up” attention;
autematic and effortless

Intracortical recordings reveal that distinct
regions of the mammalian brain must
synchronize their activity to support certain
behaviors.

bar (the target) that shared
color and line-oriemation
properties with other bars

rons 1n the mammalian “Top-down” attention; —_— 1 b (35 to 55 Hz) On a compuier screen.
brain support goal-directed requires effon n Because the target bar
behavior, such as decision (221034 H2) i "Spatial” attention was similar to other bars
making., Deciphering how o (25 1o 45 Hz) on the screen, the monkey
individual neurons respond to " had to search to pick out
sensory inputs or motor decisions P the salient target, a task
has focused on delineating the neural requiring deliberate effort.
basis of these processes in discrele During this task, prefrontal cortical
regions of the brain's cortex. and has pro- e Cator ideitification neurons were activated first, and synchro-
vided key insights into the physiological (60 Hz) nous activity with neurons in the parietal

basis of behavior, However, evidence
tfrom nevropsychological. electrophysio-
logical, and neuroimaging studies in
humans has revealed that interactions
between widespread neural regions in the
bram underhe fluid, orgamzed behavior. Two
papers in this issue. by Womelsdort et al. on
page 1609 () and Saalmann ef af. on page
1612 (2), and a recent paper in Science by
Buschman and Miller (3). unravel the details
of these interactions by assessing the simulta-

neous activity of neurons in multiple sites of

the mammalian brain. The studies show that
network interactions among anatomically dis-
crete brain regions underlie cognitive pro-
cessing and dispel any phrenological notion
that a given innate mental faculty 1s based
solely in just one part of the brain,

Buschman and Miller used a classic ex-
perimental approach ol manipulating “top-
down™ and “bottom-up™ attention m mon-
keys, Top-down searching—for example,
searching for the infamous Waldo character in
a children book illustration—typically re-
quires effort. By contrast, bottom-up search-
ing is predominantly an automatic behavior,
such as finding a red balloon in a sea of blue
balloons—the red balloon literally “pops out™
of the visual scene. Buschman and Miller
recorded neuronal activity from multiple sites

in the prefrontal and parictal cortical areas of

the monkey brain { the cortex 15 largely respon-
sible for high-level cognitive processes such
as attention. memory, and decision-making).

The auther is in the Department of Psychology, Helen Wills
Weuroscience Institute, University of Califomia, Berkeley,
Berkeley, CA 94720-3190, USA. E-mail: riknight@
berkeley.edu
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Communicating at a distance. Oscillatory neu-
ronal (electrical) activity in defined frequency
ranges supports synchronous interactions belween
anatomically distinct regions of the mammalian
brain (illustration of rhesus macaque shown) during
cognitive tasks that require deliberate or automatic
attention, memory, or visual processing.

These regions are several centimeters apart,
but are connected by extensive bundles of
axons (neuronal extensions that form the cir-
cuitry of the brain), suggesting that they might
communicate with each other while the ani-
mal performs behavioral tasks. In classic sin-
gle-neuron recording studies, different brain
arcas are examined by different investigators,
who observe different tasks in different ani-
mals, The advantage of recording from multi-
ple sites in the brain simultaneously is that
these factors are held constant, thus allowing
precise analysis of the relative timing of neu-
ral activity in the same animal.

Buschman and Miller determined both
the electrical activity of individual neurons
{called single-unit actvity ) and the net ensem-
ble activity of many neurons (called the local
field potential) in the monkey brain. Repetit-
ive activity ol these neuronal ensembles 15
manifested as oscillatory activity in different
frequency bands. which can be readily ex-
tracted from the ongoing electrical activity of
the brain. During a top-down serial visual
scarch, the monkeys had o detect a colored

cortex increased in the 22 1o 34 Hz fre-

quency range in the prefrontal cortex (see

the figure). For the bottom-up task, the tar-

get bar differed from all other bars on the
sereen in both color and orientation, leading
to rapid and effortless identification. In re-
sponse to this scheme, parietal neurons were
activated first, and synchronized activity with
the prefrontal cortex was observed at a fre-
quency range of 35 to 55 Hz in the parietal
cortex. The findings highlight two-way inter-
action between these distinet regions of the
mammalian cortex. with communication path-
ways tuned to different frequencies.

The work by Saalmann and colleagues
extends these observations, using single-unit
and local feld potential recordings focused on
the effect of the parietal cortex on the area that
perceives motion (MT area) of the monkey
brain. The MT is connected to many different
cortical regions of the brain and plays a major
role in perceiving movement. Because the
posterior parietal cortex is involved in spatial
processing, Saalmann ef af. reasoned that it
might communicate with the MT, For these
experiments, a monkey has to judge whether
two sets of stacked bars, presented half a sec-
ond apart from each other, match in both the
spatial location of the bars and their orienta-
tion in space. As in the Buschman and Miller
study, neuronal activity was recorded simulta-
neously in the parietal and MT sites of the
brain. The authors detected single-unit activ-
ity in the posterior parietal cortex before that
in the MT, and synchrony between these two
regions at a 25 to 45 Hz frequency range in the
MT. A phase delay in synchronous activity
between these two regions 15 indicative of
a top=down effect of the posterior parietal
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cortex on the MT during this matching task.

Using a similar experimental logic, Womels-
dorf er al. analyeed three single-unit activity
and local field potential data sets obtained
from cats and monkeys. These activities were
recorded from areas in the brain (called 18 and
21a in the cat and V1 and V4 in the monkey)
involved in vision, including color, object,
and stereoscopic processing. The authors
observed that the phase delay (in millisec-
onds ) of oscillations in the local field potential
between nearby sites (from | mm to 1 cm
apart) determined the efficacy of synchro-
nized neuronal activity between the sites. It
has been shown previously in animals that

local field potential in the frequency range of

4 to 7 Hz predicts both single-unit activity and
higher frequency (30 to 200 Hz range) oscilla-
tory activity (4). This local mechanism,
involving coupling ol a brain rhythm and sin-
gle-unit activity, has been proposed to syn-
chronize neural activity between regions,
enabling effective commumcation between
brain areas ( 3).

Taken together, the three papers indicate
that top-down signals between brain regions
regulate the flow of information and that dis-
tributed neural networks that use oscillatory
dynamics support a broad spectrum of neural
processing and behavior. The results in cats
and monkeys also nicely parallel findings in
humans. For instance. brain lesion, eleciro-
physiological, and neurcimaging research in
humans (6, 7) has shown that top-down sig-
nals from prefrontal and parietal cortices reg-
ulate attention and working-memory capacity.
The findmgs in amimals that oscillatory dy-
namics support network actvity and enhance
the efficacy of synchronized activity between
distributed neural regions has also been ob-
served in humans. Intracranial data from sub-
dural electrodes in the human cortex have
shown that oscillations in the 4 to 7 Hz fre-
quency range are coupled to high-frequency
oscillations in the 30 to 150 Hz range in areas
similar to those studied in the monkey brain
by Buschman and Miller and by Saalmann er
al. Further, this particular coupling mecha-
nism is used to delineate task-specific net-
work activity (8. #). A recent human intracra-
nial study reports that single-unit activity in
the human brain is synchronized to local field
potentials in the 4 to 7 Hz and | to 3 Hz fre-
quency ranges in the hippocampus { [0), fur-
ther supporting the observations initially
reported in animals.

It is now widely agreed that defining net-
work interactions 1s key to understanding
normal cognition. There are also numerous
psvchiatric disorders, such as depression,
seasonal affective disorder, mania, and even

some cases of psychosis, that are episodic
and are not associated with defined neu-
roanatomical damage. Might it be that some
of the periodic symptoms are caused by
intermittent network dysfunction, caused
by disturbed oscillatory dynamies? If
50, then the work by Buschman and Miller,
Womelsdorf ef al., and Saalmann ef al. may
have a great impact on our understanding of
these disorders.

One mystery remains: How is informa-
tion in oscillatory activity encoded? The
individual spike train rate (the number of
times a neuron fires each second) or spiking
frequency (the rhythm at which a neuron
fires) 15 not sufficient for coding the vast
array of processes that underlie perception,

PERSPECTIVES

memory, or decision making, Nevertheless,
the three groups have laid the groundwork
for deciphering this neural code.
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Food Pathogen Detection

Carl A. Batt

New methods for detecting food pathogens can quickly identily single microbes, but major hurdles
must be overcome before they can be introduced to practical use.

he detection of food pathogens 1s cru-

cial for food safety: detection methods

must be fast, sensitive, and accurate.
Yet. almost all techniques used today to iden-
tify specific pathogens in foods take at least
48 hours, and some take as long as a week.
Further confounding the challenge 15 the need
to address “zero tolerance.” a standard that
mandates that no viable pathogens are allowed
in certain foods. To meet zero-tolerance lev-
els, detection methods need 1o be sensitive
down to a single pathogen in a prescribed
sample. Current methods require several days
to achieve this standard, because they rely on
culturing the pathogen to increase its numbers
to detectable levels,

In contrast, modern detection systems cur-
rently under development analyze food based
on the detection of a specific spectroscopic,
immunological. or genetic signature (see the
figure). These methods are potentially Faster
than currently used methods by virtue of their

enhanced sensitivity, with a detection limit of

a single cell. in some cases in real time.
However. the methods have not yet been intro-
duced to practical use, because they are diffi-
cult 1o integrate with sample preparation and
handling practices (/). Sample preparation is

The author is in the Department of Food Science, Comell
University, ithaca, NY 14853, USA. E-mail: cabl0@
comelledu

tedious because the target pathogens cannot
be extracted and concentrated by simple phys-
ical means, In addivon, sample preparation
tvpically depends on the nature of the sample.
Thus, extracting pathogens from water is dif-
ferent than extracting the same pathogens
from mulk. let alone ground beef.

Furthermore. it is often difficult 1o assess
the efficacy of the new methods as compared
to the classic means of detection, because the
former are rarely tested on real food samples
and do not necessarily yield results that can be
translated into commonly aceepted units of
measure (such as colony-forming units).
Finally, methods that are rapid and sensitive
must also to be field-portable. A method that
requires the sample to be shipped to a central
laboratory for analysis with sophisticated
equipment introduces a delay in the overall
tme to complete the analysis.

Noteven the question “what do we want 1o
know?” has a simple answer, The symptoms
induced by a food pathogen are obvious,
especially to the victim, but biochemical and
metabolic differences between virulent and
nonvirulent strains may not be as dramatice,
The genome of Escherichia coli O15T:H7
differs vastly from that of its cousin E. coli
K-12 (2). but from a biochemical perspec-
tive, they are very similar, The fundamental
question is thus whether a food contains a
pathogen that causes a person w0 become il

www.sciencemag.org SCIEMCE VOL314 15 JUNE 2007

1579



PERSPECTIVES

1580

when he or she ingests it

This outcome-based anal-
VSI% 15 counter o any current
or anticipated technologies
that simply identify the pres-
ence of a particular target
organism. One potentially
interesting assay 1s based
on the physiological response
of cells 1solated from the
tish Bena splendens (3). The
pigmentation pattern of
these cells changes when
they are exposed 1o toxi-
genic strains of Bacillus
cerens, and this change can
be monitored by micro-
scopy. This system is unigue
in that its readout does
not depend on a micro-
biological or biochemical
definition of a particular
strain, but rather is related
to the toxigenicity of the
pathogen.

The main challenge in
food pathogen detection
technology 15 familiar 1o
anyone who has worked
with any analytical instru-
ment: detecting the signal
agaimst background noise, Various identifving
signals can be used to detect a particular
organism. Attempts to harness spectroscopic
signatures have been reported (4). Direct
physical signals of this kind are intriguing
because they circumvent challenges with

sagents that complicate the assay merely by
the need to add them or by compromising
specificity. Biochemical, immunological. and
more recently genetic-based methods have
enhanced specificity, but typically then
require some signal transducer to provide
a readout that indicates the presence of
the pathogen.

The challenge for spectroscopic measure-
ments is that they rely on an indirect signature
that is difficult to correlate o a particular
pathogen. Furthermore, there is a lotof noise in
biological samples. These methods work well
when the organism is examined in isolation
{and even better in a vacuum), but are chal-
lenged when that organism is surrounded by
the biological matrix that makes up food. The
low signal-to-noise ratio is confounded by the
desired, if not legislated. mandate of zero twler-
ance (3). In the spectroscopic noise that food
presents, detecting the spectroscopic signal of
asingle bacterium is virmually impossible,

The signal-to-noise problem can be over-
come by introducing a mechanism o deliver
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Fast and sensitive. Scanning electron micrograph of silicon pillars that
are part of an integrated "lab on a chip” for the purification and detection
of nucleic acids (1), The pillars are 10 pm by 10 pm by 50 pm and capture
DNA through electrostatic binding o their surface.

the target bacterium to a highly sensitive sen-
sor. away from the food. Detection can be
very simple. Forexample. a single £. coli bac-
terium can be detected by measurement of its
mass while it is perched on the tip of a can-
tilever. The cantilever is modified with micro-
fabrication to pattern a gold pad at the end,
upon which E. coli-specilic antibodies are
attached (6). When a bacterium is captured by
this antibody, the sensors measure the change
inmass (7).

Mass-based methods such as this are
intrinsically nonspecific: it is the antibody that
introduces specificity. shifting the detection
paradigm from a classic identification to an
immunological signature. The challenges are
twolold. First. antibodies need to be reason-
ably close to their target antigen to bind.
Diffusion is not an option. especially given the
viscosity of 2 medium like food. Second. they
are not absolutely specific and may therefore
lead 1o false-positives.

To bring the target analyte in close proxim-
ity to the detector, a microfluidic interface is
required that can sample a large volume of lig-
uid and pass it within a few hundred nano-
meters of the sensor (/). However, most tood
samples are particulate and prone o clogging
of micrometer- and submicrometer-sized
channels, These problems may potentially be

overcome by using sample preparation meth-
ods in which both captured biomolecules (that
15, antibodies) and target analytes can diffuse
freely (§). However, in most existing methods,
one or more components tend to be fixed onto
asolid surface.

One of the most promising approaches to
detecting a single bacterium was realized
almost 20 years ago with the invention of the
polymerase chain reaction (PCR). This me-
thod can detect a single copy of a target DNA
sequence, and can thus in theory detect a sin-
gle pathogenic bacterium in food. It is promis-
ing because it detects the organism by ampli-
fving the target rather than the signal. and 15
theretore less prone to producing false-posi-
tives. A target DNA can be amplified
[-million-fold in less than an hour, with sensi-
tivities in theory down to a single target
pathogen. However, before PCR can find
widespread application in food pathogen

detection, sample preparation and delivery of

the target nucleic acid sequence to the PCR-
detection component must be simplified.
Even if these practical hurdles can be over-
come. other obstacles will remain. The new
methods focus on characteristics that are dif-
ferent from raditional microbiological analy-
ses, vet most food regulations are based on
pathogen identity as defined by classic meth-
ods and traditional nomenclature. For exam-
ple, E. coli O157:HT 15 defined by reactivity
with a set of antisera, whereas Salmonella
DT104 is defined by sensitivity to a particular
bacteriophage. Any deviation that includes
genetic, spectroscopic, or other signatures

must account for this traditional defimition of

the organism.

Advances in methods tor the detection of

pathogens will need to be accompanied by an
equivalent effort in the area of sample prepa-
ration. Detection systems alone will not elim-
inate pathogens from the food supply. noris it
reasonable to expect that the food supply can
be made “stenile” Ensuring food safety isa
complex issue that requires advances in tech-
nology as well as education of food suppliers
and the general public.
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The Macroecological Contribution to
Global Change Solutions

Jeremy T. Kerr,'* Heather M. Kharouba,! David }. Currie®

Anthropogenic global changes threaten species and the ecosystem services upon which society
depends. Effective solutions to this multifaceted crisis need scientific responses spanning
disciplines and spatial scales. Macroecology develops broad-scale predictions of species’
distributions and abundances, complementing the frequently local focus of global change
biology. Macroecological discoveries rely particularly on correlative methods but have still
proven effective in predicting global change impacts on species. However, global changes create
pseudo-experimental opportunities to build stronger, mechanistic theories in macroecology that
successfully predict multiple phenomena across spatial scales. Such macroecological perspectives
will help address the biotic consequences of global change.

v changing global climate, expanding and
Bin'h:mil}'iug land wses, polluting, intro-

ducing exotic speeies, and overharvesting
biological resources (/). human activitics have
aceelerated extinction rates massively (7). The
biotic consequences ol these factors, collectively
the study of global change biology, arc apparent
in progressive degrmdation of coosystem serviees
upon which humans rely (3), climate
change induced shills in species” distnbu-
tions toward the poles (4) and higher
clevations (5), and in rapidly changing
phenologies (6). The policy responscs
necessary o overcome such enormous
challenges must draw on many scientific
disciplines and apply 1o the {ull range of
spatial scales over which global changes
exert their effects,

Even though many of these effecis
will occur over broad spatial scales [e.g.
(73], most global change biology studics
concentrate on smaller, often experimen-
tal, arcas (Fig. 1L The local processces
discovered by such studics are essential 1o
predict how global changes might pro-
ceed and can scale up in surprising ways
o illuminate broaderscale trends, For
example, expenmental warming of alpine
meadows caused unexpectad changes in
specics composition woward woody shrubs
that led to substantial release of stored soil
carbon (&), This biological feed-forward
mechanism has global implications  be-
cause, 10 it is representative of other arcas,
itimplies the existence of a tipping point beyond
which climate change could accelerte rapidly.
The controlled, experimental approach frequent-
Iy used in global change research also makes for
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strong inference: It is vinually certain that the
treatment (in this case, warming) caused the
effeet (biotic community transition keading o soil
carbon release) In many global change studies,
however, strong inference within highly con-
trolled experimental settings is purchased at the
cost of clear broad-scale applicability. For in-
stance, biolic imermctions among three it fly

A

Iv over broad arcas {landscapes 1o confinents)
{Fig. 1) or for lange numbers of specics. These
research aims are ideal 1o address key global
change issues at immediately relevant spatial
scales (M) There s no shonage of problems
peeding solutions. The impacts of broad-scale
climate and land-use change on geographical pat-
terns of specics richness can be predicted with
nacroccological nethods, potentially helping di-
reet conservation resources 1o regions where nead
is greatest. Similarly, studies of patterns and im-
pacts o biological invasions across islands suggest
srategics that could reduce future losses, Such
mucroecological pattems ane supporned by increas-
ingly moechamistic hypotheses with clear global

change applications, Here, we neview a ringe of

nacroccological concepts of particular and imme-
diate relevance to global change rescarch, as well
as obstacles hindening ther more widespread usc.
Broad-scale rescarch methods have already prov-
en valuable for global change research, but new
developments in macroccology greatly enhance its
potential contribution.

Potential and Problems for Macroecology

in Global Change Research

Brown's seminal book in macroccology begins

with an example—the effect of climate change
on species living on mountainiops—that
clearly demonstrates the discipline’s rele-

A NN s A
o NO O 0 e

Ln (spatial extent in km?)

Fig. 1. The contrast in characteristic spatial scales of macro-
ecology and global change biology i evident from this survey of
recent publications in the two journals that address these
disciplines most consistently: Global Fcology and Biogeography
{GEB, which presents itself as the journal of macroecology) and
Global Change Biology (GCB). We started with the most recent
issue (December 2006 for GCB and January 2007 for GEB) and
worked back until equal sample sizes of 79 studies for each
journal were reached. Studies without an interpretable spatial
extent (e.g., some meta-analyses) were omitted, but for all athers,
the spatial extents were recorded. Green bars represent results for
global change biolagy and purple bars, for macroecology.

species and their parasitond predator determined
their distributions and abundances within an
experimental microcosm ( ¥). Widespread though
such interactions may be, little evidence yet sug-
gests they are similarly dominam at the regional
extents over which predictions for specics rnge
shifls arc most widely needed (/0).
Macroccology is a recent rescarch program

that aims to develop quantitative predictions of

the abundance and distnbution of specics, usual-
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vanee to global change (12). As with most
macroccological studics, this one used
observational data within a correlative
framework, a common approach when
[ocusing on regional phenomena at their
native spatial scales.

Macmoecological approaches to cnti-
cal global change phenomena have since
proliferaied  considerably. For instance,
predatory mammal species have been
introduced widely on oceanic islands.
The number of recent extinctions among
island birds, panicularly endemics, de-
pends strongly on numbers of exotic preda-
tory mammals that have been introduced
1o those islands, Preventing further intro-
ductions of exotic prodators 15 a cntical
part of conservation stratcgics for slands
(/3 This study’s relimee on comelative
models weakens 1s grip on cause and
eifeet shightly: Habitat losses might have
contribuied to the observed elleas (14, 13).
Howewer, it is difficult 1o think ol a small-
scale, experimental approach that would
have been as broadly applicable and. as a result,
immediately useful. Similarly, effects ol land-use
change on species conservation have also been
ascentained with spatial correlations of broad-
scale data sets. Endemic and threatened species
are heavily concentmted in wopical mountain
rnges in sub-Saharan Adfrica, coincident with
high human population densitics. Combined with
the observation that the bushmeat trde con-
tributes strongly o mammal decline, this corne-
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lation suggests a course Tor conservation that
accommodates the agricultural land uses of local
preoples while improving regional protected arca
networks (/6).

Macroccology's signature statistical approach
has also provided the foundation for some of
ceology s strongest theories, Island biogeography
i5 perhaps the most widely influential ecological
theory, and it is built on observations that species
numbers on islands incrcase with island anca but
decrease with dsolation (Fig. 2A) (7). This
theory has also proven extmordinarily valuable
for global change rescarch. As climate warms,
woodlands in the mountainous southwesiem
United States will shift to higher clevations, The
ensuing reduction e their area s expected w
elmmate 9 o 62% of small-mammal specics
cumently inhabiting these habitats (12 The rela-
tionship between habitat arca and species rich-
ness has been further refined 1o reflect the reality
that species o human-altered  landscapes use
natural and modified habitats 1o varying degrees,
This countryside specics-arca relationship pre-
dicts the conservation status of terrestrial mam-
mals in Central America and also vields more
optimistic (and accurate) assessments of extine-
tion rates (1),

Despite their frequent reliance on correlation,
macroccological relationships are buill on solid
biological foundations. For instance, the specilic
thermmal twolernces of bird species differ consid-
erably—the golden-crowned Kinglet (Revofus
satrap) is absent from pans of Nonh America
where winter temperatures consistently  drop
below about —18°C, while praine warblers
{ Dendroica discofor) inhabit only wanmer arcas
above T7°C (/9. By considering large species
assemblages simultancously, strong macroeco-
logical relationships can emerge from specics-
specific patterns (20) that help predict biotic
responses 1o global change. For instance, climate
predicts global pattems of bind species richness
(24). Within Europe, the spatial relationship be-
tween bird community composition and climate
successfully predicis the trajectory of those com-
munitics as clinate has changed (220 Although
derived from a purcly spatial analvsis, this macro-
ceological relationship also explans how climate
change has altered bird community composition
through time,

Converting macroccological discovencs into
predictions about global change biology is often
difficult and always nsky. Obmining suitable
data is frequently a formidahle challenge. Be-
yond this, however, severl additional problems
miust be overcome, First, macroceological studies
often depend on post hoc curve-fitting, capable of
producing very strong statistical relationships
(2.3). Unforunately, competing. mechanistically
dissimilar hypotheses can cach predict the same
pattern, and macroccologists rarely have recourse
o experimentation 1o ascertain cause and ol
tect (12, Instead, differences in support among
hypotheses are taken to mean differences in
their likelihood of being true, a conclusion that
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sophisticated statistical arguments can strength-
en but not prove. The latitudinal gradient of di-
versity i1s a classic example: Latude predicts
global species diversity quite well for most taxa
(24, It relates to diversity, however, exclusively
because it is a surrogate for collincar environ-
mental vanables, like temperature. Second, pre-
dicting the biological impacts of global change
involves extrapolation, sometimes beyvond any
combination of environmental conditions that
have been recorded. There are currently no
modern analogs for some vegelation assem-
blages tha existed in the late glacial period in
eastern Noth America, which likely arose from
combinations of climate variables that also lack
contemporary analogs (23), Swong theoretical
and empincal evidence for a speeific prediction
can reduce, not climinate, such extrapolative
uncertaintics. Finally, unigue or stochastic
phenomena arcate imeducible noise in macro-

ceological relationships, as the lora and fuma of

the Krkatau islands testify (26). It should be
noted that such mre events provide opportunitics
for pscudo-experimental tests of new and existing

hypotheses, as shown by subsequent studies of

coloniztion and succession on Krakatau,

Strengthening Macroecological Contributions
to Global Change Biology

11 macroccological research is 1o make effiective,
reliable contributions to global change biology, it
must improve iis capacity 1o demonsimie cause
and effect, Experimental tests of hypotheses— the
usual seienti fic method to distinguish ciuse from
correlation—are normially impractical, uncthical,
or both s broad spatial scales (72}, Instead,
Irontier macroecological studies begin by iesting
lor links between some biological phenomenon
(B} and environmenial predictors (E) using sia-
tistical ools. Such relationships are usually based
on observations of some spatial patiem. However,
iFE truly causes B, then those spatial relationships
should be consisiem as conditions change, the
essence of experimentation (27).

In other words, spatial relationships should
be consistent temporally il they are true. Spatial
variation in bird species richness in North
America relates stromgly 1o gradients of pnmary
productivity. However, scasonal vanation in bird

species richness also wacks the annual cycle of

primary production; Birds rack resource avail-
ability over the course of the yvear (28). In this
case. naral enyironmental changes lead 1o the
same biological response observed from a purcly
spatial relationship. 1t is ironic that global change
also provides pseudo-experimental opportunitics
to test macroecological refationships. Biology-
environment relationships for native species, lor
instance, can be comparad 10 those for exotic spe-
cies 1o generate an mdependent wst of the con-
sistency of macroecological relationships (29),
Research based on historical data, with its
temporal perspective on natural and anthropo-
genic change, s invaluable when predicting
biotic outcomes of global change (30), Climate

A
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Fig. 2. (A) The classic model of island bio-
geography (17) proposes that the statistical effects
of area and isolation result from two underlying
processes: the rate of colonization by new species
and the rate of extinction of established species.
These two rates depend upon the number of species
on the island, island area, and island isolation. (B}
A combination of area, isolation, and cimate
predicts bird species richness in defined areas on
continents and on oceanic islands anywhere in the
world (35). (C) The mechanism underlying climatic
effects on species richness is more controversial.
Stochastic niche theory (40) provides a possibility:
the relative abundances of species, and therefore
their persistence in an assemblage in a defined
area, may vary as a function of the number of stan-
dard deviations separating the actual environmental
condition within a habitat from the species’ climatic
optimum. The greater this separation, the less
abundant the species is predicted to be. These data
are derived from simulations in which habitat
temperature and species’ optimum temperatures
have Gaussian distributions.
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partly determines where species-range  bounda-
so climate change causcs
fact with well-known
pakeoccological precedents. But past range shilis,

rics occur (31).
boundarics to shift. a

such s those lollowing glacial retreat, occumed
across landscapes with litle or no human
influence. By contmst, human activitics now
allect most temestrial arcas (3.2}, which are likely
to nhibit the capacity of specics to keep up with
shifting climatic conditions, In Canada. climate
and landuse changes during the 2Mh centuny
were considerable in many arcas. Butterdly spe-
cies richness tracked changing growing-season
temperatures over this time period, as predicted
from the purcly spatial relationship between
temperature and nchness (33)., That this spatial
relationship remains consistent through tme mm-
prowes confidence that temperature actually docs
partially cause the patiern of butterlly nichness
and 1= another example where global change ol-
fers macroccologists a pscudo-expenment. Hu-
man population density is also a positve spatial
predictor of butterdly nichness, a result also ob-
served among British birds (34). However, in
arcas of Canada where human population den-
sity increased over the 20th century, butterfly
richness declined (3.3). No model will necessar-
ily hold under new or unforescen environmental
circumstances,

One can assess the business ol macro-
ecological relationships by testing them under
independent conditions, This can most easily be
done through space: Do relationships developed
im o part of the world accurately predict pat-

500

1,000 km

tems in geographically independent arcas? For
example, the spatial relationship between bird
species nchness and a combination of climate,
arca, and solation of 1slands predicts nehness
among contmental localimes and viee versa (35)
(Fig. 2B). Similarly, plam family richness in any
given biome or phyvtogeographic provinee of the
world can be predicted from the nichness-
climate relationship derived based on the rest
ol the world (36), Collectively, such tests dem-
onstrate the mobustness of the underdying specics
richness-energy hypothesis addressed by these
stuclies and the increasingly imponant role occu-
pied by training and testing daa in macroecology,

Process-based models of matuml sysiems pro-
vide more detaled, mechanistic predictions. A
classic example agam s MacArthur and Wilson's
theory of sland bogeography (Fig. 2A) This
mechamistic theory builds on simple, macroeco-

logical observations o include processes of

mmumigration by new species and extinction of

species already present o generile a dynamic
equilibnum ol species nehness on islands. This
simple hypothesis explains the initial macro-
ceological observation (e, rchness-arca), but
also successiully predicts a suite of new phenome-
na: compositional wimover al equilibeium, effects
of factors that enhance immigrmtion (comidors or
"_~.1¢|-|.|'|:i|1l_r stones™), Taunal col |;.q‘l.\'.L‘. and so forth.
Adding climatic eflects o this model greatly
expands its reach, enabling it to predict diversity
on mainknds ad islands alike (35). Such models
are particularly  powerful because they  predict
several differemt phenomena, not just the first

Fig. 3. Biological observations, if available, often include only a species name and a location
where it was observed. Observation points across Canada for Vanessa atalanta (red admiral) are
shown in red, derived from the Canadian National Collection (59). These are overlaid on a niche
model (yellow) of its range derived with Maximum Entropy (60). Environmental data, such as the
satellite-based land-use map {61} beneath the niche model, are capable of far greater spatial
consistency than biological data, although they almost never achieve equally high local detail.
Remote sensing is particularly useful for detecting rapid changes, as shown here, where recent
forest fires beyond the northern frontiers of this butterfly species’ range are in dark red.
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pattern of interest. Their greater mechanistic detail
suggests many wests (alleviating aribcisms  that
nucrocoological hypotheses are merely the result
of post hoe curve-litng ) (2.7) and they potentially
prachict the behavior of systems under a wider
range of conditions.

More recent theories expand the number of

matural biological patterns that can be reduced
a small number of basic, underlying processes,
For example, the metabolic theory of ecology
begins by noting that many aspects of organisns’
biology, like population abundance (37) and
evolutionary mtes (38), depend upon individual
body size and ambient empermture,  Similarly,
neutral theory proposes that stochastic dispersal
and speciation-extinction evems can prodict the
relative abundanees of specics, which are tremed
as bemg unctionally  indistimguishable, withm
biotic communitics (39}, Stochastic niche theory
() combines characteristics of neutral theory
with environmentally dependent resource com-
petition o further mprove predictions ol relative
abundances of species. This approach recog-
nizes niche-based differences among species.
such as the optimal, within-habitat temper-
atures for the growth ol their propagules (Fig.
20, Where temperature is a major determinam
ol specics’ niche boundaries, lor instance, sto-
chastic niche theory may help predict the con-
sequences of climate change, The theory is
strengthened funther by its potential to predict
independent phenomena, like the unexpected
pattern of increased invasion success in bio-
logically diverse communitics (47).

Yer, in process-based models, there 15 an
mescapable tension between caplunng mecha-
mistie detal and retaming the capacity 1o predict
natural vanation (42, 43). The most practical
models for predicting natural paticms will not
requine large numbers of pammeters, especially
il they are dilficult W measure. Inswead. such
models will inevitably make inexact assump-
tions 1o simplily systems that might otherwise
be unmanageably complex (44, 45 Decisions
about which approach to take depend largely on
whether the predictive capacity of complex
moddels justifics the effort necessary o parame-
terize theme IF including species-by-species en-
vironmental wlerances and competitivencss for
particular hmiting  resources  IMproves or ¢x-
pands predictions of macroccological and global
change trends (407) (Fig. 20), adding complexity
would have practical benelits. A related macro-
ccological example illustrates this point. Climate
is generally acknowledged as the best overall
predictor of species richness, but new analyses
based on South American birds suggest that cli-
mate predicts species nchness only for broadly
distributed species (46), Patterns  of nichness
among species with smaller ranges relate more
stromgly 1o histoneal processes or habitat hetero-
geneity (47). In this case, subdividing species by
the extent of their geographic mnges adds detail

necessary o establish wseful global change
predictions from macroccological observations.

15 JUME 2007

1583



REVIEW

1584

As Emstein famously noted, models should be
as simple as possible, but no simpler.

Detecting Macroecological and

Global Change Signals

Before even the most clegant macroccological
hypothesis can be applied to global change,
reliable data must be found. On the environ-
mental side, saellite and aenal remote sensing
now provide spatially continuous measurcments
of an amay of environmental charactensics over
large arcas, allowing near real-time detection of
human-induced and nauml changes (48, 49)
(Fig. 3). Biological data are far more localized
{e.g., plant censuses in 0, 1-ha plots; amphibians
or birds heard or seen ot a panticular sine),
Emnvimonmental measuremems with correspond-
ingly high local detail are, at best. on the edge of
what remote sensing can accomplish, although
that edge is advancing (50)

The well-known mismatch between sparse
biological observations and spatially continuous
remote-sensing data (Fig. 3) hinders the devel-
opment of biological theory that scales suceess-
fully from localities to regions and continents
(48, 51). Biological databases require “boots on
the ground” and cannot keep up with frequent,
even daily, updates provided by remote-sensing
sources, Many biological data are stored inac-
cossibly in muscums or by individual rescarchers,
The Global Biodiversity Information Facility
{www.ghilorg) and related initiatives, like the
nascent Global Farth Observation System of
Svstems Tor Biodiversity, will improve this sit-
uation considerably and lower one ol the simplest
bamiers 1o building eftective responses o global
change: knowing what species are present in an
alfected arca. These ongoing monitoring activ-
itics are essential w detecting and modeling biotic
responses (0 global change and can be effective
without comprehensive data (32).

Species niche models can help reduce the
mismatch between sparse biological obscrvations
and spatially continuous environmental doia ( 53).
These models use detailed environmental data 1o
descnbe, in spatial terms, species” niche bounda-
rics, transforming a small number of presence-only
observations (although some data sets include
presence and absence data) across a region into
aspatially continuous prediction of 1ts entine mnge
(34, 35) (Fig 3). The results yielded by these mod-
cls can be surprsingly powerful. In Madagascar,
satelliie data were used o develop range models
for chameleon species ( 36). These models consist-
ently predicted the presence of chameleon species
in unsurveyed arcas beyond the chameleons’
known ranges. Several sister species 1o those being
modeled were then discovered in these arcas,
Despite their great promise, niche models must be
used with caution, Difterent modeling echnigues
predict vastly divergent climate-change impacts on
the mnges of four South Afnican Proteaccae spe-
cies, from a range expansion of =300% 10 a loss of
=00% (57). Imcgrating predictions from several
modeling methods—cnsemble forecasting —may
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reduce such wild uncertainties (54), However,
projecting niche models through time requines a
space-for-time substitution that is demonstrably
unrchiable (33), Niche models wall continue 1o
play a mole in macrovcological and global change
research but cannot replace biological monitoring
progrms that colleet primary data,

Conclusions

Although macroecology still needs correlative
approaches 1o explore its rapidly expanding fron-
tiers, stronger methods reveal mechanizms more
readily and reduce confounding eflects intrinsic 10
broad-scale, nonexperimental rescarch, These
methods include a critical and expanding role for
remote sensing and perhaps niche modeling in the
measurement of relevant biological and  envi-
ronmental charactenstics. More important, how-
ever, global change fumishes macroccology with
pseudo-expenmental opporiunitics that improve
macroecology’s predictions and  global  change
relevance. Warmmg climates i the 20th century,
for instance, allow for emporal tests of the specics
richness-cnergy hypothesis, which might improve

quantitative predictions of how spatial pattems of

diversity will change in the coming decades,

Models that specify mechanisms or that
predict many phenomena ot onee, like stochastic
niche theory or metabolic theory, play an in-
creasing mwole in theoretical macroccology. The
versatility of these models staves ofl eriticisms
that macroccology cannot reach past its histori-
cally comrelative framework 1o grapple elfectively
with causation. As the reliability of these models
15 tested and improved, cspecially by ensuring
that they are consistent wemporally as well as
spatially, their potential to provide specilic solu-
tions 1o global change problems will also in-
crease. Concem about global change is justifiably
intense because of its expanding biological con-
sequences and effects on the sustainability of the
human eniemprise. Macroccology s buili on
strong biological foundmions and offers impor-
tant, broad-scale theories that will help address
these urgent global change issues,
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The Mass of Dwarf Planet Eris

Michael E. Brown* and Emily L. Schaller

he discovery of Kuiper belt object (KBO)
I 2003 UB3L3 (), now officially named
Eris, prompted the necent reevaluation of
Pluto’s status as a planet and the creation of'a new
category called “dwarl planets™: objects in orbit
around the Sun that are large enough 1w be in
hydrostatic equilibrium but have  insufficient
miass o gravitationally dommnate their region of
the solar system. Eris s larger than Phao (2, 3)
and thus the largest currently known member of
dwarl plancts,

The subsequent discovery of Dysnomia (4),
a satellite of Ers, presented the opportunity 1o
dircetly measure the mass of Eris by determining
the Keplenan orbit of the satellie. Observations
of Eris and Dyvsnomia were obtained on 20, 21,
30, and 31 August 2006 (UT) with the Keek
Observatory laser guide star adaptive optics
(LGS AO) system (5, 6). Observations from the
Hubble Space Telescope (HST) were taken on 3
December 2005 and 30 August 2006, From mea-
surcments of the relative positions of Dysnomia
o these six nights (Fig, | and table S1) plus the
position from the discovery on 10 Seplember
2005, we determined the orbit of Dysnomia by
using a Powell ¥* minimization scheme to find
the optingl orbital parmeters. We first attempted
to it a purely circular orbit in which the live free
parmelers are semimajor axis, orbital period,
inchination, longiwde of the ascending node, and
mean anomaly. The best fit orbit has a ¥° value of
.5 or a reduced ¢ for ning degrees ol feedom
(14 x, v coordinates minus 5 orbital parameters)
of 0.7, indicating an excellent fit o the model.
Expanding the moddl 1w allow an cocentric orbit
gives a best-fit ecoentncity of = 0.007 and only a
margimally lower reduced f of (L6, suggesting
that the current observations contain no statistical
evidence for a noncircular orbit. Denved orbital
clements along with uncenaimtics from Monte
Carlo analysis appear in table 82,

From the 30 August 2006 HST mmage at a
wavelength of 0.6 pm, we measured a relative
brightness rano between the two objects of only
.21 = 0,01 (1=} %, The small relative brnghimess
of Dyvsnomia is inconsistent with the dyvnamical-
friction-aided capture mechanism proposed for the
majority of KBO satellites (7). but demiled
simulations show that such small spellites can be
formed from the debris after a giant impact (5). A
collisionally produced sawllite of the siee of
Dysnomia that tdally evolved outward from an
initial location near the Roche limit would be
predicted o have a roughly 15-day circular orbit
[Supporing Online Matenal (SOM) ext|, con-
sistent with the denved orbit of Dysnomia. Owing
to the low mass of Dysnomia, this outward orbital

www.sciencemag.org SCIENCE VOL 3146

expansion would have slowed the spin perdod of
Eris by only a part in ~107%,

Whencas the other two KBO systems that
appear 1o be products of giant impacts, Pluto and
2003 EL6L, comain multiple saellites, satellites
almost an order of magnitude fimer than
Dysnomia can be ruled out beyvond the orbit of
Dysnomia from deep HST observations (SOM
text). For a purcly tidally evolved system, any
satellite bevond the orbit of Dysnomia must be
larger than Dysnomia, and thus such a system
can be muled out. Imenior 1o ~0.4 arc sec, how-
ever, the expected fmctional brightness of a
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Fig. 1. The projected orbit of Dysnomia around
Eris. Observations are show as crosses of the size
of the 1-o uncertainty. The predicted positions
at the time of observations are shown by open
circles. The solid circle in the center is 10 times
the actual angular size of Eris.

tidally evolved satellite is -0,0007, which is
bevond our detection ability (SOM - text). Any
additional purely tidally evolved satcllites of Enis
would be expected o be closer and laimter than
these imits. Adthough such additional small Gant
satellites cannot be ruled out, the current limits
and the apparently circular orbit off Dysnomia
sugeest that Ens might indeed be a single-
saiellite system.

From the period and semimajor axis of the
orbit of Dyvanomia, we can use kepler’s laws o
calculate a mass for the Ens-Dyvsnomia system
of 1.66 < 1072 £ 0,02 = 107 kg or 1.27 £ 0.02 of
the mass of Pluto. With any plausible assump-
tions ol albedo and density, Dyvsnomia’s mass in
the svstem is negligible. In addition o being the
largest, Eris s also the most massive known
dwarl planet,

From this mass measurement and the previ-
ous slze measurcments, we can caleulate the

density of Eris. The imtial indirect IRAM mdio-
metne measurcment suggested a diamcter of

3000 = 400 km (2), whereas the later HST

dircet measurement found a smaller diameter of

24000 = 100 km 3y By using the more dineat
measurement with the smaller uncertainty, we
obtain a density of 2.3 + 0.3 gem . This density
is consistent with the moderately high 2,03 -+
0.06, 2.06 + 0,01, and ~ 2.6 g ecm ™ densities
known for Pluto, Triton, and the large KBO 2003
EL61, respectively (9 /1) Using the earlier in-
direct IRAM diameter measurement would give
a density of only 1.2 = 0.6 g cm ™, which is
significantly lower than other objects of compa-
rable size in the outer solar syslem, giving con-
fidence, although not confirmaton, in the more
dircet HST diameter measurement with the
smaller uncertainty.

Recent direet and indirect measurements ol

the densitics of smaller KBOs (12, 3 ) suggested
lower-than-expected densities for objects in the
outer solar system and thus a deficit of rocky
material or a surplus of pore space. The similarly
high densities of Ens, Pluto, Triton, and 2003

EL6I, in contrast, all require rock fractions of

=705 or higher (f4), as anticipated rom ex-
pected cosmochemical abundances in the proto-
solar neighborhood,
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The Release 5.1 Annotation of Drosophila
melanogaster Heterochromatin

Christopher D. Smith,»? ShengQiang Shu,? Christopher ]. Mungall,® Gary H. Karpen®®*

The repetitive DNA that constitutes most of the heterochromatic regions of metazoan genomes
has hindered the comprehensive analysis of gene content and other functions. We have generated
a detailed computational and manual annotation of 24 megabases of heterochromatic sequence
in the Release 5 Drosophila melanogaster genome sequence. The heterochromatin contains a
minimum of 230 to 254 protein-coding genes, which are conserved in other Drosophilids and
more diverged species, as well as 32 pseudogenes and 13 noncoding RNAs. Improved methods
revealed that more than 77% of this heterochromatin sequence, including introns and intergenic
regions, is composed of fragmented and nested transposable elements and other repeated DNAs.
Drosophila heterachromatin contains “islands” of highly conserved genes embedded in these
“oceans” of complex repeats, which may require special expression and splicing mechanisms.

he goal of genome annotation is 1o

I identily sequence features that have a bio-
logical role in the organism, but a telomere-
to-telomere DNA sequence is not vel available
tor complex metazoans, including humans, The
missing genomic “dark mater™ is the heterochro-
matin, which is generally defined as repeat-rich
regions concentrated in the contric and wlomeric
regions o chromosomes. Centrie heterochroma-

tin makes up at least 2004 of human and 30% of

v genomes, respectively: thus, even for well-
studied organisms such as Dreosopdiila melano-
gaster, lundamental questions about gene number
and global genome structure remain unanswered.

Once considered “junk™ DNA, it 15 now
clear that heterochromatin comains essential genes
and also contributes 0 genome stability and chro-
mosome segregation (£-3). In addition, hetero-
chromatin paricipates in RNA  interlerence
mechanisms that epigenctically repress gene and
transposable element (TE) expression. which may
“imimuniee” genomes against the invasion and ex-
pansion of sellish DNA clements (4, 51 Despite
differences in heterachromatin sequence compo-
silion between genomes, commonalitics in the
structures, chromatin modifications, and presence
of genes suggest that D madanogasier helero-
chromatin s an cxcellemt model for sudying
repeat=rich zenomic DNA in other specics, includ-
ing the 40%s repetitive human cuchromatin (6, 7),

Annotation overview. The Dmosophila Het-
crochromatin Genome Project has gencrated 16

'Depariment of Biology, San Francisco State University,
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Biomedical Ontology, Lawrence Berkeley Mational Labora-
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and Cell Biology, University of California at Berkeley,
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megabases (Mb) of finished or near-finished
heterochromatin sequence from D, melanogaster,
as well as 8 Mb of drafi whole genome shotgun
(WGS) heterochromatic assemblies (8, 9) We
performed computational and manual curation 10
produce the Release 5.1 annotation of this 24 Mb
of heterochromatin sequence, which excludes de-
generate sequence reads not incomorated into the
fnal sequenee assembly (ArmUextm) (£0, 1)
Several repeat-finding  programs  were  imple-
mented, including RepeatRunner (f2) and Tan-
dem Repeats Finder (TRF) (73). New data from
the rescarch community were incomporated, in-
cluding GenBank third-party  annotations and
Hewdelberg gene predictions (J4). Lastly, the
conservation of . melanogaster heterochro-
matin genes was assessed by identifying putative
gene onhologs in more than 16 species |sup-
porting online material (SOM) text and data).

The annotations include protein-coding genes.,
non-protein-coding RNAs (ncRNAs), repetitive
sequences, and other functional clements. The
majonty of nonrepeat annotations (64%5) mapped
1o a chromosome ann, including regions contig-
uous with the cuchromatic ams (chromosome
am h; ez, 2Rh) and intemal scaltolds that have
been evtologically localized 1o an anm (chromo-
some arm Het; ez, 2RHet) (8, ¥). The ramaining
annotations are not mapped 1o a chromosome anm
(36%) and reside on Arm U (Unmapped).
Although the highly repetitive simple sequence
component of £ melenogasier heterochromatin
remains unassembled (8, 9 few unique genes
have been identilied in these regions, and thus the
current annotation is ikely 1o include the majonty
of haterochromatic genes.

Protein-coding genes and comparative
analysis. Previous studies indicated that m least
32 essential genetic loct are present in the het-
crochromatin (/). Using clonc-based evidence
[expressod sequence tag (EST) and ¢DNA| and
predicted onhology, we annotated 613 protein-
coding genes and gene fragments in the 24 Mb

of Release 5 heterochromatin (Table 1, SOM

text, and data) (7). Carmently, 41% of these genes
have supporting done-based evidence, ncluding
137 annotations with full-length ¢DNAs gen-
crated by the Berkeley Drosophila Genome Prog-
cet (BDGP) (15), The incorporation of new EST
sequences (rom Exelixis (16), which were gen-
erted with mndom primers, was instrumental for
linding new intemal splice sites and missed exons
and was used o reline at least 43 gene models
(Fig. 1) (1) New evidence resulted in 16 cases of
Relewse 3.2b genes that were merged into seven
larger Release 5.1 genes (eg., CG415200in Fig. 1)
and two genes from Release 3.2b that were split
o lour smaller genes in Release 3.1,

A subset of the annotations represents smgle-
exon fragments of coding sequences present in
small scaffolds, and these fragments should not
yet be considered as complete genes, We clas-
sificd gene annoations as cither simgle-exon
genes (186} or multi-exon genes (427) in onder
o more conservatively cstimate higher-guality
complete gene models without losing informa-
tion about potentially incomplete genes (Fig. 2).
Heterochromatin single-exon genes are currently
less supponted by clone-based evidence: roughly
0% of heterochromatic multi-cxon genes and
61% of cuchromatic single-cxon genes had EST
or ¢DNA suppon, compared o only 200 of
single-exon genes.

RBecause many genes lacked EST or cDNA
support, the translated basie local alignment se-
quence ol (TBLASTN) was usad 1o identify
putative othologs for heterochromatin genes in
16 other inseet genomes and more distantly
related vertebrate species (/7)) (Fig., 3A) We
defined orthologs as unique, 1op-scoring
TBLASTN-identified sequences, although no
evidence currenily exisis 1o suppor conserved
lunction. Overall, more than 99% of the anno-
tations had an ortholog identified in at least one
species (Fig. 3A). Onhologs were identified for
B 10 98% ol heterochromatin proicin-coding
genes inthe four species (0, simndans, D, erecta.
D secheffia, and D, vakuba) most closely related
to £, melanogaster, and 55 o T0% of gencs are
comserved inthe mone distantly related Drosophilids.
In addition, 22 to 46% of genes are conserved in
distantly related msects (such as the silkworm,
mosquito, honeybee, wasp, and beetle), and 13%
of all protein=coding genes had significant align-
ments o proteins in even more diverged spe-
cies (Fig. 3A) We conclude that the majority of
I3 melanogaster heterochromatic genes are high-
ly conserved in insect lineages that span 300
million years of evolution and that a sumprising
number share significant similanty with proteins
from venebrte specics that diverzed more than
G million vears ago (/8),

The conservation pattems were bimodal, such
that nearly 2006 of protcin-coding  genes were
conserved in fewer than 4 species, whercas more
than 30% were conserved in all 16 inscet specics
(Fig. 3B). This trend suggests the existence of
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distinet groups of Dresophila lincage-specific
genes and another subset of ultraconserved inscct
genes. Closer examination of the 163 genes with
orthodogs m lour or fewer species revealed that
03% had onthologs only 10 the four species most
closcly related w D melanogasier (Fig, 3B,
SOM text, and data), Conservation in only the

Drosophilid lincage or melmogaster subgroup
mey dentily more recently evolved gones (SOM
text). Indeed, some open reading frames (ORFs),
such as edomnt-binding protemns or receptors, tend
o evolve faster than do other genes and are olten
found in only a single species (79, 20}, More -
depth study will be requirad o determine whether

the lineage-specific Drosophilid genes are con-
served because of function or bocause there has
been imsuflicient tme for ORFs o diverge,
Analysis of onhology data, gene prediction,
and cDNA and EST clone evidence shows that
06% of heterochromatin multi-cxon genes and
8% of single-cxon genes are supported by two

Table 1. Annotation summary. ND, not done.

or more types of evidence (Fig. 2, A and B).
These results demonstrate that single-cxon genes
probably represent parts of bona fide, full-length
genes that will be merged into more complete

Dt tiis Release 2  Release 3.1  Release 3.2b  Release 5.1 1l : bl | cDNA
penes as the s OC ASEE “ g DNA e
Yp (2000) (2002} (2004) (2006) P % 11.. suenoe assembli J 1.I11. .l. L&
sources ae improved, as observed for fragmentad
annotations in o releases (e, CGH1520 n
Annotated sequence (Mb) 3.8 121 14.2 24 . . ; Py i
Fig. 1) Compartive genomic suppon for small
Sequence length of repeats (Mb/%) ND 6.3/52 6.3/75 1877 o 5 g )
single-cxon genes also sugeests that there may be
Sequence length of exons (Mb/%s) 0.15/4 0.332.7 0.43/3.0 1.33/5.5 - ks T T .
many more conserved exons i other parts of less
Repeat nest fragments (number/Mb) ND ND ND 1008410 : s 5
Eull-lenath TE ND ND ND 203 wiell assembled Drosophilid genomes (21},
ull-lengt .5 We milemred 1030 conserved introns between
Tmal_dnnm:“mm 130 447 356 11038 well-conserved exons of the onhologs identified
mee""'mdmg genes 130 97 72 613 in the 16 mseet genomes. Heterochromatin gene
Sumlndﬂ”fﬂhn F,ﬂ‘*_“l'"‘s A :3 58 135 IB; mirons are, on average, five tmes longer than
Gene? Wik 2 inished {Ul"_ri > 8 58 92 13 mtrons e cuchromatic penes (4949 yversus 149
Prolein=cncing genes. with sy base pairs (bp) |, and |1r|:'. be as long as | Mbi{22)
EST/cDNA clone evidence ND 80 142 250 = ; l_ R T R O
The longest contiguous intron we have idemified
Pseudogenes 1] 1 7 32 i e : R
is 224977 bp in the Snapl¥ pene (f1). Intron
ncRNAs 0 14 13 i : ; . : nti
: N lengths are highly conserved among cuchromatin
Recursive splice sites ND ND ND 16 : TR T s .
. - oene orthologs (Fig. 30, whereas heterochro-
Miscellaneous annotations ND ND ND 9 i 5 = ; i ‘
: metin intron lengths were comelated in SPCCIcs
Unassembled ribsomal DNA fragments 0 & 52 57 :

McPromoter Prediction

BDGP / Exelixis EST
Finished BDGP cDNA

CG40067
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B protein-coding exon

Fig. 1. Computational pipeline results used for the Release 5.1 annotation. An
Apollo (36) screenshot of the evidence (black region) and Release 5.1 annotations
(bght blue region) for scaffold CPO00Z218, which was produced by merging,
extending, and finishing the Release 3 WGS scaffolds (AABUD1002750 and
AABUO10O27230) (9). New cDNA evidence was used to merge the Release 3.2b
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I non protein-coding exon = = =mTE nest

B transposable element fragment

annotations CGA0067, CG17443, and CG40109 into one Release 5.1 gene
(CG41520) and to identify an alternative exon for CG41250-RE (asterisk). ncRNA
CG40375 is shown on the opposite strand to illustrate that it s nested within
CG41520. CGA0388 represents a Release 3.2b gene that is now annotated as a TE
fragment. Complete annotation and evidence are shown in (11).
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Iv comelated for more distantly related species.  0038), whercas D vieilis gene intron lengths were  percent conservation of flanking coding ¢xons is
Forexample, intron lengths tor 2 arectg onthologs comrelated in cuchromatin (¢ = 0.37) but not in provided (SOM text and data),

were comelated in both cuchromatin [correlation  heterochromatin (¢ = 0.14) (Fig. 3C) A List of One of the leatres of heterochromatic genes
cocthaent (r) = 048] and heterochromatn (¢ = conserved mtrons, their average lengths, and the s that introns and  mtergenic reglons are come-
Fig. 2. Evidence of D. melanogaster B

heterochromatin protein-coding gene

annotations. Venn diagrams show the 0.5 0

percentage of protein-coding genes sup-
ported by gene prediction (pink), EST or
tDNA (yellow), andior BLASTXTBLASTN
comparative genomic evidence (hlue), (A}
Multi-exon genes are likely to be com-
plete, whereas (B) single-exon genes are
likely to represent genes that are frag- 0
mented across multiple scaffolds. The
number of genes measured for each dlass
are indicated, as well as the number and
percent of genes with putative orthologs
in melanogaster group species, nonmela- N =427 non-single-exon protein-coding genes

n= 186 single exon protein-coding genes

i . 244 orthologs in other insects (57% 66 orthologs in other insects (35%)
n“!a:_:a:tm U, Dros0phRics, of; cther. 8 79 urthnlax in non-mela nug:star :::19%} 55 orthologs in non-metanogaster (30%)
PecIes. group Drosophilids group Drosophilids
102 orthologs only in melanogaster group (24%) 65 ortholegs enly in melanogaster group (35%)
Gene Prediction EST/cDNA BLASTX homology / Predicted Ortholog

Fig. 3. Comparative analysis summary for 0. A increasing evolutionary distance B

melanogaster heterochromatin genes. (A) Number > §

of heterochromatin protein-coding genes with a -

predicted ortholog in a given species, ordered (left :! 30

to right) by increasing evolutionary distance from 0. g = 25

melanogaster, (B) Frequency histograms showing %

the percentage of heterochromatin protein-coding E‘E‘. 100 £ 2

genes with a predicted ortholog in the 16 inset £ 2 E 15

species tested. (C) Scatter plots of intron lengths (bp) g E 200 & 1

for euchromatin and heterochromatin protein- & '

coding gene introns conserved in either D. ereta T g s 5 III

or D. virlis. Each data point refers to a single con- : e 0

served intron. Correlation coefficients (r) for intron ff}\?’ W f H h:rn: 5“ : 1‘:1 t::
lengths are indicated. auFmﬂdlctnd mn:uq

Sl 10 -y g " 2
10 100 1000 10000 100000 10 1N 1000 10000 100000

D. melanogaster Intron Length (bp)

Cc Euchromatin Introns Heterochromatin Introns
° R=0.48 R=058
£ 100000 - 100000 ~
E‘ 10000 10000 .
- |
E 1000 1000
E 2
100 100 = A
T - 3
A | T T Y Y
(=] 10 100 1000 10000100000 10 100 1000 10000 100000
E ] R=037 ] - R=0.14
£ A
? 10000 - 10000
E 1000 1000, i £t
PR S
- ":#- = .
100, 100 i' -.-v-~-.'~ ~ 7
=]

1588 15 JUNE 2007 VOL 316 SCIENCE www.sciencemag.org



posed almost entirely of repeated sequences, pre-
dommantly fragmented TEs (Fig. 1) There was
no appreciable difference in the avemge repeat
density or composition of introme (56%) versus
intergenic sequences (63%) (1), Changes in in-
tron length are most often due 1o TE insertions
and excisions and simple repeat expansions, The
high repeat content of introns and regulatory re-
gions suggests that regulation of heterochromatic
genc expression may dilTer from cuchromatic genes,
We identificd 16 reeursive splice sites (RSSs)
shown 1o aid in the splicing of long introns (23),
including 8 RS5Ss locaed in long heterochro-
matin gene introns mnging from 11w 166 kilo-
bascs (kb OF particular interest are three RS5Ss
predicted in the 23.6-kb mtron of CG40120,
only one of which was previously predicted be-
cause of gaps in the sequence assembly (23).
Fifiy-six percent of the RSS motifls were em-
bedded within retrotrans posons, suggesting that
c1s TE sequences may be used o splice out TEs
that mvade heterochromatin genes,
Non—protein-coding genes. We identificd
13 putative non-protein-coding genes in the
heterochromatin (Table 1), delined as single-
copy genes with EST or cDNA support that
contained protein-coding ORFs that were
substantially shorter than the length of the
transeripl. Spliced ESTs and eDNAs woere
identified for 11 of the neRNA  annotations,
excluding the possibility of false positives
senerated by the prming of polvmerase chain
reaction products from adenine (A)-rich regions,
Analysis af the two unspliced neRNAS suggestad
that the clones were not pnmed from genomie
A-rich regions, 5 oul of 13 neRNAs contain

100
%0 22 2.4
| o 3. 2423
g
g 7
60
3 5
=]
¥ .
£ »
* 1013
0
<&

=100 bp of the 6ii-bp INE-/ TE consensus in
the 3 end of the tmnscript, which s insufficient
for autenomous transposition bul may represent
a conservad motil. The neRNA gene CR40375
is nested i the intron of the proteincoding gene
CGH520 (Fig. 1) Recent reports (24) suggest
that thousands of tanseribed regions are corcgu-
laed with genes and may represent missing
coregulated genes or novel 3" untranslated region
(UTR) exons, We found the converse case: new
cDNA evidence suggests that the 3 UTR exon
of the Release 3.2b gene CGA084 represents a
neRNA (CR41594) (/1) Funher analysis will be
required 1w determine whether these neRNA
annoiations represent functional genes,

Pseudogenes. Protcin-coding gencs that are
near-perfect but tuncated copies of  genes
found elsewhere in the genome were annotated
as pseudogenes. The DL melanogaster genome
has lar fewer identified pscudogencs than do
other metzzoan genomes (25). For example, the
three-gigabase human genome s estimated 1o
contain =20,000 pseudogenes of vanous types
(26), whereas the 120-Mb D melanogaster R4.3
cuchromatin has only 51 annotated pscudogenes
(273 We identified 32 putative pseudogenes in
the £ melanaogaster heterochromatin sequence,
representing a threefold increase in pseudogenc
density in heterochromatin versus cuchromatin
(1.3 versus 0425 pseudogenes per Mb) (Table
| and SOM text). The enrichment of repetitive
sequences in both v heterochromatin and human
cuchromatin, relative W D melanoeasier cuchno-
matin, may cilitae the fonmation of pscudogenes
by mnereasing the probability of large- or small-
scale duplicatons.

1.8 # Genes /100 kb

Tandem Repeats
& Satellites

Other Repeats
DMNA Transposons

LTR & LINE
Retrotransposons

10] Length (Mb)

@\‘}

o

Fig. 4. Density of repeat and gene features across the heterochromatin. The average percentages
of indicated annotation types are shown for each chromosome region (total length in boxes below
the x axis). Euchromatin is an average of the noncentric regions of arms 2, 3, and X only. 2Lh, 2Rh,
3Lh, 3Rh, and Xh describe heterochromatic regions that are contiguous with the chromosome arms,
whereas the Het regions are mapped to arms and ordered, but not necessarily in the correct
orientation (8, 9). The average percentages of sequences for LTR- and LINE-like retrotransposons
(red), DNA transposons (green), other and unknown repeats (blue), and TRF tandem repeats and
satellite sequences (gray} are indicated. The average number of genes per 100 kb is shown above

each histogram.
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Repeats and transposable elements, Repeats
were defined by significant alignment to known
RepBase repetitive sequences wdentified by
BepeatMasker (28), BLASTX homology w0 TE
profeins, or TRF { 29) results (/0. The application
of these improved methods demonstrated that
I8 Mb (77%) of the annotated heterochromatin
could be classified as repettive or transposable
clements, a 4-Mb (20%s) increase compared with
the previous annotation (£). About 50 previously
identified protein-coding gencs have been rean-
notated as repetitive features. For example,
CGA038E was annotated as a protein-coding
gene in Release 3,20 but annotated as a f73/ ne-
peat in Release 5.1 (Fig. 1) The euchromatin se-
quence was previously reporned w consist of 3,86
w 6% of mepeutive sequence (3, 37) Our
methods provide better recognition of TE frag-
ments, small tandem repeats, and short ORFs

from degenerate TEs, and they demified 7% of

the Release 5 cuchromatin as repetitive (Fiz. 4),
similar 1o other estumates (32) The sequenced
D melanogaster heterochromatin has an overall

repeat and TE content more than 10 times that of

My cuchromatin and is more similar to the repeat
density in human cuchromatin (40%) (6, 7).

We measurad the repeat content and gene
distribution across the heterochromatin sequence
in 100-kb sections and caleulated the averge
density for cach region (Fig. 4). Lower overll
repeal content was observed Tor rogions more
distal from the centromere, especially for the het-
crochromatic regions on chromosome am 3Rh
(Fig. 4). In addimon, the unmapped scaflolds had
a higher repeat content than the heterochromatin
regions that have been mapped o the chromio-
some armms (Fig. 4). In general, there was a strong
inverse comelation between the repemt and gene
content of a region (r = ~0.89) (Fig. 4). Euchro-
matin had an average gene density of 1 2.6 genes
per 100 kb, whereas heterochromatin contained
1.5 w0 4.4 genes per 100 kb (2.9 genes per 100 kb
overall). Exceptions include Xh and XHet, with
9.2 and 6.4 genes per 100 kb, Chromosome am
3Rh had an avemge gene content even higher
than that of typical cuchromatin (19 genes per
1K) Ky and a 20% average repeat content, which
is siznificantly lower than the rest of the hetero-
chromatin (Fig. 4).

We further categonacd the average pereent-
azc of retrotransposons, DNA tmnsposons, and
other repeats (Fig. 4). Roughly two-thirds (16 Mb,

60%) of the heterochromatin is composed of

reirotransposon. sequences [33% long terminal
repeats (LTRs) and 33% long interspersed mu-
clear elements (LINEs)). DNA tmnsposons are
overrepresented on the relatively repeat-rich
euchromatin regions ol the fourth chromosome
of &0 melanogaster (33) but constitute only 153%
of the Release 5 heterochromatin, which does not
include the fourth chromosome heterochromatin
(4, 9. TRF-idenuficd wandem repeats and saellite
repeats make up =10 of the available hetero-
chromatin sequence, which is significantly higher
than in the cuchromatin sequence (—3%), cspe-
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cially in the proximal cemric regions of chiromo-
sommes 2 and 3 and the Y chromosome (Fig. 4).
Caleulations of tandem-repeat content are likely
to be an underestumate, becanse WGS3 sequence
underrepresents the  difficult-to-clone satellite
DNA and andem-repeat regions. Unlike the Y
chromosome and autosomal heterochromatin,
the available X chromosome sequence is not
enriched for tandemly repeated scquences,

Our repeat analysis indicates that nearly all of

the ArmU and ArnUExtra (/) sequence is com-
posed of repetitive sequences, urther suggest-
ing that we have identified most of the unique
sequence available in the D melanogasier
heterochromatin,

The majority of repetitive TE-like sequences
mn heterochromatn s not intact. We found 202

full-length TEs in the heterochromatin (2% of

heterochromatic TEs), compared with 361 [ull-
length TEs reported for the nonpencentromeric
cuchromatin (20.6% ol cuchromatic TEs), The
most recent annotation of the Release 4 cuchro-
matin identified nests of TEs that were fiag-
mented, interdigitated, and transposed inlo one
another (321, Our manual curation identified 846
repeal nests in newly sequenced regions ol the
Release 3 heterochromatin, compared with 112
nested TEs in the cuchromatin, We annotated 117
instances where there were two nested TEs (e, a
TE jumped imo a TE that itsel! had jumped into a
TE) and 17 instances where four or more TEs
were nested (Fig, 1),

Conclusions, The assembly of a more com-
plete genome sequence (V) and an imegrated
annotation set for [ melanogaster provides a

Fig. 5. Overrepresented
GO terms in heterochro-
matin versus euchromatin
genes. The percentages of
G0 maolecular-function
domains for genes in het-
erochomatin (red) and
euchromatin (blue) are
shown. Mumbers in pa-
rentheses indicate the ac-
twal number of domains in
heterochromatin. P-value
significance scores are
shown to the right Com-
plete GO analyses are
presented in the SOM text.

phosphoribosylaminoimidazolesuccinocarboxamide
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calcium, potassium:sodium antiporter activity (4)
protein kinase CK2 regulator activity (6)

calcium:cation antiporter activity (4)

protein kinase regulator activity (7) L

cation:cation antiporter activity {4}L
kinase regulator activity (8)

purine nucleotide binding (27)

reference set of genes and other features that will
be uselul for investigating the biological func-
tions of heterochromatin in lies and other onga-
nisie. These results are now fully mtegrated, with
information about the cuchromating in FlvBase
(.34 and GenBank (35),

These results demonstrate that repetitive and
TE sequences constitute at least 77% of the 24
Mb of heterochromatin sequence. Although there
arc more full-length TEs and TE nests in the
centric heterochromatin relative 1o the cuchro-
matin, it appears that most heterochromatic TEs
are ragmented and not capable of autonomous
trnsposition. As with the cuchromatin, the repet-
iive sequences i heterochromatin are dominated
by LTR- and LINE-like retrotrinsposons. We
have identified a substantial amount of tandemly
repeated sequences in the most proximal centne
heterochromatin of the second, third, Y, and un-
mapped chromosomes, but not in the cumently
sequenced X chromosome. These carcfully an-
notated repetitive regions provide opportunitics
for more in-depth analysis of their functions and
evolution. For example, a recent study showed
that at least B0% of piwi-associated small RNAs,
which regulate transposon activity, map to the
release 5 heterochromatin (4),

We found that more than 9% of the protein-
coding genes and gene fragments are conserved
in other inscet species. A subset of the protein-
coding genes (35%) appears to be present in
only the melanogaster group of Drosophilids,
suggesting recent evolution, OF the 613 protein-
coding gencs identified, 137 are considered com-
plete by the enterion of having a Toll-length

binding [122:-‘

nucleic acid binding (53)

synthase activity (3)

catalytic activity (79)

ATP binding (23)

cDNA. Another 115 proteincoding genes are
only partially supponed by clone evidence, with
=360 genes lacking EST or ¢<DNA evidence.
Thus, there are 475 annotated protein-coding
genes that are likely 1o represent fragments from
larger genes. Based on an average of ~lour to five
exons observed for complete cuchromatin and
heterochromatin genes, we ostimate that these
475 fmgments represent 95 1o 119 full-length
genes, and thus we approximate that there are
230 10 256 protein-coding genes in the currently
sequenced heterochromatin,

The gene density in heterochromatin is
substantially lower than it is in cuchromatin and
is inversely cormelated with repeat content. Based
on our RepeatRumner analysis, only 906 (2.2 om
of 24 Mb) of the Release 5 hewerochromatin is a
unique sequence, of which 60% (1.3 Mb) is
mnotated as exons; thus, only 54% of the se-
quenced heterochromatin is exonic, companed with
25% of the cuchromatin, The average protemn-
coding and neRNA gene density for the an-
notated heterochromatim s 10 10 11 genes per Mb,
compared with 127 genes per Mb in the cuchro-
matin. We have identified 32 pseudogenes in the
heterochromatin, including 8 in the poorly rep-
resented Y chromosome sequences, representing
a density of pscudogenes that is ot least three
times that of cuchromating The high repeat con-
tent of heterochromatin may provide recombina-
tion substrates that increase the lrequency of
tandem and segmental duplications,

Despite differences in gene density, there are
many similantics between the basic struciunes
and putative functions of euchromatie and het-

p=1.Ex1ﬂ"2
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p=25x10"3

p=5.4x1077
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erochromatic genes. Based on cDNA-suppored
gencs, it appears that cuchromatin and  hetero-
chromatin genes have, on average, a similar num-
brer of exons and transenpt vanants per gene. In
generl, heterochromatic and cuchromatic gencs
appear 10 encode a similar spectium of functions,
based on gene onwlogy (GO) analysis (Fig. 51,
Some classcs of genes are overrepresented in the
heterochromatin, relative to the euchromatin. For
example, heterochromatin genes are enriched 35-
fold for putative membrane cation trnsponers
domains (4 out of 308 heterochromatin domains
versus 3 out of 13,500 cuchromatin domains),
Heterochromatic genes are also ennched for do-
mains involved in DNA (33 domains) or protein
binding (122 domains) that may regulate chro-
matin structure or fimction, meluding histone
variants and proteins (Fig. 5, SOM text, and data)
(£f). This raises the intriguing possibility that
heterochromatin may encode genes involved in
its own cstablishment or maintenance.
Heterochromatin genes can reside m regions
that approach 90% repeat content. Heterochro-
miatin gene introns arce usually composed of frag-
mented TE sequences (Fig. 1), are on average
five times longer than cuchromatin gene introns,
and display less length conservation in inter-
specics comparisons, We lbund nine recursive
splice site motils nested in the long introns of
heterochromatin genes, which may  regulate
splicing in repeat-rich regions. The underlying
mechanisms that allow essential genes o be
expressed and regulated in otherwise silent
chromatin remain unknown. Studving  hetero-
chromatin in other specics promises o shed light

on whether there are cis sequences that define or
regulate boundarics between cuchromatin and
heterochromatin and 1 there are genie and non-
genic regions of heterochromatin in other repeat-
rich regions, including human cuchromitin,
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Tracking Solar Gravity Modes:
The Dynamics of the Solar Core

Rafael A. Garcia,™?* Sylvaine Turck-Chiéze,™? Sebastian ]. Jiménez-Reyes,? Jérome Ballot,™*
Pere L. Pallé,? Antonio Eff-Darwich,®® Savita Mathur,? Janine Provost®

Solar gravity modes have been actively sought because they directly probe the solar core (below
0.2 solar radius), but they have not been conclusively detected in the Sun because of their small
surface amplitudes. Using data from the Global Oscillation at Low Frequency instrument, we
detected a periodic structure in agreement with the period separation predicted by the theory for
gravity dipole modes. When studied in relation to simulations including the best physics of the
Sun determined through the acoustic modes, such a structure favors a faster rotation rate in the

core than in the rest of the radiative zone.

clioseismology reveals the solar ineror
thmugh surface observations of oscilla-

tion miodes propagating inside the Sun
(4. 2). Pressure-drven modes (p modes) provide
a very dewiled picture of the solar imerior (3},
Measurements of the position of the basc of the
convective zone (4) and the helium abundance
(5) are some examples of the results achicved by
the study of such modes. The structural in-

www.sciencemag.org

versions of the precise p-mode lrequencies pro-
vide the stratification of crucial vanables, such as
the sound speed down 1o 0003 solar radius (R,)
i, 7n However, p modes are less sensitive 1o
other structural vanables such as density, There is
less agreement between this parameter and the
models inthe deepest layers ofthe radiative zone.
Morcover, the dynamical propertics (8) of the
solar interior (more than 60% of the wotal mass,

SCIENCE VOL 316

below (L3R, ) are not well defined. For example,
large uncertaintics stll remain in the solar rota-
tion profile below 028, (Fig. 1) becawvse of the
lack of sensitivity and the poor spatal resolution
of the modes toward the deep interior (9).

To progress at greater depths and down into
the solar core requines the study of another type
of waves—the gravity-driven modes (g modes).
for which the driving force is buovancy. These

modes are tapped within the rmdiative region of

the Sun and become evanescent in the convective
aone, rcaching the solar surface with amplitudes
that could be very small (70 Even considening
their low surface amplitudes, g modes remain
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the best probes to provide information from the
solar core up 1o the op of the radiative region,

Solar g modes have been actively sought
sinee 1976, without suceess (M), Recently, an
upper limit of ~1 em s~ has been obtained by
looking for relevant spikes in the Fouricr spec-
trum of the observed signal above a given statis-
tical threshold (vpically 9074 confidence level)
and in the frequency region above 150 pHz
(214 A more sophisticated scarch ol multiplets
(instead of individual spikes) reduces the detec-
tion level woa few millimeters per second, yield-
ing some g-mode candidates with a confidence
level between 90%a (15) and 98% ( 16). However,
some ambiguity Sl sumounds their dentifica-
tion (anbuted 1o quadrupole, ¢ = 2. modes),
Some scenanos hive been studied explaming the
visible peaks, which could constrain the physics
and dynamics of the solar core. Here, we looked
instead for the almost constant predicted separa-
tion (AP, Fig. 2) between the penods of gravity
modes with the same degree § and consceutive
radial order i, These separations are related o the
structure and dynamics of the solar core (/7).
Indeed. this method is extremely sensitive to the
rotation rate of the inner solar lavers (/8).

We used almost 10 vears of velocity obser-
vations (11 Aprl 1996 10 21 October 20035) from
the Global Oscillation at Low Freguency
(GOLF Y mstrument aboard the ESANASA Solar
and Heliospheric Observatory (SOHO) mission.
SOHO is placed around the L, Lagrangian point,
a region at 1.5 million km from Earth toward the
Sun where the gravitational lield between the Sun
and the Earth-Moon system equilibrates the cen-
trfugal foree. This pavileged position allows con-
tinuous and uninternupted observations of the Sun,
essential for helioscismology, and provides a very
stable environment. The GOLF mstrument is a
resonant scailering  spectrophotometer (/%) de-
signed 1o measure line-ol=sight velocity displace-
menis of the solar photosphere. The analysis of
the wemporal vanation of the velocity (20) in Fou-
rier space allows the determination of the solar
oscillation parmmeters and the derivation of the
propertics of the solar interior (27).

From the velocity measurcments, we com-
puted the power speciml density (PSD) by means
of a fas1 Fourier transform algorithm. To look for
the periodic signature of the 2 modes in this PSD,
we computed a second power spectrum of the
PSD between 25 and 140 pHez (22). A broad
struciure in the region centercd at =24 min
appears in this power spectrum (Fig. 3). To char-
acterize this featre, we first used two indicators:
the maximum amplitude reached (6.56) and the
average power (.95 times the average power of
the test of the spectrum). This feature has a high
signal-to-noise ratio and is a wide structure rather
than a single spike. Using a Monte Carlo
simulation of N' = 6 « 107 realizations (22). we
estimated the probability (likelihood ) of finding a
similar structure, in termis of both indicators men-
tioncd above, produced anly by pure noise with
the same statistical distribution as in the GOLF
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data between 22 and 26 min, We found that the
likelihood that this structure is not due to noisc
15 99.49%,. Bocause of the finie number of
realizations, there s an uncertainty of 0.13%.

The significant structure of the GOLF power
spectrum reveals the existence of quasi-periodic
features somewhere in the PSD, Excluding an
instrumental ongin or a relation with convection
(22), we studied the consequences of assuming
that it is produced by the asymptotic propenties of
the dipole (1 = 1) ¢ modes. Ithis is the case, the
position of the periodic stucture in the PSD
should follow the predicied positions o' the grav-
ity modes. To check this hypothesis, we recon-
structed the fined waves in the PSD that produced
the APy peak structure found between 22 and 26
min n the power spectrum (22),

The most striking result of this work is that the
reconstructed waves issued from the real GOLF
data show a pattem with their maxima at positions

near those expected from solar models (Fig. 4 and
fig. S7), which supports the conjecture that they are
due o gravity modes, Using the previous Monte
Carlo simulatson, we were able 10 count the
number of noise realiztions that matched  the
charcteristics of the structure in the GOLF power
spectum, and 1o show a reconstructed wave that
behaves like the one expected from g modes, To do
s, w comelated the reconstructed wave of'a fixed
solar modd with the reconstructod wave of the real
datar ais well as with the one from the Monte Carlo
simulation, To be less dependent on the physics
and dynamics ol the model chosen, we used thee
different g-mode predictions from three differem
solar models: the seismic model (23), the standard
model 5 (24), and the Nice standard solar model
(25). We also used differemt scenarios for the
dvnamics inside the solar core. Thus, vanows solar
core rotation rates placed at different depths in the
solar core and with different rotation axis inclina-

Fig. 1. Inversion of the
solar rotation rate (£2) using
modes { < 25 from long time
series (2088 days) of GOLF
(29 and Michelson Doppler
Imager (MDI} (B30). In the
convective zone, the differen-
tial rotation rate at different
colatitudes is plotted. In the
radiative region, the rota-
tion becomes rigid down to
~0.3R,. The horizontal and E
vertical 1o error bars progres- L
sively increase toward the core [
because the p modes are less
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and less sensitive and because
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available for the inversion at
these depths. Below 0.2R, the
rotation profile is unknown.
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Fig. 2. Separations in pe-
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utive radial orders {n, n + [ &
1) gravity modes for ( = 1, ]

2, and 3 {red, green, and
blue, respectively), using
the theoretical frequencies
from the seismic model,
The constant periodicity is
achieved at 6, 4, and 2
hours for the modes ( = 1,
2, and 3, respectively. {1 is
the angular velocity of the
solar core, £2,4 = 433 nHz [
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modes, of an increased solar core rotation rate—up to 5 times that of the remaining radiative zone (£2, =
561, 4t—below a core radius R, = 0.15R,. For the sake of darity, we have not drawn the effect for higher-
degree modes. Inside the zone limited by the two wvertical dashed lines (from ~2 to -14 hours,
corresponding to 25 to 140 uHz), we expect periodicities between 22 and 26 min for the { = 1 mode,
between 9 and 15 min for the ¢ = 2 mode, and between 5 and 11 min for the { = 3 mode.

Www.sCiencemag.org




tions were used (22), The comelation of the re-
constructed waves of these sets ofmodels with that
of the real GOLF data—in the region between 2
and 8.5 hours—always gave a comelation above
2085, with the highest values around 50%. The
comclations with the Monte Caro simulitions were
usually below 1%, Only 903 of the N = 6 = 10°
realiztions reached 20% corrclation, and only 43
of these mealiztions reached 50% comdation,
Thus, the likelihood that this kind of perodic strue-
ture in the GOLF data is not produced by noise is
at least 99.85% and can reach 99,949 in the best
case (up to 4o level of a nommal distribution ),
The set of parameters that chamclerizes the
physics and dynamics inside the solar core is oo
large to be totally constmined by this first anal-
ysis, However, from all the sets of g-mode pre-
dicions used., we oblamed better cormelaions
with those having an mner motation rate in the
range three 1o five times the rest of the mdiative
region, this bemng independent of the mclmation
axis and the mdius of the core used (better results

al 0158, ). The correlation is higher with the
model with a higher rotation rate in the core (Fig.
4}, Unfortunately, the solar rotation profiles used
in the simulations of the core are unrcalistic (Le.,
a constant rotation rate without differential
rotation), On the other hand, the comparison
with simulations including noise (fig, S10) ends
to favor the hypothesis of a linite lifetime for the
¢ modes, as necently suggested (26), In both
cases, urther studies will be necessary,

The analysis presented here shows the robust
detection of a spectral Rature compatible with the
presence of a periodic pattem in the PSD with a
confidence level above 99.49%, (cormesponding
tomore than 3o of a nommal distribution), The ac-
curate study of this quasi-penodic pattem found
m the GOLF data s compatble with the presence
of gravity dipole modes with mdial orders from
= 4 w26, with a confidence level above
99 85%. A detailed comparison with solar mod-
els tends 1o favor a faster core rotation than i the
rest of the radiative zone, with a conlidence level

Fig. 3. Power spectrum of the
PSD, normalized to the standard
deviation, for the real GOLF data
(top) and a numerical simulation
(bottom) of { = 1, 2, and 3 gravity
modes computed using the seismic
model, for a core rotating at 433
nHz and without noise. The shaded
region corresponds to the zone
where the APy peak is expected.
This pattern changes slightly (with
masima at ~7.3a or éc) when
shorter frequency ranges in the
PSD are used (fig. 52). The horizon-
tal dashed line at 5.81s corre-
sponds to 99.7% confidence level

Period (min)

for individual peaks (equivalent to 3o level of a normal distribution). A full interpretation of the other

highest peaks at low period is given in (22).

Fig. 4. Reconstructed waves in the PSD
(arbitrary units) corresponding to the
peak structure between 22 and 26 min
in the power spectrum for the GOLF
data. (Top) Comparing the theoretical
reconstructed waves (red curve) with the
one issued from GOLF (green curves),
we first observe that the maxima match
rather well the expected positions of the
g modes at low periods. Moreover, the
latter is wider and for periods greater
than 4 hours it is divided into two
waves, which suggests the presence of
both m components of the { = 1 modes
(higher splitting). The correlation between
bath reconstructed waves is 36.2%. (Bot-
tom) The higher correlation, 43.5%, be-
tween the second model (a core rotating
5 times as fast as the radiative zone below
R. = 0.15R,) and GOLF tends to favor a
faster rotation rate in the core than in the
rest of the radiative zone. As a compar-
ison, the correlation with randomized
data is below 1% (fig. 58).

PSD (arbitrary units)
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above Y9.99%, The detection of g-mode asviplol-
K properiics opens the opportunity  Tor further
studics of the rotation and the magnetic Geld inside
the deepest layers of the Sun and can stimulate
further observational studies with SOHO, ground-
bised networks, and nexi-gencermtion space mis-
sions such as Picard (27) and DynaMICCS (25),
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Tuning the Quantum Stability
and Superconductivity of
Ultrathin Metal Alloys

Mustafa M. Ozer,™ Yu Jia,? Zhenyu Zhang,*! James R. Thompson,»* Hanno H. Weitering™*t

Quantum confinement of itinerant electrons in atomically smooth ultrathin lead films produces
strong oscillations in the thickness-dependent film energy. By adding extra electrons via bismuth
alloying, we showed that both the structural stability and the superconducting properties of such
films can be tuned. The phase boundary {upper critical field) between the superconducting vortex
state and the normal state indicates an anomalous suppression of superconducting order just below
the critical temperature, T.. This suppression varies systematically with the film thickness and

the bismuth content and can be parametrized in terms of a characteristic temperature, T.* (less
than T, that is inversely proportional to the scattering mean free path. The results indicate that
the isotropic nature of the superconductive pairing in bulk lead-bismuth alloys is altered in the

quantum regime,

variecly of lundamentally important

condensed matter phenomena has been

discovered trough “guanium engimeer-
ing,” wherchy new low-dimensional matenals
can be realized via comrol of the quantum me-
chanical boundary conditions, Examples include
quantum Hall effects in semiconductor hetero-
structures (/) and  giant magneloresistance in
magnetic superlattices (20 In these cases, the
fabrication of the systems was achieved by
classical growth methods, such as molecular
Bream epitaxy. yvel the resulting systems exhibited
collective quantum mechanical propertics under
proper conditions, More recently, 11 has been dem-

onstrated that the quantizstion of kinetic energy of

mnerant electrons within low-dimensional metal
sysiems can be imponant even in the fonmation
stages of the sysiems themselves, as manifested
by the quanium stability o metallic thin lilms
and nanostructures (3-9). Creation ol such
quanum structures via electronic growth offers
unprecedented opportunitics 10 explore various
physical and chemical propertics in the quanium
regime (Ji-14).

For electronic growth, lead has served as an
archetype system, partly because it is a soft metal,
making electronie effects more pronounced than
struin effects, and partly because the Fernu
wavelength, g 5 nearly commensurie with
the mteratomie layer spacing, o, along the <111=
dircction, with 2.07d = 3342 (6). This near-
commensurability between the clectronic and
crystallographic length scales leads o a reemmant
bilayer-by-bilaver growth mode, chamcterzed
by stable growth of double atomic lavers with
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penodie mterruptions of even-odd switching
(6-8). Remarkably, the quantum stability of the
lead films, derved lrom single or nearly free
electron pictures, can also inlluence the collective
propenties of the electrons in the strongly cor-
related regime, such as the superconducting
propertics of the systems (42 15). In paricular,
it was shown that the superconducting tran-
sition temperature of ultrathin P 1T Alms
oscillates as a function of the Glm thickness be-
cause of the quantum size effeet (12, 13),
suggesting the possibility that the supercurrents
are supported by a set of weakly coupled two-
dimensional (2D) quantum channels. Generlly,
quantum size effects should be observable only
il the quanume-level spacing is substantially
larger than the level broadening fr /'t due to carmer
scatiering (t being the scatenng lifetime of the

VOL 316 SCIENCE

clectrons ) /6). This stingem requircment may be
met via electronic growth of specularly smooth
ultrathin films (£, 15},

We show that the quantum stability and the
superconducting properics of ultrathin lead films
can be wned by adjusting the Fermi wavelength
of the two-dimensional (2D) clectron systems
via controlled bismuth doping. For values of v
from 0 1o 20% Bi, the Phy-Bi, phase diagraom
({7} constitutes a solid solution with [ace-
centered-cubic struciure and a constant laitice
pammeter, 4.95 A, equal 1o that of bulk Ph. A
competing hexagonal £ phase above 0% Bi
tentatively sets the upper concentration limit of
the alloving experiment. PhBi alloy films were
deposited omo atomically clean Si(111) 7 = 7
surfaces m ulrabigh vacoum. Codeposition at

120 K. followed by postannealng at 2000 1o
300 K. produced atomically Nat single-crystalline
alloy films as observed by scanning wnncling
microscopy (STM) and low-cnergy electron dif-
fraction. No scgregation of Bi was evident from
x-riay photoclectron speciroscopy.

A series of STM images for the PhgBiy,
alloys of different thicknesses shows that, similar
to the case of pure Pb, the alloy lilms exhibit a
reentrant bilayver-by-bilayer growth mode (8) but
with different quantum beating pattems (Fig. 1),
The observed stable thickness sequence is 4-6%7-
Q-11-13-15-17-19%20. ML, where the astenisks
indicate the locations of the even-odd crossover
[throughout this paper, the thickness counts
exclude the one-monolaver (ML -thick wetting
layer (8)]. At the higher concentration ol
PhgaBiag. the alloys do not exhibit gquantum
growth but simply follow elassical layer-by-layer
growth throughout the entire thickness range,
demonstrating that quantum coherence s sup-
pressed by sulliciently sirong disorder scatiering.

Fig. 1. 5TM images
revealing the quantum
growth mode of PbggBiyy
alloy films, with bilayer
growth (A} for 4- and
&-ML thicknesses and (B)
for 7- and 9-ML thick-
nesses. The black pores
in these high-resolution
images are uncoated re-
gions extending down to
the wetting layer. Films
used for superconductive
studies were atomically
smooth and completely
covered the substrate, as
verified at lower resolu-
tion. (C) Bilayer growth
in a thicker film (also
with a 1-ML terrace from
the substrate), (D) Single-
layer growth near a 19-20
odd-even crossover thick-
ness. All image sizes are
~400 nm » 400 nm.
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To understand how Bi doping affects the
quanum stability of PhBi alloy films, we per-
tormed  first-principles  calculations of ther
energetics within density  functional theory
(DFT). Caleulations utlized the Vienna Ab
Initio Simulation Package code with ulirasofi
pscudopotentials, plane wave basis scts (4, 19),
and the gencralized-gradient-approximation 1o
deseribe exchange-comelation effects (20), The
caleulated surface energy lor freestanding
Pbygbiy allov films versus thickness is shown
in Fig. 2A. For x = 11% Bi and (111) growth
orentation, we adopted a 3 = 3 supercell where
one out of nine Ph atoms in cach layer is replaced
by a Bi atom, The two curves represent extreme

cases in the laverdo-laver Bi distribution: The
black curve represents the surface cnergy of a
PhgaBiyy slab where the (111) layers are stacked
to maximize the average Bi-Bi distance; the red
curve corresponds w (111) stacking 1o minimize
it. Importantly, these extreme cases have the
same beating penodicity of 13 ML and the even-
odd crossover occurs near the same location of
12 ML, showing that the precise spatial cormrela-
tions of Bi dopants have only a marginal effecton
the quantum stability of the alloys,

As further refinement, we considered the
effect of the substrate, which shifis the phases
of the clectronic states and changes the precise
location of the even-odd crossovers (¥), Excel-

Fig. 2. (A) Calculated sur- A 0040 7

face energy of a PhbgsBiyy
free-standing alloy slab.
The black curve (circles) and
red curve (squares) represent
the surface energy for max-
imum and minimum Bi-Bi
separation in the film growth
direction, respectively. (B)
Surface energy of a PbagBiyy
alloy on a 5i(111) substrate; 0.025
(inset) its second derivative "
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peratures T, and T.* versus
1id, the inverse film thick-
ness: (A for pure Ph, (B) for
PbgsBiyy, and (C) for
PbggBizp quantum alloys.
The T.* values were obtained
by exrapolating the linear
part of the upper critical
field H_;(T) to zero dc feld,
as illustrated in Fig. 4.
(D} The normalized offset
(Ta—T*)/ T as a function 4
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lent matching between the substrate and illm
lattices was accomplished by rotating the 3 = 3
PhggBiay 111 unit cell over 19217 and matching
it onto a shehtly expanded (by 2.7%) Si(111)
VT % +/7 substrate (effectively introducing an
additive but constant strain encrgy in the
substrate), The surdace enerngy and its second de-
nvatve (inset) as a function of film thickness for
PhggBiy slabs on Si( 111} are shown in Fig. 2B.
The location of the first even-odd crossover has
shified wo 6 ML, in precise quantitative agreemem
with the experiment. We also investigated quan-
wm oscillations in the alloy encrgetics for higher
Bi contents, namely PhysaBig 4 (with VT x VT
supercells) and Pbg7sBigas (with 2 = 2
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Fig. 4. (A) Temperature A
dependence of the upper
critical field for pure Pb and
11%s Bi alloy films of similar
thicknesses, showing a mare
pronounced cunvature for the
alloy. The dashed lines de-
fining T¢* are extrapolations
from the linear Ginzburg-
Landau regime. (B} Electronic
mean free path for pure Pb
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supercells). The artificial rotation of the PbgBiy,
{111} layers and the constant strain energy in
the substrate do not alter the accurmcy ol the
thickness-dependent stabiliy (9, 27). The main
conclusions are that the beating periodicity
increases with inercasing Bi content (i.e., to 13
ML and 17 ML, respectively), and that the
magnitudes of the quantum oscillations become
weaker. The latter finding is consistent with the
observed absence ol bilayer growth in the
Pl sBig 2 alloy films, where classical laver-by-
laver growth is found.

Having demonstrated experimentally and
theoretically that electronic quantum confine-
ment is a compelling enabler for svmhesizing
ultrathin metal alloy films with tunable compo-
sition, we then focused on their superconductive
propertics. In particular, the superconducting
transition temperature, T, was determined induc-
tively, with a superconducting quanium  inter-
lenng device magnetometer (74), from the onset
of the ac diamagnetic momemm( T ) = m" -+ im"
induced by a 10-mOe¢ ac ficld. The resulis are
plotied versus the inverse film thickness, o
(Fig. 3. Ao C) As observed for pure Pb [ilms
(f4, 15y wehave T (d) = Tl 1 — o /o), where
T.o is the critical temperature of the comre-
sponding bulk alloy and o is the eximpolaied
thickness threshold for the emergence of super-
conductivity. Such a linear variation with the in-
verse film thickness has usually been interpreted
as a boundary eftect, ansing from the inclusion of
a surfacc-cnergy term in the Gingburg-Landau
cquations Tor the superconductive free enerzy
(22}, Extrpolation w infinite thickness (1 /o — )
viclds excellent agreement with the bulk Tog
values of 7.20, 7.649, and 8.03 K for Ph, PbgeBiyy,
and Pbgolbize alloys, respectively (23)

Bulk Pb is a type Ls-wave superconductor for
which films with thicknesses below ~2350 nm
become type 11, therehy possessing a mixed (or
“vortex”) state below an upper eritical magnetic
field, HA T (240 We determined Ha(T) from
the onset of the ac magnetic moment in the pres-
ence of a colincar de ficld applied normal o the
films. For a given film thickness and temperature,
He increases with increasing Bi concentration
(Fig. 4A). According to the Gingburg-Landau
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formula (25), Ha(T) = Mg/2rE8, (T) (g =
h2e = 207 = 107 G em? being the flux
quantumy}, the observed elevation of H- indicates
a reduced coherence length, Egp . from the value
for pure Pb, duc to alloy scatiering. The camier
mean free path (mfp). Kd). is obtained from the
Ginzburg-Landau relation S (o) = 07392 +
088205/ V2 (1- T/ T2 (25), where & =
905 A is the Bardeen-Cooper-Schriefler (BCS)
coherence length ol bulk Ph, lis value was
renormalized for the alloy films 1o account for
their higher T,

For pure Ph (1lms, fpy, vanes lincarly with the
thickness, indicative of boundary scatiering. In
contrast, the mfp for cach of the alloys appears o
saturate, due o alloy scatiering (Fig. 4B). The
total mfp fal ) can be fined by using Matthicssen's
rule, I7'(d) = a’n' + II-":‘,, where fpy, = 24 15 the
mfpr due 1o boundary scattering and £y, 15 the mip
due to impurity scattering. This yields £, values
of 200 A and 90 A for the 11% and 20% alloys,
respectively, in good agreement with mjp
estimaies obiained from the p = { product of the
comresponding bulk alloys (23, 26).

In earlier studics for pure Pb (ilms (/4. 15),
Ha(T ) was observed 1o markedly flatien near T,
resuliing in a characieristic “hockey stick”™ profile
that is panticularly noticeable for the thinner films
(Fig. 4A) The origin of the hockey stick shape
can now be explored as it becomes systematically
more pronounced with increasing doping concen-
tration, The strong curvature near 7, marks a pro-
tound departure from ansotropic Gineburg-Landau
theory, which predics that Ha o= (1-T/T:) (25)
The upper eneal field resumes Gingburg-Landau-
like behavior below a charcteristic wemperature,
I.*, as defined by extrapolating the lincar pan of
the low-tempermture Mo curve o zero field (Fig.
4A) The resulting 7.* values of the alloy films
are included in Fig. 3.

Both T, and T.* are found 10 vary syslemat-
ically with the inverse nanoscale dimension 1,
Also, for a given thickness ), the sepamtion be-
tween T. oand T.* increases with Bi content,
caused fargely by the expected T4 incrcase with
Bi concentration (23). in comrast, 7.5 1s only
marginally affected, Intercstingly, T2* does not
extrapolate to the Top value of the cormesponding

s Fb
s Pb+11%Bi
& Pb+ 20% Bi

30 -H.‘r 5:0
d (A)

60 7o

bulk alloy. The latter finding indicates that the
thickness of the quantum allovs s only an
indirect parameter in controlling 7%, A quantity
better describing of this behavior is the scattering
mfp, as demonstrated by plotting the normalized
olfset (Top — 1% T a3 a function of the inverse
myfp in Fig. 3D, All the data for clean Pb and for
the 11% and 207 PbBi alloys collapse onto a
straight line passing through the ongin, whereas
no such collapse is possible when plotting this
quantity as a lunction of’ Lid (27), This strongly
indicates that mfp is a key parameter determining
x.

Similar crossover phenomena in the temper-
ature dependence of the upper critical field of
metallic thin films and superattices have been
attributed to compositional Nuctuations, in con-
Junction with the approprate boundary condition
for the superconducting wave function or order
parameter (28, This interpretation conflicts with
our experimental observation of a T.* in pure Ph
films: it is also questionable theoretically for the
present case of wlirathin flms on a nonmetallic
substmie ( 24). Superconductivity between L and
* is weak and suppressed by scattering, in
apparent violation of Anderson’s theorem for
uniform order parameters, which staies that 7
and the condensation encrey should not be
altected by potential scattering (25). Our obscr-
vations indicate that the nature of the microscopic
pairing i these conventional superconductors is
altered i the confined geometry, The wnability
of the electronic, structural, and superconducting
propertics of ultmthin metal alloys thus offers
new possibilities for fundamental studics of these
features in the quantum regime.
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Metal Chlorides in lonic Liquid
Solvents Convert Sugars to
5-Hydroxymethylfurfural

Haibo Zhao, Johnathan E. Holladay, Heather Brown, Z. Conrad Zhang*

Replacing petroleum feedstocks by biomass requires efficient methods to convert carbohydrates
to a variety of chemical compounds. We report the catalytic conversion of sugars giving high yield
to S-hydroxymethylfurfural (HMF), a versatile intermediate. Metal halides in 1-alkyl-3-
methylimidazolium chloride are catalysts, among which chromium (Il) chloride is found to be
uniguely effective, leading to the conversion of glucose to HMF with a yield near 70%. A wide
range of metal halides is found to catalyze the conversion of fructose to HMF. Only a negligible
amount of levulinic acid is formed in these reactions.

sustainable fuwre for the chemical in-
Aduslr}' requires feedstocks based on ne-

newable mther than steadily depleting
sources. Inability w0 effectively wranstorm five-
and six-carbon carbohvdrate building blocks
derived from nature is a major barrier towand
this challenging poal. Glucose and fructose, two
abundamt six-carbon sugar molecules, are po-
tential feedstocks for this purpose, and recemt

Imstitute for Ineriadial Catalysis, Pacific Northwest National
Laboratory, Post Office Box 999, Richland, Wh 99352, USA.
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Fig. 1. (A) Fructose conversion to HMF A
at 80°C for 3 hours. Catalytic amounts

effors have tocused on converting them 1o 3-
hydroxymethyl furfural (HMF) (1), a versatile
intermediate between biomass-based  carboliy-
drate chemistry and petroleum-based indusirial
organic chemistry (2). HMF and its derivatives
could potentially replace voluminously con-
sumed petroleum-based building blocks (3),
which are currently used 1o make plastics and fine
chemicals. Recently, Dumesic and co-workers
introduced the idea of using HMF as a key in-
termediaie 1o produce liguid alkanes from
rencwable biomass resowrces (4). High produc-
tion cost currently limits the availability and use
of HMF industrally.

EI!'HJ-:ﬁ-alﬂ' MM OUS Ma,]

A process W produce pure HMF  from
abundant renewable carbohydrates in high vield
al low energy cost must be developed belore a
biorefinery platform can be built on the basis of
this substrte. Current processes o produce HMF
involve the use of acid catalysts and are mainly
limited 1o fructose as feed (5-7) A dmwback
with acid catalysts is that they cause varous side
rcactions, signilicantly increasing the cost of
product purification. For example, in water under
acidic conditions, HMF decomposes to levulinic
acid and formic acid. Levulinic acid is particu-
larly difficult o separate from HMFE. Substi-
tuting glucose as a feed substantially reduces
HMF wyiclds and produces additional by-
products (8, 9).

Astudy by Antal and co-workers supgested
that HMF is formed Trom dehydmtion of fructose
in s furanose fom (0) and oceurs through a
series of eyclic furan imermediates (171 Others
have suggesied HMF is formed through an
acyclic mechanism proceeding through an enc-
diol pathway (/- 14). The enediol is proposed as
an imermediate in the isomerization of glucose
fructose, Gilucose has competing reaction path-
ways that lead 10 formation of by-producis. In
one pathway, dehydration forms nonfuran cyclic
cthers: in another, C-C' bond scission ocours
through reverse aldol condensation (14). To
obtain high HMF viclds from glucose thus
requires effective methods for sclective in situ
Isomerization o fructose.

o 5 H
of H,50, or various metal halides o~ O ~on I ,.@A\o PO j\vﬂ ol + 1
prl:I'I'lIIDT.E tr_le _chermstrf. Very little H oH EMIMIC / cat HO / EMIMICH cat 'S I
levulinic acid is formed. (B) Glucose oH H AH.0 o3 MO o
conversion to HMF at 100°C for 3 Fructose ' HF . Ll acid Borinks acid
hours. CrCl, resulted in a 70% yield of ~ (depicled i furancss form)
HMF, whereas other catalysts such as
H504 Lewis acids, or other metal B cal = H.50,, Lewis acids, many MCl. | cal = CrCl: |
halides gave yields less than 10%.
OH
H
Either no jeaction 100 *C HO= -,_ﬂ__._,_,..u 100 *C Q [
- - Ve e i I
Tmmu;lm:“ummi [EMIMICI / cal HQLE}HGH [EMIM|CI/cat  HO U o mgurrm-lnl:m
Ghpcose L
(dapiciad as [-ghicopyTanosa ) HMF
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HMF vield has been shown to increase signil-
icantly in systems that pantition HMF from Ha0O,
Dumesic and co-workers, buillding on the work
of several earlier rescarchers, demonstrated hagh
yiclds o fructose by using strong polar organ-
ic solvents, such as dimethy lsulfoxide (DMS0),
in agqueous-organic reaction media (7). Other sol-
vent systems have also shown promising results,
HMPF can be formed in high yields from fructose
in 1-H-3-methylimidazolium chlonde solvent,
which also acts as an acidic catalyst (13, 16). In
sugar-solubilizing  1-alky F3-methylimidazolium

chloride solvents, water is not needed as pan of

the solvent system, and the actual amount of 1,0
present is reduced 1w the water formed during
debydmnon. By mimmizing HMF exposure 1w
acidic aqueous solutions at clevatad temperatures,
HMF vield loss 1o levulinic acid is kept very low,

In our own work, we have built upon this
concepl by using sugar-solubilizing high-
punty l-alkvl-3-methy limidazohom  chlonde,
[AMIM]CL as a solvent class. Our method 15
distinguished from previous reports in that we
observe high vields of HMF
without added acid. Even more importanily, one

from fructose
of these solvent-catalyst systems is able 1o
produce HMF in high viclds from glucose, the
first step in our ultimate goal of developing a
system 1o generate HMF from complex bio-
mass such as cellulose.

We tested the reactivity of fructose in three
[AMIM]Cl solvents, where A represents octyl,
butyl, or ethyl (/7). Because [EMIMICT (E is
cthyly was equivalent or better than the other two
solvents, we repont resulls in this system (Fig. 1)
Figure 2 shows the results of simply heating frue-
tose and gleeose n high-punty (99.5%) [EMIM]CI
(15). At suflficiently high-temperatures, fructose
was convened o HME, but the yield dropped
substantially between 1207 and 80°C, In contrast,
glucose did not produce any substantial amount
of HMF even at 180°C. When water was added
o the solvent (| EMIMJCLEHLO = 3:1), glucose
was effectively inert

We were able to catalvee the dehydration of

fructose at 8O0°C by addition of a cataly tic amount
of a number of metal halides (Fig. 1A). For
example. HMF vields rmnging from 63 o 83%
were achieved in 3 hours when using 6 mole

percent (mol %) loading (based on sugar) of

CrCla, CrCly, FeCly, FeCly, CuCl, CuCly, VCls,
MoClz. PdCly, PiICla, PICL, RuCls, or RhCly
(fig. 51). The product mixres were very clean:
Yiclds of levulimic acid and w-angelicalactone
were less than 0L08%, Not all metal halides were
effective; for example, the alkali chlordes, LaCly
and MnCls, did not work.

We also looked at mineral and Lewis acid
catalysts, Mineral acids were effective as ex-
pected, An 80% HMF vield was achieved when
I8 maol % HaS0y (relative o fructose ) was used,
A lower acid loading (1.8 mol %) gave 73%
yvicll. In conmrast, the widely swdied AlCI;
Lewis acid was not effective at molar rtios be-
tween (L5 and 2 (/9).

15 JUNE 2007

100 ; :
| Fructose
B0
:‘?_," BO
=
E 70 - b
B o
%
= -
g %0
E :
S a0 :
§ :
= 30 b
E b
%
E 20 2
10 2
g
e 3

120 °C 100 °C

| Conversion
| = HMF yiekd

.G!L.ICDSE_:

5:1 [EMIMICVH,0

180 "C 180 °C

B *C

Fig. 2. Fructose and glucose conversion in [EMIMICL. Fifty mg of sugar was added to 500 mg of
[EMIMIC! and heated for 2 hours at the temperature indicated (no catalyst was added).

100 —
| W conversion
890 — 2 HMF yield
| @ fructose yield
80 —

molar conversion and selectivity

B (%] [a.] e |
o L= [=] (=] (=]
I 6 IS I R T
I
!
)
1I
_

[EMIM]CICI4

!
]

a0+

20 —

10 — ﬂ
= nig ols o o lgial
%%Eu Q QO Q
23283255 ¢
585325353
s 8 58 =2 =
Emi—l.uﬁ w
e 1T an

[EMIM]FeCl4 T

w |
e
&,
=
=
=

[EMIMJPLCI3 _
[E MIMIRuCH _

i ] s |I]| {1 i

TaTonlalslg’aln! Tl
Q Q @ tgu L& ]
- =  aw =] F =

o O g = o 4
S0 F s =

S S 3 S = s

W ow s w o w

w

]
175 ]
(5 |
I
S
=
=
W

Fig. 3. Glucose conversion in [EMIM]CL treated with numerous catalysts, most of which are effective
for fructose dehydration. Only CrCly leads to high HMF yield from glucose.

We repeated these studics with use of glucose
as feed bun mised the emperature to 1O0PC be-
cause of its lower reactivity (Fig. 1B) Twelve of
the metal halides tested showed 40% conversion
of glucose, but only one catalyst, CrCla, gave HMEF
in high vield (Fig. 3). HMF yield in [EMIMCI
containing sulfuric acid or AICl; was only 1005,
The nesults were reproduced an least 20 times,
and HMF yields for systems that did not contain
Crll, were consistently 10% or less, whercas
Crlls atforded HMF yields of 68 w 70%% a
previously elusive efficiency from glucose. The

VOL 316 SCIENCE

producis from the other catalysts included sugars
such as mannose, dehvdmtion products such as
lL.o-anhydroglucose, and poorly  characterized
polymeric products [detenmined by "C nuclear
magnetic resonance (NMR) spectroscopy ],

For many of the catalvsts, glucose conversion
wis high even though HMF vields were low
{Fig. 21 We did a number of control experiments
tor demonstrane that the low HMF vield in these
instances was not the result of HMF instability
under the reaction conditions. After heating pure
HMF a 100°C for 3 hours in the presence of

www.sciencemag.org
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Fig. 4. Proposed metal halide interaction with glucose in [EMIM]CL CuCl, and CrCl, catalyze the mutarotation leading to interconversion of u- and
f-glucopyranose anomers, CrCl; leads to the isomerization of glucopyranose to fructofuranose, followed by dehydration te HMF.

Cr(Cly, 98% was recovered. When CrCly was not
added 1w [EMIM]CL HMF reccovery was only
28%. Similar studics were done with other metal
halides (HMF recoveries noted in parentheses):
CulCly (85%), VCly (86%), and H,S0, (98%).
Interestingly, catalytic amounts of cenain metal
chlorides appear 10 play a role in stabilizing
HMF. Caalysts usually enhance reactions; the
concept of a catalytic amount of a substance, in
less than stoichiometric gquantitics, blocking or
quenching a reaction is most unusual,

In a second study, we examined HMF sta-
bility in the presence of sugar and catalvst. In
these tests, xvlose, a five-carbon sugar that
cannot form HMF, was used. Fifty mg ol a 1:1
mixture of HMF and xylose were added 1o 500
mg of the appropriate [ EMIM|Clcatalyst system
and heated o 100°C for 3 hours, HMF recovery
was high (recovenies given in parentheses): Cri’ls
(#3%), CuClz (90%), and VClg (83%). HMF

onee again was more siable in the presence of

meial halide: HMF recovery in [EMIMICI-
xylose without catalyst was 66%. The data show
that the low HMF vield cannot be accoumed for
by product instability under reaction conditions.
Instead metal halides, such as CuCla and VCl,,
catalyze undesired reaction pathways,

The singular elTectiveness ol catalviic amounis
of CrCly in [EMIM O] for the conversion of glu-
cose to HMF was unanticipated. In an effon to
understand the resulis, we wmed o spectroscopy,
Our NMR study showed tha the glucose starting
material, when dissolved in the |[EMIMC] sol-

vent, is predominantly an a-anomer. Solvation of
sugars occurs through hydrogen bonding of

chloride ions of the solvent with the carbohydrate
hydroxy groups (200 However, this interaction is
insuflicient o cause mutarotation (that is, - o
Pranomer conversion; Fig. 4). Litde inmercon-
version of the a- and P-anomers occurred in
[EMIMICL even after severl hours at 80°C,
However, in the presence of a catalytic amount
of CuCly or CrCla, mutarotation leading o an
cquilibrium mixture of anomers was mpid (figs.,
$2 and S3). In the 'H NMR spectrum, the six

OH resonances were sharp. In the presence off

www.sciencemag.org SCIENCE VOL 316

catalytic amounts of CuCly the ~OH resonances
shifted uplicld and were very broad, indicating
exchange through interactions with the metal
(21

[AMIM]CI structures are known 1o be weakly
coordinating ( 22} and do not compete with sugar
for the binding of the metal chlorides. Our
hypothesis s that sugar-metal coordination is
responsible for the catalysis. To characterize the
prevailing coordination bonding motil, we
examined the effect of adding stoichiomatnic
glveerol or glyeeraldehyde o glucose solutions.
Glucose can be thought of as a glycerol molecule
attached o a glveeraldehyde molecule. By using
NMR spectroscopy, we confinned that glyceral-
dehyde exists as ahemiacetal dimerin [EMIM]CL,
which makes it a very good mimic for gluco-
pyranese. In the competition reactions, glycerol
had no impact on the catalysis, and 70% vield of
HMF was achieved lrom glucose. Glycer-
aldehyde, however, did affect the chemisiny: Re-
action inhibition was observed. HMF yield was
reduced 1o less than 200, and glucose conversion
was reduced o ~60%., In addition, we evaluated
2. 2%bipyndine as a strongly coordinating ligand
(31 molar mtio w0 Cr). In the presence of the
strongly coordinating ligand, the reaction essen-
tially shut down: HMF vield was less than 2°
and glucose recovery was 90%, The resulis of the
glveerol and glveeraldchyde competition studies
show that the metal interacts with the hemi-
acctal portion of glucopyranose but that there is
littke imeraction with the polvalcohol portion of
the sugar.

Although we lack a clear picture of why
Crl’la is a singularly effective catalyst in
[EMIMICT solvent, we are able 1o ofler some
insights into the mechanism. We studied the
kinetic behavior of Crlls, CuCly, and FeCly,
which show dramatic differences in their re-
action pathways (fig. 54 The rate of glucose
conversion was highest with CrCly; CuC'ly was
reactive, but mainly gave condensation products;
and FeCla showed no reaction, With CuCla. mul-
tiple products were formed, including mannosc,
HMF, and Lé-anhydroglucose, This diverse

15 JUN

procuct mix suggests that CuCls coordination
with the sugar s different from that of Cir(Cl,.

To explain the results with Crl'ls, we show a
mechanism consistent with the data (Fig. 4).
Because only 0.5% by weight of Cilly was
added 1o the solvents, the plausible formation of
[EMIM]CrCly” would consume only an equi-
molar amount of |EMIMC with respect 1o
CrCla, according to Eq. 1

EMIM|CI CrCl; — [EMIMICrCly (1)

We propose that the CrCly™ anion plays a role
in proton transfer, facililating mutarotation of
glucose in [EMIM | A cntical role of Crlly ™ is 1o
elleet a formal hydrde transfer, leading 1o
wsomerization of glucose © fructose. As dis-
cussed above, all other twested metal chlondes
failed to conven glucose 1o fructose in the
[EMIM]CT solvent. A chromium enolaie may
be the key intenmediate (23). Once lructose is
formed, dehydration of fructofuranose is rapid in
the presence of the catalyst in the solvent.
Lowering the dielectric constant of the media
by addition of onganic solvents (10:1 glveerol o
[EMIMCT) resulis in loss of cotalyiic activity.
Other metal halides also bind to glucose.
However, they promote altemative reaction paths
that do not lead to the desired products.
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Extracellular Proteins Limit the
Dispersal of Biogenic Nanoparticles

John W. Moreau, ™t Peter K. Weber,? Michael €. Martin,? Benjamin Gilbert,*

lan D. Hutcheon,? Jillian F. Banfield™**

High-spatial-resolution secondary ion microprobe spectrometry, synchrotron radiation—based
Fourier-transform infrared spectroscopy, and polyacrylamide gel amalysis demonstrated the
intimate association of proteins with spheroidal aggregates of biogenic zinc sulfide nanocrystals,
an example of extracellular biomineralization. Experiments involving synthetic zinc sulfide
nanoparticles and representative amino acids indicated a driving role for cysteine in rapid
nanoparticle aggregation. These findings suggest that microbially derived extracellular proteins
can limit the dispersal of nanoparticulate metal-bearing phases, such as the mineral products of
bioremediation, that may otherwise be transported away from their source by subsurface fluid flow.

ulfate-reducing bacteria can lower the
Suuncunlrutiunﬁ of metals in anoxic waters

by sequesterg metals into nanoparticles
(1-3). However, these panticles ane potentally
highly mobile because of their small size () and
can redissolve quickly if conditions change ().
Sulfide nanoparticles may be <2 nm in diameter
[comparable in size 10 aqueous molecular clus-
ters () ] most have a diameter of 2 to 6nm (2, 7).
Aggregation can restrict nanoparticle ransport by
inducing seutling (¥, ¥), and it can drive crysial
growth, leading o decreased solubilivy (16, £1),
Some organics can promode aggregation. Amine-
beanng molecules, for example, have been
shown to organize sulfide nanoparticles into
semiconductor nanowines (2. We investigated
the hypothesis that natural organic matter con-
tibutes o the formation of densely aggregated
nanoparticulate ZnS spheroids and s preserved
in nanometer-scale pores (7). We used micro-
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analvtical and direct solation approaches 1o
analyze nanoparticle aggregates fomed in natu-
ral sultate-reducing bacterial biofitms (7, 137 We
also expenmentally evaluated the potential tor
varous amino acids o induce mpid aggregation
of metal-sulfide nanoparticles.

We examined sullate-reducing bacteria
dominated biolilms collecied from the Piguetie
Pb and Zn Mine. a flooded system (pll -7, ~8°C)
in southwestern Wisconsin (/3). Uliramicro-
tomed biofilm sections that contained spheroidal
aggregates of biogenic ZnS nanoparticles (ligs.
S1 o 54) were imaged with transmission elec-
tron microscopy (TEM) before in situ clemental
microanalysis with secondary ion mass spec-
trometry at a spatial resolution of =50 nm
(NanoSIMS) (/). N in the samples was
detccted by NanoSIMS as CN7, NO7, and NS
sccondary ions and was quantificd by compar-
ison 10 reference samples (f4, 15),

A comparson of TEM images with NanoSIMS
S distnbution maps demonstrates that ZnS
spheroids are the only structures within the bio-
film that contain significant S5 concentrations
(Fig. 1. Ao C) The composite NanoSIMS data
show the intimate association of N with biofilm
ZnS (Fig, 1, A to O N s present throughout
these ageregates at significantly higher levels
than in abiotic ZnS reference materials (Fig, |,
D and Eb. Pores in the ZnS spheoids appear as
low-diffrction-contrast features in TEM images
because of a lower concentration of sphalente

manoparticles (g, 82). Porous regions are asso-
ciated with the highest N concentrations (Fig. 1.
B oand C) N concentration measurements [or
individual spheroids varied by 14% (relative 5D,
1 =134 spheroids), as compared with an avermge
mczsurement precision of 4%, for individual ZnS
aggregates with an average diameter of 700 nm.
We estimated an average N concentration for all
analyeed biolilm ZnS spheroids of 1.6 weight %
(wit %a), with a 953% confidence interval ol 0.8 o
3wt % (44). By comparison, the avemge N
concentration of synihetic ZnS aggregates was
=100 times lower than it was for biofilm ZnS
spheroids.

The small nitrate concentration of mine water
(=3 pee) was removed from the biofilm during
sample processing and was therclore not ex-
pected to be the source of N in ZnS. To test this
prediction, we analyzed the spheroids for NOT,
relative to CN (J4) The CNNOT mto for a
relerence sample off KNO3 dissolved in graphite
(4 ranged from <1 o 200, with a median ratio
of ~6. The average N /NO™ mtio of bacterial
spores, an organic N reference, was 2950 + 320
(S0 The average CN/NO ratio of the biofilm
ZnS was 3300 « B70 (SD). Measurement
precision for CN"NG™ in the biofilm ZnS was
similar to sample variability because of low NO™
secondary-ton intensitics. Based on thesce analy-
ses, we concluded that N in the biofilm ZnS was
present neither as nitrate nor nitrite and  was
therefore organic in nature (74, This conclusion
wis further supported by the presence of amide
absomption features - the infrared spectra dis-
cussed below, From the averge N content of
ZnS estimated above and an average amino acid
N concenimtion of =11 wi %4, the ZnS spheroids
contained ~14 wi % amino acids.

Arcas with cell-like momphologies enriched in
N (Fig. 1y and P (fig. S8) are intempretad as being
cither whole or degraded microbial cells. These
feawrs are momphologically distingt from ZnS
spheroids, arguing against spheroid formation by
manopanticle encrustation and infilling of cells, We
infemed that the spheroids formed by the agerega-
tion of hiogenic ZnS nanopanicles (13) with
extrmecllular polypeptides or proteins, This process
may have imvolved the adsomption of amine acids
or peplides onto nanoparticle surfaces (/6) or the
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coaggregation of protein molecules and  nano-
particles. High ™ concentrations along the surfices
of some aggregates sugeest protem-nch regions
(Fig. 1, B and C)

Synchrotron radiation-based Fourer-transfonm
infrared spectroscopy (SR-FTIR), with roughly
L0 pm spatial resolution, was used 1o chameclenze
onzanics associated with biolilm ZnS ageregates
( 14). SR-FTIR analysis revealed that absomptions
at ~1580 and 1640 em ™" were associated only
with ZnS spheroid-rich regions of the biofilm
iFig. 21 These absormption leatures are well

described for the amide 11 and amide 1 vibmation
mides, respectively, and they are charmcteristic of
polypeptide- and'or protein-denved amino acids
(7). Analvses ol the spherod-nch regions of
biofilm varied by a few percent in the relative
magniiudes of amide 1 and 11 absomptions. The
SR-FTIR data contimm that the N detected by
NanoSIMS analysis of spheroids was organic
and suppont an origin in polypeptides or proteins,

Proteins were directly extracted from density-
separated fractions dominated by either organic
Biofilm components or ZnS spheroids (g, 56)

Fig. 1. NanoSIMS secondary-iom images showing
C, N, and S distributions in an ultramicrotomed
TEM section of biofilm. (A) Composite element
distribution map (~10 um bg 10 pm) of *2C (blue),
12c34N for N (green), and *%S (red). Colors reflect
the proportion of each species. Uniformly red
regions represent relatively pure 5 (as ZnS),
whereas orange and yellow regions indicate the
presence of increased levels of N. Light blue

32
B500 .s
1100 1900 1100
“H 'Ilc “H
1ernary

regions indiate the presence of both C and N, with little to no 5 (no Zn5). (B) TEM image of several
conjoined ZnS spheroidal aggregates. (€) NanoSIMS composite element distribution map of (B). (D)
NanoSIMS compaosite element distribution map of ultramicrotomed Balmat ZnS. (E) NanoSIMS compaosite
element distribution map of synthetic nanoparticulate ZnS. (F) Color box plots of the relative jon
abundances displayed in (A) and (C) to (E). Primary colors and maximum fon counts are noted for each
species along each axis; all axes are linear, with respect to ion counts. In the left box (binary), only binary
ion compositions {one or two species) are shown; in the right box (ternary), only primary (the species
corresponding to each axis) and ternary jon compositions (three species) are shown. Black and white
comers correspond to points of minimum and maximum ion counts, respectively, for all three species. All
scale bars are 1 um. Figures 58 to 510 (14) present grayscale versions of (A), (C), and (D), respectively.
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(/4. Proteins from the biofilm fraction produced
faimt bands when reacted with protein-specilic
stamns i 4 e 1% polyvacrylanmade gels ot mo-
lecular masses of ~37 and ~48 kKD (Fig. 3) (/4.
In contrast, the ZnS-enriched faction yielded a
stromg band at -37 kD, suggesting that the N de-
tected by NanoSIMS and SR-FTIR was asso-
clated with proteinds) of this molecular mass. It
wis not possible o further chamcterize the
protein(s) because ol their low concentration
and biofilm-sample accessibility (/3 However,
the observed mass lics within the mass range of
bacterial proeins known 10 bind certain metals
(/8- 200, and genes Tor these proteins have been
reponted i some sulfe-reducing bactenia 2/ 23),
We speculate, therefore, that the ZnS-associmed
protein(s) found i this study may serve a metal-
binding function.

In some aggregates, NanoSIMS dai indi-
cated overlapping N and S distnbutions, imply-
ing the presence of line-scale mixtures of ZnS
manoparticles and proten-nch orgome matter.
Known bacterial metal-binding proteins bind Zn
and other potentially toxic metals (e.g., Cd and
Cu), primarily at evsteine residues in proximity
o OH groups (24). Experimental evidence
shows that evsteine also binds strongly 1o ZnS
nanoparticles and limits their size o0 <=-5 nm
(25) and that thiol groups bind strongly with S-
deficient surface Fe(ll) atoms in pyrite (16). The
conditional stability  constant  for monoligand
cysteine-Zn®" complexation in low-ionic-
strength solutions [<0.1 moles of charge (M)
at 207 w 25°C s more than four orders of
nugnitude larger than those of all the other
amino acids tested except for lvsine, for which

100.0 1

90.0 4

60.04

d
n r
R

1175 1275 1375 1475 1575 1675

Fig. 2. SR-FTIR transmission spectra of biogenic
Zn5 aggregates (black) and background bicfilm
{gray). Amide I (~1640 cm™) and Il (~1580 cm™)
absorption features are diagnostic of amino acid—
associated bond vibrations in polypeptides and/or
proteins,
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the constant is about two orders of magnitude
larger (lable S1) (/4). These obscrvations
suggest that cvsteine or cysteme-rich poly pep-
tides or proteins could have played a wle in
determining the ZnS particle siac and aggrega-
tion state,

We tested the efficacy of individual amino

acids (100 uM) 10 promote the aggregation of

synthetic ZnS panicles 3 nm in diameter or
smaller (10 pM) (4). The chosen amino acids
(alanine, aspanate, cysteine, lysine, phenyl-
alanine, proling, and serine) possess chemically
distinet side-chain functional groups, Aggrega-
tion was monitored periodically with dynamic
light scattering (DLS) (/4), and results showed
that the morganic ageregation of ZnS mitally
occurred  rapidly 1o form = 10enm-diameter
aggregates, but then slowed greatly or ceased
after | week (Fig. 4 and fig. S7L In contrast,
ZnS nanoparticles in the presence of cysteine
exlubited more extensive and prolonged aggre-
gation, ultimately forming  1-to-10-pm-sized
structures, Other amino acids had litle (eg.,
serine) to no {e.g., proline) detectable effeet on
nanoparicle aggregation, relative 1o controls
(fig. ST). Cysicine in the absence of ZnS lonned
no measurable ageregates (Fig. 4), and humic

Fig. 3. Composite SD5—
palyacrylamide gel elec-
trophoresis image of
biofilm and Zn5 protein
extractions. SyproQrange
and colloidal silver mo-
lecular weight standards

compounds added 10 ZnS nanopanticle suspen-
sions did not acceclermite aggregation.

The DLS results comrelate with carlier studies
ol the adsorption of amino acids, other organic
ligands, and inorganic ions onto the surfaces of
metal chaleogenides (16, 26, 27} For example,
the sulthydryl group present i cysteine and
mercapto-compounds  exhibits strong  specilic
binding to the surfaces of sulfide mincrals and
nanoparticles, Similardy, scrine with a terminal
hydroxyl group causes somewhal more aggre-
gation than is obsenved in control samples, as
was expected from both the weaker chemical
interaction of this group with sulfide surfaces
and the higher pKky (where K, is the acid
dissociation constant), relative 1o cysteine (9.13
versus 8.33) Thus, strong specilic chemical
binding is a necessary prelude to amino acid- or
profein-driven ZnS nanoparticle aggregation,

Mincml/protein mixtures with intemal onga-
nezation are pically considered biominerals,
and bommerals normally  form within ongza-
nisms. The structures reported here represent an
exception 1o this pattem. Proteins, peptides, and
amino acids could be released afier cell death
and scavenged by hydrophobic ZnS surfaces.
Altematively, bacteria may export Zn-binding

.

are shown (far left and right lanes, respectively). (A) Extraction from the biofilm organic fraction stained
with SyproOrange. (B} Extraction of the ZnS spheroid fraction stained with SyproOrange. (C and D)
Replicate extractions of the biofilm arganic fraction stained with silver. (E and F) Replicate extractions of
ZnS spheroids fraction stained with silver. Numbers are molecular masses in kilodaltons.

Abundance (%)

Fig. 4. Size distribution curves from DLS data acquired in ZnS nanoparticle aggregation experiments,
(A) Control experiments. 10 uM ZnS nanoparticles alone (solid lines) aggregate within 1 day to form
~100-nm-radius clusters that exhibit little further growth over a 5-day period. 100 uM cysteine alone
(dashed lines) gives a very weak DLS signal, with no consistent trend in size distribution. (B} In the
presence of both 10 uM ZnS and 100 M cysteine, sustained aggregation occurs over the 7-day period,
resulting in aggregates that are more than one order of magnitude larger than the initial clusters. DLS
correlation functions from which size distributions were derived are shown in fig. 57.
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proedeins for a physiological reason. Most Known
bacterial metal-binding proteins are produced
for mtrmcellular binding and the subsequent
export of oxie metals (24). In the case reponed
here, biofilm proteins may bind excess aqueous
7 or interact with bound Znllly and other
proteins afler ZnS  precipitation, In o either
seenario, the aggregation of metal-sulfide nano-
paiclkes was promoted, preventing  incidental
uptake by cells (248, 29) or the entombment of
cells, From the dense sphervidal momhologics
of the aggregates, the mte of aggregation ap-

cars o be reaction-limited (30), Similar dense-
Iy packed aggregates of biogenic metal-bearing
nanoparticles have been reported from  other
metal-contaminated  systems (3/). Such ag-
gregates in sediments could rap and possibly
preserve organic molecules or their degradation
prodducts in sediments or rocks,

Microbial and chemical redox transforma-
tons of metals can result in the precipitation of
metal-beanng nanoparticles across a mnge of
environmental conditions (32), The aggregation
state of these particles may have a strong impact
on metal mobility and water quality (33). Our
results suggest that aggregation induced by
extracellular metal-binding  polypeptides and
profeins plays an important role in limiting
nanoparticle dispersal in notral enviromments,
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Origin of the Low Rigidity of
the Earth’s Inner Core

Anatoly B. Belonoshko,?* Natalia V. Skorodumova,’® Sergio Davis,' Alexander N. Osiptsov,”

Anders RDSEI‘IgI‘EI‘I,z Bdrje ]ahanssnn"3'5

Earth’s solid-iron inner core has a low rigidity that manifests itself in the anomalously low
velocities of shear waves as compared to shear wave velocities measured in iron alloys. Normally,
when estimating the elastic properties of a polycrystal, one calculates an average over different
orientations of a single crystal. This approach does not take into account the grain boundaries and
defects that are likely to be abundant at high temperatures relevant for the inner core conditions.
By using molecular dynamics simulations, we show that, if defects are considered, the calculated
shear modulus and shear wave velocity decrease dramatically as compared to those estimates
obtained from the averaged single-crystal values. Thus, the low shear wave velocity in the inner

core is explained.

ince the discovery of Earth’s inner core
S{I[“l by Ingrid Lehmann in 1936 (f), it

has been established, on the basis of the
equation ol state as compared to seismic data and
the abundance of iron, that Eanth’s 1C mainly
consists of iron (23}, However, the resistance of
iron and its allovs o shear, cither measured (6, 7)
or calculated (¥}, does not match the very low
resistance 1o shear of the IC, as ollows from the
low velocity of the shear signal propagation
(4, ¥). To explain the low dgidity of the 1C, it
has been suggested that Eanh’s 1IC contains
liquid inclusions (/). This suggestion, however,
is met with centain difficulties ([f, 12), because a
liquid is likely to be squeeeed out of the 1C,

Therelore, a satistaciory explanation of the low
rigidity of Eanh’s IC is still lacking., Computa-
tional materials physics has now reached a high
degree of sophistication and reliability in the
calculations of crystal elastic constants at the
conditions nelevant for the 1C (&), Yeu, the shear
moduli of relevant iron allovs. obtained by the
most advanced computational methods, are sys-
tematically higher than the observed shear mod-
ulus of the IC (#), This rend makes one question
the validity of the procedure currently applicd
for calculating the clastic constants of materi-

als at high tempermture 7 oand pressure P AN
present, one caleulates the clastic propertics of
a polverystalline material by averaging the
elastic properics ol a single crvsial over all pos-
sible crysiallographic orentations (/3). Thus,
the elastic properties of a polvervstalline ma-
terial are compleiely defined by the properties off
the single crystal. Although this approach can
be quite legitimate at low iemperature, it might
fail under conditions when grain boundaries
become viscous (14, which is likely at high
temperature.

To investigate the impact of defects and gram
boundances on the shear propertics of polvervstal-
line won under the IC pressure and temperature
conditions and to evaluate the applicability of the
conemporary approach o calculate shear proper-
tics of iron in Eanh's [C, we swudy the clastic
behavior of an ideal iron erystal in comparison
with that of a “realistic™ sample containing sev-
eral grain boundarics as well as other extensive
structural delects,

Among the possible computational methods,
the method of molecular dynamics (MD) appears
1o be very suitable for calculating the clastic
propertics of a material a0 finite temperatures,
MD simulations of realistic samples regquire a
large number of atoms that prevents the appli-
cation of purc ab initio methods, Rocently, a sul-
ficiently precise embedded-atom model (EAM)
of high-pressure iron has been developed (£5-17).

Table 1. Calculated properties of bec iron as compared to the IC data,

lapplied Materials Physics, Depanment of Materials  Parameter (units) Ab initio (18) EAM (15) Earth’s IC (4)
Science and Engineering, The Royal institute of Technol-
ogy, SE-100 44 Stockholm, Sweden. *Condensed Matter P (GPa) 356.7 360.0 360.0 363.9
Theory, AlbaMova University Center, Department of T (K 6000.0 6000.0 7400.0 5000 to BOOO (5)
Theoretical Physics, The Royal Institute of Technology, SE- B (GPa) 1486.0 1372.7 1380.0 1425.3
10691 Stockholm, Sweden. Condensed Matter Theory Cay (GP.

h o a) 1561.6 1391.0 14151
Group, Department of Physics, Uppsala University, Uppsala s
Box 530, Sweden. "Institute of Mechanics, Moscow State €12 (GPa) 14481 1363.5 1362.5
University, 142432 Moscow, Russia. *School of Physics and ~ Cas (GPa) 365.5 448.0 387.0
Optoelectronic Technology and College of Advanced G (GPa) 242.0 274.3 2431 176.1
EETHEEIBIF:EU;:EE@.W.- Dalian I.Iniversmr of Techmlbg'y', P {gﬂ:ﬂ'ﬁj 13_53 13‘90 131-?3 131}9
:‘::‘m : '“:; o be scressed, gangge. 11 0520 11.54 11.90 11.12 11.26
"Ta m Correspondence -] re - E=manl
sty belonoshko@ivsik voie Vg lkmisec) 4.22 4.44 4.20 3.67
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In this model, the imermtomic interaction con-
sists of shor-range pai-wise repulsion and a
many-hody  miteraction term. The latter repre-
sents the energy of embedding an atom mto the
electron gas. The model was parameteneed 1o
reproduce the results of first-principles caleu-
lations (/3). In the presemt work, this EAM is
further tested by caleulating the elastic constants
ol the body-centered cubic (bee) iron crystal and
comparing those constants 1o the clastic con-
stants obtained by the projector-augmented
wave (PAW) method (/8). one of the most
precise first-principles methods, Having chosen
the model of iron, we now have o decide which
phase of iron to consider. Recent theoretical
results suggest that the bee phase of ron (14, 19)
[or 1ron alloyed with silicon ( 200] 15 stable at the
pressure and temperature conditions of the 1€
and, therelore, is appropriate to consider. The
elastic moduli of this phase have been caleulated
by the *stress-strain”™ approach (27). This
approach 15 based on the generalized Hooke's
law, which states that the stress tlensor a1
proportional to the strain ensor

G = Cyey (1)
where a; (f = 1,....6) describes the small siress
components caused by the application of a
small strain with components g, Cy are the
components of the stflness tensor or clastic
modull. Therelore, if one knows the strain and
stress tensors, one can derive the elastic
constants. This approach has been tested on
numerows matenals, and 1 can be applied o
crystals at cquilibrium as well as under pressure
(22, 23). The companson ol the performance of
the “stress-stramn” method with that ol the
energy-based approach has shown good agree-
ment beiween the resulis obtained by the wo
mcihods as well as with expenimentally obiained
data (22). We consider the bee phase of iron and,
hence, we need to know only three independent
constants Cyy. Cya, and Cay. which can be
extracted from the MD calculations of siresses
appearing as a response to small strmins applied
to the crystals under the constant volume con-
straint (Table 1), Having obtained these moduli,
w can caleulate the shear modulus [ = (),
Cya t 3044 V5] (13 and, consequently, estimate
the longitudinal Ii'r_! ={8 + 40/3)p] and shear
i l; Cr/p) velocities {where 8 and p are the
bulk modulus and the density of the material
at given P and ). We present the elastic modul
and velocities obtained by this method for bec
iron, using the data produced in ab initio (/8)
and quasi-ab initio (/5) EAM MD simulations
(Table 1). In all our MD simulations, we used
a 0.5-5 time step and penodic boundary con-
ditions, The EAM- and PAW-calculated proper-
tics are reasomably close 1o ecach other, which
allows us 1o rely on the EAM approach in the
MD simulations of polverystalline iron, The
caleulated elasue propertics (Table 1) agree well
with those reported in a recent work that
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additionally confirms the validity ol our
methods (8). Values presented in Table | dem-
onstrate once again that caleulated shear moduli
are substanually higher than the modulus
observed lor the 1C.

A realistic sample can be obained cither by
growing a polverystal from melt (24) (refemred 10
as the M sample) or by performing the Vorono
construction (2.5, 26) (refermed 1o as the V sam-
ple) We preparad iron samples by both methods
(Fig. 1) The number of atoms in these cubic
samples was close 1o | million. The kength of the
cube side (L) was about 183 A, The preparation
of the M sample ncluded the following steps.

A

Number of sloms

The bee sample containing 1,024,000 atoms was
heated to 10U K 0 ensure melting. Then, eight
bec crystals were embedded m the eight octants
of the box comtammng the meled mon. These
crystals were slightly misplaced from the exact
centers of the octants and rotated around rn-
domly chosen axes, This sample was then crys-
tallized a1 7 = 6800 K and P = 3.6 Mbar for
300,000 tme steps (Fig, 1A)L The procedure of
growing asample from melt is relevant for the 1C
case, because the 10 is likely formed by crystal-
lization from an iron-rich alloy (27). The V
sample originally contained 10 bee grains, with
centers mndomly placed in the cube of the same

% - ibeal b
= Ml smmuple
E: =V umnuply
13000 e
i AN\ i
i L
L]
ia Ll L} (1]
Dastamce (A)
({5
= IO Kty M ke
- e
L 1] -
]
B LTI e —.
— -
]

3 ([1]
Distance (A)

Fig. 1. The structure and atom maobility of the synthesized iron samples (the size is about 200 A).
(A} The sample grown from the M sample. The atoms are colored in accordance with their mobility
as shown in (D): Yellow spheres are the most immobile atoms, and blue and red spheres are the
most mobile atoms. The color bar shows the exact palette. There are no clear grain boundaries but
there is a number of randomly located defects. (B) Initial configuration of atoms in the V sample.
Each grain is colored according to its number. (C} The V sample obtained by MD simulations
starting from the sample shown in (B). The atoms are colored in accordance with their mobility
[with the same palette as for (A)] but in the scale according to their mobility (see the color bar).
Grain boundaries are clearly seen. (D) The number of atoms as a function of the traveled distance
at the different time steps. The motion of atoms in the ¥V sample (C) is much more intense as
compared to that in the M sample (A). The inset shows a comparison of radial distribution functions
{RDF) for the ideal bce crystal, the M sample, and the V sample. Even though there are numerous
defects in the M and V samples, their structure is clearly that of the bee crystal.
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size (L= 185 A). Then, a randomly orientad bee
crysial was built around every center. An atom,
belonging to a crystal [, was deleted it the
distance between the atom and a center ol a
crystal J was smaller than the distance between
the aom and the center of the crystal 1. This
simple rule allows us 10 perform the Voronod
construction. [ two atoms were spaced by less
than 1.5 A (this might happen at a grain bound-
ary), one of the atoms was removed, Adter that,
the sample (Fig., 1B) was anncaled at 7= 6800 K
and = 3.6 Mbar for 300,000 tme sieps (Fig.
1C). The atoms are colored in Fig. 1, A and C,
according 1o their mobility (Fig. 113, All the
studicd samples retain the bee structure (%)
{nsct in Fig. 113}, These crystals contain defects
as well as gran boumdanies, which are cither
preset in the sample (V sample) or form as a resall
of growth from the melt (M sample). The M
sample does not contain clear grmin boundaries,
The diffusion in the M sample (Fig. 1D) is typical
of the diffusion in a solid with mierstitial and
vacancy-like defects, The V osample is rather
different from the M sample: It contains clear
grin boundaries (Fig. 1C) that resull in the
presence of atoms with liquid-like mobility (see
the tail of the curve in Fig. 1D). Having these two
samples, we are now able o distinguish between
the welaxation of stress due w the diffusion of
deleets within a grmin and stress relaxation due o
the interaction of grain boundanes,

Further, the ideal bee crvstal as well as the
M and V samples (Fig. 1, A and C) were sub-
Jeeted to shear. The shear was applied in such a
way that the “new™ atom coordinates in the
detormed sample were obtained from the “old”
coordinates according to the formula u,, = gy
wi/L, where n and v were two different (x, 1 2)
coordinates of an aom, o was shear magnitude,
and L was the size of the cubic box. Such a shear
corresponds 1o the stmin normally applied 1o
calculate Cay. The ideal bee sample was
subjected to the stmin 1= v, v=1.d = 5.0 A,
and L = 192.0 A. We then performed the MD
simulation of this sample, keeping constant
volume and temperature (6800 K ). The resulting
shear modulus €7, which for this particular shear

coincides with Cyg, does not change with time
(Fig. 2A), and neither does the corresponding
shear velocity, calculated as I'Ez = (p (Fig. 2B).
No relaxation of stress is obsearved, The shear
modulus remains constant and higher than that
in the 1C, Similarly. the M sample (Fig. 1A) was
sheared withw=x, v=xd=50A,and L =
1854 A, and the stress was caleulmed at a
constant volume at two temperatures (6000 and
6800 KL Though sample M docs not contain
grain boundaries, stress relaxation with time is
quite differemt from that in the ideal bee sample
(Fig. 2}, The shear modulus decreases from the
same value as for the ideal bee sample w that of
the Earth's 1C and eventually becomes even
lowver (which scems o be natural, because itis a
matter of ume when a stress 15 released),
Changes in the direction of applicd strain and
maoderate variations of temperature (GO0 and
GRO0 K have little impact on the shear stress
behavior,

The V sample was subjected 1o the shear with
w=x.v=y d=1L0A and L= IR5.8 A. We tried
out a number of shear magnitudes in order to, on
the one hand, resolve the stress as precisely as
possible and. on the other hand, remain within
the elastic behavior, The wempermture was GR00 K
during the MD nin. We see that the magnitude of
the siress (Fig. 2) in the beginning of the mn is
cqual o that averaged over the ideal crystals
{Table 1). However, stress relaxation is very fast
as a result of a high mobility of atoms m viscous
{liquid-like) grain boundaries (Fig. 1, C and D).
The very low rigidity ol the V polyerystal (Fig.
1Cy is likely due 1o the reverse Hall-Peich cf-
leet (29), which consists in the existence of a
maximum of crystal strength as a function of a
grain size.

The companson of relaxation patterns in the
Vand M samples suggests that even il iron grains
in the IC are large, the diffusion within a grain
can clearly accommodate the relaxation neces-
sary 1o atienuate the shear signal and gt low
scismic shear velocitics that are consistent with
those observed in scismic studies (4, 9 (Fig. 2B
The impact of introducing defeets and grain
boundaries consists in depressing the shear

Fig. 2. Relaxation of the sheared
iron samples: (A) G and (B) V. Dif-

ferent colors are used to distinguish = 400
between different samples andways < |
of the shearing (where d is the shift  © 200}

of the upper side relative to the bot-

Bdeal boc erystal

Earth’s inner core

.

et E T R —

tom side): blue, d = 5.0 A for the M
sample (Fig. 1A) and xy plane atT =

800 K: brown, d = 5.0 A for the M B
sample and xy plane at T = 6000 K
red, d = 5.0 A for the M sample and
xz plane at T = 6800 K; green, d =
5.0 A for the ideal bee crystal and xy

plane at T = 6800 K; and magenta,
d = 1.0 A for the V sample (Fig. 1C)
and sy plane at T = 6800 K.
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velocity. Evidently, this impact does not depend
on the structure of ron: Whatever the phase, the
diffusion, either within a gram or al a gran
boundary, will decrease the shear resistance. We
conclude that the low Agidity of the Earth™s 1C is
due to the viscous gmin boundarics and that the
high diffusion within iron crystallites is due 1o
high temperture, On a more general note, the
calculations of high-temperatre cdasticity of a
material must account for the effects of grain
boundanes and diffusion.
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Frequent Long-Distance Plant
Colonization in the Changing Arctic

Inger Greve Alsos,'*t Pernille Bronken Eidesen,” Dorothee Ehrich,” Inger Skrede,*
Kristine Westergaard,™ Gro Hilde Jacobsen,” Jan Y. Landvik,? Pierre Taberlet,* Christian Brochmann®

1606

The ability of species to track their ecological niche after climate change is a major source of
uncertainty in predicting their future distribution. By analyzing DNA fingerprinting (amplified
fragment-length polymorphism} of nine plant species, we show that long-distance colonization of
a remote arctic archipelago, Svalbard, has occurred repeatedly and from several source regions,
Propagules are likely carried by wind and drifting sea ice. The genetic effect of restricted
colonization was strongly correlated with the temperature requirements of the species, indicating
that establishment limits distribution more than dispersal. Thus, it may be appropriate to
assume unlimited dispersal when predicting long-term range shifts in the Arctic.

limate warming (/) is expected 1o cause
‘ the distribution arca ol many plant

species o shifi northward in the Nothem
Hemisphere (Fig. 1) The composition of future
ceosystems will entically depend on the long-
distance dispersal capabilities of individual spe-
cies (2 Becavse long-distance dispersal is
supposed 10 be mre and stochastic, quanti lication
of it poses a considerable challenge (5-4). Mod-
cls that are used to forccast climate change
induced shifis in species distnbution commonly
assume an dispersal is unlimated (9, 10), al-
though restricted dispersal may prevent specics
from Nlling their climatie niche (A7, 123 Thus, i
is important o determine whether species will
be able w wack their climatic niche. In this
study, we used genetie data 1o reconstruct past
plant colonization pattems in the Arctie. In

particular, we determined the frequency ol

effective long-distance dispersal evems, iden-
tificd the source arcas, and assessed whether
dispersal ability is more limiting than cstablish-
ment in a new area.

The Svalbard Archipelago (Fig. 2) is a good
model system in which to study long-distance
dispersal in the Arctic becawse of its remote
location and geological history, The islands
were almost entirely glaciated during the last
glacial maximum 20,000 vears before the
present (yvr B.P) (/3, /4) It has been debated
whether any of Svalbard s Nlora survived in local
refugia (13, /6). Recently, genctic studies have
indicated that colonizmion occwrred  after the
elacial retreat (45, {6). This is in accond with
recent reconstructions (/3), which suggest an
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extreme iee cover that excluded glacial survival
of most, il not all, species. Paleoreconds show a
sparse arctic vegelation subsequent o 0,00 yr
B.P, and pollen and manne molluse data inds-
cate that the elimate was 1% to 2°C warmer than
today from 9500 10 4000 vr B.P. (/7). This warm
period probably facilitated colonization of the
most themmophilous species occurring in Svalbard
today,

We analyzed 4439 samples from most of

the geographic ranges of nine plamt specics
native 1o the Arctic, representing the major
climatic and dispersal adaptations found i the
region, lor amplilied fagment-length polymor-
phism { AFLP) (Table 1) (/8). To detenmine the
geographic structure ol the genetic vanation,
we used Bavesian clustering analyses, ordina-
tion, and tree-building algomlims, The most
likely source regions for the plants from Svalbard
were determined  wiath muliilocus  assignment
tests. The genctic effect of resiricied colonization
was quaniified by combining six genetic mea-
sures, The minimum number of colonizing
propagules was estimated as the smallest pos-
sible subsample of the source populations
needed 10 bnng all observed AFLP markers o
Svalbard ( 18],

We found that colonization of Svalbard has
occumred from all possible adjacent source re-
gions (Fig. 2). suggesting that fuure coloniza-
tion from the same regions can be expected. We
observed a varicty ol specics-specific patterns,
as typically found in comparative phylogcography
(¥, Nowbly, the predominam source was the
maost distant region, nonhwestem Russia. Coloni-
#alion from Scandinavia was mre; only Safiv
ferbacen appears 1o have derived mainly from
this region (Fig. 23, However, the single Russian
population of 8 ferbacea that we analyeed be-
longed 10 the same genetic group as the northem
Scandinavian populations, and colonization from
the east could not be excludad cven for this
SPeCics,

In cight of the nine specics, multiple prop-
agules were necessary w0 bring the observed
genetic diversity 1o Svalbard (Table 1; Arahis
alping was vinually invardable in the Nonh
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Fig. 1. Number of species that may colonize the
geographically isolated Svalbard archipelago (map)
from adjacent land masses after climate warming.
The graphs show cumulative number of species in
successively warmer bioclimatic zones in the source
regions (squares) and the cumulative number of
these species that are present in Svalbard today
itriangles) (18). Mean July temperature is given for
each bioclimatic zone, Most of Svalbard's current
flora belong to zones A to C. A summer temperature
increase of 2° to 4°C (1) could shift Svalbard toward
zones D and E. The gap between the lines at
bioclimatic zone D and E shows high potential
numbers of colonizing species.

Atlantic region), We estimated that a minimum
number of 6 to 38 plants of cach specics must
have successtully established and survived in
Svalbard, implying that many more propagules
actually reached the archipelago (£8). In addi-
tion 1o the main source region, the allocation
tests (Fig. 2) and the geographic distribution of
the AFLP markers (not shown) indicated sup-
plementary source regions for six specics. The
most hardy species, which are adapted 10 men
July wemperatures of 4° 10 3°C or colder (Dras
octopetala, Saliv herbacea, Cassfope tetragona,
and  Suxifraga rividaris), were allocated
several source regions and had the highest
cstimates of colonizing propagules, In these
species, the level of genetic diversity in
Svalbard was similar o that in the primary
source regions (Table 1), More than one source
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Fig. 2. Source regions for past colonization of Svalbard inferred from genetic
data (AFLP). The geographic distribution of the species (23, 24) is shaded, and
the distribution of closely related species is indicated by dotted lines (Betula
exilis and Dryas integrifolia). Colors represent main genetic groups and
symbols represent subgroups, Asterisks indicate a population that could not be
clearly placed into a genetic group (E. nigrum). Numbers on the arrows
indicate the percentage allocation when a log-likelihood difference of 1 was
used (10 times as likely from that source region as from any other source

regions). For C fetragona, the direction of dispersal between Svalbard and
Scandinavia is uncertain because of low diversity in Scandinavia. The source
for the Svalbard populations of A. afping could not be determined because of
lack of genetic variation. In 5. Avularis, the highest levels of genetic variation
and most private markers were observed in the Svalbard populations (Table 1),
which also were clearly separated from the two amphi-Atlantic genetic groups.
Thus, survival in Svalbard during the last glacial maximum cannot be excuded
far this high-arctic species.

region was also found in two of the rarest and
most thermophilous species in Svalbard, Berla
mana and Faccininm wliginosum,

The genctic effect of restricied  coloni-
zation of Svalbard was negatively correlated
with adaptation to the current climate in Svalbard
(Fig. 3), suggesting that dispersal uselt may
not be the limiting factor. The cstablishment
phase—involving germination, survival, and
local reproduction—is more likely w0 be the
limiting process. This interpretation s sup-

ported by our observation that 80 1o 90% of

the most cold-adapted species that occur in the
potential source regions are currently present
in Svalbard, whereas only 40 10 60% of the
species limited 1o biochimatic zone C (6% 10 7°
¢ July temperature) are present in Swvalbard
{Fig. 1)

Probable dispersal vectors are wind (which
may have carried propagules through the air or
over snow and sca ice), drift wood and drifting

www.sciencemag.org SCIENCE VOL 316

sca ice, birds, and mammals (3, 3, & 20, 21).
In contrast to Scandinavia, northwesterm Russia
and Greenland are frequently connected 1o
Svalbard by way of sca ¢ during winter,
Dispersal from Russia may have been Facili-
tated by drifi wood. Bank crosion along the
Russian rivers routinely resulis in logs and other
debnis finding their way onto drfling sca ice,
which rcaches Svalbard by means ol surface
currents ( 2(1).

The recument glacial cycles have probably
selected for a highly mobile arctic flora. In ad-
dition, some dispersal vectors may be particularly
efficiem in the Arctic as a resull of the open
landscape, strong winds, and exensive snow and
ice cover. The high levels of genetic diversaty
found in several species previously studied in
Svalbard arc also consistent with multiple dis-
persals, although the sampling design and genetic
methods used did not allow cstimation of the
frequency or source arcas (16, 22). Given that
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Fig. 3. Index of the genetic effect of restricted
colonization of Svalbard for the nine species
analyzed compared with an index of adaptation
to the current climate in Svalbard. The axes are
principal components summarizing three measures
of climatic adaptations (Table 1) and six quantities
related to the effect of restricted colonization
based on genetic data (AFLP) (18).
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Table 1. Characteristics of the species analyzed and AFLP data. The
northernmost bioclimatic zone where the species is frequent () or
scattered (s) is given according to the checklist in Elven et al. (24). B,
Northern Arctic tundra zone; C, Middle Arctic tundra zone; D, Southern
Arctic tundra zone. The relative rarity—i.e., how much rarer the species is
in Svalbard compared with the abundance reached in its optimal habitat—

is based on our own observations {1 = rare and 6 = abundant). The
minimum number of propagules that colonized Svalbard, genetic diversity
(D) {+ standard deviation), and differentiation (thsr) within Svalbard and
between Svalbard, and the most important source region (compare with
Fig. 2} are calculated based on the AFLP data. For 5. rivularis, two data sets
were analyzed (18).

Empetrum  Vaccinium Rubus Betula nana Dryas Salix Cassiope Arabis Saxifraga
migrum uliginesum  chamaemorus L. L. s.L octopetala  herbacea L tetragona alpina L. rivularis L
L. s.L L. sl L sl iL.) D. Don
ssp. fetragona

Main dispersal Bird Bird Bird Wind Wind Wind Wind? Wind? Wind?
vector

Northernmost Cish Cis D (f) D cin Cs) C{f cin B (f)
bioclimatic zone

Minimum mean Stoé Stoé 6to 77 6to7 Ito 4 4105 405 Stob =3
July temperature
(°C) 125)

Relative rarity 3 1 1 2 5 3 4 2 6
in Svalbard

Germinable seeds No data Nat found No data Not found Only in No data Rare No data  Abundant
or seed banks in warmest sites
Svalbard (28)

No. of populations 46 (4) 131 (3) 45 (2) 71 (5) 72 (21) 41 (3) 58 (12) 36 (2) 32722 (8)
analyzed {Svalbard)

No. of individuals 435 (38/32) 957 (26/17) 398 (15/14) 570 (32/29) 528 (161) 399 (33/32) 579 (132) 305 (100 268/207(72)
analyzed (Svalbard
individuals/
genets)

No. of polymorphic 78 (0) 105 (0) 173 @) 119 (1) 155 (1) 250 (1) 171 (1) 242 (0) 45 (20 /
markers (private 78 (8)
Svalbard)

AFLP reproducibility % 97.7 (30) 97.7 (44) 97.8 (63) 98.0 (51) 99.1 (32) 98.0 {41) 99.3 (23) 99.0 (42) 97.3 (104) /
{no. of contrals) 95.0 (40)

Minimum no. 7 12 & 11 38 20 14 1 22
of colonizing
propagules

D Svalbard (average 0.049 = 0.066 + 0.060 = 0.103 = 0.089 + 0.104 = 0.125 + 0.000 0.122 =
per population) 0.017 0.044 0.019 0.016 0.025 0.007 0.010 0.074

D main source 0.118 + 0.174 = 0.126 = 0.148 = 0.106 = 0.142 = 0.133 + 0.001 = 0.061 +
region (average 0.032 0.020 0.011 0.013 0.017 0.015 0.011 0.002 0.024
per population)

hey within Svalbard 0.275 0.696 0.272 0.161 0.151 0.188 0.167 - 0.483

they Svalbard—main 0.147 0.049 0.109 0.113 0.157 0.110 0.013 0.000 0.211

SOUFCe region

the dispersal mechanisms in existence during
the carly and mid-Holocene are probably sull
operating today, we can assume that long-
distance dispersal still occurs with regulariny.
Thus, we concluded that arctic specics seem o
be able 1o track their potential niche and that
unlimited dispersal models (9, 10) may be ap-
proprigic o estimate long-term range shifts for
arctic regions,
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Modulation of Neuronal Interactions
Through Neuronal Synchronization

Thilo Womelsdorf,**t Jan-Mathijs Schoffelen,’*t Robert Oostenveld,” Wolf Singer,*?
Robert Desimone,*® Andreas K. Engel,® Pascal Fries”

Brain processing depends on the interactions between neuronal groups. Those interactions

are governed by the pattern of anatomical connections and by yet unknown mechanisms that
modulate the effective strength of a given connection. We found that the mutual influence among
neuronal groups depends on the phase relation between rhythmic activities within the groups.
Phase relations supporting interactions between the groups preceded thase interactions by a few
milliseconds, consistent with a mechanistic role. These effects were specific in time, frequency,
and space, and we therefore propose that the pattern of synchronization flexibly determines the

pattern of neuronal interactions,

roups of activated newrons synchronize
in the gamma-frequency band (30 1o
100 Hzg, and previous studies have re-
lated gamma-band synchronization o several
cognitive lunctions (f-6). Yer, il gamma-band
synchronization subserves those functions, il
must have mechanistic consequences or neuro-
nal processing (7). 1L has been shown that the
precise timing of pre- and postsy naplic activation
determines  long-term changes in synaplic
strength (85-70) and that gamma-band synchro-
nization ol synaptic inputs dircetly enhances their
effective synaptic strength (14 13),
Synchronization between two groups of
neurons s also likely w o fociliiate imeractions
between them (Fig., 1A) (6, 14). Gamma-band
synchronization entnils rhythmic inhibition of
the local network (f5-/7) and the periods
between inhibition provide wemporal windows
for nevronal interaction. Two groups of neurons
will therefore probably have a greater influence
on cach other when their temporal interaction
windows open at the same times, Le., when the
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thythmic synchronization within the groups is
also synchronized between the groups. By the
same token, the interaction is probably curtailed
il the wemporal interaction windows open cither
in an uncorrelmed way or consistently out of
phase with cach other.

We analveed four data sets: (1) one from
awake cat arca 17, (11) one combining awake cat
arca |8 with arca 214 recordings, (i) one from
awake monkey arca V1, and (iv) one from mon-
key area V4. [Data from two ol the three area 17
dana sets have been used i (18, 79); the V4 data
sof has been used in (3, 200.] In all cases, we
recorded multiunit activity (MUA) and local
field potentials (LFPs) simuliancously (rom
four o eight electirodes while the neurons were
visually stimulated with moving gratings. From
cach data set, we used trials with identical visual
stimulation and behavioral tasks and based our
analysis on the natural fluctuation of neuronal
gamma-band synchronizstion. For each pair of
nedronal groups, we guantilied synchronization
by means of the MUAMUA phasc<coherence
spectum (Fig, 1B) and the MUA-LFP phase-
coherence spectum (Fig. 1C)(27)

Phasc-coherence spectra showed a peak in
the zamma-frequency band, indicating that phase
relations  between signals were not random.
However, phase coherence was far from perfiect
(a2 value of 1.00, but it assumed average peak
values of (.14 and 0.27 for MUA-MUA and
MUA-LFP combinations. respectively. The
phase refations at 60 Hz in one example MUA-
MUA pair are shown For 708 trials of 250-ms
length (phase-coherence value of 0.06) (Fig. 1D).

The spread of phase relaions around their
mean might just be irrelevan noise, Here, how-
ever, we used this spread 1o actually test for its
potential physiological consequences, We hypoth-
esteed that the mutual influence between two

SCIENCE VOL 316

neuronal groups was a function of their phase
relation (Fig. 1A). Phase relations are meaning-
fully defined per frequency, and we hypothesized
that the phase relation at a given frequency
should madulate the interaction among the local
rhythmic activities specifically at that frequency.

We imvestigated this hypothesis for the ex-
ample paurof recordings sites. We soned the tnals
o six bins according 10 the 60-Hez phase
relation between the two MUAs (Fig. 1D). For
cach phase-relation bin separately, we then quan-
ulied the two MUAS™ mutual influence as the
Speamman rank correlation coeflicient between
the two MUAS™ 60-He power. across the tnals in
the bin (Fig. 1E). Fluctuations of 60-He power
were most strongly comrelated when the 60-He
phase relation was close 1o its mean across the
trials. Specifically, when the gamma-band dhythim
in group A led the one in group B by 2.1 ms
imean phase relation at 45.89), the correlation
between each group’s gamma-band power was
four times as strong as when the thyvthms were
separated by 10,5 ms (phase relation a1 225.8%).
The example pair illustrates this for a case with a
nonzero mean phase o demonstrate that the
eflect cannot be ascribed to extemal anifacts or
volume conduction, but the mean phase rela-
tions across our sample dismibuted closely
around zero (Fig. 1B),

We performed the same analysis afier
replacing one of the MUAs by the LFP recorded
through the same elecirode. The mean MUA-
LFP phase relations clusiered around 1417
(Fig. 1C) and power correlations wene again
substantially enhanced around the mean phase
relation (Fig. 1, F and G). Across our sample,
good phase relations mostly distributed close o
the respective mean phase relations for both
MUA-MUA and MUA-LFP pairs (fig. 51 We
correspondingly dubbed the mean phase rela-
tion as “good” and the opposite phase nelation
as “bad,” and we aligned the trial binming 1w the
good phase relation.

The observed effiect was consistent across the
four data seis (Fig. 2 and fig, S2) (140, 86, 111,
and 111 MUA-MUA pairs from arca 17, arcas
18=21a, arca V' |, and arca V4. respectively, and
280, 172, 228, and 237 MUA-LFP pairs from
the same areas ). MUA-LFP pairs showed qual-
itatively the same effect as MUA-MUA pairs b
with higher signal-to-noise ratios (Fig. 2B). We
therefore focused our further analyvses on MUA-
LFP pairs (recorded from sepamte electrodes),
The effect was also present for pairs of LFP
and single-unit recordings (fig. S3) The eflcct
generalized o long-range interactions, because
the analysis of the data set combining cat arca

15 JUNE 2007

1609



I REPORTS

I8 mecordings with arca 2la recordings was
resincied to mnterarcal pairs of recording sites
(Fig. 2D).

We did not attempt to relate the two signals’
power correlation to their coherence, because

Fig. 1. Precise timing between rhythmic

>

the coherence measure confounds phase syn-
chronization and power comelation. In contrst,
we related the comrelation between the two
signals’ power across trials dircctly 1o their rela-
tive phase. The presence of coherence (Fig. TH)

does not necessarily result in a phase-relation

dependent power correlation (Fig. 11) and thus,
the demonstration of phasc-relation—dependent
power correlation goes beyond the demonstra-
tion of coherence.

neuronal activities determines the strength of - MUAMUA _
their mutual influence. (A) Sketch of three @ s - Good"
groups of neurons, each rhythmically active ' 'j JEne.
(LFP oscillations with spikes in troughs). Time - | Teon
windows for effective communication are . W
either aligned (red and blue group) or not Wy q "
aligned (red and gray group). (B and C) ! T ‘Bad”
Average phase-coherence spectrum across all v T B T phase
(B} MUA-MUA and (C) MUA-LFP pairs (area 17 L TP R relation
datal and corresponding distributions of mean 1] (1] ] o
phase relations at 60 Hz. (D) Trialwise phase
relations from an example MUA-MUA pair, MUA-MUA
Phase relations were sorted into bins (light and 0.15 60 Hz
dark gray ring segments) aligned to the mean Eg
phase relation (red line). {(E) Spearman rank £ E
correlation coefficients between the two MUAs' - 2 0.05
60-Hz power as a function of their phase 10 20 60 100 14C B‘J 100 140
relation. (The solid line indicates a cosine fit.) Frequency (Hz)
(F and G) Same as (D) and (E), but with one H <01028 sdai [
MUA substituted by the respective LFP. (H and 03| MUA-LFP - : Eu.q
I) Example MUA-LFP pair from the area 17 E l E’””’ 20 | 52
data set demonstrating that coherence does =5 02 | 02 550-2 sl
not necessarily result in phase-relation— ““ 0. 1E:= 0.1 '-"-E 5 gt
dependent power correlations. (H) Coherence 0 o
with a clear peak around 60 Hz. (I} Power 10 2'::: m tﬂﬂ 140 " Fr;;?mn::ﬁrqz‘;m ';'h m?ﬁ Hll'f.:l"l
correlations as a function of phase relations, requency (Hz)
showing no consistent relation.
A MUA-MUA B wmuA-LrP C == onan(p<00) 03
power correlation power correlation g018| 17
018 022 025 0 01 02 03 %%u .
§ I:
% g e PI'IESE ralahm
28 o ,
140
D quuency {H:l
N £ =012 § 0.24
areas 5
% 32’ 18% 21a §§ _15/\
2 § 5 000 3
g 3" 2 0.08
g § @ - 0 mn
e 8 0 Phase relation
- 10 20 Lo 10 140
E o s 0.12
£8o008| W1 52 000
i §fo
g g 0.04 Soos }
F;n 0 n
-— - hase relation
Phasa relation (rad.) Phase relation (rad.) ; ﬁ,. 0 0 20 ) 160 140
(0 = good phase rel.) (0 = good phase rel.) Frequency (Hz)

Fig. 2. Phase-relation—dependent modulation of power correlations is fre-
quency spedfic. (A) Average power correlation as a function of phase relation
{x axis) and frequency (y axis) for MUA-MUA pairs recorded in cat area 17. (B)
Same as (A), but for MUA-LFP pairs. (€) Modulation depth of the cosine function
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fitted to the phase-relation—dependent power comelations. Gray bars indicate
significant frequendes (P < 0,05, multiple comparisons corrected), (Right)
Average phase-relation—dependent power correlation at 60 Hz. (D and E) Same
as (Q), but for (D} cat area 18x21a and (E) monkey area V1.
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One concem s that the effect might be duc
to rhythmic commen input that Nuctuates in
strength across nals. Common input would bias
phase relations and impose comelated power on
both groups. Clucs about the actual causal chain
of events might be gained from the relative
timing between phase relation, on one hand, and
power corrclation, on the other hand, I power
corrclation covaried with phase relation because
ol commaon input, then there should be no delay
between the two, However, if good phase re-
lations were actually the mechanistic cause of
strong power comrelations, then good phase re-
lations should precede strong power correlations
by a few milliseconds, mcurred by axonal,
symaptic, and mtrmcellular delays, We therefore
compiled time-resolved estimates of the “good-
ness” of phase relations and of the strength of
power correlations, and then we determined the
cross-correlation as a function of time lag
between the two tme series (2). Figure 3
shows this analysis pooled across all four data
sets and demonstrates that good phase relations
preceded strong power correlations by 5 ms. We

observed this temporal precedence inecach of the
four data scis, Additional observations arguing
against a common mputl explanation are given in
the supporting online material text,

The modulation of two neuronal groups’
interaction by their phase relation would be
particularly interesting 1f' it was spatially specific
(Fig. 1A). We therefore investigated recording
triplets A, B, and C from three separate electrodes
(in which A was an LFP and B and C were
MUAs), Figure 4A shows, for one example
triplet, a scatier plot in which cach dot cor-
responds 10 one tdal and the x and v values give
the “goodness" of the A-B and A-C phase
relations, respectively 1229, We sorted the nals
according o the quadrams of the plot In
quadrants Q1 and Q2, the phase relation between
A and B was good, whereas in Q3 and Q4 1t was
bad, We contrasted the A-B power comelation for
Q1 and Q2 with that for Q3 and Q4 (red line in
Fig. 4, B 1o Dy Onhogonally to this, the phase
relation between A and C was good in ()1 and
3, whereas it was bad in Q2 and Q4. and we
contrasted the A-B power correlation for 1

tt—‘ig. 3. Gouddpharse re- A B

ations precede strong 0.04; 60 Hz

power correlations. (A) ?E 0.035 r '-P“fk;:%
Spearman rank comela- @ {p<0.001)
tion coefficient (y axis) E'ﬂ-m 0.030 '

between the power cor-

relation and the “good- E 0 R

ness” of the phase relation O ! :

across all MUA-LFP pairs 200 100 O 100 200 =30 -20 <10 0 10 20 30
of all data sefs for relative Time lag in ms Tiene 1ag in s

time lags (v axis) be-

tween —200 and 200 ms. (B) Detail from (&), demonstrating the peak of the cross-correlation function at
=5 ms. A latency of the peak outside the gray shaded area is significant at P < 0.05.

Fig. 4. Spatial selectivity of phase-
relation—dependent power correlation.
(A} Scatterplot shows the distribution of
trialwise phase relations between groups
A and B (y axis) and between groups A
and C (x axis) for an example triplet at
&0 Hz. Equations define how A-B power
correlations from each gquadrant were
combined for the results shown in (B to
D). In the equations, c(AB,) denotes the
A-B power correlation across trials in
quadrant g (where g is 1, 2, 3, or 4). (B)
A-B power correlation as a function of
the A-B phase relation [irrespective of
the A-C phase relation (red line)] and
as a function of the A-C phase relation
[irrespective of the A-B phase relation
{blue line)]. Gray bars indicate frequen-
cies with significant differences (P < 0.05,
multiple comparisons comrected). The y
anis denotes the differences in power
correlations according to the equators
shown in (A). (C and D) Same as (B), but
for (C) monkey area V1 and (D) monkey
area V4,

A

@ “Good” phase relations
@ “Bad" phase relations

# Single epoch phase relation
(0 = "good” phase relation)

APower @

correlation
o 8
[+t
3
i % o
3
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and Q3 with that for Q2 and Q4 (blue linc in Fig.
4, B o), The A-B power correlation depended
significantly more on the A-B phase relation
than on the A-C phase relation. Thus, the effeat
had a spatial resolution that was at least as high
as the spatial resolution of our recordings (down
to 0,65 mm in the monkey data scts),

We provided evidence suggesting that neu-
ronal interactions mechanistically depend on the
phase relation between rhythmic activities. The
most likely reason for this dependence is that
thythmic activities modulate the gain of incom-
ing synaptic input rhythmically. Effective con-
nectivity can thus be maximized or minimized
through synchroniztion at a good or bad phase
relation, The impact of pymmidal cells could be
enhanced, for example, il their firing phase rel-
ative to interncurons were advanced (13, 23, 24)
or if imemeuronal finng were delayved through
inhibation or reduced excitation (25}, Such mech-
anisms mught be invoked direetly by cogmtive
top-down control.

Effeetive connectivity would diminish when
synchrontzation is less precise, because then syn-
aptic input is more likely to amive al mndom
phases. This mechanism has the advantage that
within a sulliciently wide frequency band, mul-
tiple groups can be desynchronized, with respect
toa given targel group, without being necessarily
synchronized 1o cach other. Periods ol putative
interactions between distant neuronal groups are
marked by an increased precision of synchroni-
antion (1, 4, 6, 26-30),

We propose that the patem of svnchroniza-
tion (its precision, phase, or both) weights the
anatomical-connection infrastructure with a gain
pattern, resulting in an effiective interaction pat-
tern (/). Such a mechanism would have several

= gignificant (p < 0.05)

10 20 80 100 140
Frequency (Hz)
c 0.05( =— e ———
56
5 V1
aP
=]
e 0
10 20 60 100 140
Frequency (Hz)
D o0
- =
§E
o
S g 0.04 V4
([c(AB)) +c(ABy) ] - [ c(ABy + clABy ] )12 <98
Ve
([ c(AB,) + c(AB,) ] - [ c(AB,) + c(ABy) ] ) /2 10 20 60 100 140
Frequency (Hz)
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imteresting features. First, the effective interac-
tion pattern could be modificd very dynamically,
Sceond, the mechanism would act connection-
wise, Thind, a transeent interaction would lead 1o
spike-time-dependent plasticity (8-/0) and
thus, a long-term tmce, And fourth, synchroni-
zation might emerge in a scll-organized manner
between “matching™ newronal groups. In the
visual cortex, synchronization is stronger among
neurons activated by the same visual stimulus
(/). This prnciple might generalize to the hand-
shaking between cognitive top-down control and
matching sensory  bottom-up information, in
which case consccutive synchronization could
contribute 1o the sclective routing of sensory
mfomation o behavioral control (13, 14, 25),
Our resuls sugeest that syochromezation  has
consequences for neuronal interactions, pro-
viding a putative mechanism through which syn-
chronization contnbules o cognitive [inclions,
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Neural Mechanisms of Visual
Attention: How Top-Down Feedback
Highlights Relevant Locations

Yuri B. Saalmann,® Ivan N. Pigarev,” Trichur R. Vidyasagar™*

Attention helps us process potentially important objects by selectively increasing the activity of
sensory neurons that represent the relevant locations and features of our environment. This
selection process requires top-down feedback about what is important in our environment, We
investigated how parietal cortical output influences neural activity in early sensory areas. Neural
recordings were made simultaneously from the posterior parietal cortex and an earlier area in the
visual pathway, the medial temporal area, of macaques performing a visual matching task. When
the monkey selectively attended to a location, the timing of activities in the two regions became
synchronized, with the parietal cortex leading the medial temporal area. Parietal neurons may thus
selectively increase activity in earlier sensory areas to enable focused spatial attention.

tiention allows us w engage with our en-
A\imunlunl by selecting information rel-
evant for behavior (/-3). This enables
preferential processing of particular locations in
the visual ficld or specilic faature of objects,

Attention maintained on a location is usually
referred 10 as spatial awention and that on a
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Sciences, Bol'shoy Karetniy 19, 127994 Moscow, Russia.
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featwre as leature-based attention (4, 3). Both
types of attention manifest in visval conical arcas
as increased activity of neurons representing the
attended location or feature and reduced activity
of other neurons (6-/4), This may require top-
down feedback about what s relevant in the
environment: however, such feedback has not
been empirically demonstrated, There is evidence
(6, M, 1307 that the posterior parietal conex
(PPC Y is critical For spatial attention, The PPC isa

higher-order structure along the dorsal stream of

visual arcas (Fig. 1A), which are particularly
concemed with spatial aspects of a scene. It has
been suggested that the spatial information about

ascene extracted by the PPC forms the basis for
feedback signals 1w carlier levels of the visual
pathway, highlighting spatial locations of poten-
tial interest (f8, 19 and gating responses depend-
ing upon the state ol attention.

We simultancously measured the activity in
a pant of the macaque PPC called the lateral
intmparictal arca (LIP), and the immedimely
carlier stage of the dosal pathway, the medial
temporal area (MT: Fig. 1A). We tested whether
LIP feedback increases MT responses to attended
visual stimuli. The monkevs performed a delayved
match-to-sample (DMS) 1ask, which manipu-
lated both where they were attending and what
stimulus feature they were attending to (Fig. 1B)
(200, We recorded 29 pairs of neurons from MT
and LIP, cach pair having overlapping receptive
ficlds (RFs) and the same preferred orientation.
Local ficld potentials (LFPs) from the two sites
were also recorded.

We first tested whether our paradigm resuled
in increased responses of MT neurons 1o attended
stimuli. Figure 2A shows the efleet of spatial at-
tention on a single MT neuron and Fig. 2B. the
average population response. For both data sets,
the MT response (o the second stimulus was sig-
nificantly increased in the “spatial and Reature-
based anemtion™ and “spatal atemion”™ condi-
tions, compared 10 the “newtrl™ control, When
“attention was clsewhere,” the MT response o
the second stimulus was signilicantly reduced
{ Holm's controlled Wilcoxon test, P < 0.05), These
attentional effects on MT neurons are consistent
with those reported in other types of cognitive
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tasks and other cortical arcas (2, 6-/4) and are
nod due to simple stimulus repetition (fig. S1).
If LIP newrons code attention priontics, then
their activity should differentiate between atten-
tion conditions, Figure 2, C and D, show the
activity of a single LIP neuron and the popula-
tion, respectively, Both show a significamly in-
creased response o the second stimulus with
“spatial and Raturc-based attention™ compared 1o
the “neutral” first stimulus, but a signilicantly
reduced response when “attention was ¢lsc-

where” (Holm’s controlled Wilcoxon test, P <
0.05). For the “spatial attention”™ condition, the
mereased response 1o the sccond stimulus was
significantly different from the “attention ¢lse-
where™ control, though not the “neutral™ control,
The activity of LIP ncurons increasad through the
delay period afier the first stimulus, with the
overll delay penod activity sigmilicantly greater
in those cases where attention included the RF
location (Holm's controlled Wilcoxon test, P <
0.05). Because LIP activity increased before the

Fig. 1. The experimental paradigm. A Top-down feedback from LIP to MT
{A) Areas V1, MT, and LIP are con-

nected as shown. We simultaneously Lip

recorded from the MT and LIP while P Feedback

the monkey performed the DMS task ..r..fi

(B). The monkey is required to match
both the orientation and location of
two stimulus gratings to obtain a
reward. The monkey maintained fix- B
ation throughout each trial, while we
manipulated his attentional state,

Delayed match-to-sample task
Monkey depresses lever to initiale fixation point FP

Two attention conditions were com- :ImktrFP . m::u = i’“ S
xales L
I n . ¥
pared to two controls. When both cidenee 800ms S

gratings (51 and 52) have the neu-
rons’ preferred orientation, and both
appear at the RF location (here, the
lower left quadrant), the period after
onset of S2 is the “spatial and
feature-based attention” condition
(left cascade). When S1 and S2 are
both at the RF, but 51 has the

Delay 2 = 100 ms
Stimulus 52 [l 700 ms

s (W

T00 ms
FPamsl | ]ﬁﬁlms
FP disappears |

Monkey releases lever when FP dims if 51 maiches 52
or when FP disappears if 51 does not match 52

nonpreferred orientation and 52 the preferred, the period after onset of 52 is the “spatial attention”
condition (middle cascade). The two controls are the "attention elsewhere” state, which is the period
after onset of 52 when 51 is outside the RF and preferred-arientation 52 is at the RF (right cascade); and
the “neutral” state, the period after onset of 51 when preferred-orientation 51 is at the RF and 52 has
not yet been presented (left cascade). FP, fixation point.

Fig. 2. Attention in-
creased activity in LIP
before MT. Examples of
single-neuron activity
{=5E) in the MT (A) and
LIP (C) dwing the DMS
task with 800-ms in-
terstimulus delay. Three
types of trals are color-

A MT single neuron
51

25 spikes's

52

MT population
51

|
F4

o

8
1S ‘P zs ebueyd %

coded: red (“neutral” 51, ' ' J

then “spatial and feature-
based attention” on 52),
green ("spatial attention”
on 52), and blue ("atten-
tion elsewhere” for 52).
Population activity in the
MT (B) and UP (D) repre-
sents the average of 24
cells for each area, 12
simultaneously recorded
pairs from each of two
monkeys, recorded at
800-ms delay, The percent-
age change (+5E) in the
population resporse (0 to

20 spikes’s ©

0.5 1
Time (s)

1.5

LIP population

-

8 2

T
o

1S P 25 8bueyn %

|
3

0.5 1 1.5
Time (5)

Nomalized spike rale '©  Normalized spike rale @

— Prefemed 51 (neutral) then preferred 52 (spatial & featural attention)
— 51 outside receplive field then preferred S2 (attention elsewhere)
— Non-praferrad 51 then praferred 52 (spatial attention)

300 ms after stimulus onset) of the MT [(B), right] and LIP [(D), right] evoked by 52 compared to “neutral” 51;
shown are the combined data from 24 cells at 800-ms delay and 5 cells at 500-ms delay.
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MT response to an attended stimulus, LIP is ina
posilion to provide feedback 0 MT.

I LIP causes the effect of attention on MT,
then the activity in the two arcas should be
comelated and spikes from LIP neurons should be
closcly tollowed by spikes from MT neurons, We
calculated the coherence of MT and LIP activi-
tics |using multi-taper spectral methods (20-22)),
which measures the degree of association be-
tween two oscillatory processes (here the spike

trains or LFPs in MT and LIPY as a function of

oscillation frequency, We generally  observed
increased coherence between MT and LIP LFPs
in the “spatial and feature-hased attention™ and
“spatial atiention” conditions (Fig. 3, A and B).
The coberence in the 10- w 35-He rnge -
creased when the first stimulus appeared in the
RF It was also significantly clevated during the
delay period (Student’™s ¢ test, P o< 0L05),
increasing just before the second stimulus, The
coherence peaked around the second stmulus
and remained elevated for up to 400 ms around
the stimulus. Figure 3C shows the coherence
when the first stimulus was ashed outside the
RF and thus spatial attention was not dawn 1o
the receptive-lield location. The coherence is
much weaker in this case, particularly around the
second stumulus, Figure 3D shows the avemge
coberence of the population of 29 paired record-
ings lor the two attention conditions and two
control states. The coherence was significantly
greater (Holm's controlled Wilcoxon test, P <
0.05) when attention was locused on the
receptive-ficld location compared 1o the “neutral™
and “attention elsewhere” controls.

The significant coherence of LFPs in MT
and LIP during spatial attention means that
there was correlated activity belween enseme-
bles of MT and LIP newrons. To determine the
relative timing of action poientials between the
two arcas, we calculated the coherence between
simultancously recorded spike trains from single
neurons in MT and LIP (0 w 300 ms afier
stimulus onset). The coherence between the
spikes clicited by MT and LIP neurons was
generally low but nonetheless significantly above
Zero (Student’s 1 west, P < 0.1) in the gamma-
frequency mange for 34% of ncuron pairs. The
lower coherence between spike trains than
between LEPs 15 cxpected, because any particular

sampled pair of neurons has a low probability of

being strongly connecied. Nevertheless, the
“spatial and feature-based atiention™ and “spatial
attention™ conditions produced significam
coherence (Fig. 4A). In contrast, there were no
cases of signilicant coherence in the “neutral™
and “attention elsewhere™ controls.

I LIP has a top-down influence on MT
responses during focal attention, then the phase
of the coberence should show LIP leading MT.
Figure 4B shows the phase when the coherence
wis significantly above zem, which occumed
only during the two attention conditions. The
phase of the peak coherence showed the LIP
preceding MT by 4.55 + 104 ms lor the “spatial
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and feature-based attention”™ condition and by
T43 + 202 ms for the “spatial attention™
condiion {(mean = SE of the 34% of neuron
pairs showing significant coherence). This phasc
relationship s physiologically plausible  for
feedback from the LIP o MT, assuming a
conduction velocity of | m/'s (2.3) for imracortical
connections, To ensure that the coherence we
saw was due to within-trial physiological
interactions, we shilled, across time, the LIP
spike train relative 1o the MT wain by integer
multiples of trals tor cach recording session and
recalculated the coherence (Fig. 4C), This control
abolished the anention-enhanced coherence.

We next tested whether LIP spikes preceded
enough MT spikes 0 cause the increased MT ac-
tivity during spatial attention. We observed a sig-
nificant increase in the percentage of MT spikes
preceded by LIP spikes in the spatial attention
conditions comparcd with the “neutral™ and
“attention elsewhere” controls (Hobm's controlled
Wilcoxon test, P < 0.05; Fig. 4D). The magnitude
ol this effect (percentage of MT spikes preceded
by LIP spikes within 10 ms: spatial and featural
attention, 11.5%: spatial atiention, 8.3%) could
potentially account for a substantial amount of the
increase in MT activity (spatial and el atien-
tiom, + 14.0%; spatial attention, +9.6%), However,
a greater incnease in LIP activity, relative 1o MT
activity, could lead to the results i Fig. 4D with-
out LIP feedback 1o MT. This possibility is dis-
counted by the finding ol a signilicant increase in
the pereentage of LIP spikes ollowed by MT
spikes wath attention { Holm's controlled Wilcoxon
test, 7 < 0.03; Fig. 4E). Both increased coherence
ol oscillmory LFPs and LIP spikes preceding MT
spikes in the attention conditions are evident in the
raw data from single wials (lig. S2)

Synchronization between LIP neurons may
be a fundamental mechanism ensuring that the
output from LIP neurons has an increased impact
on sensory areas such as MT. We calculated the
spike-ficld coherence in LIP, which indicates the
degree of synchronization between spike times
and the LFP. The mean spike-ficld coherence
between 25 and 43 He was significantly
imcreased inthe two spatial attention conditions
(Fig. 4F) compared 1o the “atiention elsewhere™
control (Holm™s controlled Wilcoxon test, P <
01,05). This suggests that spike timing, inaddition
to spike i, may be important for increased
efficacy of atentional feedback,

Owr results show that LIP feedback can ac-
count for sttention-enhanced MT responses, This
feedback manifests in the coherent activities of
MT and LIP neurons within the gamma-frequency
range (25 w 45 He), supporting the mole of gam-
ma synchronization in infonmation processing
{24-26). The phase of'the observed coherence
is such that LIP feedback can potentially ar-
rive at MT during a depolarizing phase of
membmne-potential oscillations, increasing the
probability of spike generation. Synchronization
of feedback may also increase sensory activity
during attention,

15 JUNE 2007 VOL 316 SCIENCE

The response of LIP neurons to the second
stimulus of prefemred onentation depended upon
whether the first stimulus, though at the same

location, was ol the prefermed or onhogonal ori-
cntation. In MT neurons, however, there was no
significant difference in response 1o the second
A MNeutral

Spatial & featural B Spatial attention

on pref 52

preferred S1  attention on pref S2 MNon-pref S1

Frequency (Hz)

D

8 Spatial & featural attention —

c Attention elsewhere —
0.4+ Spatial attention —

Neutral —

B 0.2

.E R LT e %

5 ﬂ T T 1

= 20 40 60

Frequency (Hz)

Fig. 3. Coherent neural activity between MT and LIP. The coherence (color-coded) of the MT LFP and LIP
LFP from a pair of recording sites during the DMS task. The coherence was calculated in successive 300-
ms windows with a step size of 50 ms. 52 is the preferred stimulus in the RF and is the same in each
panel, (A) 51 and 52 match for location and orientation; (B) 51 and 52 match for location only; and
(C) 51 and 52 differ in location. (D) Population average of the transformed coherence (20) between the
MT LFP and LIP LFP, 0 to 300 ms after stimulus onset (solid lines), and the control, where the LIP LFP was
shifted relative to the MT LFP (dotted lines).

A Coherence of spike rains

B Phase where coherence C Coherence of shuffled
in MT and LIP is significan

t spike trains

180 0.2

0.2

leads

: 2
ot
Neutral —
0.1 % o Spatial att —
o Att elsewhere —
- Spatial & featural att —
0 =180

20 30 40 SO
Frequency (Hz)

20 30 40 S0
Frequency (Hz)

D MT output after LIP spikes E LIP output before MT spikes

g 20
5 10
# #
u L T L T 1 n Ll T T L L
5 T 10 125 15 5 75 10 125 15
Time after LIP spike (ms) Time before MT spike (ms) =
Fig. 4. S5ynchronized LIP feedback to MT during attention. (A) Coherence of spikes from a pair of LIP and
MT neurons, 0 to 300 ms after stimulus onset. Color coding as in Fig. 3D. (B) Phase of significant
coherence between the pair of neurons in (A). Only two traces are shown, because neither control showed
significant coherence in the gamma range. (C) Relative shifts between spike trains by integer multiples of
trials abolished attention-enhanced coherence; compare with (A). (D) Population median of the per-
centage of MT spikes preceded by LIP spikes, in the 300 ms after stimulus onset. (E} Population median of
the percentage of LIP spikes followed by MT spikes, in the 300 ms after stimulus onset. (F) Population
average of the transformed spike-field coherence in LIP (solid lines). Increased coherence is seen for the
two attention conditions in the gamma range. Shifting spike trains relative to the LFP in LIP abolished
attention-enhanced coherence (dotted lines).

Frequency (Hz)
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stimulus between these two attention conditions,
This 15 consistent with the idca that the parietal
corex uses both spatal and teature-based n-
formation 1o determine purcly spatial prioritics
for 1ts feedback (/&) Such a scheme provides a
neurl framework for “guided search”™ models of
attention (3, /8 and s consistent with feedback
to auditory and somatosensory systems (27, 28)
being spatial

The dorsal and ventral contical pathways are
said o represent the spatial and  Raure-based
aspects of a visual scene, respectively, and LIP is
part of the dorsal pathway, However, the Feature
sehectivity shown by LIP peurons in our and
other studies (29, 30) means that LIP could be
imvolved in processing object features through
its direet connections with the ventral pathway
(£9, 27, 25) or by gating ncuronal activity at the
level of VI via MT (J8, 19). The attentional
modulation of activity in ventral cortical arcas
(2. Tyand even m V1 (8, 10, 12, 13y may have its
ongin in LIP as the gain controller.
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a-Klotho as a Regulator of
Calcium Homeostasis

Akihiro Imura,™*®** Yoshihito Tsuji,** Miyahiko Murata,’** Ryota Maeda,™? Koji Kubota,'?
Akiko Iwano,™® Chikashi Obuse,” Kazuya Togashi,’® Makote Tominaga,'® Naoke Kita,*
Ken-ichi Tomiyama, Junke lijima," Yoke Nabeshima,® Makio Fujioka,” Ryo Asato,”

Shinzo Tanaka,* Ken Kojima,* Juichi Ito,* Kazuhike Nozaki,® Nobuo Hashimoto,® Tetsufumi Ito,'?
Takeshi Nishio,® Takashi Uchiyama,® Toshihiko Fujimori,™® Yo-ichi Nabeshima®®t

w=kiotho was identified as a gene associated with premature aging=like phenotypes characterized
by short lifespan. In mice, we found the molecular association of u-Klotho {a-Kl) and Na* K*-
adenosine triphosphatase (Na*,K*-ATPase) and provide evidence for an increase of abundance of
Na*,K*-ATPase at the plasma membrane. Low concentrations of extracellular free calcium ([Ca**],)
rapidly induce regulated parathyroid hormone (PTH) secretion in an o-Kl- and Na*, K'-ATPase—
dependent manner. The increased Na* gradient created by Na®, K*-ATPase activity might drive the

transepithelial transport of Ca®* in cooperation with ion channels and transporters in the
choroid plexus and the kidney. Our findings reveal fundamental roles of w-Kl in the regulation

of calcium metabolism.

fothe mutant mice are short-lved, and

E the gene responsible for the phenotype
15 called &otho (1), A homolog has

also been identilicd and named B-&lathe (2, 3).
To avoid confusion, we refer o the original
gene as o-klothe, The o-kforfo (e-kf) gene
encodes a type | membrane protein with
considerable similarity 1o p-glveosidase that is
predominantly  expressed in tissues that are
involved with calcium homeostasis; that is the
parathyroid glands, kidney, and choroid plesus
(<, 51 (supporting description 1), Alhough o-Kl
has been predicied to be present on the cell
surface, large amounts of a-K1 are detectable in
the cytoplasm and the cleaved extracellular
domain is scereted into the blood and cerchro-
spinal fluid (CSF) (A) In this paper, we show a

WWW.sCiencemag.org

pivotal role of @Kl in calcum homeostasis
{mouse breeding conditions are described in
supporting descnption 2 and fig. S1).

We idemificd the al subunit of Na K-
ATPase (ul-Na” K -ATPase) as an a-Kl bind-
ing proicin (7} (supporting deseription 3) and
further confinmed the binding by Westem blot
analysis and with reciprocal immunoprecipitia-
tion (Fig. 1, A and B). a-Kl precipitated by
monoclonal antibody 1o al-Na™ K -ATPase con-
tained proteins that migmted as two bands of 120
and 133 kD, indicating that Na' . K'-ATPase
binds o @-Kl regardless of s sugar moictics
(Fig. 1B) (6). The f subunit of Na™ K'-ATPasc,
which has a major mole n the wegulnion of
membrne recruitment of Na K -ATPase (8),
was included in the o-Kl-Na' K -ATPasc

SCIENCE VOL 316

complex (Fig. 1B)L These molecules also asso-
ciated in mouse Kidoney and in lhwman parmthyroid
glands (Fig. 1, C and D).

In these tissues, the majority of a-K1 immu-
noreactivity was detectable in the evioplasm,
whereas al-Na™ K™-ATPase immunoreactivity
wiis observed at or near the cell surface and dif-
fusely i the eyvtoplasm (fig. 52) We venfied the
above istological observatons by the surface
biotiny lation and subcellular fractionation using
the choroid plexus and the HeLa cells introduced
with both o-KI and al-Na' K-ATPmxse lused
with enhanced green fluorescence protein (al-
Na K -ATPase-EGFP), respectively. a-KI was
primarily detected in the nonbiotinvlated cvio-
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plasmic fraction and net in the biotinylated cell
surface fraction, whereas al-and B1-Na  K'-
ATPase were readily detectable in both frac-
tons (Fig. 1E) This demonstrated that a-Kl
binds to Na' K™ -ATPasc in some intraccllular
organclle and not at the plasma membrane, The
a-Kl and al-Na” K" -ATPasc-EGFP complexes
were found in the endoplasmic reticulum (ER),
Golgi apparatus-plasma membrane (Golgi-PM),
and early endosome (EE) fractions (Fig. 1Fy(9).
The 120-kD premaure form of a-K1 was found
solely in the ER fmction, whereas the |35-kD
mature «-Kl and it 1-Na" K -ATPase-EGFP com-
plexes accumulated in the EE and Golgi-PM

fractions (#). We conclude that a subset of

Na',K"-ATPase appears to traffic from the ER
to the cell surface in conjuncuion with a-Kl and
that a-KI1-Na", K -ATPase complexes locate in
ER and Golgi apparatus and abundantly accumu-
late in the EE (including recveling endosome),
ready [or recruitment 1o the cell surface.

We hypothesceed that a-K1 mught direetly
alfeet Na” K -ATPase activity (supporting de-
scription 4 and fig. $3). Because the involve-
ment of a-Kl in calcium homeostasis was strongly

suggested, we investigated whether Nuctuation of

[Ca™")e results in a change in Na K -ATPase
activity in the isolated choroid plexus (f0, 1),
When tissue was incubated in medium containing
low Ca™, the uptake of *Rb, representing the
activity of Na" K'-ATPase. increased rapidly
(within a fow minutes), while decreasing in o
high Ca®* solution (Fig. 2A). Consistent with the
¥Rb uptake data, low Ca® media significantly
meresed the surface amount of Na K™ -ATPase
festimated by mnaed-ouabain labeling) (12, 13,

and conversely were decreased in high Ca™ me-
dia (Fig. 2B). This result demonstrates that
Na K -ATPase activity is comrclated with its
amount on the cell surface, both of which re-
spond to [Ca®"]e concentrations, leading us 1o
conclude that the shift of |('::z' |e riggers a rapid
response that accumulates Na' K -ATPasc at the
plasma membrmne, Next, we examined the in-
volvement of a-Kl in this system using ekl
mice. The uptake of **Rb and levels of surface
Na " K -ATPase were not allected by the change
in [Ca®™ ], in a-kf 7" mice (Fig. 2, A and B). No-
tably, the **Rb uptake ine-k/ mice was always
comparable 10 or somewhat lower than tha in
wild-type (WT) high [Ca™ |, the lowest level in
WT mice. These indicate that w-Klis required tor
the rapid recruitment of Na” K'-ATPase o the

e e ¥ :
cell surface in response o [Ca®™ | The amount ol

the cell surface Na K™ -ATPase of the extirpated
choroid plexus in a-k 7 mice was shightly but
significantly lower than that in WT mice (Fiz. 2C),
also indicating the involvement of a-Kl in the
transport of Na' K'-ATPase to the cell surface.
The 130-kD extacellular domain of «-Kl is
secreted into serum and cercbrospinal Nuid
(CSF). Thus, we investigated whether the secre-

tion of a-Kl correlates with surface amounts of

Na K -ATPase. Incubation of isolated choroid
plexi in buffer containing a low [Ca®' | increased
secretion, wheneas less secretion was observed in
cells exposed 1o high [Ca®] (Fig. 2D). In serial
infusions with bullers (fig. S4), higher amounts
of e-KI were seercted into the vein of kidney in
response to buffer containing a low [Ca®'], and
smaller amounts were detected in high Ca®* buf-
ler (Fig. 2E). Seerction of a-K1 was also induced

in response to low [Ca™ | in the isolated pam-
thyroid glands (Fig. 2F). These results suggest that
seeretion of =Kl cormclates with ('uz'-dx,wndq:nl
accumulation of Na " K -ATPase at the cell surface.

Because administration of 4a-phorbol 12,13-
didecanoate (4a-PDD) (14), a specilic agonist of
transient receplor potential vanniloid-4 (TRPVA),
induced a significam merease of the cell surface
expression of Na" K -ATPase and sceretion of
o=kl in the choroid plexi deaved from WT, bu
not in plexi from a-&" mice (Fig. 2. G and H,
supporting description 3, and fig, S5A), we trans-
lected Hela cells with plasmids encoding a-Kl
and TRPVY 1o explore the possible role of a-Kl
in recruiting Na K -ATPase (15, 16). We then
venlied tha both a-Kl and activaton of TRPVY
were required for the increase in abundance of
Na K -ATPase at the plasma membrane and
the comelated secretion of «-Kl in HeLa cell
experiments (Fig. 21} (supporting description 5).

To imvestigate the response of PTH secre-
tion 1o low [Ca® |y (1 7) we administered a
Ca®' chelating gel (Chelex, Biorad, Hercules,
CA) to mice through intraperitoneal injection
(fig. 56). The decrease in [Ca® lsenmn caused
increased secretion of PTH into serum in WT
mice (Fig. 3A). The increase in the serum PTH
was much smaller in a-kf mice (Fig. 3A),
sugeesting that o-KI1 has a role in promoting
regulated seeretion of PTH. Sceretion of PTH
was also increased in cultured thyroid and para-
thvroid glands exposcd 10 buffer containing a
lovw |(':|='| (Fig. 3B). In glands from e/
mice, PTH secretion induced by low Ca®™ was
detectable but only about 27% of that observed
from WT glands ( Fig. 3B). Ouabain, a specific

it 0 Cwooumes O e 0 L2 Lysse i 2.ty
Had el #leit- 5 .~ - B R T
— e c=s NaKol T g - %i 2 ws w= == NaKol 150kDa- ; E 150kDa : g
=] ! 1 . & i Kl
= ::: NaKed | uom-.
- .. ;Eul;luzlwﬁ s . - - ' oKl
F Lysate anti-EGFP IP
EMee NeB NBB NBEB ~ NB B oKlijwemmem | | - |
- . —_— -ﬂlu ol-NaK-EGFP | e B | [ e |
CNX  aKI NaKa  NaKp  FGFR2 EEA1 | - | B ER A
Fig. 1. Interaction of u-Kl with Na* K*-ATPase, (A to D) Proteins were immunoprecipitated GM130| == | E

from lysates of (A) choroid plexi and (O kidneys from a-k** and «-ki~" mice and (D)
parathyroid glands from patients with monoclonal antibodies (mAbs) to «-Kl (Mink1, Rinkl2,
and Rink107) and blotted with mAbs to «1-Na* K*-ATPase («6F) or oKl (KM2076), (B) :-Kl
was blotted with KM2076 in reciprocal immunopredipitation using mAb to a1-Na*, K*-ATPase
{C464.6) or polyclonal antibody (pAb) to 51 Na* K*-ATPase. (E) Proteins from the choroid
plexi were surface-biotinylated followed by separation with streptavidin-conjugated

resin. Fractions were blotted with one of a series of antibodies (mAbs to calnexin, -

ribophorini |""‘ |
e MR

g

E:

Kl, al-MNa*,K*-ATPase, and J1-Na*,K'-ATPase, and pAb to FGFR2).

(NB, nonbinding fraction; B, fraction binding to streptavidin-cenjugated resin). (F) Subcellular localization of «-Kl and Na*K*-ATPase. (Left) Lysates of Hela

cells were separated into ER, Golgi-PM, EE, and late endosome (LE) fractions on sucrose

gradients, and proteins were blotted either with antibody to o-Kl,

EGFP, early endosome antigen 1 (EEA1), Golgi matrix 130 {GM130), or ribophorinl antibodies. (Right) Analysis of a-Kl coimmunoprecipitated with

al-Na* K*-ATPase-EGFP.
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inhibitor of Na™ K" -ATPase, inhibited the scere-
tion of PTH trom WT glands (Fig. 3C). There
wis no significant effect of ouabain on Ca”™ -
sensitive PTH scerction from a-kf " glands
(Fig. 3C), which suggests that a-KI1 may be
required Tor Na ,K™-ATPase-dependent PTH
release. The amount of stored PTH of a-kl™
mice was ~53% that of WT mice (lig. $7) How-
ever, the amount of responsive PTH scerction
during 6 min is validated within 0.33% of stored
PTH in e-kf " mice, whereas it is within 0.66%
in WT mice. These results suggest that there
should be suficient amounts of stored PTH avail-
able for secretion even ina-& mice. Taken to-

gether, we suggest that the reduced response of
seum PTH in a6 mice is largely caused by
impairment of Na K -ATPase-dependent score-
tion of PTH (fig. S7) (supporting description 6),
Since the first repont of Brown, it has
remained an open question how Na™ K7-ATPasc
activity responds to low Ca®* in the parathyroid
glands (/8). When [Ca®*), is lowered, Na" K*-
ATPasc is quickly recruited to the plasma mem-
brane in correlation with the seeretion of a-Kl
(Fig. 2F). An clecirochemical gradient created
by increased Na',K-ATPase may cause PTH
release, I this pathway is disrupted either by
ar-ki deficiency or by administrmtion of ouabain,

REPORTS I

the regulated seerction of PTH is equivalently
suppressed (Fig, 3C). In I_I.u.: choroid plexus,
the importance of a-KI in Ca®™ " transport was sug-
gested because (1) surface amounts of Na™ K-

ATPase in a-kl" mice are lower than that of

WT (Fig, 2C), (1) consistent with this, the con-
centration of total calcium in CSF ([Calegy) in
a-kl™" mice was 23.6% lower than that of WT
mice (Fig. 3D and fig. S8), and (i) both surface
amounts of Na' K -ATPase and sceretion of a-Kl
respond 1o lowering | Ca™ |, (Fig. 2, B and D, and
lig. 59), These results imply that calcium ho-
meostasis is impaired in the CSF of a-K 7 mice
and suggest that c-Kl s involved in regulating

A B_ Cc D Chorold phexus
55 - < e _ _Leca  _ NCad _ Hewt
z £13 £204 =
§oo- 5, I\ I —————
Sgx | 2 } E"B'
X EIRE £ Kidney
JA40 i : { 216+ HCa™ LCa* HCa® LCal*
el 1 a T %": """"""" == B
g 2 E E 1.4 Kl - R
230 - E 9 %
=
S A - = F v T 1.0-
czzx S22 g s5 55 SR g
£§8% 88 ¢ 1¥i1 i1 3
e = @ @ 2
ipg Bii ® 38
FPIIlh'j'l'd'd 51.‘ I akl = = = = 1 % % & &
Fig. 2. [Ca®*].-dependent recruitment of Na*K*-ATPase, & £ g St R D
Data are mean +/— standard deviation (SD). Subjects were g & §a o orsoc BRI S B
8-week-old male mice. (A) Na*K*-ATPase-dependent *‘Rb ;.,3 f B2 - il !
uptake. Na®K'™-ATPase activity was measured in buffers M- F-ERE £ 121 E o
containing 0.625 mM (L), 1.25 mM (N), or 2.5 mM (H) Ca**  suP s o1 2 1% T E1 i & }
using bilateral choroid plexi. Uptake for the L and N groups 2 & - ' }
from -k{** were significantly greater than that for the L N, ppt s 5° 3 19 ¢ }3 ¥ .
and H groups from a-™" animals (P < 0.01, Dunnett's g R '
multiple comparison test). Asterisks indicate significant dif- 2 . 3 s '
ferences. (B} Ratios of tritiated ouabain bound to one lateral F & e :
choroid plexus after 4 min incubation with artificial CSF ixix -+ :
(ACSF) containing various concentrations of Ca™ (L, N, Hito oiol el '
that bound to the contralateral side after incubation with N B 1.21 ; ’
ACSF. LN, ratio of binding in L ACSF to that in N ACSF; HIN, S R s woRl B '
ratio of binding in H ACSF to that in N ACSF. NN (ratio of - - E }
binding in N ACSF from both sides) was almost equal to 1, T e g } } : }
confirming the technical reliability. In «-k*"*, HN ratio was 91 } .
significantly <1 and UN ratio was significantly >1 (asterisks, P < 0.01, ttest), whereas both ratios in a-k ™~ & _ | '
were close to 1. (C) Amount of surface «1-Na* K*-ATPase in the k""" and a-k"" mouse choraid plexi. s

Each fragment of the choroid plexus from the lateral ventricles was labeled with tritiated ouabain and 7
counted. Surface o 1-Na* K*-ATPase of a-41™" was significantly less than that of -k (asterisk, P < 0.05,

Student’s t-test). (D) Secretion of «-KI from isolated choroid plexi of a-ki*'* incubated with ACSF containing

the indicated [Ca®*] for 4 min. at 37°C. Supernatants of plexi from two heads were loaded per lane. (E)

Secreted «-Kl during infusion of kidneys. Each band represents secreted «-Kl present in a 30-5 fluid fraction,

(F) Secretion of «-Kl from the parathyroid gland. Dissected thyroid and parathyroid glands were incubated in

low [Ca®*] (0.5 mM Ca®*) and high [€a®*] (2.0 mM Ca®) buffers. The supematants (sup) and predipitates (ppt) were analyzed by Western blotting. (G} Agonist for
TRPV4 (4c:-PDD) induces the Na*, K*-ATPase recruitment. Shown is ratio of *H-ouabain-binding of the lateral choroid plexi incubated in ACSF with 4a-PDD (10 uM)
for 4 min to that of control plexi incubated without 4¢:-PDD. The ratio of binding in c-k*"* was significantly >1 (asterisk, P < 0.01, t-test) but not in a-k . (H) a-KI
secretion from isolated choroid plexi incubated in the ACSF containing dimethyl sulfoxide (DMS0), 5 uM 4a-PDD, or SuM 40-PDD with 2 mM EGTA. Western blots
show proteins from «=k{*"*, supernatants of plexi from two heads per lane; n = 4; representative samples are shown. (I} Requirement of u-Kl and TRPV4 for
regulated accumulation of Na*,K"-ATPase. The activity and the surface amounts of endogenous Na* K*-ATPase were estimated using Hela cells introduced with -Kl
and TRPVA in various combinations with administration of DMSO or 4u-PDD. 96-well study (n = 12). Two groups transfected with or without c-kf were independently
normalized as ratios to the average values in the absence of TRPV4 and 4a-PDD. Multiple comparisons show that the addition of TRPV4 and its agonist significantly
induced accumulation of Na* K'-ATPase only in c-ki-transfected groups (asterisks, P < 0.01, Dunnett’s test). The amounts of secreted u-Kl from the cells were
analyzed by Western blot. WE, whole extract.
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the calcium concentration of CSF (supporting
deseription T) (fig. S10).

The surface expression of Na” K -ATPasc is
usually controlled by the balance ol recruntment
to the plasma membrane and imternalization of
Na K-ATPasc (the conventional recruitment)
(19, 20, We presume that, in a-Kl expressing
cells, Na™ K -ATPase is recruited to the cell sur-
face by a combination of the conventional re-
cruitment and the a-KI-dependent reemuitment,
The latter is chamcterized by Ca™ -dependency
and a rapid response (fig. S11) Under normo-
caleemic conditions, a centain amount of Na™ K-
ATPase may be additionally recruited by the
c-K |- dependent pathway, Therefore, the amount
or activity of surface Na"K"-ATPasc in WT
mice is significantly higher than that of a-k/ "
mice (Fig. 2, A and C). Low Ca®" induces an
11.9% increase of the amount of Na™ K™ -ATPase
at the plasma membrane, In contrast, high Ca®’
led to a 7.8% decrease in the amount of Na™ K-
ATPase al the plasma membrine (fig. S9).
Accordingly, [Ca*'). regulates this additional

accumulation of Na K -ATPase at the plasma
membrane in corrclation with the scerction of
a-Kl, leading to PTH secretion and Ca® trnsport
across the epithelium (g, S11) (supponting de-
scription 7) (24). By these means, a-KI partic-
ipates in the increase of [Ca®'], in the calcium
homeostasis regulatory network. As we reported,
a-Kl also invokes a negative Toedback system 1o
keep |Ca™ e within normal mnge (4). a-Kl, in
combination with libroblast growth Factor 23
(Fer23), down-regulates the production of
1.25(01),D4 by negatively regulating the expres-
sion of la-hydroxylase encoding  mte-limiting
enzyme of active vitamin D synthesis (4, 22-24).
a-K1 may be involved in this negative regulation
because Urakawa o af. reported that (1) a-Kl
binds to Fet23 and (1) a-Kl convens canonical
FafR1(lllc) o specilic receptor for Fef23, en-
abling the high-aflimity binding of Fgl23 to the
cell surface ol distal convoluted wbule where
w-K1is expressed ( 23) (supporting deseniplion 8),

a-kI™" mice show increased production of
vitamin D, and altered mineral-ion homeostasis

€ oy . W
50 - 12-
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S.au- 8-
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10 1 "y \?
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e Ie . Y o
o -kI* I s
-0~ Chelexns6 - 05mMCa™n=5 - 0.5mM Ca™ n=10 i i
-o-lr-l.‘.:nn‘h'ulnnﬂ i 1.251;|Hc§.f+ll;ﬁ - 0.5mM Ca™ (Ca
-kl 2.0m n= +1.0mM Quabain n=5 Jserum
=
o Shelexn=4 K 05mMCa»n=5 —o- 1.25mM Ce* n=8 [CajCSF
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Fig. 3. Role of a-KI-Na* K*-ATPase system in regulated PTH secretion and epithelial Ca®* transport. Data
are mean +/— 50. Dunnett’s test was used for multiple comparisons between individual groups. (A)
Changes in serum levels of PTH after Chelex injection (1 ml slurry), in a-k*"* and u-kl~". Chelex injection
caused significant elevation of PTH from 2 through 6 min in a-k(*"*, compared with control injection in -
KkI*'* and both Chelex and control injection in a-kl ™~ (asterisks, P < 0.03). (B) PTH secreted from dissected

thyroid and parathyroid glands of «-ki** and a-kl™""

mice incubated in media containing 0.5 mM, 1.25

mM, or 2.0 mM Ca®*, PTH released into 0.5 mM Ca®* by u-ki*"* was significantly greater than that in 1.25
mM or 2 mM Ca®* by «-kI*'* and in all concentrations in «-k ™ from 10 through 30 min of incubation,
except 0.5 mM of u-kl ™' at 10 min (asterisks; P < 0.01). Alternatively, by multiple comparison within
each genotype, the accumulation in 0.5 mM Ca®* was significantly greater than that in 1.25 and 2.0 mM
Ca** from 10 through 30 min (P < 0.05). (C) Inhibition of PTH secretion by ouabain under low Ca®*
conditions. The accumulation of PTH in 0.5 mM Ca®* of a-ki ™' is significantly greater than thatin 1.25
mM Ca** and 0.5 mM Ca®* with ouabain of a-kl*"* and all conditions of a-k™" from 10 through 30
min (P < 0.01). In multiple comparisons within c-k{ ", there was no significant difference between 0.5
mM Ca* with and without ouabain from 10 through 30 min (P = 0.50). (D) Calcium concentration in CSF
or serum of a-k{*"* and -k~ mice. There was a significant difference between two genotypes in CSF but

not in serum (asterisk, P < 0.01, Student’s ¢ test),
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is suggesied (o be a cause of premature aging
like phenotypes, because the lowering of vila-
min D activity, either by dictary restriction (4) or

Jef23 ablation (23, 23), rescues the premature

aging-like phenotypes and prolongs survival in
these mutants (24) (supponting description 8).,
Thus, our results and others indicate that a-Kl
influences calcium homeostasis, This elfect can
explain phenotypes observed ina-kf™ mice and
the reason that a-Kl is expressed in the tissues
related 1o calcium regulation. The mechanism is
different from the previously reponed action of
w-K1 1o interfere with the insulin or insulin-like
growth Gctor (1GF) signal tansduction (2 7). The
fundamemal role of c-K1 in a multistep calcium
homeostasis is further discussed in supporting
desenption 9.
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Whnt Induces LRP6 Signalosomes and

Promotes Dishevelled-Dependent
LRP6 Phosphorylation

Josipa Bili¢,* Ya-Lin Huang," Gary Davidson," Timo Zimmermann,® Cristina-Maria Cruciat,’

Mariann Bienz,® Christof Niehrs'®

Multiple signaling pathways, including Wnt signaling, participate in animal development, stem cell
biology, and human cancer. Although many components of the Wnt pathway have been identified,
unresolved guestions remain as to the mechanism by which Wnt binding to its receptors Frizzled
and Low-density lipoprotein receptor—related protein & (LRP6) triggers downstream signaling
events. With live imaging of vertebrate cells, we show that Wnt treatment quickly induces plasma
membrane—associated LRP6 aggregates. LRP6 aggregates are phosphorylated and can be
detergent-solubilized as ribosome-sized multiprotein complexes. Phospho-LRP& aggregates contain
Wnt-pathway components but no common vesicular traffic markers except caveolin. The scaffold
protein Dishevelled (Dvl} is required for LRP6 phosphorylation and aggregation. We propose

that Wnts induce coclustering of receptors and Dvl in LRP6-signalosomes, which in turn triggers
LRP# phosphorylation to promote Axin recruitment and [Fcatenin stabilization.

nl sigreding plays diverse mles dunng
embryonic development such a8 axs ok
mation and nervous system patieming,

and it is implicated i human disease, including can-
cor (/). Wit ligands are thought to form a emary

'Division of Molecular Embryology, Deutsches Krebs-
forschungszentrum, Im Mevenheimer Feld 280, D-69120
Heidelberg, Germany, *advanced Light Microscopy Facility,
European Molecular Biology Laboratory (EMBL), Meverhaf-
strasse 1, 69117 Heidelberg, Germany, YMRC Laboratory of
Maolecular Biology, Hills Road, Cambridge CB2 20H, UK.

*To whom correspondence should be addressed. E-mail:
Niehrs @DKFZ-Heidelbang . DE

Fig. 1. Wnt induces phospho-LRP6 aggregates. (A) Live cell imaging of
Hela cells transfected with ECFP-Axin (green) and LRP&-EY FP (red) treated at
ty with Wnt-condiioned medium. Arrows point to membrane-assodated
aggregates of both proteins {yellow) forming after 13 min of Wnt treatment.
Individual frames from a movie (movie 51) are shown. (B} Immuno-

complex with Jow-density  hipoprotein - receplor

related proteins 5 and 6 (LRPSG) and Frizeded (Fz)
receplons () A ke step alier Wint stumulation & the
phosphoeyktion of the LRPG immecllular domain by
Casein kinase Iy (CK1 ). This phosphorviation

evemt activates LRPG and o TS recruitment of

the pegative regubitor Axin (6-8), whicl, in wm,
stabiltzes the Wit signaling transducer B-catenin (5),
Many aspocts of Wit signal tansduction at the
plasma membrane remain elusive. For example, te
mechanism that rggers LRPG phosphorylation Ty
CKIly 5 unkmown, and it is unclear how Fz and the
scaflold protein Dishevelled (D) (9713 it in

fot. LRP6

45min

fluorescence of Hela cells transfected with LRPS-EYFP amd treated for 3
haurs with control (Con) or Wnt3a-condihoned medium. Scale bars indicate C

5 pm. tot, total. (C) Tp1479 immunofluorescence staining of endogenous
phospho-LRP& and Dvl proteins in Xenopus animal caps treated for 30 min
with control (Con) or Wnt3a-conditioned medium. “"Magnified” shows un-
merged and merged pictures of the white-boxed area. Hoechst-stained

nuclei are blue; scale bar, 50 um.

www.sciencemag.org  SCIENCE

VOL 316

Wni3a

To analvze LRPO activation upon Wit stinu-
lation, we wad real-time confocal microscopy, Live
cell maging allows a dynamic view of reoeplor
activation o reveal spatiotemporal aspects that can
not be visualzad by methods such as nochenucal
analysis or immunofluorcseence of fixed samples,
The negative Wit regulator Axin is recruited o the
phosphoryked cyvtoplasmic doman of LRPG (/2),
We thareton: tmnsfected HeLa celk with enhancad
eyvan [uorscent prodein (ECFP-Axin (green
signal) and LRP6-enbanced yellow  fluomwscem
protemn (EYFP) (red signal) and monitored their
localization  simuliancously
" |."|'|,'1|'|, _\;']]u'.'. hi:.:nnlh appear 1||'_1 1A and movie

When the protcins

Sy In wnstimulated cells, Axin wis localeed in
mitracellular punctac, and LR PO showed continuous
smng at the plasma membrane. No o vellow
sigrals wene visible, mdicating that the two proteins
resided in different compartments. Howeser, within
15 min of Wnt treatment, a small fraction of LRPG
protein stirted coalescing mio punctate structures o
or below the plasnm manbrme (Og. STA)L wlich
colocaltzad with Axim and were therefore vellow.
As soon as vellow signals were obsernved, they
were punctate in nature, without ransiting through
a continuous plasma membrane staining. This
sugeests that Axin is recruited o LRPS when the

PCCCPROT is ;L':::,ll'u.":::llu:d. | his is }-Lli\rm:'[uql |1j. hio-

chemical analvses (see below)., The number of

the LRPG-Axin aggregates plateaued afier | o 2
hours, and once they fomed they were quite
stable over the course of 30 min. As seen in time-
space plots, neither LRPG nor Axin showed ¢x-
tensive movements or further coalescence into
higher-order structures (g, 51, B and C).

hospho-LRP6

uon)

EEIUM

Wnt3a magnified
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Because Axin recruitment requires CKy-
mediated phosphory lation of LRPG, we carned
ot immuncdluorescence with a phosphospecific
antibody  recognizing phosphothreonme 1479

(AB-Tpl479) n the mtmeellular doman (7) of

LRPG, Ab-Tpld79 dewected LEPH phosphoryl-
ation within 10 min of Wnt stimulation in West-
ern blots, indicating that this 15 an immediate
response (7). In unstimulated cells, Ab-Tpl4749
imumunoreactivity was undetectable (Fig. 1 B top).
In contrast, after Wn3a treaument, Ab-Tpl479

XDvi-GFP]E

detected discrate punctate signals at the plasma
membrane, which colocalized with a small
fraction of total LRPG (Fig. 1B bottom),

To test whether phospho-LRPG aggrepates
are also observed under physielogical conditions
in untransfected cells and in vivoe, we analyeed
animal caps of Xewopus embryos, which arc
Wnt-responsive. Robust LRPG-Tpl1479 immu-
norcactivity was reproducibly induced within 30
min of Wat tremment in the form of punctate
structures (Fig. 1C) These phospho-LRPS ag-

GFP-GSK3j

LRPSAE1-4

Fig. 2. Colocalization of phospho-LRPé aggregates with Caveolin and Wnt pathway members. (A to E}
Hela cells were transfected with LRP& and the indicated protein (green) and stained for phospho-LRP&
ired). Cells were treated with Wnt3a-conditioned medium for 1 hour (A) or 3 hours (B to E). {F) Hela
cells transfected with membrane-bound EYFP (green) and constitutively active LRP6(AE1-4) and
stained for phospho-LRPS (red). Note large cytoplasmic aggreqgates. Scale bar, 10 pm.

gregates codocalized with DvI2 (sce below) We
conclude that phospho-LRPG aggregates ocour
under physiological condiions as a rapid re-
sponse o Wit stimulation.

The results indicated that W signaling
induces large plasma membrane associated ag-
gregates ennched in phosphorylated LRPG, Axin,
and Dwvl. To funher charactenze phospho-LRPG
aggregates, we perdommed colocalization analyses
with markers for vesicular traffic compantments,
Occasional colocalization of Wnt-induced
phospho-LEPG ageregates was observed with
the uid phase marker dextran Texas red (g,
S2A0 whereas no colocalization was seen with
ol :tl.uLc!x of vesicular L=t TGN 38
(Golgi), Calnexin (endoplasmic reticulum), EEAI
(carly endosome), or Clathnn {endocytic vesicles)
ifig. 82). Pamial colocalemtion of phospho-LRPG
aggregates was observed with Caveolin within
| hour but not with 3.5-hour Wnt treatment (Fig.
24 and fig. 82, F and G} Caveolin
marker of caveolae, cholesterol-nch myvagmations

which s a
ol the plasma membrane —was recently shown 1o
colocalese with LRPG and to be requared tor Wit-
mediated LRPS endocyiosis (13).

In contrast 1o most wallicking markers, coloc-
alization of phospho-LRP6 ageregates was
observed with other components of the W3-
catenin network, itlL'|L|L|iI!'z: Fz8. g]}uu-lt:utl s nthesis
kinzse 3B (GSK3R), Dyl and AxiniFig. 2, B E).
Furthermore, very pronounced phosphorylated
agoregates wene observed in the evtoplasm of cells
translected with constitutively active LRP6
(LEPGAE I, Excking the higand binding domean)

Svedberg unit B0 60 40 19 " "
LA ' ' o b o ™
Fractionno 1 2 3 4 56 7 8 910 11 12 s bl = o
A D ¢ & RS
total LRP6 (FLAG) e o ity o o A e s
Con + + - + - + + - + -
phospho-LRP6 b ad ELACEIES
FLAG-LRPG - =8
total LRP6 (FLAG) ™ hospho-LRPG - -
Whnt3a o ' - .
phospho-LRP6 o b s v it U D axin Wil =
B GSKIf ==~ —— =
——
total AE1-4 (FLAG) *- 1234065 6 7 8 910
— Input IP: FLAG-LRPS
phospho AE1-4 ol "'.—. =
Fig. 3. LRPS analysis in sucrose gradient sedimentation. (A to C}
Sucrose gradient sedimentation analysis of Triton X-100 lysates, Total
GFP - and phosphorylated (Tp1479) LRPé amounts were analyzed by im-
- munablot. (&) HEK 2937 cells were transfected with FLAG-hLRPS,
c Mesd, mFz8, hAxin, and GSK38 and treated with control {Con) or
total LRPG (T1479) — H... - Wni3a-conditioned medium for 3 hours. (B) HEK 293T cells were
vy i Con transfected with FLAG-LRP6AEL-4 and GFP. (0 MEFs were treated
phospho-LRPE | b d with control (Con) or Wnt3a-conditioned medium for 1 hour. (D)
- . ' Immunoprecipitation (IP) of FLAG-LRP& from the indicated pooled
total LRPE (T1479) Lo s bt sucrose gradient fractions [experiment in (A)] and detection of co-
1 i Wt3a immunoprecipitated Axin and GSK3[3 by immunoblot. Asterisk marks
phospho-LRPG ' - L-J“H i unspecific band; white asterisk indicates a staining artifact.
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(fig. S2H) without Wit stimulation (Fig. 2F), This
suggests that LRPGAET clusters cven without
Wat. Wnt-dependent colocalization was also
observed  for endogenows LRPO and D2 and
Axin in P19 cells (g, S3A), thus comoborating co-
aggregation observed for Xenoprs LRPO and DvI2
(Fig. 1C). We conclude that phospho-LRPéG
ageregates represent specialized compartments that
assamble components of the Wt and f-catenin
pathwiry. This compartment s associated with the
plasma membrane, partially positive for Caveolin,
and largely devoid ol Muid-phase marker,

To analvee phospho-LRPO aggregates  bio-
chemically, we solubilized the complexes in de
tergent and separted them by sucrose density
gradient conttugation (Fig, 3). In Wnt-stimulaed
and unstmulaed cells, wial LRPG showed a nol-
atively diserete peak. cosedimenting approxinstely
with thyroglobulin (670 kD, 195) (Fig. 3A) In

contrast, o Wiolsstimulated  colls about hall® of

phospho-LRPG was “miling” o much heavier
fractions (fractions 1 w0 7), overlapping the ribo-
some peaks, whereas only little phospho-LRP6 was
detectable in unstimulited cell lysates. Constitu-
tively active LRPGAEI-4 showed even greater
high-molecular weight (MW) enrichiment than
phospho-LRP6, despite its four times lower MW
iFig. 3B). This indicates that LRPAAET- undoer-
goes strong selfageregation without Wt stimula-
tion. In contmst, cotrmnsfocted green (uorescent
prodein (GFP) was never detected in high MW
ractions, cven in a delibermtely overexposed
immunoblot (Fig. 3B).

A Drosophila S2 cells
dsRNA: &0 40
Wnt3a: - + +

Endogenous phospho-LRPG in nontrans-
fected mouse embrvonic fibroblasts (MEFs)
was also detectable in fractions 3 to 7 i a Wnt-
dependent manner (Fig. 3C), comobomting that
this is not an overexpression artefact. The weaker
signal in this case, as well as the observed hetero-
gencity of phospho-LRPG ageregates, may be
duc 1o their mstability, for example, because of
partial dephosphorylation and/or degradation
during the biochemical analysis,

Axin and GSK3[ were cosedimenting with
phospho-LRP6 in heavy fractions independent of
Wit tremment (fig. 540, D2, despite its ability
to readily form large intracellular polymers
(14, 15), was found in the light fractions (ig. 54),
supporting the idea that these polymers are lighly
dvmamie, short-lived, and hence unstable m
lysates |see below and (16)).

Tov confinm that LRPS, Axin, and GSK3[ no
only cosediment but are in a complex, we carned
oul mmmunoprecipiations rom pooled fractions
of the sucrose gradient (Fig. 3D) This analysis
showed that, wheneas Axin B present m all
phospho-LREP6-containing fractions (fig. S4). it
is complexed only to the aggrepated LRP6 form
(fractions 3 to 5) and only afier Wit stimulation
{compare lane & 1o lane 7). Also, GSE3 [ is bound
preferentially 1w ageregated LRPG,

These data with detergent-solubilized cell ly-
sates indicate (1) that LRPG apgregmion is ac-
companicd by its phosphorvlation at T1479, (i)
that the microscopically observed phospho-LRPG
aggregates are not the result of cotmpping of

MEF cells
siRNA: = - o b
Wnt3a: - + + <+

170- 8 . & Tp1479  q70- W
170- SN el 88 (0! LRPE  170. S S S a—
L om0
LRP6: + + + P
c tot. LRP6 phospho-LRPS D

transfected with LRP6-EYFP and dominant negative CK1y1

LRP6 Wnt Fz

<oy

REPORTS

Wit pathway components ina cargo vesicle (17,
£8, 1.3} but that they represent lugh-MW protein

compleses, (i) that constitulive activation of

LEPG (AEL-4) 15 accompamed by spontancous
aggregation, and (iv) that Axin and GSK3p arc
preferentially associated with ageregated LRPG,

Dvl s a component of the Wit pathway that is
abo known 1o oligomenae and o occur m punctate
structures (4, 19 15}, Recent studies (20, 16) dem-
onstimted that Dl can polvimenae and fom lange
protein assemblics that are highly dynamic, shon-
lived, and reversible, peminiscenmt of the LRPO
azereeates descnbed here, We observed that endog-
enous DvI2 forms membrine-issociated aggrogies
i response o Wil stimulation (fig. S3B) similar o
LRP6, This is an impostant observation, because Dyl
punctac tend 1o be dismissed as an unphysiological
resporise due o overexprossion (27}

In Bight of these and previous lindings (229 and
our observation that endogenous D2 and activated
LERPG reside moa common prokem assembly, we
asked whether Dyl may be requined for LRPG
phosphorylation and aggregation. Indeed,
knockdown of elsfidhd by RNA interforence (RN AG)
it Dyosophila and small interfering RNAs (sIRNAs)
in MEFs, respectively. inhibited Wint-induced LRP6
phosphorylation at the CKy site T1479 (Fig 4A).
Similarly, dominant negative Dvl mutants M1 and
M2, which block both self~aguregmtion and
signaling of wild-type vl (76), also blocked
LEPG phosphorvlation (fig. S3A) Concomitanmly,
phospho-LRPG aggregates were reduced, as
determined by immunofluorcscence (Fig. 4B).

5
55
g5
E 8 4
- O
@ =1
CK1y1¥7R +
M1 + M2 +
Wnt3a - + +

- soisoiéoi %Oi

(Dvi/Axin-polymers)

Fig. 4. Dsh/Dvl is required for LRPS phosphorylation and aggregate formation. (A) Immunoblot
of ransfected LRPS from Drosophile S2R+ cells and endogenous LRP& and Dvl2 from MEF,

treated with dsh dsRNA and dW1/273 siRNAs, respectively. (B) Hela cells were transfected with
LRP&-EYFP, dominant negative bl mutants M1 and M2, or dominant negative CK1y1%>* and analyzed by immunofluorescence microscopy for phospho-LRP6 aggregates.
Cells positive for EYFP were scored for phospho-LRP6 staining. Eror bars indicate standard deviation of the mean; n = 3 experiments. (€) Immunofluorescence of Hela cells

, treated with Wnt3a-conditioned medium and stained with Ab Tp1479. LRP&-EYFP {tot. LRPS) and phospho-

LRPé are shown. Note Wnt-induced LRPS aggregates (arrowheads and higher-magnification insets), which are nonphosphorylated. (D) LRP6-signalosome model. Wiits
bridge LRPG and Fz transmembrane receptors and promote recruitment of polymers of Dvl, which binds Fz. Dvl and Axin co-polymerize LRPS, which induces receptor
phasphorylation by CK1y. Axin sequestration in LRP&-signalosomes may block GSK3[3 phosphorylation of B-catenin, leading to [i-catenin accumulation. Other components
of the Wnt pathway, such as GSK3[} and adenomatous polyposis coli (APC), are likely components of the LRPé-signalosome but not shown for clarity,
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The scaltold protein Dvl was proviously thought
o act downstream of LRPO because dilh over
exprossion activates B-catenin siznaling m Dvosopi-
il LROS (arro) mutants (23) and bocause the
constimvely active DE2-Amow lision proem is
inactive in s mutants (24). The explanation for this
discrepancy may be that overespressmg Dsh/Dvl
leads w0 antificial sequestrtion of Axin or that the
protein has multiple functions i the Wi pathway,

Taken together, the results suggest that Dvl-
mediated co-aggregation tiggers LRP6 phos-
phorvlation by CK1y. In this model (Fig. 4D),
upon Wit signaling Dv] aggregates form at the
plasma membrane, where they co-cluster LRPG
with other pathway components including Fe,
Axin, and GSK3B, i a “LRPO-signalosome.”
The role of Wnt would be to bridge LRP6 and
Fz (25, 5), which copolymerize on a Dvl plat-
form. Clustening of LRPH then provides a high
local receplor concentration that tnggers phos-
phorylation by CK 1y and Axin recrnuitment.

Predictions of this moded are as Tollows: (i)
antificial oligomenzation of LRP6 should activate
the receptor and (i) oligomerized LRPG should
signal independent of Dyl Indeed, forced oligo-
merzation of LRPS using a synthetic mullimerizer
is sufficient to induce Wit signaling, and this
oligomerizntion bvpasses the nead for Dyl (25),
(i) Constitutively  active LRPS should signal
independently of Dyl because s self-aggregation
should bypass the need for Dvl polvmers. This is

also the case as shown in reporter msays with D
SIRNA knockdown (fig. 55, B and ), which
supports previous Indings (26, 25). (iv) If LRPG
aggregation s a prerequisite lor phosphorylation
by CKly mther than s consoquence, LRPG
aggregates should form even when the kinase 1s
blocked. This 15 the case: Nonphosphorylated
LRPH aggregates were observed in response 1o
Wit treatment in cells tanstected with dominant-
negative CK 1y (Fig. 4C). The model of LRPG-
signalosomes not only provides a mechanism
for Wnt signal wransduction but may also be
relevamt for the understanding of intracellular
transpon of maternal Wat determinams in the
fertilized Xenopus cgg (27).
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Neural Responses to Taxation and
Voluntary Giving Reveal Motives
for Charitable Donations

William T. Harbaugh,®* Ulrich Mayr,>* Daniel R. Burghart®

Civil societies function because people pay taxes and make charitable contributions to provide
public goods. One possible motive for charitable contributions, called “pure altruism,” is satisfied
by increases in the public good no matter the source or intent. Another possible motive, "warm
glow,” is only fulfilled by an individual's own voluntary donations, Consistent with pure altruism,
we find that even mandatory, tax-like transfers to a charity elicit neural activity in areas linked to
reward processing. Moreover, neural responses to the charity's financial gains predict voluntary
giving. However, consistent with warm glow, neural activity further increases when people make
transfers voluntarily. Both pure altruism and warm-glow motives appear to determine the hedonic
consequences of financial transfers to the public good.

very socicly noeds public goods, but the
Enm:]nnimm wed o fund them vary, For

example, teation and government spending
are lower in the United States than in most European
countries, but philinthropy is higher (/). To
cconomists, this charble giving s a pueele
Money is a good, so why are people willing to give
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it away”? One possible explanation is in ienns of a
“pure altuism”™ motive (2), Individuals with such a
motive receive satisfaction from increases in a
public good, such @ the provision of hasic servioes
o the neady. This alimistic concem provides a
motive 1o give, but there is also an incentive 10 keep
money or onesell, because the cost of such charily
is entircly paid by the giver, whereas the benefits ane
spread out over all those people who care about the
needy. Only those people with a very large pure
altruism motive would give voluntanly, and taxation
is the nomal social solution 1o the resulting frec-
fding. Purce altiniism implics that people should gat

some satsfaction even when public poods are
supplicd through mandmory xation, because, by
this account, peopke care only abowt how much ol
the public good & provided and not about the
process by which the wanster occurs. A second
possible motive for charitable giving & the sense off
agency associated with the act of volumary giving.
This reward from giving has been tenmed “wamm
ghow™ (3, 43 11 givers were diven exclusively by
the wanm-glow maotive, they should derive satisfac-
tion from making a voluniary gifi, miher than from
the increase in the level of the public good iself. On
the other hand, axation should not produce a wanm
glow, because paving taxes typically docs not
invohe a voluntry choice,

The distinetion between pure altruism and wanme-
glow motives for giving 15 important for severl
reasons, Finst, i giving s motivated by pure ahnesm,
t-lunded government expendiures 1o provide a
public good will reduce privaie giving, potentially
dollar for dollar, as people cut their voluntary con-
ributions in response o these higher s (3). There
should be no similar efect with wam-glow givers,
as their benefit derives Bom the amount of their gili.
Second, a wanm-glow motive o altruism provides
an argument in fvor of polickes that encourage
voluntry giving, because the wam-glow  benefit
provides a reward 1o the giver thit exceeds the ben-
clit from peaving an oquivalent mmount in Gxes (6),

Newral evidence may help clarfy the relative
importance of pure altruism and warm-glow mo-
tives for chanable giving. Although there is

WWW.SCiencemag.org




considerable evidence linking neural activity in
the ventral stnatum and the insulae o the pro-
cessing of concrete rewards such as money, food,
and drugs, less 15 known about how the brun
processes more abstract rewards such as those
often provided by public goods, For money, ac-
tivity in the ventmal striatum increases as people
anticipate increases in payolls and when they
receive unexpected incrcases in payolls (7, 8).,

A Reveal
Mandatory or Volumiary,
and $ amounts

Bs

Choica

l 635

Neural responses in the ventral stnatum and insu-
lae o information about products and their prices
also predict purchase decisions (9). This work
supports the theory that these arcas provide
information on the relative rewards ol different
outcomes, which serve as an input o decisions
about consumption and tradeofls reganding nsk
and money (), Other studics have shown that
activity in the ventral stristum and the insulac is

Satistaction rating

l 6 - B s isolation

Fhmliondm:'“l

Fig. 1. (A} Study protocol. We scanned 19 fe-
males using functional magnetic resonance im-
aging (FMRD) while they were presented with
transfers that affected their own account (starting
amount, 5100} and the account of a local charity.
Half the transfers were mandatory, to resemble
taxation; the other half were voluntary. We ex-
plained that the experimenters would not know
their choices and that one mandatory and one
voluntary transfer would be randomly chosen
and implemented after the experiment. Events
for each trial occurred as presented in the time
line, details are in the supporting online material
{16). After a 1-s fixation dot, the screen revealed

B Key

Subject §

whether this trial's transfer was mandatory or voluntary, as well as the dollar amount change to the
accounts of the subject and the charity. After 9 5, two vertically aligned labels were added in the lower
portion of the screen, specifying the vertically aligned buttons on a response box. For mandatory
transfers, one of the labels read “acknowledge” and the other “invalid button.” For voluntary transfers,
one of the labels read "accept” and the other "reject.” Label positions varied randomly from trial to trial.
Immediately after the subject’s response, a four-point satisfaction rating scale was shown, to which
subjects responded by pressing one of four laterally oriented keys on the button box. The rating scale
disappeared after 6 s, and there was a blank screen for an intertrial period that was randomly jittered
between 6, 7, and 8 s. (B) Study design. The cells show the dollar transfers. Each design cell was im-
plemented three times as a mandatory transfer and three times as a voluntary decision. Orange cells
indicate pure gains to the subject; green cells indicate pure gains to the charity. These pure-gain design
cells from the mandatory condition were used to predict voluntary giving in the purple cells, where there
was a tradeoff between the subject and the charity (see Fig. 4, A and B).

Fig. 2. (A) Subjects' choices A Loss 1o B Loss to

during voluntary transfers as 3 subject @ subject

a function of payoffs to the 100 p——n—o= 08 2 * g—3§ 08

subject and the charity. Many - -

transfers that were costly to 751 F g 3 3 r 308

the subject but benefited the = 1 ~1308 ’j

charity wereaccepted, andthe & 50- . 2 X A ass

rate of acceptance increased g 458 2 e Al

as the cost of making a given 251 & £ |

transfer declined. (B) Sub- 'E §

PR g : 1 _

Lﬁihﬂﬂ;tﬂ"w;;u?l:: < 0§ 15§ 30§ 45§ 0§ 15§ 30§ 45%
Amount going to charity Amount going to charity

subject and the charity, as

well as the voluntary-mandatory factor. Subjective satisfaction increased as transfers increased and costs
decreased and was higher in the voluntary (solid lines) than in the mandatory conditions (dashed lines).

Fig. 3. Meural response in the ventral
striatum to mandatory payoffs for the sub-
ject (yellow), the charity (blue), and both
{green).
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correlated with more abstract rewards, including
social rewands such as punishing unfair plavers in
sharmg games (/1) voluntary coninbutions to
charities (12, 13), and decisions to trust others
(44, 13). These results motivate our focus on the
ventral statum and the insulac,

To west for the pure altruism and wann-glow
micives, we used functional magnetic resonance
imaging while subjects played a dictator game.
Subjects reeeived 5100 and then made decisions
about whether or not o give money o a local
lood bank. They also observed mandatory, tax-
like trnsfers of their money o the food bank
iFig. 1, A and By (/6) The behavioral results in
this experiment are consistent with cconomic
theory and are similar o those reponted in carlier
ceonomic expenments (7 F9) As shown in Fig.
2A, increases in the amounts going to the charity
and decreases in the cost 1o the giver both in-
creascd the hkelihood that a voluntary transfor
was docepled. Sell-reported satistaction with the
transaction followed the same pattem in both the
voluntary and the mandatory conditions (Fig. 2B).

To investigate the neural activity associaled with
pure altruism, we used data from the mandatory
treatments, which involved exogenows changes in
subject and clharity payolls Contrasts of parameter
estinates (Fig 3) show that activation in very
similir arcas of the ventral strigtum increased with
the monctary payoll o both the subject and 1o the
charity. Regression mnalvses to explain activation
dotn extracted from anstomical regions of interest
(ROIs) show the same result (table S4) (/6). This is
the first evidence we know of demonstrating that
nundaony xation for a good cause can produce
activation in specilic brain ancas that have been tied
to concrete, individualistic rewands.

The pure almism model predicts that people
who highly value increases in the charity s payolf,
relative 1o the value they place on petling money
for themselves, will be more likely to give. The
evidenoe cconomists have tvpically used o suppon
this model has been indireet: Relative values have
been inferned from observed decisions (20), Our
experiment allowed us o observe brain activation.
in argas known (o respond 1o rewards, & we vaned
the money the subject received and the money the
chanty received. This provides a direct test of the
model: Do across-subject differences in neural
responses 1o subject and chanmy pavolls predict
who is more likely o give 1o the chanty?

We are able o address this gquestion out of

treatment by using neural responses in those
“purc” mandatory conditions where only the
subject oronly the chanty got money (orange and
green cells, respectively, in Fig. 1B). These re-
sponses potentially serve as an indicator of how
much subjects valued money Tor themselves and
for the chamty. In fact, regression coeflicients
show that subjects with larger activation re-
sponses to money for themselves were less likely
tor give 1o the chamty (hlack columns in Fig. 4A),
and subjects with larger activation responscs 1o
moncy for the charity were more likely o give
{gray columns in Fig. 4A), To illustrate this rela-
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tionship graphically, in Fig, 4B we plotied in-
dividual acceptance rates against the difference
bretween the neural response o pure chanty gains
and pure subjeet gains, pooled over all the re-
ions in Fig, 4A. We also split the sample into
“altruisis” (0 = 10) and “egoisis”™ (n = 9) de-
pending on whether they had a larger neurl
response 1o the charity’s payoll or 1o their own
payoll, Alruists gave money nearly twice as
olien as cgoists (58% versus 3%, P = 0.015).
This suppons the existence ol a purcly altristic
motive: The larger a person's neural response 1o
increases in the public good, no maner the
source, the more likely they will give volumarily,

How then s voluntary giving diflferent from
tax-like wunsfers? Reponed sausfaction mtings
were about 10% higher for voluntary than for the
mandatory transfers (7 < 0.01, see Fig. 2B and
table 523 (16}, The neural evidence shows a sim-
ilar result; 7 tests indicate higher activation in
the caudate (lefl, P= 0.015; nght, P=0.004); the
right nucleus accumbens (F = 001 and the
insulae (left, P = 0.063; dght, 0,075} in the case
of voluntary transters (1able S4) (16).

OF course, these results might simply reflect
the basic economic principle that adding choices
cannol make the decision-maker worse off. This
tollows because a person who likes the payolls in
a given mandatory transfer can always obiain that
same result in the corresponding voluntary con-
dition by accepting the transfer. However, il the
subject does not like the proposed transier, only
the voluntary conditions give them the option of
rejecting it and keeping the money. Overall, 35%
of the voluntary transters that invelved a subjeet’s
aving up money W the charity (purple cells n
Fig. 1B) were rejected. This led 1o an increase in
the expected payvoll 1o the individval of 513 or
33%. and a deerease in the expecied payoltio the
charity of 37 or 10%s, relative 1o the mandatory
condition. So, although the opponunity for free

Fig. 4. (A Predicting giving from ac- A
tivations in mandatary “pure-gain” con-
ditions. We created measures of neural

choice means higher activation in the caudate, the
left nueleus accumbens, and the insulae, as well
as higher pavolls w the individual, it reduced the
level of funding for the public good.

An important question, then, 1s o what degree
the observed higher activation comes from the
ability 1o make a choice and to what extent it results
from the differences in payolls from that choice.
We looked again at the differences in activation
and satisfaction ratings between the nmandatory and
voluntary conditions, but this time controlling for
the comsequences of rejection by replacing those
payoll changes with S0, The voluntary-mandatory
activation difference  remained reliable for the
caucate (lefl, = 0,023 nght, P= 0011 ) and the
right nucleus accumbens (7= 0.042), even alier we
comrolled for payolls (able S6) (16). Also,
reported satislaction was higher for voluntary than
lor mandatory transfers afler controlling for payolls
(= 0065 for the complete design; P < 0001
using the cells mvolving mdeolls, purple in Fig,
IB). The pure altruism motive for giving, along
with the story about adding choices desenbed
above, would imply that there should be no
mandatory-volunary differences after controlling
for the payvoll eflects, Thus, our results suggest that
both the increased payolls and the ability to choose
lead o increased neural activity and satisfaction,

Previous results have demonstrated that ac-
tivity in the arcas we examined is larger when
reward can be linked 10 one’s own actions rather
than 10 extrancous factors (20 24) Our results
extend these findings about the role of agency in
reward-processing 1o the important situation in-
volving a choice between the subject’s private
pavoll’ and the public good. What is not clear
from carlier repons is whether agency-linked
modulation of reward activity 15 actually asso-
ciated with a modulation of hedonic value. Our
study shows that neural activity in the caudate
and right nucleus accumbens, as well as subjec-

[l Pure subject gain

activation in response to “pure subject
gain” and "pure charity gain” by averag-
ing activation from the mandatory con-
ditions where the subject received money
at no cost to the charity and where the
charity received money at no cost to the
subject (orange and green cells, respec-
tively, in Fig. 1B). We used these two sets
of activations as independent predictors of
the average acceptance rate in the nine
design cells involving a tradeoff (purple

:
-

SR R R S I R SR

cells in Fig. 1B). The figure shows stan-

| Pure charity gain

Iy

dardized probit regression coefficients from
models including subject and charity stakes
as control variables and neural response to

pure subject gains and pure charity gains as independent predictors. The
dashed lines indicate P = 0.05 significance. Higher response to pure sub-
ject gain was consistently associated with less giving. Higher response to
pure charity gains was consistently associated with more giving. Co-
efficients for individual predictors were reliable in seven out of 12 cases.
(B) Differences in activation predict giving. As an overall measure, we
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lefit.  nght left  rght  left  right
Caudate  NuclAccumbers  Insula

27%, P = 0.02).

tive satisfaction, is larger in the voluntary than in
the mandatory siwation. The fact that this effect
persists even afler controlling for payolls sup-
ports the warme-glow theory of giving (3).

In sumimary, we find that three very different
things — monectary pavolls w onesell, observing a
chanty get money, and a warm-glow effeet relmed
o lree choice —all activate similar neural sub-
strates, This result supports arguments for a
common “peural cumeney™ of reward (25-29)
and shows that this model can be applicd not just
o choice over money, risk. and private con-
sumption goods, but also 10 more abstract policy
choices mvolving taxation and chariable giving
(/2 Our results are also imponant for un-
derstanding why people give money 1o charitable
organizations, First, these transiers ane associted
with neural activation similar 1o that which comes
from receiving money Tor onesell. The fact that
mandatory ransfers o a chanty elicit activity in
reward-related arcas sugpests that even mandatory
taxation can produce satisfaction for taxpayers, A
better understanding of the conditions under
which taxation clicits “neural rewards™ could
prove useful for evaluating the desimbility of
different tax policies. Second, we show that the
opporunity for fiee choice is associated with
increasad activity in regions implicated in process-
ing rewards, as well o owith higher reponad
satisfaction. Furthermore, this eflect is not entirely
pecounted for by increased pavolls. In the context
ol charitable giving, this choice-related benelit is
consistent with a warm-glow motive for giving,

In combination, these results suggest that
both pure altruism and warm glow are importan
motives for chariable giving. Future work may
reveal whether the free-choice effect found here
extends to other situations, and under which con-
ditions taxation elicits “neural” rewards. A related
question is whether people who voie for a tax 1o
provide a public good get a warm-glow beneli.

] 2 -1 0 1 2
Activation to charity gains minus activation 1o subject gains

averaged the neural activation measures across all six brain areas and
computed the difference between neural responses to the charity's pure
gains and the neural responses to the subject’s pure gains {orange and

green cells in Fig. 2B). Giving increased as the neural response to pure
charity gains outweighed the neural response to pure subject gains (R? =

Www.sCiencemag.org




Last, public goods by their very nature are seldom
traded in markets, and s0 we cannot observe the
prices people will pay and then use these to
measure value, The finding that neuml actvity
predicts voluntary donations suggests that such
activity could eventually help measure values and
determine optimal levels of public goods.
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Sequence Finishing and
Mapping of Drosophila
melanogaster Heterochromatin
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Martha Evans-Holm,* Erwin Frise, Kenneth H. Wan,* Soo Park,® Maria MEHdEI'liIgD,z
Fabrizio Rossi,? Alfredo Villasante,? Patrizio Dimitri,® Gary H. Karpen,™® Susan E. Celniker't

Genome sequences for most metazoans and plants are incomplete because of the presence of
repeated DNA in the heterochromatin. The heterochromatic regions of Drosophila melanogaster
contain 20 million bases (Mb) of sequence amenable to mapping, sequence assembly, and
finishing. We describe the generation of 15 Mb of finished or improved heterochromatic sequence
with the use of available clone resources and assembly methods, We also constructed a bacterial
artificial chromosome-—based physical map that spans 13 Mb of the pericentromeric
heterochromatin and a cytogenetic map that positions 11 Mb in specific chromosomal locations.
We have approached a complete assembly and mapping of the nonsatellite component of
Drosophila heterochromatin. The strategy we describe is also applicable to generating substantially
more information about heterochromatin in other species, including humans.

cterochromatin s a major component of
Hllll.:l.',i zoan and plant genomes (e,

=20 of the human genome) that regu-
lates chiromosome segregation, nuclear organiza-
tion, and gene cxpression (-4, A thorough
description of the sequence and organization of
heterochromatin s necessary for understanding
the cssential functions encoded within this region
of the genome, However, difficulies in cloning,
mapping, and assembling regions rich in repeti-
tive elements have hindered the genomic analysis
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of heterochromatin (5~ 7). The fruit iy Drosaph-
et metanozaster 15 a model for heterochromatin
studics. About one-third of the genome is con-
sidered heterochromatic and s concentmted in

the pencentromeric and telomeric regions of

the chromosomes (X, 2, 3, 4, and Yy 5. 8). The
heterochromatin contiuns tandemly repeated sim-
ple sequences (including satellite DNAs) (9),
middle repetitive elements [such as ransposable
clements (TEs) and abosomal DNA| and some
single-copy DNA (1),

The whole-genome shotgun sequence (WGS3)
wis the foundation for finishing and mapping
heterochromatic sequences and For elucidating
the organization and composition of the nonsat-
ellite DNA in Drosephila heterochromatin (3, 6).
WGS3 s an excellent assembly of the -
sophila cuchromatic sequence, but it has lower
contiguity and guality in the repeat-rich hetero-
chromatin, We undenook a retrospective analysis
of these WGS3 scaftolds (/1) Moderately repeti-

tive sequences, such as tansposable clements,

SCIENCE VOL 316

are well represented in WGS clones and sequence
reads, but they tend o be assembled into shorer
scaffolds with many gaps and low-quality regions
because of the difficulty of accurately assigning
data o a specilic copy ol a repeat. The typical
WGS heterochromatic scaftold is smaller | for
scaffolds mappad 1o an arm, N30 rmngad from 4o
35 kb (/1] than a typical WGS cuchmomatic
scatfold (NSO = 13.9 Mhb) (5). Relmive w the
cuchromatic scaflolds, the WGS3 heterochromatic
scallolds have 58 umes as many sequence gaps
por Mhb, as well a8 lower sequence quality,

To produce the Release 5 sequence, we iden-
tified a set of 10-kb genomic elones from a li-
brary representing 13 clone coverage by paired
end reads (mate pairs) and used this set as om-
plates 1w fill small gaps and improve low-guality
regions (). Higher-level sequence assembly
into Mb-sized linked scaflolds used relationships
determined from bacterial anificial chromosome
(BAC)Hbased sequence tag site (STS) physical
mapping (scee below ) and BAC end sequences., In
addition to the WGS data, we incomporated data
from 30 BACSs (3.4 Mb; 15 BACs linished since
Release 3)that were originally sequenced as pan
ol the cuchromatin sequencing effort (5, 1),

Sequence finishing resulted in fewer gaps,
longer scaflolds, and higher<quality sequence
relative o0 WGS3 (fig. SE. About 15 Mb of this
sequence has been finished or improved, and
30°% of the scquence is now i scaflolds greater
than 378 kb (N50). Table | summarizes the
Release 5 sequence statistics by chromosome
arm. Improved sequence was gencrated for 143
WGS3 scaflolds, and a set of 90 new scallolds

were produced by joining or filling 694 gaps of

previously unknown siee between WGS3 scal-
folds. The relaionships between the initial WGS
scaffolds and the Release 5 scafTolds can be com-
plex (Fig, | and figs. 82 o0 87); for example, there
woere eight cases in which small scaffolds were
used 1o fill gaps within larger scaffolds, and two
scallolds whose gaps interdigitated, As expected,
the sequence consists largely of nests of frag-
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mented TEs, and most remaining gaps arc
hounded by TEs or simple sequence repeats, in-
cluding simple repeats not previously described
(Fig. 2} The quality of the improved sequence
was measured by calculating the estimated error
rates within 10-kb shiding windows (overdapping

AABUO1002139 ‘2608 2735

CPO00207

by 5 kb on the consensus soquences (/). Forall
but 11 of 1832 10-kb regions not overapping one
of the known TEs, the cstimated ermor rte 15 less
than 1 per 17,986 base pairs (bp), well below the
accepted standard for finished genomic sequence
of | emor per 10,000 bp.

2510 ‘2601
D e OO0

‘0655 ‘0299
HI | 8]
N0

Ok 100k 200k

300k 400k

Fig. 1. Comparison of WGS scaffolds to the comresponding Release 5 scaffold. WGS scaffolds (gray,
same orientation; tan, opposite orientation) are diagrammed above the Release 5 scaffold (blue).
Sequence gaps (thin horizontal lines) in WGS scaffolds are indicated.

Table 1. Status of Release 5. Sequence statistics for the chromosomes are
divided into regions contiguous with the euchromatic arm sequences (e.qg.,
Xh} and regions mapped cytologically to those chromosome arms but not

Concoment with the sequence-finishing ef-
fort, we constructed an integrated physical and
cylogenctic map to describe the overall structure
of the pericentromeric heterochromatin, This
map was cssential for ordering, onenting, and
Iinking WGS sequence scallolds into larger BAC
conigs and Release 5 scallolds. Heterochromatic
sequences at the cenmrie ends ol the Release 3 arm
sequences were represented in BAC-based
physical maps of the cuchromatic and telomeric
portions of the chromosomes (12, 1.3), bul most
heterochromatic scaflfolds had not been mapped
in large-insert clones or localized 1o specilic siles
on the chromosomes,

BAC-based STS content mapping of WGS3
scalfolds, using 354 probes designed from ge-
nomie sequence and five BAC hibraries /1), ex-
tended and linked many scaflolds into larger

currently connected (e.g., XHet). Bac-Based Rel. 5 refers to the amount of
heterochromatin finished in BACs. N50 is the contig length such that 50% of
all base pairs are contained in contigs of this length or larger.

Region Size (bp) BAC-Based Rel. 5 Rel. 5 without N's N50 Sized gaps Total gap size Unsized gaps
xh 392,502 312,439 392,502 392,502 0 0 0
XHet 204,112 — 204,112 204,112 0 0 0
ZLh 1,010,570 1,010,470 1,010,470 591,203 0 0 1
2L Het 368,872 — 297,872 99,162 2 71,000 0
2Rh 1,285,689 973,874 1,285,689 1,285,689 0 0 0
2RHet" 3,288,761 o 2,721,941 244,298 17 566,020 8
3Lh 1,587,982 1,020,114 1,587,982 1,587,982 0 0 0
3LHet* 2,555,491 — 2,416,308 366,456 12 138,483 7
3Rh 378,656 378,656 378,656 378,656 0 0 0
3RHet 2,517,507 = 2,264,306 252,624 10 252,801 4q
YHet 347,038 — 242,806 9,129 30 101,632 26
Unmapped 2,419,890 — 2,222,443 73,591 15 194,247 32
modified
Total for modified 16,357,070 — 15,025,087 378,616 86 1,324,183 78
sequence
Unmapped 71,629,047 — 6,145,805 2,521 439 1,239,942 2,433
unmodified
Total 23,986,117 3,383,114 21,170,892 — 525 2,564,125 2,511

*Statistics reflect the sequence distributed as Release 5 of the genome and do not account for the scaffold CPOD0Z217 moved from 2RHet to 3LHet and the scaffold CPOO0206 moved from 3RHet

to ArmU subsequent to the release,

Fig. 2. Sequenced regions of D.
melanogaster pericentromeric hetero-
chromatin, The heterochromatin extends
proximally from the euchromatin (black)

Xh XHet

XL

R

RIAY
(TAGAIN (TAGAIR

and includes sequenced and assembled

)

| vs

regions (2qua) and unsequenced regions [
{gray). The actual gap sizes between
sequence scaffolds are unknown and are
presented with an arbitrary 0.5-Mb
separation. Finished or improved scaf-
folds, which end in known or novel sim-
ple repeats, are shown with the terminal
repeat sequence indicated. The scaffold
CPO00217, originally identified as part
of 2RHet but subsequently mapped to
3LHet, is shown here at its updated
location (see text).
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Table 2. Summary of the integrated physical and cytogenetic map assembly. N/A, not applicable.

REPORTS I

BAC contigs. The BAC map incomorates scal-
folds spanning 13.4 Mb of the WGS2 assembly
and hnks 14 WGS3 scaflolds 1o the Release 3

- sum of arm sequences (Table 2), In regions proximal to
Chromosome  STSs in faltﬁ-d 5155 wsffa S{:fmms W;H ; Het  WGS3 lengths  the arm assemblics, it links 130 WGS3 scaffolds
arm BACmap M mapped l':“ to scatfolds in contigs  in mapped  into 25 multiscalTold BAC contigs and yiclds 21
contigs Sl Het contigs scaffolds (kb)  singlescatlold BAC contigs (Table 2) (/7). The
largest BAC contig links 20 WGS3 scailolds
XL 16 0 3 2 1 498 e N
2L 28 1 2 5 1 1,018 gunmng 1./ M. - _—
o a1 5 i 59 s 3’51? We used fuonscence in situ hybridization
51 g4 = 5 3§ ¢ ﬂllﬂi‘.‘ (FISH) 1o map BAC contigs and sequence scal-
3R &i 0 g 30 p 2‘101 [olds to specilic evtogenetic locations in milotic
ak 5 3 % o 0 ’ P chromosomes (1, 14). The high repeat coment of
Y 1 4 N/A a 0 0 heterochromatin required the use of single-copy
Sibtiial probes |P-clement insertions (13, 16) and cDNA
. clones (17, 18] that could be assigned to specilic
:}'Dﬁ lized) EE: m: Nl.".: gg ;“:_ 1;'?33 sequence scatlolds, We also used BAC probes that
Total 354 9 14 130 26 13'415 had suflicient smgle-copy sequences o provide
a ! unambiguous localizations (M) (g, S8). The
CPO00214
cP000337 CPOD033z  CPOZP342 CP0g0335 CP000338
. S S
1 2 3 4 5 & 78 1# 11 12 13 14 15 16 17 18 18 20 21 2223 24 25
Y. DG IGE N | [ | e YS
R I
i CPO000208
I
b 26 7 28 Fa: ] o " 32 3N
“XL XR
" 2Lh I " 2Rh '
: CPO0D21S CPO00D219 i
: CPOOD188 i
l._______-_--‘- . &-_/- ‘___._____.I
i 35 36 37 38 394041 42 43 44 ag e e
“ [ W T Fs:
CPooo218 -~
CPODD1E3
CPO0D223 CPO00326 CPO0D0344
o e th CPO00192 CPO00221 .
* Zcpoooses CPO00217" ]
= _ 'wﬁz CPI‘.IWHT R
b 47 a8 49 50 53 .ussu B s
3

CPDO0225

==m=s Ralease 5 Scaffold
100 kb (scaffolds only)

Fig. 3. Integrated map of D. melanogaster pericentromeric heterochromatin,
The cytogenetic reference map of the heterochromatic regions of the
chromosomes with numbered divisions (hl to h58) and centromeres (C) is
shown (22). The fourth chromosome (hS8 to hé1) s not shown. Release 5
sequence scaffolds are indicated at their cytogenetic map locations, and Het
scaffolds are labeled with their GenBank accession numbers. Scaffolds (13.9
Mb in total; see scale bar) and the heterochromatin (100 Mb in total) are
represented at different scales. Sequence contigs (thick bars) and sequence
gaps (thin bars) within scaffolds are shown. Some sequence gaps are too small
to be represented at this scale. A clone gap in the 2Lh sequence is indicated.
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—— map-only join
—— clone gap

1 c R P 1
\\t:ﬁ —[\_cm 90

CPO00220

arm extensions

hatamr;hmmatln.! euchromatin

Joins between Release 5 scaffolds present in the BAC map assembly but not yet
incorporated in the sequence assembly are shown. Cytogenetic locations are
indicated by lines connecting scaffolds to cytogenetic ranges. The hetero-
chromatin-euchromatin boundaries within the sequence of the chromosome
arms, based on BAC FISH (8], are indicated by dashed magenta lines. The
arientations of Het scaffolds are not necessarily known (11, 23). CPO00217,
originally identified as part of 2RHet but subsequently mapped to 3LHet, is
shown here at its updated location; CPO00206, originally identified as part
of 3RHet but subsequently removed to the unlocalized scaffolds, is not
shown (11).
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physical and cviogenetic mapping resulis and
previously published data were used to produce an
mtegrated map of pencentromenc  heterochno-
matn ({1 We prsem evtogenctic locations tor
15 BAC contigs linking 80 scalfokls and an ad-
ditional 14 scaffolds that were linked 0 chromo-
sonme anms; these localized scallolds span 11.2 Mb
of percentromenic heterochromatin in the WGS3
assembly (Table 2), Cumently unlocalized are 50
WGS3 scalfolds in 31 BAC comigs, as well as an
additional 63 WOGS3 scaflfolds larger than 15 kb
that are not represented in the BAC map. Four
scalTolds larger than 13 Kb and not representad in
the BAC map were incompormed imo Release 3 by
sequence finishing (1),

Itegration of the map and sequence-finishmg
information led us o define three classes of Release
5 heterochromatic scatlolds: (1) contiguous with the
assembled cuchromatic amms and extending them
farther into pencentromenc heterochromatin (chro-
mosome am “h) () mapped 1o specilic chromo-
some anms with partial mfommation on order and
onentation and concatenated into “amm’™ fles (amm
“Het); and (iii) unmapped and concatenated into a
single file {am “U™). The improved, mappoed
Release 5 scallolds are diagrammed relative o the
chromosome anms in Fig. 3:see (1) for analysis of
sequences and maps by diromosome,

We have demonstrated substantial progress
toward our goal of assembling and mapping the
componens of heterochromatin that are not
simple repeats, and have shown that hetero-
chromatic regions containing single-copy pones
and a high density of transposable ¢lements can
be assembled imo high-quality, contiguous se-
quence. How can we generate an ¢ven mons
complete genomic understanding of Drosopirifa
heterochromatin®? The tiling path of overdapping
BACs spanning the Release 5 sequence ( (1) pro-
vides emplaies for gap closure and scalfold exien-
sion in the regions that contain middle-repetitive
clements and singlecopy genes. Progress can
also be made in localizing more sequences by
performing FISH with additional cDNAs, BACS,
and transposon insertions from other collections
(f9, 20, Restriction Nngerprints of tiling path
BACs will also provide an independent bench-
mark to cvaluate the accuracy of finished sc-
quence assemblies (27). The apparent absence of
BACs covering varous remaining gaps likely
reflects the presence of extensive simple se-
quence amays, which are unlikely o be compleie-
Iy closed as the map and sequence are improved,
New technologics will be required 10 determine
the sequence and structure of these highly repet-
itive regions, However, an achievable goal using
current technologies is to produce complete maps
and sequence assemblies for the single-copy and
middle-repetitive components of the hetero-
chromatin, combined with evtological definition
of the locaions and structures of large blocks of
tandemly repanted simple-sequence DNA,

Our results suggest that clucidating the or-
ganization and composition of heterochromatic
regions in other organisms is a practical goal.

15 JUME 2007 WVOL 316 SCIENCE

However, our ability to substantially improve the
sequence and maps required three cntical com-
ponents: (1) a high-quabty WGS sequence as-
sembly; (i) a high-depth collection of preciscly
sized and aligned genomic clones for sequence
finishing and gap closure; and (i) physical and
cytogenctic mapping 1o deduce relationships be-
tween WGS scaftolds. The STS content-mapping
experiments benelied greatly from the availabil-
ity of large-insent BAC librares produced by
frogmenting genomic DNA with three different
restriction enzymes and with physical shearing,
Analysis of heterochromatin in other genomes
would also benefit from improved algorithms
that can successfully and accurtcly assemble
sequence of regions rich in repeated DNA,
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The Vaccine Adjuvant
Monophosphoryl Lipid A as a
TRIF-Biased Agonist of TLR4

Verdnica Mata-Haro, +** Caglar Cekic,? Michael Martin,® Paula M. Chilton,?

Carolyn R. Casella,® Thomas C. Mitchell™®+

The inflammatory toxicity of lipopolysaccharide (LPS), a component of bacterial cell walls, is
driven by the adaptor proteins myeloid differentiation factor 88 (MyD88) and Toll-interleukin

1 receptor demain—containing adapter inducing interferon-f3 (TRIF), which together mediate
signaling by the endotoxin receptor Toll-like receptor 4 (TLR4). Monophosphoryl lipid A (MPLA)
is a low-toxicity derivative of LPS with useful immunostimulatory properties, which is nearing
regulatory approval for use as a human vaccine adjuvant. We report here that, in mice, the low
toxicity of MPLA's adjuvant function is associated with a bias toward TRIF signaling, which we
suggest is likely caused by the active suppression, rather than passive loss, of proinflammatory
activity of this LPS derivative. This finding may have important implications for the development

of future vaccine adjuvants,

noninfectious vaccine antigens 1o generale

antibody responses that are faster. stronger,
and longer lasting than responses achieved
through immunization with antigen alone, Alu-
minum hydroxide (alum) is curmrently the only
human vaccine adjuvant approved for use in the
United States, and although n s effective at
boosting antibody responscs, these responses re-
quire repeated administation and wend 1o gener-
ate antiparasitic T helper 2 (Ty2), rather than
antiviral and antibactenal Tyl, T cell immunity

Iulr'ﬂul'luh‘rgit'.tl adjuvants are combined with

(/) As a consequence, there is much effon
devoted to developing prospective adjuvants that
can establish protective immunity with  fower
vaccinations with kess injected material, through
dumble antibody and Ty l-dependent cviotoxic T
cell activity, One of these, MPLA, is likely 10 be
the list vaccine adjuvant 1o be approved for
widespread use since alum because 1t gencrates
clinically useful immune responses (2-5), and it
has ~0.1% of the mflammatory toxicity of its
parcnt molceule, LPS (6, 7), The adjuvant elfects
of MPLA require TLRS (4, §), and although TLR
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signaling may not be critical for enhanced
antibody  responses under all conditions (9),
TLR agonists do show particular promise as
adjuvants of evtotoxic T cell activity, Becausc
TLR4 is also the receptor for endotoxin, it is
important o understand the mechanismi(s) by
which MPLA can boost T and B cell mmmunity,
without the damaging inflammatory  outcomes
associated with its parent molecule.

We compared the effects of MPLA versus
LPS in T cell priming using an adoptive transfer
system in which ovalbumin (OVA) peptide
specific CDE and CD4” T cells from OT-1 (/1)
and OT1 0/ T cell receptor transgenic mice
(CSTBLA background, CD43.27) were infused
into major histocompatibility complex--matched
recipicnts (B6.SJL, CD45.17) belore immuniza-
tion with adjuvant plus OVA peptides 323-339
and 257-264 [SIUNFEKL (Ser-lle-lle-Asn-Phe-

Glu-Lys-Leu)] (/2. Adjuvant doses, 30 pg of

MPLA or [0 pg of LPS, were selected on the
basis of similar induction of T cell clonal
expansion in pilot expernments (g, S1) and
were used in all subsequent in vivo experiments.
From 2.5 to 7 days afier immunization, cells

harvested from spleens and lvmph nodes of

treated animals revealed that MPLA and LPS
had equivalent adjuvant effects on T cells, with
indistinguishable patterns of clonal expansion
and contraction (Fig. 1A and fig. 523 In terms
ol eyiokine responses, interleukin-100 (IL-10)
production was strong in both MPLA- and LPS-
adjuvanted mice (g 53), although differences
emerged when responses were grouped
according 10 dependence on either of two TLR4
signaling pathways, MyDSS or TRIF, based on
previous studies of genctically deficienmt mice
(13- 13). Thus, MPLA appeared to be as efficient
as LPS at inducing TRIF-dependem factors | Fig.
1C P=0.604, 0,051, and 0,058 or differences in
grmnulocyie colony-stimulating factor (G-CSF),
interferon-induced protein 10 (1P-10), and mono-
cvie chemotactic protein 1 (MCP-1) production
respectively] while only weakly stimulating
MyD#8-associated responses [Fig, 1B, P =
(LOO05 Tor interferon=y (IFN=v), [L-13, IL-6, and
macrophage inflammatory protein Lo (MIP-1a)].

We next perdormed microarmay analysis ol

splenocyies from mice that had been immumizod
as described above (Fig, 1TA), which again showed
than MPLA had induced strong TRIF-associated
but weak MyDES-associated responscs when
comparcd with those of LPS. Some of the resulis
from this in vivo analysis off MPLA function
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reproduced those previously reported (8) i that
IL-1j transcnption was strongly induced (fig. 545,
whereas mature prodem seorction was not (Fig.
I B). In the carlier study, 1 appeared that MPLA
had failed o activate IL-1f converting eneyme
(&)L However, because IL-1 receptor deficient
mice remain susceptible w endotoxic shock (),

REPORTS

we concluded that this difference in activity was
not sullicient o explain the low woxicaty of MPLA.

Civen the number of MyDSB-associated
genes that were not strongly induced by MPLA
(Fig. 1, B 1o D), we next tested for generalized
defects i MyDEE signaling, Because macro-
phages ane necessary for LPS endotoxicity (/7),

A
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Fig. 1. MPLA induces similar T cell clonal expansion kinetics as compared to LPS but shows TRIF-biased
gene expression. In all experiments, OT-1 (1 x 10°) and OT-11 (1.5 x 10°) cells were adoptively transferred
into B6.5)L mice, After 24 hours, mice were either untreated or immunized with SUNFEKL and OVMA a5 336
alone (OVA; triangles), with OVA and 10 pg of LPS (OVA+LPS; solid squares), or with OVA and 30 pg of
MPLA (OVA+MPLA; open squares). *P < 0.05; n.s., not statistically significant by analysis of variance
(ANOVA] and post-hoc Tukey analysis (12). (A) Every day after immunization (from days 2 to 7), cells from
spleen and lymph nodes (fig. 52) were harvested; stained for CD4, CD8, CD45.1, and CD45.2; and
enumerated by means of flow cytometry. Results are mean values + SEM of triplicate mice from one of two
representative experiments. (B and €) Serum samples were obtained at the indicated times and analyzed
by means of multiplex analysis for cytokines and chemokines. Data were grouped as representative
products of the MyD88-dependent (B} or TRIF-dependent (C) signaling pathways and plotted as mean
values + SEM. (D} Six hours after immunization, spleens were harvested and RNA was isolated. Affymetrix
genechip analysis was then performed (12). Selected transcript products from the microarray data were
grouped by MyD88-dependent (left) or TRIF-dependent (right) genes, COX-2, cyclooxygenase-2; Serpinel,
serine protease inhibitor E1; CICL1, chemokine (CXC motif) ligand 1; Ifit interferon-induced protein with
tetratricopeptide repeats. Results are shown as mean hybridization intensity = SEM from triplicate mice.
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Fig. 2. MyD88 signaling is delayed and decreased in MPLA-
stimulated macrophages. *P < 0.05; n.s., not statistically significant
by ANOVA. (A} BMDMSs or peritoneal TGMs were cultured overnight with increasing concentrations of MPLA or 2
LPS. Culture supernatants were assayed for IL-6 by enzyme-linked immunosorbent assay (ELISA) {12). Results

are mean values = SEM of triplicate cultures from one of two representative experiments. (B) Immunoblots of

phosphorylated IKKa/[3 in unstimulated BMDMs and BMDMs stimulated with MPLA (1 pg ml™) or LPS (1 ug O
ml™). The membranes were stripped and reprobed for total IKKa/j as loading control, and ratios of
phosphorylated/total IKKw/[3 were plotted. Results are from one of three representative experiments. (C)
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BMDMs were cultured for the indicated times with MPLA (1 ug ml™) or LPS (1 pg ml™). Nuclear extracts were

analyzed for NFxB-binding activity; data are expressed in optical density (0.D.) units obtained with the TransAM ELISA NFxB assay performed as described in
(12). (D) BMDMs were pretreated with dimethyl sulfoxide (DMSO) or with 50 nM freshly prepared wortmannin and then were cultured overnight with
increasing concentrations of MPLA or LPS. Culture supernatants were assayed for IL-6 by ELISA (12). Results are mean values + SEM of triplicate cultures from

one of three representative experiments.

we lestod responses 10 LPS versus MPLA using
bone numow-derivad monocytes (BMDMs) and
thioglycollate-cliciied macrophages (TGMs), Dni-
tial ests of eyviokine and chemokine production
showed thamn MPLA had the same TRIF-biasced
activity in BMDMs and TGMs (Fig. 2) as tha
seen in vivo. Thus, MPLA was two to three orders
of magnitude less potent than LPS at inducing
MyD8S-dependem IL-6 (Fig. 2A) but induced
similar TRIF-dependemt IP-10, MCP-1, and
IFN-B (Fig. 3A) Stimulation of DNA binding
activity by the transcription factor nuclear factor
kB (NFxB) p65 was markedly slower (Fig, 2C)
alter exposure of wild-type (WT) BMDMs w
MPLA, and phosphorvlation of a component
of s regulatory complex, inhibitor of NFxB
Kinase (IKK) was delayed and reduced when
comparcd to phosphorylation afier LPS expo-
sure (Fig. 2B). In contrast, MyD88 ™~ BMDMs
showed identical kinetics of KK phosphory la-
tion upon exposure 1o LPS or MPLA (g, 55).
These results reveal that MPLA'S low potency
in inducing IL-6 was correlated with a failure
o activate MyDSS-dependent events needed
for proinflammatory patterns of NFkB trn-
seriptional activation and were similar o those
seen in MyDRE™ mice (13, /4, I8).

In swdies looking at TRIF-associated signal-
ing, several events were Tound o be unimpaired

15 JUNE 2007 VOL 316 SCIENCE

in BMDMs after exposure 10 MPLA. The time

course and magnitude of phosphorylation of

interferon regulatory factor 3 (IRF<3), a defining
feawre of TRIF-mediated signaling, were identi-
cal in both MPLA- and LPS-treated BMDMs

(Fig. 3B). Signal mansducer and activator of

transenption 1 (Statl ) phosphorylation, which is
absent in TRIF-deficient cells exposed w0 LPS
(f&) and is associated with TLR4-induced
autocring and'or paracrine production of {vpe |
interferons (793, was also the same (Fig. 3C),

It has recently been reported that phosphoi-
nositide S-kinase-gencrted phosphatidy linositol
4, 5-bisphosphate (PIP2) is required for elficient
My DS recruitment to TLR4 (211 and that proin-
Mammatory glycogen synthase Kinase 3 (GSK-
3P s mactivated through phosphomosiide
3-kinase (PI3K)-dependent protein Kinase B ac-
tivity {(2/). Because PI3K activity would be ex-
pected to decrease PIP; levels via conversion 1o
phosphatidylinositel 3.4, 3<nsphosphate, thereby
preventing recruitment of MyDSS, as well as 10
imactivate GSK-3f, we tested whether PIIK
activity might be involved in MPLA's decreased
ability 1o imduce [L-6, Prerreatment of BMDMs
with the PI3K inhibitor wortmannin increased
IL-6 production by MPLA but did not further
increase IL<6 production by LPS (Fig. 2D),
suggesting that MPLA stimulates more PIRK

activity than LPS, Thus, the ineflicient stimula-
tion of MyD8S-dependent signaling by MPLA
may  resull from dimimished recruitment of
MyDSR 1o TLRS through loss of PIPy specics
andior by PI3K-dependem inactivation of proin-
Hammatory GSK-3f.

Our observation that weak stimulation of
MyDR8-dependent IL-6 by MPLA was
comrelated with efficient T cell adjuvant function
appears o comradict a previous report con-
cluding that LPS failed 1o boost T cell priming
in MyDS8-deficient mice because IL-6 expros-
sion was impaired (22), One explanation for this
discrepancy might be that MPLA induces low
levels of MyDSS-mediated signaling that stim-
ulate sufliciemt production of IL-6 (Fig. IB).
Another explanation 15 that TRIF, rather than
MyD8S, may be needed for TLR4-induced
adjuvant effects. To distinguish between these
possibilities, we retumed 1o the adoptive trans-
fer system 1o measure T cell priming ellects
in recipient mice that were either MyDES- or
TRIF-deficien. The TLR2 agonist N-palmitoy]-
S| 2 3-histpalmitovloxy - 2R.S-propyl |- R)-
cysteiny l-sery -(lysy D3 lvsine  (PAMGUSKS,),
which signals only through MyDES (25), was
used as negative control o demonsirte the ab-
sence of MyDERdependent effects in MyDES-
deficiem recipients. Four davs after immunization,

Www.sCiencemag.org
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Fig. 3. Equivalent TRIF-dependent
signaling in response to MPLA or LPS. *P <
0.05; ns., not statistically significant by
ANOVA. (A) BMDMs or TGMs were cultured
overnight with increasing concentrations of
MPLA or LPS, and the culture supernatants 0 q
were assayed by ELISA for IP-10, MCP-1,
and interferon-f (IFN-{3} (12). Results are % pStatly,
mean values + SEM from one of two representative experiments. (B and €} Unstimulated BMDMs lotal Stat1

or BMDMs stimulated with MPLA (1 g mi™) or LPS (1 ug ml™) were analyzed by Western blot - - . . .

for phosphorylated IRF-3 (Ser®®) (B) or phosphorylated Statl (Tyr™ or ¥-701) (C). For loading controls, the membranes were stripped and reprobed for total
IRF-3 or total Statl, respectively. Results are representative of two independent experiments. Parameters were evaluated by ANOVA.
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Fig. 4. MyD88 is not required for full adjuvant effects on T cell P iming. WT (C57BL'6), MyD8E-deficient
(MyD88™) (A), or TRIF***2472 (B) mutant mice received 1 x 10° OT-LS]L and 1.5 x 10° OT-ILS)L cells by
adoptive transfer and were treated as in Fig. 1A with the combined OVA peptides in the absence and
presence of LPS (10 pg), MPLA (30 ug), or PAM3CSK, (PAM) (50 pg). T cell expansion in the spleens was
determined after four days. Results are mean values + SEM from triplicate mice for fold increases of OVA
plus adjuvant-treated mice versus OVA-treated mice and are representative of two experiments, Statistical
analysis was performed with the use of the nonparametric Mann-Whitney test; all comparisons between
OVA+MPLA and OVA+LPS groups showed statistically insignificant differences (U > 0.05).

spleens were harvested and tested for adjuvam
effects on T cell proliferation. In these experi-
ments, My DEE appearcd completely dispensable
tor the MPLA- or LPS-induced adjuvamt cffeets
on OT-1 and OT-11 cells, at least during carly

www.sciencemag.org

clonal expansion (Fig. 4A). Neither T cell popu-
lation showed evidence of PAM;CSK-moediaed
adjuvant effiets in MyD8E ™ mice, These results
conlimm that My DES was not required for TLR4-
mediated adjuvant effects on carly T eell priming.

SCIENCE VOL 316

The advant effects of MPLA versus LPS
were also compared in TRIFY*M™ mice, which
express a truncated form of TRIF that is inactive
(/&) These studies revealed that adjuy ani-boosted
OT-1 T cell priming was severcly impaired in
TRIF™2 hosts, whereas OT-11 priming was

less strongly aflected (Fig. 4B). Responses of

TRIFF2M2 mice 0 control PAMSCSK, were
noi diminished, a5 was expected because TLR2 is
known not o require TRIF for its activity (23).
Hence. costimulation of OT-1 and OT-11 T cell
proliferation by TLR4 agonists showed substan-
tially greater dependence on TRIF than on
MyDss in this model system, This result indicates
that although MPLA 15 incificient with respect 1o
stimulation of TLRAMyDSE-induced gene ox-
pression, it has fonuitously retained TLRATRIF-
assoctated activities, such @ mduction of vpe |
inierferon (Fig. 3A), that may be especially im-
pontant for T cell clonal expansion {24).,
Clinically relevant adjuvanis other than
MPLA, such as CpGoooligonucleotides, also
induce type [ interferon but in a MyDS8S-
dependent (25), rather than a TRIF-dependent.
manner, Thus, different TLRs can reach the same
immunostimulatony endpoints withoul requiring
the same signaling adaptors, In the case of the
endotoxin receptor TLR4, i is MyDSES that is
most associatad with promflammatory outcomes,
perhaps because of involvement of the MyDSS
coadapter, Mal (MyDES adapter-like) (26, 27).
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The mechanistic basis for MPLA's filure 1o
stimulate full MyDSE signaling, with associated
promilammatory ellects, remams o be fully clu-
cidated. However, we propose that an imporant
component is the acquisition, relative 1o LPS, of
an anti-inflammatory function that requires PI3K
activity (Fig, 2D, This would be distinct from the
loss of a proinflammatory activity, such as a
simple failure 10 recruit Mal and'or MyDSS 10
TLR4. Discovering the precise mechanism of
MPLAS ability 10 function as a low-toxicity
adjuvant may permit improvements in the design
of future TLRA-dependent vaccine adjuvants,
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Crystal Structures of Human
MD-2 and Its Complex with
Antiendotoxic Lipid IVa

Umeharu Ohto,* Koichi Fukase,® Kensuke Miyake,>* Yoshinori Satow*

Endotoxic lipopolysaccharide (LPS) with potent immunostimulatory activity is recognized by the
receptor complex of MD-2 and Toll-like receptor 4. Crystal structures of human MD-2 and its
complex with the antiendotoxic tetra-acylated lipid A core of LPS have been determined at 2.0 and
2.2 angstrom resolutions, respectively. MD-2 shows a deep hydrophobic cavity sandwiched by two
[ sheets, in which four acyl chains of the ligand are fully confined. The phosphorylated glucosamine
moieties are located at the entrance to the cavity. These structures suggest that MD-2 plays a
principal role in endotoxin recognition and provide a basis for antiseptic drug development.

against microbial infections (/). Defense re-

sponses ane activaied when microbial compo-
nents are recognized by a variety of pathogen
sensors, including the Toll family of recopiors,
Nod-like recepiors, and  double-stranded RNA
sensors (7). Among microbial componenis, lipo-
polvsacchanide (LPS) in the outer membrane of
Gram-negative bacteria s a potent stimulant of
imanune responscs, and a small difference in LPS
structure has a great influence on host responses
against Gramencgative bacteria (7). Excessive
responses to the endotoxic LPS frequently result in
severe sepsis, a rapidly progressing inflammatory
discase with up to 29% monality, leading 10 more
than 215,000 annual deaths in the United States
alone (4). Toll-like receptor 4 (TLR4) and MD-2
form a complex, and both have been implicated

In:wk' immmunity is the first line of defense
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in LPS recognition because mice lacking either
maolecule are hyporesponsive o LPS (3, 6).
TLR4 is a tvpe | transmembrane proicin
consisting of extracellular leucine-rich repeats
and a cytoplasmic signaling domain similar 10
the type | interleukin-1 (IL-1) recepror (4.
MD-2 is a lo0-amino acid glycoprotein with
a 16-amino acid sccretion signal ot the X termi-
nus (7 and represents a class of MD-2-related
lipid recognition (ML) proicins that also include
mite allergen proteins (8), MD-2 forms a stable
complex with TLR4 on the cell surface (9), and
MD-2 alone as well as in the complex dircetly
binds to LPS with nanomolar affimity (/). On
the other hand, it has also been reponed that
TLR4 recognizes and binds w0 LPS ({1, 12).
Lipid A, the primary immunostimulatory core
of LPS, is diverse in several specics (£.9), and these
varitions ane discriminated by the TLR4-MD-2
complex as endoloxic or as amtiendotoxic (/4).
Lipid A of the Escherichia colf type (Fig. 1) acts as
a potent agonist in human macrophage cells and in
mouse cells, However, its precursor lipid 1Va (/51
the weir-aeylated fomm of lipid A, acts as an antag-
onist in human cells but as an agonist in mousc
cells (16). Despite dentification of the complex as
the LPS receptor, no information is available on the
structures of liganded pathogen sensors. Here, we

repont crystal structures of human MD-2 and s
complex wiath lipad IV The structures suggest that
MD-2 plays a principal role in LPS recognition.
We expresed human MD-2 in methyltropic
veast Pichifa pastorss, as deserbed (7). Poly-
sacchande moietics of MD-2 were trimmed off by
endoglyeosidase treatment, which leaves a single
N-acety lzlucosamine (NAG) at cach glyeosylation
site. Monomeric MD-2 was ervstallized into space
group P42,2 with e = 53.1 A, e= 111.5 A, and
one MD-2 molecule contained in the asymmetric
unit. The strecture of the native MD-2 ervstal was
determined m 20 A resolution by multple
somophous replacement. A cocrystal with the
lipid Tva complex was obtained from a mixiure of
MD-2 and lipad 1Va and 15 neardy isomorphous 1o
the native crystal. The structure of the complex
was refined at 2.2 A resolution. Details of the
crysiallographic analyses ane given in (/7).
Residues from Glu'” 10 Asn'® are defined in
the structure with two N-linked NAGs at Asn™ and
Asn'™. MD-2 is folded into a single domain
consistiing of two f§ sheets in the immunoglobulin
fold conserved among the ML proicins () One
sheet consists of three antiparallel B strands, and the

xXp2
xP1

XA oxaa (T A
\_II _-'.l
_.-'. msn
XA4

Fig. 1. Chemical structure of lipid IVa. Lipid A
has additional XA3 " and XA4" acyl chains.
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other consists of six antiparallel stands (Fig. 2).
Betweoen these sheats is a large and deep hydro-
phobic civity. It has a volume of 1710 A with
approximate dimensions of 13 A by 8 A by [0 A,
The B6 and B7 strands line the entrance to the
cavity, The cavity nakes the span of the two sheets
miuch wider than that in the previously predicted
model of MD-2 (18). Three disulfide bndges are
located between Cys™ and Cys™', between Cys®
and Cys'"™™, and between Cys™ and Cys'™, in
contrast 1o the predicted bridges between Cys™
and Cys'™ and between Cys?7 and Cys™' (18).
The sole free Cys'™ is located deep in the cavity
and seems not o be involved in the oligomeriea-
tion that has previously been reporned (/9),

In the native structure, unexpected clectron
densitics were observed in the cavity; these were
atinbuted 1o bound lipidic molecules that pre-
sumably copurified with MD-2 (fig. S1A). Three
myristic acid molecules were built into the
structure (fig. S2). In the structure of the lipid
IVa complex, clectron densities in the cavity (lig,
S1B) were assigned 1w the different parts of lipid
IVa (Fig. 1§ two glucosamine, two phosphate,
and four Bty acid chains. The glyeosy lation sites
of both Asn™ and Asn'™ are distant from the
cavity region, indicating that the glycosylation
plays a role not in ligand binding. but
{presumably) in the secretion and protection
of MD-2,

Fig. 2. Stereo ribbon model of human MD-2 in complex with lipid IVa. The N terminus is drawn in
blue and the C terminus in red. The P strands are indicated with their labels, and some amino acid
residue numbers are shown. Bound lipid IVa and NAGs as well as cysteine residues are drawn as
ball-and-stick models. The two [} sheets are inclined toward each other by about 45°.

REPORTS

Root mean square | RMS ) positional deviations
between the superposed native and complexed
structures are (.3 A for the man-cham atoms and
0.7 A for all the protein atoms. Thus, the MD-2
structure is not significantly allered upon lipid [Va
binding. A major difference is in the side-chain
conformation of Lys'*? located at the entrance 1o
the cavity; The side chain is shified towand the
second glucosamine moiety XG2 of lipid [Va,
with RMS deviations of (L3 A for the main-chain
atoms and 2.8 A for the side-chain atoms, Overall
B factors for the native and complexed structures
are 39 A% and 37 A%, respectively, and a sligh
decrease (33 A%) in the averaged B factor is
noticed for B7 upon complexation,

Details of the interactions between Lipid [Va
and MD-2 are shown in Fig, 3 and fig. 83, The
phosphate and sugar groups are aligned in parallel
wilth B7 in the onder XP1, XGI1, XG2, and XP2,
with an XPL-XP2 distance of 2.5 A, which
explains how the peptide fragment from Phe'"? 1o
Lys'" can bind 10 LPS (20). Residues Phe'? 10
Gily'™ are important for the LPS recognition, and
these residues, with the exception of Lys'®, are
conserved in all the species of MD-2 (21). Three
hydrogen bonds to lipid 1Va are noticed: Ser'”
N 1o XAl O1” (distance of 287 A), Lys'Z N 1o
XA3 01 (3.07 A), and Ser™ O 10 XA3 O3
2660 A). Water atoms mediating lipid Va and
MD-2 are located at the cavity entrnee (Fig. 3).
Among a total of 18 lvsine and arginine residues
of human MD-2, which is highly basic with an
isoclectric point value of 8.7, only Lys'2 and
Arg® are located in the vicinities of the
entrimee, and their side chains cover X2 and
XP2. These interactions tether the hvdrophilic
moiety ol lipid [Va o the cavity. Hydrophobic
and clectrostatic surface potentials in the
vicinities of the entrance indicate that the

Fig. 3. Binding interface to lipid Wa. (A) Ribbon representation of the
lipid IVa complex, as viewed from a 40° rotation with respect to Fig. 2. The
representation is similarly drawn as in Fig. 2 so as to show that the
entrance to the MD-2 cavity is lined by the [36b and [37 strands. (B} Stereo
close-up view of the binding interface. Amino acid residues located in the
vicinities of the entrance are drawn as ball-and-stick models with their

www.sciencemag.org SCIENCE VOL 316

residue labels. The structure of the lipid IVa moiety is similarly drawn in
darker gray, O atoms in red, N in blue, Cin gray, and P in pink. Water O
atoms involved in hydrogen bonds (broken lines) are also depicted: W1
between Gly'2* N and XG2 03, as well as a group of W2, W3, W4, W5, and
W&, in which W2 is hydrogen-bonded to Glu*® 0", W2 to W3, and W3 to
XG2 N2,
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entrmnce s positively changed and the inside of

the cavity is highly hydmophobic (Fig. 4). None
of the phosphate groups of hpid [Va, which are

reported to be essential to the activation of

immune  responscs (/3), are involved in direct
hydrogen bonds 1o MD-2 atoms. The lysine
and arginine residues mainly contribute 1o the
attraction of negatively charged lipid [Wa,

Four fatty acid chains of lipid [Va are all deeply
confined in the cavity, The XAl chain is in an
extended linear conformation and is stuck decply
into the cavity: Three of its four sides are
surmrounded by hydrophobic MD-2 side chains,
The XA2 chain is also in the cavity and lined up
with NAL The XA3 and XA4 chains are curved,
and the regions of XA3 C10-11" and XA4 C11-
13" moms are loosely packed i the cavity. The up
end of XA4 folds back toward the XG2 mwoicty,
and that of XA3 hangs over XA4. The fatty acid
chairs in the cavity are packed next o cach other
through van der Waals contacts, as exemplified in
the lipid molecules bound to the GM2 activator
protein (22). The packed and confined fatty acid
structures are distinet from the extended structures
of the fatty acid chains of LPS associated with the
membrane-embedded region of the FhuA femi-
chrome jon receptor (25), The cavity of MD-2 is
divided into four sites on the basis of their
imeractions o the fany acid chains: L1 through
L4 respectively comespond o XA through XA4
(table S3). Inthe L1, L2, and L3 sites of the native
structure, the falty acid molecules assigned as
myrstic acids exist in nearly identical conlig-
umations o those of XA, XA2, and XA3,
respectively (fgs, 52 and S3). The averaged B
factor for the lipid 1Va molecule is 46 A% com-
parable values are obtained for XAl (33 A%,
XA2 (46 A%), and XA3 (41 A%, with a larper one
for XA4 (53 A%). These suggest that the L1, L2,
and L3 sites have higher affinitics o faity acid
chains. The surface area .mnrnmnd.llim,. lipvid
Vi is very wide, 89 A’ This barge value is
comparable 1w that of ligands bound 1o the
antibodics (24) and cxplains the nanomolar
alfinity of MD-2 toward LPS (£0).

Fig. 4. Binding pocket A
and surface properties
of MD-2. MD-2 is viewed
from a 90° rotation with
respect to Fig. 2, and
residues of interest are
indicated. (A) Protein
surface showing hydro-
phobic and hydrophilic
properties, The lipid IVa
structure s removed from
the complexed structure.
Green and red repre-
sent hydrophobicity and
hydrophilicity, respective-
ly, and the extent is in-

The MD-2 residues essential 1o the inlmr:liml
‘Mlh TLR4 are n.gmcd o h'. Arg”, Lys’
.-"u-.p el ys L and C \.'\ in the absenee
of t]n I1|:.n|1d-\ 1"1 A synthetic peptide from
Cys™ 10 Cys', in the oxidized form. exhibits a
decnease in L[“h induced activation (/%) and is
suppiosed 10 compete with MD-2 through the
interaction with TLR4, These mesiducs are
located at the cavity entrance (Fig. 4).

The structure of CD14, which transfors LPS

o MD-2, also has a hvdrophobic cavity of

dimensions nearly equal w0 those of MD-2 (26);

henee, it is presumed to recognize acyl chains of

LPS. The only differences between the structures
of the antagomnist lipid [Va and of the agonist lipid
A are two additional acyl chains, XA3 and XA4
(Fig. 1} The MD-2 cavity likely could not
accommodate more than four acvl chains. When
the additional XA3" chain ester-linked w0 the
XA3 03 atom is directed toward the inside of the
cavity, the hydrogen bonds of the XA3 037 atom
to both Ser' O and 10 XAl 01" are disrupted,
and henee the XA3 and XA4 porions are
rearranged. This reamangement would displace
some portions of XA3 and XA4 toward the region
near Val*?, Leu®, and Phe®, which is reported 1o
affeet ligand-stimulated TLR4 clustering (27).
Binding sites other than L1 through L4 for the
additional acyl chains or conformational changes
enlarging the cavity are conceivable Tor lipid A.
The additional lipid A acyl chains displaced from
the hvdrophobic cavity might be involved in
activation upon MD-2 complexation with TLR4,
and they may induce the reported ohigomenzation
of TLR4 (28). This sctivation scheme is consistent
with the increased MD-2 aflinity to lipid A upon
association with TLR4 (29). Recombinant human
MD-2 in which Ser’. Lev®, and Lys'? are
replaced with the comesponding mouse residues
(Thr, Val®, and Glu'®) is reponed o be
activaied by lipid IVa and lipid A (30). The
hwdroxy O atom of Ser’ in the [ sirand is
hydrogen-bonded 1© Glu™ N, Leu® is located
deep in the cavity, and Lys'?
the cavity entrance. The former two replacemenis

dicated by color darkness. (B} Electrostatic potential surface. Positive and negative potentials are shown
in blue and red, respectively. Bound lipid IVa is drawn as a ball-and-stick representation: O in red, N in

blue, C in yellow, and P in green.

15 JUNE 2007 VOL 316 SCIENCE

is on the surface of

would bring subtle changes in the construction of
the cavity, and the replacament with the glutamate
side cham would change the clectrostatic proper-
tics of the cavity entrance,

We hypothesize that the MD-2 structure
unaltered by lipid IVa binding might be
essential to antagonistic propertics i human
cells. The complexed structure that conlines
most of lipid 1Va suggests that MD-2 plays a
principal role in recognizing LPS. Morcover,
it provides a basis for structure-based devel-
opment of antiseptic drugs that might be
effective in preventing endotoxin shock.
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Microcentrifuge Pack
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The Spectrafuge 24D Microcentrifuge Starter Pack includes all the tools necessary for
microsample preparation. The Spectrafuge 24D Microcentrifuge combines innovations
such as a unique, easy access rotor design with an exclusive multi-flow air cooling sys-
tem that keeps samples cool while maintaining quiet operation (less than 55 dBA). A
digital microprocessor precisely requlates operation of the high-performance motor
drive. The starter pack includes the Spectrafuge 24D digital microcentrifuge, the Spec-
trafuge mini-centrifuge, the Spectrafuge 240 StripSpin adapter for centrifugation of
polymerase chain reaction strips, a 50-place microtube storage box, tube adapters for
running 0.5-pl and 0.2-pl microtubes, and 500 Labnet 1.5-pl clear microtubes,
Labnet International For information 732-417-0700 www.labnetlink.com

Peripheral Blood Mononuclear Cells
Cryopreserved human peripheral blood mononu-
clear cells (PEBMC) display greater than 0% via-
bility when thawed. When tested for peptide or
protein antigen-induced T-cell recall responses in
cytokine engyme-linked immunospol assays, the
frequencies and per-cell cytokine productivities
of the thawed cells approximate 100% of fresh
PBMC. The cryopreserved PBMC are available
either uncharacterized or characterized for HLA-
type lowhigh resolution, antigen reactivity, age,
gender, ethnicity, blood type, and vaccination
status for vaccinia, tuberculosis, and hepatitis B,
Custom arders are also available. The cells can be
used for validation and protocol set-up, and for
intemnal controls for clinical trials. They can facil-
itate human immunological research and assay
standardization within and between laboratories.
All donors are screened to be negative for a vari-
ety of pathogens.

Cellular Technology Ltd For infarmation
B88-791-400% www.immunospot.com

MALDI Spotting System

The NanolC MALDI Spotling System enables users
to use a powerful liquid chromatography (LC) sys-
tem in matrix-assisted laser-desorption ionization
(MALDI} applications. Featuring the new Ekspot
spotter, the new system complements the manu-
facturer's offerings for nanospray mass spectrom-
etry (MS) proteomics analysis. Integration of the
Ekspot with the NanolC provides single-point con-
trol from Eksigent software and enables the analy-
sis of complex prolein and peplide samples with
MALDI MS. The Ekspot spotter/fraction collector
depaosits fractions eluted from the NanolC onto a
MALDI plate, while a built-in pump automatically
adds the matrix. High positioning accuracy ensures
consistent spotting with maximum resolution. The
high-capacity system stores up to 16 MALDI tar-
gets for high-throughput applications. By elimi-
nating flow splitting, Eksigent’s proprietary
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microfluidic technology improves reproducibility
and sensitivity and eliminates solvent waste, The
NanolC's precise microscale flow control runs
high performance LC gradients at rates as low as
20 nL per minute.

Eksigent For information 925-560-2627
www.eksigent.com

Human Embryonic Northern Blots
The Heman Embryonic message Hunter Northern
Blots provide a guick answer to which genes are
turned on and off during the human embryonic
development stages. Researchers can choose
Northern blots at &, 7, 8, 9, 10, 11, and 12 weeks
of development for a variety of tissues, The tissue
sources include human embryonic brain, heart,
kidney, liver, lung, muscles, and whole embryos.
G-Biosciences/Genotech For information
800-628-7730 www.GBiosciences.com

Real-Time PCR

High-resolution melting (HRM) is a novel, closed-
lube, post-polymerase chain reaction (PCR)
method that enables researchers to analyze
genetic variations (such as single nucleotide
palymorphisms, mutations, and methylations} in
PCR amplicons prior to or as an alternative to
sequencing. It provides high specificity, high
sensitivity, and convenience at a significantly
higher speed and lower cost than methods such
as denaturing high performance liquid chro-
matography, gels, or gradient-based technigues.
The LightCycler 480 Real-Time PCR System now
features a new software analysis tool and reagent
for PCR and HRM-based mutation scanning,
turning it into the first fully integrated, high-
throughput platform for this technique. When
HRM is used to scan gene fragments, unknown
sequence variations in heterozygous samples
have melting curves that are shaped differently
from those derived from homozygous samples.
The LightCycler 480 High Resolution Melting

Master contains a special DNA dye that binds lo
DNA without preference for sequence or confor-
mation. The dye gives rise Lo distinct melting sig-
nals that, when acquired at high resolution, can
reveal subtle differences between wild-type and
heterozygous samples.

Roche Diagnostics For information
317-521-2000 www.lightcyclerd80.com

Systems Toxicology Software

Genedata ToxPedia is computational software
offering the opportunity lo use systems toxicol-
ogy for drug safety prediction. Systems toxicol-
ogy has the potential to reduce costly failures in
the late stages of drug development. To use it,
scientists need Lo integrate toxicogenomic data
with conventional toxicological end points. This
integration enables a systematic search for clini-
cally relevant molecular biomarkers that can be
used to predict a compound’s toxicity profile
before expensive clinical trials are started.
Genedata For information +41 61 697 8510
www.genedata.com
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Ease; Introducing PrepEase Purification Products is
a brochure that describes a comprehensive line of
purification products for isolation of plasmids,
DA, RNA, and histidine-tagged proteins. The
products are based on well-established and reli-
able methods of purification using anion exchange
chromatography and silica membranes,

USB Corporation For information 216- 765-5000

www. usbweb.com
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The Center for Bemote Scnsing of loe Sheets
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outreach, and knowledge wansfer, The Assocare
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ton outreach and knowledge mansfer programs.
Day-to-day activities indude: recurring interaction
with the center’s graduate and wndergraduare
students; work with center staff to develop /maintain
a compelling web presence of the center; oversight
of K-12 outreach; strengthen distance leaming ef-
forts; manage summer rescarch expericnoes for un-
dergraduates and mternational rescarch experiences
programs; and manage graduate student recruit-
ment. Making the cenrer’s science and rechnology
development activities and products highly visible,
transparent, compelling, and accessible ro a broad
audience is eriical. Secking additional funding by
proposal writing to support new initiatives is also
expected. Requires a Master’s degree and five vears
of related experience. Review of applications begins
June 28, 2007, Salary range is 570,000 to 580,000, For
a complete description with complere list of requare-
ments and to apply go to website: https:/ fjobs.
ku.edu and scarch for positon numbcer 00206340,
gl Opportiemty / Affionatae Aaion Engployer

POSTDOCTORAL RESEARCH. Mentored
teaching fellowships available: Office for Diversiny
in Science Tramming, University of Kansas, NIH-
Institutional Rescarch and Academic Carcer Devel-
opment Award Program (IRACDA). Postdocroral
fellowships are available through the NIH-IRACDA
Program. This comprechensive program offers three
vears of support to outstanding candidares secking
postdoctoral rescarch traming along with an oppor-
tunity to obtain mentored teaching experience in a
four-vear trbal 1.::||l|_[.',1. n pn.pumlmn for an aca-
demic carcer. Ph.D. in biomedical sciences or related
fiecld required. For complere description and appli-
cation inscructions ﬁ: to website: hitps://jobs.ku,
edu, posivion #000001%4. Review of applications
will begin July 1, 2007, for appointments beginning
shortly thereatter and will continue until postions
are filled. Lgual Cyppostunity /A ffimnative Acion Employer.

TEXAS TECH UNIVERSITY HEALTH
SCIENCES CENTER, Garrison Institute on
Aging department, is accepting applications for a
POSTDOCTORAL FELLOWSHIP 1o be availa-
ble in steroid hormone biosynthesis. Candidate
should have a Ph.D. and background in cellular
and malecular biology and endocrinology. Experi-
ence in gene knockour animal models is preferred.
Send curriculum vitae to: Texas Tech University
Health Scences Center, Garrison Institute on
Aging, 3601 4th Street, Swp 9424, Lubbock,
TX 79430-9424. Fax: 3006-743-3630; e-mail:
xingjia.wang@ttuhsc.edu. For additional infor-
mation and to apply, log on to website: http: £/
jobs. texastech.edu, TTUHSC i an Bl Engployment
l'.i'ml-qlriluu'lr-".'l_f_i'imr.il'ln‘ Activan Ennpdo yer

POSTDOCTORAL POSITION to work on
herpes simplex virus latency in an NIH-funded
project. Avalable immediately. Recent Ph.D. Strong
background in molecular biology cssential. Back-
ground in virology, virus latency, or apoprosis de-
sirable. Scend curriculum vitae and informartion for
three references to: Steven Wechsler, Ph.D., Pro-
fessor; Department of Ophthalmology/Depart-
ment of Microbiology and Molecular Geneties;
/o Alice Lane, Academic Coordinator; Depart-
ment of Ophthalmology, University of California
Irvine; 118 Medical Surge I Building 810; Irvine,
CA 91&9?4"1?5 O e-mail: wcdulcr@ucl edu.
The Unfversity of O d'r.l'.trm! Iine iy an f,.1|r|.Jﬂ f:l”mrilrmrr
Eimploper connmirtted to e llence tirongh diversity,

POSITIONS OPEN

ASSISTANT/ASSOCIATE PROFESSOR
Neurophysiology

The College of Veterinary Medicine at
North Carolina State University in Ralagh, North
Carolina, annownces a tenure-track faculy posi-
on in neurophysiology with an imoal appoing-
ment at 70 percent rescarch, 20 o 30 percent
Ii.'iil.'hil'lg1 and zero 1o ten percent sc rvice
depending upon entering mank. A Ph.D. in
neurophysiclogy or a relevant newroscience
ficld is required. Candidares also having a
D.V.M. or teaching expencnce in a veterinary
professional curriculum are encouraged to ap-
plv. To view the full vacancy announcement,
with position responsibilities and additional
requirements, and to apply, please visit our
webszite: hn%gégnbs.nmu.tdu and search by
position -4y . Applications arc cur-
rently being accepred and the position will be
open until August 15, 2007, or until a suitable
candidare is idenrified. Questions abour the
position can be dirceted vo: Dr, Lola Hudson,
Search Committee Chair, College of Vet-
erinary Medidne, Morth Carolina State Uni-
versity, 4700 Hillsborough Street, Raleigh,
NC 27606, e-mail: lola hudson@ncsu.edu.
Affimrative Adion/Egeal Opporanrity Engployer. In
edditims, N Sune Unnwersry svlones af  perions
watleoant rqr.rr..l' i geviead areiitation. o thoee dndivid-
wals wnth disrbdliies  reqeinng acoumadion please

continet telephone: 910-515-3 148,

RBIOLOGY: POSTDOCTORAL TEACHING
FELLOWSHIP
Begin August 2007

The Department of Biological Scienoes at the Uni-
versity of the Sciences in Philadelphia invires appli-
cations for a one-vear (renewable) Postdocroral
reaching fellowship. Thirty pereent teaching; seventy
pereent research. Teach an undergrad introductory
biology lecture and laboratories, Significant mentor-
ing by expericnoed educators available, Successful ap-
phcant will join a dwamic rescarch group studving
Ras/MAP kinase signal transduction in regulating ccl-
lular division, growth, and differcntiation in Dvaseplele
wiefanggrerer retiml development and human cancer
cells, (see website: hutps/ /www.usip.edu/biology,/
marenda.shtml for more denils). A strong back-
ground with expencnce in molecular biology, genetics,
and biochemistry, spedfically in doning, immuno-
histochemistry, and confocal mlcrm.cnp\ is highly
desired. -‘l.ppllunti should h.'E'.l.. received their Doctor-
are within the last two years in a relevant biological
scienoe, Mease submit cover lerter, curnculum vitae,
copics of graduate transcrips, and three beoters of
references o DM, Teaching- Postdoctoral Fellow
Search, Department of Biological Sdences, Univer-
sity of the Sdences in Philaddphia, 600 5. 43rd
Street, Philadelphia, PA 19104-4495.

Affirmarive Action /Epial Cpporiaity Engployer.

SENIOR RESEARCH TECHNOLOGIST
sought by Massachuseres General Hospital 1o lead
a research l.'-rujq:q.t that aims to idennify the molecu-
lar basis ot Hunlmbu:n s discase. Requires MLS. or
equivalent in genctics, molecular biology, biochem-
istry, or neurobiology and two vears of mdustry ex-
penence. Must have expentise in cach of the combined
disciplines above, including genetic mampulation and
mousce breeding, brain tissue dissection, culture of
newronal cells, manipulation of nudeic acid in real
time polymerase chain reaction analvses, complemen-
ary DNA and oligonucleotide microarray analvses;
cloning, fusion protein production, immunopre-
cipitation, sucrose density gradient fractionarion,
high perdformance liquid chromatography; develop:
ment and optimization of cell based assavs for high
throughput drug screens and cxpertise in Hunting:
ton's discase, If qualified, send resume o Cheryl
Crowley, Administration Manager, Molecular
MNeuwrogenctics Unit, Center for Human Genetic
Kesearch, Massachusetts General Hospital, 185
Cambridge Sweet, Cambridge, MA 02144,
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NIAID Needs You

Because The World Needs Us

DIRECTOR, DIVISION OF ACQUIRED IMMUNODEFICIENCY
SYNDROME (DAIDS), NIAID, NIH, DHHS

The National Institute of Allergy & Infectious Diseases (NIAID) is seeking an exceptional and visionary leader for the position of Director,
Division of Acquired Immunodeficiency Syndrome (DAIDS). A $4.4 billion organization, NIAID supperts over 100 major research programs
and initiatives in three broad, distinct areas: biodefense, AlDS, and traditional immunologic and infectious diseases.

DAIDS" mission is to increase basic knowledge of the pathogenesis, natural history, and transmission of HIV disease and to support research
that promotes progress in its detection, treatment, and prevention. DAIDS accomplishes these goals and objectives through planning,
implementing, managing, and evaluating programs in 1) fundamental basic research, 2) discovery and development of therapies for HIV infection
and its complications, and 3) discovery and development of vaccines and other prevention strategies.

DAIDS is comprised of 18 Offices, Branches, and Programs with approximately 180 scientific and administrative staff. The Division funds efforts
through a comprehensive portfolio of research grants, cooperative agreements, and contracts with a total annual budget of more than
$900M.

The Director, DAIDS reports to the Director, NIAID and provides overall executive direction and scientific leadership for DAIDS. Specifically,
develops, directs, and coordinates DAIDS program activities; manages resource allocations to include staff, physical, and financial resources;
maintains staff through recruitment, training, mentoring, and workplace diversity; and fosters a productive work environment. In addition,
the successful candidate will: serve as an advisor to the Director, NIAID on AIDS and HIV mission and research agenda; liaison with representatives
of other major NIH Institutes and Centers, Federal and non-Federal agencies, intemational research organizations, professional societies,
foundations, the media, and patient advocacy groups; establish and maintain research collaborations with industry and public sector organizations;
and support and liaison with the AIDS Research Advisory Committee and the AIDS Vaccine Research Committee,

The major thrust of the position is to provide scientific administrative and executive leadership. It may be possible for a candidate to
have a laboratory presence in the NIAID Intramural Research Program.

QUALIFICATIONS: Applicants must possess an M.D., Ph.D., or equivalent degree and must demonstrate the following: 1) Experience working independently
in planning, organizing, and conducting biomedical research in fields consistent with the mission of the NIAID and DAIDS (e.q.. infectious
diseases, HIV); and 2) Experience serving effectively in research program administration in these fields, which must include managing policies
and procedures associated with extramural research administration, This experience may be gained via senior level research experiences as a
principal investigator, or may otherwise be gained through active involvement in initiating research projects, developing protocols, conducting
studies, documenting findings, interpreting results in a published report {journal), supervising staff, and managing the budget. Preference will
be given to those known and respected within their profession, both nationally and internationally, as distinguished individuals of outstanding
scientific competence and those that possess a record as a senior scientific administrator/executive leader.

APPLICATION PROCESS: Provide a Curriculum Vitae, bibliography, and a two page summary explaining 1) level of interest in
the position and 2) administrative/executive skills in relation to leading change; leading people; producing results/making
decisions; administering human, financial, and information resources; and building coalitions/communication.

Submit package to: Ms. Lisa Poindexter-Steed, Office of Workforce Effectiveness and Resources (OWER), NIAID, 10401 Fernwood Road, Suite
2SES7, Bethesda, Maryland 20817 and reference announcement number DDAIDS-07-01. The application review process will begin August
24, 2007. Direct inquiries to: Ms. Poindexter-Steed via email: Isteed@niaid.nih.gov or at 301-496-9687. Information regarding the Institute is
available on the NIAID website at www.niaid.nih.gov. All information provided by applicants will remain confidential and will only be
reviewed by authorized officials of the NIAID. Salary is commensurate with experience and a full package of benefits is available including
retirement, health and life insurance, long term care insurance, leave, and savings plan (401K equivalent). This position is subject to a
background investigation.

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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Tenure-Track Positions
Liver Diseases Branch

NIDDK @)

New Rescarch Initiative = Fatty Liver Disease & Obesity - Tenure Track Position:

The Liver Discasces Branch of the National Institute of Diabetes and Digestive and Kidney Discases (NIDDK), National Institutes of Health
(NIH) invites applications for one tenure track position from scientists interested in basic and/or clinical research involving non-alcoholic fany
liver disease and metabolic syndrome. Specific areas of research interest include pathogenesis and mechanism of metabolic derangement in non-
alcoholic Fatty liver discase and its pathophysiological link to insulin resistance and obesity. Priority will be given to applicants at the Assistant
Professor level in traditional universities or those finishing their post-doctoral/fellowship positions.

New Research Initiative — Liver Stem Cells - Tenure Track Position:

The Liver Discases Branch of the National Institute of Diabetes and Digestive and Kidney Discases (NIDDK), National Institutes of Health
(NIH) invites applications for one tenure track position from scientists interested in basic and/or clinical research involving mammalian adult
stem cells. Specific areas of research interest mclude functional differentiation and mechanism of development of adult tssve-derived stem cells,
especially those of the liver, and potential clinical application of stem cell therapy in liver discases. Priority will be given to applicants at the
Assistant Professor level in traditional universitics or those finishing their post-doctoral/fellowship positions,

The applicant must have a proven record ol accomplishments and will be expected to propose and pursue an independent research program in one
of these fields. The position offers unparalleled opportunities for interdisciplinary collaboration within NIDDK and throughout NIH. The Liver
Diseases Branch of NIDDK is located on the main intramural campus of the NIH in Bethesda, Maryland, a suburb of Washington, D.C,

Interested applicants should send a Curriculum Vitae and list of publications, copics of three major publications, a summary of research accom-
plishments, a plan for future research, and three letters of recommendation to Ms Michelle Brown, Search Committee, Liver Diseases Branch,

NIDDK, Building 10-9B16, NIH, Bethesda, MD, 20892-1800. Application deadline: September 15, 2007,

Staff Scientist
% Laboratory of Infectious Diseases
Respiratory Viruses Section

The National Institute of Allergy and Infectious Discases, a major research
component of the NIH and the Department of Health and Human Services, is
recruiting a Stafl Scientist, The position will be available in the Respiratory
Viruses Section of the Laboratory of Infectious Diseases, and scientists with a
M.D. or Ph.D. are eligible. The rescarch activity involves (1) the development
of live anenuated Aavivirus vaccine candidates and their evaluation in rodents
and non-human primates as well as in the clinical tnials in humans; (2) the use
of novel approaches for construction of chimeric viruses to examine basic
questions of viral pathogenesis and the molecular basis of atlenuation of highly
newrovirulent faviviruses: (3) the evaluation of the immunologic determinants
of resistance 1o infection and illness caused by these Aaviviruses, This full-time
research position offers & unique opportunity o work on investigations that ringe
from basic molecular biology to applied vaccinology. Staff Scientist applicams
should have at least six years of laboratory work experience in molecular virol-
ogy and immunology; the salary range is $74.503 - $162,371. Prefercnce will
be given to candidates who have experience working with neurotropic viruses,
Applicants should submit their curriculum vitae, a letter of research inlerests,
and names and addresses of three references to;

Alexander Pletney, NIH/NIAID/LID, 33 North Drive, Room 3WI0A,
Bethesda, MD 20892-3203, FAX: (301) 496-0501, email: apletneyia niaid.
nih.gov. Review of applicants will begin on September 1, 2007 and continue
until a successiul candidate is idemtified.

Staff Scientist
QY Laboratory of Infectious Diseases
Respiratory Viruses Section

The National Instinne of Allergy and Infectious Diseases, a major research
component of the NIH and the Department of Health and Human Services, is
recruiting a Stall Scientist. The position will be available in the Respiratory
Viruses Section of the Laboratory of Infectious Diseases, and scientists with a
M.D. DM, or Ph.D. are eligible. The research activity involves (1) examina-
tion of the pathogenesis of pandemic and potential pandemic strains of mfAuenza
and their evaluation in vitro and in experimental animals including the 1918
influenza; (2) influenza viral genomics, and examination of viral evolution
in fitness and host adaptation; and (3) the development of influenza clinical
trials in humans. This full-time research position offers a unique opporiunity
to work on investigations that range from basic molecular biology 1o clinical
research. Staff Scientist applicants should have at least six vears of laboratory
work experience in molecular and classical virology research; the salary range
15 574,503 - 5162,371. Preference will be given to candidates who have expen-
ence working with influenza viruses especially those with BSL3 experience,
Applicants should submit their curriculum vitae, a letter of research interests,
and names and addresses of three references 1o

Jeffery K. Taubenberger, MD, PhD, Attn: A. LeCointe, NIH/NIAID/LID,
Bldg 33/Room IWO02B, MSC 3203, 33 North Drive, Bethesda, MD 20892-
3203, FAX: (301) 4804509, email: lecointe(@niaid .nih.gov

Review of applicants will begin on July 2, 2007 and continue until a successful
candidate is identified.

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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; Tenure-Track Position in Molecular Genetics
NIDDK &)

National Institutes of Diabetes and Digestive and Kidney Diseases

We seck an outstanding scientist to direct a vigorous, innovative research program in Molecular Genetics in the Genetics
and Endocrinology Section/Metabolic Diseases 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 support.

The Metabolic Diseases Branch of NIDDK 1s located on the main NIH campus in Bethesda, Maryland, a suburb ol Wash-
ington DC. The Branch represents interests similar in range to those of an academic department with groups studying
G-proteins and hormone-secreting tumors including those mediated by the MEN1 or HRPT2 genes in man. There are
strong interactions among the three independent research groups, and the position offers unparalleled opportunities for
interdisciplinary 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 future research
goals, and arrange for three letters of reference to 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, E-mail: lindar(@ mail.nih.gov.

Application Deadline: July 15, 2007,

; & Tenure-Track Position in Human Molecular Genetics
NIDDK (j) National Institute of Diabetes and Digestive and Kidney Diseases

We seek an outstanding scientist to direct a vigorous, innovative research program in the molecular genetics of human type 2 diabetes
and/or obesity, in particular as these diseases relate to the Pima Indian population of Anzona. Applicants must be highly motivated
and have a demonstrated track record through publications that address significant issues of discovery of genetic susceptibility fac-
tors to these conditions in human populations. The successtul candidate 1s expected to develop anindependent, 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 downtown Phoenix. Arizona. The Branch represents interests similar in range 1o 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. Dan Camerini-Otero, Chair, Search Committee, ¢/o Linda Robinson, NIDDK. 9000 Rockville Pike, Building 5/Room 201,
National Institutes of Health, Bethesda, MD 20892, e-mail: lindaria mail.nih.gov.

Application Deadline: July 15, 2007.
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Opportunities with
Howard Hughes
Medical Institute

The Howard Hughes Medical Institute (HHMI), 2 national
and mrermavonal philanthropy devoted 1o biomedical research and
seience education, s H-l;'t.‘li:iﬂ.:_: ;:.q}:ri:;cmu[ [n’iﬂ':;-tﬁiun:llli o Jsin our
new Science Fducaton Allance (SEA) program at our Janelia
Farm Research Campus in Ashburn, VA. For the firss several
months, these pasitions will be located at our headguarters in
Chevy Chase, MDD,

The SEA program is an exciting new mitiative that promises o
become a national resource for science education. SEAS first major
project will be to develop a national genomics experiment
implernented as a research-based laboratory course for freshmen-
anil nu]}hulnnrc-l::l.‘r_'f undergraduate students. " TUhis program is an
opportunity o infuse undergraduate curricula with rested
inovative methods to train students for 2 1st-century science,
This research eourse will begin with techniques used in
microbiology, advance through molecular iology, and end in

Biomedical Physics Research and Engineering
Multiphoton Microscopy in Medical Endoscopy

Located i fthaca, N.Y,, Cornell University i a bold, imnovarive,
inclusive and dviamic teaching and resedarch universite where staff,
SJeculty, amd siwdenis alike are clraflenged 10 make an emduring
conribiion fo the betterment of fuemaniy,

Comell University, in collaboration with Weill Medical College of
Comell University, has undertaken the incomporation of Multiphoton
Microscopy (MPM) into human Medical Endoscopes (US Patemt
6.839.586). The imegration of the established technology of MPM
(US Patemts 5034613, 6.166385 and 6.344.653) into Medical
Endoscopies utilizes the nonlincar excitation of the ntrinsic
Muorescence of tissves and their Second Harmonic Generation (SHG)
for high-resolution microscopic imaging in situ in real tme for
“optical mopsies” and dunng surgery, encompassing mMicroscopy in
traditional endoscopics. There are opportunities For optical physicists
and engineers, and biophysicists and biomedical engineers (o serve in
postdoctoral or research associate positions ot Cornell in Ithaca, NY.
This research involves basic biophvsical optics and instrumentation
as well as design, development and testing of instrumentation, and its
optimization in applications. It also includes documentation of
MPM/SHG endoscopy biopsy image comparisons with pathologisis®
H&E preparations, Expertise in Engincenng and Biomedical Physics
is required for this laser and microscopy optics instrument design
challenge. preferably including proficiency in photophysics and

beanformatics.

Program Officer

In this key position, the Program Officer will help develop and
coordinare the nanonal experiment. The Program Officer will
assist in developing guidelines for partcpation in SEA and
appropriate raning workshops for participanng faculty: idennfy
potential participants; identify, assemble, and assess protwcols and
other resource materials; assist in development of asesment
toals and make site visits o partapating insttutions once the
course is running. During the first year of program development,
the Program Officer will be requiréd to spendl one day a week
traveling out of state. Addivonally, the Program Officer will be
responsible for helping to identfy emerging ends in science
education and help develop programs o disseminare science
edueation-related activities, nl-;tTuﬂqu!_ri::i, anel resourees.

biophysics,
Send cover leter and cuwrmiculum vita tor Prof, Watt W. Webh,

School of Applicd & Enginecring Physics, Cornell University, 223
Clark Hall, Ithaca, NY 148532501, Email: www2&@ corncll.edu

‘Masly Cornell University

A =9 | Corvel! Lniversiny v an Afirmative Action,
’ Egrucr] Opypewvimainy Emypliover and Edvcaton,
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The ideal candidare must possess a Ph.D. in the biologieal
sciences or relaved fields with academic experience, excellem
commumcation skills, excellent crineal thinl:in!; shalls, pruﬁL'i::m
computer skills, demonstrated skill in managing programs and
people, and the capacity for strong and imaginanve [t:ll:itl’h]'l.:i]l
about the future of biomedical science education.

Research Technician/Program Assistant

In this key posiion, the Research “lechnician/Program Assistant
will help test, develop, modify, assemble, and distnbute protocols,
biological and reagent kits to be used in faculty training and in
course implementation of the natonal experiment. .-\:l:li'ri:m;lliy.
the Research Technician/Program Assistant will perform general
office duties during off-peak times,

Progressive. Innovative. Flexible.

These three words descrbe Flaidigm microfluidic technology They also
describe the highly énerpetic individuals who make wp our tearm. Ruidigm,
locoted in South San Francisco, secks bright indviduals [0 complement our

team of reseorch, developrnent and business management professionals.

———] APPLICATIONS DEVELOPMENT SCIENTIST O—
(Moleculor Biofogy)

Deveop novel appliations for the Flidigm DOigital Array pladorm. Requires

experience with standard molecubar biclogy techniques, induding isohdng RMNA &

DMA, PCR, and homogensous (hesrescent PCR amays, and success developing/

desgning procedures for commerdal austomers. (Jeb Code: 2007-26-5C1)

{1 TECHNOLOGY DEVELOPMENT SCIENTIST [—
{Modecular Biofogy)
Irvent & develop novel appleations for use with existing and new Fluldigm edhnolagy
phatiorms. Requires meperience with standard moleular biclogy technigues. including
nudeic acds, proteins and cells, lab expertise, and experience with device/irstrument
development. (Job Code: 2007-25-5C1)

The ideal candidate must possess a degree in the biological
seiences or relaved fields with two years or more laboratory
fL“.‘i-l:i.'lTL'I'l L'?G]'N_"I'.IL"I'ICL"., F!I".'I‘L'r.'ll!l}' mn mc P]L'l'lll“r Ili“l”g_\" .lI'H.I IIH: lIiI]L‘
to travel to the out-of-state pilot site locaton one day per week
during the inital vear of the initatve. Excellent record keeping
skills, commumnication skills, proficient compurer skills, the abiliy
o work well within a team environment, and abality tw work
i.[!dt'l.!ﬂl.'ll.:ll'l'lt]}' Are 4 Imust.

HHMI is an intellectually demanding, resuls-oriented
ormimzation with excellent salaries and benefies. Responses shoulid
include vour present position, and a brief summary of your
‘ﬁ:l.t']'lnti.l-il.' miterasts and accom I1]i‘1l1.'||'|t[!l_‘i. 1111."."11.' '\'L'lll.! j'llllr FESLITIES
o Christine Leonharde=-Kimm at jobs@hhmi.org, Please include
the job utle in the subject bne, "To feam more about HHMI and

these positions, visit our Web site at www.hhmi.org,

BOTH positions require a PhQ or equivalent in Molecular Biology, Beochemistry or
Chemistry, and 2+ years of experience in asssy development and commerdalization

Why not consider working for one of Red Herrings Top 100
Private Companies? Fhidigm offars an exdting work envircnment
with excelent compensation & benefits, including pre-IPO stock luo
options. Reference the positon tte and job code in the subject and meEH
omad resume to: jobs@fluidigm.com. Fludigm wil not acoept |

resumes from 3rd partes. EQE

For more infarmation on Fuidigm and to
view alf current job oppartunities, please visit

The Howard 1 I'll'__’l'lt'u Medical Institute is an E":lll.l:!! Opportunity
Employver.

HHMI

HOWARD HUGHES MEDICAL INSTITUTE
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Director of NUS/A*STAR Clinical Imaging
Research Centre (CIRC), Singapore

The National University of Singapore (NUS) School of Medicine, in conjunction with the government’s
Agency for Science, Technology & Research (A*STAR), is building a major research centre for
in vivo imaging for clinical and translational medicine. The NUS/A*STAR Clinical Imaging Research
Centre (CIRC) will procure and use state-of-the-art clinical imaging systems for investigations in
human subjects, focusing particularly on diseases relevant in the region.

A multi-million dollar investment has been committed to
fund research staff, equipment and operational costs and
the first phase of procurement is underwvay. We now wish
to appaint the first Director of CIRC o lead and develop
this Program. The Director will report to a Management
Committee, chaired by Professor Sir George Radda,
comprising senior representatives from A*STAR and
NUS. He/She will be responsible for devising the overall
clinical research strategy, making new scientific
appointments and for overseeing the procurement of new
equipment (additional MRI and related technologies,
PET-CT, SPECT-CT, optical imaging, ultrasound) and the
planned relocation in 2009 to a new builkding at the NUS
Yong Loo Lin School of Medicine.

The location and research environment are ideal for
interacting with scientists, clinicians, engineers and
IT/data processing staff belonging to:

= NUS Faculties of Engineering, Science, Information
Technology, Medicine and Radiology.

The University teaching hospital.
A*STAR's Singapore Institute for Clinical Sciences.

Other A*STAR Research Instilules and consortia
based in Blopolis including those engaged in
Preclinical Imaging Research, Stem Cells, Genomics,

MNUS Faculties of Engineering, Science, Information
Technology, Medicine and Radiology.

The University teaching hospital.
A*STAR's Singapore Institute for Clinical Sciences.

Other A*STAR Research Institutes and consortia
based in Biopolis Including those engaged in
Preclinical Imaging Research, Stem Cells, Genomics,
Maolecular and Cell Biology, and Immunology.

Equipment suppliers and Pharmaceutical Industry
research groups.

o+

The intention is to create one of the largest and
best-equipped multi-disciplinary centres for clinical
research imaging in Asia that will become a national
resource for research and training.

We invite internationally-recognized investigators in
the area of clinical imaging research to apply for the
Directorship. Qualified to MD, PhD, or MD/PhD level,
and from either an academic or industrial background,
you must be able to demonstrate your ability to lead and
run a major programme in clinical imaging /transkational
research and be able 1o link this to preclinical scientific
findings. Preference will be given to applicants with a
strong track record of publications in major journals,
who have led a major research program and have built
collaborations with other groups. Candidates will be
offered a joint appointment at the National University
of Singapore (professorial) and with A*STAR. The
remuneration package will be highly competitive to
reflect the national (and international ) significance of
this role,

To discuss your interest, please contact Professor
Sir George Radda (george.radda@dpag.ox.ac.uk or
george.radda@sbic.a-staredu.sg) or Dr Kevin Young
{ Kevin. Young@theR SAgroup.com), preferably enclosing
your curriculum vitae. All applications will be treated in

strict confidence.
remuneration package will be highly competitive to

reflect the national (and international ) significance of
this role.

To discuss your interest, please contact Professor
Sir George Radda (george.radda@dpag.ox.ac.uk or
george.radda@sbic.a-staredu.sg) or Dr Kevin Young
{ Kevin. Young@theRSAgroup.com), preferably enclosing
your curriculum vitae. All applications will be treated in
strict confidence.

Employment Agency Licence: CBT401).

Suites 6 & T. The Franklin, Singapore Science Park |, Singapore 118223

.
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U.S. Department of Energy
Office of Science
Deputy for Programs
Announcement #SES-S5C-HQ-013 (kd)

The U5, Department of Energy’s (DOE) Office of Science 15 seeking highly qualified candidates

with outstanding scientific aclhievements to fll the Deputy for Programs pesition, The Office of

Science is the single largest supporter of basic research in the physical seiences in the United States,
with a 2007 budget of 53.8 billion. It oversees the Nation's research programs in high-energy and
nuelear physics, basic and fusion energy sciences, and biological, environmental and computational
scignees, The Office of Saience is the Federal Government s largest single funder of materials
and chemical sciences, and it supports unigque and vital parts of US. resecarch in climate change,
geophysics, genonuics, life sciences, and science education, The Office of Science also manages 10
world-class laboratories and oversees the construction and operation of seme of the Nation's most
advanced R&D user facilities, located at national laboratories and universities, These include particle
and nuclear physics accelerators, synchrotron light sources, nonoscale science research centers,
neutron scattening Facilities, bio-energy rescarch centers, supercomputers and high-speed computer
networks, More information on the Office of Science can be found m http:!/science.doe.pov,

The Deputy for Programs provides scientific and management oversight ol the six program offices
by ensurnng program activities are strategical ly conceved and exccuted; formulating and defend-
ing the Office of Science budget request; establishing policies, plans, and procedures related 1o
the management of the program offices; ensuring the research portfolio is integrated across the
program offices with other DOE program offices and other Federal agencies; and representing the
organization and make commitments for the Department in discussions and meetings with high-level
government and private sector officials, The position is within the mnks of the ULS. government’s
Semior Executive Service (SES); members of the SES serve in key positions just below the wp
Presidential appointees.

To apply for this position, please see the announcement and application instructions a hutpe!/
jobsearch.usajobs.opm.govisesasp under the vacancy announcement of #SES-SC-HQ-013 (kd).
Qualified candidates are asked to submit their online applications by August 29, 2007,

TECHNISCHE Leibniz-Institut
@ UNIVERSITAT E fir Polymerforschung \\.C RTD
DRESDEN Dresden e. V. i ke e gesnnstien

B

The Technische Universitat Dresden (TU Dresden)
Faculty of Science
Departmant of Chemistry and Food Chemstry

and the
Leibniz-Institut fir Polymerforsehong Dresden &V (IFF)
establish with regard 1o the Centre of Excellence _Cantre for Regenerative Therapies Oresden™ (CRTON
a new jointly appointed W3 lull Professorship [ienure) named

~Biofunctional Polymeric Materials”

and search for sutable candidates. The professorship will involve the scientific leadarship of the IPF Research
Area “Biofunctional Polymer Materials™ at the Max-Bergmann-Centre for Biomaterials.

The chair has to develop interdisciplinary approaches and will link physical and macromelecular chemistry
and biochemistry with cell biclogy, biophysics end medicine. The research focus of the chair will be the
development of new strategies for materials inspired by the increasing knowledge in life science. Particulary,
the modulation of spacific functions of [ving tissue by biohybride and biomimetic polymeric materials and the
understanding and control of interface interactions between living and artificial systems shall be scientifically
explored. In the frame of the CRTD emphasis will be put on biactive matrices (matrix engineering) which may
contnbute to the control of stem and progenitor cells m wire and m wwoe 0 enable new therapeutical
approaches.

The chair is assigned to the Department of Chemustry and Food Chemsitry of the TU Dresden |focus Bio-
chemiztryd, 15 associgted to the CRTD and involves aclive participation in intemational study and graduate
programs related to the CRTD.

The candidale shall be an international exper in interdisciplinary research in biomaterials and bic-interface
phenomena. Personal management qualities as well as experience in research management, international
co-operations, acquisition and leadership of collaborative research projects and the potentzal o develop new
research structures are desired. The applicants have to fulfill the employment condiions of § 40 Sichsisches
Hochschulgeseiz inits current version.

Applications from women are particularly welcome, The same applies to the disabled, The Applications will be
made available to the invelved bodies of the TU Dresden and the IPF.

Please send the application with CV, description of the research concepl, publication list, st of third party
funding and information about teaching experience Wl July 13, 2007 1o the Leibniz-lnstitot fir Polymer-

forsehung Dresden eV, Frau Prol. De B. Voit, Wissenschaftliche Direktorin, Hohe Strasse 6, D-01069 Dresden
|Germany).

Endothelial Pathobiclogy
Program
University of Texas
Medical Branch, Galveston

The Department of Pathology, Univer-
sity of Texas Medical Branch, Galves-
ton, 15 secking applications lor a full
professor o develop and lead the newly
cstablished Endothelial Pathobiology
Program.

The Endothelial Pathobiology Program
will include at least eight full-time
faculty members by Sepiember 20100,
Members of the Program will mier-
act with University scientists whose
rescarch 1s locused on infectious,
immunological, metabolic, nutritional,
toxicological, pestational, or endocrine
discases in which the endothelium of
the microvasculature plavs a kev role
n pathogencsis,

The successtul applicant will have an
extensive body of influential scientilic
publications, experience in mentoring
successtul rescarch carcers, an estab-
lished intemational reputation in the
lield of endothelial cell biology or patho-
biology, and an active research program
which employs cutting-edge technolo-
gics and physiologically relevant models
of microvasculature dysfunction,

Experience in developing rescarch pri-
orities, delining and pursuimng rescarch
opporunitics, and building collabora-
tive rescarch initiatives is essential, as
15 familiarity with rescarch-based
postgraduate and student research
programs,

Applicants should send a lener of inter-
est, statement of carrent and future
research objectives, and corricolam
vifae 1o;

David H. Walker, M.D,
Professor and Chair
Department of Pathology
Exceutive Director
Center for Biodefense and
Emerging Infections Discase
University of Texas Medical Branch
301 University Blvd.
Galveston, TX 77555-06049 LISA
Email: dwalkeria utmb.edu

The Search Committee will begin cval-
uating applications July 15, 2007 and
will continue until a suntable candidate
15 identified.

The University is an Eqgual
Oppertiniiy, Affirmative Action
Emplover. All gualificd applicants are
encourdaged to apply.

YAUTMB

The University of Texas Medical Branch




UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG
OFFICE OF THE DEPUTY VICE-CHANCELLOR (RESEARCH)

Institute for Human Evolution -
Professor/Associate Professor/Senior Researcher

The University of the Witwatersrand (Wits ) is located in the economic heartland of South Africa and in close proximity to some of the most important ho minid
{ossil-bearing sites anywhere in the world. The University holds extensive fossil collections of intemational significance and the Institute for Human Evolution
{IHE} has been established to create a centralized, sustainable, vibrant centre of resgarch excellence, The IHE is a University Institute which repons directly to
Deputy Vice Chancellor {Research). The IHE encourages mulii-disciplinary research in palacoanthropology and national and iniernational scientific collaboration
The IHE currently has approximately 12 associate members, who hold teaching appointments across the University. It is the University s intention to locale
the IHE in a building dedicated to the IHE and cognate disciplines.

online @sciencecareers.org

The University wishes to make one or morne senior appointments in the THE. At the full or Associate Professor level, these would be permanent appointments,
subject io the usual three year probation period. Al the Senior Researcher level, the appod niment would be for three years.

Qualifications, experience and attributes
Professor/Associale Professor

a PhD and postdoctoral experience in the Deld, with a strong recond of outputs in internationally recogmaeed publications

other forms of peer recognition, g awards, invitations to imermational conferences, holding office in learned socicties, advisory roles 1o Government,
[ [

the ability to inspare rescarch excellence and to partcipate in building a common vision of the THE, in an ethos of collegiality, openness and mutual
:«uppurl

the ability to work with top scholars from around the world

proven success in fundraising

well developed managerial skills

mitiative and commitment to panticipate in developing an international ly acclaimed research centre with a strong African focus

the ability 1o cultivate multi-disciplinary research projects

aclearly envisaged resecarch programme

Science Careers

Senior Rescarcher

a PhD and postdoctoral experience in the field
a good research record. as reflected in recognized publications
fundraising abiliy
ability to work collaboratively
a commitment o rescarchexcellence
a clear research proposal
Directorship of the IHE
The senior successful candidate in the Professor’ Associate Professor category may also be asked to assume the position of Director of the IHE. The major
funetions of thes position would be:
to develop and lead the IHE in accordance with the Business Flan of the Institute
to create a supportive environment for researchers and posigraduate students
to develop and direct an Institute that enjoys an intemational reputation for research excellence
to bear responsibality, together with the University s Collections Curator, for all homimd fossils and associated {faunal and floral
fossils
to raise funds, in particular endowment funds, for the sustainable growth and development of the [HE
to work with the South African Hertage Resource Agency and Government depaniments or agencies (o help shape the legislative
and regulatory environment in ways that might benefit the science of palacoanthropology
to promote public awarencess of the work of the IHE
to direct and be accountable for the lnancial management and general administration of the [HE

Remuneration and conditions of service

A competitive salary package is on offer, together with generous leave and a relocation and settling-in allowanee, The salory of a successful candidate
who wiis also appointed to the Directorship would be supplemented.

Applications and further information

Fuller details of the Directorship and the THE are avalable ot httpafswww.wits.ac za/research Personal engquines may be directed 1o Professor B
Bozzoli, Deputy Vice-Chancellor (Rescarchh on tel. no, 427 11 717 1151 (GMT+1 hour), or helinda.hozzoli @wits.ac.m

Applications may be made n:[u:u:lmnu:..i]l}' or h:.' conventional mail to:

Mr 5 Harduth

HR Manager

University of the Wilwatersrand

Johanneshurg Private Bag 3

PO Wits 2050

Republic of South Africa

sudesh.harduth® wils.ac.zn

Applicants should indicate whether they would be interested in assuming the Directorship role and should include a statement
in support of the application, full curricewliwm vitee (including a publication list) and the names of four referces who may be
contacted by Wils
Applicants not based in Johannesburg will be expected to make themselves available for interview, preferably in person, but in
defzult by video or telephone conference,
The closing date for applications will be Friday 29 June 2007.

Omnly applicants who are short-listed will be contacted

Committed o excellence and equity

www.wits.ac.za Wits gives you the edge
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Medical
Center

CHAIR OF PHARMACOLOGY
POSITION AVAILABLE

The Ohio Siate University College of Medicine Department of Phammacology seeks an energetic and
dynamie leader for the position of Chair of Pharmacology.

The Chie State University Medical Center leads the region with nine specialties named as among the
best inAmerica in the latest US. MNews & World Report magazine, and the 05U College of Medicine
is mnked 32nd by USNWER, making it one of the best public academic medical centers in the LS,
The OSU Medical Center has seen dramatic growth in its research programs in recent years, both in
funding and in impact. Faculty at Ohio State today hold more than 5182 million in external research
funding, all focused on finding the causes of discase and injury, their progression, oplimum treatment
and — wherever possible — their prevention. The completion of the Biomedical Research Tower has
added 10 Nloors and 180,000 square feet of lab space needed for continued growth. The cancer program
has a NCI sponsored phase | U101 and phase Il NOI early trials grant which links closely clinician
scientists to the Department of Phanmacology. Additionally, there is a close collaboration between the
College of Pharmacy and Department of Pharmacology.

The Departinent of Pharmacology consists of 15 faculty members, serving as the home for the OSU
program m Pharmacogenomics, and a clinical tials division. Faculty research tangets CNS pharmacology,
cancer, and cardiovascular disease, with a strong group of investigators focusing on drug addiction.
The candidate for Chair should have an excellent scholarly track record in basic biomedical sciences
and’or ranslational research, demonstrated ability to attract extramural funding, and administrative
experience.

The candidate will be expected 1o provide strong leadership i building an oulstanding pharmacol-
oy department, integrating basic and clinical research. The successful candidate will be expected to
lead or foster collaborative programs in support of strategic priorities of the medical center, including
neuroscience, heart, cancer, entical care, transplantation, and imaging. OSUMC is continuing lo invest
heavily in the growth of the biomedical departments within the SOM and is willing to commit significant
resources owards a visionary Chair's effons to develop the Depariment of Pharmacology

This is a full-time tenure track position. Applicants should submit a C.V. and a description of their
accomplishments and current focus and goals to: Michael Ostrowski, PhID Chair, Search Committee
for Chair of Pharmacology, 333 Hamilton Hall, 1645 Neil Avenue, Columbus, OH 43210; E-mail:
michaelostrowskii@osume.edu.

Thee CHvin State University i an Egual Opportueity Emploves

-
QJ UMasMemarial | m w“"“"‘“ﬁﬂ"“““

Faculty Positions in
Cardiovascular Medicine
and Research

The University of Massachusetts School of
Medicine and The UMass Memonal Medical
Center Heart and Vascular Center of Excellence
announce a major investment in Cardiovascu-
lar Research, We are seeking candidates at the
Asgistant, Associate, and Full Professor levels
for faculty positions that will involve substan-
tial independent rescarch in a newly renovated,
state-of-the-art facility. Successful candidates
will be expected to either establish or expand
an independently funded research program
and contribute to the clinical and/or education
missions of L Mass Medical Center. Successiul
applhicants will have demonstrated expertise in
research relevant Lo cardiovaseular disease, a
record of high-guality publication, and possess
¢ither an M.D or Ph.D. degree. Salary, start-up
funds, and space will be commensurate with
experience and academic achievement,

Please submit a cover letter, CV, and three
references 1o
John F. Keaney, Jr, MD
Chief of Cardiovascolar Medicine
UMass Memorial Medical Center
55 Lake Avenue North, RHoom 53-866
Waorcester, M A, D1655
or by email to Chasel.@ummbe.org

The University of Massachusetts and UMass
Memorial Healtheare are
Equal Oppaortumity Emplovers.

Faculty Positions — Areas of Focus
Processes of Aging

Buck Institute : . L .
Mechanisms of normal aging meluding lifespan determination,

for
Age Research

ite bnngs

gran
fundamenta

1. The Nature o
P

cell aging and cell fate. Genetie, biochemical and physiological
mechanisms. Evolution of aging and population genetic and
biodemographic approaches
Resoarch Focus Code F-PA
Diseases of Aging
Mechamsms mvolved i age-related diseases and therpeutic
mterventions i areas such as neurodegenenmtive and cerchro-
vascular disease, cancer, diabetes or other metabolic disorders,
osteoporosis, anthntis, and cardiovascular discase utilizing either
in vitro or in vivo inverebrate or vertebrate model svstems.
Research Focus Code F-DA

Technological Approaches
State-of-the-art methodological approaches o biological prob-
lems relevant to aging or age-related discase, Target arcas include
computational biology, structural biophysics, mass spectrometry,
chemistry, cell biology and binenergetics,

Research Focns Code F-TEC

Interested Applicants must
hold a PhD and/or MD
degree and should submit
their curriculum wvitae,
a statement of research
imterests and the names of

Indicate Research Focus
Code on CV, cover letter
or email. No phone calls
please, Review of applica-
tions will begin on July
15, 2007 and contimuwe until

three references to: Faculty
Search Committee, Buck
Institute for Age Rescarch,
Human Resources, 8001
Redwood Blvd., Novato,
CA, 94945 or by email to
H R buckinstitite.org

the positions are filled. The
Brick Instituse is an Affirma-
five Action, Equal Cpporiu
miry Emplover: Wowren and
minarities are especially
encanraged fo appliyv.

www.buckinstitute.org

You got
the offer
you always
dreamed of.

Now what?

www.sciencecareers.org
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FACULTY OF HEALTH SCIENCES
UNIVERSITY OF COPENHAGEN

THE NOVO NORDISK FOUNDATION CENTER FOR PROTEIN RESEARCH

Professor

Soren
Brunak

Professor

Matthias
Mann

Core Fadility

Michael
Sunditrﬁ_m

The European Molecular Biology Laboratory (EMBL) is an international research organisation with its

Headguarters Laboratory in Heidelberg, Germany and jour additional Units in Hinxton (the European
Bioimformatics Institute, EBL), Grenoble, Hamburg, and Menterotondo. For our Outstation in Grenoble
we lave a vacancy fer a

Staff Scientist

New SAXS Beamline at the ESRF at EMBL, France

Amhrmmdm]nlnﬂm within the Partnership for Structural Biology (http//psb.esrf.fr)
which is establishing a unique and integrated SAXS-SANS platform, making use of the intense

¥-ray and neutron beams of respectively the ERSF and ILL. The successful candidate
will be respansible for construction, commissioning and user support of a new state-of-the-art
SAKEhamﬂn&,dadlmtndhbHow to be built on undulator beamline ID14-EH3 at the ESRF.
The beamline will cater to the needs of the European structural biology community who
mmmmmmmmwmmmm He/She will benefit
from strong technical support from the ESRF MX and Soft Condensed Matter groups and other
ESRF services as well as the EMBL Grenoble diffraction instrumentation group. In addition there
whamMmth&wmmmm EMBL Hamburg Outstation both
to transfer expertise and to provide test facilities during the conception and construction phase
of the future SAXS beamline at PmlIIhHmlbwn.

Apgplicants are expected to hold a PhD in a related specialisation and have postdoctoral experi-
mlnlmﬁmmhﬂmmdnnﬂmmhm}mammmmﬁmnmww
preferably at a synchrotron. At least some knowledge of, and demonstrable interest in, biology
is required. Candidates must demonstrate organisational and communication skills, as well as
the ability to work in a complex, intemational environment. Finally, the incumbent will be strong
inﬁnmnfmmﬁuaﬂﬂﬁ&ﬁm}mﬂhﬂh&@uh and will preferably speak basic French
or better.
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Cancer Immunology or Immunotherapy
(Assistant Professor/Assoclate Professor/Professor)

Rochester, Minnesota

The Mayo Clinic Comprehensive Cancer Certer seiks two independent, cancer
immunology and/or immunotherapy investigators (o develop internationally
competitive and extramurally funded esearch programs on the Rochester,

MN campus. The Immunology/Immunctherapy Program of the Cancer Center
includes 34 independent investigators, conducting basic discovery and
transiational research relating to the mmunology of cancer and cancer therapy
on the Rochester, Arizona, and Jacksomville campuses. We are seeking
collzagues who share our commitment (o advance basic understanding of
immunoblelogy and Lo translate these advances into novel treatments of
cancer. lnvestigators focusing on the bivtogy of reconstitution of the immune
system or the use of system biclogy strategies for the evaluation of the human
immune responses ane particubarly encouraged to apply. Very competitive
levels of start-up and sustained intramural funding will be provided to support
these new reseanch programs.

Tio kearn mone about the Mayo Clinic Comprahensive Cancer Center, Mayo
Clnic, and Rochester, MN, please visit www.mayoclinkc.org. www.mayo.edu,
and http://cancercenter.mayo. eda,/

Applicants should send thesr curriculum vitae, a description of research focus,
and the names of five references to:

Larry R, Pease, Ph.D.

Professer and Chair, Department of Immunclogy, Mayo Clinic College of
Medicine and Co-Director, Immunalogy and Immunethempy Program,
Mayo Clinic Comprahensive Cancer Center

Mayo Clinie

200 1st Street SW, Rochester, MN 55305

Mayo Foundation Is an sfirmatine action and sgual opportunity edmcsior md smplopee.
Prodt aer/ pre - ployimen | diig screania s feguilred.

YALE UNIVERSITY
. School of Forestry & Environmental Studies
(e School of Architecture
Junior Faculty Position in
Sustainable Design and Development
Yale University's School of Forestry & Environmental Studies and School of
Architecture seek applicants for an unprecedenied joint ladder level Assistant
Professorship in Sustainable Design and Development, with an emphasis on
the urban emwvironment. More specifically, we seek individuals who have exper-
tise, or the potential to establish this expertise, in the management and design
of urban environmental systems and urban ecological infrastructures with a
focus on the neighborhood and community scale rather than the building and
site scale. Candidates should not only demonstrate an interest in minimizing
adverse environmental impacts of urban development but alse in enhancing
beneficial human connections 1o natural systems i urban arcas. The successful
candidate will be expected to advise, supervise and instruct both environmental
studies and architecture students, offenng 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 sysiems. This person will be expecied 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 traming in any of the following fields: sustamable design and
development, urban design, landscape ecology and design, urban ecology,
architecture, or allicd ficlds,
Applicants should send a curriculum vitae: statement of rescarch, teaching,
and’or professional praoctice inlerests; two representative examples of research
or professional publications and ‘or design work: and a list of three references
to: Professor Stephen B Kellert, Yale University, School of Forestry &
Environmental Studies, 205 Prospecit 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
15 July 15, 2007,
Yele University is an Affirmative Action/Equal Opportunine Emplover
Men and women of diverse rocial/ethnic backgrounds and culiures
ane encanraged fo apply,

University Hospitals Cﬂ_SE

Case Medical Center CALL WLETLNN BLSLRVL LN NLRUTY

SORDOL O SILDCINL

Chief, Endocrinology and
Director, of the Diabetes Center

The Department of Medicine at Case Westem Reserve University School
of Medicine and University Hospitals Case Medical Center is secking
applicants for Chief, Division of Endocrinology and Director of the Dia-
betes and Obesity Center. The Division has 15 full-time faculty members
providing patient care ol University Hospitals Case Medical Cenier. the
Cleveland Wade Park Veterans Admimstration Hospital, and outpatient
satellite centers. The Division has current, robust basic, translational and
clinical research progroms, I1s educational program includes University
Hospitals Case Medical Center and the Wade Park Veterans Admin-
istration Hospital, with 5 fellows. The successful candidate will have
an outstanding record of scholarly achievements, sustained extramural
research funding, along with proven leadership, mentoning and adman-
istrative abilities. He/she should qualify for the rank of Professor with
tenure at Case, A strong commitment to continuing 1o lead the Division
in national prominence through banlding mterdisciplinary programs as
Diabetes and Obesity Center Director is expected.

Interested candidates should submat therr curticulum vitae and a letter
describing their research, teaching, service and administrative experience
1y Robert A, Salata, MD, Chair, Endocrinology Division and Dirce-
tor of the Diabetes and Obesity Center Chief Search Committee,
Chicf, Infections Discases, Department of Medicine, Case Western
Reserve University, University Hospitals Case Medical Center, 11100
Euclid Ave., Cleveland, OH, 44106-5083. Elcctronic format prefemed
o robertsalatai casc.edu

Cave Western Reserve UniversingyUniversite Haspitals Coave Medical
Cemter are Egual Opportumingy A ffirmeative Aotion Emplovers,

International Max Planck
Research School
PhD Program in
Structure and Function of Biological
Membranes

Max Planck Institute of Biophysics
Max Planck Institute of Brain Research
Goethe University
Franklfurt am Main, Germany

Several PhD fellowships are available in the Intemational Max Planck
Rescarch School in Frank funt. The two Max Planck Institutes and rescarch
groups at Frankfurt University offer a unigque environment for the siwdy of
biological membranes and membrane proteins. PhD opporiunitics exist in
mtemationally leading laboratories in the arcas of membrane prodein structure
determination, membrane biochemistry, molecular biology, and functional
studies by electrophysiological and spectroscopic methods, computational
biophysics and structural bioinformatics, as well as studies of whole
membranes. cells and organelles.

Highly qualified candidates with degrees in biochemistry, chemistry, physics,
biology, medicine or related subjects are invited w apply for the next round
of admission in Movember 2007, Application forms can be downloaded
from the website of the Rescarch School st www.anpifip- frank fiurs mpg.def
research-schoe!, Completed application forms and two letters of reference

should arrive no later than 31 July 2007,

For further deiails please coniaci:

Dr. Janet Vonck

MPI of Biophysics

Max-von-Laue-Sir. 3

D-6004 38 Frankfurt am Main

Germany

Tel, +49 (06D-6303-3004 /3001 Fax: +49 (0)69-6303 3002

E-mail: Research.School @ mipibp-franklurt.mpg de
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In the frame of the ERC’s Starting and Advanced grants of the FP7 of the European union, Inserm, the ‘;1'?_;.,-
French biomedical research organization, offers an attractive and stimulating environment including:

= attractive salary (up to € 7,000 monthly) with a potential tenure career track;

' = research centers with critical mass and multidisciplinary dimension for innovative research, in close relationship
‘ with university hospitals;

= full range of performing research infrastructures to support leading edge research activities;
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* strong partnerships with both French academic and industrial partners providing fruitful interfaces;
* atradition of innovation and technology transfer with the support of its private subsidiary Inserm Transfert;
* astrong experience in European and international projects, including recognized know-how in administrative

and financial management.

For more information about Inserm for your ERC submission, please contact:

= Depariment of Regional and European = Doﬁarlmant of Human Resources: *  Website of Inserm:
Strategic policies: richard.salives@tolbiac.inserm.fr
ohili Bets@tolbiac.insermddr www.inserm.fr/en/inserm
e J O

100 years of Lvang science

Imperial College -
Loﬁdon - ]OO

Division of Cell & Molecular Biology

Lecturer/Senior Lecturer in Bacterial Infection

Lecturer £37,740 to £42,150
Senior Lecturer Starling Salary £46,560

We are seeking to strengthen our portfolio in bacterial infection by making an academic appointment at LecturerSenior Lecturer level
1o join the Centre for Molecular Microbiology & Infection (CMMI; hittp:i'www 3, imperial ac.uk/cmmi) within the Division of Cell &
Molecular Biology htp:ifwww3.imperial. ac.uk/lifesciances/divisions/celland molacularbiology

ou should have a strong publication record and have demonsirable ability/potential to direct a compelitive independent research
programme in any fiald of bacterial infection. This should ideally complament and enhance our existing activitias in bacterial
pathogenesis, secretion and virukence, regulation of gene expression, loxins, biofims and imaging of infection. You would also
contribute to our undergraduate teaching programme.

Biological Sciences at Imperial College was graded 5° in the 2001 RAE exercise, and the South Kensington Campus has newly
refurbished laboratories with access o stale of the art facilities for modern biological research. Further details and an application
form can be oblained from the college employment website:

Fittpe w3 Imiperialac. uk/employment/academic

Candidates should submit the completed applcation form with a curriculum vitae, slatement of research interests and names and
addrasses of three referees o Patricia Evans, Division of Cell & Molecular Biology, Biochemistry building, Imperial College London,
London, SWT 2AZ (pat.evans@imperial.ac.uk). Informal enquiries can be made to Prof Gadi Franksd (g.frankel@imperial. ac.uk), Prof
Alain Filloux (flloux@ibsm.cnrs-mrs.fr) or Prof. Murray Selkirk (m.selkirk@imperial ac.uk).

Closing date: 6 July 2007.
Waluing diversity and committed lo equality of opporturity
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If it’s the latest technologies

and newest reagents you're after,

don’t miss the life science technology
features in Science.

UPCOMING FEATURES:

June 22 —Cell Signaling 2
August 24— Microarray Technologies

October 19— Genomics 2

!‘ AAAS

Teaching Assistant Professor Positions
in Genetics, Cell Biology, and Development

The Department of Genetics, Cell Biology and Development at the College
of Biological Sciences (CBS) at the University of Minnesota - Twin Cities
invites applications for two new Teaching Assistant Professor positions, CBS
is committed to excellence in undergraduate education and the successfl
applicants will join a dynamic team whose primary focus 15 quality instruc-
tion and the scholarship of teaching and learning in the biological sciences,
These are regular positions that emphasize teaching, course development,
and scholarship associated with college teaching. The successful applicants
will teach genetics and other courses, work with a team of colleagues to
develop mnovative methods for underpraduate instruction, and engage in
research and publication related to teaching and curriculum development.
Opportunities also exist for conducting bench research in collaboration with
existing laboratories in the department. Both positions involve teaching a
genetics laboratory course, as well as upper division genetics lecture-based
courses, One position also emphasizes cell biology and the other emphasizes
developmental biology. This latter position involves the design and imple-
mentation of a developmental biology laboratory. Essential qualifications
for both positions include a Ph.D. in the biological sciences, or a related
discipline, and at least two vears of post-doctoral experience.

A significant background in undergraduaste teaching is required, with strong
oral and written communication skills, a clear interest in teaching and the
scientific study of teaching, and the ability to work as part of a team fo
develop course content. For more information about the department and the
College of Biological Sciences, po to hitp:/fwww.ged. med.umnedw/ and
hitp:/'www.chs.umn.eduo.

Please apply on-line at: hitps:femplovment.umn.edu and search for Job
Requisition #148390. Attach a cover letter, curmculum vitae, three letters of
recommendation, and a statement of your teaching philosophy. Review of
completed applications will begin on October 15, 2007 and will continue
until the positions are filled. We welcome applications from women and
under-represented groups in the biological sciences. Preferred starting dote:
June 1, 2008 (beginning of 2008 Summer Semester),

The Universine af Minmesota is an Equal Oppartunity
Educator and Emplover

Faculty Position
Mitochondrial Biclogy
Interdisciplinary Age Research

The Buck Institute secks to recrunt a Faculty member working in the arca
of Mitechondrial Biology and/or Function. Outstanding junior or senior
scientists are encouraged to apply. The appoiniment can be made at the
Assistant/ Associate or Full Professor level. Candidates with an imerest
in Mitochondnal Physiology and those using imaging approaches are
particularly encouraged 1o apply. The successful candidate will play a
leadership role in developing collaborative interdisciplinary programs
with other Institute Faculty in areas including, but not limited to, the
bielogy of aging, cancer and neurodegenerative disease. Research in
these arcas 15 supported by advanced technology cores, including a
state-of- the-an imaging facility equipped with flusrescence, two-photon
confocal and electron microscopy. The Buck Institute is an independent
research institute located 20 miles nonh of San Francisco whose research
mission is to understand the mechanisms of aging and age-related dis-
case. The Institute fosters an interdisciplinary and highly collaborative
rescarch environment, with expertise in chemistry, biology, proteomics,
stem cells and genetics of model sysiems.
Researcly Focus Code F-MITP

Interested Applicants must hold a PhD and/or MD degree and should
submit their curriculum vitae, a statement of research interests and
the mames of three references (o0 Faculty Scarch Committee/Mito-
chondrial Biology, Buck Institute for Age Rescarch, Human
Resourees, 8001 Redwood Blvd., Novato, CA, 94945 or by cmail 1o
HR@ huckinstitut c.org

Indicate Research Focus Code on OV, cover letter or emal. No phone
calls please. Review of applications will begin on July 15, 2007 and
continue until the positions are filled,

The Buck Inseinte is an Affirmative Action, Egrual Opportuniny
Emplover. Women cmd minoricies are especiallv encowraged fo apply.

www.buckinstitute.org




PHARMACOGENETICS / PHARMACOGENOMICS

The Wadsworth Center is launching a broad new initiative in Pharmacogenomics as part of a
multi-institutional research effort to develop pharmacogenomics in the Albany, NY region. Wadsworth
Center invites applications from associate or full professor level scientists for a New York
State-supported, tenure-track position in Pharmacogenomics. The successful candidate will expand his
or her current grant-funded research program in any areas of this developing field, including
genome-wide and/or mechanistic studies, with examples being studies on drug transporters and
metabolizing enzymes.The candidate will have an opportunity to mentor graduate students through
the School of Public Health, University at Albany. The Wadsworth Center provides a rich collaborative
environment for pharmacogenomics research, focused on molecular, cellular, and genetic aspects of
disease and theirimpact on human health. A competitive package of salary, benefits, and start-up funds
is available.

online @sciencecareers.org

Wadsworth Center enjoys a century of excellence as a research-intensive institution and is the country's
most comprehensive state public health laboratory. With 200 doctoral level scientists, and an array of
outstanding core facilities,Wadsworth provides a dynamic research environment. Its location in Albany,
NY, offers a wide range of cultural and recreational attractions and proximity to New York City, Boston,
and Montreal.

A CV and statement of research interests and future plans should _
be sent to kaminsky@wadsworth.org by August 1,2007. AA/EOE Wadsworth Center

New York State Department of Health

:

www.wadsworth.org Science in the Pursuit of Health®
2005 Best Places to Work in Academia  * 2006 Best Places to Work for Postdocs

The Howard Hughes Medical Institute (HEHMI), HHMI is an intellectually exciting organizaton with

a mational and intermational philanthropy devored w excellent salaries and benefis, Interested candidates
biomedical rescarch, is secking a Scentific Officer (or should send curriculum vitae and bibliography, a bricf
Senior Scientfic Officer) at our headquarters in Chevy statement of scientific experience and accomplishments
Chase, MD. Scientific Otficers have adminisoradve prior to August 15th, cither electronically o
respensibility for activities associated with HHMIs glodelt@hhmi.org or by mail, o

medical rscarch operations at over 60 institutions across
the country. These activities include participating in the Jack E. Dixon, Ph.DD.
management of HHMIS investigator competitions, Vice President and Chief Scientific Officer
investigator reviews, and science meetings and workshops, : :

- Howard Hughes Medical Institute
The Scientific Officer (or Senior Scientific Officer) must 4000 Jones Bridge Road
possess a Ph.D. and/or NLD. plus at least 10 vears Chevy Chase, MD 20815-6789
research experience in the life sciences or the physical :
sciences, including experience as a principal investigator The Howard Hughes Medical Insticute is an Equal
of grants, a record of publicanons in peer-reviewed Opportunity l':ll1;1!I!1'L'l'.
journals, and some administratve experience. Travel w ’ '

HHMI

HOWARD HUGHES MEDICAL INSTITUTE

host institutions is required.




@sciencecareers.org

¥

online &

5
:

1650

From
life on Mars
to life sciences

For careers in science,
turn to Science

www.ScienceCareers.org
» Search Jobs
* Career Advice
* Job Alerts

* Resume/CV
Database

¢ Career Forum

* Graduate
Programs

All of these features
are FREE to job seekers.

Science(Careers.org
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POSITIONS OPEN

A POSTDOCTORAL POSITION is available
to study endocytosis and intracellular mafticking of
the dopamine transporter. Research will involve
various methodological approaches including gen-
cration of ransgenic mouse models and viral gene
transter inpo ailtured neurons and brain shees, Can-
didates with training in molecular biology and ex
pericnce or interest o neuroscience are welcome,
Please send curneulum vitae and names of refer-
cnces to; Alexander Sorkin, Department of Phar-
macology, University of Colorado at Denver
and Health Sciences Center, Aurora, CO 80045;
e-mail: alexander sorkin®uchsc.edu. 1l Umiversity
of Coolarade iz counmnitted to diversity and equality in edieation
and engployment

FOSTDOCTORAL POSITION in
CELLULAR IMAGING

We study propagating depolanzations and asso-
ciated newronal and asrroghal damage during stroke
and traumaric brain injurv. Experience in whole-cell
patch clamp recordings is required. Familiarity with
rwo-photon microscopy, live imaging, models of stroke
and tranmatic brain inury are a plus. Send application
matenals to Dr. Sergei A, Kirov, e-mail: skirov@
meg.edu, Medical College of Georgia. Details,
website: www.meg.eduJobs for position #6128,
Equal  Employnent  Cipposturtity .'J!’i'jrrlr.lun' Aewon/ Eguual
Avress Emplopes

STAFF ASSOCIATE (New York, New York),
Rescarch and study of recombinent protein expres
w00, ]"'I.Irlﬁ'\'dl iony, and characterizanon using oprical
spectroscopy and study of protein folding emploving
solution state high resolution nuclear magnetic reso-
mance :«-Ipucllrm-cu|1:;. Required: Master's in chemistry
or biochemistry and one vear experience in job. Send
resume to: Jeanic Huang, Human Resources De-
partment, Weill Cornell Medical College, 1300
York Avenue, Olin 211, New York, NY 10021

MARKETPLACE

science symmetry sculpture

//m\}i g &

)
Y

www.bathsheba.com

8¢/u
Trenmied
Tog DHA

Polymeroze

I 1 | 59
LS Pat #5,434 149  e-mail: abpepsBman.com
Call .ﬂthli:lll 1=2800=383+3342
Fou: J14=9488988  www.obpaps.com

EZBiolab www.ezbiolab.com

Custom Peptide10mg 90%: $19.5%/aa
AB Production 5785 peplide included
Gene Synthesis 51.20/bp
siRNA 20 nmol PAGE purified: 5285

Oligo Synthesis Columns

+ Columns For All Synthesizers
% Standard and Specialty CPGs
L Bulk Column Pricing Available

BIOSEARCH 41 800.GENOME.1
TECHNOLOGIES  www.bticolumns.com _

WWW.SCIeNcecaneers.org




HotStart-[1.”
" Less Heat. No DNA Damage.
We couldn’t be more specific.

USB's novel hot start PCR method requires no extensive heat denaturation step. The result is no damage to precious
samples with increased specificity and yield. HotStart-IT™; highly sensitive to all your critical PCR applications.

HotStart-IT™ Taq DNA Polymerase Benefits
» Based on primer sequestration—a novel method High Sensitivity

developed by USB scientists » Detects <10 targel copies
* Unique protein binds primers to prevent mispriming s Linear dynamic range of 78 orders of magnitude, R2 = 0.95
e Primers are released during heat denaturation Ease of Use

» Multiple instrument compatibility

Increased specificity of HotStart-Im™ Real-time PCR from 10® copies down to a single copy target using HotStart-Im™
Tar) DNA Polymerase
1ng DNA

without with
HotStart-IT _ HotStar-

= = + *

Results clearly demonsiraie a shift
from predominantly primer-dimers to
the specific target when HotSan-m™

i included in the reactions.

For more information on HotStart-IT™
call 800.321.9322 or visit www.usbweb.com/hotstart
In Europe: +49(0)76 33-933 40 0 or visit www.usbweb.de/hotstart




Offering a complete line of Th17-related research tools.
R&D Systems specializes in providing the highest quality reagents for assessing immune system function. These
include a wide selection of tools for studying apoptosis, autoimmunity, complement/coagulation pathways, co-stim-
ulation, hematopoiesis, innate/adaptive immunity, infectious diseases, inflammation, & much more,
ELISpot Detection of
IL-17-producing Splenocytes
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Mouse splenocytes (10° cells per well) were cultur-
ed in the absence (inset) or presence of PMA and a
caldumionophore. The frequency of IL-17 producing
cells was measured with the mouse IL-17 ELISpot Kit
(Catalog # EL421).
~ Th17-RELATED PRODUCTS
ELISAs/ ELISAs/
Molecule  Antibodies Proteins Assays Molecule  Antibodies Proteins Assays
| CTLA-4 HM HM : -2 R H H I
EDG-1 H IL-23 HM HM ;
L6 | HMRGCREFP | HMRGICREFP [HMRGP [ IR | HM | HM i
IL-17 HiM HM HM IL-27 | HM | HM | M
7R | HM | HM L | H _ |
LATF HM HM | HM STAT3 HM !
|I-17RC | HM | HM TGF-1 H | HMP | HMRCaP
L2 HM HM HM || TRAF6 H | .
Key: CatCanine CFCottonRat EEquine Fileline HMHuman MMouse P Poecine FRal
For a complete listing of immunology-related products visit our website at www.RnDSystems.com/go/Immunology
USA & Canada R&D Systems, Inc. Tel: (800 342-7475 infnﬁﬂnl:ﬁrifem\;nm
Europe R&D Systems Europe, Ltd. Tel +44 (011235 529449 info@RnDSytemicauk

For research use only. Nat for use in diagnostic procedures, I
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