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AMPLIFICATION

5 DAY FORECAST

TUE WED THU FRI SAT

42° 350" 55 37" 45

A forecast you can predict: excellent results every time.
New Stratagene AffinityScript™ — Works at multiple temperatures.
Delivers high yields. Affordably Priced.

Our AffinityScript™ Multiple Temperature Reverse Transcriptase (RT)*

is optimized for reverse transcription using your preferred reaction * Robust cDNA synthesis from 37-55°C

temperature from 37-55°C, making it the ideal choice for QRT-PCR : * Ten-fold higher affinity for primer-template

: : complexes for high specificity and sensitivity
experiments. With a 10-fold higher affinity to primer-template complexes

compared to MMLV RT, our AffinityScript RT delivers high sensitivity * Full length cDNA from 500 bp up to 20 kb

and specificity without compromising cDNA yield or length.

Need More Information? Give Us A Call; T Ask us about these great products:

Stratagens U5 and Canada Stratagene Europe . AititySeripl™ Maltiple Temperatore Reverse Tanscriptase  10rm  GOOIOS
Crder: BOD-424-5444 13 Order: D0B00-7000-7000 . S0rm GOIOD
Technical Service: BOO-A54.1304 12 Technical Service: (0BO0-7400-7400 Worm GONEH

MtisityScript™ Maltiple Temperatare cONA Symthesis Kit Slrm 20MIE .
S g e in @2 (@sTRATAGENE
Order- 3-5821-8077
Technical Service: 3-5821-8076 “Paier] pending

MbetySonpl™ o 8 rederasd ol Shots pons in e Usied Sl

www. slralagene. com/affinilyscripl
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cell sciences

Cytokine Center

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

PROTEINS
4-1BBL

#4-1BB Receptor

& Ching

ACADS

ACATZ
gACpINAdpolean
Activin A&

Activin B

ACY

Alpha-Feto Protain (AFP)
Alpha-Galactosidase A
Angiopolatin-1 [Ang-1)
Angiopoletin-2 (Ang-2)
Angiosmtin K13

Ammd -

BAFF Raceptor
BCA-1/BLC/CXCL13
BCMA

BO-1

BD-2

BD-3

BONF

BetaceBulin

Bivalirudin

BMP.2

BMP-4

BMP-6

BMP-7

BMP-13

sBMPR-1A

Brain Matriuratic Prolein
BRAK

Broasi Tumor Anigoen
Csa

C-Reactive Protein

C-Src

Calbindin D-8K

Calbindin D-28K

Calbindin D-29K
Calmodulin

Calcitonin Acelale
Carbonic Anhydrase (Il
Carcina-ambryanis Antigen
Cargiotrophin-1

CD14
coa22
G40 Ligand / TRAP

CD35 / sFas Ligand
CD105 / Endoglin
CHIPS

CNTF

Coliagan

CREB

CTACK /CCL27
CTGF

CTGFL / WISP-2
CTLA-4 /Fe
CHCLE

CYRE1

Cytokermtn 8
DEP-1
Desmopressin
Disulfide Oxidoreductase
E-selectin

ECGF

EGF

Elafin / SKALP
EMAPI

EMA-TE/ CHCLS
Endostatin
Enteropaptidase
Eotaxin / COLN
Eotaxin-2
Eotaxin-3 (TSC)
EPHBZ2

EPHB4

Epigan

Epiregulin
Eptifbatide

Erk-2
Erythropotatin (EPO)
Exodus-2

Fas Ligand

Fas Receptor
FGF-1 (acidic)
FGF-2 (basich
FGF-4

FGF-5

FGF-6

FGF-T/ KGF
FGF-8

FGF-9

FGEF-10

FG&GF-16

FGF-17

FGF-18

FGF-19

FGF-20

sFGFR-1 {likc) / Fc Chimemn
sFGFR-2 (i) / Fe Chimas
s$FGFR-3/ Fe Chimara
sFGFR-4 / Fc Chimema
sFIt-1 [nate)
sFI-1 (D3}

sFi-1 [D4)

sFit-1 (D5)

sFit-1 (D7)
Fi3-Ligand

SFI-4

sFit-4 / Fc Chimeara
Follistatin

F5SH

Fractalking / CX3C
G-CSF
u-Galaciosidase A
Galectin-1

www.CytokineCenter.com

Galectin-3
Gastrointastinal CA
GCP-2
GDF-3
GDF-9
GDF-1
GDNF
GLP-1
Glucagon
GM-CSF
Gosaralin
GPBB
Granzyma B
GRO«
GROP

GRCy
GROMGSA
Growth Hormone
Growth Hormone BP
GST-p21/WAF-1
HB-EGF

HEC-1

HGF
Histdyl-EANA synihatase
Histralin

HRG 1§11

1-308

I-TAC

IF M=

1PN A

IFM-x 28

IFM-a 28

IFM-fL

IFN-y
IFN-Omega
IGF-1

IGF-I

prodGF-1l
IGFBP-1
IGFBP-2
IGFBP-3
GFBP-4
IGFBEP.5
IGFBP-8
IGFBP-7

IL-1a

IL-1§

IL-2

IL-3

-4

slL -4 Recaplor
IL-5

-6

SIL-B Racaphar
IL-7

IL-8 (72 a.a)
IL-B (77 aa.)
IL-8

IL-10

IL-11

IL-12

IL-13

IL-13 analog
IL-15

IL-16 (121 a.a.)
IL-16 {130 a.a.)
17

IL-1TB

IL-17D

IL-1TE
IL-1TF
IL-18
IL-20
IL-21
IL-22
IL-31
Ingulin
IF-10
JE
JNKZ2a1
JNK2a2
KC / CXOLY
KGF

L-asparaginase
LAG-1

LALF Paptice
LAR-PTP

LBP

LC-1

LD-78f

LOH

LEC I NCC-4
Laptin

LIGHT

LIX

LEM

LL-37

Lungking / GXCL15
Lymphotactin
sLYVE-1
M-CSF

MCP-1 (MCAF)
MCP-2

MCP-3

MCP -4

MCP-5

MDC (67 a.a.)
MDC (89 a.a.)
MDH

MEC

Mak-1

MIA

Midkine

MIG [ CXCLD
MIP-1c / CCL3
MIP-10/ CCLA
MIP-3/ CCL23
MIP-3z / CCL20
MIP-3[1/ CCL18
MIP-4 (FARC) / CCL1B
MIP-5f CCL15
MMP-3

MMP.T
MMP-13
Myostatin
Nanog

MAP-2

e uriurin
MFAT-1

[FNGF
MOGGIN

WOV

P
NT-1/BCSF-3
NT-3

MT-4

Ocrectide
Oncostatin M
Osteopratagern (OPG)
OTOR
Chytocin

pa8a

PAL-1
Parathyroid Hormons
POGF-AA
PDNGF-AB
PDGF-BEB
PDGF-CC
Persephin
PF-4

PIGF-1

PIGF-2

PKA -subunit
PKC-a

PRC-y

lel:r;plﬂ'l
PLGF-1

Polymyxin B (PMB)
PRASA0

PAL-1

PAL-2

PAL-3
Prokineticin-2
Prolactin
Protirelin
PTHP
FTP1B
PTP.IAZ
PTP-MEG2
PTP-PEST
SAANK
sRANKL
RANTES
REL M-
BRELM-}
Raskstin
RPTPR
RPTPy
RPTPu

SCF

SCGF-u
SCGF-p
SDF-1a
SDF-1p
Secratin
SF20

SHP-2

STATH

c-Sne

TACI

TARC
TC-PTP
TECK

TFF2

TGF-x
TGF-f1
TGF-fi2
TGF-p3
Thymuosin a1
sTIE-1Fc Chimera
STIE-2F ¢ Chirmera
TL-1A

THF-u

THF-}
sTHF-receplor Type |
sTWF-receplor Type Il
TPOD

sTRAIL B-1 ({DBR4}
STRAIL R-2 (DRS)
TRAILApo2L
TSG

TSH

TSP
TWEAK
TWEAK Recepbor
Urckinase
EG-VEGF
VEGF121
VEGF145
VEGF165
VEGF-C
VEGF-C 1125
VEGF-E
HB-VEGFE
sVEGFR-1
SVEGFR-2
sVEGFR-3
Wislalin
WISP-1
WIEP-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.

New illustra™ nucleic acid sample prep kits fram GE Healthcare give you optimal
yield and purity. What's more, they do this in as little as half the time it takes
the best competing products. Whether you're putifying nucleic acids in plasmid,
blood, tissue. cells ar bacterio, you'll find that superior resulis and outstanding
reproducibility come easily with illustra mini and midi kits

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

www.gelifesciences.com/illustra

imagination at work
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A difference as subtle as holding a pencil
between one's lips or teeth can influence
one's emotional respanses, See the Review
by Niedenthal within the special section on
behavioral science beginning on page 996
and the related Editorial on page 953, A
report on career oppartunities for behavioral
scientists begins on page 1058.
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QlAcube — pure efficiency
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B Eliminate manual processing steps “ﬁ

B Continue to use trusted QIAGEN spin-column kits

® Free up your time with affordable, automated sample preparation -

B Purify DNA, RNA, or proteins from up fo 12 samples per run
: B Standardize your results and increase your productivity ODeOO
809
g Contact QIAGEN today or visit www.giagen.com/MyQlAcube . QIMEN@

Sample & Assay Technologies
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Science

SCIENCE EXPRESS

WWW.SCIENCaXpIess.ong

GENETICS

Genome Sequence of Aedes aegypti, a Major Arbovirus Vector

V. Nene el al.

The genome of the mosquito that carries dengue and yellow fever consists of almost

50 percent transposable elements and over 15,000 protein-coding genes.
10.1126/science. 1138878

CLIMATE CHANGE

Saturation of the Southern Ocean €O, Sink Due to

Recent Climate Change

C le Quéré et al.

The amount of O, taken up by the Southern Ocean, a major sink, has decreased

since 1981, despite the continued increase in atmospheric CO, levels.
10.1126/science. 1136188

ASTROPHYSICS

Locating the Two Black Holes in NGC 6240

C. E. Max, G. Canalizo, W, H. de Vries

Adaptive optics are used to pinpoint the positions of two black holes in the collision
zone between two merging galaxies.

10.1126/55cience. 1136205

MOLECULAR BIOLOGY
RNA Maps Reveal New RNA Classes and a Possible Function
for Pervasive Transcription
P Kapranov et al,
Analysis of all the RNA transcribed from the human genome reveals three new
classes of RNA that may be functionally important,
10.1126/5cience, 1138341

TECHNICAL COMMENT ABSTRACTS

CELL BIOLOGY

Comment on A Centrosome-Independent Role for
v-TuRC Proteins in the Spindle Assembly Checkpoint”
5. 5. Taylor et al,

full text ot wwvi sciencemag. orgcolcontent/full316/582 7/982h

982

Comment on “A Centrosome-Independent Role for -TuRC
Proteins in the Spindle Assembly Checkpoint”
B. A. A. Weaver and D. W. Cleveland

fudl text ot wwvw sciencemag.org’ogl contentfull/316/582 7/R8.2¢

Response to Comments on “A Centrosome-Independent
Role for -TuRC Proteins in the Spindle Assembly
Checkpoint”

H. Miiller et al.

Jull text gt wawrw sciencemag.orgigiicontentfull316/582 7/98.2d

www.sciencemag.org SCIENCE VOL 314

REVIEWS

Behavioral Science

Childhood Origins of Adult Resistance to Science 994

F. Bloom and D, 5. Weisberg

The New Synthesis in Moral Psychology
| Haidt

Embodying Emotion
P. M. Niedenthal

== Editorial p. 953

998

1002
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PHYSIOLOGY

Sound Production in the Clownfish Amphiprion clarkii 1004
E. Parmentier et al.

The loud sounds that clownfish make during territorial defense

or mating are produced by percussive collisions of the teeth and

the resulting vibrations of the jaw.

RESEARCH ARTICLE

PHYSICS

Bose-Einstein Condensation of Microcavity
Polaritonsin a Trap

R. Balili, V. Hartwell, D. Snoke, L. Pfeiffer, K. West
Polaritons, quasi-particles produced when photons interact with
materials, can be trapped within the cavities of a semicondu ctor and
cooled to form a Bose-Einstein condensate. = Perspective p. 989

REPORTS

PLANETARY SCIENCE

Regolith Migration and Serting on Asteroid ltokawa
H. Miyamolo et al.

Images from the Hayabusa spacecraft show that shaking and
convection on the asteroid Itokawa has sorted the loose material
on its surface, distributing finer grains to lower areas.

> Perspective p. 993

1007

1011
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functional

complete

reliable
proven

proteomics

o
Promega

PROMEGA CORPORATION » www.pramega.com

£ 2007 Fromega Canporation. 14810-A0-FT

Support your important functional proteomics
work with proven solutions by combining
HaloTag® Technology, Flexi® Vectors, and In Vitro
TNT® Expression. These cell-free expression tools
and unique fusion tag have been optimized
to enable physiclogical imaging and covalent,
oriented protein capture.,

Expect powerful data from a single protein fusion
construct and gain better access to a wide range
of dynamic applications such as: Protein:Protein
Interactions; Protein:Nucleic Acid Interac-
tions; and In VYitro and In Vivo Imaging.

To discover the most innovative path to functional pro-
teomics research visit: www.promega.com/proteomics



Science

REPORTS CONTINUED...

MATERIALS SCIENCE

Maolecular Basis of the Shish-Kebab Morphology in @ 1014
Polymer Crystallization

5 Kimata el al,

Neutran scattering reveals how llow extends polymers: Long chains
are not more abundant in the flow, but do catalyze crystallization of
ather chains and drag them along.

OCEAN SCIENCE

Mesoscale Eddies Drive Increased Silica Export in 1017
the Subtropical Pacific Ocean

C. R. Benitez-Nelson et al.

The new carbon fixed in a diatom bloom caused by a giant ephemeral
eddy in the Pacific was recycled within the water column, whereas
silica was exported to deep water.

> Perspective p. 392

OCEAN SCIENCE

Eddy/Wind Interactions Stimulate Extraordinary 1021
Mid-Ocean Plankton Blooms

D, ). McGillicuady Jr. et al.

Winds in the Atlantic enhance upwelling in anticyclonic eddies,
feeding huge plankton blooms, but depress upwelling and blooms
in cyclonic eddies. == Perspective p. 992

PHYSICS

Stress Control of Deep Rift Intrusion at 1026
Mauna Loa Violcano, Hawaii

F. Amelung, 5.-H. Yun, T R. Walter, P. Seqall, 5.-W. Kim
Subsurface magma in Mauna Loa volcano, Hawail, recently

welled up into regions where earthquakes and volcanic activity

had relieved stress during the previous 25 years.

PLANT SCIENCE

FT Protein Movement Contributes to Long-Distance 1030
Signaling in Floral Induction of Arabidopsis

L. Corbesier et al.

Hd3a Protein Is a Mobile Flowering Signalin Rice 1033
5. Tamaki et al.

The protein products of the genes Hd3a in rice and FT in Arabidopsis
are the elusive florigen signals that move from leaf to shoot to induce
flowering.

SOCIOLOGY

The Increasing Dominance of Teams in Production 1036
of Knowledge

5. Wuchty, B. £ Jones, B. Uzai

Teams of two or mare people are increasingly producing more of

the research, and the research they generate is more highly cited,

in a wide variety of endeavors from science to the arts.

CONTENTS I

MEDICINE

MET Amplification Leads to Gefitinib Resistance in 1039
Lung Cancer by Activating ERBE3 Signaling

1. A Engelman et al.

Human lung cancers can become resistant to a kinase inhibitor

by praducing multiple copies of a gene in the same pathway,
bypassing the inhibited step.

CELL BIOLOGY

Wilms Tumor Suppressor WTX Negatively Requlates 1043
WNT/[3-Catenin Signaling

M. B. Major el al,

Analysis of a protein interaction network reveals that a newly
identified tumor suppressar lor pediatric kidney cancer is part

of an important developmental signaling cascade.

== Perspective p. 988

CELL BIOLOGY

Revisiting the Role of the Mother Centriole in 1044
Centriole Biogenesis

A. Rodrigues-Martins et al.

New centrioles can form in the absence of an existing centriole,
showing that the process occurs by template-free sell-assembly.

MOLECULAR BIOLOGY

Combined Action of PHD and Chromo Domains 1050
Directs the Rpd35 HDAC to Transcribed Chromatin

B. Lietal

A binding protein can maintain chromatin in a deacetylaled,
transcription-ready state only when complexed with another
chromatin protein.

BIOCHEMISTRY

Conformational Switching in the Fungal Light 1054
Sensor Vivid

B. D. Zoltowski el al.

When a flavin-based photoreceptor absorbs a phaoton,

large-scale conformational changes at the protein N terminus
initiate functional changes.

PECIAL FEATUR

Careers in Behavioral Science

WIWW. S OTENCEC0reers. org

US: Behavioral Scientists Get Off the Trail 1058

US: Neuromarketing Careers 1060

EUROPE: Public Opinion Research— 1060
Measuring Happiness
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With atomic force microscopy (AFM) you will touch individual
atoms, Youwill “see” nanomachines built of a single molecule.
You will sequence DNA and proteins. Agilent atomic force

microscopes make it possible for you to explore, be novel,

n/find /nanot Y be first

Agilent Technologies

Agint Taehngloged, I




ONLIN

WWW.sCiencemag.org

SCIENCENOW

WWW.SCIENCENOW.OT]

Alexander the Not-So-Great
One of famed military commander’s most impressive feats
owes 3 large debd to Mother Nature,

Human Ancestors Were No Brainiacs
Ancient skull suggests pnmate intelligence still had a long way
to go.

The Secret History of the Potato
Genetic analysis reveals modern tubers have a complex past.

Market and opinion research, and
ather behavioral science opportunities.

SCIENCE CAREERS

wWWww.sClencecareers, org

..l-‘ |.
7.

g:-'\ , 1 GLOBAL: 5pecial Feature—Behavioral Science Careers
D- 1. Austin
v Behavioral science training provides a solid foundation for a
d wide range of professional careers.
f - y == Careers in Behavioral Science feature p. 1058
- US: Tooling Up—Getting Stuck
- 0. Jensen
Of all career traps, having a narrow specialty is probably the
worst one,

Transposons cause striped corn,
SCIENCE'SSTK
waw.stke.org SIGNAL TRANSDUI
PERSPECTIVE: Micromanagement During the Innate
Immune Response
1. £ Dahlberg and E. Lund
MicroRMAs induced by pro-inflammatory mediators may provide a
link between inflammation and cancer.
PERSPECTIVE: Book Review—Plant Gene Expression
A. Rose
The book “Regulation of Gene Expression in Plants: The Role of
Transcript Structure and Processing” is a slim volume providing a SCIENCEPODCAST

useful review of gene expression in plants.

Tune in to the 18 May Science
Podcast to find outl why adults

resist certain scientific ideas,
. ‘____* how clownfish produce sound,

what is happening to the world's

S bee populations, and more,
www_scienc emag.org/about/podcast.dil

CREDMT {STKEk ALAN ROSE, MOLECULAR AND CELLULAR BIOLOGY, UNIWERSITY OF CALIFORMIA

Separate individual or institutional subscriptions to these products may be required for fuli-text access.

www.sciencemag.org SCIENCE VOL316 18 MAY 2007 947




ENGLAND
BIOLABS

in a word, trust.

T4 DNA Ligase from New England Biolabs

WHEN YOU NEED LIGASE, TURN TO THE INDUSTRY STANDARD

New England Biolabs is dedicated to providing our customers with guaranteed enzyme performance.
Our recombinant T4 DNA Ligase is the most extensively used ligase for cloning experiments. It is
available at exceptional value, and an even greater value when purchased in large quantities for high
throughput technologies. For cohesive, blunt, simple or complex reactions, make T4 DNA Ligase from

NEB your first choice

= T4 DNA Ligase® [1
Regular Concentration
For standard cloning reactions

High Concentration
For karge or difficult constructs

® Quick Ligation™ Kit* [H MZ2005/L
For ligation of cohesive or blunt-gnd DA
fragments in 5 minules at raom temperature
See our website for more details

® = Recombinant
*NEB ligase products are BSA-free

MO2028/L

MO20ZT/M

Advantages:
n (uality — Highly pure enzyme wath no lot-to-lot variation

= Convenience — Choose oniginal T4 DNA Ligase or the
Quick Ligation Kit to meet the demands of a varniety of
reaction condibions

= Flexibility — Active al room temperalure or 16°C; reaction
{imes run from 5 minutes 10 overnight

= Aobustness = Active in a vanety of reaction buffers

For mare information and our international distibution network, please vsit WAWINE b.com

Kew England Biolabs, Inc. i an IS0 9001 centified company

New England Biolabs Ine. 240 County Aoad, Ipswich, MADI536 USA 1-800-NEBLABS Tel. (976) 9275054 Fax (978) 921-1350 infof@neb com

o o

ol a2
T4 ONA Ligase 1l
Ligation of blunt-ended
Haalll fragmants of Lambda
DA using wanous amounts
of T4 DMNA Ligas (400,000
cohesve end umtsmiin

a M0 Y reaction volume
Reactions we incubaied
fior 30 minuges a8 16°C.
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Rubble Pile in Space >>

The Hayabusa spacecraft landed on the Itokawa
near-Earth asteroid in 2004 and took crystal-
clear pictures of the surface that resolve
gravels just centimeters in size,
Miyamoto et al. (p. 1011, published
online 19 April; see the Perspective by
Asphaug) analyzed the surface distri-
bution of the boulders and gravels to
document granular processes at work
such a low-gravity environment. The
regolith appears to have been sorted by
shaking, such that the finest material con-
gregates in areas of lowest local gravity.
Clumping of larger rocks suggests ltokawa is
also stirred up from below by convection of grains.

Spinning Up
New Production

Mesoscale eddies—transient, rotating patches
approximately 100 to 200 kilometers in diame-
ter—occur throughout the ocean and thought
to be important causes of mixing in the upper
layers. Plankton blooms are regularly observed
to occur within these eddies, which suggests
that some of these eddies could be the source
of nutrients yet unaccounted in biological pro-
duction in the subtropics. However, because
these eddies are so ephemeral, they have been
difficult to characterize experimentally, until
now (see the
Perspective by
Michaels).
McGuillicuddy
etal. (p. 1021)
made mea-
surements of
chlorophyll,
diatom abun-
dance, and
oxygen in 10 mode-waler eddies in the 5ar-
gasso Sea, and used a model that includes an
asymmetric response of eddies to surface winds
to explain the upwelling and associated plank
ton blooms that they observed. Benitez-
Nelson ef al. (p. 1017) took advantage of the
characteristic wind patterns around the Hawai-
ian Islands Lo make direct biological, chemical,
and physical time-series measurements of a
large bloom in a recurrent mesoscale eddy
there. The bloom was highly productive, but
most of the biologically fixed carbon was recy-
cled in the upper water column and not
exported to depth, contradicting the assump-
tion that eddies remove carbon from the cycle

www.sciencemag.org SCIENCE VOL 316

and promote enhanced sequestration. Their
observations do suggest, however, that eddies
are a mechanism for preferential removal of sil-
ica from upper waters.

Polariton Condensation

When bosons are packed together such that the
density exceeds a critical threshold, and when
temperatures sufficiently low, they can undergo a
phase transition and condense into a single quan-
lum state, This Bose-Einstein condensation has
been demonstrated in a number of systems,
including cold atoms, superfluids, and supercon
ductors, there is a desire, because of
the small effective mass (and the
potential to drive the phenomenon lo
higher temperatures) to create con-
densed states in semiconductor sys-
tems. Balili et al, (p. 1007; see the
Perspective by Littlewood) show that
an ensemble of polantons, which are
quasiparticles formed by photons
coupled to excitons, can be generated
and trapped in a microcavity in a way analogous
1o cold-atom traps. The authors then demonstrate
the signatures of Bose-Einstein condensation in
their system,.

Buckle Up

A combination of shallow dike intrusions and
earthquakes causes the surface of active Mauna
Loa volcano on Hawaii to flex, but it has not
been known how the magma beneath the vol-
cano pools and circulates. Amelung et al.

(p. 1026) have mapped the topography of
Mauna Loa from 2002 to 2005 using interfero-
metric synthetic aperture radar observations. A

18 MAY 2007

new dike-like magma body is swelling in the
belly of the volcano in the southwest rift zone,
The magma accumulation occurs in a region that
was unclamped by previous activity, dike intru-
sions and earthquakes, which suggests that local
stress transfer plays an important role in sub-
surface magma build up.

Mental Block

Young children realize that unsupported objects
fall to the ground long before they are taught
about gravitational attraction. Intuitions such as
these can then hamper the learning of scientific
facts, such that the world is round, and not flat.
Bloom and Weisberg (p. 996) review the notion
that beliefs that become established early in life,
especially aboul topics where delailed under-
standing is practically impossible to achieve
directly, contribute to an adult proclivity that
renders much of modern science counter-
intuitive and hence less readily accepted.

Morality and Emotion

Although morality is partly a game of self-
promotion, people usually do sincerely want
peace, decency, and cooperation to prevail
within the groups they operate. Haidt (p. 998)
reviews how these motives are implemented in
large part by a variety of emolionally governed
intuitions that arise quickly and automatically,
and which then guide controlled processes such
as moral reasoning. Much of the information
that we are exposed to is perceived and
processed without our being fully aware of it,
and this situation may be particularly true for
emotions. Niedenthal (p. 1002) reviews the
Continued on page 951
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This Week in Science

Continued from page 949

connection between perceived, retrieved, and even experimentally induced emotions and how we
process emotional information,

From Leaf to Flower

As spring begins, many plants turn to flower under the conltrol of florigen. The molecular nature of
florigen has long been unknown, but the signal was known to originate in leaves, and thus had to
travel through the plant to the growing buds, Now Corbesier et al. (p. 1030, published online 19
April) and Tamaki et al. (p. 1033, published online 19 April) show that it is a protein rather than its
coding RNA that is the likely florigen signal that moves within the plant (see the 20 April news story
by Pennisi). The florigen RNA and protein are encoded by the FLOWERING LOCUS T gene in
Arabidopsis and the Hd3ag gene in rice.

Smart Drugs, Smarter Tumors

A promising class of “smart” cancer drugs work by inhibiting specific tyrosine kinases linked to
uncontrolled growth. Gelitinib and erlotinib, drugs that target the kinase activity of the epidermal
growth factor receplor (EGFR), can be very effective when initially administered to lung cancer
patients whose tumors contain activating mutations in the EGFR gene. Almost inevitably, however,
these tumors develop resistance to the drugs and begin to regrow. Engelman et al. (p. 1039, pub-
lished online 26 April} find that drug resistance in a subsel of these tumors is caused by amplification
of the MET ancogene, an event that in turn activates, via a different route, the same cellular signaling
pathway originally activated by the mutant EGFR,

Tumor Suppressor Joined to WNT Network

Elucidation of the cellular signaling pathways that contribute to cancer development often begins
with the identification of a gene mutated in human tumors. Complementary biochemical approaches
become especially important when the sequence of the newly identified gene provides few clues as to
its function. Major et al. (p. 1043; see the Perspective by Nusse) used analysis of protein interaction
networks to define the function of WTX, a tumor suppressor gene found very recently to be mutated in
an inherited kidney cancer called Wilms tumor. The WTX protein forms a complex with several pro-
teins in the WNT signaling cascade, including [3-catenin, AXINL, B-TrCP2 ([-transducin repeat—con-
taining protein 2}, and APC (adenomatous polyposis coli) and antagonizes WNT signaling by promot
ing [3-catenin degradation.

Seeing the Light

For organisms to adapl o environmental changes, external signals
must affect protein function. Proteins in the PAS (Per-Arnt-Sim)
superfamily are involved in transducing diverse external sig-
nals, but it has been a challenge to define the signaling
pathways. Zoltowski et al. (p. 1054) have determined crys-
tal structures for the dark- and light-activated states of a fungal
photoreceptor. Light-induced chemical changes at the active cen-
ter propagate to large-scale conformational changes at the protein
N-terminus that are essential for cellular function.

Making Centrioles

Centrioles play a key role in the organization of the microtubule cytoskeleton in animal cells, particu-
larly during mitosis when they are responsible for generating the mitotic spindle poles, Rodrigues-
Martins et al. (p. 1046, published online 26 April) now show that overexpression of the SAK/PLKA
kinase in the Drosophila germ line drives a dramalic amplification of centrioles in syncytial embryos
producing thousands of centrioles. Centrioles are eliminated from eggs during oogenesis, and so Lhe
centriole is normally provided by the sperm upon fertilization, However, centriole amplification was
observed in unfertilized eggs that are devoid of centricles, indicating that centrioles can be generated
de movo. Thus, centriole formation may represent a self-assembly process in which a preexisting cen
triole can act as a catalyst and platform for centriole assembly, and in which feedback mechanisms
regulate centriole number,
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Behavioral Science Comes of Age

PEOPLE ARE FASCINATED BY THE BRAIN, IN LARGE PART BECAUSE OF A GREAT INTEREST IN

understanding their own minds and mental health, Over a century of neuroscience and
psychological research has convinced most people that “Descartes died.” leaving the old

mind/brain dualism behind. The reality that we don't have a mind separate from the rest of

our body has been brought home in many experimental ways, perhaps especially by modern
neuroimaging techniques that allow investigators to look into the brains of living, awake, and
behaving human beings—watching minds 1n action.

That the brain is the seat of the mind does not necessarily mean that a purely
reductionist approach will, in the long run, fully explain the workings of the
mind. In fact, there is no evidence that we will be able 1o understand all aspects
of the mind simply in molecular neurobiological terms. At the same time, a
purely "up-uctionist™ approach won't meet the need either. We can’t understand
the mind through working only at the behavioral level. Instead, we will need both
biological and behavioral research, separately and in combination.

Great progress has been made in the past decade in neuroscience, behavioral
science. and behavioral neuroscience, and we now have the scientific sophistication to
make even more rapid advances in understanding the brain and mind. Meuroscience
is among the fastest-growing disciplines of biology and has shown extraordinary
recent productivity. Indeed we have probably learned more about the brain in the
past 20 years than in all of recorded history.

Ower the same pertod behavioral science has also come of age, having moved
wary beyvond simple studies of rats running in mazes and simple theories of human
behavior that caused many scientists to doubt the power of analysis at that level. As a
psychologist trained in the 19605, | frequently had to fend offallegations that psycho-
logical science served primarily to confirm commeon sense: but behavioral science
now more often revises conventional wisdom. For example, as recently as 35 vears
ago. newborn infants were believed to be incapable of leaming about their worlds.
But subsequent decades of research on infams have falsified that belief by showing
how newboms acquire information about and interact with their environments,

Three Reviews in this week s Science illustrate how behavioral science is making
progress in explaning such complex concepts as how people process emotionally
significant information (Niedenthal, p. 1002), how morality can be both universal
and culturally variable (Haide, p. 998), and how children develop resistance to
scientific explanations ifthose explanations contradict their common-sense views off
the world (Bloom and Weisberg, p. 996).

When Science posted its list of the 125 most challenging and important questions facing the
scientfic enterprise inJuly 2005, many were behavioral in nature or had components requiring

a collaborative approach that included behavioral scientists: “What is the biological basis of

consciousness?™ “How are memories stored and retrieved?” “How did cooperative behavior
evolve?” “Why do we dream” *How much of personality is genetic?” Behavioral scientisis,
often working in multidisciplinary teams. are making progress on each of these.

Sophisticated behavioral analyses are also being applied to many of the most pressing societal
issues of our era. Understanding terronsm s among the most timely and challenging: equally
important is exploring the mechanisms through which poverty exerts its pervasive effects and
how we might mitigate or prevent them. Advances in behavioral science are also expanding the
effectiveness of our strategies for promoting public health. And research on cognitive styles and
other aspects of how people learn holds great promise for promoting the success of educational
systems throughout the world,

Unfortunately. the evolution of behavioral science and its contributions in many domains
have not received the public recognition they deserve. One consequence is that policymakers
still give short shrift in budget allocations to behavioral science research. Now that it has proven
its gquality and its contributions to the major issues of the day, behavioral science deserves the
same respect and support given to any scientific field that has come of age.

—Alan I, Leshner

10,1126/ science, 1144897
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Probing Neurodegeneration

Although great strides have been made toward
the global eradication of poliovirus, this
pathogen continues to be studied intensely in
research labs, in part because history has shown
that identification of the cellular pathways dis
rupted by viruses can provide fundamentally
important insights into disease. One mystery yet
to be solved is how poliovirus causes the motor
neuron degeneration that leads lo the muscle
weakness and paralysis typical of poliomyelitis.
Alantalizing clue has emerged from the work
of Amstead and Samow, who have identified a
potentially unifying molecular feature of
poliomyelitis and spinal muscular atrophy, an
inherited neurodegeneralive disease, Spinal
muscular atrophy arises from loss or mutational
inactivation of the gene encoding the survival of
motor neurons (SMN) protein. Together with
eight other proteins called Gemins, SMN is part
of a dynamic macromolecular complex that facil
itates the assembly of ribonucleoprotein com-
plexes implicated in pre-mRNA splicing. The
splicing complexes are built around a so-called
Sm core of RNA-binding proteins, and patients
with spinal muscular atrophy show reduced lev-
els of Sm core assembly. The authors show that
poliovirus infection inhibits Sm core assembly
through viral-mediated proteclysis of Gemin3, a
critical component of the SMN complex. The
downstream effects of reduced Sm core forma-
tion on motor neuron survival have been con

www.sciencemag.org SCIENCE  VOL 316
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ECOLOGY/EVOLUTION
Hunting in Forests

The killing of large vertebrates by humans can have ram-
ifications beyond the immediate effects on the prey
populations themselves. There is growing evidence
that harvesting of animals from tropical forests
affects the entire ecological community. In particu-
lar, the dispersal of plant seeds is altered when their
animal sowers are depleted by hunting; this in turn
has long-term consequences for tree species compo-
sition in the forest. The outcomes may be unexpected:
in some cases, hunting can actually increase the relative
abundance of large-seeded plant species because it
reduces seed predation pressure, as described by Beckman and
Muller-Landau. The hunting of vertebrates can also affect invertebrate populations.
For example, a reduction in the amount of dung directly stresses the populations of
dung beetles. These and other sequelae of hunting in tropical forests, and the steps
that might be taken to reduce hunting pressure, are discussed in 10 papersin a spe-
cial section edited by Wright and Stoner. — AMS

Biotropica 39, 328; 289 (2007).

tentious, but poliovirus may serve as a useful APPLIED PHYSIC

research tool for exploring this issue. — PAK

Aligned for Speed

Caiicthy 2N IDEL O To Know a Tortured Flow

When stresses induce flow of non-Mewtonian
fluids, such as paint or whipped cream, the fluid
viscosity may depend on the shear strain rate
andfor the length of time that the stress is

In purple photosynthetic bacteria, a ring of bac
teriochlorophyll molecules assembles through
noncovalent interactions to form the light-
harvesting antenna complex. The ultrafast energy
transfer rates of such complexes can
be approached in mimic com-
plexes with covalently linked
chromophores, bul com
plexes more efficiently syn-
thesized through sell-assembly
have exhibited slower rates
because of nonoptimal align-
ment of the molecular
dipoles. Kelley et al. pre
pared a zinc chlorophyll
derivative and established
through small-angle x-ray scattering (SAXS) that
it self-assembles into tetramers (shown above) in
toluene solution. Transient absorption spectra
reveal a much faster Firsler energy transler rate
in this complex than in prier porphyrin
tetramers; however, the rate was still 10 times
slower than in the fastest photosynthetic pro
teins, suggesting that the dipole alignment could
be optimized further. — PDS

). Am. Chem. 5oc, 129, 10.1021/ja071362a

(2007).
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applied. Common industrial processes in which

polymer or surfactant solutions move through

porous media also involve non-Newtonian flows.

In these cases, the fluid properties depend on

the local velocity gradients and hence

the local pore structure; modeling
based on macroscopic approxima-
tions tends to fail.

Sullivan et al. have developed a
hydrodynamic lattice Boltzmann (LB}
method for quantitative three-

dimensional simulations of non
Newtonian flow through disor-
dered porous media. The key to
their method is the use of *H mag-
nelic resonande imaging to accurately
model the porous media. The authors examined
four fluids: two Newtonian and two that showed
a reduction in viscosily with increasing strain
rate. For the flow profile across a transverse two
dimensional slice, the difference between the
experimental and simulated flow values was
small (~4% of the average velocity). In compar
isons between two Fuids with similar overall flow
rates, the more shear-thinning fluid showed
increased dispersion, with more high-velocity
Continued on page 957
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Continued from page 955

channels as well as more stagnant ones, consis-
tent with macroscopic observations, — MSL
. Non-Newtonian Fluid Mech. 143, 5% (2007).

CLIMATE SCIENCE

Melting Faster

Dbservations of the extent of Arctic sea ice in Sep-
tember—al the end of the melt season, when ice
coverage is at its annual minimum—nhave shown
a large decline over the past several decades, con
sistent with current qualitative understanding of
natural variability and the effects of a warming
climate. Nearly all climate models predict that
Seple mber Arctic sea ice extent will continue to
decline through the 21st century, largely in

response Lo rising concentrations of almospheric
greenhouse gases. How well do observations and
models agree, though? To answer that question,
Stroeve et al. compared the output of the mare
than a dozen models participating in the Inter-
governmental Panel on Climate Change Fourth
Assessment Report that calculated sea ice. They
found that nearly all of the models overestimated
annual minimum Arctic sea ice area, in many

EDITORS CHOICE

cases by large amounts. These findings have two
important implications: first, that the effect of
rising greenhouse gases may have been more
important than has been believed; and second,
that future loss of Arctic sea ice may be more
rapid and extensive than predicted. — HJS
Geophys. Res. Lett. 34, L09501 (2007).

Shifting Landscapes
Influenza epidemics are thought to emerge as a
result of escape from host immunity as the viral
genome mutates along a trajectory of antigenic
drift. However, a puzzle for influenza epidemiolo-
gists is the limited diversity of observed antigenic
types. Recker et ol present a model in which suc-
cessive anligenic lypes emerge independently of
the mode or tempo of mutation in a cyclical man-
ner. The model is consistent with data from
hemagglutination inhibition assays of H3NZ. The
authors suggest that rather than virus mutation
driving the epidemiology of influenza, the chang-
ing landscape of host population immunity gov
erns whether and when epidemics emerge. Much
of the epidemiology of influenza, such as the
re-emergence of an antigenic type, is probably
missed in routine clinical data based on detection
of symptoms. For instance, data from poultry work-
ers chronically exposed to avian influenza suggest
that they enjoy a significant degree of cross-
protection against the lethal effects of H5N1. This
shift in perspective could have important implica-
tions for the way we monitor influenza virus for
epidemic prediction and vaccine design. — CA
Proc. Natl Acad. Sci. U.5.A 104, 7711 (2007).

<< Who You Are Versus Where You Are

The ability to identify essential components by network analysis may

AYAAAS
www.stke.org

provide one means of ranking targets for disrupting specific cellular
processes. Yu ef al. have assessed the relative importance of being a
hub (that is, being a highly connected node) in comparison Lo being a

bottleneck, a node that serves as a conduit for nonredundant paths
through the network. These attributes do overlap, but they were able to find all four types of
nodes in large-scale protein-protein interaction maps: hub-bottleneck, nonhub-bottleneck, hub-
nonbottleneck, and nonhub-nonbottleneck. For instance, in signaling networks, hub-bottle-
necks and nonhub-bottlenecks were likely to be encoded by essential genes, whereas hub-non-
bottlenecks were not. Thus, being a bottleneck may be a better indicator of necessity than the
degree of connectedness. A refinement of the nonhub-bottleneck nodes was achieved by divid-
ing them into those that participate in permanent interactions, such as those that hold multisub-
unit complexes together, versus those that mediate transient protein-protein interactions.
Not surprisingly, permanent nodes were more likely to be encoded by an essential gene than
were the transients. Furthermore, the authors suggest that nonhub-bottlenecks are key to path-
way crosstalk. Caklp, which is encoded by an essential gene in yeast and is a cyclin-dependent
protein kinase—activating kinase, is offered as an example of a nonhub-bottleneck that is the
critical link between two signaling pathways: requlation of the cell cycle and sporulation. — NRG
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Who's helping bring
the gift of science to
everyone?

As a child | got very interested in

space travel, When | was six my
father gave me some books onrockets
and stars. And my universe suddenly
exploded in size because | realized
those lights in the sky | was looking at
were actually places.

| wanted to go there. And | discovered
that science and technology

was a gift that made this
possible. The thrill of

most Christmas presents

can quickly wear off. But
I've found that physics is a
gift that is ALWAYS exciting.

I've been a member of AAAS for a
number of years. | think it's important
to join because AAAS represents
scientists in government, to the
corporate sector, and to the public.
This is very vital because so much
of today's science is not widely
understood.

| also appreciate getting Science
because of the breadth of topics ’,
it covers,

lim Gates is a theoretical physicist
and professor at the University
of Maryland. He's also a member
of AAAS.

See video clips of this story and
others at www.aaas.org/stories
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YEECO BIOSCOPE™ II;: THE PERFORMANCE REVOLUTION FOR LIFE SCIENCE IMAGING

Veeco brings a new level of resolution to your advanced light-microscope imaging studies. As the world leader in atomic force

microscopy, Yeeco has now combined the power of AFM and light microscopy to create our BioScope Il AFM. As shown above,
researchers at University of Pennsylvania’s Nano-Bio Interface Center have uncovered hidden structures in neuronal cells by
Fa)

correlating AFM and Fluorescence data. The BioScope |l clearly expands the extent and resolution of their findings, enabling

researchers to get results which were previously impossible. Learn how to put the power of Veeco's performance to work for

vou at www.veeco.com/bioafm.

Veeco




Applied Biosystems Real-Time PCR Licensing Programs

Applied B yud of its historical role in oping basic |

End user custiomers can obtain research rights by purchasing reagents (e.g., DNA polymerase or master mix) bearing Bbel icense nghts from
Applied Biosystems and other kcensed suppliers. Specific commercial service nghts may also be granted with application kits available from
some of these companies

For companes that wish to obtain rights 1o manufaciure and sell enzymes, apphcation kits {in multiple fields) andfor probes comnveying such
label lcense nghts, Applied E-lcﬁwterna has established three worldwida icensing programs

1 Enzyma Supplier Licanse 2 Application Kit Manufacturing Licensa 3 Probe Manufacturing Licensa

Service and n-process testing laboratories that home-brew kilts can access the process rights they need thwough Applied Biosystems
Commarcial Services License and Intemal Quality Assurance/Control License. Available fields include contract research, forensics and human
idantity testing, animal identity and breeding, envronmental, agricultural, food, and GMO testing, and intemal quality control testing

For information on amy or all of these programs, please contect: Director of Licensing. Applied Biosystems, 850 Lincoln Centre Drive, m ﬂppliEd
P Biosystems

Fostar City, CA B4404, USA | reose G50.554. 7953 | masii director licensing @ appliedbiosystems com | rx G50638.60T1
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AVAAAS NEWCOMB
AFFYMETRIX, CLEVELAN D
AXC PRIZE

Deadline: Supported by AFFYMETRIX

30 June 2007 This $25,000 prize is awarded to the author or authors of
Phone an outstanding paper published in the Research Articles
+1 (202) 326 6507 or Reports sections of Science.

E-mail Call for Nominations

skihara@aaas.org Readers are invited to nominate papers published during the
Additional information period 1 June 2006 — 31 May 2007. An eligible paper is one
about the prize and the from the relevant sections that includes original research data,
nomination procedure theory, or synthesis or one that presents a fundamenial
can be found at: contribution to basic knowledge or atechnical achievement of
www.aaas.org/ far-reaching consequence. Reference to pertinent earlier work
about/awards/ by the author may be included to give perspective.
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A Journal Is Created

The intelligent design (1D} movement has sul
fered setbacks lately, but the biblical literalists
known as young-Earth creationists are going
strong. This month, the Institute for Creation
Research, based near San Diego, California,
launched the International Journal for
Creation Research.

Described as a “professional peer-reviewed
journal,” the publication promises to supply
“hard data based on culling-edge research”
to support theories such as “the young earth
model, the global Flood, [and] the non
evolutionary origin of the species.”

The editor-in-chief is Andrew A. Snelling, a
former geologist for a uranium-mining com-
pany who has a Ph.D. from Sydney Universily
and is now in Brisbane, Australia, According to
the instructions to authors, papers will be evalu
ated as to whether they “are formulated within
a young earth, young universe framework” and
whether they “provide evidence of faithfulness
to the grammatico-historical/normative inter
pretation of Scripture.” Snelling could not be
reached for comment.

Altempls to demonstrale a scientific basis
for 1D, the highbrow version of creationism,
have failed in court when defenders of evolu-
tion have challenged the presentation of 1D in
science classes. Bul, notes biologist Kenneth
Miller of Brown University, the picture is differ
ent at the grassrools level. “Young-Earthers
have always represented the bulk” of anti-

evolutionists, he says.

WiW.SCIENCEMmac. org
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Playing With Epidemics

Do you have an alter ego in Second Life, the booming virtual world? Watch out: Your
double may calch a nasty virus someday. Scientists say introducing infectious diseases
into online games could help them study epidemics.

The idea comes from Ran Balicer of Ben-Gurion University of the Negev in Be'er
Sheva, Israel, who was inspired by a plague that swept through the online fantasy game
World of Warcraft in 2005. To spice things up, game administrators introduced an
infectious disease called “corrupted blood.” It spread much faster than anticipated, in
part because administrators had made virtual "pets” act as reservoirs,

In the future, epidemiologists could work with the administrators of other games to
release infectious agents—carefully choosing factors such as mode of transmission,
symptoms, and possible treatments—to investigate how diseases spread and how they
can be controlled, Balicer wrote in the March issue of Epidemiology. Second Life, in which
millions of people chat, work, trade, play, and socialize, would be a great testing ground,
he says, because it's much more like the real world than is World of Warcraft,

Harvard University disease modeler John Brownstein says the research committee of
the International Society for Disease Surveillance held a long discussion about the paper
recently and wants to explore the idea. Epidemics in online games would involve
decision-making by thousands or millions of real people, Brownstein says, which “adds a
level of authenticity that doesn't exist in other simulations.”

S0 far.

Surfing the
Night Sky

Whether you're hunt-
ing for data on the
M0 galaxy or just Teel like a little
lunchtime stargazing, drop by
WikiSky. You can zoom in on more
than 500,000 objects outside our
solar system, including stars in the
roiling Gamma Cygni nebula (right).
Visitors can browse a whole-sky map,
customize the view lo show the stars above
their location, or switch to photos from the
Sloan Digital Sky Survey, which is charting

ane-fourth of visible space. Click on an object
to summon data such as its posi
tion, magnitude, molion, and
distance from Earth. The
accounts also furnish pho-
tos and links to abstracts
of papers that mention
the object. Users of the
site, created by a pair of
mathematicians in
Canada, can contribute
by wriling Wikipedia-style
articles on astronomy topics or
posting their own heavenly shols. ==
wiw.wikisky.org

Glimpse of Inner Earth

This surreal landscape shows whal scientists
say is the deepest hydrothermal vent ever
found—4100 meters below sea level on the
Mid-Atlantic Ridge. It's from Serpenting,

a French-Russian mission that focused on
the rare places where magma from Earth’s
mantle comes in contact with ocean water.
Mission leader Yves Fouguet of the French
Research Institute for Exploitation of the
Sea says the team is particularly interested
in the geachemistry and geology of such
spots. Biologists aboard the research vessel,
Pourquoi pas?, also collected samples of
new life forms around these hot spots.
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GOOD EARTH

Planet Earth
As You've Never Seen It
Before
ALASTAIR FOTHERGILL
Foreword by
DAVID ATTENBOROUGH
Companion to the
Discovery Channel sorles
“A superb wake-up call to
protect the treasures of the
planeat that sustain and
enrich us, Planet Earthis a
feast for the eyes and soul
presented with the best
and latest technology.”
—Booklist

DI I't $39,95 hardcover

The Erosion of Civilizations
DAVID R. MONTGOMERY

Argues persuasively that soil is humanity’s most essential
natural resource and essentially linked to modern civilization’s
survival.... Makes a convincing case for the need to respect and
conserve the world's limited supply of soil."—PubNshers Weakly
$24.95 hardcover

Neptune’s Ark

From Ichthyosaurs to Orcas

DAVID RAINS WALLACE

"*Neptune's Ark takes us on a voyage of discovery into the world
of the enigmatic creatures who evalved In the ocean and the
ntrepid individuals who study them.... [A] moving and majestic
book.” =—Adrdenne Mayor, author of The First Fossil Hunters and

Fossil Legends of the First Americans
$27.50 handcover

The World’s Protected Areas

Status, Values, and Prospects in the Twenty-first Century
STUART CHAPE, MARK D, SPALDING, AND

MARTIN D. JENKINS, EDITORS

This state-of-the-art reference offers a comprehensive and
authoritative status report on the world's 100,000 parks,
nature reserves, and other land and marine areas currently

designated as protected areas.
554,95 hardcover

Twilight of the Mammoths

lce Age Extinctions and the Rewilding of America
PAUL 5. MARTIMN

Foreword by Harry W. Greene

New In paperback—"It is a treat to learm the personal and

historical story behind his studies of overkill."—Sclanca
Organkms and Environments, $16.95 paperback
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GrantsNet.

The first comprehensive
science grants database.

GrantsNet is expanding its listings of

some 900 funding programs from private
foundations and not-for-profit organizations
to include 400 to 500 new entries from the
grants.gov site. This provides the first
comprehensive database of funding
opportunities to research scientists and
administrators, career counselors, financial
aid specialists, and undergraduate and
graduate students. For listings, go to

www.grantsnet.org
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RAPID RISE. Some of the tiniest wires ever made continue to earn
great rewards for Peidong Yang, a nanomaterials researcher at the
University of California, Berkeley, Last week, the LLS, National
Science Foundation gave Yang its 5300,000 Waterman Award, a
research grant the agency hands out annually to an outstanding
voung NSF-supported researcher,

The award caps a remarkable run for the 36-year-old Yang, who
synthesizes nanowires o make evervthing from tiny light-emitting
diodes and lasers to transistors and solar cells. Yang ranked among
the op 10 materials scientists in the world in overall ciiations from
1995 to 2005, according to the Institute for Scientific Information,
even though he didn't earn his Ph.D. untl 1997, and his average of
more than 100 citations per paper is nearly double that of the next
most cited researcher.

Future Waterman winners may soon have company, Last week,
the LS. House of Representatives authorized NSF 1o give out as
many as three such awards each year. “The competition is so lierce
that the commutiee would appreciate the ability to make more than
one award,” an agency spokesperson wld Science.

IN BRIEF

Lawmakers criticized NIH and Department
of Health and Human Services officials for not
firing Sunderland; the officials responded that

3-year scandal over financial conflicts of inter-
est at the National Institutes of Health (NIH).
sunderland, once chief of the geriatric

French-born astrophysicist France Cordova
has been named president of Purdue

CREDITS (TOR TO BOTTOME ROY EALTSCHMIDT/LAWREMNCE BERKELEY NATIDMAL LABDRATORY CREATIVE SERVICES OFFICE: CHRISTINE MCCARTY/HOUSE ENERGY AND COMMERCE COMMITTEE

University in West Lafayette, Indiana.
Currently chancellor at the University of
California, Riverside, Cordova is a former
chief scientist at NASA who has also written
award-winning fiction and a cookbook.
She succeeds Martin Jischke, who is retiring
in June.

Chemist Goverdhan Mehta of the Indian
Institute of Science in Bangalore and
biologist Luis Herrera-Estrella of Mexico's
National Laboratory of Genomics for
Biodiversity in Irapuato have won the Trieste
Science Prize from the Academy of Sciences
for the Developing World. Mehta's contribu-
tions to organic synthesis have led to new
hybrid cancer drugs. Herrera-Estrella’s

work on genetically modified crops has been
a boon to Latin

America. The two will -

share $100,000. Institute at Melbourne's Monash University (MU).
Rosenthal says she was attracted by MU's two stem cell

INSIDE centers and a research-friendly requlatory environment.

GOVERNMENT Last month, Monash's home state of Victoria ratified a

GOING PRIVATE.
Alzheimer's disease
researcher Trey
Sunderland has retired !

from the U.5. govern- ﬂh

ment, closing the book

on the most serious case to emerge from the

Gol a tip Tor this page? E-mail people@aaas.org
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psychiatry branch at the National Institute of
Mental Health in Bethesda, Maryland, failed
to report more than $600,000 in consulting
fees fraom Pfizer while providing spinal fluid
samples to the company for Alzheimer's
studies. Last December, he was convicted of
violating federal conflict-of-interest laws and
sentenced to 2 years of probation, 400 hours
of community service, and an abligation to
repay 5300,000 of his earnings.

Movers >>

TO A NEW CONTINENT. U.5.-born stem cell researcher
Nadia Rosenthal was charmed by Australia when she went
there on a field trip 5 years ago to collect newts, Now, the
54-year-old head of the mouse biology program at the
European Molecular Biology Laboratory's (EMBL's) out-
station in Monterotondo, Italy, is returning to direct the
new $126 million Australian Regenerative Medicine

federal law that permits somatic cell nuclear transfer
under a license. Besides working on stem cell culture and

only the Public Health Service Commissioned
Corps could discharge him. That has now
happened, NIH said last week. According to a
recent report that Sunderland’s probation offi-
cer filed with U.S. District Court in Baltimore,
he retired on 1 April and is now in private
psychiatry practice. The report also says he
has repaid more than $100,000 of the
5300,000 and has completed more than

300 hours of community service.

mouse models, Rosenthal hopes the institute will use the university’s new synchrotron to
do high-throughput protein crystallography and aid Australia’s bid to become an associ-
ate member of EMBL. "If you want to plug into European science, this is an excellent

pipeline,” she says.

Rosenthal’s husband, biochemist Alan Sawyer, is also moving from Monterotondo to
Monash to establish the $9 million Monoclonal Antibody Technologies Facility.
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RESEARCH INTEGRITY

Sonofusion Back on the Firing Line
As Misconduct Probe Reopens

Officials at Purdue University in West
Lafavette. Indiana. have launched a new
inquiry into bubble fusion researcher Rusi
Taleyarkhan. just months after exonerating
him of research misconduct. The inguiry was
brought to light by a congressional report
made public last week, which concluded that
in its previous inguiry, “Purdue deviated from
its own procedures in investigating this case
and did not conduct a thorough investigation.”
Talevarkhan, a nuclear engineering pro-
fessor at Purdue, pioneered the controversial
notion that sound waves can collapse bubbles
in 2 manner that causes atoms to fuse, releas-
ing energy in the process, If true, “sono-
fusion™ holds the prospect of clean and abun-
dant energy. Fusion experts challenged
Talevarkhan’s claims from the start. But last
vear, fellow Purdue researchers urned up the
heat when they complained thar Taleyarkhan
wits obstructing thewr eftorts to duphicate the
research (Science, 17 March 2006, p. 1332),
In response. Purdue otficials announced
an mmitial review in February 2006, The uni-
versity followed it over the summer with a
formal inquiry to see whether a full-scale
mvestization was warranted. This February,
Purdue oficials announced that their internal

investigations had absolved Taleyarkhan of

wrongdoing (Science, 16 February, p. 921).
Critics from both inside and outside the uni-
versity complamed that the inguiry had been
too narrowly focused and that the Purdue
committee never contacted them so that they
could express their concerns. In March, Rep-
resentative Brad Miller { D-NC), who heads
the Investigations and Oversight Subcommil-
tee of the House Committee on Science and
Technology, wrote to Purdue President
Martin Jischke asking for copies of the uni-
versity's internal reports.

Although Purdue officials never made pub-
lic the reports of their proceedings—or even
the charges they were investigating—the con-
gressional report quotes from them and makes
it clear that the initial inguiry focused on the
concern that Talevarkhan improperly omitted
his name as an author from two papers in an

18 MAY 2007 WOL316 SCIENCE

eftort w make the work ook like an independ-
ent verification of his research. The House
committee argues that even Purdue'’s narrow
investigation found “serious deviations™ from
commonly accepted scientific practices.
Among them: that Talevarkhan played a signif-
icant role in writing the disputed papers and
that he placed junior scientists in “precanous
positions” inorder to promote his research pro-
oram. “Based on these conclusions, it is dith-
cult w undersiand how the Inguiry Committee
could have then decided that Dr. Taleyvarkhan's
actions did not constitute research mis-
conduect.” the report states,

In an e-mail message to Science,
Talevarkhan says he is "appalled” by the
congressional report. “As written. the
memo/ letter presents only the accuser's point
of view and passes its verdict on the accusa-
tions,” he writes. Later, in a phone inerview,
Taleyarkhan msisted that he had nothing to do

Embattled. Taleyarkhan (shown working on an earlier,
unrelated experiment) says “sonofusion is for real”
and suspicions about his work are groundless.

with the papers in question and that it’s the
science of sonofusion that is being lost in the
conflict, “Sonofusion is for real, 1t has been

reproduced by groups without a conflict of

interest. But 1t 15 not vet reproducible on
demand,” Talevarkhan says,

Joseph Bennett, Purdue’s vice president
for university relations, savs that “Purdue’s
position 1s that it did Follow its policies cor-
rectly™ and continues o do so. Shortly afier
completing the last inquiry, Bennett says the
administration received additional allega-
tons regarding sonofusion and has opened a
new inquiry, which is expected to take
3 months o complete. Unlike the previous
inguiry, the new panel is expected o broaden
its scope to probe the integrity of the
underlying studies.

Miller's subcommittee became aware of

the new inguiry while reviewing the case. lis
repiont chides Purdue officials for the makeup
of the new inguiry panel. According to the
report, all three of the panel members served
on previous sonofusion inguiry panels, as did
the stall member assigned to it. The report
recommends adding one or more outside
members to ensure the panels independence,
which Dischke says he wall do.

Other Purdue faculiy members say they
will insist on such transparency to protect
the university’s reputation. 1 am somewhat
disappoimnted that the original sets of com-
mittees did not do a complete. thorough
evaluation of the evidence at the tume,” says
Bernie Tao. a Purdue agricultural engineer
who chairs the university senate. The senate
wars expected o meet this week to draw up a
list of recommendations,

Other faculty members say they are con-
cerned about the impact of the conflict on
Talevarkbhan's department. Chan Choi, a
Purdue nuclear engineering professor, notes
that in Seprember, Lefteri Tsoukalas, a crine
of Talevarkhan, stepped down as chair of the
nuclear engineering department. Eight
months later. he says, the administration has
yet to form a search committee to fill the post,
despite written pleas from the faculty. Choi
adds that the vearlong ordeal has prompred a
few students to leave the department,
although he says it
new faculty and students. Now with the new
inguiry, “we have a golden opportunity to
clear our name.” Choi says.

-ROBERTF. SERVICE

WL sCiencemad.orng
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U.K. RESEARCH

The mystery of the
disappearing

Blair Departs After a Decade of
Strong Support for Science

As Tony Blair last week announced his inten-
tion to step down in June after 10 years as the
United Kingdom's prime minister, the British
media cited his devastatingly low poll ratings
as proof that the Irag war would overshadow
any other legacy tor the Labour Party leader.
But the U K.s scienuific community has far
warmer teelings toward Blair's government.
thanks to its steady and significant increases
in funding, its liberal attitude to human
embryonic stem cell research. the recruitment
ol scientists w help shape government pol-
icy, and a clampdown against animal-
rights extremists. And Blair early on
embraced the dangers of chmate change as a
personal crusade, even making it a focal point
of the 2005 summit of the G8 leaders.

When Blair spoke out about science, his
enthusiasm was evident. “This government 15
unabashedly pro-research.” savs neurobiolo-
aist Colin Blakemore, head of the UK. Med-
iwcal Research Council. “There is a deep com-
mitment to science and what it can achieve
for overnment.”

In 1997, Blair's Administration took over a
scientific enterprise that had been slowly
starved of fundmg over 18 years of Conserva-
tive government. The [lirst sign of revival
came in 1998 in the new government’s initial
spending review: Research got a 15% boost
over 3 years, “[Blairs] interest and commit-
ment to science go right to the beginning,”
says University of Oxford ecologist Robert

May. chief scientific adviser to the UK. at the
time. Over Blair's tenure, the science budget,
which supports the grant-giving research

councils as well as subscriptions to the likes of

the CERN particle physics lab and the Euro-
pean Southern Observatory, has more than
doubled in real terms 1o its present £3 .4 billion
(56.7 billion ). Among other things, that
money paid for the new E380 million
Diamond synchrotron, which began oper-
ating in January and is the biggest new
LK. research facility in 40 vears, “Theres a
lot more of a positive feeling now in the whole
scientific endeavor,” says geneticist Robin

Lovell-Badge of the National Institute for

Medical Research in Mill Hill.

The scientific community has been
impressed that Blair listens to them, espe-
clally i a crisis. His government first called
on researchers for help in 2000 when fooi-
and=-mouth disease was detected on Britsh
tarms, threatening the nation’s agricultural
mdustry. Newly appointed Chief Scientific
Adviser David King. a chemist from the Uni-
versity ol Cambridge. was instrumental in
enlisting academic epidemiologists, who rec-
ommended speeding up the preventive culling
of millions of sheep and cattle. Neil Ferguson
of Imperial College London, who was
mvolved in the effort to model the disease’s
spread, says that although some government
sclentists were resistant, the prime minister’s
office was “receptive to the best scienufic

SCIENCE VOL 316

Nipping psychosis
in the bud

Smooth transition? Tony Blair Ueft) with his likely
successar, Chancellor Gordon Brown,

acdhvice.” The culling slowed the disease. solid-
itving the link berween Blair and researchers.
“How science meets policy in the UK.
was fundamentally changed by the cnsis.”
Ferguson says.

Since then, King has worked to have a sei-
entific adviser appointed in every povernment
department that uses research. “There’s a
growing engagement between government
and the scienufic commumty,” says astro-
physicist Martin Rees, president of the Royal
Society. noting that the mtroduction into
Britin of genetically modified crops in the
9905 was not as adeptly handled as the Blar
team’s recent management of iInnovations
such as nanotechnology and stem cells, Now,
says Rees, the government works with bodies
such as the Roval Society to frame appropr-
ate legislation and safeguards.

Although stem cell research has stirred
strong passions i many countries, UK. scien-
tists have been able to pursue a relatively
steady course. | The government] has been
on the whole very supportive,” says Lovell-
Badge, “Most people are able to do the exper-
iments they want.” Some alarm bells have
been rung. however, A Department of Health
white paper last vear proposed banning some
stem cell experiments, including those in
which human and animal maternal 15 mixed.
Embryo researchers hope that their concerns
will be reflected in a draft bill to be published
in the next few weeks. *“Words spoken by Tony
Blair have been very encouraging,” says
Lovell-Badge.

Early in his tenure, Blair's apparent hesita-
tion on animal research caused concern. A
policy document produced when the Labour
Party came into power suggested that the new
government would restrict such experniments
and reduce the use of animals. According to
Simon Festing, director of the Research
Defence Society, this encouraged ammal-
rights groups. and extremists “went on the
rampage,” threatemng and physically atack-
mg seientists, [n 2003, Cambndge abandoned
plans for a primate research lab in part
because of security fears; the following year
work was halted on an ammal research lab in
Oxtord. “People were scared by the relentless
campaigns of harassment.” Festing says.

Yet the government eventually expanded »
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lanws 1o target exremisis and stepped up police
activity: a raid this month, for example, resulied
in the arrest of 30 people linked to animal-
rights extrenism by the police. Blair himsell
spoke out in support of animal researchers. A
signibicant number of extremists are now 1n
jail.” Festing says. “Confidence in the bio-
sclence community is growing strongly.”

There’s no such happy ending. vet. for the
Labour government’s management of sci-
ence education at schools and universities.
Blair's government has poured large sums of
money imto school builldings and facilines,
But schoolteachers’ salaries remain low,
which has led many science graduates to
take better-paving jobs and caused chronic
shortages of specialist science teachers.
One-quarter of British high schools now
have no physics teacher,

In 1997, Blair inherited a university system
that was expanding rapidly. But the big growth
has not been in science subjects, and some sci-

LIFE SCIENCES RESEARCH

Massachusetts Proposes $1 Billion Plan
"

Last week. Massachusens Gover-
nor Deval Patrick declared his
states intention to crank up its sta-
tus as a life sciences powerhouse,
Speaking to the Boston conven-
tion of the Biotechnology Indus-
try Organization (B10), Patrick
proposed spendimg 51 bilhon over
10 years o create a stem cell bank
and promote therapies based on
EMNA interference (RNA1) tech-
nology to turn ofT zenes. for which
University of Massachusetts
UM}, Worcester, researcher
Craig Mello won a Nobel Prize
last vear,

“We think [the mitiative] 1s
pretty distinctive from [that of]
any other state,” says UM Presi-
dent Jack Wilson, calling stem
cells and RNAI the “twin pillars”
of a proposal that is expected 1o be
introduced shortly to the legisla-
ture. Several states, notably Cali-
formia with its 53 billion bond initiative, have
new programs focusing solely on stem cells.
Some 5300 mullion for the new Massachu-
setts program would come from taxes, with a
similar amount raised by a bond issue. Half
the total would be spent on tacilities and
equipment; 5230 million would be tax breaks
to the private sector for jobs in the health and

lite sciences—a field that already employs

ence deparments are struggeling w stay afloar,
Although students in the UK. pay some
tuition fees—a Blair innovation—universities
also get a sum per student from the govern-
ment to cover teaching costs. Over the past
decade, some small science departments have
struggled to fill studem places, reducing their
income. As a result, 21 physics departments
have closed and fewer than half of UK. uni-
versities now offer undergraduate chemistry
courses (Science, 4 February 2003, p. 6068),
The government finally took pity last vear and
set aside £75 milhon over 3 vears to increase
the per-studemt fee in lab-intensive courses. [t
has also provided grants to sumulate interest in
sciences among high school students,

There has been criticism over the way
Blair’s government has funded university
research, Science departments receive
block grants from the government to cover
the overhead costs of their research, and the
size of these grants 1s determined by the

Biowards. Governor Deval Patrick (center) talks up his initiative at
the BIO comvention in Boston,

ofe in seven Massachusetts workers, The rest
will fund research grants, traming, and fellow-
ships. Patrick hopes for another $250 million
in matching funds from the private sector.

A centerpiece of the initiative is a stem cell
bank to share with scientists around the world
the more than two dozen human embryonic
stem cell lines newly generated by Massachu-
setts scientists. That’s more than the total

quality of the deparument s research. Every
5 vears or so, all science departments are
carefully vetted in a process called the
Research Assessment Exercise (RAE). But
with the most recent RAE in 2001—the only
one during Blair’s tenure—the funding
rules were adjusted to give more money o
the very top-rated departments, leaving
many others with nothing. Although some
say this has helped the best departments
compete internationally, it has made the sit-
uation worse for strugeling small depart-
ments. The system “should allow excel-
lence wo develop anywhere,” savs Rees.
Evervone 1s now looking for cues from
Gordon Brown, the financial brain behind
Blaur for the past decade and now his likely
successor. "Brown seems pretty supportive.”
says Lovell-Badge. “He's provided modest
funding increases that have accumulated
over the vears, | hope these will continue”
—DAMNIEL CLERY

available to federally funded researchers
under a 2001 moratorium imposed by Presi-
dent George W. Bush, The bank will be at
UM’s Worcester campus, which is already
planning an Institute for Stem Cell Research
and Regenerative Medicine. Wilson says
about 366 million 1s targeted for the stem cell
tucilities and %38 million tor an RNAJ thera-
peutic center, also at Worcester.

Massachusetts stem cell scientists have
been champing at the bit for years, frustrated
by the opposition of Republican former gov-
ernor Mitt Romney to destroving embryvos for
research. In 2005, the state legislature over-
rode Romney’s objections to research
cloning, or somatic cell nuclear transter.

Patrick, a Democrat elected in November,
hopes the initative will also help researchers
hurt by the funding slump at the National
Institutes of Health {Seience. 20 April,
p. 3560). Harvard University spokesperson
Kevin Casey says the package would provide
“bridge funding™ for people suffering grant
delays and also fill “high-risk holes™ that ven-
ture capitalists avoid. [ give the governor all
the credit for this,” says Casey.

Administrative details are vet 1o be set-
tled. But Wilson says the Massachusetts Life
Sciences Center at UM Boston, which will
be expanded under the imbative, will supply
the hub for creation of various mechanisms,
such as peer-review groups.

-CONSTANCE HOLDEN
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No Sex Please, We're Neandertals

COLD SPRING HARBOR, NEW YORK—Dyid
MNeandertals and modern humans interbreed?!
Last vear, that question took on new life when
two groups of researchers reported the first
results from sequencing parts of a Neander-
tal’s nuclear genome. The answer, however,
was equivocal: One group reporied no evi-
dence of interbreeding: the other reported tan-
talizing hints of mating (Science. 17 Novem-
ber 2006, p. 1068). Now, a paper presented
last week at the Biology of Genomes meeting
here gives the evidence a strong
shove in the direction of the
no-sex camp.

The new indings also push
back the date that Neandertals
sphit from the human branch
of the primate tree by 200,000
years—to 800,000 years ago.
And another study shows that
this ancient human ranged
2000 kilometers farther east
into southern Siberia—some-
thing anthropologists have
suspected but not confirmed.

These Mindings come out of an
ongoing effort by Svante Piiibo of
the Max Planck Institute for Evo-
lutionary Anthropology in Leipzig,
Germany. to sequence the Neandertal
genome. Until last vear, researchers had only
been able to extract and decipher mitochon-
drial DNA from Neandertal fossils. But in
2006, Piibo and using a different approach,
James Moonan of Lawrence Berkeley
Mational Laboratory in California and

Edward Rubin, director of the Department of

Energy Joint Genome Institute in Walnut
Creek, Califorma. sequenced nuclear DNA
from a Meandertal bone from Croatia,

Rubin and Noonan found no support for
interbreeding in 63,000 bases their group
sequenced, a finding in line with conclusions
from mitochondrial DNA studies. Pidbo.
however, found enough so-called single-
nucleotide polymorphisms (SNPs) shared
with humans, but not chimps, among the mil-
lion bases his group sequenced to question
that conclusion,

In that study. Péibo used preexisting data-
bases of human vanation. Because those data-

& bases focus on common SNPs, Pidbo worned
§ that biases might skew the analysis. So David
& Reich of Harvard Medical School in Boston
§ and James Mullikin of the National Human
& Genome Research Institute in Bethesda,
£ Marvland. have now compared SNPs in new
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Meandertal sequences to random SNPs
obtained from one African and from one
European. The result: “There’s no indication
of gene flow.” PiEibo reported, Péidbo and his
group got the same result when they exam-
ined variation in the ¥ chromosome, looking
tor signs of Home sapiens DNA embedded in
the Neandertal sequence,

It may never be possible to prove beyvond

doubt that interbreeding did not occur. “But if

[ were to make a guess, [ would say more

sequencing project.

sequence will just confirm [these resulis],”
says Moonan., “It convinees me.”

Last year, based on compansons with the
human and chimp genomes, Piibo’s group
estimated that Neandertals split oft from the
human lineage about GOO.000 vears ago. But
they have since found that that estimate
changes by 400,000 vears depending on the
order in which they match up each species’
sequence. A new three-way comparison that
doesn’t give one pairing prionty over another
comes out at 800,000 years, Paibo and his
Max Planck Institute colleague Richard
Green reported at the meeting.,

In a side project. Péidbo and his graduate
student Johannes Krause have examined
30,000- to 38,000-year-old human fossils

from Uzbekistan and the Atlai region of

southern Sibenia whose identities were a mys-
tery. When the researchers compared the
bones” mitochondrial DNA with that from
more than a half-dozen Neandertals, they
found that the Asian fossils were clearly
Meandertal. "It tells us that Neandertals were
much more widespread than we thought,”
says Piiibo.

Meandertals may have roamed far and
wide, but when it came to sex, they apparenily
stuck to their own, -ELIZABETH PENNISI

N\ C

No Smoking, Says
California Faculty

Last week, the University of California (UC)
faculty senate voted 434 against a
university-wide ban on tobacco maoney for
research, But antitobacco crusaders haven't
given up their 4-year fight. Benjamin Allen, a
UC Berkeley law student and future student
member of UC's goveming body, the regents,
is campaigning for a sterner review process
for all tobacco industry-funded grants.
Advocates of the ban say that tobacco firms
sponsor guestionable research and strong-arm
fundees. But critics worry that such a ban would
curiail academic freedom and threaten other
corporate-funded research. The regents pul off
a vole in January pending the faculty senate’s
action (Science, 26 January, p. 447) and are
expected to reject the ban at their July meeting.,
Allen’s proposal includes an additional
level of grant review and a new faculty board to
analyze research. Also offered is the chance for
individual UC units such as the UC San Diego
Cancer Center to ban lobacco money—an
action the faculty senate outlawed in 2005.
“UC is the only institution in the world that for-
bids its academic units from declining lobacco
money,” says Stanton Glantz, a bioengineer at
UC San Francisco and a key force behind the
proposed ban, Stanford is debating a similar
ban and could vote on it as early as this week.
—DAVID GRIMM

Iranians Back Into ACS Fold

The American Chemical Society (ACS) has rein-
stated 36 lranian members dumped in January
because of the U.5. trade embargo. But ACS
will continue to withhold certain member ben
efits until it obtains a government license.

Although U.5. organizations are prohibited
from doing business with anybody in Iran,
Cuba, or North Korea, an exemption enables
LS. scholarly societies lo have members in
those countries. Bul late last year, ACS officials
decided that the full range of membership
benefits—which includes discounted journal
subscriptions, career counseling, meeting invi-
tations, and insurance—crossed the line.

That ruling drew protest from scores of
ACS members. And ACS Executive Director
Madeleine Jacobs says she was not part of the
decision. “I learned about the move from
Science,” she says (Science, 30 March, p. 1777).
Last week, the society reversed its decision.
But it could be months before ACS obtains a
license that would enable it to provide Iranian
members with discounted meeting registra-
tions and career-development services.

~YUDHIJIT BHATTACHAR]EE
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Universities Are Big Winners in
Election-Year Budget

MELBOURNE, AUSTRALIA—Australian uni-
versities are getting an antidote to their long
malaise: a stunning windlall from a pre-
dicted surplus in the 2007-08 budget. The
covernment announced last week that it
will deposit $4.2 billion (3 hillion Aus-
tralian dollars)—roughly half

up to national elections that must be called
by January 2008, Top officials in the Liberal
Party have pledged a similar contribution
to HEEF next vear if their party stays
in power: they say they hope ultimately
to plow $42 billion into the endowment.

continued a trend of cutting support, with the
percentage of university funds from public
money sliding from 90% in 1994 o 40% in
2005, Certain disciplines have been hit dis-
proportionately hard. For example, many
mathematics departments can’t afford to
invest in computer labs or retain stall, says
the University of Melbourne’s Hyam
Rubinstein, chair of the Australian Academy
of Science’s mathematics committee. The
new budget allocates an exira $1.4 billion
over 3 years to help cover university operat-

g costs. Math departments

the surplus—in a new Higher 5.0 stand to receive 30% more

Education Endowment Fund :i Average Expenditure on R&D as of GDP 1996-2002 money per student. I am hop-

{HEEF ) whose imerest would be 35 Bl ing this is the beginning of a

used primarily to renew crum- E 3.0 2.19% =" turnaround.” says Rubinstein.

bling infrastructure at the coun- '; :j 1.61% ane” - An HEEF board will divvy
i . I ' : , d

try’s 41 universities, Le | | P b b b ]| up this yvear’s estimated
There was also good news for L0 L £253 million in HEEF interest.

E am N
‘g . . | | - . v . '
CSIRO, the national science g - - Education Minister Julie Bisho
0
agency. It will receive $2.3 bil- TEas Eib! e = Eﬁi EZ s E B 31 = nig has argued that Australia’s uni-
lion over 4 vears: a 19.5% boost 53 ?E_ £ 2 i g_i 8 5 2 5853 § g= 5 E 282 g i versities are too homogenous, so
. ol - = - — -
over the previous 4 vears, CSIROs = i'- = = = & é '_E the new funds may be used to
record increase includes 543 mil- ! E § = 5 help establish centers of teach-
=1

lion for a prototype for the
Square Kilometer Array (SKA),
a network of radio dishes that
would be the largest astro-
nomical instrument ever built (Sefence,
I8 August 2006, p. 2100, “This is great
news,” says SKA project scientist Brian
Gaensler of the University of Sydney.

Few here expected that higher education
would become a campaign issue in the run-

BIOMEDICAL RESEARCH

Temporary Cuts Hit Labs

Scientists at the National Institutes of Health
(NIH) have been relatively quiet about recent
in=house budget cuts—until now, Last week,
distress was audible ar the National Institute of
Child Health and Human Development
{NICHD), where officials confirm that lab
operating budgets, covering expenses such as
research materials and travel, are being
slashed by 50% in the remaining 5 months of
the fiscal year.

NICHDs 84 principal investigators are
now scrambling to keep projects going. “This
is one of those danger signals™ of long-term
troubles, says NICHD cell biologist Bruce
Howard, who calls the situation unprece-
dented in his 33 vears at NIH. One scientist
who asked not 1o be idemtified out of concern
for reprisals says his lab 1s “effectively shut
down.” Others seem more confident that they
can weather the storm.

NICHD Scientific Director Owen
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Punching below its weight. A budget windfall will boost Australias R&D spending,
which lags many developed countries (graph depicts averages for 1996-2002),

“It gives universities a profile they've not
had for 25 to 30 vears.” says Gerard
Sutton, president of the Australian Vice-
Chancellors” Committee.

Australia’s universities have struggled for
the past decade. The present government had

at Child Health Institute
Rennert explains that the institute’s intra-
mural program got (L.5% less for fiscal yvear
2007 than last year, or 5151 million. Then
when Final budget numbers came through a
few weeks ago. he learned that overall costs
would go up 5% to 8%, more than expected,
largely because of high winter utility bills on
NIH's Bethesda, Marvland, campus. Because
personnel costs eat up about half ofhis budget
and stafl aren’t being cut, that meant much
less operating money. Normally. Rennert
savs, he would use small adjustments to cover
a shortfall, such as delayving new hires. But
this vear, that was not enough. He announced
the 50% cut in lab budgets on 4 May.

*It’s been a hard week for me, and it is a big
cut.” Rennert said last week, However, he says
that spread out over the entire vear. it's closer to
1 3%, Still, he admits, it means those who spent
ata faster rate early in the year are better off.

Scientists say they are now shutting down

ing excellence or tghtly focused
research insttutes, “We would
want the projects to reflect the
government’s call for greater
diversity and specialization.” Bishop said
last week. The science ministry will appoint
the HEEF board, which i1s expected to
include the government’s chief scientist,
Jim Peacock. —ELIZABETH FINKEL
Elizabeth Finkel is a writer in Melbourne, Australia,

some studies that use expensive reagents, One
investigator says his group is killing transgenic
mice: others may pay their own way © meet-
ings, Postdocs nearing the end of their 3-year
term may not be able to fimsh projects that
would be important for seeking faculty posi-
tions. Judith Kassis said her fruit fly lab will
swiich from cosily molecular projects o genet-
ics work to cope with a budgert cut from
529,000 o 514.500. Even so, Kassis feels she
may be doing “better than the outside™ because
“at least we have some money.”

MIH Deputy Director for Intramural
Research Michael Gottesman says the trend
reflects hard times across NIH in recent vears,
including lab closings at the cancer institute
and a ™% reduction in 2006 operations at the
diabetes institute. The budget cuts have not
changed the fact that NIH “is stll a wonderful
place to do research.” Gottesman savs, but “we
can't do this forever” ~]OCELYN KAISER
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ECOLOGY

Savannah River Lab to Close
After DOE Cuts Its Funding

Researchers fromaround the world have come
to the Savannah River Ecology Laboratory
(SREL) near Aiken. South Carolina, since
1951 to study how nuclear waste can affect
habitats and wild populations of bactena, fish,
and reptiles, But this month, the Department
of Energy (DOE) lowered the budget ax after
deciding that those effons were “not in line™
with the agency’s needs in waste management.
Now LS, ecologists are preparing for the
demise of the lab itsell and the potential lay-
ofls of its 100-member staff, 10 of whom are
faculty members at the University of Georgia,
Athens, which operates the facility.

The verdant. 803-km?® Savannah River
Site is a multibillion-dollar ¢cleanup area
that holds some 140 million liters of Cold
War-era high-level weapons wasie. It
affords one of the largest fenced-in area cast
of the Mississippi River for ecological stud-
ies. SRELs work, says radioecologist
F. Ward Whicker of Colorado State University
in Fort Collins, “has demon-
strated time and again how
nuclear activities can be made
compatible with maintenance
of a high degree of environ-
mental quality”

Two vears ago, the lab
managed to fend oftf DOE’S
attempt w shut it down (Science,
25 March 2005, p. 1857). But
this year, after DOE pared
back funding to $1.8 million
from an expected 54 million,
lab oflicials said they would
need to close its doors at the
end of the month. “We're all
shocked.” says ecologist
H. Ronald Pulliam of the
University of Georgia, Athens,

The lab, which got 54.5 million from
DOE last vear, also receives outside fund-
ing. although the extent of that support is
under dispute. Last month, DOE said there
was “very little evidence™ that SREL had
sought such funds. But lab director Paul
Bertsch says SREL scientists have
obtained $5.4 million in multivear con-
tracts since 2005 and are currently pitch-
ing some 513 million in grant proposals 1o
VATIOUS S0Urces.

DOE and the lab also disagree about the
nature of this year’s funding. Bertsch savs that
DOLE gave him “verbal agreements™ o main-
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tain funding levels. But a DOE spokesperson

says no, adding that an internal review of

SRELs ongoing studies—including studies of
wetlands restoration efforts. metal contami-
nants, and woodpecker and fish species
compelled the department to limit funds to
what had already been spent.

Founded by legendary ecologist Eugene

Odum. SREL plays the role of *watchdog™ of

DOE's Savannah River cleanup. savs ecolo-
gist Vincent Burke. an editor at Johns
Hopkins University Press. Research at the
site showed DOLE how to save billions in
cleanup costs by demonstrating that a
contaminated lake habitat could survive
without being dredged (Seience, 12 March
2004, p, 1613). Other studies have looked
at how ash from coal plants. which DOE
uses o produce power on the site, affects
their surroundings.

Outside researchers who prize SREL facil-
ities worry that the closure will undermine a

Hot zone. A budget crunch has deomed jobs at the Savannah River
Ecology Laboratory, whose researchers are shown here sampling
radicactive soil.

broad swath of basic ecology work, Avian ecol-
ogist Gary Hepp of Auburn University in
Alabama, for example, is studying how incu-
bation practices among wood ducks on the site
affect development of their voung. using a
grant from the National Science Foundation.
“It's isolated; you don't have people interfering
with your sites [or] equipment,” says Hepp,
noting that SREL staff facilitate access o the
heavily guarded Samannah wildemess.
Bertsch is now trying o dispose of lab
chemucals and transter some of the amimals
on the site, He fears that ume will run out,
however, betore he can raise enough money
Lo continue operations, =ELI KINTISCH

N\ C

Foreigners Welcome,
Bush Aide Says

The Bush Administration appears to have
thrown its weight behind a proposal to grant
automatic green cards to foreign students
graduating from U.S. universities with Ph.D s
in science and engineering. Speaking earlier
this month at the annual S&T Farum of AAAS
(publisher of Science), presidential science
adviser John Marburger noted that itis “fool
ish to send [foreign Ph.D.s] home when we
wanl o take advantage of their training and
they often want to stay.” The proposal is con
tained in a comprehensive immigration
reform bill that is scheduled for debate in the
Senate this week and could get a vote in the
coming weeks. (& similar bill passed the Sen-
ate last year but died in the House due toits
guest-warker program.) Backers of high-tech
immigration say Marburger’s stance is the
strongest Administration endorsement yet of
opening the doors wider to foreign talent.
=YUDHIJIT BHATTACHAR]EE

House to Spies: Investigate Skies

The House of Representatives wants the

U.S. intelligence community to consull with
climate scientists next year o prepare a report
on how climate change will affect American
global security interests. The measure, passed
as part of a yearly authorization of intelligence
pragrams, drew objections from Republicans
who worried about its cost. Representative Mike
Rogers (R-MI) suggested that studying "bugs
and bunnies” would duplicate existing efforts
and could damage morale. Democrals cited a
report last month from 11 retired generals who
said thal climate change isa "threat multiplier
for instability” in volatile areas.

The legislation now moves lo the Senate,
National Intelligence Director Mike McConnell
wrote Representative Anna Eshoo (D-CA) last
week that he likes the idea, But he thinks that
requiring such reports would set a bad example.

=ELI KINTISCH

Under the Umbrella, Everyone

Particle physics in Germany received a
595 million windfall this week with the creation
of the Helmhaoltz Alliance, The umbrella organi-
zation, launched by the Helmholtz Assaciation,
Germany's publicly funded research behemoth,
will support 50 new full-time positions for parti
cle physics research and engineering across
the country and a new computing center at the
German Electron Synchrotron (DESY) in
Hamburg for analyzing data from the particle
accelerator at CERN in Swatzerland,

=]JOHN BOHANNON
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The Case of

The Empty Hives

Honey bees worldwide are abandoning their hives, and scientists
aren’t sure whether to blame pathogens, pesticides, or the artificial
diets fed to the bees. It's not even clear if the phenomenon is new

DAVID HACKENBERG WAS THE FIRST
beckeeper to draw attention to what i1s now
one of the houest problems in agriculture: a
devastating collapse of honey bee colonies.
Last October. while inspecting 400 of his
company’s hives in Flonda, he noticed that
368 were almost empty, despite having been
healthy just 3 weeks earlier. Gone were the
swarming worker bees: instead, the eerily
guiet hives housed just the gueen bee and
many doomed brood. All told, Hackenberg
has lost 83% of his 3000 hives—and
5450.000 of income. Although beekeepers
are used to abandoned hives and bee die-ofls,
the extent was far worse than Hackenberg had
ever experienced—and he has tended bees for
more than 4 decades. “It’s probably the most
stressful year of my life.” he says.

Alarmed, Hackenberg contacted Diana
Cox-Foster, an entomologist ar Pennsy Ivania
State University (PSU) in State College. Soon
she and Dennis vanEngelsdorp, the siate api-
anst, heard of similar problems from beckeep-
ers across the country. By January, the owo had
established a network of researchers from
Florda to Montana to solve the puzzle of what
they're calling colony collapse disorder
(CCD). *It’s a science-fiction scenario come
to life)” savs entomologist May Berenbaum of
the University of THinois, Urbana-Champaign.

Reported Bee ﬁeaths
[ | Colony collapses (2006-07)

.. Disappearing disease (1970-75)
— —

Déja vu? Beekeepers across the country have reported colony collapses. A
mysterious syndrome, called disappearing disease, struck similarly in the 1970s.
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Last vear, Berenbaum led a National
Research Council panel that warned of a
looming pollination cnsis if honey bees and
other pollinators continue to decline in num-
ber { Science, 20 October 2006, p. 397). Some
scientists now fear that the emergence of
CCD will tip the balance, forcing many bee-
keepers out of business and raising costs for
farmers who already rent hives because of a
lack of nawral pollinators, “We may be near
the point when there are not enough bees.”
says Danny Weaver. a queen breeder with
B. Weaver Apiaries in Navasota, Texas.

AL a recent meeting to devise a research
strategy on CCD, scientists debated whether
known bee killers, including pesticides, the
varroa mite, viruses, and bacteria, were
responsible, Others suspect a novel pathogen,
and several top virologists are analyzing sam-
ples from afflicted hives at a breakneck pace.
Researchers have even irradiated honey-
combs to determine whether an infectious
agent explains the disorder. Yet some blame
the collapses on better understood problems,
such as spells of bad weather that leave bees
hungry. Or perhaps industrial-scale beekeep-
ing—in which hundreds ofthousands ofhives
are trucked around the country and pumped
up with sugar syrups to boost their num-
bers—has made colomes more vulnerable.

Little consensus
about the cause of
CCD emerged at the
meeting, which the
LLS. Depariment of
Agriculture (USDA)
in Belisville, Mary-
land, convened. It
could be a variety of
factors, notes Jeffery
Pettis of the USDA
bee lab in Belisville,
Maryland: “At this
point, we're proceed-
: ing not knowing which
- causes might be more
important.” In fact,
wiven that there are so

few data on the health of domesticated honey

bees—and even fewer on wild populations
many scientists aren't even convineed vet that
what's going on s really a new phenomenon,

In decline

Honey bees are indispensable farmhands, pol-
linating some 93 kinds of fruits and vegetables
grown in the United States. An estimate by
Comell University researchers in 2000 placed
the value of the insects’ services at 514.6 bil-
lion in extra yvield and improved crop quality.
Yet honey bees, like other pollinators, have
been in trouble for a while. The number of
LLS. honey bee colonies fell from 5 million in
1940 to 2 million in 1989, a decline largely
atributed o economic shifts i farming.,

For the last 20 years, the biggest issue for
beekeepers has been the varroa mite, first
noticed in the United States in 1987, Once
infected. an untreated hive can be totally
wiped out ina few months, “Varroa mites are
public enemy number one for bees,” says
Pettis. The mites have nearly eliminated feral
colonies of honey bees. which used to polli-
nate many vegetable crops. Many farmers
must now rent bees for pollination, which has
contributed to the growth of large-scale bee-
keeping, since the lave 19805, the number of
colonies has expanded by 25% to 2.5 million.

But now CCD threatens 1o erase that small
comeback-—and with hightning speed.
Although bees occasionally abandon their

WWW.SCIENCaMag.org
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hives if disturbed, the demographics of these
recent collapses are odd. The queen usually
remains, surrounded by untended brood. And
other msects, such as wax moths or small hive
beetles. don™t rob the abandoned hives of
honey or nectar, suggestung some sort of con-
tamination. “It’s bizarre,” says Berenbaum,

Puzzhng sudden losses of bees have hap-
pened before, In 2004, beekeepers had mouble
with struggling hives sent to California for pol-
linating almond trees. And in the 19605 and
"T0s, before the arrival of mites, beekeepers
around the country reported disappearing bees.
“Tt sounds for all the world like what happened
last year,” says Ence Mussen ofthe University of
California, Davis, Even an article ina bee jour-
nal from 1897—1long before synthetic pest-
cides—describes healthy hives collapsing
within a week, with the queen sull there,

Severe bee losses do appear to be a wide-
spread problem (see map. p. 970). Some 29% of
377 beekeepers across the country reporied
CCD and losses of up to 73% of their colomes
in the last 16 months, according to a survey
run by Bee Alert Technology in Missoula,
Montana. Losses range from 35% o 100% of
hives in cach operation, Other countries are
also having problems with rapid losses of wild
and domesticated honey bees. In Europe, bee-
keepers trom Spam to near the Arctic Circle
are reporting deaths or disappearances of their
insects, but the symptoms aren’t exactly the
same as in the United States,

www.sciencemag.org SCIENCE VOL 316

Scrutinized. Scientists

are probing the enigmatic
disappearance of worker
bees, with brood and queen
left behind (dght bottom).
Parasitic mites (right, top)
could be a factor.

Still, honey bee rescarcher Nicholas
Calderone of Cornell University says 1t’s not
clear that these collapses are something other

than normal losses. “We're getting a lot of

reports of CCD that are not narrowly defined.”
says entomologist Robert Danka of the USDA
bee lab in Baton Rouge, Louisiana.

Rogues’ gallery

Assuming that something new is oceurring,
researchers smee January have investigated the
usual suspects, including pesticides and other

environmental chemicals, The main focus of

Cox-Foster's working group is on nicotine-
based compounds called neonicotonds, which
were First introduced as pesticides in 1992, One
idea 15 that low doses interfere with a bee’s abil-
ity to navigate back to the hive. And lab studies
have shown that at least one such compound,
imidacloprid. can kill bees at high doses,

There are few data that imidacloprid
harms bees in fields. however. And other lines
of evidence argue against blaming these pes-
ticides. In 1999, France banned mudacloprid
after beekeepers complained that it was caus-
ing up to 40% of their colonies to die. Yet the
colonies don’t seem to be doing much better
now, notes Yves Le Conte of the Laboratoire
Biologie et Protection de L Abeille, INRA, in
Avignon, France,

And in the United Siates, there has been no
spike in imidaclopnd vsage that might account
tor the recent colony collapse. “Pesticides

NEWSFOCUS

can’t be an explanation for why organic bee-
keepers are losing their colonies.” Berenbaum
says. The CCD working group has neverthe-
less sent samples of wax, honey, and pollen
from hives o be wested by USDA food-testing
labs for more than 200 chemicals, including
fungicides, pesticides, and their metabolites.

Toassess whether pathogens explain CCD,
Cox-Foster and her colleagues have collected
samples from Pennsylvania of bees remaining
in collapsed hives, as well as bees from nearby
hives that were healthy or declining, USDA
researchers also went to California to get bees
from afflicted hives: all told, members of the
waorking group have begun to examine sam-
ples from more than 200 hives,

Al the meeting. Cox-Foster presented
some initial results, “We were shocked by the
huge number of pathogens present in each
adult bee.” she says. The highly diverse amray
of teeming pathogens included bacteria that
cause a condition known as American foul-
brood. which turns bees gooey and smelly. a
fungus that causes a disease called chalkbrood
that turns the insects into white mumimies, and
four kinds of viruses.

Some researchers suspect that an infectious
agent may be spreading between hives via the
wax combs and other equipment used by bee-
keepers. In February, Pettis and his colleagues
took combs from CCD-affected colonies in
Flonda and gamma-irradiated or fumigated
some of them before insening the combs into

18 MAY 2007

971



NEWSFOCUS

972

hives with mite-free bees imported from Aus-
tralia. Six weeks later. the scientists counted the

number of nissing brood cells as a measure of

colony health. Because the hives with the irra-
diated combs had fewer missing brood than
ones receiving untreated combs had, Pettis sus-
pects pathoeens as a possible cause of CCD,
Adding to suspicions that one or more new
pathogens are behind CCD are the resulis from
ateam led by Tan Lipkin of the Mailman School
of Public Health of Columbia University, which
his been doing high-throughput DNA sequenc-
ing of bulk bee samples from strong, weak, and
recovering colonies. The bees from CCD-
afflicted colomes have bactena. fungi, viruses,
and parasites that don't match any known bee
pathogens and are not in the healthy colonies,
Lipkin says. Cox-Foster suggesis that the dis-
covery of so many kinds of pathogens in the col-
lapsed colonies indicates that the
bees in them. for whatever reason,
have suppressed immune systems,
Yet contradictory results have
Just come in from bee researcher
Jerry Bromenshenk of the Univer-
sity of Montana, Missoula, and
Bee Alert Technology and his col-
leagues, In December. they col-
lected samples from hives in
Florda, Preliminary analysis by
researchers at the U.S. Army's
Edgewood Chemical Biological
Center in Maryland found similar
viral burdens in healthy, failing.
and collapsed hives. “It doesn™
seem to fit the 1dea of a sup-
pressed immune system.” Bromenshenk says.
Perhaps the most obvious suspect for

CCD, the varroa mite, was also a matter of

debate at the Maryland meeting. Mites don’t
seem to be the main problem. at least in Cali-
fomia, says Pettis, because the weak colonies
on average didn’t have more nutes than the
strong colonies had, But others argued that
mites shouldn’t be ruled out vet, Marla Spivak
of the University of Minnesota, Twin Cities,
cautions that even if beekeepers eliminate a
mite infestation, weakened colonies may be
set o collapse later.

Dangerous diet?
Modem beekeeping itsell, some suggest. puts
the insects at risk. In the past 2 decades, as the
United States started importing cheap honey
from abroad, large beekeeping operations
began to make more of their imcome from
renting hives o farmers, California’s almond
growers. for example. pay a premium rate for
pollination,

For bees, that means annual mps to Califor-
nia’s central valley, where spring starts early
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and can be cold and damp. In October and
November. more than 1.2 million colonies are
trucked into California from all across the
country and put into holding yards, Hives are
normally inactive during this time of year. But
the colonies need to be jam-packed with bees
when placed into the Howering almond groves
in February, so beekeepers feed them a high-
fructose sugar syrup. “They are trying to totally
reset the natural evele of bees.” says Marion
Ellis of the University of Nebraska, Lincoln.
“It’s throwing the bees’ rhythms out of whack.”

The syrupy diet may impair the bees’
health, putting them on the verge of a colony
collapse. "We can’t raise feedlot bees.” Ellis
savs, Pettis doesnt think the syrup is to blame
but agrees that no one has hit upon a perfect
nutritional formula yet. Last fall. USDA
researchers compared two commercial

to be pla
dlmand gra
diseas

syrups and an expenimental one, all designed
to stimulate larzer increases in bee colonies
tor almond pollination. None of the diets did
the trick. but the expeniment did confirm that
bee numbers decreased il the insects weren't
fed any supplements,

Contaminants m such syrups have also
been an issue, Mussen notes, Last summer,
beekeepers in California noticed that their
syrup smelled and tasted wrong, Lab tests
revealed that it had high levels of hydroxy-
methylfurfural { HMF). a compound that can
be woxic to bees. But Hackenbery. who sells
supplements, doubts that HMF was the prob-
lem. Bees will eat HMF-laced syrup, but last
fall they weren’t tking in any syrup or pollen
supplements at all. “They just wouldn't eat the
stufll” he says.

On the road again

Ellis and others suspect that the increased
trucking of hives may also cause problems for
bees. This concern 15 in part related to nuiri-
tion too: whereas bees in Mebraska, for exam-
ple, used w spend winters in Texas with excel-

couldwallow

lent forage, now they head for California, An
abnormally dry season there means fewer
wildilowers and less nectar. which weakens
the colonies. Mussen wonders whether that
caused the problems for hives in California
earlier this year. *As soon as they were taken
off the almonds, they started going downhill,”
Mussen recalls, “They were not big, fat bees;
they looked malnourished.”

Ellis speculates that the physical movement
of hives from state to state disturbs the

colonies. And placing vast numbers of

colonies inone part of California raises the risk
of spreading diseases, he says. Mussen agrees
on the latter possibility but points out that hives
have been trucked around for many vears,
making that an unlikely explanation for the
recent spurt of colony collapses.

The working group is testing the role of

shipping using colonies from
three large beekeeping operations.
Two. including Hackenberg's,
were hit by CCD, and one wasn't,
In the experiment. 140 hives are
staving in one place for honey
production. while another 140 are
being moved five times for
various pollination jobs. At
cach point. bees will be sampled
and sent to PSU and USDA for
pathogen analysis,

Researchers at the Belisville
meeting agreed that the immedi-
ate top priority is better surveil-
lance to establish the true inci-
dence of colony collapse. They
called tor a 32 million survey of bee health by
USDAS Amimal and Plant Health Inspection
Service, which the agency had proposed last
year but was not funded. Ultimately,
researchers want to be able to predict and then
prevent CCD. “We need practical bioassays
for beekeepers—and to be able to tell them
what to do in response,” says vanEngelsdorp,

Despite the recent colony collapses,
almond growers expect a bumper ¢rop this
year, says Marsha Venable of the Almond
Board of California. But they’ve had to raise
their pavments for renting hives from 550 a
colony a few years ago 1o 3120 this spring.
And with another 40,000 hectares of young
almond trees that will need pollination in the

alifiornia

spread.

next few vears, the price will only go higher if

the nddle ofthe abandoned hives 1sn't solved.
Beekeepers, Pettis says, “aren’t going to meet
the demand without something changing.”
Indeed, Hackenberg, who has spent the
past months trying to rebuild his colonies.
worries that another vear like this one will put
him out of business: *This 1s do or die.”
-ERIK STOKSTAD

wWwWw.SCiencemag.org
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PROFILE: SUSAN DUDLEY

New Regulatory Czar Says Rules
‘Should Make People Better Off’

Critics wonder how free-market economist Susan Dudley will apply her cost-benefit

analysis to federal regulations

Susan Dudley, the new White House czar of
regulation, calls it her “dream jobh.” It's a
homecoming of sorts: 20 vears ago. dunng the
Reagan Adminstration, she worked as a staff
economist in the Office of Management and
Budgets Office of Information and Regula-
tory Affairs (OIRA). She is now OIRA’s
administrator, with the power to review all
proposed ULS, government regulations.

But Dudley. 51,
returned to the White
House last month via
the side entrance. Her
nomunation last sum-
mer by President
George W. Bush
unmgud L‘!'l‘l.'i ronmen=-
talists and consumer
advocates. For the past 4 vears, as head of regu-
latory studies at the Mercatus Center of George
Mason University in Fairfax, Virginia, she’
been a vociferous entic of many federal regula-
tions, usually arguing that their costs outweigh
their benefits. Two groups, Public Citizen and
OMB Waich, called her “an antiregulatory
zealot with close ties to corporate interests.”
Adfter the Senate refused to consider her nomi-
nation, Bush sidestepped the confirmanon

process and appointed Dudley during a con-
gressional recess, That allows her to serve
through the next session of Congress, most
likely through the waning days of the Bush

presidency.

Dudley is widely regarded as personally
likable, even charming. As evidence of her
“personal commitment to environmental
stewardship.” White House officials touted

“My own style

is collaborative.

It certainly does not
need to be antiagency.”

—Susan Dudley

the fact that she and
her husband, a top
official at the Envi-
ronmental Protection
Agency, drive 1o
work in a hvbnd car,
They neglected 1o
mention, however,
that it’s an hour

commute from a historie mill town near

Warrenton. Virgina.

Inan 18 April interview, her first since
taking office, Dudley was careful to avoid
further controversy. She declined to criti-
cize current regulations or comment on pos-
sible new ones, such as limits on green-
house gas emissions under the Clean Aar
Act. Her job. she said. 15 “to implement the

law of the land.”

Insider now. Susan Dudley brings her record of
criticzing federal requlatory policy to the White House,

On her goals

“A lot ofwhat OIRA does is reactive. We eval-
uate agencies” regulations. ['want to make sure
that those regulations, within the constraints
that we have, are based on the best available
evidence, that they go through open and trans-
parent public comment, that the process and
the analysis on those regulations is the best
that it can be. One of the things that happens at
the end of [any] administration is the “mid-

night regulation” phenomenon. Regardless of

Decision on Lead Emissions
Weighs Heavily on EPA

The latest requlatory controversy heading toward Susan Dudley's inbox
involves the toxic legacy of lead pollution. At the center of the controversy is
Dudley’s favorite theme: costs versus benefits.

Lead is one of six major pollutants covered by the Clean Air Act, but lev-
els of lead in the air have fallen dramatically since it was removed from
gasoling in the 1970s and 1980s. Rarely do air-pollution monitars any-
where detect levels above 1.5 ug/m?, the Environmental Protection
Agency's (EPA's) current “ambient air quality standard.” EPA is currently
reviewing thal standard and expects lo have a new one in place by the end
of next year.

Last fall, the lead battery industry suggested that EPA declare victory in
the battle for lead-free airand stop regulating it under the Clean Air Act. On
27 March, however, EPA's scientific advisers urged exactly the opposite. They
unanimously called for a drastic tightening of the agency’s air-guality stan-
dard for lead, lowering the permissible level to 0.2 pug/m?. Bruce Lanphear,
director of the Cincinnati Children’s Environmental Health Center in Ohio
and a member of the EPA panel, says that scientists were persuaded by
recent studies showing lowered 1Q among children exposed even Lo tiny

www.sciencemag.org SCIENCE VOL 316

amounts of lead. Some members of the panel proposed an even stricter
standard of 0.025 pg/m’.

Such a tight limit would face stiff opposition. David Weinberg, a lawyer
who represents Battery Council International, an industry group, says that
air along many old and heavily traveled roads sometimes exceeds this stan-
dard because lead deposited in the soil decades ago is stirred up by passing
traffic. “"The only realistic way to meet this standard would be to treat, dig
up, or cover the roadsides,” he says.

In her interview (see main text), Dudley said she "hadn’t heard” about
the issue. Bul ane of her former colleagues and collaborators, Andrew
Morriss, now a professor of law and business al the University of lllinais,
Urbana-Champaign, says the proposed lead standard touches on some
problems she often raised with regulations. EPA's science panel didn't con-
sider the cost of a tighter limit on lead in the air, he says, "but when you
don’t have information on cost, you can't prioritize anything.” Morriss says
it's likely that more children could be protected from lead, at a much lower
cost, by renovating old houses rather than eliminating contaminated soil
from along the road.

Current laws, however, don't authorize such comparisons, which limilts
Dudley’s power to change policy. "Her hands are tied in many respects,”
says Morriss. -D.C.
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party. vou see an increase in regulation.

“[ probably can’t say that we won't have
an increase in regulatory activity, But they
won't be slipshod, dashed out at the last
minute. They will have gone through careful
review ... to make sure that they really make
people better ol and not worse off that they
serve a broader public interest and not a
narrow interest,”

On regulatory burdens
“I would say that there are better ways to do
regulations. We can regulate smarter, get the
benelits that we all desire, with fewer costs.
“I did my master’s thesis on economic
incentives for pollution control. Back then. it
wis a novel idea. In the 19705 and early "80s,
command and control [legal limits on pollu-
tion, enforced by fines or criminal penalties,
as opposed to economic measures such as
taxes or tradable pollution permits] was the
stanclard approach to addressing environmen-
tal problems. Now, it’s ‘How can we hamess
market incentives?” People realize that if you
provide incentives, vou can reach the outcome
you intended. Command and control doesn’t
always reach that outcome. 11 vou force people
to do something, but they don’t really want 1o,
they'll find ways to meet the letter of the law,
but you might have some unintended effects”

On other regulatory agencies

“OIRA 15 a bit of 2 watchdog. [ don't think 1t
antiagency. A lot of what we do is interagency
coordinating. ... making things more transpar-
ent, and that’s not always welcome. [ was here
fior 3 years, My experience is, its actually quite
collaborative. My own style is collaborative. Tt
certamly does not need to be antiagency.”

Comparing the Reagan and Bush years

“1 think that the focus now 1s more on regula-
tory reform, or smarter regulation. Back then,
the phrase was ‘regulatory relief.” Now you
won't see that phrase. You'll see people talking
about smarter regulation.”

On OIRA's proposed risk-assessment
guidelines
“What [the recent National Academies report]
said was, “We agree with vour goal. We don’t
think vou got it quite right.” There were very
constructive suggestions in the report. | think
there is something we can do to meet every-
one’s goal. I think there is a path forward, to
rationalize the risk-assessment process and
coordinate across agencies.”

-DAN CHARLES

Dan Charles is a Ireelance science writer based in
Washington, D.C.
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Giant Panda Numbers Are
Surging—or Are They?

Experts are sparring over a controversial count of wild pandas and plans to expand

captive breeding of China's revered symbol

WANGLANG NATURE RESERVE, CHINA—The
excited ery ofa park ranger pierces the stillness
of 4 bamboo forest high in the Min Mountains,
Zhan Xiangjiang., an ecologist with the Insu-
tute of Zoology in Beijing, bounds through
waist-deep snowdrifts to investigate. Catching
up with the ranger, he kneels down and poinis
at a small. round object that, at first glance.
looks like a greenish yvam. “Smell this!™ he
exclaims. The not-unpleasant odor of fresh
bamboo walts up. Along with other clues
chewed bamboo stalks, paw prints, and urine-
marked trees—the fresh scat is the latest evi-
dence that Zhan's monitoring team is hot on the
heels of a giant panda,

Their quarry may be elusive, but Zhan is
upbeat. “Pandas are making a comeback
here,” he declares. In the mid-1980s, poach-
ing and a mass bamboo die=off sent China's
flagship animal into a tailspin: The coun-
try’s wild panda population plummeted to
about 1200, landing the species on the
endangered list. Experts decried its immi-
nent extinction. But with a logging ban in all
panda habitats since 1999, the species
appears to be on the rebound.

[t is a hotly debated question. however,
whether panda populations are just beginming
to regain lost ground or are already healthier
than they have been for many yvears. Using
DNA from hundreds of scat samples collected
in Wanglang. Zhan and colleagues published a
paper last vear in Current Biofogy (20 June

2006) claiming that China may have 3000 wild
giant pandas—a doubling in less than a decade
since the previous survey. The rosy analysis
has been vigorously contested. “It frankly
seems preposterous” that panda numbers
have grown that rapidly. says David Garshelis.
Bear Specialist Group co-chair for the World
Conservation Union (ITUCN). Wanglang sci-
entists defend their robust figure. “The siua-
ton [for pandas] has really improved,” savs
Wanglang reserve vice-director Jiang Shiwei.
“We've seen a population increase, with new-
borns every year.”

Virtually nothing about the iconic mam-
mal 15 without rancor. Another controversy
swirls around China’s program to breed giamt
pandas in captivity. Last vear, the effort pro-
duced more than 30 cubs—a record—as well
as the first captive released into the wild,
Some conservationisis say the breeding pro-
gram can bolster wild populations. Others
are skeptical. “The key is to protect the habi-
tat. not reintroduce more pandas,” says Lu
Zhi, director of the nonprofit Conservation
International’s China office. “They can
breed themselves, and 1t's a reasonable
population already. so why add another
Nower to the garden?”

Arguable estimates

Zhan cups some scat in his bare hand and grins
as 1t shimmers in the sunlight. *The shiny laver
15 mucus,” he sayvs—and its full of DNA. To
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sauge how many pandas are prowling
Wanglang. Zhan spent much of 2003 and 2004
combing the area for precious panda drop-
pings. His zeal almost gothim killed—in 2004,
he slipped and broke his spine and had o
endure a bumpy 400-kilometer nde to a hospi-
tal in Chengdu, the capital of Sichuan Provinee,
He was not pamlyzed however, and returned 1o
work afiera 3-month-long convalescence.

Zhan's team extracted DNA from the mucus
in 20035 and used genetic markers called
microsatellite loci to identfy individuals,
Based on this DNA-fingerprinting technigue.
Zhan says there are at least 66 pandas in
Wanglang—a big jump over the 27 estimated
in the Third National Survey. That census, in
1998, employed the traditional bamboo-
fragment method, which differentiates indi-
viduals by comparing the lengths of chewed
bamboo in scat, Zhan argues that the bam-
boo fragment method’s total of 1596 pandas
in China'’s 60 panda reserves low-

balled the actual population size.
“We found the population 1s much = Remaining Habitat GANSU PROVINCE
more than we thought in the past.” W Protected Areas f

says the Institute of Zoology’s
Wer Fuwen, senior author of the
Current Biolozy paper.

In an unpublished letter to
Crervent Biologv, Garshelis and five
colleagues expressed doubts about
Zhan’s analysis, “Our concern 15
thatit’s jumping the gun,” says
Garshelis. “They only have one
data point [Wanglang], which
they extrapolated to the entire
range.” And that data point 15 sus-
pect, he says. Garshelis thinks that
Wanglang simply can’t support that
many pandas; according to Zhan's
estimate, one section of the reserve
has two pandas per square kilo-
meter—the highest recorded den-
sity for any bear species,

A population doubling at Wanglang is
impossible, argues Wang Dajun, a panda
researcher at Peking University, because
habitat there shrank steadily until at least
1998, when the logging ban was enacted.
By comparing satellite images from 1990
and 2000, Wang quantified a heavy degree
of deforestation that. he says. must be
harmful to pandas. Jiang agrees that habi-
tat fragmentation imperils panda popula-
tions in smaller, isolated reserves—but
not Wanglang.

The uncertainty means the giant panda
will remain classified as endangered in an
IUCN report slated for release later this
year, the first panda update in a decade,
says Garshelis, “I get the feeling the popu-

o 25 Sb

lation i1s slowly growing,” he says. “But
until there’s better evidence. there’s cer-
tainly no reason to remove pandas from the
endangered list.”

Growing pains

On a single-lane dirt road wending between
misty erags deep in Sichuan Provinee, traffic
has slowed 1o a crawl. Hundreds of dump
trucks and steamrollers are expanding the only
road to Wolong Mature Reserve into a modern
freeway, Conservation biologist George
Schaller of the Wildlife Conservation Society
in New York City was the first Westerner to
study gant pandas in China when he came to
Wolong, about 300 Kilometers southwest of
Wanglang, in [980. Now, more than 100.000
tourists every vear flock to Wolong, the
country’s most famous panda reserve, to see
its 120 captive-bred pandas, the largest such
population in the world.

Qinling Mourtsins

100

More captives would be better, argues
Wolong Director Zhang Hemin, who is aiming
for 300 within the next decade. A population
of this size, he says, could ensure the panda’s
survival for the next century while retaining
93% of its genetic diversity.

A decade ago. the captive birth of a single
cub would cause a huge media sensation. Back
then. if a mother bore twins, she would invan-
ably abandon one and raise the other, In 2000,
breeders figured out how to raise twins by
allowing one cub at a time to stay with the
mother and raising the other by hand. They
frequently swap cubs so both learn survival
lessons from mom. Now Wolong 1s trving to
outdo last years record number of births by
artificial insemination,

Mot everyone is handing out cigars, Lu

Histaeic Range I’ a
)

Cut to shreds. Panda habitat today covers
a tiny fraction of the bear’s historic range.
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argues that Wolong s ambitions may divert
funds from conservation programs aiming to
protect wild populations. “Maintaining a
captive population i not cheap, so they sen-
ously need to ask themselves why they need
300 pandas.” she says.

Zhang defends the target. Wolongs goal, he
says, 15 to introduce 10 1o 20 captive pandas a
vear o shore up smaller wild populations. In
April 2006, Wolong staff for the first time
released a capuve: Xiangxiang, a mild-
mannered S-vear-old male. He was so badly
mauled by a wild male last December that
rangers had o treat him at the reserve’s “panda
hospital” before releasing him back into the
wild. Then in late March, rangers found
Xiangxiang dead: apparently he had fallen
from a tree after clashes with other pandas, says
Zhang. “The reintroduction program is very
difficult,” he admits. But he will not be
deterred: Wolong plans to release another bred
panda within the next 5 years,

Panda experts agree that the
species needs all the help it can get.
Tourism and development are nip-
ping at the reserves. Toursts

leave garbage, and vil-
S o lagers lay traps for game
— ' animals that inadver-
~ tently snare pandas. says
Lu. Conservation lnter-
mational Is tesing a new com-
. munity-based conservation
maodel this year that will give
villagers financial incentives
to protect panda habitat out-
" side the reserves. Three vil-
o lages abutting Wanglang have
signed on. and negotiations are
under way to add 100 more sites in
the next 3 years,

The central government, too, is
taking action. Its Wildlife Conser-
vation Protection Program seeks to bring
0% of wild pandas under the reserve system,
from 75% today. In the 19805, there were fewer
than 20 reserves for pandas. Now there are 60,
“The State Forestry Administration is puiting a
lot of money to set up this panda reserve net-
work.” sayvs Wei, who notes that two or three
reserves are added each year, on average.

Down from the mountain, Zhan's moni-
toring team encounters a pair of blue-cared
pheasants, their most dramatie wildlife sight-
ing all day. No black-and-white bamboo
eaters—but that’s not necessarily a bad thing,
says Zhan, [t means the pandas are some-
where in the highlands. deep in the bamboo
forest, and safe from humans for another day,

=JERRY GUO
Jerry Guo s a writer in New Haven, Connecticut.

www.sciencemag.org SCIENCE VOL 316 18 MAY 2007

975




NEWSFOCUS

976

PSYCHIATRIC RESEARCH

Putting the Brakes on Psychosis

A group in Maine is exporting a program that flags young people for therapy before

mental illness sets in

PORTLAND, MAINE—Last month, William
MeFarlane, a psychiatrist at Maine Medical
Center here, received an appeal for help as
he was leading an informational conference
call about psychosis. In a weary voice,
barely audible over speakerphone, a mother
recounted changes in her teenage son,
recently diagnosed with schizophrenia.
Once friendly and outgoing, the boy had
become isolated, suspicious, and threaten-
ing. At tmes he would retreat to his room
and lash out at whoever approached him.
The closest psychiatrist was located far
from the family’s home in rural Mississippi.

From Portland, there was little McFarlane
could do. But his frustration was palpable;
McFarlane believes that if caught early
enough, psvchosis is preventa-
ble. Hallucinations. delusions,
paranoia., and other symptoms of
psychotic illnesses such as
schizophrenia afllict more than
2 million people in the United
States and account for more than
half the suicides among adoles-
cents and voung adults.

MNow, with a $512.4 million
grant from the Robert Wood
JTohnson Foundation (EWJF) in
Princeton, New Jersey, McFarlane
15 expanding the most far-reaching
effort yvet to prevent psychosis
among those at greatest risk.
Launched in 2000, the Portland
[dentification and Early Referral
(PIER) program works with
communities in southern Maine to idenufy
the riskiest cases among adolescents and
yvoung adults incnsis and prevent them from
spiraling into profound mental illness. The
dayear orant awarded last month will allow
MeceFarlane 1o add four new sites embracing
populations ofup to 400,000 each—in Sacra-
mento, California; Ypsilanti. Michigan;
Salem. Oregon: and Glen Oaks, New York.

The key to PIERS strategy is to identify
“prodromal™ symptoms that are evident for
maonths or years before psychotic illnesses
appear and treat aggressively, Such symp-
toms include dechnmg school or work per-
formance, jumbled thoughts and confu-
sion, trouble speaking clearly, and hearing
sounds that aren’t there. PIER trains those
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Gray Matter Deficits in Schiz

who work routinely with adolescents and
voung adults to recogmze prodromal
symptoms; up to 17 school districts in
greater Portland are involved, as are health
care workers.

Although telliale signs typically precede
psychosis, those signs are also shared by
other, more benign conditions, including
depression. anxiety, or even adolescent
growing pains. As a consequence. only
about one-third of the patients who could
qualily as prodromal actually develop a
psychotic disorder, This high false-positive
rate raises the question of whether it is right
to deploy therapies—including drugs—as
broadly as PIER. does.

Patients enrolled in PIER undergo an

threnia

Decline. Brain scans of a group of teenagers with schizophrenia show a loss of
gray matter, suggesting a need for early intervention.

intense regime of low-dose medication and
counseling, aimed at eliminating stressful
situations that could tnigger psychotic reac-
tions, Family involvement is crucial, as are
social networks designed 1o keep patients in
school or at work. MeFarlane 15 convinced
that with ume, they can overcome—or even
their vulnerability and remain
symptom-{ree. The positive results in
Portland, which McFarlane is preparing for
publication. persuaded RWIF to invest.
McFarlane's efforts to intervene in psy-

OULLrow

chosis before it happens are unigue, says
psychologist Denmis Dyck of Washington
State University in Pullman: “Most inter-
ventions take place after the first psychotic
break has already occurred.” PIER treats

VOL316 SCIENCE

such patients, oo, but it stands apar
because of its emphasis on prevention and
links to the community.

Medication warranted?

The first large test of psychosis prevention
took place in the 19805 under the direction
of the late Tan Falloon, a professor of psy-
chiatry at Auckland Medical School in New
Zealand. Citing growing evidence that a
cluster of symptoms could predict schizo-
phrenia—and that the disease itself was
triggered in genetically susceptible people
by major life events and stress—Falloon
proposed that medication and psychosocial
supports could reduce the ndividual’s vul-
nerability to psychotic episodes,

Falloon created a model mental health
service in Buckingham and Winslow, two
small towns northwest of London, that
identified high-risk patients in the commu-
nity, Caregivers followed up with support
services, including education about schiz-
ophrenia, home-based stress-management
resources. and low doses of antipsychotic
drugs. When the study wrapped
up 4 wvears later, Falloon
reported in the journal Psvelia-
previn 1992, rates of hospital
admissions for psychosis in the
treatment zones were one-tenth
those in the rest of the country.
But because screening methods
may not have caught some peo-
ple who were headed for schiz-
ophrenia later. he warned. the
resulis may have overstated the
program’s eflectiveness,

That uncertainty fuels an
ongoing debate over how pro-
dromal symptoms should he
treated. Mounting evidence sug-
gests that early interventions can
delay or prevent psychosis while
helping patients lead healthier lives. But
both medication and psychosocial methods
pose a degzree of risk. With psychosocial
interventions, savs Thomas McGlashan, a
professor of psychiatry at Yale University,
there is a risk that treating false-positive
patients might add stress, making them
think they're on the verge of schizophrenia
when they're not. “But that isn't something
we've seen in our patients,” he says.

Antipsychotic drugs. meanwhile, can
produce weight gain and metabolic prob-
lems, including diabetes, What's more,
the drugs might negatively impact the
developing adolescent brain, However,
Cameron Carter. a professor of psychiatry
and neuroscience at the Umiversity of Cal-
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iformia, Davis, suggests that those risks
could be more than offset by lowering the

risks of a psychotie reaction, which itself

can be highly damaging, sensitizing the
brain to ever more severe hallucinations,
delusions, and other psychotic symptoms
when under stress,

Still, some researchers insist that
antipsychotic drugs should not be given 1o
patients who are not diagnosed as psychotic,
“We don’t know enough about the risk-
benefit ratio.” says Diana Perkins, a profes-
sor of psychiatry at the Umiversity of North
Carolina, Chapel Hill, who believes more
study of the effects of antipsvehoties in ado-
lescents is warranted before a study like
McFarlane’s moves forward. “So we dont

want to expose people who aren’t at risk of

psychosis to a drug that can hurt them.”

Anthony Lehman, chair of psychiatry at
the University of Maryland Medical Center
in Baltimore, warns against using medica-
tion during early prodromal stages but adds
that it may be appropriate if the patient
appears close w a psvehotic break, “Ivreally
depends on where vou are in the prodromal
phase,” he says, “That’s where the tension in
this whole area lies: You have to make deci-
sions based on each case”

Patrick McGorry, a research psychia-
trist at the University of Melbourne in Aus-
tralia, suggests that prodromal imterven-
tions should be deployed in stages, starting
with psychosocial methods and omega-3
fany acids { which may have mood-stabilizing
effects) as a frontline treatment. “We
would reserve medication for when 1t's
clearly indicated.” when psychosis is evi-
dent. he savs.

Its difficult to
compare the benefits
of medication versus
psychosocial sup-
port because there’s
so little data, says
Jeffrey Licberman of
Columbia University
College of Physi-
clans and Surgeons, Of the available studies
in preventing psychosis, only one—pub-
lished by McGlashan i 2006-—invesugated
medication as the sole intervention. That
study suggested a drug called olanzapine
could cut progression rates to psychosis in
prodromal patients by half. However, the
results were deemed inconclusive because
weight gain and fatigue led to a high
dropout rate in the treatment group.

In another study, published in 2002,
McGorry reported that a combmation of med-
ication plus cognitive behavior therapy—a wlk
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“That's where the tension in
this whole area lies: You In
have to make decisions
based on each case.”
—Anthony Lehman

therapy that aims to reorder distorted think-
ing—was more effective at preventing psy-
chosis than psychotherapy alone. Over time,
hlmm'cr_ !-iL'\.'L"!'.‘.l] p:l‘li.l,:l'th-i i.l‘] Iill.: treatment gl’l!ll]‘]
became psyvchotic. diminishing the signifi-

cance of the initial results. In the only study of

psychosocial supports without medication,
Anthony Morrison of the University of Man-
chester, UK., found in a study of 38 patients
that the progression to psychosis could be
delaved, or prevented. solely with cognitive
behavior therapy. That Finding, he wrote in his
2004 paper, “suggests psychosocial inter-
vention ... will be an effective and acceptable
alternative o antipsvchotic medication, par-

ticularly for patients

developing psychosis.”
McFarlane's
medication
stabilizes patients,
enabling psvchosocial
supports that bolster
self-confidence and
coping skills to take
effect. "I started ofTas a psychosocial interven-
tion researcher, and when we launched PIER.
we weren't going to use medication unless it
wis absolutely necessary,” McFarlane says.
“But as it tums out, absolutely necessary was

VIEW,

Just about every case. [ can’t recommend we go

to a no-medication control, That essentially
consigns hall the group to inevitable mental
illness and psychosis”

Minimizing drugs
For the newly expanded study. McFarlane will
consider a staged approach such as that pro-

at ultra-high risk of
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New horizons. William McFarlane heads
the PIER network, which i gearing up
to test a formula for managing
schizophrenia in five states.

posed by McGorry—limitung medication only
to those who appear at greatest risk. Among
the newer drugs used will be aripiprizole.
an antipsychotic that shows little evidence
s0 Far—of weight-gain side effects,

Meanwhile, every patient brought into the
program will get the psychosocial treatment
used in PIER., one that McFarlane started
honing 25 years ago at a mental health clinic
in the south Bronx, New York. Known as
Family-Aided Assertive Community Treat-
ment, the model has two components: The
first. called the multifamily group model.
unites several patents and their families in
group therapy, so they don’t have w go it
alone. McFarlane has found that the approach
helps famalies cope with the isolation and
stigma that comes with mental illness. The
second component—Assertive Community
Treatment (ACT)—has a long history in the
management of psychotic disease. ACT
involves schools, employers, and other com-
munity elements. Each patient will be treated
for a minimum of 2 vears, he adds. and some
may be treated for four,

As the effort moves forward. hospitaliza-
tion rates for psychosis in the catchment
areas—where early-intervention resources
have been made available in a given state
will be compared to those in the rest of the
state. McFarlane savs: *1'm confident this is
going to work: our kids just keep getting
better and better. Our experience has been
that after a couple of years, they don’t need
a lot more support.” That conviction will
soon be put o the test,

~CHARLES SCHMIDT

Charles Schmidt is a writer in Portland, Maine.
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Portals to the Supernatural World
Uncovered in Mayan Tomb

Deep in the Guatemala jungle, archaeologists
have found a 1400-yvear-old roval tomb with a
spectacular array ofanifacts, including a carved
stele, hewrlooms from an earher civilization, and
an unusual set of intact Figurines that are dae-
Zling Mavan experts. “The higurnes are of quite
astonishing quality, and their layout is evidently
that of a roval court,” says Mavan specialist
Stephen Houston of Brown Univer-
sity. who was not involved in the
discovery. “It's unprece-
dented.” Such lNgurines
tend to be found in 1sola-
tion, but the circular
arrangement in which
these objects were
found offersa glimpse
into bath the political
and religious realms of
the May:

The tomb is at El
Peni. about 60 kilometers
west of the famous Mavan
ruin of Tikal in northern
Cruatemala, which Mournished
in the centuries before and
after Christ. In 2006, during
the fourth season of digs at the
site, archaeologists led by David Freidel of
Southern Methodist University (SMU) in
Dallas, Texas, uncovered the remains of a
ruler dating to the mid-6th to nud-Tth cen-
tury C.E., a period for which there has been
no written evidence until now,

Along with the two dozen ceramic fig-

i, sivs Houston,
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Sacred circle. Maya ligurines
were carefully arranged around
a sacred space,

urines, the vaulted tomb within the pyramud
ineluded a child sacnfice covered with 2 jaguar
pelt, a mosaic mask. 33 ceramic vessels, and
two tiny, finely made heads of monkeys,
which are associated with seribes. The mon-
keys may indicate that the El Perd ruler was
himsella trained scribe, says SMU archacolo-
aist Michelle Rich, who presented a paper on
the find, This and other recent dis-

coveres pomt o Mayan rulers
who were artists and schol-
ars as well as the warrior-
kings favored in current
popular culture, says

Freidel.

The cluster of fig-
urings mmcludes an
outer circle represent-
ing a King. queen,

ballplayer, scribes, and
other court members, An
inner circle includes an
array of creatures that inhabit
the world between the real and
the supernatural, including a
frog. dwarves, and a shaman
with a contorted face. Rich
speculates that the inner circle
signifies a portal both to the supernatral world
and 1o a period before time and may represent a
creation myth similar to the one outlined in the
Mayan texts of the Popol Vuh. Such portals are
a common feature of both architecture and reli-
ious texts in ancient Mesoamenca.
Houston says nothing like the El Peru
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figurines has been found since excavations
in the 19505 at La Venta. an important
Olmec ity that Hourished nearly a millen-
nium before the Mayan classic period. The
tomb also contained a statue from the Olmec
civilization, an unusual discovery suggest-
ing a marked reverence for the distant past,

Archaeologists are eager to analyze these
and other treasures from El Peria—which
remain at the team’ lab in Guatemala City
including two sculptural heads that use
imagery from Teotthuacin, a great ety far to
the north, The heads may even celebrate the
arrival ol a Teotthuacin warlord in El Pert in
378 C.E. A stele found at the tomb entrance, the
first inseription found during this era, hkely
was erected by a successor King a half=century
after the royal bunal in about 600 C.E. There
mary be even more to find: Rich hopes w return
to the site for further excavations in 2008,

Climate Spurred Later
Indus Decline

Climate change 15 not just for us moderns.
Four millennia ago, a pronounced dry spell
settled over much of western Asia, stressing
the young Egyptian and Mesopotamian civi-
lizations. But archaeologists have puzzled
over the fact that the Indus River civilization,
centered in what 15 now India and Pakistan.
was at its height during this ume.

Now a team made up of a climate modeler,
a geologist, and an archaeologist say they have
solid evidenee about how chimate affected
[ndus society. They suggest that the Indus peo-
ple were able to adapt to the immediate cli-
matte change, but that resultant shifts m vege-
tation and landscape eventually set the culture
on a slow course of decline. “How people
coped varied region to region,” says Yale Uni-
versity archacologist Harvey Weiss, who 1s
not part of the effort. Weiss argues that the
Akkadian empire in Mesopotamia collapsed
as a result of the dramatic drought that
aftected societies from Ireland to China.

Previous researchers depended primarily
on cores from off the coast of Pakistan and
other regional data to understand climate
change in the Indus region. But the weam also
drew on data collected between 1996 and
2000 at the ancient mound of Harappa, one of
the principal cities of the Indus. and its imme-
diate neighboring areas. By 2600 B.C [,
Harappa was a thriving urban center. But start-
ing at about 1900 B.C.E.—2 or 3 centuries

WWw.sciencemag.org

CREDITS(TOR TO BOTTOME MICHELLE RICH, VARINLA MATUTE



CREDITS TOR TO BOTTOME UMIVERSITY DF PENMSYLVANIA MUSELIM: REID BRYSOMN/UNNERSITY OF WISCOMNSIN

Snapshots From the Meeting >>

Tracking lapis’s lure. Egyptian pharachs treasured it. Mesopotamian
rulers were buried with L. And Indus River craftsmen carved lapis lazuli into
myriad shapes for export. The rare blue mineral has been prized since pre-
historic times, but scholars have been frustrated in their attempts to use it
to track ancient trade networks. Lapis is heterogeneous in its makeup, and
traditional methods often failed at sourcing samples. Now, researchers can
use mass spectrometry to examine a sample’s trace elements and track its
origins, says Harvard University archaeologist Irene Good.

Physicist Judit Zsdldfdldi of Tibingen University in Germany and
chemist Zsoll Kasztovskzy of the Hungarian Academy of Sciences recently
subjected modern lapis samples to two technigues: atomic absorption
spectrophotometry, which can produce a detailed mineral analysis using as
little as one-hundredth of a gram, and prompt gamma ray aclivation
analysis, which can measure mineral content without destroying a sample.
The pair identified mineral signatures in lapis from the biggest and most
archaeologically relevant quarries, including in Afghanistan, Lake Baikal,
and elsewhere,

Applying these methods to ancient lapis is "an important discovery,”
says Good. It means that lapis in museum objects—such as King Tut's
mask from Egypt or the stunning jewelry from the Royal Tombs of Ur in

NEWSFOCUS

maore than 5 millennia, could reveal the antecedents of the later silk road
from Central Asia to India and Europe, Good says. Her team plans to con
duct studies this summer with samples from Tajikistan and lran.

Searching for inequality. Archaeologists have long assumed that agricul-
ture and social inequality emerged together. Whereas egalitarianism
reigned among hunter-gatherers, the thinking goes, agriculture sparked a
centralization of power, with one group toiling in the fields while another
directed construction of monuments and cities. That inequality can be seen
clearly in ancient Egypt and Mesopotamia, where some tombs are laden
with gold and gems while others are bare,

But at an unusual session spanning different periods and places,
researchers packed the room to ponder whether hierarchy and social com
plexity are always visible in the material objects of the archaeological
record. Kenneth Ames ol Portland State University in Oregon suggested
tuming to cultural anthropology and primatology for clues. For example,
recent studies show that among Alrican pygmies who appear to lack hierar
chy in elite goods, some individuals nevertheless have betler dental
health—a sign that this apparently egalitarian society nevertheless has
high-status members with better diets and health. Hunters and gatherers
such as the native Americans of the northwest coast can also have clear hier
archies, adds Douglas Price of the University of Wisconsin, Madison,
although their material differences are not as distinctive as those of the
classic Near East socielies. Ames also notes that primate socielies show a
wide vanety of dominance structures, a sign that El}&lilﬂl’laﬂlilﬂ 15 nol com
mon even among humanity's close cousins.

Even in the Mear East, the link between early social inequality and agri-
culture remains ambiguous, says Ames. The Natufians who lived there at the
dawn of agriculture left little clear evidence that some had substantially
more power and wealth than others. "Archaeclogists rely on exotic arti
facts,” says Price. "We need maore robust indicators in eguality, such as den-

Irag

after the drying penod to the west—the ity
and nearby settlements began to lose popula-
tion. By 1600 B.C.E., people appear to have
abandoned their towns and moved north.

The researchers fed information from the soil
samples, plus data from other sources such as
Arabian Sea cores, into a chimate model devel-

MODELED PRECIPITATION HISTORY
SAHIWAL, PAKISTAN (HARAPPA)

(]

~5S000

CALENDAR YEARS BP

Rain on the plain. During the height of the Indus civilization, the monsoon
began to sputter (blue) while winter rains increased dramatically (red).
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may be able to be sourced. The trade in lapis, which dates back

tal health and diet.”

oped by Rewd Bryson of the University of Wis-
consin, Madison. The resulting curve for runtall
shows that for a millennium leading up 1o the
Induss peak. ranfall patterns—winter rams and
the sunumer monsoon—remaned remarkably
stable, That changed dramatically in the same
period that drought aMlicted Mesopotamia,

Kilter,” says Joseph
Schuldenrein. who
runs Geoarchacology
Rescarch Associates,
a Riverdale. New
York-based consultmg
firm. Winter rains
increased, but the
monsoon became
undependahle—a
pattern that continued
for some 6 centunes.
The result shows that
the climate event did
indeed affect the Indus
region, says Weiss,
although he has not vet
seen the detailed data,
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“They went out of

-A.L.

But the rantall change did not spark a sud-
den collapse in Indus settlements, notes MNew
York University archagologist Rita Wright,
who is part of the team. “As these changes
occeurred, it 1s elear that the Harappans were
experimenting with new cropping patterns™ to
cope. for example by planting summer crops
such as mullet twice a season,

In the long run, however, their adaptation
apparently failed, perhaps due toa lag ume in
the impact of the climate change., the
researchers say. Vegetation and the landscape
around the area’s rivers slowly transformed,
as plants vamished and rivers shifted course,
according to geomorphological data the
team gathered in the Harappa area. Those
changes. rather than the change in rainfall
per se, likely plaved a critical role in the
move north. says Schuldenrein.

The Indus experience may hold a lesson
for today. “Very large climatic changes can
happen within a century,” points out Bryson,
And the success with which socienes cope
may depend on local impacts—and how
adaptable the locals prove to be,

-ANDREW LAWLER
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When the 0il Supply Runs Out

THE ARTICLE "THE LOOMING OIL CRISIS COULD ARRIVE UNCOMFORTABLY SOON” (R. A. KERR,
News of the Week, 20 Apr. p. 351) s far too equivocal in its discussion of such avital wpic, not-
ing Tirst that the most likely scenario 1s a resource-constrained peak
by 2020, then that political factors must be taken into account ina dis-
cusston of peak ol production, and finally concluding that there 15 so
much uncertanty that “predicting the peak may not be worthwhile.”

Much, but not all, of the political uncertainty regarding produc-
tion rates can be captured by partitioning conventional oil extraction
imto OPEC and non-OPEC components. This has been done by
ExxonMobil and others ( /—4); ExxonMobil has concluded that non-
OPEC production will peak by 2010, On the basis of this forecast.
ExxonMobil has publicly stated that it will build no new refineries,
presumably because the crude supplies needed may not be available
from OPEC producers. The high and rapidly Muctuating LS. gaso-
line prices currently bemng experienced are due in large part toa short-
age of domestic refinery capacity, so that we are in fact already feel-
g the effects of an imminent non-OPEC peak.

Recently. Ecuador rejoined OPEC, and Angola has also become a
member. Over the next two or three vears, it will become clear that crude oil 15 ndeed a finite
resource, and we will be forced o adapt to much higher petroleum prices as India and China con-
tinue to expand their automobile and aidine fleets. Fortunately, there are many ways to cope with
this new state of affairs, first and foremost by embracing energy efficiency and conservation not

as vinues for the elite, but as urgent and universal national goals.

ALFRED CAVALLO
Energy Comsultant, Princeton, NJ, USA
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En oL B e

msight into possible extragenetic contribu-
tions to sex ratios among offspring that
likely have mmphcations i other mammalizin
species. mcluding humans,

Testosterone and Male
Fertility in Red Deer

IN "MALE FERTILITY AND SEX RATIO AT BIRTH IN
red deer” (Reports, | Dec. 2006, p. 1445), M.
Gomendio e e, discovered that the propor-
tion of males born to red deer was correlated
with the degree of fertility of the fathers.
These observations support the hypothesis
that the strongly beneficial trait of male fertil-
ity favors the production of more sons that can
then perpetuate this tai. This study provides
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The proportion of male births has been
steadily declining in some human populations
from MNorth America and Europe (/). The
reason for this decline is unknown, but the
phenomenon has been associated with expo-
sure to chemical pollutants (2-3). Among
the Aamjiwnaang First Nation community
(Ontano, Canada), not only 15 the proportion
of male live births decreasing, but the magni-
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tude of this disproportion has increased over
tme (4). Investigators have suggested that this
localized disruption in sex ratio s a conse-
quence of the abundant chemical industry in
the vicinity {6).

A decrease in the proportion of male
offspring has been associated with reduced
testosterone levels or decreased testosterone
gonadotropin rtios in fathers ( 7, 8). Gomendio
¢ af, did not repornt testosterone levels among
fathers in the studied red deer population.
However, they associate fertility—the trait
linked to altered sex ratio—with antler size.
lestosterone 1s a major determinant of antler
growth (¥). Thus, 1t can be hypothesized that
androgen status of fathers influences the pro-
portion of males sired and that the decreasing
praportion of male births documented in many
human populations 15 due to declining testos-
terone levels among the fathers. A possible role
for testosterone in regulating sex ratios of ofl-
spring has been debated for some time, but
the issue remains unresolved. The study by
Gomendio er af. provides new insight into a
potential role tor hormones in determining off-
spring sex i mammals, including humans,

GERALD A. LEBLANC
Department of Environmental and Molecular Toxicology,

North Carolina State University, Box 7633, Raleigh, NC
27695-T633, USA,
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IN “MALE FERTILITY AND SEX RATIO AT BIRTH IN
red deer” (Reports, | Dec, 2006, p, 1445), M.
Gomendio ef al. reported that in red deer. (1)
male fertility is significantly and positively
correlated with offspring sex ratio (OSR)
(proportion of males), and (1) the percentage
of morphologically normal sperm correlates
positively with OSR.
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These authors interpreted their resulis as
supporting :.Hl:'l|'|'1|‘l'l.‘ ||1'L‘lll'}'. but were uncer-
tain of the identity of the proximate cause(s)
of varation in OSR. They also noted that
although much work has been done by adap-
tive theonrsts on OSRs of female mammals,
little has been done by them on OSRs of male
mammals, However, there are prodigious
quantities of data relatng the vanation of
men’s OSRs to selected environmental fac-
tors. For instance, men’s OSRs are affected by
nine different adverse chemical exposures,
five differem pathological conditions, and
four types of occupational exposure (/). In all
I 8 of these conditions, the OSRs correlated
positively and significantly with men's testos-
terone concentrations, Indeed. there 15 strong
evidence that the sexes of offspring of mam-
mals (including humans) are partially con-
trolled by the hormone levels of both parents
around the time of conception (2, 3). This
would suggest that high levels of testosterone
around the time of conception are associated
with the subsequent births of sons.

WILLIAM H. JAMES

The Galton Laboratory, University College London, Wolfson
House, 4 Stephenson Way, London NW1 2HE, UK.
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Response
WE REPORTED THAT MORE FERTILE RED DEER
males, with a higher proportion of morpholog-
ically normal spermatozoa. produce a greater
proportion of male offspring, who are likely 1o
inhent enhanced fertlity. Le Blanc and James
suggest that testosterone may mediate the rela-
tionship between male fertility and ofTspring
sex o (OSK) in this and other
species, including humans, Le-
Blanc notes that, in our sudy pop-
ulation, male fertility is associated
withantlersize (/) and, on the basis
of his premise that testosterone is
a major determinant of antler
growth, concludes that differences
in OSR may be due to differences
in testosterone levels between
matles, LeBlanc and James propose
a role for tesiosierone by extrapo-
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lating from studies in humans where indirect
evidence suggests that biases in OSR linked
to environmental factors could be caused by
changes i testwosterone levels,

Although the wea has been around for some
ume, the hypothesis that testosterone influ-
ences OSR has not been properly tested. We do
not have testosterone data from our OSR exper-
iment, but we do have data on testosterone lev-
els fora captive red deer population throughout
the year (N
males from natural populations during the
breeding season (A= 77), which we have used
to test the relationships proposed.

Red deer are seasonal breeders and cast and
regrow their antlers every vear. In our captive
population, testosterone levels remained low
during antler growth, increased durning antler
mineralization, reached a peak just before the
breeding season started, and decreased there-
after, similar to previous reports (2, 3). Thus,
although testosterone may control the timing
of key events in the antler cyele, the observa-
ton that testosterone levels are low durimg
antler growth supports the current view that
the presumed positive link between testos-
terone levels and antler size is mistaken (4, 5).
In Fact, the opposite may be true, at least in red
deer. because males reated with anti-andro-
sens grow larger antlers than controls, and
testosterone reduces antler growth by influenc-
ing IGF-1 binding, the latter having an impor-
tant role n antler growth (3),

Further evidence against the presumed
link between testosterone levels and antler
size comes from nawral populations, where
we found no relationship between males’
testosterone levels during the breeding season
and antler size. It should be noted that both
variables are uncoupled in time, 1.e.. antlers
grow In spring, when testos-
terone levels are minimal, and
remain unchanged during the
breeding when
tosterone levels increase. Thus,

SCAs0n. 15~
the idea that westosterone levels
during the breeding season are
associated both with antler size
and OSR would imply that males
with higher testosterone levels
during spring have increased
antler growth rates, and that dif-
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18) and for a large sample of

ferences between males in testosterone levels
remain consistent during the breeding season
when absolute values increase. Further stud-
1es are needed to test these possibilities.

The annual evele in testosterone levels is
mirrored by changes in testes size, and, in nat-
ural populations. males with higher testos-
terone levels have larger testes and produce
more sperm. However, the potential links

between testosterone and other aspects of

semen quality remain to be demonstrated.
The close relationship between testos-
terone and sperm production justifies the use

of sperm numbers as an indirect measure of

testosterone levels for each male. This allows
us 1o test the presumed relationship between
testosterone and OSR for the males used in
our OSR experiment. In our study sample,
there was no relationship between numbers
of spermatozoa and OSSR, Thus, it seems
unlikely that differences in testosterone levels
between males during the breeding season
explain the brases in OSSR observed.
MONTSERRAT GOMENDIO,* AURELIO F. MALD, 22
ANA]. SOLER,® JULIAN GARDE,?
EDUARDO R. 5. ROLDAN®
'Reproductive Ecology and Biology Group, Depantment of
Evolutionary Ecology, Muses WNacional de Ciencias
Maturales (CSIC), 28006 Madrid, Spain. *Department
of Conservation Biology, National Zoological Park,
Smithsonian Institution, Washington, DC 20008, USA.
Instituto de Investigacion en Recursos Cinegéticos (CSIC-

Universidad de Castilla-La Mancha-Junta de Comunidades
de Castilla-La Mancha), 02071 Albacete, Spain.
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Further Notes on
Quasi-Crystal Tilings

WE APPRECIATE THAT SCIENCE HAS CLARIFIED
its news article ("Quasi-crystal conundrum
opens a tiling can of worms.” News of the
Week. J. Bohannon, 23 Feb., p. 1066: see
Corrections and Clarifications on page 982 in
this 1ssue ) regarding our paper *Decagonal and
guasi-crystalline nlings in medieval Islamic
architecture™ (Reports, 23 Feb., p. 1106), We
certainly recognized that our study builds on
earlier work, as acknowledged n our refer-
ences (3-0. /4, [8~1¥), and citations therein,
although more can be smd, Many authors from
Hankin in 19235 [(/4) in our Report] 1o Wade

18 MAY 2007
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CORRECTIONS AND CLARIFICATIONS

Mews of the Week: "Quasi-crystal conundrum opens a tiling can of worms™ by |, Bohannon (23 Feb., p. 1066), The article pre-
sented opinions of Dov Levine of the ksrael Institule of Technology and Joshua Socolar of Duke University in a vay that has led 1o
misperceptions. The article discussed a paper by Peter Lu and Paul Steinhardt (Scence, 23 Feb., p. 1106) on the use of tiling
designs by medieval Islamic architects that form the basis of nonrepeating pattems called quasi-crystals. it went on o report that
Levine and Socolar “doubt that the architects truly understood quasi-crygtals.” That comment—the only outside comment in the
article on the paper’s conclisions—is consistent with what was cancluded in the Lu-Steinhardl paper itsell: it does nol, and was
not meant to, contradict the central claim that the architects used a method capable of oreating a parfect quasi-crystal tiling. The
article also included a quote from Emil Makovicky of the University of Copenhagen that his earlier publication on lslamic tiling
pattemns was cited by Lu and Steinhardt “._.in a way that [the ideas] look like their own.” Immediately following, Levine and
Socolar were quoted regarding Makovicky's contributions 1o the field. The context of their quotes implied that they agreed with
Makovicky's charaderization, but neither of them did so.

Special Section: Sustainability and Energy: Perspectives: "Biomass recalcitrance: engineering plants and enzymes for bio-
fuels production” by M. E. Himmel e al. (9 Feb., p. B04): The legend describing panels B and € of Fig. 1 was reversed in the
online version of the paper. Panel B shows the atomic force micrograph, and panel C shows the scanning electron micrograph,
The legend was comed in print. The corect lexd was posted online on 13 February.

TECHNICAL COMMENT ABSTRACTS

CommenT oN “A Centrosome-Independent Role for y-TuRC Proteins in the
Spindle Assembly Checkpoint”

Stephen S. Taylor, Kevin G. Hardwick, Kenneth E. Sawin, Sue Biggins, Simonetta Piatti, Alexey
Khodjakov, Conly L. Rieder, Edward D. Salmon, Andrea Musacchio

Miiller ef al. (Reports, 27 October 2006, p. 654) showed that inhibition of the lubulin ring complex (TuRCH activates
the spindle assembly checkpoint (SAC), which led them to suggest that vTuRC prateins play molecular roles in SAC acti-
vation. Because y-TuRC inhibition leads to pleiotropic spindle defects, which are well known to activate kinetodhore-
derived checkpaint signaling, we believe that this conclusion & premature,

Full text at www.sciencemag.orglegifcontent/full/316/582 119820

Comment on “A Centrosome-Independent Role for y-TuRC Proteins in the
Spindle Assembly Checkpoint”

Beth A. A. Weaver and Don W. Cleveland

Miiller ef al. (Reports, 27 October 2006, p. 654) proposed a role for microtubule nucleation in mitotic checkpaoint sig-
naling. However, their observations of spindle defects and mitotic delay alter depletion of y-tubulin ring complex
(y-TuRC) companents are fully consistent with activation of the established pathway of checkpoint signaling in respense
to incomplete or unstable interactions between kinetochores of mitotic chromosomes and spindle microtubule,

Full text at wwe.sciencemag.cegiogifcontent/full316/582 7/982¢

Response To Comments on “A Centrosome-Independent Role for v-TuRC
Proteins in the Spindle Assembly Checkpoint”™

Hannah Miiller, Marie-Laure Fogeron, Verena Lehmann, Hans Lehrach, Bodo M. H. Lange

Weaver and Cleveland and Taylor ef al. contend that our data on the involvement of =tubulin ring complex (3=TuRC) in
the spindle assembly checkpeint (SAC) can be fully explained by kinetochore-derived chedkpaint signaling. We maintain
that (i} the interactions of y-TuRC with Cdc20 and BubR1 and (i) the activation of SAC by ++TuRC depletion, in addition
to the abrogation of kinetochore micretubule interactions, argue for a more complex mechanism of SAC signaling.

Full text at wes.sciencemag.org/ogifcontent/full/316/582 7/ 82d

We gladly acknowledge all these contribu-
nons, which complement our own. However,
wie wish to emphasize a few distinctions here.
First, our approach was founded on the nston-

(/). Crnitchlow (2), and Kaplan (3) have
related Islamic geometric patterns to con-
figurations of polygons, including some
with the same outlines as the decorated

girih tiles introduced in our paper. Bonner
[119) in our Report] has applied these ideas
to self-similar geometric patterns with
five-fold and other symmetries. Makovicky
[({8) in our Report]. and previously
Zaslavsky et al. (4) and Chorbachi [(37) in
our Report]. suggested relations between
certain historic Islamic tilings and Penrose
tilings based on studies of small 1solated
motifs or fragments embedded within man-
ifestly periodic patterns.
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cal record, particularly the Topkapi scroll first
understood and published by Gulru Necipoglu
{Harvard University ). who guided us. Insisting
on exact reconstructions of historical monu-
ments resulted in some differences from previ-
ous work: for example. our analysis of the
Gunbad-1 Kabud womb wwer (Figs, 2 and 56),
based directly on archival photographs, differs
systematically from the transcription used in
reference (/8) and reveals plainly the inen-
tional periodicity and regular deviations from a
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true Penrose tiling. Second, our explanation of
these patterns clearly differs from earlier
ideas: We propose that historical designers
constructed a wide range of pattems by tessel-
lating with the same five units (“zirih tiles™)
described in our paper, not merely polygons but
shapes with specific interior line decorations
that form the pattern when the ules are joined
together. Constructing patterns by laying these
girih tiles edge to edge this way 1s simpler than
other proposed methods; we have observed
young children successtully applving it in the
classroom. Moreover, other methods generate
many patterns that do not appear historically:
by contrast, we presented a series of patterns
from historically significant buildings, scrolls.
and Qurans throughout the medieval Islamic
world that can all be constructed from the same
five girth tles (including their decorations ).
Third, our analysis of the Darb-1 Imam shrine
revealed two other novel elements—the ex-
plicit subdivision of these girth tles into
smatller ginh tiles of the same shape, and a large
fragment based on decagonal symmetry that is
not embedded in a periodic matnx, properties
sufficient to rransform the Darb-i Imam shrine
pattern into an infinite quasi-crystalline uling.
Our conclusions were guarded. concurring
with the remarks by Socolar and Levine in the
accompanying news article, suggesting that
evidence beyond a single large fragment 15
needed w prove that the designers understood
this possibility, We hope our small contribution,
combined with the earlier works, will lead 1o
further explorations of these impressive works
of art and mathemanics,

PETER ]. LU AND PAUL ). STEINHARDT?
IDepartment of Physics, Harvard University, Cambridge, MA
02138, USA. “Department of Physics and Princeton Center

for Theoretical Physics, Princeton University, Princeton, Nj
08544, Ush.
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Science, the Fruit of Commerce

Jonathan |. Israel

aners of Exchange is yet another
reminder of the remarkable achieve-
ment of the Dutch dunng their
Golden Age (roughly 15390 1o 1713) and the
centrality of their seaborne empire in the rise
of modern Western commercial culture, finan-

cial organization, and the wrts and sciences. IF

one puts 1t o academic colleagues working in
other fields (including early modern Britain or
America) that the Dutch Revolt and Golden

Age were pivotal to the entire development of

the modern West, they are quite hikely to agree
in very general terms, And yet this widespread
assent in principle oddly fails to translate into
much detailed study, outside the Netherlands,
of the actual role of the Dutch in the sciences
or anvthing more than the most ephemeral
interest in the wider Dutch culwral context,
thought, language, and literature. In nearly
all the great American librares—ineluding
Princeton and the New York Public Library,
both sitwated on the territory of the former
MNew Netherland (until 1664 }—the collection
of carly modemn Duich books, and studies on
them, remains quite disgracefully meager in
quantity and guality.

Harold Cook (the director of the Wellcome
Trust Centre for the History of Medicine at
University College London) is the author of an
impressive series of carefully researched stud-
ies focusing on the relationship in the 1 7th and
1 8th centuries between what he calls “the new

The reviewer is at the School of Historical Studies, Institute
of Advanced Study, Einstein Drive, Princeton, N] 08540,
UsA, E-mail: fisrael@ias.edu

philosophy™ and medical science ,
and between medicine and nat- '
ural history. These include sev-
eral articles on the influence of
Far Eastern medicine on the
West and others on such impor-
tant figures as the philosopher
and political economist Bernard
Mandeville and the [8th cen-
wrys leading medical authority, Herman
Boerhaave. Cook’s basic thesis in Marrers of
Exchange 1s that “the values inherent in the
world of commerce were explicitly and self-
consciously recognized to be at the root of the
new science by contemporaries,” that this was
a correct perception, and that the Dutch being
the most highly commercialized Western soci-
ety in the 1 7th century was directly linked to
the breadth. richness, and specific character of
their contribution to the sciences.

The author is sensitive enough to recent
reservations about the notion to referto the “so-
called scientific revolution™ rather than to the
Scientific Revolution with capital letters.
Nevertheless, he clearly believes that there was
a decisive breakthrough in Western science in
the 17th century. He also holds that this devel-
opment should be explained less i terms ofa
few great geniuses applying mathematics to
astronomy and physics in new ways than by the
acceleration of the movements and processes of
world commerce “leading w countless efforts
to find out matters of fact about natwral things
and to ascertaining whether that information
was accurate and commensurable.” The need
for reliable information, new data, and sold

Exchange site. From 1641 on, the Dutch in Japan were confined to the small man-made island of Deshima in Nagasaki harbor.

Matters of Exchange
C , Medicine

=10]0)],4

facts, Cook argues, led o what he calls “this
discovery of the world—its geography, peo-
ples, plants and animals. and astrological and
alchemical associations: the accumulation of
specimens of it the cataloging
of its variety.”

Especially admirable, n
seems to me, are the several de-
tailed chapters on the Western
response o the information (geo-
graphical, medical, and botani-
cal) gleaned from the Dutch
East Indies, India. China, and
Japan and the resultung work on
the natural history of the Far
East imost famously by “the Pliny of the
Indies,” Rumphius). Among the interesting
people that appear in these chaplers is the
physician Jacobus Bontius, who spent four
years at Batavia (i.e., Jakarta) before succumb-
ing to disease in November 1631, During that
short ume. Bontius achieved the remarkable
feat (given his strenuous duties) of gathenng an
unprecedented vaniety of scientific informa-
tion, not least on ropical diseases (about which
he learned much by conducting awtopsies).
Bontius summarized this aspect of his research
in a Latin thesis wntten in 1629 that was even-
tually published under the title “On the proper
treatment of diseases of the East Indies.”

Cook strongly stresses the strictly empin-
cist character of medical and other scientific
research conducted by the Dutch. A chapter
ttled “The Refusal 1o Speculate”™ includes.
among much else. an excellent survey of
the medical researches and theorizing of
Boerhaave. In it, Cook rightly underlines
Boerhaave's consistent advocacy, throughout
his career. of starting with the observed facts
and then only using natural reason to deter-
mine the meaning of these, without authoniz-
ing any search for first or ultimate causes, But

www.sciencemag.org SCIENCE VOL 316 18 MAY 2007

983



BOOKSETAL

984

Cooks thesis about the empirical character of
the sciennfic revolution goes bevond the state-
ments made by earlier scholars. For he con-
cludes that—even if most people preferred 1o
“read” the 17th and 18th centuries as an age in
which inereasing knowledge and decreasing
“superstition” resulted from the nse of
“experimental science and philosophical en-
lightenment, with a growing material econ-
omy merely providing the means to sustain the
lives of those who wished w devote them-
selves to advancing thought™—this revolution
was not just comncidental in tme with the
development of the first global economy (by
the Duteh and English) but also causally linked
o that process, The new form of global com-
mercial culture established by the Dutch more
than any other Western nation emerges here as
the key stimulus and shaping factor in generat-
ing the “so-called scientific revolution.”

The inevitable implication of this argument
is that the “new philosophy™ and the advancing
Enlightenment have been generally overrated
as factors shaping the new culiure of science,
and religious factors have been as well, Per-
haps Cook is right. But one does not need to be
wholly convineed ol his thesis to admire his
achievement. Mearters of Exelrange 15 a book
that will undoubtedly be fruitful, not least in
stimulating fresh debate about the sources of
the scientific revolution and the exact role of
the strict empiricism so cherished by the Dutch
and so famously theorized by Locke.

10.1126/science. 1142456
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Diversity Paradoxes
Philip E. Tetlock

he Difference is brimming with so many

ntriguing insights and findings that |

cannot do justice to them all, But this
engaging book s also fated to be misinter-
preted in so many different ways that [ despair
of preempting them all,

For analytical convenience, let’s start by
dividing the world into two types of people:
those who divide the world into two types and
those who do not. And let’s suppose that this
reviewer falls into the former group. 1 divide
readers of Scott Page’s book into two cate-
gores: cognitive egalitarians {who downplay
standardized abilitv—test scores in college
admissions and employment and who stress
the need to include the previously excluded)

The reviewer is at the Haas School of Business, University
of California, Berkeley, 2220 Piedmont Avenue, Berkeley,
CA94720-1900, USA. E-mail: tetlock@haas berkeley.edu
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Valuing multiple perspectives.
Sandra Dionisi's Cubist Skyline.

and cognitive elitists (who have
MIror-image priofties).

Casual readers could easily
conclude that Page (a professor
ol economics and political sci-
ence at the University of Mich-
igan) has clinched the argument
for the egalitanians. Indeed, Page
arzuably invites the interpretation that there may
be no awkward efficiency-equality tradeofls
when he repeatedly declares that “diversity
trumps ability” Careful readers will, however,
leed the qualifications that Page attaches to his
“diversity-trumps-ability” theorem—and the
massive mferential gap between Page’s elegant
thought experiments and the messy real-world
situations to which Page generalizes with vary-
ing degrees of caution,

Page focuses on two tasks, problem-solving
and prediction. and relies on two explanatory
concepts, perspectives and heuristics. Per-
spectives “are representations that encode
objects, events, or situations so that each gets its
own unigue name.” The more diverse the causal
perspectives, the wider the range of potentially
viable solutions a collection of problem-solvers
can find. Heuristics are problem-solving tactics
that tell problem-solvers working within a per-
spective how to search for potential improve-
ments on solutions,

Page deplovs computational models—pop-
ulated with agents that interact n ttme and
space according w computer-coded rules—io
tllustrate the power of diversity. The agents can
represent virtually anything: from
viruses to politicians.

Page's car-mileage thought ex- H
periment is representative of the
challenges of moving from com-
puter code to hypercharged real-
world debates. Imagine a lot with
1000 cars. We want the car with the
best gas mileage but only have data
bearing on three perspectives on
the causes of gas mileage: vehicle
weight, height, and wheelbase. Solv-
ing the problem empincally—test
driving each car—is prohibitively costly, so we
must solve it heuristically. Page arrays the cars
along each of the three causal-perspective axes
and plots the mileage of each car tested, His
program directs agents, each endowed with a
particular one-dimensional perspective. to
start their search with a randomly selected car
and then move to the neighboring car. [f that
car has better mileage, the agent continues
until reaching a local peak, 1f the second car
gets worse mileage, the agent reverses direc-
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tion and searches until reaching
a local peak.

Imagine three such simple-
minded agents working as a group.
Each of their landscapes has local
peaks, but a local peak on one
dimension 15 rarely the local peak
on the other dimensions. If the
three agents cooperated they could
comverge on a better solution faster
and at less expense in effort. And,
indeed, large populations of agents can—when
aggregated-—rehiably reach solutions as good
or better than those found by elite subsamples
of the “smartest” agents,

In brief, diversity appears to trump ability
at least when we equate high ability wiath draw-
ing lucky starting points in sharply constrained
searches for solutions. But elitists will argue
that the game was rigged, Would diversity sull
trump ability ifwe defined ability as capacity to
scan all three dimensions simultaneously for
peaks and spot promising starting points based
on those scans (rather than randomly). or as
capacity 1o see beyvond one’s immediate neigh-
bors, or as capacity to resist premature closure
and avoild confusing local optima with the
global optimum? I suspect that the result would
look more like the chess match between
Kasparov and the 50,000 Internet challengers.
The challengers did well, but they sull los.
Moreover, we need to consider the cost of
mobilizing 30,000 moderately to extremely
skilled chess players to strategize almost as
well as a grandmaster. The boundary con-
ditions on diversity-trumps=ability may be
longer—perhaps a lot longer—than Page
acknowledges.

I conclude Page’s pro-
diversity argument applics
to his own research pro-
gram. If his agent-based
models had been miormed
by a more diverse set of
disciplinary perspectives
iespecially by work on ex-
pert systems and cognitive
sivles), he would have
reached a more appropri-
ately nuanced set of con-
clusions about the costs as well as the benefis
of diversity. Ironically, therefore Page could be
wrong in one respect because he is right in
another. Readers should keep this paradox in
mind before they export his research findings
into messy policy debates over how much
weight to give identity diversity in hiring uni-
versity faculty—or, to switch perspectives. how
much weight to zive ideological diversity in
hiring social scientists,
10.1126/5cience. 1142673
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Tropical Forests and Climate Policy

Raymond E. Gullison,' Peter C. Frumhoff ?* Josep G. Canadell,? Christopher B. Field,* Daniel C.
Nepstad,® Katharine Hayhoe.® Roni Avissar,” Lisa M. Curran.® Pierre Friedlingstein,® Chris D.

Jones,” Carlos Nobre!

ropical deforestation released ~ 1.3 hil-

lion metric tons of carbon (GtC) to the

atmosphere annually throughout the
19905, accounting for almost 20% of anthro-
pozenic greenhouse gas emissions (). With-
out implementation of effective policies and
measures to slow deforestation, clearing of
tropical torests will likely release an addi-
tional 87 to 130 GiC by 2100 (2), correspon-
ding to the carbon release of more than a
decade of global fossil fuel combustion at cur-
rent rates. Drought-induced tree mortality,
logging, and fire may double these emissions
(.3}, and loss of carbon uptake (i.e.. sink capac-
iy} as forest area decreases may further
amplify smmospheric CO, levels (4),

A combination of sovereignty and method-
ological concerns led climate policy-makers o
exclude “avoided deforestation” projects from
the 200812 first commitment period of the
Kyoto Protocol’s Clean Development Mech-
anism (CDM) (5). The United MNations
Framework Convention on Clhimate Change
(UNFCCC) recently launched a 2-vear initia-
tive (6) to assess technical and scientific issues
and new “policy approaches and positive in-
centives” for Reducing Emissions from De-
forestation (RED) in developing countries.
This process was initiated at the request of sev-
eral forest-rich developing nations, an indica-
tion of willingness o explore approaches o
reduce deforestation that do not intrude upon
national sovercignty, Recent technical progress
m estimating and monitonng carbon emissions
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from deforestation (7) and diverse
climate policy and financing pro-
posals to help developing countries
reduce their deforestation emissions
i) are currently being reviewed by
the UNFCCC Subsidiary Body on
Scientific and Technical Adwvice,

Whether a successtul RED pol-
iy process can make an imporiant
contribution to global efforts 1o
avoid dangerous elimate change de-
pends on two issues. First, are the
potential carbon savings from slow-
ing tropical deforestation sufficient
io coniribute substantally to overall
emissions reductions? Second, 15 1t
likely that ropical forests (and the
forest carbon) protected from defor-
estation will persist over coming decades and
centuries in the face of some unavoidable cli-
mate change? The avaulable evidence indi-
cates that the answer to both guestions is yes,
especially na future with aggressive efforts to
limit atmospheric CO,.

Potential savings for a range of deforesta-
tion levels are shown in the ligure (above),
Reducing deforestation rates 30% by 2030
and then maintaining them at this level until
2100 would avord the direct release of up 1w 30
GiC this century (equivalent to nearly 6 vears
of recent annual fossil fuel emissions, and up
to 12% of the total reductions that must be
achieved from all sources through 2100 to be
consistent with stabilizing atmospheric
concentrations of CO, at 450 ppm (/) ( figs.
51 to 85). Emissions reductions from reduced
deforestation may be among the least-expen-
sive mitigation options available (%), The
IPCC estimates that reductions equal to or
ereater than the scale suggested here could be
achieved at =US.520 perton CO, (1, 1))

Reducing deforestation not only avoids the
release of the carbon stored in the conserved
forests. but by reducing atmospheric carbon. it
also helps to reduce the impacts of climate
change on remaining forests. The experience
of the 1997-98 El Nino Southern Oscillation
Evem (ENSO) demonstrates how climate
change can interact with land-use change to
put large areas of tropical forests and their
carbon at risk. The extended dry conditions
triggered by the ENSO across much of the

Cumulative reductions in carbon
emissions through 2100 (GIC)

5 8 &5 3
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New science underscores the value of a climate
policy initiative to reduce emissions from
tropical deforestation.

‘Stop a115%  Stop at 50% | Stop at 15%
Slow deforestation rate Slow deforestation rate
by 20% by 50%

Estimated cumulative reductions in carbon emissions
achievable by 2100 through reducing tropical deforestation.
Calculations assume (i), deforestation rates observed in the 1990s
decline linearly from 2010-50 by either 20 or 50%, and (i) that
defarestation stops altogether when either 15 or 50% of the area
remains in each country that was originally forested in 2000 (1),

Amazon and Southeast Asia increased tree
maortality and forest Nammability, particularly
in logged or fragmented forests, Globally,
increased forest Fires during the 1997-98
ENSO released an exira 2.1 = 0.8 (i 1o the
ammosphere (/7).

Even in non-ENSO years, global warming
may be putting tropical forest regions atrisk of
more frequent and severe droughts. Over the
last 3 vears, a number of Amazon Basin and
Southeast Asian droughts have been uncou-
pled from ENSO events but have comcided
with some of the warmest global average tem-
peratures on record.

In recent decades, carbon losses from trop-
ical deforestation have been partly or largely
offset by a wopical sink (/2). Forest sinks are,
however, unlikely 1o continue indefinitely, and
continued warming will likely diminish and
potentially even overnde any fertilization
effects of increasing CO,. Climate change
might also adversely impact tropical forests
by reducing precipitation and evapotranspira-
tion, making them drier. more susceptible
to fires. and more prone to replacement by
shrublands, grasslands, or savanna ecosys-
tems (/3), which store much less carbon. In
the Amazon Basin, continued deforestation
may disrupt forest water cycling, amplifying
the negative impacts of climate change (F).

A new generation of coupled climate-
carbon models 1s being used o explore the
prospects for the persistence of tropical forests
in achanging climate. A widely discussed early
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study projecied that business-as-usual mereases
i CO, and temperature could lead to dramatic
dieback and carbon release from Amazon
forests ( /4), mising concerns that high sensitiv-
ity of tropical forests to climate change might
compromise the long-term value of reduced

deforestation, with dicback releasing much of

the carbon originally conserved. However, of 1]
coupled climate-carbon cyele models using the
IPCCs mid-to-high range A2 emissions sce-
narto, 10 project that tropical forests continue to
act as carbon sinks, albent declimng sinks,
throughout the cenwiry (fig. S6). The moderate
sensitvity indicated by the new resulis sugpests
that reducing deforestation can result in long-
term carbon storase, even with substantial cli-
mate change. Aggressive efforts to reduce
industrial and deforestation emissions would
likely further reduce the rate of decline and nisk
of reversal of the tropical sink ( /) (fig. S6),
While no single climate policy approach is
likely to address the diverse national circum-
stances faced by forest=rich developing coun-
tries seeking to reduce their emissions, there

Most deforestation for cattle production in Amazonia yields
unproductive pasture but releases hundreds of tons of CO,
per hectare. Compensating landowners to keep their land in
forests instead of creating pastures could be done at relatively low
carbon prices (16),

are promising examples of countries with ade-
quate resources and political will that have
been able to reduce forest clearing (f(4, /5). In
some countries, it may be possible at relatively
low cost to reduce emissions from deforesta-
tion and forest degradation that provide lide or
no benetit to local and regional economies. For
example, reducing accidental fire and elimi-
nating forest clearing on lands that are inappro-
priate for agriculture are two promising low-
cost options for reducing greenhouse gas emis-
sions in Brazil and Indonesia.

Other measures are unlikely to be imple-
mented at large scales without financial incen-
tives that may be feasible only within the
framework of comprehensive environmental

18 MAY 2007 VOL 316 SCIENCE

service payments, such as through carbon-
market fimancing (/6. /7). In forests slated for
umber production, for example, moderate car-
bon prices could support widespread adoption
of sustainable forestry practices that both
directly reduce emissions and reduce the vul-
nerability of logged forests to further emissions
from fire and drought exacerbated by global
warming. On forested lands threatened by agn-
cultural expansion. financing could provide
significant incentives for forest retention and
enable. for example, more effective implemen-
tation of land-use regulations on private prop-
erty and protected area networks ( /8).

Parties to the UNFCCC should consider
adopting a range of options, from capacity
building supported by traditional development
assistance to carbon-market financing to help
developing countries meet voluntary national
commitments for reductions in forest-sector
emissions below historic baselines (7). Vol-
untary commitments, which were put forward
by several tropical forest nations ( f9), would
substantially address a concern associated with
the project-hased approach of the
CDM that emissions reductions
from a site-specific project might
simply be offset by increased de-
lorestation elsewhere (10),

Key requirements for effective
carbon-market approaches to re-
duce tropical deforestation nclude
strengthened technical and insti-
tutional capacity in many devel-
oping countrigs, agreement on a
robust system for measuring and
monitorng emissions reductions,
and commitments to deeper re-
ductions by industnalized coun-
tries to create demand for RED
carbon credits and to ensure that
these reductions are not simply
traded off agamst less emission
reductions from fossil fuels,

Beyond protectung the cli-
mate, reducing tropical deforestation has the
potential to eliminate many negative impacts
that may compromise the ability of tropical
countries 1o develop sustainably, including
reduction in rainfall, loss of biodiversity,
degraded human health from biomass burning
pollution, and the unintentional loss of produc-
tive forests (/6). Providing economic incen-
tives for the maintenance of forest cover can
help tropical countries avoid these negative
impacts and meet development goals, while
also complementing aggressive efforts to
reduce fossil fuel emissions. Industrialized and
developing countries urgently need to support
the RED policy process and develop effective
and equitable compensation schemes o help

tropical countries protect their forests, reduc-
ing the risk of dangerous climate change
and protecting the many other goods and
services that these forests contribute to sus-
tainable development.
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Danger of Deep-Sea Mining

Jochen Halfar' and Rodney M. Fujita®

Plans for deep-sea mining could pose a serious
threat to marine ecosystems.

sive sulfide deposits is likely to result, In fact,
250 of these deposits have been identified in
deep-sea areas worldwide (/11).

There has been little progress toward cre-
ation of environmental regulatory systems
specific to deep-sea mining by governments
with jurisdiction over massive sullide depos-
its. Some of these governments have a poor
track record of mine oversight and regulation
on land, so prospects appear poor tor sound
regulation of underwater mining (/1. /2). Itis
time to implement scientific, technological,
and legal measures to minimize negative en-
virenmental impacts (including discouraging
deep-sea mining activities near sensitive

small (1 km® in size),
high-grade deposits with-
in the uppermost 20 m of
the sea floor. An average
of 2 megatons of ore per
vear 15 0 be extracted by
Mautilus Minerals, Inc.,
in a single strip-mining
operation using remotely
operated underwater mine
cutters. It will be trans-
ferred from the sea floor
to a mining platform by
hvdraulic pumps (6).
Environmental
including benthic distur-
bances. sediment plumes,
and toxic effects on the
water column have been

ver the past few months,

the possibility of mineral

exploitation in the deep
sea () has moved closer to reality
with completion of the Ffirst
undersea exploration for massive
sulfide deposits. Analyses of tar-
get deposits n a zone of active
hyvdrothermal vent systems in the
territorial waters of Papua MNew
Guinea (PNG) have revealed gold
capper, zinc, and silver in concen-
trations that far surpass those of
current terrestrial mining ven-
tures (2), With mining technology
in an advanced stage of develop-
ment, skyrocketing metal prices,
and depletion of metal-rich terres-
trial mines, sea-floor mining act-

risks
h:l]'lilill:ﬂ '.I]“I 1O set up I'IlL"I_'l'!'.IJll:iI'H:-i O recover
costs of regulation and enforcement from this
nascent |r|dux|: I':'.'. L:Lrg_n.: L'.'!pl!:.ll. mvesiments
and generation of revenues by underwater
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wities are now scheduled w begin by 2009,
Imitial interest in deep-sea mining was
centered on extracting manganese nodules
from spatially extensive sea-tloor deposits in
international seas distant from continents,
However, raufication of the United Nanons

assessed for the large manganese nodule min-
ng endeavors in the equatorial Pacific (7).
These risks were judged to be so large and
unpredictable that a number of studies recom-
mended the abandonment ol manganese min-
g efforts to avord a large-scale and long-term

mining operations are likely o make recula-
ton after onset of commercial operations
even more difficult once deep-sea mining
becomes a reality.
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CANCER

Converging on 3-Catenin

in Wilms Tumor

ilms tumor s a cancer of the kidney,

occurning mostly in children and

sometimes running in fomilies (/).
Genetic alterations in these tumors include
mutations in the protein f-catenin (), a com-
ponent of a signaling pathway controlled by the
secreted morphogen WNT, WNT-[-catenin
signaling is particularly important during ani-
mal development. A subset of these umors not
only has mutations in the gene encoding [i-
catenin, but also lacks a normal tumor-suppres-
sor gene. WTT. There are. however. many cases

from the inactivation of most tumor-suppressor
eenes, which are hiallelic—that is. one allele 1s
inactivated in the germ line, followed by muta-
tion of the second allele at the somatic-cell
level. A single hit can have phenotypic conse-
quences it the gene 1s located on the X chromo-
some (X-linked), and indeed, IFTX mutations
are found on the single X chromosome in
tumors from males and the active X chromo-
some in tumors from females. Tumors with
mutations in HTX do not have BT] mutations,
This pattern of exclusive mutations is interest-

WILMS TUMOR, COLON CANCER

A commeon thread in some cancers is
mutations in a developmental signaling
pathway that ultimately affect the action
of a single component.

mulates in the cytoplasm, and eventually
moves to the nucleus. where it partners with
the T cell factor/lymphoid enhancer factor
(TCF/LEF) family of transcription factors 1o
control gene expression. Several components
of the WNT signaling pathway have already
been implicated in human twmors or experi-
mental cancer models, particularly APC,
which was first isolated as a tumor-suppressor
in human colon cancer. In addition, activating
mutations in the human gene encoding
B-catenin have been found in human colon

Variations en route to cancer. In normal cells, [3-catenin is controlled by interactions with APC, AXIN, and WTX (left). Activating mutations in Ji-catenin (shown by
an asterisk) can drive the protein to the nucleus, where it activates transcription together with the transcription factor TCF (middle, Left). In Wilms tumor (middle,
right), loss of WTX function results in translocation of B-catenin to the nucleus, whereas loss of APC function leads to colon cancer (right).

of Wilms tumors without mutations in either
gene, A recent paper in Science reported
another wmor-suppressor gene in Wilms
tumor, X 3). On page 1043 in this ssue (4),
Major e al. show that WTX operates through
B-catenin, down-regulating its activity, Wilms
tumor thereby joins a growing number of
human cancers caused by B=catenin activation,

The story of WTX is a convergence of two
independent lines of research. Rivera and col-
leagues (3) used a high-resolution screen to
detect alterations in DNA copy number in
Wilms tumor. identifying deletions ina gene on
the X chromosome called IVTY. This gene 1s
inactivated inabout one-third of Wilms tumors,
at the somatic-cell level. Remarkably. WTX is
inactivated by a monoallelic “single-hit™ muta-
tional event. This mode of oncogenesis differs

The author isin the Department of Developmental Biology,
Howard Hughes Medical Institute, Stanford University,
School of Medicine, Stanford, CA 94305-5323, USA,

E-mail: musse@stanford.adu
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ing. because it may ndicate separate pathways
leading o a similar end point in causing can-
cers. So what would this end point be?

An early clue came from observations that
many Wilms tumors with mutations in W7/
also either have sustained activating mutations
in the B-catenin-encoding gene or have p-
catenin protein present in the nucleus of tumor
cells (3). Both observations indicate that the
WNT signaling pathway 1s activated (6)
because the nuelear translocation and acuivity
of B-catenin are key events in WNT signaling.
In normal cells, B-catenin is destroved in the
cell's eytoplasm by a complex of proteins that
include AXIN and adenomatous polyposis
coli (APC) (see the hgure). This keeps -
catenin expression levels low, because as a
consequence of associating with the AXIN-
APC complex, f-catenin becomes amended
with ubiguitim molecules and thus, targeted
tor degradation by the proteasome (7, &),
Adter WNT binds to its receptor at the cell sur-
face, P-catenin is no longer degraded, accu-

cancer and melanomas, and Wilms tumor.

Working from the perspective of WNT sig-
naling. Major ef al. show that WTX is a new
component of the protein complex that
sequesters B-catenin i the cytoplasm and
blocks its gene-regulatory activity, They used a
proteomics approach: “fishing™ for a binding
partner of P-catenin in cell lysates by
tandem-affmity protein purificaton and mass
spectrometry (4). Such experiments are power-
ful but potentially problematic because of spu-
rious protein interactions. However, because
[J-catenin is n a complex with AXIN and APC,
these known binding partners can both serve
as an internal control for the screen and as fish-
ing “*baits™ in their own rights. Through these
reiterative searches. WTX wmed up as a part-
ner for many known components in the
B-catenin- AXIN-APC complex. WTX fulfills
all the criteria of being yet another negative reg-
ulator of B-catenin: Overexpression of WTX
reduces WNT-[3-catenin signaling, whereas
inhibiting WTX enhances B-catenin acuvity in
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the nucleus, both in cultured cells and in
animals. The exciting conclusion 1s that
WTX is a wmor-suppressor gene in Wilms
tumors because its normal function is to control
B-catenin activity.

These findings are revealing for a number
of reasons, Apart from Wilms tumor, foot-
prints of B-catenin activity have been detected
in other human cancers. mostly by virtue of the
nuclear presence of the P-catenin protein. In
many of those cases, there has been no evi-
dence that the known components of the WNT
signaling pathway are mutated. suggesting that
B-catenin becomes activated without any
genetic alterations. But the new knowledge
provided by Major er af. invites speculation
that WTX isin fact mutated in these cancers,

In the absence of data on the possible

involvement of T in other cancers, we may
also speculate about the tssue specificity
of tumor-suppressor genes. Clearly, Wilms
tumors can be caused by activating mutations
in the gene encoding B-catenin or by loss-ol-
function mutations in X, Other cancers,
particularly colon cancer. may result from sim-
ilar activating mutations in the Featenin—encod-
ing gene, but the major tumor-suppressor gene
mutated in colon cancer is APC. Why this
specificity? Are WY and APC functionally
redundant, meaning that loss of one will not
lead to B-catenin activation, unless the other
gene is not expressed? This possibility invites
careful examination of the expression of WTY
and APC i normal cells before they become
cancerous. An X-linked tumor-suppressor
gene s a time bomb waiting to go off, so there

PERSPECTIVES

miust be mechanisms w protect cells against
loss of IFTX. Such mechamsms could include
WTX homologs on autosomes, perhaps ex-
pressed in cells other than kidney cells.
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PHYSICS

Condensates Made of Light

Peter Littlewood

Bose-Einstein condensate (BEC) 15

the remarkable state of matter

obtained when the collective quan-
tum mechanical desire of atom waves
synchronize defeats their random motion in
a normal liquid. Predicted by Einstein in
1924 and first observed with the discovery
of superfluid helium in 1937, BEC has been
subjected to intense study in the past decade.
facilitated by the development of expen-

mental methods of trapping and cooling of

atomic gases at microkelvin temperatures,
On page 1007 of this issue, Balili eral (1)

demonstrate trapping ol a different kind of

“atom™ that can condense in the relative
warmth of tens of kelvin, or perhaps even
higher. By creating these warmer conden-
sates. the researchers have now greatly
expanded the variety of systems in which
gquantum coherence can be studied. Apart
from the substantial fundamental interest
in quantum coherence. such systems might
become the building blocks of future quan-
tum information processing systems.

BEC 15 a quantum phenomenon that de-
pends on the overlap of atomic wave functions,
An atom has a wave function whose size
depends imversely on the atomie mass: hence,
to reach BEC for massive atoms in a dilute gas,
the wemperature must be reduced below | puk,

The author is at the Cavendish Laboratory, University of
Cambridge, Cambridge CB3 OHE, UK. E-mail: pbl21@cam.
ac.uk

and even for dense liquid *He the transition
temperature is only 2 K. But if it were possi-
ble to make a high-density gas of “atoms™
whose mass is small, then quantum coher-
ence might be expected to occur at much
higher temperatures. Using a special Kind of
very light atom called a polariton—whose
mass is as small as 0.0001 of the mass of an
electron—several groups have been making
progress toward this goal.,

The trick 1o making a very light atom
begins with the observation that the absorp-
tion of a photon by a semiconductor creates
an electron in an excited state while leaving
behind a positively charged “hole™ (see the
figure). This electron-hole pair can be bound
into an atomic state, just like the proton and
electron of the hydrogen atom, but the mass
of the new particle—called an exciton—is
much smaller. Of course such an “atom™ is
transient—it will vanish by reradiating a
photon—but now one can play a second trick
by placing mirrors on the sample. Then the

Photon light

At low temperature, atom wave functions can
lock together. Such a state has now been seen
in trapped photons and electron-hole pairs.

photon bounces back and forth. 1F treated
classically, it would be reabsorbed (by form-
ing excitons) and re-emitted many times (by
recombining excitons) before eventually
escapimg. In a quantum system, the superpo-
sition of the exciton and photon leads to the
formation of vet another particle, which is
known as a polariton. Because the photon is
massless. polaritons are extremely light rela-
tive to the atoms typically found in BEC. and
hence they offer the basis for exciting new
quantum physics.

High-quality mirrors are difficult to
make. but trapped “microcavity™ polaritons
were First made by semiconductor engineer-
ing in the early 1990s (2, 3). Progress in mak-
ing dense polariton gases inside these micro-
cavities has been rapid in recent vears but has
usually occurred under nonequilibrium con-
ditions, The challenges include cooling par-
ticles whose lifetime (from leaking through
the mirrors) is measured in picoseconds. and
making traps in which the particles can

Lightweight “atom.” Phatons from a laser (blue arrows) excite electron-hole pairs called excitons (Mack
arrows). The excitons and photons form a quantum state called a polariton with a mass much less than that
of an electron. Balili et al. have now trapped a quantum condensate of polaritons.
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equilibrate before the polaritons escape from
the cavity as a puft of photons.
Last vear, Kasprzak er al. (4) produced

good evidence for an equilibrated BEC of

polaritons, although in an open system with-

out a trap to confine them. The energy level of

an exciton can be shifted a little by squeezing
the sample, which allows the exciton and pho-
ton 1o be tuned in or out of resonance. thereby
weakening or strengthening polariton bind-
ing. Balili er af. have cleverly used a sharp pin
o make an inhomogzeneous strain, producing
a system close in spirit to that of wapped
atomic gases. Moreover, their host sysiem is
the widely used II-V semiconductor alloy
GaAs rather than the less tractable and more
disordered CdTe used by Kasprzak of af. This
will open the field to a wider community.
Aside from the higher temperatures for

the onset ol coherence, there are a number of

special differences from the atomic systems
that give additional richness [see (3) for a
review], The current systems are inherently
two-dimensional, so that the BEC phase
transition in equilibrium should be of a
special variety known as a Berezhinskii-
Kosterlitz-Thouless transition, where spatial
correlations of the coherence have a finite

range giving a predicted experimental signa-
ture of the emitted photons. The polaritonic
atoms are large—roughly the scale of the
wavelength of light, about | pm—and thus
overlap at very low density, quite unlike the
dilute atomic gases whose interactions are
short-range. And because the mirrors are not
pertfiect, the polaritons escape (1o be emitted
as photons) and the trap must be continu-
ously repopulated. which adds a continuous
perturbation to the macroscopic coherence.

The light emitted from the condensate 1s,
of course. as nearly coherent as a two-dimen-
stonal svstem can be—this being one of the
tests of condensation—which makes the
whole device behave like a special kind of
{low-threshold) laser. And the output coupling
to coherent light was already demonstrated
some time ago by experiments that showed
that resonant laser coupling could drive con-
densate formation through nonlinear scatter-
ing (). There is thus a lot 1o explore.

Current expertiments, although warm with
respect to ultracold atoms. are still at cryo-
genic temperatures. The ultimate transition
temperature is set by the exciton-photon cou-
pling, measured by an energy scale known as
the Rabi sphitting. This 1s limited by funda-

mental properties of the material and device
structure: its value i1s 13 meV (~150 K) in the
GaAs system and about twice that in CdTe. In
microcavities containing some organic mole-
cules, Rabi splittings as large as 80 meV have
been seen (7)—which is tantalizing for a
room-temperature device. These objects are,
on the one hand. a new kind of low-threshold
laser, but the Fact that they consist of coherent
quantum objects (unlike a regular laser) puts
them potentally in the class of quantum
devices. A rash speculation is that a small
polariton condensate could become the basis
for an elementary quantum computer, but the
easy coupling to light might simplify the
wiring issues that many guantum information
technologies find challenging.
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DEVELOPMENTAL BIOLOGY

A Decade of Cloning Mystique

Jose Cibelli

en years ago, lan Wilmut, Keith

Campbell. and their colleagues from

the Roslin Institute in Scotland
announced the first cloned adult mammal —
a sheep named Dolly—using a technigque
called somatic cell nuclear transfer (/). Since
then, the experiment has been independently
replicated in 16 other mammalian species.
Laboratories around the world launched
efforts to identify the mechanism responsible
for this phenomenon. Hundreds of peer-
reviewed manuscripts later. we are left with
many unanswered guestions about the tech-
nique and are still unable to substantially
increase its efficiency. For all species cloned
by this method. less than 10% of embryvos
transferred into the uterus will produce a
healthy clone. Why?

The authar is in the Departments of Animal Sciences and
Physiolagy, Cellular Reprogramming Laboratory, Michigan
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Wilmut and Campbell’s curiosity radi-

cally changed our views on the plastcity of

the genome. The technique, in which the
nucleus of an animals somatic cell is
inserted into an enucleated, untertilized ege
cell (called an vocyte) of the same species.
essentially takes a differentiated cell and
“turns it back.” ina developmental sense, toa
Zyvgote, poised to develop into a fetus and
mature adult that is genetically identical to
the animal that provided the somatic cell
nucleus. The old dogma that a differentiated
cell can never turn back in developmem has
been replaced by a new one stating that
somatic cell nuclear transfer is possible and
that our failures are atnbutable to insufli-
cient understanding of the mechanisms that
govern how a somatie cell nucleus is repro-
grammed by the cvtoplasm of an oocyte.
When performing somatic cell nuclear
transfer, we are asking a somatic cell to turn
into a gamete in a matter of hours, a process
that normally takes months (2). Shortly
thereafier, we expect such a pseudo-gamete

Was Dolly a fluke or one of the biggest
breakthroughs in modern science?
Probably both.

to “turn into a lertilized ego” or zyvgote
(coaxed by electrical or chemical stimula-
tion in vitro), ready to divide and form an
embryo. This is a tremendous undertaking
fora genome that the day belore was govern-
ing the wentity and physiology of a com-
pletely different cell type. Now we are faced
with tryimg to improve a technique that sup-
ports a process that is c¢learly unnatural.
Should we? We cannot afford not to. Bevond
the obvious practical benefits we mighi
expect from achieving success—such as
agricultural cloning {livestock production )
and therapeutic cloning (generating stem
cell-derived cell lines for understanding
devastating diseases)—it poses a scientific
challenge that goes to the heart of develop-
mental biology.

Ten years have not been enough time.
though; the long list of unanswered questions
about animal cloning reflects how our under-
standing is stalled at a fundamental level, For
instance, 15 somatic cell dedifferentiation or
embryvonic ditferentiation the step at which
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the process sum-
bles? Can we render

a nucleus more sus-
stible to the repro-
gramming action of
the ege? How much
responsibility for the
outcome should either
constituent be given?
Can we reprogram a
primate somatic cell?
Why do cells. isolated
at the same tme from
the same tissue
of a given indi-
vidual, have dif-
ferent  cloning
efficiencies?
And the most
important gues-
tion: What 15 the gene(s)
whose expression in the
eow 15 critical for repro-
gramming a somatic
nucleus?

Sull, not all is uncer-
taimn; some progress has
been made. We
know that nuclei
from highly differ-
entiated cells can
be reprogrammed,
Despite  sugges-
tions  that Dolly
was cloned from a
less differentiated
cell fortwitously picked
from among differentiared
mammary  gland cells,
doubts were put o rest
with the birth of mice
cloned from mature lym-
phocytes and  olfactory
neurons, Clearly, almost
any terminally differenti-
ated cell can be forced to

ce

reenter the cell division
cycle, proliferate, and
form a new individual
(3-5).

We also realize now
that aberrant gene ex-
pression in cloned
embryos can happen
any time and in any
cell. There is a failure
to either shut down or
reactivate genes in a timely
manner. Candidate-gene
expression studies among
different mammalian spec-

ies and laboratories
have shown a wide
array of gene deregu-
lation. This also ap-
plies to imprinted
genes (4). For eloned
embryos transferred
to the uterus, abnor-
mal gene expression in the
trophoblast cells of an early
embryo (blastocyst) can
translate into failure to
form a normal placenta,
claiming the life of the
clone and sometimes, its
surrogate mother ( 7).
Early on, we thought
that animals cloned from an adult
would display the biological

the nucleus). This stemmed in
wewn  irt [rom analyzing
N the length of Dolly’s
telomeres (regions at
the ends of chromo-
somes  involved in
DNA stability), which
were apparently shorter
than the founder’s ().
Every time an adult somatic
cell divides, its telomeres
get shorter. This has been
associated with aging and
age-related diseases (Y).
But subsequent work has
shown that n certamn
cloned animals. telomere
length was not only re-
stored but In some in-
stances extended bevond
that of the founder
(f0—12). Thus, for
the first tme. we
have found a situa-
tion where the telo-
meres of a somatic
cell can be exten-
ded without having
been  transformed
into a tumor cell.

Epigenetic modification
of DMNA that alters gene
expression 15 a normal pro-
cess that sull occurs i em-
bryos derived from somatic
cell nuclear transfer. These

Ten years of clones. (Top to bettom) Wall,
muflon, African wild cat, dog, sheep, mule,
domestic cat, buffalo, mouse, goat, rabbit,
horse, gaur, cow, pig, rat, ferret.
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age ol the founder (the donor of

PERSPECTIVES

chemical-based alterations, which do no
happen all at once. occur soon after embryo-
genesis begins, and continue during develop-
ment before the embryo 15 implanted in the
uterus, and even atterward. We know that
cloned embryos can benehit from a culture
medium that supports somatic cell survival
during the initial eycles of embryvonic cell
division (/3). This is likely due 1o a delay in
switching from somatic to embryonic cell
“mode.” It remains to be determined whether
this apparently abnormal epigenetic repro-
gramming 15 compatible with normal
embryonic development afier implantation.
Perhaps the rare embryo that develops into a
healthy offspring has its own pattern of gene
expression, different from that of an embryo
that arises from nommal fertilization.

Soon after the nucleus of a somatic cell
is delivered into the oocyte, chromatin (the
DNA and protein constituents of chromo-
somes) begins a remodeling
whereby dypamic structural changes con-
trol the expression of genes. We've discov-
ered that these changes recapitulate
those occurring afier normal fertilization.
Histone methylation and acetylation, and
DNA methylation occur in a manner similar
to that in a fertilized embryo. However,
the enzvmes that catalyze the chromatin-
remodeling processes fail to do so for rea-
sons yet to be explained.

We have seen some cloned animals than
are phenotypically normal. Nonetheless, a
large proportion of cloned fetuses die in
utero. and some are also born with maltor-
mations. But for most species cloned so far,
a subset of clones show normal physiologi-
cal parameters and are currently aging

process

normally. And, although the percentage of

normal animals born from cloned embryos
is extremely small, it underscores the fact
that this manmade procedure can some-
times. albeit randomly, work.,

Avre we closer today to Ninding the mecha-
nismis) responsible for somatic cell nuclear
transfer? Yes, but not by much. We've spent
the last decade focused on experiments that
were goal directed. We either replicated the
procedure in different species or worked on
expenments that, while mportant, were
designed to test how far we can go with this
technique. Enough has been done on that
front. Now the challenge to understand
mechanisms must be tackled. A dearth exists
in the current literature of functional ap-
proaches o understand the process. Several
candidate genes have surfaced that make
cood targets for experiments on loss and
gain of function. Furthermore, conservat-
ion of the core cellular reprogramming
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mechanism seems robust: this can facilitate
comparative genomic and proteomic studies
among species.

Finding the gene(s) responsible for
reprogramming will mark a crucial turning
point for this technigque in the next decade
of animal-cloning research. We need to
devise more rational experiments that can
move the efficiency of somatic cell nuclear
transfer closer to that obtained by in vitro
tertilization, a welcome improvement for
those interested in agricultural and pharma-

ceutical applications. Unveiling the genes
and pathways invalved in the cloning proce-
dure 1s the first step to creating reasonable
approaches for generating human cells that
can later be used in therapy. Only then will
so-called (and stll hypothetical) therapeu-
tic cloning become obsolete.
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OCEAN SCIENCE

Highly Active Eddies

Anthony F. Michaels

he oceans, long a source of mystery in

science, literature, and exploration, still

hold many secrets. How we understand
the ocean often depends on the wols used. the
time scales of observation, and the intemal ra-
ditions in subsets of this interdisciplinary field.
One long-standing conundmim in ocean bio-
geochemistry has been the contrast between
estimates of basic ocean properties when made
at local scales versus estimates that average
over whole ocean basins. Two papers in this
issue report important advances toward resolv-
ing these differences (/. 2).

For many important and interconnected bio-
geochemical rmates—such as the rates of biolog-
ical productivity at the surface, the rate at which
organic matter sinks out of the surface layer,
respirtion and remineralization in the deep sea.
and the mixing of nutrients back to the sur-
face—estimates that should, in theory, all agree
hawve differed by as much as an order of magni-
wde (/-3), Generally, local measurements give
rates that are much lower than estimates that
average over very lange time and space scales.
Mesoscale eddies—swirls in the ocean on
scales of 50 to 200 km—are often invoked to
explain the discrepancies. The direct measure-
ments of ocean eddies reported in this issue
i 1. 2y provide crucial support for this idea.

Ocean science has an unintended tradition
of undersampling. At each local site, the phy-
toplankton productivity or amount of sinking
organic matter can be directly measured
for that location on that day, The oceans are
enormous. Ships venture slowly across the
sed. stopping occasionally to lower instru-
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ments on wires or o collect livers of water for
analysis, Over time, the number of discrete
measurements has increased slowly, vet the
amounts of water that are actually sampled
are even less than the proverbial drop in
the bucket. Some scientists have therefore
searched for ways to measure ocean proper-
ties that are inherently averaged over large
areas and long time scales. By measuring
propertics like the concentration of oxyeen in
the deep sea. coupled o sophisticated esu-
mates of the time since that water last equili-
brated with the atmosphere, researchers can
create an integrated estimate of the overall
level of biogeochemical activity in the basin.
These integrated approaches usually yield
much higher rates of biological activity than
those seen by biologists making direct mea-
surements in the surface ocean. The con-
undrum could stem from two sources: The
measurements themselves could be inaccu-
rate. or the local approaches may not resolve
all of the natural variability, missing some
very active periods or places. Initially, scien-
tists focused mostly on the measurement
technigues for primary production and sink-
ing particles. Trace-metal contamination
seems to have resulted in artificially lower
estimates of primary production. Sediment
traps seem to be sensitive to hydrodynamics,
the capture of swimming animals, and disso-
lution of the particles. Improved methods
have helped 1o close part of the gap (4. 5).

Tracking the eddies. In this series of images of sea
surface height in the North Pacific Ocean (to the
southeast of the Hawaiian Islands), mesoscale eddies
mave from east to west and are larger to the south.
Twa reparts in this issue show that such eddies have
very high biological activity. [Images from (10)]

The observation that biological activity in
eddies can be very high may help explain why
measurements of ocean productivity have
varied widely.
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At the same ume, some previously ignored
modes of metabolism. such as nitrogen fixa-
tion were found w be more common than
expected. and several groups made tantalizing
observations of rare bursts of biogeochemical
activity associated with eddies (6-9).

The introduction of new satellite sensors
in the 19805 and 19905 exposed oceanogra-
phy 10 synoptic views of the sea. It became
clear that oceanographers were sampling a
highly heterogeneous system, full of impor-
tant structure that had previously been dis-
missed as random vanability, Measurements
of sea surface height (see the figure) clearly
showed eddies. Model results suggested that
these structures create local areas with
increased nutrient supply into the lighted sur-
Face waters and patches of enhanced biologi-
cal acuvity.

Could the biological activity in eddies be
great enough to make up the rest of the differ-
ence between bottles and basins? The results
reported by MeGillicuddy er af. on page 1021

of this issue (/) suggest that they may, The
authors show that eddies in the Atlantic can
have enough biological activity in a few
months to account for the productivity seen in
the average patch of water of the same size
over the course of a year or more,

However, not all eddies lead to the same
biogeochemical outcomes. On page 1017,
Benitez-Nelson et al (2) study a persistent
cold-core eddy off of Hawaii. It has a plank-
ton bloom with high productivity. Inboth the
Atlantic and Pacific Oceans, diatoms—uni-
cellular plants with a silicious skeleton that
are important in creating large sinking
fluxes of organic matter—are Key organ-
isms, Yet, in the Hawaii eddy, most of the
organic matter created by the bloom was stll
in the surface waters at the end of their
period of observation rather than being
transported into the deep sea.

The two reports demonstrate that ocean
scientists can finally—with intensive obser-

vations, tracers, satellites, and models—{find,

PERSPECTIVES

track, and comprehensively sample meso-
scale eddies. They also show that these 1m-
portant features of the ocean system are
hotspots of rapid biological rates and geo-
chemical transformations that begin to close
the historical gap between measurements an
local and basin scales,

References and Notes

. D. ). McGillicuddy Jr. et ol., Scrence 316, 1021 (2007).

C. R, Beniter-Melson ef o, Science 316, 1017 (2007).

W. ]. Jenkins, |. C. Goldman, J. Mar, Res, 43, 465 (1985},

5. E. Fitzwater, G. A Knauer, ]. H. Martin, [imnal

Oceanogr. 27, 544 (1982).

. K. 0. Buesseler er al., Science 316, 567 (2007).

. W.]. lenkins, Philos. Trans. B Soc. London Ser. A 325, 43
(1988).

. A, k. Michaels et al., Noture 372, 537 (1994).

. D. M. Karl el ol., Biogeochemistry 57, 47 (2002).

. D. ). McGillicuddy ef al., Nature 394, 263 (1998).

. Images were obtained from the Calarado Center for
Astrodynamics Research at the University of Colorada,
Boulder, via the Global Mear-Real-Time Data Viewer (111

11. R. R Leben, G. H. Bam, B. R. Engebreth, Mar. Geodesy

25, 3 (2002).

sl B

e

B~

10.11 26/ ience. 1140039

PLANETARY SCIENCE

The Shifting Sands of Asteroids

Erik Asphaug

Ithough we are growing accustomed

to asteronds detyimg our iniumtion, the

report by Mivamoto ¢r af. on page
LT T of this ssue (), that some small asteronds
appear 1o be clumps of gravel. should come as
no small surprise. 433 Eros, the ~33-km-long
potato-shaped asteroid visited by NASAs Near
Earth Asterond Rendeavous (NEAR ) mission 7
vears ago (see the hirst figure), was originally
thought to be a monolithic rock (2). but it
tumed out to be a shattered mass (3) with seas
of mobile regolith (that is, surface dust, gravel,
and blocks) (4). As the Japan Aerospace
Exploration Agency’s Hayabusa spacecraft
approached the much smaller asteroid 25143
[tokawa (5) in 2003, the expectation was more
guarded. but one could hardly help but think

that with gravity only a few millionths that of

Earth—1/100th that of Eros—we would dis-
cover an intact nugget. Au contraire. The
Hayvabusa mission has provided greater evi-
dence than ever for pervasive. global-scale
gravity control, leading us w wonder: Are any
asteroids monolithic? And ifnot, what happens

when we try to push on one in earnest, as may
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be required to divert a hazardous
asteroid or to corral a resource-rich
one into a beneficial orbit?

When NASAS Dawn mission
(6, 7)arrives at asteroid 4 Vesta
in 2001, it will find a world with
gigantic voleanie edifices and com-
plex craters. Arriving at | Ceres
in 20015, it might find relics of
vast hydrological systems. Only a
handful. at best, ofthe hundreds of
thousands of objects that orbit
the Sun inside Jupiter’s path have
undergone this kind of planetary
processing; the rest have been cold,
battered objects since the solar
system’s origin,

The first pictures of asteroids,
obtained by spacecraft flvbys in
the 19905 (&, ¥}, were of objects at the large
end of the scale, tens of kilometers, because
only these at the time had the accurately deter-
mined orbits required for a successtul lyby.
Smaller, much more common bodies occa-
sionally come close enough to Earth to be
imaged by ground-based radar telescopes
( 10y; radar technology has revealed a repre-
sentative menagerie (/1) with sizes ranging
down 10 tens of meters. With Havabusa's

SCIENCE VOL 316

A tiny asteroid, expected to be solid, turns out
to be an active pile of gravel.

Abyssal asteroids. Seas and beaches on asteroid 433 Eros, from
the NASA NEAR mission. Asteroid [tokawa, as imaged by Miyamoto
et al., appears 1o be an even more exotic gravel ball.

arrival at Itokawa (dimensions ~0.5 by 0.2 by
0.3 km), we have visited the first small one,
and perhaps the first typical one. It is a dif-
ferent kind of animal,

Most small asteroids have irregular
shapes, and many rotate at the limit of flying
apart (12, /3). A tifth of known asteronds have
Mung off sizable moons during collisions or
close tidal passages (f4). They are geologi-
cally quite odd. Moreover, their geological
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prtwusﬁcs {'I'F'H...TI“C In an emironment as
welghtless as that expenienced by astronauts in
low-Earth orbit, resulting in complex and mys-
terious landforms that beckon exploration.
When Hayabusa touched down for sample
return attempts (/5) on 19 and 25 November
2005, it acquired close-up images with resolu-
tion of less than a centimeter, limited only by
the focal length of the optics (see the second
figure), Mivamoto er af, (/) now interpret
these images of rocks and their emplacement,
and the morphology of flat gravel expanses, as
evidence for widespread granular sorting and
convection—phenomena familiar on Earth
and Mars but surprising to find on 2 celestial
body the size of a few city blocks,

As is the case with most discovery reports,
Mivamoto ef al. include some thoughtful spec-
ulation along with their data. And as with any
new science regarding asteroids, the reader
should keep an open mind, But their interpre-
tation, that Trokawa is a granular convective
solid at global scales, 1s worthy of serious con-
templanon. If global-scale granular convective
ransport is a fundamental geophysical process
on small asteroids. this represents a complete
reversal of 30 vears of thought, Small asteronds
are not nuggets of rock. They have more in
common with sedimentary basins, abyssal
plains, and river channels,

The flat expanses on asteroids ltokawa
and Lros (the only two asteroids orbited so
far) are in fact called “seas.” The seas on Eros
even have margins called “beaches™ (4).

Boulders all the way down? Asteroid ltokawa's surface shows
patterns familiar in convective gravel beds and landslide depaosits
on Earth.

18 MAY 2007

Mivamow ¢ af, propose that the seas on
ltokawa form as the fabric of convective over-
turn. somewhat analogous to how ocean
basins form on Earth, Stacks of boulders pile
up at the aceretionary margins of this convec-
tion, like miniature mountain belts, Ttokawa
has long lost any internal heat source capable
of driving convection; the energy source
would have 1o be a granular thermal input
assoctted with impacting meteoroids,
Features observed on lwkawa are proposed
by Mivamoto ¢f al. to be the same patterns
observed in laboramtory granule beds or in land-

slide deposits: the clustering and alignment of

boulders where convection meets a boundary

lawer (2 stranding surface), the apparent loss of

fine particles to space or to the subsurface (size
segregation), and the upstream sloping of pro-
posed convective surfaces (seas).

Because the surface blocks of lokawa
appear relatively fresh and angular, the hypo-
thesis of Mivamoto ef af. requires convection
to happen faster than the pitting and dis-
ruption by micrometeorites, and therefore,
perhaps, a high seismic efficiency (). But a
gravity wave is unlikely to exist on a small
asteroid and seismic waves are likely to break
upon a granular, ultra-low gravity free sur-
face, s0Q) can only be high in the deep interior,
i there 15 such a thing. All other considera-
tions aside, granular convective processing is
favored by microgravity (/6), A required
check on Mivamoto’s hypothesis is an energy
balance computation to see 1f the impact flux
can really drive this kind of evolu-
tion. A well-observed cratering

explosives might be justified.

Granular materials  behave
both as solids and as liquids (/7).
and their study is at that stage
where breakthroughs oceur annu-
ally and where exotie behavior 1s
the subject of much debate,
Whenever young and active sci-
CNCees meet
eeophysics and granular mechan-
ics—ithe result is often a whole
new understanding of how things
waork. It is conceivable. for exam-
ple. that the detailed study of gran-
ular flows at geologic scales. but
in =107 gravity, will unlock the
secrets of landshdes, As for the
holy grail of granular physics. a
thermodynamic formulation akin
to the theory of gases, this might
evolve through the study of micro-
eravity lows and shaking/settling
phenomena on bodies the size
ol lokawa,

in this case. asteroid

VOL 316 SCIENCE

event involving a few kilograms of

Earth and ns rocky companions accreted
in 10 to 30 million vears following the Sun’s
formation. Impacts from gentle 1o gargantuan
left behind billions of asteroids that were later
swept up or scattered away. What survivesisa
winnowed population. like so many kernels
of wheat in a sieve. Small asteroids are gran-
ules upon granules, themselves winnowed
over time as their rocks overturn, bringing
small particles to the surface that are swept
away by solar radiation against minuscule
self=gravity. The revelation that asteroids, the
building blocks of planets. are continually
evolving in this manner brings to mind the
quote from Victor Hugo's Les Miserables that
prefaced the classic review by Jaezer ef af.,
{17) of granular mechanies. a discipline now
perhaps wedded to asteroid mechanics: “How
do we know that the creation of worlds is not
determined by the fall of grains of sand™
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Francis Clark Howell (1925-2007)

Phillip V. Tobias

rancis Clark Howell was 81 vears old

when he succumbed to cancer on 10

March 2007, In an active career span-
ning more than 50 years, he had become a
leading figure—arguably the leading fig-
ure-—in the mierlocking fields of paleoan-
thropology and paleontology. More than
most of his contempaoraries, he saw the study
of human evolution as a multifaceted and
multidisciplinary endeavor. As a result, he
became steeped in the anatomy, geology,
datng. archacology, comparative paleontol-
ogy, and ecology related to fossil hominids,
and apphied this versaulity o ennich the
interpretation of fossil hominid sites in
Europe, Asia, and Africa.

Howell was born in Kansas City, Mis-
souri, on 27 November 1925, After serving
in the United States Navy in the Pacific
Theater from 1944 1o 1946, Howell began
his higher education when he entered the
University of Chicago in January 1947,

Save for a 2-year stint in the Anatomy
Department of Washington University,
5t. Lows, Missoun (from 1953 10 1955).
Howell was to spend 25 vears in the Depart-

ment of Anthropology at the University of

Chicago, There, under Sherwood L. Wash-
burn. he obtained his Ph.B.. A.M., and Ph.D.

degrees. He rose to become professor of

anthropology in 1962 and chairman of the
department in 1966, The second major
phase of his career began in 1970 when he
moved to the Department ol Anthropology
at the University of California, Berkeley, to
which Washburn had earlier relocated.
He spent the next 37 years at Berkeley, 21
years as professor of anthropology, and 16
vears as professor emeritus, a position he
held until his death,

In 1953 Howell began a series of work
travels abroad. From then unul 2003,
scarcely a vear elapsed without his travel-
ing to often remote areas in Europe, Africa,
and Asia. In the First eyele of travels, he
devoted himself 1o the Neandertal fossils
and their discovery sites in Europe. He
claimed that the later (Classic) Neandertals
developed their extreme features amid

The author is at the School of Anatomical Sciences,
University of the Witwatersrand Medical S5chool, 7 York
Road, Parkiown 2193, Johannesburg, South Africa. E-mail:
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and in response o
Howell’s work on the Neandertals during
this era might not pass muster in its pristing

periglacial ecology.

state today, having preceded the application
of genetics and DNA to the study of human
evolution. But the enduring lesson he
taught was that the anatomy of fossil
hominids was not to be considered n a vac-
uum but in an ecological. geological. and
veographical setting.

[n 1954 Howell extended his paleonto-
logical study tours to Africa—from Uganda,
Kenya, and Tanzania to South Africa. He
was always a cautious scientist, in a field in
which many threw caution to the winds in
favor of intemperate claims, We were exam-
iming the mandible of a hominid found at
Swartkrans, South Africa, in 1949, and [ was
doubtful of the wisdom of the new generic
status Broom and Robinson had assigned 1o
the Swartkrans specimen. | asked Howell
whether he agreed that a new genus was jus-
tified. He demurred, but it would have been
wrong to interpret his reply as a sign of irres-
olution: He weighed his words carefully, and
this was indeed part of his strength.

His wide-ranging travels enabled him

to effect syntheses within many areas of

anthropology, At Isimila, an Acheulean
(260,000 yvears old) prelmstoric occupation
site in the Iringa highlands of central
Tanzania. he recovered enormous hand-axes
(1937 to 1938). Other examples were the
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Clarity and careful synthesis enabled Francis
Clark Howell to sort out anthropological
puzzles, from Neandertals in Europe to
hominids in Africa.

Acheulean sites of Torralba and Ambrona
(200,000 1o 400,000 years old) in Spain
(1961 to 1963), These meticulous excava-
tions were marked by his customary many-
sided approach. Sadly, at a time when schol-
ars lacked human skeletal remamns of the
fabricators of the Acheulean, none of these
excavations brought forth such remains,
even though the cultural signs of hominid
settlements were abundantly in evidence.

In this respect. Howell's fortunes changed
when he turned his attention to Ethiopia.
He made surveys of fossil-bearing lower
Pleistocene (2.1 o 0.1 million vears ago)
beds in the Omo River region of southern
Ethiopia in 1939 and again in 1966, The
open-air deposits straddling the Omo River
brought o light numbers of fossil verie-
brates. including monkeys and hominids.
The superb stratigraphy of the Omo basin,
its fossiliferous strata interlarded with lava
flows and volcanic ash lavers or wifls, pro-
vided a virtually deal situation for the appli-
cation of what were then fairly new dating
methods, based on potassium-argon and
other radio-isotopic techniques. [t was per-
haps the most productive and 1innovative
phase of Howell's career,

Howell's consummate skill in tidyving up
messy areas of his fields was perhaps best
revealed in his Y3-page contribution o the
compendious Evalution of African Mam-
mrals, edited by Vincent Maglio and Basil
Cooke (1978). His chapter is entitled Hom-
infefere. It is a model of elegance and simplic-
iy and, although almost 30 years have
elapsed since it was published, much of'it is
still valid, OF its Kind, it provides a prototype
for students and scholars of wday.

It 15 a quaint custom in paleontology to
name a new species after one who has
attained distinetion in the discipline—or
was responsible for excavating or discover-
ing the specimenis) in question. No fewer
than seven species. two ol invertebrate
gastropods and Five of fossil mammals,
received the species name (or in one in-
stance the subspecies name) howelli. Even
if this s not a record. it is surely a multi-
ple tribute,

Clark Howells departure from the scene
has left the discipline the poorer and his col-
leagues and family grievously bereft.

10.1126/science. 1142771
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Childhood Origins of Adult
Resistance to Science

Paul Bloom and Deena Skolnick Weisberg

Resistance to certain scientific ideas derives in large part from assumptions and biases that can be
demonstrated experimentally in young children and that may persist into adulthood. In particular,
both adults and children resist acquiring scientific information that clashes with common-sense
intuitions about the physical and psychological domains. Additionally, when learning information
from other people, both adults and children are sensitive to the trustworthiness of the source of
that information. Resistance to science, then, is particularly exaggerated in societies where
nonscientific ideclogies have the advantages of being both grounded in common sense and

transmitted by trustworthy sources.

clentists, educators, and  policy-makers

have long been concemed about Ameri-

can adults’ resistance to certain scientific
ideas (/) In a 2005 Pew Trust poll. 42% of
respondents said that they believed that humans
and other animals have existed in their present
form since the begimning of time, a view that
denies the very existence of evolution (2), Even
among the minority who claim to accept natural
selection, most misunderstand i, seeing evolu-
tion as 8 mysIerious process
causing animals w0 have oflspring
that are better adapted o their
environments (3) This is not the
only domain where people reject
seience: Many believe in the ¢fli-
cacy of unproven medical inter-
ventions; the mystical nare of
out-of-body expenences; the cxis-
tence of supematural entitics such
as ghosts and [airies: and the
legitimacy of astrology, ESP. and
divination (4). This resistance 1o
science has important social impli-
cations, because a scientifically ignorant public
is unprepared 1o evaluate policies about global
warming, vaccination, genetically modified
organisms, siem cell research, and cloning (F).

Here we review evidence from developmen-
tal psychology suggesting that some resistance
to scicotific weas is a human universal, This
resistance stems from wo general facts about
children, one having 10 do with what they
know and the other having to do with how
they leam.

The main source of resistance concems what
children know belore their exposure 1o scicnce,
Recent psychological research makes it clear
that babies are not “blank slawes™ even l-vear-
olds possess a rich understanding of both the
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physical world (a “naive physics™) and the
soctal world (a “naive psychology™) (5). Babics
know that objects are solid, persist over time

{even when out of sight), fall to the ground if

unsupportied. and do not move unless acted
upont (6. They alse understand that people
move autonomously in response to social and
physical events, act and react in oaccord with
their goals, and respond with appropriate
cmotions o different siluations (35, 7, &)

Fig. 1. (A and B) Alternative intuitions about the movement of a ball out
of a curved tube [from (13)].

These intitions give children a head stan
when it comes 0 understanding and leaming
aboutl objects and people. However, they also
sometimes clash  with scientilic  discoveries
about the nature of the world, making certain
scientific facts difficult 10 learn, The problem
with teaching science w0 children is thus “not
what the student lacks, but what the sudent has,
namely allemative concepiual frameworks  for
understanding the phenomena covered by the
theories we are trying o teach™ (%),

Children’s beliel’ that unsupported objects
fall downward, for instance, makes ot difficult
for them 1o see the world as a sphere—if it were
a sphere, the people and things on the other side
should fall oft, It s not until abow 8 or 9 years
of age that children demonstrate 2 coberent
understanding of a sphenical Eanh (/d), and
vounger children ofien distont the scientific
understanding in systematic ways, Some deny
that people can live all over Eanh’s surface (10),

and when asked to draw Earth (/1) or model it

with clay (/2), some children depict 1 as a
sphere with a Nattened top or as a hollow sphere
that people live inside,

In some cases, there s such resistance o
scicence cducation that 1t never entirely sticks,
and foundational biases persist ino adulthood.
One study tested college undergraduates’ intu-
itions about basic physical motions, such as the
path that a ball will ke when released from a
curved tbe (13), Many of the undergraduates
retained a common-sense Aristotelian theory of
object motion: they predicied that the ball would
coninue o move i a curved motion, choosing
B over A m Fig. 1. An interesting addendum is
that although education docs not shake s bias,
rcal-world experience can suflice. In another
study, undergrmduates were asked abouwt the path
that water would ke out of a curved hose, This
comesponded to an event that the paricipants
had seen, and lew believed that the water would
take a curved path (14,

The examples so far concem people’s
common-sense understanding ol the physical
world, but their intuitive psychology also
contributes 1o their resistance to science, One
important bias is that children naturally see the
world in terms of design and purpose. For
instance, 4-vear-olds insist that everything has
a purpose, including lions (1o go
in the z00”) and clouds (“for
raining™), a propensity called
“promiscuous leleology™ (F5).
Addinionally, when asked about
the ongin of animals and people,
children spontancously tend 1o
provide and prefer creationist
explanations (/6). Just as child-
ren’s intuitions about the physical
world make it difficult Tor them (o
accept that Earth is a sphere, their
psychological intuitions abouw
agency and design make it diffi-
cult for them to accept the processes of
evalution,

Another consequence of people’s common-
sense psychology s dualism, the beliel that the
mind s fundamentally different from the brain
(7). This behel comes naturally o children.
Preschool children will claim that the bram is
responsible for some aspects of memal lile,
typically those invelving deliberative  mental
work, such as solving math problems. But
preschoolers will also claim that the brain is
not involved in a host of other activities, such as
pretending o be a kangaroo, loving one’s brother,
or brushing one’s teeth (5. /7). Similarly, when
told about a brain transplant from a boy 1o a pig.
they believed that vou would get a very sman
pig. but one with pig belicls and pig desires (/5),
For voung children, then, much of menal life is
not linked to the bram.

The strong intuitive pull of dualism makes 1
difficult for people to accept what Francis Crick
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called “the astonishing lyypothesis™ (/%) Dual-
1sm 15 mistaken—mental lile emerges from
physical processes. People resist the astonishing
hypothests in ways that can have considerable
social implications, For onc thing, debates about
the moral status of embryvos, fetuses, stem cells,
and nonhuman amimals are sometimes framed in
tenms of whether or not these entities possess
immaterial souls (240, 24y What's more, certain
proposals about the role of evidence from
functional magnetic resonance imaging in crim-
inal trials assume a strong form ol dualism (22),
11 has been argued, for instance, that il one could
show that a person’s brain s involved in an act,
then the person himsell’ or hersell s not
responsible, an excuse dubbed “my bram made
me do it (23), These assumpuions about moml
status and personal responsibility refleat a
protound resistance to lndings from psychology
and neuroscience,

The main reason why people resist cortain
scientific findings, then, is that many of these
lindings are unnatural and unintuitive. But this
does not explain cultural differences in resistance
to science. There are substantial dilferences, for
example, in how quickly children from dilferent
countrics come 0 leam that Earth is a sphere
(Jthy, There is also variation across countries in
the extent of adult resistance to science, including
the linding that Americans are more resistant 1o
evolutionary theory than are citizens of most
other countrics (24),

Part of the explanation for such cultural
differences lics m how children and adulis pro-
cess dilferent types of information. Some culture-
specilic information is not associated with any
particular source; it is “common knowledge™ As
such, learning of this tvpe of information
generally bypasses cntical analysis. A protoiyp-
ical example is that of word meanings. Evervone
uses the word “dog™ 10 reler to dogs. so children
casily leam that this is what they are called (23).
Other examples include beliet in germs and
clectrcity. Their existence is generally assumed
in dayv-io-day conversation and is not marked as
uncertain, nobody says that they “believe in
clectricity.” Hence, even children and adults with
little scienuific background belicve that these
imvisible entities really exist (246).

Other miormation, however, s explicitly as-
serted, not acitly assumed. Such asseried infor-
mation s associaed with cenain sources. A
child might noic that science teachers make
surprising claims about the origin of  human
beings, for instance, whercas their parents do not.
Furthenmone, the tentative status of this infor-
mation is sometimes explicitly marked; people
will assen that they “believe in evolution,”

When faced with this kind of asseried in-
formation, one can oceasionally  evaluate its
truth dircctly. But in some domains, including
much of science, direct evaluation is difficult or
impassible. Few of us are qualified 10 assess
claims about the merits of string theory, the role
of mercury in the ctiology of autism, or the
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existence of repressed memorics. So rather than
cvaluating the asserted claim itself, we instead
evaluaie the clmm’ source. If the source is
deemad trustwonhy, people will believe the
claim, often without really understanding it
Consider, for example, that many  Amencans
who claim 1w believe in natural selection are
unable 1o accurately desenbe how natural sclee-
tion works (7). This suggests that their beliel is
not necessarily mooted in an appreciation of the
evidence and arguments. Rather, this scientifi-
cally credulous subpopulation aceepis this infor-
mation because they trust the people who say it
is true,

Science 1s not special here; the same process
of deference holds for conam religious, moril,
and political belicts as well. In an illustrative
recent study, participants were asked their
opinion aboul a social welfare policy that was
described as being endorsed by either Democrats
or Republicans, Although the participants sin-
cerely believed that their responses were based
on the objective merits of the policy. the major
determinant of what they thought of the policy
was, in fact, whether or not their favorad political
party was said 1o endorse it (27). Additionally,
many of the specilic moral inwitions held by
members of a society appear 1o be the conse-
quence, nod of personal morl contemplation, but
of deference to the views ol the community (28).

Adults thus rely on the ustworthiness of the
source when deciding which asserted claims 1o
believe. Do clildren do the same? Recent studies
suggest that they do: children, like adulis, have at
lesst some capacity o assess the rustworthiness
of their information sources. Four- and five-yvear-
olds, for instance, know that adults know things
that other children do not (like the meaning of the
word “hypochondriac™) (29), and when given
conflicting information from a child and from an
adult, they prefer o leam from the adult (30).

They know that adulis have different arcas of

cxpenise: Doctors know how o fix broken arms,
and mechanics know how 1o fix Matvires (37, 32).
They prefer to learn from a knowledgeable
speaker than from an ignomnt one (2%, 33), and
they pretier a confident source (o a tentative one
(34). Finally, when S-ycarolds hear about a
competition whose outcome was unclear, they
are more likely o belicve a person who claimed
that he had lost the mee (a statement that goes
against his self-interest) than a person who
claimed that he had won the race (a staicment
that goes with his seli=interest ). Ina limited sense,
then, they are capable of cynicism (3.5),

These developmental data suggest that resist-
ance 1o science will arse in children when
scientific claims clash with carly emerging,
intuitive expectations, This resistance will persist
through adulthood i the scienufic claims are
contested within a society, and n will be espe-
cially stromg 11 there is a nonscientific altemative
that is rooted in common sense and championed
by people who are thought of as rcliable and
trustworthy, This is the cumrent situation in the
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United States, with regard 1o the central tenets of

neumscicnee and evolutionary biology, These
concepts clash with mtuitive beliels about the
inmaterial nature of the soul and the pumosciul
design of humans and other animals, and (in the
United States) these beliels ane particularly likely
o be endorsed and transmitted by trusted reli-
giows and political authontics (24), Henee, these
liclds are among the domains where Americans’
resistance o science is the strongest,
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The New Synthesis in

998

Moral Psychology

Jonathan Haidt

People are selfish, yet morally motivated. Morality is universal, yet culturally variable. Such
apparent contradictions are dissolving as research from many disciplines converges on a few
shared principles, including the importance of moral intuitions, the sodally functional (rather
than truth-seeking) nature of moral thinking, and the coevelution of moral minds with cultural
practices and institutions that create diverse moral communities. | propose a fourth principle
to guide future research: Morality is about more than harm and fairness. More research is
needed on the collective and religious parts of the moral domain, such as loyalty, authority,

and spiritual purity.

{ you ever become a contestant on an un-

usually crudite guiz show, and you are asked

to explain buman behavior in two seconds
or less, vou might want to sy “self-interest.”
Adter all, cconomic models that assume only a
motive for sell-interest perfonm reasonably well,
However, il vou have time to give a more
nuanced answer, vou should also discuss the
moral motives addressed in Table 1. Try
answering those questions now. 1 vour total
tor column B is higher than vour total lor column
A, then congrulations, vou are Home moralis, nol
Heomer economicns. You have social motivations
beyvond direct sell-imterest, and the latest rescarch
i mowal peyehology can help explain why.

In 1975, E. O. Wilson (/) predicted that
ethics would soon be incorporated into the “new
synthesis” of sociobiology. Two psychological
theories ol his day were ethical behavionsm
{values are Jeamed by reinforcement) and the
cognitive-developmental  theory of  Lawrence
Kohlberg (social experiences help children
consiruct an increasingly adequate understand-
ing of jusiice). Wilson believed that these wo
theories would soon merge with research on the
hypothalamic-limbic svstem, which he thought
supported the moral emotions, o provide a
comprchensive accoum of the origins and
mechanisms of morality,

As it umed out, Wilson got the ingredients
wrong, Ethical behavionsm faded with behav-
iwonsm. Kohlberg's approach did grow 1o domi-
nate moral psychology for the next 15 vears, but
because Kohlbere focused on conscious verbal
reasoning, Kohlbergian psychology forged s
interdisciplinary links with philosophy and edu-
cation, rather than with hiology as Wilson had
hoped. And finally, the hypothalamus was found
to play litle role in moral judgment.

Diespite these errors in detail, Wilson got the
big picture rght. The synthesis began in the
19940 with a new set of ingredients, and it has
transtommed the study of morality woday, Wilson
was also nght that the key link between the

social and natuml sciences was the study of
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emotion and the “emotive centers™ of the brain,
A quantitative analysis of the publication
database in psychology shows that rescarch on
morlity and emotion grew steadily in the 19805
and 1990s (relative to other topics), and then
grew very mpidly in the past 5 years (fig. S1).

[n this Review, | suggest that the key factor
that catalyzed the new synthesis was the
“affective revolution”™ of the 1980s—the -
crease in research on emotion that followed the
“cognilive revolution” of the 19605 and 19705, |
deseribe three principles, each more than 100
years obd, that were revived during the affective
revolution, Each principle links together insiglhts
from several felds, pantieularly social psvehol-
ogy, neumoscience, and evolutionary theory. |
conclude with a fourth pranciple that T believe
will be the next step in the synthesis,

Principle 1: Intuitive Primacy

{but Not Dictatorship)

Kohlberg thought of children as budding moral
philosophers, and he studied their reasoning as
they struggled with moral dilemmas (eg., Should
a man steal a drug o save his wile's Nife?). But in
recent vears, the imponance of moril reasoning
has been questioned as social psychologists have
increasingly embeaced a version of the “aftective
primacy” principle, aniculated i the 1890s by
Wilhclm Wundt and greatly expanded in 1980 by
Robert Zajone (2). Zajone reviewad evidence that
the human mind is composed of an ancient,
automiatic, and very fast affective system and a
phylogenctically newer, slower, and motivation-
ally weaker copnitive sysiem. Zajonc’s basic
point was that brains are always and automatically
cvaluating cverything they perceive, and that
higher-level human thinking is preceded, per-
meated, and influenced by aftfective reactions
(simple feelings of like and dislike) which push
us gently (or not so gently) woward approach or
avoidance.

Evolutionary approaches o morality general-
ly suggest affective primacy, Most propose that
the building blocks of human momlity arce
emotional (3, 4) (e.g., sympathy in response 1©
suflering, anger sl nonreciprocators, alleetion for
kin and allicsy and that some carly forms of these

building blocks were already in place betore the
hominid line split off from that of Pan 5 w0 7
million years ago (3 Language and the ability to
engage In conscious moral reasoning came much
later, perhaps only in the past 100 thousand vears,
so 11 15 implausible that the neuml mechanisms
that control human judgment and behavior were
suddenly rewined to hand control of the organism
over 1o this new deliberative Faculey.

Social-psychological research strongly sup-
ports Zajonc’s claims abowt the speed and
ubiquity of affective reactions (6). However,
many have objectad 1o the contrast of “aflect”
and “cognition,” which scems 1w imply tha
alfective meactions don’t involve information
processing or computation ol any kind. Zajone
did not say that, but 10 avoid ambiguity | have
drawn on the work of Bargh (7) to argue that the
most uselul commst for moml psvchology is
between two Kinds of cognition: moral intuition
and moral reasoning (8. Mol intuition refers o
fast, avtomatic, and (usually) affect-laden pro-
cesses in which an evaluative feeling of good-bad
or like-dislike {about the actions or character
of a person) appears in consciousness without
any awareness of having gone through steps of
search, weighing evidence, or inferning a conclu-
sion, Mol reasoning, in contrist, is a controlled
and “cooler” (less affective) process: it is con-
scious mental activity that consists of ransfonn-
ing information about people and their actions in
order 1o reach a moral judament or decision,

My attempt 1o illustrate the new synthesis in
moral psyvehology is the Social Intuitionist Model
(8), which begins with the mtuitive primacy
principle. When we think about sticking a pin
ino a child’s hand, or we hear a story about a
person slapping her father, most of us have an
automatic intuitive reaction that includes a flash
of negative affect. We olien engage in conscious
verbal reasoning too, but this controlled process
can occur only afier the first avtomatic process
has mun, and it is ofien influenced by the initial
moral inwition. Moral reasoning, when it oc-
curs, is usually a post-hoc process in which we
search for evidence to suppon our initial intuitive
reaction.

Evidence that this sequence of events is the
standard or default sequence comes from studics
ndicating that (1) people have nearly  instam
mplicit reactions o scenes or storics of moral
violations (¥); (i) affective reactions are usually
zood predictors of moral judgments and behav-
iors 4 S0, A i) manipulating emotional reac-
tions, such as through hypnosis, can aller moral
judgments (£2): and (iv) people can sometimes
be “momlly dumbfounded™ they can know
intitively that something is wrong, even when
they cannot explain why (¥, /3). Furthermore,
studics of evervday reasoning (/4) demonstrate
that people gencrally begin reasoning by sctting
out w confinm their initial hypothesis, They
rarcly seck disconlirming evidence, and are
quite good @ finding suppont for whatever they
want 1o believe (135).
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The importance of allect-laden
intuitions is a central theme of
neuroscientific work on morality,
Damasio (76) found that paticnts
who had sustained damage 10 cer-
tain arcas of the prefrontal conex
retaned their “cognitive™ abilitics
by mos measures, including 10 and
explicit knowledge of right and
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Table 1. What's your price? Write in the minimum amount that someone would have to pay you {anonymously and
secretly) to convince you to do these 10 actions. For each one, assume there will be no social, legal, or material
consequences to you afterward. Homo economirus would prefer the option in column B to the option in column A for action
1 and would be more or less indifferent to the other four pairs. In contrast, a person with moral motives would (on average)
require a larger payment to engage in the actions in column B and would feel dirty or degraded for engaging in some of
these actions for personal enrichment. These particular actions were generated to dramatize moral motives, but they also
illustrate the five-foundations theory of intuitive ethics (41, 42).

How much money would it take to get you to...

wrong, but they showed massive Column A Column B Moral
emotional delicits, and these def category
icits erippled their judgment and — q) Stick a pin into your palm. Stick a pin into the palm of a child you Harm/
decision-making, They lost the don't know. care
ability o feel the nomal flashes of 5 §

alfect that the rest of us feel when ) Accept a plasma screen television that a Accept a plasma screen television that a Fairness/
we simply hear the words “slap friend of yours wants to give you. You friend of yours wants to give you. You reciprocity
your father.” They lost the ability to know that your friend got the television a know that your friend bought the TV a

use their bodies—or, at least, to in- year ago when the company that made it year ago from a thief who had stolen it

tegrate nput from brain arcas that sent it, by mistake and at no charge, to from a wealthy family.

miap bodily reactions—to feel what your friend.

they would actually teel ifthey were 5 5

in a given situation. Later studies of’ 3 Say something slightly bad about your Say something slightly bad about your Ingroup/
moral judgment have confimed the nation (which you don't believe to be nation {which you don’t believe to be loyalty
importance ol arcas of the medial true) while calling in, anenymously, to a true) while calling in, anonymously, to

prefrontal cortex, including ventro- talk-radio show in your nation. a talk-radio show in a foreign nation.

medial prefrontal cortex and the 5 3

medial frontal gyrus (/7. 18). These  g) Slap a friend in the face (with histher Slap your father in the face (with his Authority/
areas appear o be crucial for in- permission) as part of a comedy skit. permission) as part of a comedy skit. respect
tegrting affect (including  expec- s s

tations of reward and punishment) — 5) Attend a performance art piece in which Attend a performance art piece in Purity/
into decisions and plans. Other the actors act like idiots for 30 min, which the actors act like animals for 30 sanctity

arcas that show up frequently in
functional magnetic resonance im-
aging studics include the amygdala

including failing to solve simple
problems and falling down repeatedly on
stage,

min, including crawding around
naked and urinating on stage.

and the frontal msula (9, {1, 16).
These ancas scem w0 be mvolved in

&

Total for column A: 5

§

Total for column B: §_

sounding a kind of alarm, and for
then “tiliing the pinball machine,”
as it were, 1o push subsequent processing in a
paricular direction.

Allective reactions push, but they do nol
absolutely force. We can all think of times when
we deliberated about a decision and went against
our {irst (ofien selfish) impulse. or when we
changed our minds about a person. Groene of af,
(/9 caught the beain in action overriding its
imitial inuitive response. They created a class of
difficult dilemmas, for example: Would vou
smother yvour own baby if 1t was the only way
to keep her from crying and giving away your
hiding place 10 the enemy soldicrs looking for
you, who would then kill the whole group of you
hiding in the basemem? Subjects were slow o
respond 0 cases like these and, along the way,
exhibited increased activity in the anterior cingu-
late cortex, a brain region that responds o inter-
nal conflict. Some subjects said “yes™ 0 cases
like these, and they exhibited increased activity in
the dorsolateral prefrontal conex, suggesting that
they were doing additional processing and
overriding their inital flash of horror,

There are at least three ways we can overnide
our immediate intuitive responses, We can use
conscious verbal reasoning, such as considering
the costs and benelits of cach course of action,
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We can reframe a situation and see a new angle
or consequence, thereby triggering a second
flash of imuition that may compete with the
first. And we con talk with people who raise
new arguments, which then trigger in us new
lashes of intwition ollowed by various kinds of
reasoning. The social intuitionist model includes
separate paths for cach of these three ways of
changing one’s mind, but it says that the first
two paths are mrely used, and that most moral
change happens as a result of social interaction.
Other people often nfluence us, In part by
presenting the counterevidence we mrely sock
out oursclves. Some researchers believe, how-
ever, that private, conscious verbal reasoning is
cither the ultimate authority or at least a fre-
quent contributor 0 our moral judgments and
decisions (19-21). There are at present no data
on how people revise their inatial judgments in
everyday life (outside the lab), but we can look
more closely at research on reasoning in generml,
Whan role is reasoning I o play?

Principle 2: (Moral) Thinking Is for
(Social) Doing

Dunng the cognitive revolution, many psychol-
ogists adopted the metaphor that people arc

“inuitive scientisis” who analyee the evidence
of evervday experience (o construct internal
representations of reality. In the past 15 vears,
however, many researchers have rediscovered
William James” pragmatist dictum that “think ing
is for doing.” According w this view, moral
reasoning is not like that of an idealized scientist
or judge seeking the truth, which is ofien useful:
rather, morml reasoning is like that of a lawver or
politicin seeking whatever is uselul, whether or
not i is true,

One thing that 15 always wseful is an
cxplanation of what vou just did. People in all
socicties gossip, and the ability 1o track reputa-
tions and bumish onc’s own s crucial in most
reeent accounts of the evolution of human
momlity (22, 23). The first rule of life in a dense
web of gossip is: Be careful what you do, The
second male is: What vou do matiers less than
what people think vou did, s0 vou'd betier be
able 1o frme your actions in a positive light,
You'd better be a good “intuitive politician™ (24).
From this social-functionalist perspective, it s
not swrpnsing that people are genermlly more
accunate in their predictions of what others will
do than in their (morally rosier) predictions abou
what they themselves will do (25), and it is not
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sumpmising that people so readily invent and
confidently tell stones to explain their own
brehaviors (26), Such “confabulations™ arc often
reported in neuroscientific work; when brain
damage or surgery craates bizarme behaviors or
belicts, the patient rarcly says “Gosh, why did |
do that? Rather, the patient’s “interpreter
module™ (27) stuggles heroically 1o weave a
story that is then offered confidently 1o others,
Moral reasoning is ofien like the press seerctary
for a seeretive administration—constantly gen-
erating the most persuasive arguments it can
muster for policies whose true origins and goals
are unknown (4, 28}

The third rule of lile in a web of gossip 1 Be
prepared for other people’s atiempls 1o deceve
and manipulate you. The press secretary’s pro-
nouncements usually contain some useful in-
formation, so we attend 1o tham, but we don’t
take them at face value, We casily switch into
“imtuitive prosecutor” mode (24), using our
reasoning capacitics 1o challenge poople’s ex-
cuscs and to seck out—or fabrcate—evidemee
against people we don’t like. Thalia Wheatley
and 1 (12) recently created prosccutorial moral
confabulations by giving hy pnotizable subjects a
post-lypnotic suggestion that they would feel a
Nash of disgust whenever they read a previously
neutral word (Mtake” for half the subjects; “ofien”
for the others). We then embedded one ol those
two words in six short stories about moral
violations (¢.g2., accepling bribes or eating one’s
dead pet dog) and found that storics that included
the disgust-enhanced word were condemned
more harshly than those that had no such Mash.

To test the limiting condition ofthis effeet, we
included one story with no wrongdoing, abouwt
Dan, a student council president, who organizes
faculiy-siudent discussions. The story included
one of two versions of this sentence: “He [iries o
take ) [often picks] wopics that appeal o both
professors and studenis in order W stimulate dis-
cussion.” We expected that subjects who el a
{Tash of disgust while reading this sentence would
condemn Dan (intwitive primacy), search for a
Justification (post-hoc reasoning ), il 1o find one,
and then be forced o override their hypnotically
induced gut fecling usimg  controlled  processes.
Most did. But to our surpnise, one third of the
subjects in the hypootic disgust condition (and
none in the other) said that Dan's action was
wrong (o some degree, and a fow came up with the
son of post-hoc confabulations that Goezaniga
reported in some split-brain patients, such as
“Dan is a popularity-secking snob™ or “lt jusi
seems like he's up to something.” They invented
redsons o make sense ol their otherwise inex-
plicable feeling of disgust

When we engage in moral reasoning, we are
using relatively new cognitive machinery that
was shaped by the adaptive pressures of life in a
reputation-obsessed community. We are capable
of using this machinery dispassionately, such as
when we consider abstract problans with no
personal ramifications, But the machinery itsell
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was “designed” 1o work with affect. not free of

i, and in daily life the environment usually
obliges by trigeenng some allective responsc.
But howy did humans, and only humans, develop
these gossipy communitics in the first place?

Principle 3: Morality Binds and Builds

Nearly every treatise on the evolution of morality
covers two processes: Kin sclection (genes for
altruism can evolve ifaltruism is targeted at Kin)
and reciprocal altruism (genes for altruism can

principle, | suggest, is the insight of the
sociologist Emile Durkheim (30) that momality
binds and builds; it constrams individuals and ties
them 1o cach other o create groups that are
cmergent entitics with new propertics,

A moral community has asctofsharad nomms
about how members ought o behave, combined
with means for imposing costs on violators and or
channcling benetits 1o cooperators, A big step in
modeling the evolution of such communitics is
the extension of reciprocal alimism by “indirect
reciprocity™ (34) in which vinue pavs
by improving one's reputation, which

i

o

ln\‘h\"
LS e Y

s

LT Harm

Purity

How relevant to moral judgment? (1=never, 6=always)

-
1

Faimess

== Ingroup
== Authority

elicits later cooperation from others,
Repuation is a powerful force for
strengthening and enlarging moral
communities (as users ol chay.com
know k. When repeated-play behavioral
ceonomics games allow plavers o
know cach others” reputations, coop-
craion rates skvrocket (29). Evolu-
tonary models show that mdirect
reciprocity can solve the problem of
frec-riders (which doomed simpler
models olaltruism) in moderately large
groups (320, as long as people have
access W information aboul reputations
e, gossip) and coan then engage in
low-cost punishment such as shunning.

However the process began, carly
humans sometimes found wavs o
solve the free-rider problem and o live
in larger cooperative groups. In so
doing, they may have stepped through

l Liberal
I
Iml Slig

Slightl
SHone lightly

conservative
Politics

Fig. 1. Liberal versus conservative moral foundations.
Responses to 15 questions about which considerations are
relevant to deciding “whether something is right or wrong.”
Those who described themselves as "very liberal” gave the
highest relevance ratings to questions related to the Harm/
Care and Faimess/Rediprocity foundations and gave the lowest
ratings to questions about the Ingroup/Loyalty, Authority/
Respect, and Purity/Sanctity foundations. The more consernv-
ative the participant, the more the first two foundations
decrease in relevance and the last three increase [0 = 2811;
data aggregated from two web surveys, partially reported in
(41)]. All respondents were citizens of the United States. Data
for 476 citizens of the United Kingdom show a similar pattern.

The survey can be taken at www.yourmorals.org.

cvolve i altruism and vengeance are targeied at
those who do and don’t return favors, respective-
Iv). But several researchers have noted that these
two processes cannot explain the exiraondinary
degree 1o which people cooperate with strngers
they' Il never meet again and sacrifice for large
groups composed of nonkin (23, 29). There must
have been additional processes at work, and the
study of these processes —especially those that
unite cultural and evolutionary thinking —is an
exciting pant of the new synthesis. The unilying

| Moderate |Cmn§mh&[
Very

a major transition in evolutionary
history (33). From prokarvotes 1o
cukarvoles, from single-celled orga-
nisms 1o plants and animals, and from
individual animals 1o hives, colonies,
and cooperative groups, the simple
rules of Darwinian evolution never
change. but the complex game of life
changes when radically new kinds of
players take the fHicld. Ant colonics are
a kind of super-organism whose prolil-
eration has altered the ecology of our
planct. Ant colonics compete with cach
other, and group sclection therelore
shapad ant behavior and made ants
extrodinarily cooperative within their
colonics, However, biologists have
lomg resisted the dea that group sc-
lection contributed o human aliruism
because human groups do not resinet breeding
io a single queen or breeding pair. Genes related
to altruism for the good of the group are there-
fore vulnerable to replacement by genes related
o more selfish free-riding strategies. Human
group selection was essentinlly  declared off-
limits in 1966 (34),

In the following decades, however, severl
theorists realieed that human groups engage in
cultural practices that modify the circumstances
under which genes are sclected. Just as a
moditicd gene for adult lactose tolerance evolved
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i tandem with cultural practices of raising dairy
cows, so modified genes for moml motives may
have evolved i tandem with culumal practices
and institutions that rewarded group-benelicial
behaviors and punished selfishness. Psychologi-
cal mechanisms that promote uniformity within
groups and maintain differences across groups
create conditions in which group sclection can oc-
cur, both for cultural traits and for genes (23, 33)
Even il groups vary litde or not at all genctically,
groups that develop nonms, practices, and insti-
tutions that «licit more group-beneficial behavior
can grow, attract new members, and replace less
cooperative groups. Funhenmore, preagricultural
human groups may have engaged i warfare
often enough that group selection altered gene
frequencies as well as culwml pracnees (346).
Modificd genes for extreme group solidanty
during times of conflict may have evolved in
tarndem with cultural practices that led to greater
SUCCESS In war,

Humans attain their extreme group solidarity
by forming moml communitics within which
selfishness s punished and vinue rewarded.
Durkheim believed that gods played a crucial
role in the formation of such communities. He
saw religion as “a unified system of beliels and
practices relative o sacred things, that is 1o say,
things sct apart and forbidden— beliefs and
prctices which unite into one single moral
community called a church, all those who adhere
to them™ (30, D, S Wilson (35) has argued that
the coevolution of religions and religious minds
created condiions in o which mulilevel group
selection operated, ransforming the older moral-
ity of small groups ino a more wribal fom that
could unite larger populations. As with anis,
proup selection greatly  increased  coopermtion
within the group, but in part [or the adaptive
purpose of success in conflict between groups.

Whatever the origins of religiosity, nearly all

religions have culturally evolved complexes of

practices, stones, and nonms that work wgether o
suppress the sell and connect people o some-
thing beyond the self. Newberg (37) found that
religious experiences often involve decressed
activity in brain arcas that maintain maps of the
sells boundarics and position, consistent with
widespread reports that mystical expericnces
imvalve teehngs of merging with God or the
universe, Swdies of ntwal, particulardy  those
invalving the sort of synchronized motor move-
ments common in religious rites, indicaie that
such rituals serve 1o hind participanis wgether in

what is ofien reported to be an ecstatic state of

union (38 Recent work on mimor neurons
indicates that, whereas such neurons exist in
other primates, they are much more numenous in
human beings, and they serve to synchronize our
feclings and movements with those of others
around us (39). Whether people use their mimor
neurons o feel another’s pain, enjoy a synchro-
mized dance, or bow m unison toward Mecea, 1t
is clear that we are proparcd, neurologically,
psychologically, and culturally, to link our con-
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sCipusness, our emotions, and our molor move-
ments with those of other people.

Principle 4: Morality |s About More

Than Harm and Fairness

I 1 asked vou w deline morality, you'd probably
say it has something o do with how people ought
to treat each other Nearly every rescarch
program in morl psvchology has focused on
one of two aspects of interpersonal treatment: (i)
hamm, care, and aliruism (people are vulnermble
and ofien need protection) or (i) [airness,
reciprocity, and justice (people have rights
certain resources or kinds ol tneatment). These
two wopics bear o sinking match o the two
evolutionary mechanisms of kin selection (which
presumably made us sensitive 1o the suflering
and needs of close kin) and reciprocal altraism
{which presumably made us exquisitely sensitive
1o who deserves what). However, if group selee-
tion ded reshape buman morality, then there might
be a kind of inbal overday (23)
ol cultuml practices and moml intuitions—that
are not about how 1o treat other individuals but
about how 1o be a pant of a group, especially a
group that is competing with other groups.

In my cross-cultural research, | have found
that the moral domain of educated Westemers is
narrower—more focused on ham and firness
than it is elsewhere, Extending a theory from cul-
tural paychologist Richard Shweder (40), Jesse
Graham, Craig Joseph, and [ have suggested that
there are five psychological foundations, cach
with a separate evolutionary origin, upon which
human cultures construct their moral commu-
nities (47, 42). In addition 1o the ham and fair-
ness loundations, there are also widespread
inwitions about ingroup-outgroup dynamics and
the importance of loyvalyy; there are intuitions
about authonty and the imponance of respect and
obedience: and there are imuitions about bodily
and spiritual purity and the imporance of living
in a sanctificd mther than a camal way. And it's
not just members of taditional societies who
draw on all five foundations; even within West-
ern socictics, we consistently find an ideological
elfect in which religious and cultural conserva-
tives value and rely upon all five foundations,
whercas liberals value and rely upon the harm
and faimess foundanons primarily (Fig. | and
Table 1).

Rescarch on morality bevond  harm and
faimess is in s infancy; there is much o be
leamed. We know what pans of the brain are
active when people judge siorics about run-
away trolleys and unfair divisions of money.
But what happens when people judge stories
aboul treason, disrespect, or gluttony? We
know how children develop an ethos of caring
and of justice, But what about the development
of patriotism, respeet lor tradiion, and a sense
of sacredness? There is some rescarch on these
questions, but it 1s not yet part of the new svn-
thesis, which has focused on issues related 10
harm and fairness,

a coevolved set
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In conclusion, if the host of that enudite quiz
show were o allow vou 6 seconds 1o explan
human belavior, yvou might consider saving the
following: People are self=interested, but they
also care about how they (and others) trea
people, and how they (and others) panticipate in
groups. These moral motives are implemented in
large part by a varety of affect-laden intuitions
that anse quickly and awomatically and then
influcnce controlled processes such as moral
reasoning. Moral reasoning can correet and
overfide moral inwition, though it is more
commonly performed in the service of social
goals as people navigate their gossipy worlds,
Yot even though morality is partly a game of self-
promotion, people do sincerely want peace,
decency, and cooperation o preval within their
groups. And because morality may be as much a
product of cultural evalution as genetic evolu-
tion, it can change substantially in a generation
or two. For example, as technologieal advances
make us more aware of the fie of people in
faraway lands, our concems expand and we
increasingly want peace, decency, and cooper-
tion to prevail in other groups, and in the human
group as well.

References and Notes

1. E 0. Wilson, Sociebiology (Harvard Univ. Press,
Cambridge, MA, 1975).

Z. R B. Zgjong, Am, Psychol 35, 151 (1980).

3. R L Trivers, {. Rew Biol 46, 35 (1571}

4. M. Hauser, Moral Minds How Nofure Designed our
Universal Sense of Right and Wrong (Harper Collins,

Niw Yok, 2006).

5. 1. C. Flack, F. B. M. de Waal, in Evalutionary Oviging af
Marality, L D, Katz, Ed. (Imprint Academic, Thorverton,
UK, 2000), pp. 1=29.

6. R H. Fario, D M, Sanbonmatsu, M. C. Powell,

F. R. Kardes, |, Pers, Soc. Pgychal, 50, 229 (1984).

. 1. A Bargh, T. L Chartrand, Am, Psychal. 54, 462 (1999).

|. Haidt, Psychel, Rev. 108, 814 {2001).

Q. Luo et al., Neursimage 30, 1449 (2006).

C. . Batsan, Adv. Fxp. Soc. Paych. 20, 65 (19870,

A G. Sanfey, ). K. Riling, ]. A. Aronson, L E. Nystrom,

]. D. Cohen, Science 300, 1755 (2003),

. T. Wheatley, |. Haidt, Psychol, Sci. 16, 780 (2005).

. F. Cushman, L. Young, M. Hauser, Peychol. Sci. 17, 1082

{2006).
14. D. Kuhn, The Skills of Argument (Cambridge Univ. Press,
Cambridge, 1991).
15. Z Kunda, Peechol, Bull, 108, 480 (1990).
16. A Damasio, Locking for Spinaze (Marcourt, Orlando,
FL. 2003).

17. 1. D. Greene, R. B. Semmerville, L. E. Mystrom,

. M. Darley, 1. D. Cahen, Science 293, 2105 (2001).
18. |. Greene, |. Haidt, Trends Cogm. 5ci. 6, 517 (2002).
19. ]. D. Greene, L. E. Nystrom, A D. Engell, | M. Darley,
1. D. Cohen, Neuron 44, 389 {2004).

20. 0. A Pizarro, P. Bloom, Pychel Rew. 110, 193 (2003).

21. E Turiel, in Handbook of Child Pgcholagy, W. Damon,
Ed. (Wiley, New York, ed. &, 2006).

22. R Dunbar, Grooming, Gossip, and the Evolution of
Longuage (Harvard Univ. Press, Cambridge, MA, 1996).

23. P . Richerson, R. Bayd, Not by Genes Alone: How Culture
Transformed Human Evelution (Univ. of Chicage Press,
Chicage, IL, 2005).

24, P, E. Tetlock, Psychal. Rev. 109, 451 (2002},

25. M, Epley, D. Dunning, . Pers. Soc. Pochol 79, 861
(2000).

26. R E Misbett, T. D. Wilson, Psychol. Rew. 84, 231 (1977).

27. ML 5. Gamaniga, The Social Broin (Basic Books,
Mew York, 1985).

FBwomu

e

18 MAY 2007

1001



REVIEWS

1002

28, T, D, Wilson, Strongers fo Qurselves: Discovering the
Adoptive Unconscious (Belknap Press, Cambridge, MA,
2002).

29, E Fehr, |. Henrich, in Genetic and Cultural Evelution of
Cooperation, P. Hammerstein, Ed, (MIT Press, Cambridge,
Ma, 2003),

30. E Durkheim, The Elementary Forms of the Refigious Life
{1915; reprint, The Free Press, New York, 1965).

A Critigue of Some Curvent Evolutionary Thought
(Princeton Univ. Press, Princeton, NJ, 1966).

35. 0. S. Wilson, Darwin s Cathedral: Evelutian, Religian,
and the Natwre of Socety (Univ. of (hicago Press,
Chicage, 1L, 2002,

36. 5 Bowles, Science 314, 1569 (2006).

37, A Mewberg, E. D'Aquili, V. Rause, Why God Won't Go
Away: Brain Science and the Biology of Befief (Ballantine,

3L M. A, Nowak, B Shgmund, Naotuwe 437, 1291 New York, 2001}
(2005). 38. W. K. McNeill, Keepmg Fogether in Time: Dance and Drill

32, K. Panchanathan, R Boyd, Nafure 432, 499 in Human Histary (Harvard Univ. Press, Cambnidge, Ma,
(2004). 1995),

33, ). Maynard Smith, E. Szathmary, The Major Transitions in 39. V. Gallese, C. Keysers, G. Rizzolatti, frends Cogn. 5o, 8,
Evolution (Oxford Univ. Press, Oxford, UK, 1997). 396 (2004).

34, G. C. Willkams, Adoptation and Notural Selection: 40. R. A Shweder, N. C. Much, M. Mahapatra, L. Park, in

Marality and Health, A. Brandt, P, Rozin, Eds. (Routledge,
Mew York, 1997), pp. 119-169.

41 ). Haidt, . Graham, Soc. Justice Res, in press.

42. |. Haidi, C. Joseph, in The Innate Mind, P, Carruthers,
5, Laurence, 5. Stich, Eds. {Qxford Univ, Press, New York,
in press), wol. 3,

43, | thank D. Batson, R, Boyd, D Fessler, ). Graham,
]. Greene, M. Hawser, D. Wegner, D. Willingham, and
D. 5. Wilson for helpful comments and cerrections.

Supporting Online Material
WA sciencemag ongfogiicontentull3 165827/ 998/DC 1

Figs. 51 and 52
References
10,1126/ cience, 1137651

Embodying Emotion
Paula M. Niedenthal*

Recent theories of embodied cognition suggest new ways to look at how we process emotional
information. The theories suggest that perceiving and thinking about emotion involve perceptual,
somatovisceral, and motoric reexperiencing (collectively referred to as “embodiment”) of the
relevant emotion in one’s self. The embodiment of emotion, when induced in human participants
by manipulations of facial expression and posture in the laboratory, causally affects how emotional

information is processed. Congruence between the recipient’s bodily expression of emotion and
the sender’s emotional tone of language, for instance, facilitates comprehension of the
communication, whereas incongruence can impair comprehension. Taken all together, recent
findings provide a scientific account of the familiar contention that "when you're smiling, the

whole world smiles with you.”

ere is a thought expenment: A man
H_l__rm:. inte a bar 1o tell a new joke. Two

people are already in the bar One s
smiling and one is frowning. Who is more likely
to “pet” the punch line and appreciae hns joke?
Here is another: Two women ane walking over a
bridge. One is afraid of heights, so her hean
pounds and her hands tremble. The other is not
alraid at all. On ihe other side of the bridge, they
encounter a man. Which of the two women is
more likely o believe that she has just met the
man of her dreams?

You probably guessed that the first person of
the pair descnbed in cach problem was the right
answer. Now consider the following experimen-
tal Nindings:

1y While adopting cither a conventional
working posture or one of two so=called engo-
nomic postures, in which the back was strmight
and the shoubders were held high and back or in
which the shoulders and head were slumped,
cxperimental participams leamed that they had
succeeded on an achievement 1est completed
varlier. Those who received the good news in
the slumped posture felt kess proud and reported
being in a worse mood than panticipants in the
upright or working posture (/).

Centre National de la Recherche Scientifique (CNRS) and
University of Clermont-Ferrand, France. E-mail: niedenthal@
wist.edu

*Present address: Laboratoire de Psychologie Sociale et
Cognitive, Université Blaise Pascal, 34 fwenue Carmot,
63037 Clermont-Ferrand, France.

2} Images that typically evoke emotionally
“positive” and “negative” responses were pre-
senlad on a computer sereen. Expenmental
participants were asked to ndicate when a
picture appeared by quickly moving a lever.
Some participants were instructed o push a
lever away from their body, whereas others were
told w pull a lever toward their bodv. Par-
ticipanis who pushed the lever away responded
1o negative images faster than o positive im-
ages, whereas participants who pulled the lever
toward themselves responded faster w0 positive
images ().

3) Under the guise of studying the quality of

different headphones, participanis were induoed
cither w0 nod in agreement or 1o shake their
heads in disagreement. While they were “test-
ing” their headphones with one of these two
movements, the experimenter placed a pen on
the table in front of them, Later, a difforent ex-
permenter offered the participants the pen that
had been placed on the table carlier or a novel
pen. Individuals who were nodding their heads
prefemed the old pen. whercas participants who
had been shaking their heads preferred the new
one 13),

All of these studies show that there s a
reciprocal relationship between the bodily ex-
pression of emotion and the way in which
emotional information s atiended 10 and -
terpreted (Fig. 1) Charles Darwin himsell de-
fined attitude as a collection of moter behaviors
(especially posture) that conveys an organism’s
crmotional response wward an object (4). Thus,

it would not have come as any surprise to him
that the human body is involved in the ac-
quisition and use of attitudes and preferences.
Indeed, one speculates that Darwin would be
stisfied w0 leam that research reveals that (i)
when individuals adopt emotion-specilic pos-
tures, they report experiencing the associated
emotions; (1) when individuals adopt facial
expressions or make emotonal gestures, ther
preferences and atttudes are mtluenced: and (i)
when individuals' motor movements are in-
hibited, mterference in the expenence of cmo-
ton and processing of amotional information 15
observed (5). The causal relationship between
cmbodying emotions. feeling emotional states,

£5
AR

Fig. 1. Twoways in which facial expression has been
manipulated in behavioral experiments. (Top) In
order to manipulate contraction of the brow muscle
in a simulation of negative affect, researchers have
alfixed golf tees to the inside of participants” eye-
brows (42). Farticipants in whom negative emotion
was induced were instructed to bring the ends of the
golf tees together, as in the right panel. [Photo credit:
Psychology Press]. (Bottom) In other research, par-
ticipants either held a pen between the lips to
inhibit smiling, as in the left panel, or else held the
pen between the teeth to facilitate smiling (39).
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and acquiring and using information about cmo-
tion s curmently the subject of a substantial
amount of rescarch in psyvehology and neuro-
science. The way to understand this relationship
between bodily states of emotion and the manner
in which humans encode, represent, and usce
emotional information is the topic of this article,
In particular, | discuss insights that have been
stimulated by theones ol embodied cognition and
show how such theones account for the embod-
iment effects that you and Darwin might have
been able 1o inwit

Emotions and Theories of

Embodied Cognition

Umil recemly, psychologists and cognitive
scicntists have spent litde effort on the develop-
ment of complete models of the mental pro-
cessing of emotional information. This is tue
in spite of the et that such information prion-
lizes atlention (), access o word meaning ( 7),
and the organization ol matedal in memory (8).
For many scientists, emotion has
simply seemed fraught with oo
many difficulties 1o be considered
as i tractable topic of study.

One way 1o avoid the prob-
lems in stdving anotions s o
make them go away. Classic
models of information processing
in the cognitive sciences allow
sensory, motor, and cmotional
expericnce o be represented as
stipped of their perceptual and
expenential basis In such mod-
els, largely inspired by the meta-
phor of “mind as computer,”
information taken in by the dif-
ferent sense modalities is pne-
served in memory in the fomm
ol ahstract svmbols. These are
stored in a manner that is lfunc-
tionally separied from the ongi-
nal neural systems (those involved
in vision, olfaction, and audition,
for example) that encoded them
in the first place [(%, [0): sec (/)
and (12} For discussion]. Such
imformation-processing . models
render what  mdividuals know
about emotion equivalent o what
they know about most other
things. Conveniently, the models
also do away with the priority of cmotion in
information processing. And the sensory, motor,
and affective svstems are not required for think-
ing or language use.

There are other ways 1o think about infor-
mation processing, and these ways are clustered
under the label “theories of embodied cogni-
tion,” Although this approach provides an
onginal perspective and is based on methode-
logical and wechnological innovation, the basic
idea is actually very old (13) The asscrtion
common o recent instantiations of such theorics
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i that high-level cognitive processes (such as
thought and language) use partial reactivations
of states in sensory, motor, and affective systems
to do ther jobs (/4). Put another way, the
grounding for knowledge—what it refers to—is
the onginal neural stne that occumed when the
information was nitially acquired. I this is true,
then using knowledge is a lot like reliving past
experience in at least some (and sometimes all)
ol its sensory, motor, and affective modalities:
The brain captures modality-specific states dur-
ing perceplion, action, and interoception and
then reinstantiates pants of the same states 10
represent knowledge when needed,

Theories of embodicd cognition have now
been appliad to provide nigorous accounts of
cmotion and the processing of mmformaton
about emotion (5, 15). In this regard, experiene-
ing an emotion. perceiving an emotional
stimulus, and retrieving an emotional memory
all involve highly overlapping mental pro-
cesses, One schematic way that this might

Visual

Fig. 2. (Left) Activation of populations of neurons on visual, auditory, and
affective systems upon perception of the snarling bear is illustrated
schematically. (Right) Later, when remembering the appearance of the
bear, parts of the original states of the visual system are reinstated. These
then can act to reactivate the parts of the states that were originally active
in the other systems (5). [Photo credit: Jim Zuckerman/CORBIS]

work is illustrated in Fig. 2. As depicied, the
perception of an emotional stimulus, such as a
snarling bear, involves, among other responses,
seeing, heanng, and Reling consciously afraid
of the bear. Allogether, the neural, bodily, and
subjective feeling state might be called “fewr™
for the perceiver (although the same pattems
might be called “exhilaration”™ for another
perceiver or lor the same pereeiver in a dif
ferent context), Populations of neurons in the
modality-specilic sensory, motor, and aflective
systems are highly interconnected, and their

REVIEWS

activation supports the integrated, multimodal
experience of the bear,

Later, in just thinking about stumbling on the
bear, the neural states that represent { for example)
the visual impression of the bear can be neacti-
vated. The reinstantiation of a pattem of neurons
in one system cn then cascade 1o complete the
full pattermn in the others, Through the intercon-
nections of the populations of neurons that were
active during the orginal expencnee, a panial
multimodal reenactment of the experience is
produced (/6, /7). Crtically for such an account,
one reason that only pants of the original neural
states are reactivated is that attention is selectively
focused on the aspects of the experience that are
most sabient and importam for the mdividual,
These then are the aspects that are most likely w
be stored for later reactivation (/2). Because
emotions are salient and functional, this aspeat
of experience will certamnly be preserved (8),

In theories of embodied cognition, using
knowledge —as in recalling memories, drawing
inferences, and making plans—is
thus called “embodicd™ because
an admitiedly incomplete but cog-
nitively uselul reexperience is
produced in the originally impli-
cated sensorv-motor systems, as il
the individual were there in the
very situation, the very emotional
state, or with the very object of
thought { /%), The embodiment of
anger might involve tension in
muscles used o sirke, the ener-
vaton of certaun facial muscles o
form a scowl, and even the rise in
diasiolic blood pressure and in
penpheral resistance, for example.
The concept of reenactment and
related concepts such as simula-
tion, resonance, and emulation are
widely accepied in theories of
embodied cognition, but many dil=
ferent mechanistic neural accounts
of it have been proposed (%),
One promising possibility is that
simulation is supported by special-
tzed “mirmor newrons” or cven an
entire “mirror neuron  system,”
which maps the cormespondences
between the obscrved and per-
formed actions. However, there is
much disagreement about the exact
location of the mirror neurons, whether these
neurons actually constitute a “system™ (in the
sense of interconnected elements), and whether
there actually are specialized newrons dedicated
o mirroring (or whether regular neurons can
simply perfomm a miroring function). Some of
the original work on mimor neurons in monkeys
emphasized o distinctive role of neurons locaed
in the inferior parietal and infenior frontal conex,
which discharge both when a monkey performs
an action and when it observes another mdivid-
ual’s action (20}, The implications of this work
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were quickly extended to humans. Some scien-
tists argue that humans have a dedicated “mimor
neuron arca,” Jocated around the Broadmann™s
Arca 44 (the human homolog of the monkey
F5 region). This mirror neuron arca may com-
pute complex operations, such as mapping the
cormespondence between sell and others or dif-
ferentiating between goal-oriented versus non-
intentional actions (20). Bul more questions
about an architecture for embodied cognition
have been raised than have been answened. The
specilics of the underlying architecture will be
one of the delining projects for neuroscience and
nearophysiology in the coming years.,

Perceiving Emotion

One hypothesis regarding the application of
theories ol embodied cognition o amotion is that
the perception of anotional meaning — recognizng
a facial expression of emotion or the words *‘smarl-
img bear”™ —mvolves the embodiment of
the implied emotion (27). There is now
substantial empincal suppont for this hy-
pothesis. Neuroimaging studies have re-
vealed that recognizing a lacial expression
ol emotion in another person and ex-
periencing that emotion onesell involve
overdapping neural circuits, In an illustra-
tive study, rescarchers had panicipams
inhale odors that generated feclings of
disgust (22). The same participanis then
watched videos of other individuals ex-
pressing disgust, Results showed that
areas of the anterior msula and, o some
extent, the anterior cingulate cortex were
activated both when individuals observed
disgust in others and when they oxpe-
ricnced disgust themselves [related find-
ings arc reponed in (23, 24|

Similarlv. behavioral sisdies demon-
strate that emotional expressions and
gestures are visibly imitated by observers
and that this imitation is accompanied by
self-repornts of the associated cmotional
state (25). Theorics ol embodied cognition pro-
vide a theoretical account of why this is so: The
imitation of other individuals® emotional expres-
sions 15 part of the bodily reenactment of the
experience of the other’s state. When emotionzal
imitation gocs smoothly, there 1s a strong foun-
dation for empathy (26) and, theretore, even
zood marriages. Mimicking the facial expres-
sions of your pariner is good for your relation-
ship, even if this means that you will grow (o
resemble each other because you repeatedly
use the same facial muscles, as the findings of
one study suggest (27) In contrast, there is
evidence that relates filures in processes of
emotional imitation, such as those which occur
in autism, with substanial problems in social
interaction (24).

One important implication of this tvpe of
emotional resonance across individuals 1s 1ts
probable role in observational learning. In
observational keaming, the positive or negative
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comsequences of a given behavior are leamed
by watching another individual expericnee these
conscquences. A recent functional magnetic res-
onance imaging study revealed similar changes
in brain activity of a female participant when
painful stimulation was applied 1o her own hand
and o her panner's hand (291 A related study
used single-cell recording and found activation
ol pain-related neurons when a painiful stimulus
was applied to the participant’s own hand and
also when the patient watched the painful stim-
ulus applicd 1o the experimenter’s hand (30),
This suggests that observational learning s
supported by a reenactment of the emotional ex-
penence of the model in the observer. Although a
direet st of such a claim is required, the same
mechanism should underhe mstructed leamng,
In instructed leaming, neither the self nor another
person ever experiences pain or pleasure. Rather,
leaming occurs through the transmission of

Fig. 3. The muscles associated with the facial expressions
measured in recent work are shown. The orbicularis oculi
and zygomaticus are activated to produce a smile, the
corrugator is activated during frowning in anger, and the
levator is used to produce the grimace of disgust,

language. When children leam not o put their
lingers in electrical outlets or W carclessly run
into the street, their behavior is guided by verbal
instruction, not direct experience. They  must,
therefore, be able o reexpenence an emotion
when that emotional consequence is descnbed in
language. Alrcady published compansons of
amygedala activation dunng condinoned, obser-
vational, and instructed fear-leaming in humans
are consistent with just such a view (3f). The
findings suggest that the emotional processes that
support all three types of learming share importan
similaritics.

Thinking About Emotion

In my own hbortory, we have demonstrmted
that using emotional information stored in mem-
ory involves embodiment (32), In one study,
experimental participants made judgments (they
provided a “yes” or “no” response) about whether
wonds refeming o concrele objects (e.g., “baby,”

“slug™) were associated with an emotion. The
objects had been rted by other individuals as
bemg strongly associted with the emotions of
10w, disgmest, anger, or no paticular emotion. Dur-
ing the task, the activation of four facial mus-
cles (Fig. 3) was recorded with a technique called
clectomyographic recording, In another study,
the same method was ollowed but the words
now refemed 1o abstract concepts; they wene ad-
Jectives that denoted allective states and condi-
tions (e, “joviul,” “enmged™).

Results of both swdies showed that, in
making their judgments, individuals embodied
the relevant, discrete emotion as indicated by
their facial expressions. The findings indicate
that in the very briel time it ook participants
decide that a “slug™ was related 10 an emotion
(less than 3 s), they expressed disgust on their
faces, They appeared to make their judgments
on the basis of the embodiment of the referent
{objects for the first study and emotional
states lor the second). Further support Tor
such a conclusion comes from the re-
sulis of a second condition of cach
studv. In fact, the experimenter in-
structed hall of the panicipants 1o make
a ditferent judgment about the words,
Those participants indicated  (“ves™ or
“ne’") whether the words were writlen in
capital lemers. In order o make such
Judgments, these participants would not
have w embody the emotional meaning
of the words: indeed, findings revealed
that these participants showad no systeme-
atic activation of the facal musculature
whatsoever. The point that embodiment
docs not occur when the information can
be processed on the basis of amsociation
or pereeptual eatures has been made in
other research as well (33, 34),

Further evidence of the embodiment
of emotional concepis was also obiained
in extensions of rescarch on the costs of
swiching processing between  sensory
modalitics to the arca of emotion. Rescarchers
have shown that shifting lrom processing in
one modality o another involves temporal
processing costs (35) Individuals take longer
tor judge the location of a visual stimulus afier
harving just detected the location of an auditory
one, for example, than if both stimuli arrive o
the same modality. For the present concerns, 1t
is of interest that similar “switching costs™ are
also found when participants engage in con-
cepiual tasks: Individuals are slower to say that
typical instances of object categories have
certain features il those features are processed
in dillferent modalities (36). They are slower o
verify that a “bomb” can be “loud™ when they
have just confirmed that a “lemon™ can be
“tan™ than compared to when, for example,
they have just confirmed that “leaves™ can be
“rustling.” This provides support for the gen-
eral assertion made by theories of embodicd
cognition that individuals simulate objects in
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the relevant modalitics when they use them in
thought and language.

Veormeulen and colleagues (37) examined
switching costs in verifying propertics of posi-
tive and negative coneepts such as “tiumph”
and “victim.” Propertics of these concepls were
taken from vision, audition, and the alfective
system, Parallel to switching costs observed for
neutral concepts, the study showed that, for
positive and negative concepts, verilying prop-
erties from different modalities produced costs
such that reaction times were longer and emror
rates were higher than il no modality switching
was roquired. This effoct was observed when
participants had 1w switch rom the alfectuve
system 1o sensory modalities and vice versa. In
other words, panticipants were less efficient in
verifying that a “vietim™ can be “sncken” if the
previous trial involved venfving that a “spider”™
can be “black™ than they were i that previous
mal mvolved ventying that an “orphan”™ can be
“hopeless.” And participants were kess eflicient
in verfying that a “spider™ can be “black™ when
that tral was preceded by the judgment that an
“omphan” can be “hopeless™ than if preceded by
the judgment that a “wound” can be “open.”
This provides evidence that alfective propertics
of concepls are simulated in the emotional
system when the propertics are the subject of
active thought,

Comprehending Emotional Language
Developments in theories of embodied cogni-
tiodn to account for language make the claim that
language comprehension relics in part on em-
bodicd concepualizations of the situations that
language describes (38). The first siep in
language comprehension, then, s to index
words or phrases 1o embodied states that reler
to these objects. Next, the observer simulates
possible interactions with the objects. Finally,
the message is understood when a coberent sel
of actions is created.

Some evidence in suppont of such an ac-
count of understanding emotional kinguage was
published almost 20 vears ago, though no fully
developed model was available at the time o
interpret the findings. In the study, some panic-
ipants held a pencil between their front tecth
while performing a laboratory sk that mvolved
rating the fumniness ol different canoons (39),
Holding the pen in the mouth this way covertly
led the individuals o smile. Other paricipants
were instructed o hold a pencil between their
lips, without touching the pencil with their teeth,
and this prevented them from smiling (Fig. 1)
Results revealed that, as suggested in the
thought problem that began this article, individ-
uals who were led 0 smile evaluated the
cartoons as [unnier than did panicipants whose
smiles were blocked. It appeared that those

individuals who were smiling somehow “got™
the comic meaning of the carioons betier or
casier than did the imdividuals who were pre-
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Sound Production in the Clownfish

Amphiprion clarkii

Eric Parmentier,’ Orphal Colleye,® Michael L. Fine,” Bruno Frédérich,

Pierre Vandewalle,® Anthony Herrel®

though clownfish sounds were recorded
as carly as 1930 (J), the mechanism of
sound production has remained obscure,
Yet, clownlish are prolific
“smngers” that produce a wide

amplitude elevation of the head actually forees
the mouth 1o close by a previously unknown
mechanism,

fish, supporting our hypothesis. Furthemmore,
cutting upper and lower jaw tecth resulted i shoner

sounds (23 versus 48 ne, P < 0UEM, o = 38
pulses) without the typical low-amplitude  high-
frequency onsct. This result indicates that intact
sounds stan with teeth collisions (Fig. 1),
Species-specilic sounds are produced by all
27 Amphiprion species and appear 1o be
supported at least by interspecific variation in
teeth shape. The sonic ligament is present in
other members of the damsellish family (7).
many of whom produce communication sounds
(XL The homologous ligament mechanism s
likely invelved in sound pro-
duction throughow this large

A &
varety of sounds, deseribed as . family and represents a nowvel
“elumps™ and “pops™ i both é‘ e skeletal adaptanon for a new
reproductive and agonistic be- 22 34 . e behavioral function. This lunc-
havioral contexts (). Here, we %" - — tional movement seems to be
desenbe the somie mechanism g A Ew # an exaplation of the leeding
. - : el s .
of the clownlish Ampfiprion E‘ - ' mechanism.
clarkil, i
We studied sounds (from . — — References and Notes
three makes and one famalke) di- 100, 150 200 250 ; ]L"'Lmi'" II_'T“I"'-" :2;35;,“39:"
b Iy 4 armentier, L. P. rdére,
rected toward conspecifics than B b . Vandevalle, M. L. Fine, Proc
approach their sea-anemone 14 S 1! neurocranium R Soc. London Ser, B 272, 1697
hosts, Sound recondings, svn- o g | IT——— (2005).
chronized with high-speed video 3= | D 3. E- ‘;:"_*’“';‘T;l“ﬂ I""-E""-‘“gi—d
200 fivs) e . i 1 3 . Adriaens, F. Aerts, . Exp. Biol,
[-nfj !!::siu.mpltdi.n ;'.Ifh.r nol £ | hyoid arch 208, 4627 (2005).
(1= 22) with an x-ray system, g 04— : ! \ Al A 4. W. N. Tavalga, in Fish Physiofogy,
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: 5 7). Thes —r—T T gy 6. ]. Osse, Neth } Zool. 19, 290 {1965).
paramelers do not correspond 0 20 40 80 B0 ms 5§ 10 15 20 25 ms 7. M. L ). Stiassny, ). 5. Jensen, Bull,

with tvpical sindulatory mech-
anisms 4 and have higher
frequency components than
swimblwdde sounds driven s
a forced mesponsc 1o sonic
muscle contraction ().

Sounds (1 = 14) were wp-
wally accompanied by rapid
(=30 m=) movements that in-
clude an elevanon of the head,
lowering of the hyoid bar and
anterior part of the branchial basket, a backward
movement of the pectoral gindle, and lasily a
closing of the lower jaws (movie 51). Syn-
chronization of sound pulses with the video
images indicates that sound is produced when the
hyoid apparatus is rapidly lowered (23,8 m/s”,
n = 50 frames) and the mouth simultancously
closed (Fig. 1).

Manipulations of specimens show  that
low-amplitude elevations of the skull lower
the jaws and branchial basket, a phenome-
non well known in fish feeding (3, 6). Rather
than accentuating this movement, a higher-

Fig. 1. Sound production in A clarkii. (A} Oscillogram and sonagram of a train of pulses, (B}
Graphs of the movements of different skeletal elements during sound production. The red 8
line indicates the beginning of the sonic movement; the blue arrow, the pulse onset; and
double dotted lines, the sound duration. (C) Schematic representation of the sound- 9,
producing mechanism, illustrating the relative movement of skeletal components. Lowering
the hyoid bar (1) stretches the sonic ligament (2), and the jaw closes the mouth (3) by
rotating around the mandible articulation on the quadrate. See also movies 51 and 52. (D)
Oscillogram of a pulse. Top selection is sound from an intact fish; bottom selection, sound
from the same fish after the jaw teeth were cut. The bottom pulse & shorter and deprived of
the high-frequency onset (arrow).

Dissections reveal that an unusual sonic
ligament is responsible for the rapid lower jaw
clevation. The ligament joins the hyoid bar
{ceratohyval) to the intemal part of the mandible
(coroneid process of the aniculo-angular) and
can be compared o a dawbrdge (movie S2).
The ligament, acting as a cord, forces the man-
dible 1w twm around its anticulation during the
lowenng of the hyoid bar, forcing the mouth 1o
close (Fig, 1), Sound results from the collisions
of the jaw tecth, ansfeming mergy o the jaws
that are presumably the sound radiator. Transeet-
ing the nght and lefl sonic igaments muted the
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Bose-Einstein Condensation of
Microcavity Polaritons in a Trap

R. Balili,* V. Hartwell, D. Snoke,'* L. Pfeiffer,” K. West®

We have created polaritons in a harmonic potential trap analogous to atoms in optical traps.
The trap can be loaded by creating polaritons 50 micrometers from its center that are allowed to
drift inta the trap. When the density of polaritons exceeds a critical threshold, we observe a
number of signatures of Bose-Einstein condensation: spectral and spatial narrowing, a peak at
zero momentum in the momentum distribution, first-order coherence, and spontaneous linear
polarization of the light emission. The polaritons, which are eigenstates of the light-matter system
in a microcavity, remain in the strong coupling regime while going through this dynamical phase

transition.

ork in several promising systems has

pointed o Bose-Emsten condensation

(BEC) of new types of quasiparticles
in solids ( £ a state that can be called a *coherent
solid” In such systems, the electronic degrees of
freedom of the solid can undergo a phase
transition to spontaneous coherence that is
analogous in some wavs 10 superconductivity
but that also emits coherent mdiation,

Several recent expenmoents (2-5) have indi-
cated spontancous coherence inexciton-polanton
gases o various two-dimensional (2D) semi-
conductor microcavity structures. In cach of
these experiments, a lser was focused on the
sample, with polartons generated at high density
at the laser spot. The coherent eflects were seen
only at the same place where the laser excited the
samples and only during the tme when the laser
was o, Although it was arguced with reasonable
justification (/) that the coherent state created in
these experiments had many of the charcteris-
tics of a BEC, a basic question has remained:
Because the coherent emission occurs only in the
region excited by the laser, is it possible that the
coherent effects are essenbally the same a5 a
nonlincar amplification of the laser itsell? Also,
because the polariions were not created in a
confining geometry in those experiments, the
ground state of the system was poorly defined:
The polantons could frecly diffuse away (rom the
excitation region or fall o local minima created
by disorder,

We repont the demonstmation of a spatial wap
for the polaritons in the plane of their motion.
This trap is well approximated by a harmonic
potential @t its minimum, allowing conlinement
of the polaritons at low temperature. Conline-
ment of the panicles in a macroscopic trap is
known () 0 make BEC allowable in two
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dimensions with a condensate of finie size,
similar o a condensate ma 3D trap (7). The trp
also produces an evaporative cooling effect lor
the polaritons. Most importantly, we can generate
the polaritons with a laser that is focused far from
the center of the trap and watch them accumulate
in the bottom of the trap where there is no laser
excitation, In a wap, the polaritons exhibit the
cffects associated with spontancous Bose
coherence sotn in previous experiments ().
The et that we can see these dincet evidences
of spontaneous coherenee ol polantons o a
CiaAs-based microcavity sIICture improves ac-
cessibility, because of the growth and fabncaition
issues for the H-V1 semiconductor structures usod
In previous expoeriments (J).

It 15 by now well established (4) that exciton-
polaritons in microcavitics act as a gas of weakly
intcracting bosons with extremely  light mass
(measured as 7 % 107° of the vacuum clectron

Fig. 1. (A) Stress geom-
etry for the microcavity
structure. (B} Upper and
lower polariton energies
(top and bottom traces,
respectively), deduced
from photoluminescence
and reflectivity spectra at
very low excitation densi-
ty and low lattice temper-
ature (T = 4 K), when a
force of 0.975 N on the
pin stressor is applied to
the sample. (C) Photon
fraction of the lower po-
lariton branch as a func-
tion of position in the
trap, calculated from the

polariton energies shown in (B) and the standard Hopfield

coefficients.
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mass moour expenments), which implics very
high crinical temperature for Bose coherent
cllects. An exaton-polanton 15 a lincar combina-
tion of a cavity photon, which has extremely light
cllective mass in the 2D plane of the cavity, and a
quantume-well exciton, Coupling oceurs between
the photon states and the exciton states because
the excitons are generated and decay by a dipole-
allowed interband electronic transition. Cavity
photons by themselves are essentially noninter-
acting. but polaritons interact with each other via
a short-range interaction due o their exciton
component (9),

Trapping polaritons. Our structures are
essentially identical m design with those used n
carhier work (3, ). Three groups of four identical
T0 A quantum wells are located a the amtmodes
of a cavity photon mode to maximizee the
coupling of the exciton and photon sates, In
carlier work (), it was shown that the lasing
transition in these structures s distinet from the
onset of coherence in the polanton states, because
two distinetly different threshold behaviors could
be observed. However, those experiments did not
use trapping of the excitons, and they also used
very different excitation conditions. namely, an
intense pulsed laser with photon energy resonant
with the Jowest polariton states and at a large
incident angle.

Exciton-polaritons in these structures can be
created by any mechanism that creates electrons
and holes in the quantum wells, In the presem
work, we create free electrons and holes by
pumping with a low-intensity circularly polarceed
beam from a TiSapphire Jaser, with photon
energy that is high above the lowest polanton
states {excess energy = 129 meV), at the first
rellectivity minimum above the cavity stop band.

This process acts as an incohereni source of
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polaritons, because the generated electrons and
hiodes must et many phonons to drop down into
the polariton states at the bottom of the band. The
pump laser was directed to the sample a1 an
imeident angle of 8= 17%; unhike many carher
“magic angle” expenments (J0-£2), the angle
of the meidem beam i not importan m our
expeniments because the photon energy s so lar
above the polariton states ol interest. For all these
experiments, the sample was held in helium
vapor at temperature 7= 4.2 K.

Polartons decay by wrning into photons,
which exit the cavity, These emitied photons are
our primary way of observing the behavior of the
polartons, The in-plane component of the
momenium must be conserved in the conversion
of polarmons W external photons, which implics
that the angle of erssion of a detected photon
tells us the in-plane momentum of the polariton a
the moment of decay. By recording the spectrum
of the cmutted light as a function of emission
angle. we therelore have a complele measune-
ment of the momentum and energy distnbution
ol the polantons,

The trapping method that we use has been
reported carlier (13) and is based on a similar
method developed o quantum-well excitons
(44, 15) In these microcavity structures, the
thicknesses of the epitaxial layvers vary across the
waler so that the intrinsic detuning of the exciton
and cavity photon states varies continuously, For
the stress trapping experiments, we choose a
picce of the waler where the cavity s initially
negatively detuned, with & =—10meV (6= E.,
E.. where E.., is the cavity photon cnergy and
E. is the bare exciton energy). As illustrated
(Fig. 1A), a toree 15 applicd with a rounded-tp
pn (up radius = =350 pm) on e back side of the
substrate. which is ~100 pm thick. The stress
shifis the exciton siates while the cavity photon
cnergy s lefi essentially unchanged. Directly
under the stressor, the lower polarton brinch has
an enerey minimum (Fig. 1B), which can be well
{it by a hanmonic potential L' = [' /2] yr® (where r
is the distance from the center of the rap and
480 ¢V/em®) that corresponds to a quantum level
spacing in the hanmonic potential of dug = 0,066
meV (where 4 is Planck’s constant fr divided by
2rand v = /Y m is the natural frequency, with

cliltective mass m, which 15 much less than kgl

(where kg 15 Boltsmann's constant), so that the
continuum approximation for the polanion staies
in the trap is valid.

The shift of the exciton states with stress also
altects the coupling of the exciton states and
cavity photon states. In the center of the trap, the
cavity photon states and the exciton stales are
strongly coupled: however, far from the center,
the lowest polariton states are almost purely
photon-like. Figure 10 shows the photon frmction
of the lower polariton branch, deduced Irom
the data of Fig, 1B by means of the standard
Hoplicld coeflicients (4). This means that the tap
also causes evaporitive cooling, because the
lifetime of the polartons at high cnergy (far from

the center) is shorter than the lifetime of those at
the energy minimum (in the center), OF course,
this effect will work only if the polaritons have
diffusion lengths long enough o move through
the whole tap. This is the case In our ex-
periments, where in some cases the polaritons
move more than 530 pme In panciple, this effect
can be inereased by the use of larger stress 1o
positively detune the cavity at the center of the
trap so that the polariions are more than 50%,
exciton-like at the center and become completely
photon-like far from the center.

Figure 2 shows a series of images i which
the position of the laser spot that creates the
1‘||'|!'.lri'|l1ll:\ -E:\ ,H...';,lt'lih:l,.l Across ti'h: ".".1,'“. '['|!1|: ki.'!T!.L‘:IE
axis of this Hgue ndicates the energy of the
polarmons, whereas the horzontal axis gives the
spatil posmtion i the plane of ther motion.
When created by the laser on one side, the
polaritons Mow down into the trap; when created
by the laser on the other side, they fow i the
opposile  direction intlo the trap. For these
experiments, the laser was quasi-continuous
wave (ew), with a 2.4% duty eyvele at 1 kHe
The low duty cvele turns out to be essential to see
long-range motion of the polaritons. because it
reduces the overall heating of the sample: heating
of the lattice leads 10 a very low diffusion
constant for the polaritons.

Signatures of condensation. Under these

conditions, we observe several signatures of

spontancous coberence of polaritons, We observe
a erilical excitation density threshold for non-
lincar gain (Fig. 3A), which s similar to that

100%
1.606
s =
£ 1505
1.604 .
; -
1.603
+— 95 ym ———» 0

Fig. 2. Spatially resolved spectra of the light
emission lexternal angle 8 = 0 = 1.0°) from
polaritons in the microcavity structure for three
different positions of the laser. The polaritons
are created on the left and flow to the right in
(A), are created in the trap in (B), and are
created on the right and flow to the left in (C).
The average laser power was 2.4 mW for quasi-
ow excitation with 2.4% duty cycle at 1 kHz

observed under a wide vancty of conditions for
pelaritons i microcavitics (2. ). Below this
threshold, the spectral widith of the photo-
lummeseence emitted normal o the surlace
broadems with mercasing density: however, al
the threshold, the width of the photolumines-
cence spectrum drops sharply. At the same tme,
we observe spatial comtraction (Fig. 3B) of
the polariton cloud by a factor of three, down
to the limit of our spatial imaging resolution
(% pm). [Spatial contraction of'the polaton cloud
is shown in images in the supporting online
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Fig. 3. Data for polaritons in the center of the trap
when the laser creates the polaritons on the side of
the trap, far from the center, similar to the
conditions of Fig. 2. (A) Black squares indicate total
photoluminescence intensity at ky = 0 (external
angle 0 = 0 + 1.0°% as a function of average
excitation power, for quasi-ow exdtation with 2.4%
duty cycle. Red circles indicate full width at half
maximum (FWHM) of the emission spectrum at &y =
0 under the same conditions, which was collected
from an 8-um spot in the center of the trap. (B)
FWHM of the spatial profile of the photo-
luminescence collected for external angle & = 0 =
5.2° from the center of the trap under the same
conditions as in (A). (C) Upper and lower polariton
energies deduced from photoluminescence (lower
polariton) and reflectivity (upper polariton) under
the same conditions as in (A). The vertical dashed
line through the three panels is an indicator of the
critical threshold. The error bars in (A) represent the
instrumental resolution, and the error bars in (C) are
the 1o uncertainty of the best fit to the data.
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material (SOM). The spatial profiles are in
marked contrast 1o previous experiments (2)
that showed a very wregular pattemm of the
coherent enssion, presumably determuned by
the local disorder potential.| Spatal contrac-
tion is also a telliale sign for condensation in a
trap because the condensate secks the ground
state of the system, which (in the case of a

trapped gas) is a compact state at the bonom of

the trap. Below the eritical density, in the
normal state, the size of the cloud 15 determined
by a steadv-state balance of the pumping by
the exciting laser and thermal dilTusion: above
the critical density, the size of the cloud s
given by the size of the ground state of the many-

particle system. 1 mtermctions ane neglected,
the standard solution of a harmonie oscillmor
gives a ground-state wave lunction with extent
i = Vi miog, which [or our pamameters is 3.8 pm,
In the presence ol particle-particle repulsion, the
size of the ground state will expand (76), but
its seze 18 stll expected to be small as compared
to the siee ol the cloud of thermal particles. This
is a major dilference between experiments with
and without traps: In a translationally invar-
iant geometry, a superfluid will MNow outward;
whereas, in a trap. it will Mow inward. Over
the whole range of polariton density, the sys-
tem remains in the strong coupling regime, as
evidenced by the relatively small measured
shifts of the lower and upper polariton lines
(Fig. 3C).

In addition to these effects, o signature Tor
BEC s the momentum distribution of the
paricles, which can be measured for polaritons
by resolving the angular distnbution of the
photeemission. Figure 4 shows a
angle-resolved spectr under the same conditions
. but with the laser aimed at the center
ol the trap 1o give a clearer signal (when the laser
is aimed at the side of the wap, the emission from
the side of the trap overlaps the signal from the
center in the angle-resolved daia). There is a
dramatic narmowing of both the in-plane momen-

as in Fig. 3

series ol

tum &y and energy of the polaritons above the
critical threshold, while the blue shift duc 10
mteractions of the polantons remains very low.
The contraction m momentum space that s
simultaneous with contraction in real space
(Fig. 3B) docs not commadict the uncerainty
principle because both the spatial cloud size and
the momentum distnbution are determined by
thenmal scantering when the polariton gas is in the
nomal state, below the entical density threshold,
Theretore, the total uncenainty in the normal
state Ay Ax (where A&y is the uncenainty in the
inplane momentum and Av is the uncertainmy in
the in-plane position) is much larger than unity,
The spatial size of the condensae does imply 2
minimum widih of the momentum peak at & = 0,
which
spatmal and spectral resolution limits,

Figure 4E shows the
polaritons per &) state deducad from the same
data. The photolummescence mtensity data have

15 comsistent with our data withn our

been converted 1o an oceupation number with the
use of the polarton lifetime deduced from the
Hopficld coeflicient as a function of &y, as in
previous works (2, 5) The energy for cach by is
determined by the maximum of the measunsd
spectrum at cach Ay, inthe same way as in(2). Far
below the eritical density threshold, the polariton
distribution is completely nonthermal. Just below
the entical density threshold, the disribution is
well it by a Maxwell-Boltamann distribution
ViE,) o ¢ B%T [where £, is the particle energy,
and NEL) is the number of paricles per state at
that energy |, which comesponds to a straight line
on this plot. Above the enncal threshold, there is
a sharp increase i the number of polantons near
Iy = .

The high temperature of the Maxwell-
Bolemann it below the critical density, which
is mirrored in the high-energy tails of the higher-
density M Ey ). indicates that the polariton gas is
not completely thenmalized. As shown in recent
theoretical works (F7-/%), the lack of complete
equilibrivm does not prevent the polariton gas

relative number of

RESEARC

from undergoing a phase transition 1o spontanc-
ous coherence. The buildup of the particles at &

0 1s truly an ellect of the Bose statistics, but the
cnlire range ol encrgy cannot be QL o an equi-
hbrum Bose-Emstan distnbution because the
high-kinctic encrgy particles (£ = ~1.5 meV)
are constantly heated by hot polantons gencrated
by the laser. This s also wue of the occupation-
number data of (2), Steady-state quasicquilibrium
theory (/719 predicts a bimodal  distribution
lunction MEg) [with a peak at & = 0 like that
seen in Fig, 4E, which comesponds 10 a con-
densate]| even when the system is nol in com-
plete equilibrivum,

Similar w (2}, we also see spontancous linear
polartzation above the erincal density threshold
(Fig. 5. Below the threshold, the light emission
is cssentially unpolarzed, which s not surprismg
because the pump light is cireulardy polanzed and
the generated camiers must emil numerous
phonons. Above the entical threshold, the hgh
becomes hinearly polanzed. We checked that this
polarzation 15 not relmed o the exetaton
polarization or to the detection system by rolating
the sample relative to the system. We found that
the linear polarization follows the sample orien-
tation and is neardy aligned with the [110] axis of
the crvstal, as in the CdTe experiments (2). The
polarization angle also appears o depend weak Iy
on the applicd siress. Linear polanzation has
been predicted (20) w be a direet result of
spontancous svmmetry breaking in the polariton
condensate system: more recent theoretical work
has shown that pinning along a erystal symmetry
direction 15 expected (27). In general, when there
15 a condensate, any small term in the Hamil-
tonian that breaks the degeneracy of the ground
state will cause the condensate to jump into the
lowiest encriy state.

Direct measure of coherence onset. Under
slichtly different conditions, we can also see
direct evidence ol coherence in the first-order
comrclation of the photoluminescence, which is
also seen in the work in Cd'Te structures (2). For

Fig. 4. Momentum distribution 1.608 13 -
of the polaritons as measured by E hi » 0.2mW
angle-resolved photolumines- i‘ i > = 0.4mW
cence intensity for four different 51604 ] :' s 0.6 mW
powers (under the same con- 2 5 i-:_ v 0.8 mwW |
ditions asin Fig. 3, but with the “1.602 € o

laser aimed at the center of the & “"*“" 1, var¥

trap). Angle-resolved spectra for 1800 g e, os pvsy

(A) 0.05-mW pump power (far 1608 g r "
below the threshold density), (B) -
0.4-mW pump power (just below E1w =% 0.14 L b e L
the threshold), (C) 0.6-mW z1.604 I " .
pump power (at the threshold),

and (D) 0.8-mW pump power 1602 0 3 2 3 4
{above the threshold). The false-

color scale is linear, with yellow e 4510 5 0 5 10 15 15 -10 5 0O 10 15 0 = ()

and black indicating high and Angle (degrees) Angle :mm}

low values, respectively. (E)

Number of polaritons per k state, deduced from the data of (A) to (D). The straight line is a fit to a Maxwell-Boltzmann distribution with T =97 K. £ — Eqin 15
the peak energy of the luminescence at each angle, relative to the minimum energy (at k; = 0.
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Fig. 5. (A) Red squares indicate total photo-
luminescence intensity at ky = O (external angle
8 = 0 = 1.0°) as a function of average excitation
power, for the same conditions as in Fig. 4. Blue
circles indicate FWHM of the emission spectrum at
ky = 0 under the same conditions, collected from
an 8-um spot in the center of the trap. (B) Degree
of polarization [Umax = fminUmax + fmin)] under
the same conditions as in (A).The vertical dashed
line is an indicator of the critical threshold. The
errar bars in (A) represent the instrumental
resolution, and the emor bars in (B) are the
1o uncertainty of the best fit to the data.

these measurements, we used a ow laser in order
to get the maximum lumincseance intensity from
the sample. The avemge power of the laser 1s
much higher than in the low-duty-cyele
experiments discussed above, md the diffusion
constant is much lower than in the low-duty-
cvele expenments. However, when the laser is
aimed at the center of the wrap, we see essentially
the same behavior-—special namrowing, beam-
like emission in a namrow range of angle
comesponding o polaritons with & = 0. and
spontancous lincar polanzation-—as that seen in
the experiments with low duty cycle forthe pump
laser.

Figure 6 shows images produced by send-
img the spatially resolved photoluminescence
through two amms of a Michelson interlerometer,
when the interferometer s shightly misaligned o

create a double image [in which the left side of

the image (rom one arm overlaps with the right
side of the image from the other arm (single
images of the spot under these conditions are
shown in the SOM)|. In this way, we detect the
spatial comelation across the length of the polar-
iton cloud, including the low-density tail, which
extends 20 pm from the conter. Below the eritical
excitmion density threshold, we cannot see any
imterference fringes for any path difference ol'the
two anmms of the imerferometer (Fig. 6A). Above
the cntical density, Iringes appear (Fig. 6B).
Figure 6C shows the visibility of the [ringes,
{"I‘II.‘I:I. !nmi ”llm J 'FminL where fﬂll.'l and ;min are
the maximum and minimum imensity, respec-
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Fig. 6. False-color in-
terference pattem created

by sending the light emis-

sion through a slightly 0
misaligned Michelson in-
terferometer, with the ow 20
pump laser aimed at the _
center of the trap. Laser 5_,
power is shown below and
above threshold in (A) and
(B), respectively; cw aver- 60
age power is 37 mW in

(A} and 73 mW in (B).

Total time delay of one 80
path relative to the other

was 1.56 ps. (C) Visibility of the fringes as a function of
path difference under the same excitation conditions as in

(B). The solid line is a guide to the eye.

tively. as the path length is varded under the
same excitation conditions as in panel B, The
visibility is never 100%, which is consistent
with recent theoretical predictions (22)that the
condensate fraction of the polariton gas should
be less than 30%. The coherence time
increases from less than 1 ps below the critical
threshold 1w 8 1w 10 ps above the critical
threshold, which is longer than the nominal

lifetime of the polaritons in these structures of

around 4 ps (4).

Concluding remarks. The dramatic ransition
of the system to a linearly polarized, compact,
colierent, beamlike light source is consisient so

tar with the picture of quasiequilibium BEC of

exciton-polariions. The ability 1o tmp the polar-
itons allows us 1o observe many of these effiocts
under conditions when the polaritons are con-
fincd in a region far from the laser generation
point.

Although it may be hard to visuvalize
polaritons, and although their lifctime is short,
this system has all of the same essential
features as those ol atoms in traps. The
polariions act as a gas, moving through the
semiconductor medium, and are trapped in a

harmonic potential. The same basic theory of

condensates and spontancous coherence under-
lics both systems, In this case, the differences
are that the system is truly two-dimensional
and is in a quasicquilibrium sweady state, with
an incoherent pump.
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Regolith Migration and Sorting
on Asteroid Itokawa

Hideaki Miyamoto,™*** Hajime Yano,” Daniel ). Scheeres,® Shinsuke Abe,”
Olivier Barnouin-]ha,® Andrew F. Cheng,® Hirohide Demura,” Robert W, Gaskell,°
Naru Hirata,” Masateru Ishiguro,’* Tatsuhiro Michikami,® Akiko M. Nakamura,”
Ryosuke Nakamura,'® Jun Saito,>® Sho Sasaki’®

High-resolution images of the surface of asteroid ltokawa from the Hayabusa mission reveal it to be
covered with unconsolidated millimeter-sized and larger gravels. Locations and morphologic
characteristics of this gravel indicate that ltokawa has experienced considerable vibrations, which
have triggered global-scale granular processes in its dry, vacuum, microgravity environment. These
processes likely include granular convection, landslide-like granular migrations, and particle
sorting, resulting in the segregation of the fine gravels into areas of potential lows. Granular
processes become major resurfacing processes because of Itokawa's small size, implying that they
can occur on other small asteroids should those have regolith.

he degree o which small asteroids are

I covered by regolith (/1) is an important
unanswered guestion with  implications

for the evolution of these bodies. Formation of
regolith on ssteroids is ditTerent froam than on the
Moon (2) because of substamial differences in
surface accelerations, Wherens repetitiouns  im-
pacts on the Moon form locally concentrated,
siac-soned regolith, impact epecta on an asterowd
are ballistically spread over the entire surface to
form globally conmimuous, generally uniform, and
poorly sored regolith with large (mctions of
escaping ¢ecta (2). However, the small (=300-m
diameter) near-Earth asteroid lokawa (3) has a
considerable amount of regolith disiribuied non-
uniformly. This poses the fundamental question
ol how the regolith has been segregated. Because
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ltokawa is by far the smallest asteroid ever
studied at high resolution, previously unrecog-
nized processes of regolith evolwtion may be
active.

In November 2005, the Hayabusy spacecraft
performed wuchdown rehearsals, imaging nav-
igation tests, and two wuchdowns on lokawa
(4). These provided close-up images of lokawa,
mostly on the east side (g, S1) at mnges below
2 km and down w 63 m, where image resolu-
tion was 6 mum per pixel (Figs. 1w 3). Close-up
images reveal the surface w0 be covered with
unconsolidated gravels (3), which are typically
piled on cach other without being buned by fines

{Figs. | 10 3} These unconsolidated gravels come-
monly have the lollowing two chamctenstics
regardless ol location: None of the smaller grav-

ols in close-up images are wsolated on top of

boulders without being supponed by other gravels
(Figs. 1C and 2), and the position and onentation
of gravels are apparently  stable against local
erwvity (Figs. 1C, 2, and 3B ), These give a strong
indication that gravels on the surface of Rokawa
were reallocated ater their accumulation'deposi-
tion, implving that the surface has been subject 1o
global vibrations, Vibrations are also suggested by
the shapes of craters that are generally obscured on
Iokawa (6) and oflen associated with partially
disrupted nms (Fig. 1, A and D) These vibations
mey have boen caused by impact-induced seismic
shakmng (7, &), because a centimeter-stzad impoc-
tor can globally induce seismic acceleration on
lokawa as large as its sudace gravity (Fig. 4A).
Otther possible reasons lor vibmtions include tdal
effects, thermally nduced mechameal Quctua-
tions, or low-speed collisions between the head
and the body (3) due to a high spin mte of the
asteroid in the past (Y,

Grain sizes observed in close-up images
range from centimeters 1o several wens o meters,
The finest particles are comimeler-sized pebbles,
whose concentrations are found in the Muses-C
smooth termin (Fig, 3A and fig. 511 Alhough
powdery maicrials are thought 1o be created
through impact processes (F0-12). they might
have been electrostatically levitmted and removed
by solar rdiation pressure (3, 14), had much
higher eection velocity aller impacts 0 restrict
their reaccumulations (10), or been segregated
i the ntenor.

Fig. 1. (A} Locations of close-up images (number and letter of the figure where each image is shown).
Inset shows the Uchinoura smooth terrain, which is likely formed by a single crater or a cluster of
craters (dotted circles). Note the disrupted crater rims and flattened floors filled by fine gravels. (B)
Piles of gravels with craterlike depressions (circles) (see fig, 52). Debris of a collapsed rim drained into
the smooth terrain (amrows), which is a gravitational low, (C) Rounded boulders are sitting in stable
orientations against local gravity. (D) A crater candidate in the Sagamihara smooth terrain with the
disrupted rim (triangles) and the flat floor. In all images, numbers starting with “ST_" indicate their
image frames. Upper portions of some images are obscured by the onboard polarizer ().
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Fig. 2. (A) The rough terrain around the Komaba crater (Fig. 1A), showing locations of individual close-up
images. (B) Gravels are weakly organized in the direction of the dotted lines. Bright dots {triangles) are
observed on gravels of various sizes. (C) Larger gravels generally overlie smaller particles (potentially inverse
grading). Some boulders have bright dots (triangles). (D) Close-up of the rough terrain with a brighter part
exposed beneath the gravels. Some boulders have bright dots (triangles). (E) The boundary area between
Muses-C and the rough terrain. Piles of gravel around boulders exist only in the uphill sides of the
gravitational slopes (fig. 53). Alignments of boulders {dotted lines} indicate gravel migrations in the
direction of the arrow. (F} The boundary area close to the Komaba crater showing clear gravel imbrication.
(G) Frequency distributions of the angles (from horizontal) of the longest axis of gravels in images (B} to (F),
Gravels larger than 100 pixels in each image [565, 897, 976, 396, and 426 gravels identified in (B), (C), (D),
(E}, and (F}, respectively] are used to remove the sun-angle bias. Whereas gravel orientations of (C) and (D)
are almost random, those of (B), (E), and (F), are clearly organized. The modes of the orientations are plotted
as dotted lines. Organization of gravels (or imbrications) is often observed for terrestrial river-bed gravel,
where the longest axes are preferentially oriented transverse to the gravel migration (arrows).

We adentify three major smooth temains on
Itokawi, the Muses-C, Sagamihara, and Uchinoura
regions (Fig. 3D and fig. 513 Although the lngh-
resolution images of smooth wmams (Fig. 3A)
were only obtmned a1 one particular portion ol
the Muses-C region (Fig, 3C), the slight varia-
tions in the brightness, surface wexwre, and color
() of the smooth termains in distanmt mages ndi-
cate that the pebbles observed in Fig, 3A likely
cover the rest of the Muses-C region and other
smooth termins uniformly,

The smooth temains have generlly homoge-
neous and [eawncless appearances, with a very
limited pumber of craters. The overall slopes of
the smooth termins are typically nonzero but <8°,
Detailed observations of the high-resolution
mages of the Muses-C' region provide the
followmng imponan chamcteristies: Most of the
larger gravels are not buried by pebbles, even at
their margins; larger particles, such as cobbles,
tend 1o fom clusters (Fig. 3A) and the larger
gravels are aligned with directions  comadent
with the local gravity slope (Fig. 30). We interprat
these as resulting from the substantial vibrations
discussed above, because these chamctenstics are
consistent with laboratory expenments in which
granular materials show  eranular convection,
tvpically caused by vertical vibmtions (15-/7).
Giranular convection causes continuous lows of
particles sliding down from the wop of a con-
veetion cell, whose slope angle is within the
friction angles of particles (8, 19). Thus, the
low slope angles of smooth twermins likely in-
dicate the low frction angles of pebbles, simalar
tor those on Earth (20).

Smooth terrams are not randomly distnbuted
on the surface of ltokawa: all of the smooth ter-
mins are in arcas of low gravitatonal plus rota-
tional potential. Moreover, small local lows such
as craier [loors are commonly filled by smooth
materials (Fig. 1. A and D). The locations of
both poles maich the apexes of domelike shapes
in the smooth temrains, which is expected for a
slowly rotating body because polar regions will
in general be the siable settling poimt for loose
material (27). Because the gravitational slopes
(Fig. 30} in the rough temains are always
toward the smooth termins, the above observa-
tions sugeest global processes that segregate and
migrate the fnest gravels 1o these low points.

Crmvel migrations i rough termins are evi-
denced by a range of morphological characier-
istics. as often observed in terrestial landslide
deposits, including  imbrications ol boulders
i(Fig. 2. B. E, and F), piles of gravel exclusively
on the uphill sides of gravitational slopes (Fig.
2E and fig. 53, larger and ofien angular boul-
ders with strong alignments (Figs. 2E and 3C),
and similarly shaped boulders exhibiting jigsaw-
fit textures (Figs. 2E and 3C), The dircction of
gravel migrations consistently matches with local
gravitational slopes (Fiz. 3D), supponing the
view that migrations are gravity-induced,

Given the dry, vacuum environment on
Iokawa, whose escape velocity vanes between
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10 and 20 cov's, the migrations discussed above
could result from gravel Nuideation induced by
vibrations (/.5). Vibration can play a major mole
m the evolution of llokawa’s regolith because
Mokawa's small size can keep seismic cnergy
high (Fig. 4A) and because any point on the

asteroid is only a shon distance from the source
of vibration (22, 23). These factors may help
keep vibrations active tor a relatively long time
o support particle Nudizavon (22, 23) Al-
though the high porosity (~40fa) (24) and the
hypothesized mubble-pile structure (3) may

REPORTS

substantially attenuate scismic energy. the esti-
neted high restiution value for the Musces-C re-
gion (<) mdicates relatively compacted regolith
particles and suggests that scismic atlenuation
miay not be as large. Vibranons nught have segre-
gated particles much finer than pebbles into the

Fig. 3. (A} Mosaic of the highest-resolution
images in the Muses-C region. The dotted area
is overlapped by at least two images, which
allows for detailed stereo analyses in (B). Circles
indicate clusters of larger gravels. Alignment of
cobbles (arrows) indicates the owverall gravel
migration along the direction of the dotted
arrow, The white box shows the area graphically
plotted in (B). Boulders with numbers are
indicated in (B). (B) Three-dimensional model
derived from the numerical stereo analyses with
more than 11,000 control points. Viewed from
the upper right side of (A). Note the flat,
featureless surface and the boulders sitting on
top of fines in gravitationally stable orienta-
tions, which suggests that these boulders are
stranded by vibration-induced convections. (C)
Muses-C and its boundary area. Directions of
gravel migrations estimated from morphological
characteristics are indicated by arrows. Align-
ments of boulders A and the jigsaw-fit structures
| are identified. A craterlike depression (trian-
gles) is apparently filled by fines. (D} The
surface slopes (color) and their directions
(triangles) computed by combining a polyhedral
model of the ltokawa shape and rotation with a
constant-density assumption. Note the global
trend that the slopes are always toward the
smooth terrains, The directions of gravel migra-
tions derived from morphologic characteristics
of deposits (arrows) match with those of local
slope.

Fig. 4. (A) Maximum acceleration of the globally averaged
vibration caused by an impact relative to the sudace gravity {alg) as
a lunction of the size of a stony asteroid. Terrestrial experiments
indicate that the gravel destabilzation occurred at alg ~ 0.2 (20)
and the granular convection at alg stightly larger than unity (15).
Seismic efficiency, velocity of impact, impactor density, seismic
diffusivity, and seismic quality factor are, respectively, 107, 5 km ™,
2500 kgm 3, 0.25 km’ ™, and 2000, except as otherwise noted.
These parameter values are given to show the general trend that, for
a smaller asteroid, it i easier to achieve a higher alg (27). (B)
Preliminary cumulative size distibutions (maximum horizontal
dimensions) of gravels based on 1150 cobbles in images of Fig. 2,
B and F, superimposed on the same plot for 534 boulders in global
images (). The distributions generally show a log-og slope of about
—2.8 (dotted line), which gives an estimate of the amount of pebbles
as 1.9 x 10° m* (27),

=]
[

Maximum acceleration relatics 1o graviy (ag) B>

'.In JII i ll].
' gAs 100 =) 10°
Size of grovel (m)

[ - -
107 moidn 10

Aglerod mean dameter (m)

SCIENCE WOL 316 18 MAY 2007 1013

www.sClencemag.ong



REPORTS

1014

interior. where they can clog the gaps between
larger blocks, providing sutlicient conimunica-
tionr between larger blocks 1o retain seismic ener-
gy while allowing the intemal voids to survive,

Particle segregation resulting from migration
vibration is not uncommon in temestial lab-
omtory expenments (7). Morcover, vibrational
stac sorting is likely to be more eflicient on a
smaller body as the threshold velocity for size
sepregation is theoretically proportional 10 /g
23), where g s the gravity plus rotational
aceeleration (mnging from 6 o 9 micro-g on
lokawa), Thus, grmnular convection might not
have been limited 1o the smooth termins bul
might have occurred globally, In this case, larger
gravels are stranded at the surface 1o form rough
temans, whereas [iner particles migrate beneath
and are exposed at potential low arcas. Scgre-
gation can also be due to other factors. For
example, smaller gravels usually have higher
mobility because of ther lower [metion angle
{200y, a smaller mean free path needed for
particle migration (26), or a smaller amplitsde
of vibration needed for mobilization, leading 1o
a longer perod of migration (23). In all cases,
varations in panicle mobility can explain how
grmvity-induced global gravel migrtions have
resulted in the segregation of fines and the
formation of smooth terming, and why bounda-
rics between smooth and rough lermins appear
relatively sham (Fig. 1A)

Our view of hokawa as a granular me-
chanical construct s futher suppored by the
total volume of pebbles (2.3 =< 108 m?) (fig. S1)
estimated from the total arca of smooth lermms
(0.075 knt') (fig. S1). This volume cannot be
explamed by gjecta lrom the largest craters on

Iwokawa but s consistent with those estimated
froom the cumulative number of boulders (Fig.
48314 27). Thus, pebbles in smooth termins likely
share ther ongim with boulders o rough ter-
rains. Some cobbles in the close-up images have
bright dots on their surfaces (Fig. 2, which arc
plausibly the remnants of micrometeoroid mpact.
It 50, ther number density likely represemts the
period of time that the cobble is exposed to the
space. The number density for a cobble is in-
dependent of the roundness or smoothness of the
cobble, which vares in cach image. This likely
indicates that the degradation of cobbles has oc-
curred regandless of their durmtions of being lo-
cated at the surface, implyving that the cobbles have
degraded due not o micrometeorond impacts but

to grindings against other grmvels as a result of

their collisional histories in orbit or the granular
processes discussed above,

References and Notes
1. Regaolith is loosely defined as any parficulate covering
an asterowd. We use the terminalogy of sedimentary
depasits (pebble, cobble, and boulder represent objects
whose sizes range from 4 mm to &.4 om, &.4 cm to
2.6 m, and =2.6 m, respectively, with “gravel” including
all of them) (&)
2. C R. Chapman, in Asteroids Itf, W. F. Baottke Jr.,
A Celling, P. Paolicchi, R. P. Binzel, Eds. (Univ. Arizona
Press, Tucson, 2002} pp. 315-330.
. A, Fujiwara et ol., Science 312, 1330 (2008).
. H. Yano ef al, Scence 312, 1350 (2006).
1. €. Blair, ). G. McPherson, | Sediment. Bes. 69, & (1999),
. | Saito et al., Scence 312, 1341 (2006).
|- E Richardson, H. . Melosh, R. Greenberg, Science 306,
1526 (2004).
F. €. Thomas, M. 5. Robinsan, Notuse 436, 366 (2005).
D. ). Scheeres et al., fearus 8, 10,1016 icarus. 2006.12.014
(2007),
10. A M. Nakamura, A, Fujiwara, T. Kadeno, Planet. Space
Sa1. 42, 1043 (1994).

e =T ST

=

—

1. M, Asada, | Geophys. Rex 90, 2445 (1985),

12. G. | Rynn, D. D. Durda, Planet. Spoce Sci 52, 1129
(2004).

13. P Lee, legrus 124, 181 (1994).

14. D. . Scheeres, Lumar Planet. Sci. Confl Abstr. XXXVI,
1919 (2005).

15. H. M Jaeger, 5. R Nagel, R. P. Behringer, Rev. Modl
Phys. 68, 1259 (1996).

16. A Rosatoe, K ). Strandburg, F. Prinz, R. H. Swendsen,
Fhys. Rev. Letr. 58, 1038 (1987).

17. 1. B. Knight, H. M. Jaeger, 5. R. Nagel, Phiys, Rev. Left.
70, 3728 {1993).

18. E Clement, ). Duran, |. Rajchenbach, Phys. Rev. Leit, 69,
1189 (1992).

19, P. Evesque, |. Rajchenbach, Phys Rev. [ett 62, 44 (1989).

20. T. W, Lambe, K. V. Whitman, Soil Mechanics, 51 edition
{Wiley, New York, 1979).

21. V. Guibouwt, D. ). Scheeres, Celestial Mech. Dyn, Astron,
87, 263 (2003).

22. A F. Cheng, M. lz=nberg, €. R. Chapman, M. T. Zuber,
Meteorit. Planet. Sci. 37, 1095 (2002).

23. |. E Richardson Jr., H. |. Melosh, R. |. Greenberg,
D. P. O'Brien, fcarus 179, 325 (2005).

24, 5, Abe ef ol, Scence 312, 1344 (2006),

25. E Asphaug, P. . King, M. R Swift, M. R Merrifield,
32nd Lunar Planet. Sa. Conf, Abstr,, 1708 (2001).

26. I Jiongming, Z. Binglu, W. Bin, Il Nuowe Cimento 20,
1443 (1998).

£7. Materials and methads are available as supporting
malerial on Saence Online.

2B. Supported in part by Mimstry of Education, Culture,

Sports, Science and Technology (MEXT) grant-in-aid

17031005, 2005, and 18740270, 2006 (to H.M.) and

in pan by Kobe University through the 21st Century

Center of Excellence Program: Ongin and Evolution of

Planstary Sysiems.

Supporting Online Material
waw.sciencemag.ong/cgifcontentTull1134390/DCL
Matenals and Methods

Figs. 51 to 53

References

28 August 2006; accepted 2 April 2007
Published online 19 Apeil 2007:

10,1126 science. 1134390

Include this information when citing this paper.

Molecular Basis of the Shish-Kebab
Morphology in Polymer Crystallization

Shuichi Kimata,'? Takashi Sakurai,* Yoshinobu Nozue,™ Tatsuya Kasahara,®
Noboru Yamaguchi,® Takeshi Karino,” Mitsuhiro Shibayama,? Julia A. Kornfield®

In the rich and long-standing literature on the flow-induced formation of oriented precursors to
polymer crystallization, it is often asserted that the longest, most extended chains are the dominant
molecular species in the “shish” of the "shish-kebab” formation. We performed a critical
examination of this widely held view, using deuterium labeling to distinguish different chain
lengths within an overall distribution. Small-angle neutron-scattering patterns of the differently
labeled materials showed that long chains are not overrepresented in the shish relative to their
concentration in the material as a whole. We observed that the longest chains play a catalytic role,
recruiting other chains adjacent to them into formation of the shish.

ith their low cost and wide diversity
in polymer chain stuctures, poly-
olefins are the most widely used
family of synthetic polymers wday, As with
many polvmers, in ther solid form they are
neither fully erystalline nor amorphous; mstead
they are considered semicrystalline with a crys-
tal fraction strongly dependent on processing

18 MAY 2007 VOL 316 SCIENCE

conditions. The morphologies of semicrystalline
matenals strongly altect their physical propenies
(/) and control of the structurl hicrrchy from
submnanometer- o micrometer-length scales s
thus important technologically and lascinat-
ing scientifically. The most notable changes
in structure and propertics are associated with
the How-induced mansition fom a relatively iso-

tropic, spherulitic morphology o a highly ori-
ented, shish-kebab morphology, which markedly
increases stiffness (2) and decreases permeability
(). This morphological ransition 15 induced by
flow and is very sensitive o the molecular ai-
inbutes of ihe polymer— panticularly those of
the longest chains present in the material. Re-
cent advances in catalyst wechnology afford con-
trol of not only the monomer-level structure of
the polymer chain (3, 4) but also the topology
5 and the nanostruciure (6) of olelinic poly-
mers, Therefore, there s an increasing impetus
to uncover the ways in which these molecular
attributes affect Now-induced crystallization.

It is well known that a beautiful super-
structure of polymer crystals can be created by
crvstallization during Qow (7). This super-
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stucture 15 composed of threadlike cores that
are encircled with platelike lamellar crystals,
Adthough this shish-kebab momphology was fist
observed 1 the mud-1960s (8-71), the mecha-

nism of shish-kebab formation is still a topic of

ongoing debate (f1-14).

Over the past lew decades, many invest-
gators have adopted the ideas of Keller and co-
workers, who proposed that the threadlike shish
form when some ol the chains undergo a tan-
sition from a coiled conformation o a highly
elongated state during Oow (/9-20). According
to the coil-stretch theory, the longest chains are
mainly responsible for shish-kebab fommation,
considering that for specifiad flow conditions,
only chains longer than a threshold chan length
M#* undergo the coil-stretch ransition, Recent
simulations ol How-induced erystallization from a
sodution of short and long chains have shown that
“long chains streiched and subsequently formed a
shish core amoumd which the shon chams ag-

eregate ina kebab™ (4). Similarly, simulations of

Now-induced erystallization from a melt of shon
and long chains concluded that “crystallization
ol orfented long chains™ fonms the shish and the

shont chains erystallize “lrom the lateral side of

long-chain crystals™ (/7). Hsiao and co-workers
have even proposed that long chains are quanti-
tatively separmted into shish, such that the fme-
tion of chains longer than AM* can be cquated
with the shish content (22).

Using small-angle neutron scattering (SANS)
with deuterium labeling of specific chain lengths
m an overall distribution, we examined poly-
mer erystallization for Now-exiended chains.
Three model isotactic polypropylene (iPP)
resins with well-matched overall molar mass
disiributions— but different chain lengths labeled
with deuterium-—were preparcd by blending
hydrogenaied and deuterated polymers that were
produced using a metallocene catalyst (2.3), Sim-
ilar o the work of Wavmouth and co-workers
(24}, these three model resing conained labeled
chains in the shortest thind, the middle third, or the
longest third of the overall distnbation, denoted
Shon D, Medium D, and Long 1, respectively
{Table 1), We chose iPP for this study because we
know the threshold stress required © induce shish

Table 1. Weight-average molecular weight mass
M} and polydispersity (M,/M,) of the deuterium-
labeled fraction and of the blend as a whole. Each
blend contains 13 weight % labeled chains.
Composition and preparation of blends are
described in supporting online material text and
tahles 51 and 52,

Demenun!-laheled Blend
species
M'll M-'
kgimo)  Ma (gimoy MM
Short D 41 2.4 467 8.3
Medium D 197 3.2 486 7.9
Long D 1781 il 557 8.6

WWW.SCiencemag.ong

in a material of this molar mass distribution
(25, 26); we also know that chains 4.5 times
longer than those with the number-average maolec-
ular wenght (M) are elloctve m promoting shish
fommation ( /), whenzis chains less than or cgqual 1o
twice the mean have no discemable effect, We
have extensive expenience with inducing shish at a
temperature where negligible growth occurs and
then revealing them by cooling to a tempermture
where growth procecds out into the relased mel.

Each of the deutedum-labeled resins was
subjected 1o identical Now and themmal history
to form specimens that had a skin-core mor-
phology ( 25), The labeled polymers wene sheared
for 1.0 s under isothermal conditions at 130°C by
pressune-dnven Jow through a thin rectangular
channel with a wall shear swess of 0,14 MPa,
Immediately after cessation of Now, the low cell
was conled to 140°C over 10 min and then held
al 140°C for 20 min. The transient response
dunng and afier Now, as well as inal morphol-
ogy, was consistent for the three samples. During
the shear pulse, all three materials showed similar
birelringence traces, charactenstic of formation
ol orented precursors (). During cooling, the
onset of crystallization for all three materials was
observed when the temperture reached approx-
imately 160°C, The marked rise in birefrin-
genee during crystallization was almost identical
for the three samples. The transmittance signa-
ture of impingement of the onentad skin was
observed for all three samples approximately 5
min after the temperature reached 140°C, and
the transmittance fell o approximately 5% by
the end o the 20-min holding time (hgs. S1 and
52} The Mow eell was then quenched in cold
waler 10 complete solidification and the sample
was removed for ex situ characterization by optical
and clectron microscopy, wide-ongle x-rmy scat-
tering (WAXS), small-angle x-ray scatiering
(SAXS), and SANS,

Microscopy, WAXS, and SAXS confimmed
that on scales from subnanometer o micrometer,
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the three materials had the same semicrysialline
mophology (figs. 83 w0 57} In particular, all
three samples had an orented skin with a
thickness of approsmmately 70 wm near cach wall
(fig. S3), whene the shear stress mnged from 0,10
e 0,014 MPa. The shish-kebab nanostructure
observed in the onented skin by transmission
clectron microscopy was  indistinguishable for
the three matenals (g, S4).

The highly oriented morphology (Fig. 1A)
consisted of stacks of parent lamellae onthogonal
o the ow direction and, chameienstic of PP,
epitaxial daughter crystallites (oriented approxi-
metely =80 with respect o the parent buncllac).
Coherent onientation of the parent lamellae results
from nucleation on threadhke precursors, Crystal-
Ies were approxmetely 15 nm thick, amnged in
periodic stacks with a penod of about 30 nm, or
long spacing, Shish appearcd to be approsimately
00 nm apart. The x-ray scattering pattem of this
onented morphology (Fig. 1B) had strong lobes
of scattered mtensity from the stacks of paremt
lamellac (meridional) and weaker scattering from
the daughter lamellae (equatonal), consistent
with the small, poorly defined stacks of daughter
lamellae seen in the micrograph. Scattening
angles consistent with the separation between
shish were obscured by the beamstop,

In the final solid sate, very different SANS
patterns were observed as a function of the length
ol the labelad chains (Fig. 2A, far lelt column).
Parent lamellar stacks were clearly evident in all
three samples as the lobes of intensity in the me-
ndional direction; strong  equatonial  scaltering
wis evident near the beamstop. The sample con-
tuning dewterated short chams exhibited much
stronger scatiering than those with labeled me-
divm or long chains. This is consistent with the
case with which shont chains can be “recled in”
io the growth face of a crystallite (27). In Shon
D, the deuterium fabel became concentrated in
the lamellar crvstallites. Because their coil dimen-
sions are smaller than the long spacing. the shon

P

0.3 nm

Fig. 1. (A} Transmission electron micrograph of a stained section of the oriented skin showing
shish oriented along the flow direction, parent lamellae (P}, and their epitaxial daughters (D). (B}
Small-angle x-ray scattering pattern taken with beam along the velocity gradient direction showing
that stacks of parent lamellae orthogonal to the flow contribute to the vertical lobes (P) and that
daughter lamellae contribute to equatorial intensity (D). All three differently labeled blends display
the same solid-state morphology (figs. 53 to 57). The data shown are for the Short D specimen.
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chains rarely fomm tie chains between neighbor-
mg lamellae, so few of their segments become
tapped i the mterlamellar region. Thus, the
short chans abandon the mterdamellar region,
bt mediem and long chins are tmpped there,
both because they cannot add to the growth
front as quickly as 1t passes by and because they
are more likely to be frustrated by attaching w
multiple stacked lamellae. Therefore, the scat-
tering from the lamellar stacks in Medium D
and Long D is much weaker and anses from a
relative excess of deuterium in the noncrystal-
line imerlamellar material

Al much smaller angles, there is very inense
scattening in the equatorial direction that is absent
in the mendional direction, The intense scattenng
orthogonal o the low direction at small ¢ indi-
cates the existence ol long slender objects pamallel
o the Tow dircction with lateral separation much
greater than the lamellar long spacing. To estab-
lish the nature of these long, slender objocts, we
recorded the SANS pattem al progressively higher
temperatures untl only mell scattenng was ob-
served, The pattemis wecorded at 1R0PC were
dominated by the melt: Neither ervstallites nor
anisotropy coulld be detected (Fig, 2, far righ
column), The scatiering pattems agrced  with
Gaussion chains in the mel (280 AL temper-
atures near the nominal melting  emperature,
such that most of the erystallites presem in the
fully solidified staie were no longer present, o
strongly oriented structure remained (Fig, 2A,
middle columns), Parenmt lamellar stacks were
weakly evident at 166°C, consistent with the real-
time birefnngence indicating that the  carliest
overgrowth of kebabs formed ot approximately
160°C during eooling. The dommant signal was
in the small-angle peaks that result from namow
shish-kebabs, which were evident in the SANS
patterns of materials labeled on (e shon o
mediom cains but not in the long-chain labelad
material. Ar 168°C, the scattering from parent
lamellae (kebabs) could not be distinguished from
the background, vet the small-mgle equatorial
sigral was still readily observable for Short D and
Medium D.

Fig. 2. Temperature de-
pendence of SANS pro-
files of deuterium-
labeled materials during
heating from 25° to
180°C. The labeled frac-
tion s denoted by S, M,
and L for Short D, Medi-
um D, and long D,
respectively.
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To check for the possibility that weak peaks
might be present i the long<chain labeled case
but obscured by the relatively strong melt scat-
tenng of the long chams, we exanunad the dif-
lerence n scattered imtensity between 1667 and
180°C and between 1687 and 180°C, Already at
166°C, very few crvstallites were present, so the
melt contribution dominated the overl] scater-
ing mtensity for both Medium D and Long D
(which had R, of ~18 and ~43 nm. respectively).
The scattering pattem obtained at 180°C pro-
vided a very good approximation of the mel
contribution at 166 and 168°C, precisely be-
cause the degree of ervstalliniy was very low, so
that fig hyseec could simply be subtracted from
fle oo OF Nephesec 10 1solate the erystallie
contribution m these scattermg pattemns. Even
afler providimg a null background on which a
weak signal would be evident, there was no sign
of small-angle equatonal scaftenng in Long D
(Fig. 3). Therefore, w good approxmation, the
concentration of deuterated long-cham segments
in the shish matched that i the matenal as a
whole. The view that shish are dominated by
long chains s not consistent with the observed
SANS paltems

The evidence that the long chain concenira-
tion i the shish matches that in the Mll':ulllidiﬂg
mel indicates that, as a shish propagates, it
incomomtes all of the species in its path. For
example, i’ the long chains are representative of
the longest 3006 of all chains, the lack of neutron
contrast in the Long D sample would imply that
approxinetely 70% of the shish consttuents are
short and medm length chams (10 within the
ratio of the densities ol the mel
materials).

The amisotropy of shish scattening in SANS
165°C of the short- and medium-
chain labeled materials is quite distinet, despite
its absence for long-chain labeled matenal. The
data are compatible with various scenarios: mo-
lecular deformation of short and medium chains
it the shish being preater than that of long
chains, enhanced fluciuations in the local molar
miass distribution due to shear, or a difference in

and shish

panerns al

166°C

168°C 180°C

concentration of shon and medium chains in the
shish relative o the bulk. We conclude that the
most likely of these s the last.

It has been established that the presence ol
long chams greatly enhances the propagation
of shish. We ofler a physical mechanism tha
simultancously explains the imponance of long
chams for shish formation and the evidence that
they are not the dominant species i the shish.
We hypothesize that shish propagate by a local
mechanism that is active at their ends (and, per-
haps, along their sides, adding to their thickness)
(/1) Chains in the immediate vicinity may at-
tach to the surface of the shish, making those
chains muore h!l.‘ﬂ,.'\,‘i'ﬂil‘lll.' iy J‘IH“-i['lLl.I.II.,'l.'iI nricu-
tation, The degree of onentation that s actually
induced i these tethered chans s very sensitive
to their length. Given the highly nonlinear de-
pendence of low-induced crvstallization on
the macroscopic stress, the probability that mel
transforms 1o crystal must be a strong function
of the local segmental orentation of the chains,
Theretore, the presence of long chams m the
melt could markedly accelerate shish propa-
gation by accessing high degrees of segmental
orientation alter they adsorb 1o the tip of a
shish (11).

I the “coil-streteh transition”™ of !ur'l:._' chains
is essential, as proposed by Keller's hiyvpothesis,
then it appears that the stretching oceurs in long
chains that are near the tip of a propagating
shish, not throughout the volume as Keller
implicd. From the momhology that develops,
the degree of orientation that the long chains

attan elsewhere 15 mrely sullicien o tngger
local ordenng. The adsorption of long chains

(along with all others) omo the shish surface,

(@) seec 1 ()00

H9) a0 -1 (Q) 00

Fig. 3. The change in SANS scattering intensity
between 166° and 180°C (left) and between
168° and 180°C (right) for each of the three
deuterium-labeled blends.
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combined with the action of fow (which orients
the tathered long chains much more than the
rest) can explan why long chains enhance shish
propagation (/1) The clevated orentation cre-
ated near the shish causes rapid ordering,

It has been shown that duning flow, shish can
imcrease i length by micrometers per secomd
(26). The time it mkes for a shish 10 ovenake a
typical long- or medium-length chain (A1 =
1 ms) is o fast for its center of mass 1o diffuse
out of or into the path of propagation. In At -
1 ms, even a medivm-length chain of 200 kg/mol
chain diffuses less than 1 nm: i.e. (D An'7 -
1 nm (29, There simply is not enough tme o
segregate the long chains from the bulk into the
shish, Thus, long chains greatly enhance the
propagation velocity of shish, with the kinence
consequence that all lengths of chains become
incorporated as the shish advances.

Direct measurement ol chains of different
lengths patiioning into the shish shows that the
fraction of long-chain scgments within the shish
malches their composition in the mell as a
whole, This linding is consistent with previous
literature showing that the longest chains play a
central role in the formation of shish. The two
observations taken together indicate that the
long chains recruit neighboring chains 10 join
them in forming the shish., The plvsical picture
is consistent with the observations ol Rutledge
and co-workers in their simulations of nuclea-
tion from the melt: Molecular mobility and
relaxation of a number of neighboning scgments
mte erystalline-like order 1s vital 1 the forma-
tion of nuclet from an oriemaed mel (30)

The implications of molecular-level under-
standing of the formation of the highly onented
morphology i semicrystalline  polymers  are
widespread. Judicious choice of the concentri-
tion and length of long chains can be used 10
tune the propertics of the oriented skin that are
vital o applications ranging from biomedicine
to transportation: Surface hardness, Impact resist-
ance, reflectivity, and adhesion, among  many
other qualitics, depend upon the microstnucture
near the surface. The mealization that shish
formation involves all chain lengths underscores
the potential for funther expansion of the diver-
sity of material propenics that can be achicved
using the same basic sct of monomers.
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Mesoscale Eddies Drive Increased
Silica Export in the Subtropical

Pacific Ocean

Claudia R. Benitez-Nelson,* Robert R. Bilr.‘ligﬁmn2 Tnmmg D. I}ickey,; Michael R. Lan:lry,‘

Carrie L. Leanard,® Susan L. Brown,? Francesco Nencioli,

Yoshimi M. Rii,® Kanchan Maiti,

Jamie W. Becker,® Thomas 5. Bibby,”® Wil Black,> Wei-Jun Cai,? Craig A. Carlson,®
Feizhou Chen,” Victor 5. Kuwahara,™** Claire Mahaffey,” Patricia M. McAndrew,” Paul D. Quay,**
Michael 5. Rappé,® Karen E. Selph,” Melinda P. Simmons,*** Eun Jin Yang™™*

Mesoscale eddies may play a critical role in ocean biogeochemistry by increasing nutrient supply,
primary production, and efficiency of the biological pump, that is, the ratio of carbon export to primary
production in othenwise nutrient-deficient waters. We examined a diatom bloom within a cold-core
cyclonic eddy off Hawai'i. Eddy primary production, community biomass, and size composition were
markedly enhanced but had little effect on the carbon export ratio. Instead, the system functioned as a
selective silica pump. Strong trophic coupling and inefficient organic export may be general
characteristics of community perturbation responses in the warm waters of the Pacific Ocean.

esoscale oddies in the worlds ocemns
are ubigquitous and bring episodic
pulses of new nutrients into the photic

2one. Ther ephemeral natre, however, makes
them difficult 10 study (/). and their biogeo-
chemical importance remains  controversial
(2, 3% The E-Flux project was designed to ex-

www.sciencemag.org  SCIENCE VOL 316

ploit the reliable presence of one tvpe of com-
monly ocamring wind-driven mesoscale eddy
that forms in the lee of the Hawaiian Islands
(4, 5). This negion thus serves a5 a natural
laboratory for mvestigating eddy-enhanced pro-
duction and panticle export in an oligotrophic
subtropical ccosystem (f, -8 Here, we repon

the physical and biogeochemical dynamics of a
first baroclinic mode eddy, Cyelone Opal, which
became visible in Moderaie Resolution Imaging
Spectroradiometer (MODIS) and Geostationary
Opermtional Environmental Satellite (GOES) im-
agery between 1R and 25 February 20035,
Cyclone Opal appears to have originaied
between the islands of Maui and Hawai'i because
ol strong and persistent northeasterly trade winds.
Under these conditions, the wind stress curl

drives Ekman pumping, leading to doming of

sopyvenal surfaces (4, F). Shipboard measurne-
ments (10 1w 22 March) confirmed that Cyclone
Opal was a well-developed cold-core eddy as evi-
denced by s size, tanzential cument specds,
vertical isopyenal displacements, and outcroppings
ol density and nuiriemt surfaces (Figs. | and 2).
Within this feature, a core region ofhigh biomass
that supported cuphotic zone primary production
(PP) (9 mates two- 1o threelold higher than sur-
rounding oligotrophic waters ( Table 1) was con-
fined 10 an arca less than 40 km in diameter, A
stromgly developed diatom bloom occurred in the
deep chlomphyll maximum (DUM ol the eddy's
core isopyenal surthoes (0, = 24210 244 kg m™)
that had been uplified o 60- w0 80-m depth,
Cyelone Opal was tracked by a shipboand acoustic
Doppler cument profiler as it moved =165 km
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southward with an average translational speed of

8 km day " Although the eddy maintained its
pramary physical features and mesoscale structure
throughout these observations, the biogeo-
chemistry ol the core region evolved substantially,
Cyelone Opal therefore provided an intriguing
glimpse into a nutrent-perurbed occanic com-
miunity entenng its biologically declining phise
The biological community within Cyclone Opal
wis vertically heterogencous, with a strong sub-
surfice dimom bloom superimposed onto a typical
nliwmﬂtic community of smaller photoautrophic
cells (Fig. 2 and Table 1) nitially, large (=20 pm)
diatoms in the DOCM were enhanced by almost
[Wi-fold above background levels, with a 6i-fold
mnercase i the biomarker fucoxanthin (Fig. 3),
Diatons also composad 78% of the highest bio-
mass observed in Cyelone Opal (9 pe C 1, Fig. 3),
with about hall’ atinbuted © wo contnic gener,
Rhizosolenia and Chaetoceros. In contrast, DUM
communitics outside the eddy were domimated
by small autotrophs (80% of biomass had cells
< 10-um), such as prymnesiophyies. pelagophyies,
and Procllomeoccns spp. In general appearance as
well as 1otal biomass and size composition, Cy-
clone Opal’s bloom bore a striking similanty 1o the
iron-induced bloom observed during the Southem
Ocean Iron Experiment (/). Cyclone Opal was
notably not dominated by pemnate diatoms, as oc-
cumed in iron-foenilized equatorial waters (1),
Contributing 1o the vertical haterogeneity with-
in Cyclone Opal was a distinet and persistent laver
of decaving and senescent ditom cells direatly
above the DOM. Epiflucrescence microscopy in-
dicated thm ~940P%% ol these cells were locking in
chlorophy Il and/or cellular protein, and fast rep-
ctition rate luorometry (FRRF) indicated tha
photochemical energy conversion efficiency was
depressed [variable Nuorcscence/ maximal Nuores-
cence (F/F ) = 034 at 530 10 60 m versus 0,49 a
70 w0 80 m|. These differences in disom phys-
iological state suggest that the bloom began as
nutrients were uplificd ino lit surface waters and
then declined because of nutrient limitation. This
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decline enabled light penetration and diatom
growth to extend o deeper waters,

Cyelone Opal’s biological evolution was readily
apparcnt from 16 to 21 March. Daily observations
within the DOM showed an 8096 deoncase m
diatom biomass and a 70% decrease m fucoxambhin
(Fig. 3). During this peniod, the detom assemblage
transitioned to lightly silicificd genera Hemianl s
and Mastogloia and smaller pennate formes more
common in surounding waters (42, These commu-
nity changes were accompanied by a gradual DCM
decline in F/F, (rom 0.5 1 1o 041), and the light-
limited rate of photosynthesis decresed !mm {}.U?
o 0,04 [mg C me Li:hnﬂiwll a (chl 2" hour ')
(mmol quant m - ' These results are con-

sistent with a tansition in plankion  community
metabolism from net auotrophy to hetemtrophy (),

We mvestgated plankton growth and greing
dunng this declme (¥), Diatom growth mte was
indistinguishable between addy core and surmound-
ing waters when integrated over the entire cuphotic
aone, However, there was substantial depth vinia-
biliy within Cyclone Opal, with highest diatom
growth at the DOM [0.57 < 0,18 day ™" (mean = SD)
at 70 1o 80 mg i = 6 measurements| and the lowest
diztom growth dircety above at 50 w0 60 m (0,23
0.25 day ™" an 50 10 60 m; 1= 9), comesponding 1o

healthy and senescent dimom lavers, respectively.
Substantial net distom growth only occumed in the
=012 day

DM 0.26 ' 1= 6) yet was accom-

Transect 3

40 m ADCP current vectors ﬂ

¥ CTD Casts

40°

Latitude

30

Depth (m)

0.75
0.5
0.25

-0.25

0 20 40 60 80 100 120

140 160 180

Distance along transect (km)

Fig. 1. Spatial distribution of the areal extent of Cyclone Opal during transect 3 as depicted by (A)
40-m current vectors and (B) sectional perpendicular velocities (m s7).
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panicd by higher dimom monality by microher-
bivore grazing (0.31 + 026 day ™ versus 0.21 = (.14
day "), In contrast, within the seneseent dilom zone,
prcang losses yielded negligble net diatom growth
(002 = 020 day ;0 =9).

Oht the basis of these experiments, it appers that
reduced growth e mther than o greding surge
precipitated diatom demise, which is consistent with
observed distributions of senescent and  healthy
cells, Although the ulimate cause of diaom decline
remains clusive, it may be due o silicic ackl limi-
tation. The ratio of silica (Si) w nitrogen (nitmte plus
nitrite, NN ivailability was strongly depressed in
the eddy cone (Table 1), In the senescent zone, silicic
acid concentrmtions were below  detection (<0,33
M) duning inital sunpling. Funhemmone, B sencs
of expeniments under simulated in situ conditions,
phytoplankton from the eddy core DCM did not
respond 1o varying combinations of added nitrte,
phosphate (P}, and won (9). In contrast, ex-
penments i sumounding waters showed a strong
and rapid recovery response of F/F,,, in all nitrate
addition treatments, implying nitrate limitation.
Taken in combination, low concentrations of silicic
acid and the lack of phytoplankion community re-
sponse 1o additions of nitmte, P, and iron strongly
suggest that DCM populations were Si-limited.

We then corsidered a hvpothetical upper limit o
orzanic carbon cxpont efliciency where all new
nutrients (NEN) Mlied mlo the sunlt biver are
eventually retumed 10 depth s onzanie parickes
with an gesumed canonical Redlicld CON mtio of
6.6, The contribution of new production that coukd
be anbuted 1w bloom decline was determined
throwgh a sall budget lased on uplificd sopyenal
density surfaces within the eddy core (#), About
147 = 32 mmeol m ™ of N+N was initially brought
into the euphotic wone (Table 1) [T all uplified NN
were wsed by phyvioplankion, the potential new pro-
duction during the roughly 4- 10 S-week liletime of
Cvelone Opal s equivalent o hallof the mnual new
production i this region [2.0 mol Cm * year !
above 100 m (/3)] and & almos 10 imes lugher
than the amoum directly observed (Table 1), We
hypothesize that 51 limitation of diatoms coupled
with enhanced grezing resubls in efficient C reminer-
alization but enlanced biogenic silica export. con-
sistent with the model proposed by Dugdale of af.
(14 tor high-nutrient low-chlorophyll waters,

Microzooplankton consumers accounted for
most of the utiliation of disom poduction, as evi-
denced by a lack of focal pelles and denuded di-
atomm frustules, As aconsequence, the fate of diatom
production was toward remineralized C, N, and P

REPORTS I

and empty diatom frustules within the cuphotic
wome, mther than the mpid export of organic-nich
large particles, c.g., compacted tecal pellats or ag-
eregates of ntact diatoms. Strong microzooplank-
ton grdng relative 10 macozooplanklon grizing
facilitated  recycling and greatly diminished the
potential for high expont mtios of C and associated
bio-chkements from the wind-driven eddy-stimulated
bloom (Table 1)

This lypothests is further supported by bacterial
community compesition, total organic carbon (TOC)
accumulation, and panticulae C(PCyand N (PN)
expon rates. Mixed kyver lactenoplankton compm-
pitics were similar o those measured outside the
cddy. Below 30 my however, Planctonnectes, Bae-
seroigletes, and cenain Proveolacteria thought o
degrade high- molecular weight dissolved orgame
ritter appearcd (13-47). TOC concentrations with-
in the upper 110 m increased by 600 mmol C m?
lexpected versus observed, Table 1), In contrzst, PC
and PN exports were only mmimually enbanced
within the eddy core (Table 1) and were similar 1o
those in nearby oligotrophic waters o station (St
ALOHA (Hawai'i Ocean lime series program)
(3, 18).

Collectively, our results suggest that Cyclone
Opal was suprisingly ineflicient in tansporting PC

-30 0

30 90  -60

-30 0

Distance from the center (km)

Fig. 2. Sectional views (horizontal distance from center of eddy and depth)
for transect 3. Contour lines indicate the depth of isopycnal surfaces: (A)
silicic acid (uM), (B} total chlorophyll a (TChl a, mg m™), (C) fucoxanthin
(mg m~?, and (D) photochemical energy conversion efficiency (F,/Fy).
TChl a is derived with the relationship between conductivity temperature
depth (CTD) fluorometer voltage (Flu} and high-performance liquid chro-
matography (HPLC)-measured TChl a by using a third-order regression
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Distance from the center (km)

curve (TChl a = 031 x Fu® = 0.80 x Flu® + 1.09 x Flu — 0.02; r* = 0.85).
The yellow line in each contour represents the 1% light level. The 1% light
level depth was computed by using the following relationship: logyeds =
—=0.64429(logqa0) + 1.16115, where Z, is the 1% light level depth and C is
the mean value of the chlorophyll concentration between 0 and Z,. Logy 2.
and logypC were first computed for casts collected during daylight hours
and interpolated (29).
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at Sta. ALOHA (/9 and other open-ocean ecosys-
tems (20) More than 35% of net community pro-
ducoon (NCP) accumulated as TOC m the water

to depth, Although gross PP (GPP) mtes were ele-
vatbed by onver a factor ol 2, the mtio of PC export to
GPP remamed low at 005, sinular to that mcasurcd

Table 1. Water column properties of IN versus OUT stations occupied during the E-Flux Il cruise {values in
parentheses correspond to the number of observations). Mixed layer depth is defined as the depth at which
seawater temperature i 1°C less than the temperature at 10 m. All observed (*™) nutrient data were
averaged over the upper 110 m in all control (OUT, n = 3) and IN stations {1 = 7), which include the center
station from transect 3 depicted in Fig. 1. Expected nutrient data (™) for IN stations was determined by using
a salt budget based on the isopycnal uplift and compaction of density surfaces (9). GPP and NCP calculated
from A0 were determined over the depth of the mixed layer. GPP and NCP from AYO were not
determined at the OUT station during the March 2005 cruise. As such, average values were used from two
previous cruises in November 2004 and January 2005 from the same OUT station location. All biological and
pigment data, as well as PP derived from phytoplankion growth, were averaged to depths just below the 1%
light level within the eddy core (0 to 110 m, center station from transect 3 and the first three eddy core
stations, for example, before bloom decling, n = 4) and 0 to 150 m at control stations (n = 3). Taxon-specific
pigments include fucoxanthin (diatoms), chlorophyllide a (degradation pigment associated with senescent
and grazed diatoms), divinyl chlorophyll a (Prochlorococcus spp., and zeaxanthin (all cyanobacteria).

INfOUT
or A
95 « Tm (n =48 -

132 19 min =18} -

Inside Opal Outside Opal

51+ 8min=48)
89 + 10 m (n = 20)

Mixzed layer depth (m)
1% light level (m)
24+5( =3 38"

N+ N (0 to 110 m, mmol N m™) 91 x 15 (n = 7)™

147 + 32 (n = 3% 6.1°%

Phosphate (0 to 110 m, mmol P m™) 17.1 £ 2.5 {n = 7)™ 98 +18{(n=3 1L7"™
25.9 = 4.6 (n = 3)°° 2.6

Silicic acid (0 to 110 m, mmol 5 m™) 166 = 30 (p = 7)* 170 + 41 (n = 3) 10"
244 + 50 (n = 3)*° 1.4%P

TOC 0 to 110 m, mol € m™%) 7.26 =022 (n=6"" 791+003=3 09
6.66 + 0.26 (n = 3)™P 0.8

1.8 £ 0.5 (n = 7)™
5.3 + 1.2 (n = 7)™

71222(n=3)
24+£07(n=3)

SifN ratio
N/P ratio

PP fram phytoplankton growth 128 + 16 (n = 3) 46=13{nh=3) 28

(mmol € m™ day™?)

GPP from A*"0 (mmol € m™ day™) 125 % 6 (n = 2) 51+27(n=3) 25

TChL a img m™) 32149 (h=4) 29.1+x18(h=3) 11

Fucoxanthin (mg m™3) 5.5 16(n=4) 1.0£002((h=3) 55
Chlorophyllide a (mg m™) 3.2x11(n=4) D2202(m=3 16
Divinyl chlorophyll a (mg m™) 76+11(n=4) 13.7211(n=3) 06
Zeaxanthin (mg m™2) 53+ 0.7 (n=4) 9.7203(km=3 05

114+7 =3 19
3+£2{n=3 47

220+ 35 (n = 4)
141 = 39 (n = 4)

Phytoplankton biomass (mmol € m™%)
Diatom biomass (mmol € m™)

Prochlorococcus spp. (mmol € m™) 32+5(n=4) 58+16(n=3 06
Protozoan grazers (mmol C m™?) 78 £12 (n = 4) 59+11(n=3 13
Heterotrophic bacteria (mmol € m™) 71+ 7(n=24) B0+=7(m=3 09
NCP based on dissolved inorganic C, TOC, and 14.0 = 4.4 25+19 5.6

N+N mass balance (mmol € m™2 day™)

NCP from A0 and O/Ar (mmol € m™ day™) 6.6 = 7.5 (n=2) 25+x10(n=3) 26

PC export at 150 m (mmol m™ day™)

Traps 154 = 0.11 (n = 3) 152+ 020m=3 10

5N mass balance 2.79 + 0.8 1.39 + 0.46 2.0

3% derived 0.97 = 0.57 (n = 5) 0852 008(n=3 1.1
PN export at 150 m (mmol m™ day™)

Traps 015£001(n=3) 016 £002(m=3 09

"N mass balance 0.42 + 0.13 0.21 + 0.07 2.0

231 derived 0.07 = 0.04 (n=5) 0.052001(n=3 14
PSi export at 150 m (mmol m™ day™)

Traps 0427+ 0034 (=3 0111+0065(m=3) 38

231h-derived 0.145 = 0.110 (=5 0100+ 0027 h=2 15
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colunmm {Table 1%, Although this finding is con-
sistent with the pelagic food web model of Laws
e al (25, which predicts that expon mtios do nom
vary with total production at temperatures greater
than ~25°C, the export ritio is substantially less
than commonly associated with large-scale di-
atom blooms (22),

Although PC export only modasily increased in
Cyclone Opal, the biogenic paticulate silica (PSi)
ux was enhanced by 15 10 4 times more than
luxes at control sitions, Sta. ALOHA (0085
0.058 mmol Si m * day "), and other oligotrophic
open-ocean sies (e.e., Sangasso Sea, 0107 © 0,036
mmol Si m * day ') (29) (Table 1), Within the
cddy, high PSi fluxes reltive o0 PC fluxes were
confinmed by visual observations of cmply distom
Inswles m sediment trap materal and an merease
m PSiPC mtos sampled ot 130 m dunng the tme
series, For companson, these eddv-induced PSi
Muxces were similar in magnitude 1o those observad
m the more productive equatonal Pacific (-0330
mmol Sim = day " at 200 m) and had PSiPC molar
rtios more than double those found there (24) and
at Sta. ALOHAL

This study provides a direet biogeochemical
quantification of the decline and fue of an eddy-
stimukited disom bloom i the oligotrophic open
ocem, Alhough our resuls confimn that wind-
driven first baroclinke mode ovelonic eddics are
highly productive and increase biomass (£, 6, 8),
they are not necessanly more eflicient in exporting
PC and PN 1o deep waters, The observation that
eddy-enhanced  production only vields a propore-
tional increese in O expont i o odds wath the general
perception that marked memsses m the expont/
production ratio follow major shifis in communi-
by size structure from small o large phytoplankion
(23, 2n). Nonetheless, the surprisingly low expon
clliciency in Cyvelone Opal is consistent with mod-
cls ol iemperature effecs onexpon production (21),
as well as wanm-water diatom blooms induced by
won fertilization in the equatonal Pacilic (/f, 27).
Here, the umsual occurrence of a centric diatom
bloom residing relatively deep in the cuphotic zone
seems o represent ideal conditions for a major flux
cvent. The absence of disproportionaie organic
export fTuxes under these circumsiances argues
that strong microbial community coupling of pro-

in wanmewater Pacific ecosystems may dampen
nutnent=perurbation eficets on the C export ratio,

Eprodic inputs of nurcnts and mee clements
mio surtace waters by eddics, froms, and human
manipulation have been widely nvoked as mech-
anisne that enhance O sequestration or explain ne-
gional discrepancies in nutrdent and new production
s balances (2, M0, £, 28). Whether these spec-
ulations are ressonable for tropical and subtropical
waters depends on the extent 1o which they incor-
porle community structure or procduction enhance-
mcnt of export mtios and the wemporml and spatial
scakes being comsidened. Here, the eventual decay off
Cyclone Opal would have relaxed uplified sopye-
mal surfices and moved downward any unused
nutients and  accumalated organie matter within
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those density lavers from lizhted  surfice waters.
Thus, elemental comstiuents locked into eddics by
efficient remincralization are exportied but not ef-
fectively sequesterad on amnual time scales, because
they reside immediately below the cuphotic zone,
Nonetheless, if eddics lunction o selective silica
pumps (£4), these sub-cuphotic waters will be dis-
proportonacly depletad m sl acid. To the extent
that St=hmtaton medulaes diatom growth and
bomess accumulanon, one long-lenn consequence
of repeated nuident entminment by wind-driven
eddies may be to reduce ditom response, Rirther
complicating explanations of how  these fentures
alleat operrocecan biogeochemstny,
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Fig. 3. Diatom biomass in the DCM. (A Diatom
biomass versus depth (ug € 1) during the decline
of a diatom bloom; ¢ = 0 {solid circles) denotes the
first sampling of the bloom. Repeated samplings on
days 3 and 8 after the initial encounter depicted by
solid squares and diamonds, respectively. For
comparison, the OUT station is also shown (crosses).
(B) An epifluorescent image of the phytoplankton
population within the DCM at the OUT station. (C
and D) Epifluorescent images of the phytoplankton
population within the DCM at the center of Cyclone
Opal during the initial sampling [t = 0 day (C)] and
8 days later [t = 8 days (D)) during the bloom
decline. Images were taken of slides viewed at
200 magnification, and each image represents
=8 um cells from 500 ml of preserved seawater
(9). The red color reflects chlorophyll autofluores-
cence. Note the transition in diatom spedies from
large centric genera (Rhizosolenia and Chaetoceras)
to smaller genera (for example, Mastogloia).
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Eddy/Wind Interactions Stimulate
Extraordinary Mid-Ocean

Plankton Blooms

Dennis ). McGillicuddy Jr.,*™* Laurence A, Anderson,” Nicholas R. Bates,” Thomas Bibby,**
Ken 0. Buesseler,” Craig A. Carlson,” Cabell 5. Davis,” Courtney Ewart,® Paul G. Falkowski,®
Sarah A. Goldthwait,®” Dennis A. Hansell,® William ]. Jenkins,® Rodney Johnson,?

Valery K. Kosnyrev,! James R. Ledwell,’ Qian P. Li,® David A. Siegel,® Deborah K. Steinberg®

Episodic eddy-driven upwelling may supply a significant fraction of the nutrients required to
sustain primary productivity of the subtropical ocean. New observations in the northwest Atlantic
reveal that, although plankton blooms occur in both cyclones and mode-water eddies, the
biological responses differ, Mode-water eddies can generate extraordinary diatom biomass and
primary production at depth, relative to the time series near Bermuda. These blooms are sustained
by eddy/wind interactions, which amplify the eddy-induced upwelling. In contrast, eddy/wind
interactions dampen eddy-induced upwelling in cyclones. Carbon export inferred from oxygen
anomalies in eddy cores is one to three times as much as annual new production for the region.

nderstanding the conwrols on primary
procluction in the upper occan is of fun-
damental mmpornance or two main rea-
sons. Firsy, primary productivity sets a lirst-order
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constraint on the cnergy available w0 sustain
oceanic ccosystems. Second, Nxation and subse-
quent sinking of organic particles remove carbon
from the surface occan (the so-called biological
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pump), which plays a Key role in the pariitioning
of carbon dioxide between the occan and a-
mosphere. Geochemical estimates of new pro-
duction (/) surpass the apparent rite of nutrient
supply by vertical mixing by a factor of 2 or
maore in subtropical occans (2-4), which con-
stitute some of the largest biomes on Earth, Two
possible mechanisms 10 supply the “missing”
nutricnts  locally include nitrogen lixation by
eyanobacteria (7 /0y and intermittient upwelling
by mesoscale eddies and submesoscale processes
(11-21).
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dmagilliceddy@ whoi.edu

A Eddy-wind driven
dewrmwilling

Eddy-wind driven
upweliing

There are at least three types of mid-occan
eddics in the northwestern subtropical Adlantic:
cveloncs, anticyclones, and mode-water eddics
(Fig. 1A Cyelones dome both the scasonal and
main pyenoclines, whereas regular anticyclones
depress both density interfaces, Mode-water od-
dics derve their name from the thick lens of
water that deepens the main pyenocline while
shoaling the scasonal pyvenocline, Because the
geostrophic velocitics ane dominated by depres-
sion of the main pyvenocline, the direction of ro-
tation in mode-water eddies is the same as in
regular anticyelones, However, displacement of
the seasonal pyanocline is the same as in ¢y-
clones: Both types of features tond o upwell
nutrients wio the cuphotic zone dunng their for-
mation and intensification phases. As these addies
spm down, the density surfaces relax back o ther
mean posilions, and thus decayving eyelones and
mode-water eddies will have downwelling in
their mternors. This temporal evolution during
the life eyele of an eddy 15 a key regulator of the
biogeochemical response (22, 23},

Eddy features are readily discemible via
satellite altimetry (Fig. 1B and fig. S1). Access

Eddy-wind driven
upwelling

Saa Lovel

=300 =200 =300

{mim)

0 100 200 00

Fig. 1. (A} Isopycnal displacements associated with three types of eddies. Two density surfaces are de-
picted: one in the seasonal thermocline py and one in the main thermocline pz. Arrows indicate the sense
of the vertical velocity arising from the interaction of the wind with the underlying eddy-driven flow, which
is upward in anticyclones and mode-water eddies and downward in cyclones. This eddyMind interaction
stimulates diatom blooms in mode-water eddies. (B) Objective analysis of SLA for 17 June 2005, just before
the first cruise of the 2005 field season. The Gulf Stream mean path and meander envelope (1 SD) are
indicated as solid and dashed black lines, respectively. Prior trajectories of the features of interest are
indicated by white lines emanating from eddy centers, with dots at 30-day intervals. Satellite ground tracks
are shown for the Jason (magenta), Topex 2 (green), Geosat Follow-on (black), and European Remote
Sensing/Envisat (light blue) satellites. A corresponding map for the 2004 field season is provided in fig. 51.
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to these data in near-real time (24) facilitates the
tracking of individual eddics and adaptive sam-
pling m shipboard operations, In 2004 and 2005,
we sampled a total of 10 differemt eddics, 5 more
than once (table S1). Tinke series within target
features allow the resolution of temporal dyname-
ics in eddy-drven nutrient supply, phywoplankton
physiological response, changes in community
structure, and biogeochemical Nuxes. We locus
this discussion on cyclone Cl and mode-water
addy A4 lindings in other evelones and mode-
waler eddies in this study (wble 517 as well as
prior investigations (table 52) are consistent with
those presented here,

Cyelone C'1 was occupiod by ships four times
between June and August 2004 (25). Shipboard
acowstic Doppler awrment profiler (ADCP) dama
documeted the counterclockwise tlow associaed
with C1's negative sca-level anomaly (SLAY, and
its altimetnie history sugeested mtensification in
May. Uplifi of near-surace sopyvenals was asso-
ciated with shoaling and enhancement of the sub-
surface chlorophyll maximum. The magnitude of
the subsurface chlorophyll maximum in C1 was
lower than in other evelones (Fig. 2A), yet still
in the upper quartile of all subsurface maxima
observed in the Bermuda Atlantic Time-senes
Study (BATS)(26) from 1988 10 2003,

Phytoplankion specics conposition in cyclone
Cl resembled mean conditions at the BATS sie
(Fig 2BY On averge, Prochlorococas spp..
Svmechovocers spp., pelagophyies, and prvmnesio-
phytes constitute the largest fractions ol total
chlorophyll a in the depth inerval from 75 o
140 m (decp chlorophyll maxinum) o the BATS
siie; diooms,  dinoflagellies, and  prasinophyics
connbute comparatively linde 1o 1wl chlorophyll
a. The eddy-induced bloom in Cl increased the
relative amount of Prochioococors spp. and de-
creied the relative amount of Swnechiococcns
spp. and the e groups constituied an even
smaller fraction of wial chiorophyll a

In subsequent occupations of cvclone C1,
conditions at the eddy cenier changed from a
local maximum to a local minimum in chloro-
phvil 2 and fuorescence. Dunng this latier
phase, integrated primary production at the eddy
center was not statistically distinguishable from
climatological summemime conditions at the
BATS site, nor were bacterial production and
biomass (able 53), However, systenatic meso-
scale variability was observed in - microbial
pammeters, with biomass and production en-
hancement at the periphery relative to the eddy
center. Aooplankton biomass was also ¢levated
on the periphery relative 1o the oddy cener, with
large wooplankion migritors (=5 mm) increasing
most. Although zooplankion biomass was not
significantly differen from the long-tenm BATS
summertime mean  (1994-2005), there was
significam enhancement |analysis of vanance
(ANOVA)Y P < 0.05] above mean summertime
conditions for 2004-2005 (able 53).

Export measured with drifting sediment raps
was below the BATS sumimertime mean, al-

WWW.SCIencemang.orng




thowgh not anomalously so, given the vanability
at the BATS site (table $3). **Th-based expont
Thixes were consistent with these findings (table
S53) However, subsurfice oxygen disinbutions
sugeest a substantial expont event before our
observations, Dunng the (irst occupation, cyclone
C1 contamed an oxygen mimimum in the depth
interval from 200 to 400 m (27), in which the
oxyeen concentrations were lower than all previ-
ous mesurements at the BATS site in that stratum
(Fig. 2O} Nitrte and dissolved inorganic carbon
were also enhanced in the awre, in approsi-
mately Redlield proportion with the oxveen
anomaly. One month later, the magnitude of the
oxyeen anomaly had decreased by 53006 (Fig. 20,
Thus, the oxygen deficit appears w0 be an
ephemeral featwre, with a wme scale shoner than
the lifetime of the eddy.

An estimate of remineralization implied by
the oxygen deficit can be computed from difler-
Cnces I oxygen mventones mside versus outside
the eddy in this depth interval (Fig. 2C) (28).
Using photosynthetic stoichiometry of 138
Op: 106 C: 16 N:1 P remineralization s 1.4 mol
of N m 2, which is approximately three times the
annual new production for the region (7). Water
mass analysis sugeests that the oddy core may
have had a distant orgin in the southem Sangisso

Sea. Using biogeochemical characteristics of

the distant waters as the background from which
the anomaly is computed, the impliad remineral-
ization is 0.7 = 0.2 mol of X m 7, which is ap-
proximately 14 times the annual new production
at the BATS site,

Mode-water eddy A4 wis oceupred six
times between June and September 2005, Iis
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SLA was positive (Fig. 1B), and shipboard
ADCP measurements confirmed  anticvelonic
flow. Tts altimetnie history suggested a relatively
persistent SLA of 20 em for the 4 months
preceding our first occupation,

High-resolution surveys with a towed undul-
mg Video Plankton Recorder (29) revealed an ex-
traordinary phytoplinkion bloom m the interior of
A4 (Fig, 3A) Although submcsoscale vanability
was evident, the enhancement spanned the oddy’s
inner core (30, Peak chlorophyll a measured near
the eddy center was 1.4 pg of chlorophyll a lier ',
cclipsing the highest value ever measured at the
BATS site by a considerable margin (Fig. 2A).
This measurement is 8 51 above the mean sub-
surface maximum at the BATS sie.

Phytoplankion species composition in mode-
water eddy Ad departed dramatieally from mean
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Fig. 2. (A) Histogram of subsurface maxima in chlorophyll a from BATS data
from 1998 to 2003. Peak chlorophyll a values in cyclones (C1, C2, C3, and C5)
and mode-water eddies (AL, Ad, and AS) from the present observations (table
51) are indicated by thin vertical lines. (Inset) Means of the peak chlorophylla
concentrations {micrograms per kilogram) in cyclones and mode-water eddies
(MWEs) from the present observations, compared to the mean subsurface
maximum from BATS. (B) Phytoplankton species composition (at the depth
interval from 75 to 140 m) in cyclone C1 (DC404-1 station 18) and mode-
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water eddy A4 (0C415-1 station 16). Estimates of the relative abundance (by
pigment mass) of seven different groups, expressed as the percentage of total
chlorophyll {(Chl) a, were calculated from high-performance liquid chroma-
tography pigment data together with the algorithms described in (53). Means
and associated 95% confidence intervals for each group, derived from the
BATS data for 19892003, are indicated in both plots. (C and D) Oxygen
profiles in cyclone €1 {C) and mode-water eddy A4 (D). The envelope of BATS
measurements from 1988 to 2003 is indicated by bold lines.
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1024

conditions at the BATS site (Fig. 2B), expressed
pramgrily noa shift toward a diatom-dominated
community (37}, The amount of chlorophyll a

A

§d

Nns
na ,
nz

Fig. 4. Winds and computed vertical velocities
arising from wind‘eddy interactions in cyclone
C1 (top) and mode-water eddy A4 (bottom).
Satellite-based wind measurements along the
eddy trajectories (determined by satellite altim-
etry and shipboard observations) were obtained
fram QuikSCAT level-3 data, available on a
0.25° twice-daily global grid (see http://podaac.
jpl.nasa.gov/guikscat/). Time periods of ship
occupations by RV Oceanus and RV Weatfrer-
bird 1t (WBIf) are indicated by horizontal bars.
Shipboard wind observations (RV Oceanus)
reveal excellent agreement with the satellite-
based measurements. Vertical velocities at the
eddy center were computed with the formulas
of Martin and Richards (40), assuming a
spatially uniform wind over the eddy. The use
of a spatially variable wind introduces addition-
al high-frequency fluctuations in vertical veloc-
ity, but their impact on the mean is less than
10%. Vertical velocity estimated from a sulfur
hexafluoride tracer release in mode-water eddy
A4 (0.4 m day™?) for the time period between
the release and the final survey is indicated by a
dashed line in the lower panel.

Wind Speed (m s-1)

Wind Speed (m 5~}

in diatoms in Ad was 8 SD above the BATS
mean. Shipboard microscopic cell counts from a
sample n the high-chlorephyll region mdicated

=800 colonies liler © of the chain-fonming
diatom Chacteceros spp. Given that cach colony
contamed =15 cells, we estimate the diatom
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Fig. 3. (A) Three-dimensional distribution of chlorophyll a fluorescence (in
relative units) from a Video Plankton Recorder survey of A4, overlayed on
contours of SLA {in millimeters) from objectively analyzed satellite data as
in Fig. 1B. (B) *C primary production profiles inside mode-water eddy A4
in August 2005. The minimum and madmum of BATS summertime
observations from 1988 to 2003 are indicated by thick black lines.

20} Cyclone Cl — Ship Wind Obs |
— QuikSCAT
= Vartical velocity [
il
2s 'E
e
1.25 E
2
-';_25
i Wi WEll
a1 oe21 aviol o711 o721 o731 oano 25
Date (2004)
25 T T T T T T T Smw.;lu DH I 2‘4
MWEAd — QuikSCAT
— artical valocity
20k Tracer release == Trnoar vertical “m H16 .
I eeiniis —_ l __ I '{_:
Wi WhIl E
LT l -F| s 108 <
.lJ' ETNCCY —a— -1 '_ %
10 ] ] 10 E
5 ! l : . -08
| A
ol |
Q21 o701 0711 om21 0731 0810 o0@20 0880  oae O
Date (2005)

18 MAY 2007 VOL 316 3SCIENCE  www.sciencemag.org




concentration to have been four to live orders of
magnitude above the background concentration
of | to 10 cells liter '. The propensity of mode-
water eddics to form diatom blooms cmerges as
a systematic aspect of these data (table S1) and
prior observations (lable 523 The three highest
chlorophyll a values i the present data and two
of the three highest values in the BATS time
series (22, 320 (Fig. 2A) were all associated with
diatom-dominated phytoplankion  conmunitics
in mode-water eddies (33).

In the first occupation of mode-water eddy
A4, pamary production was not signilicantly
dilferent from mean summertime conditions at
the BATS sie. In the second occupation, pri-
mary production was significantly  enhanced
(table 83) (34). The primary production anom-
aly had an wousual vertical structure, with a
subsurface maximum that exceeded the cnve-
lope of BATS observations in the depth mterval
from 60 1o 80 m  (Fiz. 3B). This structure s
consistert with enhanced nutrient supply from
below and a distom population capable of high
growth rmates in low-light conditions (35, 36).

Zooplankton biomass at the eddy center
varied more than threefold (able 53). Maximum
vettically integrated  biomass occurred at the
same location as the anomalously high primary
production (Fiz, 3B), with the largest increase in
the |- 1w S-mim siee range. Zooplank ton biomass
in A4 was higher than in 20042005 BATS
summer samples but not significantly different
{ANOVA, P = 0,05) from the long-term BATS
summer mean (ble 53) However, samples
from eyelones and mode-water eddics constitute
6 of the wp 10 highest zooplankion biomass
observations in the combined data se

Export measured in Ad was below the BATS
summertime mean, although within the mnge of
variability observed ot the BATS site (lable 53).
P h-based expont lux estimates vielded similar
values (table 531, The bloom in A4 was accom-
panicd by exceptionally low oxyeen concenira-
tions (120 pmol kg ') in the depth interval from
R o 1000 m (Fiz. 2D, which is lower than
ever measurcd at the BATS site. Reminerlization
implied by the difference between the observad
oxveen deficit iside the eddy ad background
conditions outside the oddy was O8 mol of' N m .
(28), which is =16 times the annual new produc-
tion for the region. As i cyclone C1, the oxyzen
deficit coincided with a discemible salinity anom-
aly, suggesting that the water mass may have had
a distant origin. The climatological salinity
distribution (37) indicates potential origins along
the nonhem and southem limbs of the subtropical
gyre. The latter contains oxygen concentrations
comparable W that observed in the core of A4,
whereas the former comains much more oxygen,
Thus, the southem source region implies tha the
oxygen deficit is prmanly an advective eature,
whereas the northem source region requines a
substantial eddy-induced export event (385

Why is the biological response 10 cyvclones
and mode-water addies so differem? Macro-

nutricnt stoichiometries just below the cuphotic
rone are similar (39), sugeesting a physical
cause, We hypothesize that the difference arises
from asvmmetry in vertical motions induced by
cddy/wind interactions. To quantify this effeet,
we used a model of uniform wind blowing over
an idealized anticyelonic vortex, with wind stress
formulated as the difference between air and
water velocities at the sea surface (40). Stress is

2
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Stress Control of Deep Rift Intrusion
at Mauna Loa Volcano, Hawaii

Falk Amelung,'* Sang-Ho Yun,® Thomas R. Walter,+ Paul Segall,® Sang-Wan Kim®

Mauna Loa volcano, Hawaii, deforms by a combination of shallow dike intrusions in the rift
zones and earthquakes along the base of the volcano, but it is not known how the spreading is
accommodated in the lower part of the volcanic edifice. We present evidence from interferometric
synthetic aperture radar data for secular inflation of a dike-like magma body at intermediate
depth in the southwest rift zone during 2002 to 2005. Magma accumulation occurred in a section
of the rift zone that was unclamped by previous dikes and earthquakes, suggesting that stress
transfer plays an important role in controlling subsurface magma accumulation.

odern volcano-monttoring  techniques
M{:ﬂn detect precursory  sCIsmic  unrest

months (o days before an cruption, but
information about possible cruption locations 15
sencrally not available. Such mfbnmation is impor-
tam for hazard assessment and for timely warning
of the population for lanze and populaied basaliic
shield volcanoes such as Mauna Loa volcano in
Hawaii. Forecasting the eruption location requinss
a better understanding of subsurface magma
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migration. Here we show that the 2002 o 2005
magma intrusion it Mauna Loa voleano infemed
from spacc-geodetic data 15 consistent with
changes in the siress due o the previous tectonic
and magmatic events, This sugeests that the sucss
ficld within the volcanic edifice is a dominant
cffect in controlling magma accumulation. Space-
geodetic measurements can be used 1o infer
changes to the stress field in the imenor and con-
tribute 1o better forecasts of the nesponse of a
voleano o the amival of new magma from below.

Mauna Loa volcano is the largest and one of

the most active voleanoes on Earth, It has produced
more than 4 km® of lava during the past 1 30 vears
(). Most historic cruptions involved the propa-
gation of an cruptive fissure from the summit
dovwnnfl imo the nontheast nft zone (NERZ) or nto
the southwest rill zone (SWRZ) (Fig. 1A), About

30 1o 40% ol the volcano’s subacreal surface
has been covered by new lava during the past
1000 years. Thus, a larpe portion of the island s
threatened by Lava lows, and it is very important o
beter estimate where possible eruptions could
occur. The kst major cruptions occumed in 1950
from the SWRZ and in 1984 from the NERZ. A1
Mauna Lo, repeated dike intrusions into the rifi
some result in seavward motion of the volcano Tanks,
most of which is believed o be accommodated in
form of scismic or ascismic displacament along a
decollement Fault on the paleo-scafloor at the base
of the volcanic edifice ai 12- to 14-km depth below
the sumimit. The 1868 magniede (M) 8 Pahala (2)
and the 1951 M69 Kona canhquakes () likely
rupturcd the decollement.

Inflation o1 Mauna Loa volcano started in
My 2002 at the same time when Kilauea voleano
increased its mie of lava production (), Subcrustal
seismicity increased in 2004 (Fig. 1A). We usad
inierferometnc synthetic apenure radar (InSAR)
acquired by the Canadion Radarsat-1 smiellite be-
tween 2001 and early 2006 w0 obiain a detailed
image of the ground deformation associated with
the volcanic inflation. InSAR maeisures the change
in distance between the ground and the saellie in
radar line-ofsight (LOS) direction. We used im-
azery with different incidence angles of the madar
beam and an average of five o mine imerferograms
cach spanning 3 104 years for cach viewing geom-
ctry (table 51 w obtain avermged LOS velocities
for the penod May 2002 10 end 2005 (3). Aver-
aging interlerograms increases the signal-to-noise
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ratio of the measurements, which are atfected by
path delays i the moposphere and by uncenamtics
in the satellite orbits. InSAR in Hawaii s challeng-
ing because repeating weather patterns and up to
4200 m ol wopography can cause phase contribu-
tions of several cyeles. Combining multiple view-
ing geometrics betler constrains the deformation
sources and allows one o cstinate the vertical and
cast component of the velocity feld (6),

The interferograms show a distinet pattarn of
ground deformation in the summit arca and on
the upper lanks of Mauna Loa. For an cast-
looking interferogram (Fig. 1AY, a roughly circular
area with a diameter of 10 km west of the rifi zone
moves oward the mdar with a velocity of more
than | covvear and maximum velocity of 3 em/year

{vellow-red colors). A smaller arca on the south-
east fMank 5 moving away from the mdar (blue
colors). The vertical velocity field is charactenacd
by two lobes of uplift of up to 6 cm/year on either
side of the SWRZ, and the cast velocity ficld is
roughly symmetnic across the SWRZ (Fig. 1B).
The symmetry of the ground-velocity field clear-
Iy indicates that the prncipal source of deforma-
tien 1s located within the nit zone.

To understand what causes the observed
deformation, we assume elastic nuterial behavior
and use geophysical inverse-modeling methods,
We first test sinple, Kinenatic models consisting
of point (Mogi) sources ol inflation and uniform
opening dislocations. We find that the da are
well explained wsing a model with a Mogi source

A

22

1meF

Latitude [*]

104

192

Averaged interferogram 2002-2005

RADARSAT-1 |

vertical

Fig. 1. (A) Averaged 2002 to 2005 satellite radar interferogram of the Big Island of Hawaii showing ground
velocity in the radar line-of-sight (LOS) direction. The radar looks toward the east {ascending orbit) with an
incidence angle of ~45” on the ground (Standard Beam Ag). The star denotes the 1983 Kaoiki earthquake.
The seismicity with depth > 20 km and with M = 2.2 is also shown. (B) Vertical and east ‘component of the
ground-velocity field obtained by combining averaged interferograms from four different viewing geometries,
The black line and circle indicate the dike and magma chamber, respectively, of the model in Fig. 2A.
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southeast of the caldera and an opening dislocation
bisccting the caldera and upper SWRZ (7). We
then consider a more raalistic, mechanical model
with the magma chamber and dike hydraulically
connected and sharing the sume excess magma
pressure (4) The magma chamber is representad
as a linite, sphercal cavity (%) and the dike as a
gridlike combination of 1 km by | km opening
dislocation elements covering 30 km of the rft
aone lrom the surface 1o the decollement @ 14-km
depth, subject to a uniform excess-pressure
boundary condition, The effeat of wpography is
included in the model (/. We invent simulia-
neously for the opening status of the individual
dislocation clements on the dike plane (open or
closed) (1), for the excess magma pressure, lor
the location and radius of the spherical cavity, and
for phase mmps for cach averaged intederogram
tor saccount lor orbital uncenaintics using a Monte
Carlo-type simulated anncaling algonthm (/2).
The actual opening distribution of the dike-like

magma body depends on the conligurtion of

conneeted dislocation elements.

We find that the model magma chamber is
under the southeastern caldera margin at 4.7-km
depth below the summit (at 0.3-km below sea
level) (Fig. 2A) this was also the infemed
location of the active reservoir during the 1984
cruption (7.3). The mdius of the magma chamber
15 1.1 Kmoand the rate of magma excess pressure
merease is 1.5 MPa/'vear. Most ol the dike inflation
occurs  at 4 to 8-km depth along an S-knvlong
aone, resuliing in an opening of 0.2 10 0.35 m/vear
(J4). This model explains about 96% of the
data variance, Comparison of the daw with the
model predictions shows that the data fit s gen-
crally very good except near the summit (Fig.
2B). The differences anse because ol simiplificd
model assumptions such as a spherical magma
chamber and uniform elastic parameters (/. 5) and
because we did not account Tor the subtle, pre-
2002 subsidence of the sunumit arca detected
with the Global Posiioning System (/6) and for
the subsidence of the recemt intracaldera lava
Nows due to cooling. We do not include pos-
sible fault slip under the flanks because ihe
geomciry of the Gl plane and the amount of slip
are ot well constramned (/7). Other model sim-
plifications are that the dike opening is constramed
to take place within the voleanic edifice (10 a depth
of 14 km below the summit) and that horzeontal
and vertical variations in the magma pressure go
along with vanations in the ectonic stress licld so
that the magma excess pressune is constant.

Although details of the opening distribution
of the dike should be interpreted with caution, we
conclude that aboul 80% of the magnmatic inlrusion
oceurs in the intermediate and deep section of the
rft zone at depth Targer than the shallow magma
reservoin This sugeests than the volcno operates in
a manner similar o that inferred for its neighbor
Kilawenr with sccular magma intrusion o the
deep section of the nft zone and occasional dike
injection into the shallow section (8). Indeed, the
intrusion of magma into the deep section of the At
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Fig. 2. (A) Opening of
Mauna Loa's riftzone
inferred by inversion of
the interferometric da-
ta based on a uniform
EXCess—Mmagma pressure
maodel For the horizon-
tal location of the cross
section and magma
chamber, see Fig. 1B.

>

(B} LOS direction, data, -15

maodel predictions, resid-
ual between data and
model prediction, and

rift=perpendicular pro-

depth flom]
]

file of data and model predictions (denoted by the white line). D1, A3, A6, and Dé
denote the viewing geometry with D and A (descending and ascending) orbits,
respectively, and 1, 3, and 6 denote the Standard Beam number. The incidence angles
on the ground from the vertical for the four beams are 23.5°, 30.5% 43.5° and 43.5°,
respectively. For the inversion, we have assigned weights to each viewing geometry such
that each of the four data sets contributes equally to the final solution and assume that

the data are uncorrelated.

Fig. 3. Changes in normal
stress along Mauna Loa's rift
zone due to (A the 1983 M6.6
Kauoiki earthquake, (B) the dike
associated with the 1984 erup-
tion, and (D) the 2002 to 2005
rift intrusion. (C and E)} The
sum of the stress changes from
{A) and (B} and (A}, (B, and
(D), respectively. The color
scale is saturated at 0.2
MPa. Solid lines denote +0.1
and +1 MPa contours. The
2002 to 2005 dike intrusion
occurs in the area of greatest
unclamping. The stress change
is resolved in the direction
normal to the overall strike of
the SWRZ and NERZ along AN’
(see inset). We simulate the
earthquake by 0.35 m of
strike- and dip-slip displace-
ment along the 225-km* fault
surface {fig. 53). For the 1984
dike, we use a depth extension
of 3 km. This is more than mod-
em, space-geodetic estimates of
1 to 2 km for dikes at Kilauea
{29), in the Galapagos Islands
(30), and Piton de la Fournaise
(31) but less than the estimate
of (13), which we do not
consider reliable because it is
based on wvery few tilt and
leveling measurements. It en-
sures that the dike & well above
the magma chamber.

Data

Prediction

change (cmlyr) Residual

L

LOS
L

Distanca (k] Distance flkem)

Destanca (kem) Degtmnacan (k)

zone s required from simple geometric consid-
crations because all known dike inmrusions oc-
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curred within the shallow seetion o a depth of less
than 5 km (J9). The mfirred mie of magma ac-
cumulation of 21 * 10° m*/year is almost three
times the long-tenm growth mte averaged over the
paast 4000 vears (J9). As magma intrusion is con-
tinuing as of March 2007,
there are no indications that Mauna Loa’s magma
production rate 15 waning, as suggesied by the
decreased eruption mte over the past 50 vears (20).

We discuss whether the spatial patiem of mag-
ma intrusion can be explained by stress. wans fer and
how the 2002 10 2005 intnsion clanged the stress
licki in the interior of the volcano. We lirst consider
changes in the ambient nomal stress along the nf
#one. We would expect magma intrusion in sec-
tions of the Aft zone for which the nonnal stress
change resulied in unclamping (positive nonmal
siress change) but no infrusion in clamped sections
of the nft zonc (negative stess change) (27, 22),

The largest events durmg the past 25 years
were a A6.6 carthquake in 1983 and the cruption
from the NERZ in 1984, The canthquake occurmed
in the Kaoiki scismic zone 15 km southeast of the
sumumit (Fig. LA and involved nghi-lateral sirike-
slip and scaward docollement fauliing (23). The
cruption was associated with a dike propagating
from the summit a few Kilometers into the SWRZ
wone and then into the NERZ from where most of
the lava erupted (/).

The 1983 carthquake unclamped the upper
SWRZ, the upper NERZ, and a section of the
NERZ further down the nft (Fig. 3A) (sce sup-
porting online matenal), The 1984 dike unclamped
birge pants of the oft z2one but clamped the section
in which it immuded (Fig 3B). The dike likely
relieved stess due 1o prior events, which is not

albent at a lower rate,



Fig. 4. Changes in Coulomb

Coulomb stress due to 2002-2005 intrusion

failure stress resolved for seaward Mauna Loa Kilauea _
motion parallel to BB (see Fig. 3 B N 0
inset) along 5° inward-dipping | Wwes! sast |
faults in a cross section perpendic- 1 i “‘ » E
ular to the rift zone. The color scale  {Cesome s Uy docosement faull | _.q
. and Abea

saturates at +0.5 MPa. Contours are | Eﬁ ﬁ"" o |18
as in Fig. 3. 20 20 10 0 10 20 30

distance [km|

included in this stress-change budget. Together, the
canhquake and the dike unclaimped most ol the Aft
zone (Fig. 3C), with the lanzest unclamping (by
more than 0.2 MPa) occurring in the southem
summit section at a depth of 2 w0 6 km (the area of
inferred magma intrusion durng 2002 1o 2005),

The 2002 1o 2005 intrusion unclamped the ff
zone, except in the arca of magma intrusion (Fig,
D) The magnitude of stress change is similar to
that for the 1984 dike (Fiz. 3B). The nfemed
opaning rate comesponds in places 1o an opening
of | m during the 3.3 vears covered by our data,
even larger in thickness than the 1984 dike. The
stress change since 1983 is given by the sum of
the stress changes due to the 1983 canhquake,
the 1984 dike, and the 2002 1o 2005 intrusion
(Fig. 3E). The unclamping is most pronounced
in the shallow section of the upper SWRZ and
in the intermediate-depth section of the NERZ,

The stress-change modeling shows that the
magma intrusion during 2002 1 2005 occumed
into the most-unclamped section of the rift zone
since [983 (24). This observation is notable be-
cause it suzpests that the stress clanges due to the
1983 and 1984 events mfuenced, i not controlled,
the accumulation of the magma. Consequently, if
we can constrain the deformation sourees o reli-
ably estimate changes in the siress field, we can
forecast the location lor the accumulation of new
magnu mwd possibly of cruptions based on the
stress=change models. Obwiously, other factors also
contribute, such as local sress heterogencitics as-
socited with the magma conduits and magmatic
{actors such as the size and compressibility of the
reservoir feeding the innusion and the vesicularity
and density of the magma but our resulls sugeest
that stress changes due 1o prior events are the
dominant cllcet.

The historic eruptions of Mauna Loa were
lissure cruptions associated with dikes injected
into the shallow rifi zone. Afierthe 2002 10 2003
mtrusion, the most favorable stress conditions
for the propagation of shallow dikes occurred in
the upper SWRZ (Fig, 3E). Thus, according to
the stress-change models, this is the most likely
location for a new dike injection and possibly for
an eruption. The last eruption from this section
of the rifi zone occurred in 1950, A new eruption
from the SWRZ would be consisient with the
previously observed pattem ol alternating erup-
tions between the NERZ and the SWRZ (25, 26),

We also estimate how the 2002 10 2005 -
trusion has influenced the flank stability and af-
fected the potential for slumping of the fanks and
Tor decollement carthaquakes under the ks of the

changes in Coulomb ilure stress are negative 100 C A Williams, G. Wadge, |, Geoplys. Res. 105, 8103 (2000).

above sea level but positive below sea level (Fig 4y, 1 i;‘"‘z;; m H. Zebker, 1. Volcanol, Geatherm, Res.

The strongest stress changes occur at about 5- 10 42 b Cervelli, M, H. Murray, P. Segall, . Aoki, T. Kato,

T-km depth under the southeast (lank because of | Geophys Res. 106, 11217 (2001,

the combined effiect of nfl mtrusion and chamber 13, . |. Johnson, in Geaphys. Monagraph 92, ). M. Rhodes,

inflation. In the shallow southeast Nank, the stress L;hl:;‘ "nﬂ'cETé;;“mm:zﬁp.?Hi Unnfory
i A 1 i ington, DL, , PP. =143,

u:llun':gu:h are also rllhlll'u,.l-"u. l?.{llll to 2005 DU 34 The volume-change rates are AV no,e = 0.2 X 10°

sion stabilized the summit section of the voleanic m'iyear and AV = 216 x 10° m'iyear. For the model

edilice, discouraging landslide-type motion, but wordinates, see fig. S1. The pseudo-95% confidence

strongly destabilized the deep part of the adifice, ""!""‘k“ ‘“;": *P?“h;’mus 5';'1;’"!‘5& :;:I!'ﬂ" '3;'1

: rarge from 3.5 to 7 km, 0.8 to 1.3 km, to 3.
111.‘11&“11‘.5 it pftnn to canhquakes :IIEH'.E Imln.a:!!l.jl APaiear, respectively (g, 52). Ooly 1% of the i
fauls u_wh as the decollement. Changes in Cou- accumulation occurs in the shallow resevoir, but its location
lomb failure stress are 0.1 MPa and larger in most and volume-change rate are relatively well constrained
places of the seismogenic decollement fault. 'mm h::"ﬂ:lﬂ hmmd:n:!h"ﬂ[lfﬂmﬂl The ff:::x

P ; i R e in the v rate fior the magma
t:'...m::g |11“ mm_d tlimlv :-1]n.,x-l l..,'h‘f.ll'lj;!l.:‘h -.Ilh‘ ]u:-;». :.h ok b Bt O s add il
0.01 MPa can gger canhquakes (25), the below different treatment of the dike-like magma body.
sea level portion of Mauna Loa has cleardy been 150 1F the woleano has shallow, mechanically soft layers, then
destabilized by the magna intrusion.  Fauliing the magmatic sources are deeper and stronger than
u]tmg the dm_:n]lcmmt fault would be consistent :m:‘i’dtm;;;%m‘: model S———
with the previously observed pattemn ol aliemating {20051,
rifl inusions and decollement canhauakes (22 17. Deep-ift apening and near-rift decollement dip result in
Indeed, ascismic molion along subhorzonal fauls a similar surface deformation pattern, making it difficult
may alrcady have been occumng dunng 2002 10 to distinguish between the two types of deformation
20035, but it is difficult w consram with surface 0 S8 Dot DE SVIRCE IIREEAIEVRIN:

SR ) : 18. 5 Owen ef al, L. Geophys. Res 105, 18963 (20000,
NSNS, 19. P. W. Lipman, in Geophys. Monagraph 92, . M. Rhodes,
Our analysis leads w a new model for Mauna ). P. Lockwood, Eds. {American Geophysical Union,

Loa’s magmatic system. During 2002 10 2005, :’;ﬁhi"mﬂ- D, 1995), pp. 45-80,

e ' B : . L L 20. There were only two major eruptions with a volume larger
1.1_u‘r.-| ol the 1mg|mr guu.j.uc:i |.|1 l]'IL.I.m_I'It_lL. pne- than 100 % 10° m® since 1950 ¢ red with 15 major
!_ulh]jr at the depih of the hllI'K_:‘ﬂ.l.ht'.ﬂ seismicity, rose eruptions between 1841 and 1949 (20, 22).
intor the deep and imtermediate section of the il 21, This is comsistent with recent results suggesting that external
zone, whercas only a small percentage mose into decompression of a magma chamber (an inglantaneous
the shallow magma ::Iunl"-h.:r. _[nl.lmziim ol IIF: 24 mﬂ;ﬁ:ﬁtﬁﬂ:ﬁﬁ:ﬁ:&nﬂf :]?2 o
magmia clanges the stress ficld within the volcanic (2006).
edifice and encourages dike propagation ino the 23, W 0. Jacksan, E. T. Endo, P. T. Delaney, T. Amadottir,
shallow SWRZ and faulting along subhomzontal A M. Rubin, | Geophys. Res. 97, 8775 {1992),
faults in most parts of the volcanic edifice, nclud- 24 E‘“—'ﬂnl;l before 1983 alsa influenced the stress state aleng
z s 3 P % the rift zone, bul we do not have enough information to
",‘g alc[:l;gll.ln Ljh.lﬁj'l.[l:?h‘-"]'lllql:.lf.lt f'i.LillII].I -Lna mll reliably estimate their effects. The 1950 erugtion was
cano likely exlibns a eyvehe behavior .:-I.IL‘h Il.h.;.l associated with a dike extending from the ealdera into the
deformation due o cathquakes and intrusions SWRZ that could explain the lack of appreciable shallow
encourages new intrusions elsewhere in the rifi intrusion into the upper SWRZ from 2002 to 2005. The dike
zone and fault slip under the Nanks feeding the 1975 eruption was tikely anly a few kilometers

e ML % long {1}, and the resulting stress changes were much smaller
than for the 1984 dike. Stress changes due to events al
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volcano, We evaluate changes ol the Coulomb
failure stress (27, 28) resolved for scaward motion
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roughly perpendicular 1o the it zone, An increase
of the Coulomb [ailure stress encourages faulting,
and a decrease discourages fuliing, respectively.
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FI' - - vascular system from the leaves o the meristem,
P "Jte l n Movem e nt c 0 ntrl h “te s to although the idemity of this signal has remained
unclear since the 19305, Molecular-genetic ap-

I_l] n g - D Ista nce s Ig na I in g in Fl ora I proaches in Arabidopsis have defined a regulatory

" i i pathway that promotes flowenng in response o
bong days (LDs) and have sugeested how this
InduCtlnn nf Arab'dopS's pathwary responds o day ength (3-5) Under LDs,

. ; - e yiics . 5 y the CONSTANS (CO) manscriptional regulator
Laurent Corbesier,” Coral Vincent,™ Seonghoe Jang,™* Fabio Fornara,” Qingzhi Fan,® lain Searle, activates transcription of FLOWERING LOCUS T

Antonis Giakountis," Sara Farrona,” Lionel Gissot,” Colin Turnbull,? George Coupland™t (FT). i the vessalic e of leaves (6.3, FT

encodes a small protein with similanty 10 RAF-

In plants, seasonal changes in day length are perceived in leaves, which initiate long-distance kinaer nlibions. (hat acts ot e mefcicm. 16s
signaling that induces flowering at the shoot apex. The identity of the long-distance signal has yet .0 wiih the transeription factor FD to activate
to be determined. In Arabidopsis, activation of FLOWERING LOCUS T (FT) transcription in leaf trnseription of the floral meristem identity gene
vascular tissue (phloem) induces flowering. We found that FT messenger RNA is required only APETALAL (7, 9-11). FT is expressed ‘in the

transiently in the leaf. In addition, FT fusion proteins expressed specifically in phloem cells move to 1o o i response to photoperiod. but FT protein
the apex and move long distances between grafted plants. Finally, we provide evidence that FT

does not activate an intermediate messenger in leaves. We conclude that FT protein acts as a “4pax Planck Institute for Plant Breeding Research, Carl von

long-distance signal that induces Arabidopsis flowering. Linne Weg 10, D-50829 Cologne, Germany. “Division of
Biology, Imperial College London, Wye Campus, Wye, Kent
TN25 5AH, UK.

the leal. whereas Nowers are formed by Horigen or the floral stimulus, has been dem- 415 whom comespordence should be addressed. E-mail:

A i 'y E ] W K Hik L H " . i ¥ ¥ { b A i 4 o ! 1,
Pm.c]ﬂmn of dav length takes place in the shoot (f, 2). A long-distance signal, called “These:suthors: contibuted-equally 1o:this work.
the shool apical meristem at the apex of  onsipted o be ransmitted through the phlocm  coupland @mpiz-koeln. mpg.de

Fig. 1. Regulation of FT A B
mRNA in leaves during 60 8 '
flowering. (A) Flowering E=m Cauline .

1 Rosatie
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time of wild-type Ler and
ft-7 plants grown for 2
weeks under SD and ex-
posed to three inductive
LDs before return to SDs.
(B) Expression of FT
mRNA during 7 days
comprising one 5D fol-
lowed by three LDs and
then three subsequent
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acts in the meristem o promole gene expres-
sion, suggesting that a product of FT may be
transported to the menstem as the oral stimulus
(. 7, ) Expenments indicatmg that FT mRNA
compnses the ransmussible signal have rocently

been retracted (/2). Furhermore, the floral
stimulus, but no detectable mRNA of genes sim-
tlar w0 FT, crossed the junction between graficd
tomate plants (£3) We exanuned the requirement
lor FT oespression i the leaves dunng floml

A B

a5
== Cauline sucx:
o = — Rosette kDa GFP  FT:GFP
w Ler Ler n-7
H 254 ~60 i
E | ~40
==

g 20 1 ~15 T
E - £ SUC2::
E kDa GFP  FT:GFP
2 Ler Ler -7
‘“_’ 10 4 T
m -
- 54 =

0

17 SUC2: SUC2 KNATY:
FT FT.GFP FT.GFP
nr w7 n7

& -

Fig. 2. Analysis of FT:GFP protein distribution in SUCZFT.GFP ft-7. (A) Flowering time expressed as total
leaf number (rosette and cauline) of representative transformants grown in LDs and compared with Ler and
ft=7. (B} Western blot analysis showing expression of the intact FT:GFP fusion protein in SUCZFT.GFP fi-7
plants, SUC2:GFP Ler and Ler were used as positive and negative controls, respectively, The Comassie-
stained gel acts as loading control. (€ and D) In situ hybridization of apices of SUCZ:FT:GFP ft-7 planis
grown for 8 extended short days (ESDs) (O and 10 ESDs (D) and probed with a chimeric RNA fragment
spanning the junction between FT and GFP in FT:.GFP. The hybridization signal is restricted to the mature
phloem (arrowheads). (E) In situ hybridization of a 12-ESD-old SUC2:C0 co-2 apex probed with FT. (F to H)
Confocal analysis of the distribution of the GFP fluorescence produced by the FT:GFP fusion protein in the
apical region of SUCZFT.GFP ft-7 transgenic plants. Images on the right show GFP signals separated from
background emissions. (F} Six-day-old vegetative plant and [{G) and (H)] 10-day-old plant that is induced to
flower [fluorescence is detected in the provascular tissue and at the base of the shoot apical meristem
(SAMY; arrowhead]. In (H), a leaf primordium flanking the SAM was removed to facilitate visualization. Lp,
leaf primordium; IM, inflorescence meristem. Scale bars, 50 um in (C) to (E), (G), and (H); 25 um in {F).
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induction and explored the possibility that FT
predein comprises the oml stimulus,

First, we tested whether stable mduction ot FT

cxpression m the leaves ol Arabiclopsis 15 regquinad
for Nowerme. Perilla leaves exposed o approprate
photopeniods produce the loral stimulus penna-
nenthy (14, 13) Shon day (SDY- grown Arabidopsis
plants exposed o tree LDs and then rewmed o
SDs Nowered much cardier than plants exposad
only to SDs (/4) |Fig. 1A and supponting online
material (SOM) wxt]. FTexpression rises during
the first LD afier a shifl from SDs (/7). We iesied
whather this increase s stable by analveng ex-
pression of OO and FT mBRNA every 4 hours for 7
dhavs, covering the shift from SDs 1o LDs and back
o SDs (Fiz. 1B and fig. SIA) In contml plants
grown only m SDs, FTmRNA abundinoee remamed
low (Fig. 1B} In conrast, i plants exposed
three LDs, FTmRNA abundance was increased
in cach of the three LDs. However, afier retum o
SDs, FTmBRNA levels (el after | day 1o the low
level chameteristic of SD-grown plants (Fig. 1B),
Therclore, in these conditions, FT mRNA expres-
sion is not stably maintained afler exposune o LDk,
However, cxpression of endogenous FT mRNA

was increased in the keaves of plants in which FT

was substamtially overexprossed rom a mnsgene
(Fig. 1C). We concluded that FTmRNA expression
al wild-type levels in the leaves for 3 days is sul-
ficient o stably induce Mowering at the shoot apical
meristem and that under these conditions FT ex-
pression in the keaves is not maintained

In some plants, leaves that have not been ex-
posed o inductive dav lengths can be indirectly
induced o form the Doral stimulus, For example,
grafiing a plant exposed o mductive day lenpths 1o
a second nominduced plam can cawse the second
plant 1o produce the floral stimulus (2, 74). To test
whether FT expression is induced indirectly in
leaves of Arabidopsis, we constructed a usion of
the OO promeoter 1o a gene encoding a transkational
fusion between CO and the rt glucocorticoid re-
ceptor binding domain { COCCONGR), and we in-
troduced this into the co-2 mutant. In these
plamts, CO activity is induced by addition of the
steroid dexamethasone (dex) only under LDs,
during which the CO mRNA accumulates in the

light (/5200 Application of dex to a single leal
inducaed Nowering and increased the amount of

FIrmRMNA inthe leaves 1o which dex was added
(Fig. 1, D to F, and g S1C) However, no
difference in FTmRNA abundance was detected
between the untreated leaves of plants treated with
dex and similar leaves from untreated plants (Fig.
1F). Therefone, no detectable indirect activation
of FI'mRNA expression oceurs in Avalhidopsis
leaves under the inductive conditions used in
this experiment, and activation of £ in a single
leal is sufficient 1o induce Mowering,

\h:.\,L. Wi 1.'11:|t'|]‘q,ln.'l,1 lJH.' ;1{1q|1i;||: Lii.\.[tihulil.n nl'

FTmRNA and protein, exploning tmnsgenic plants
cxpressing FT and FT fusion proteins from hat-
crologous promoters exclusively i the phlocm
companmon cells, where CO and FTare expresed m
wild-type plants {6, 27} The we ol wellchamoenasd
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heterologous promoters prevented difficulties as-
sociated with the low abundance of FTTmRNA in
the vascular tssue of wild-type plants (6, 10, £1).
The promoter of the SUCROSE TRANSPORTER 2
(SUC2) gene of Arabidepsts s active specilically in
the phloem companion cells (22), whereas the
prommoter of the ANATT gene s active in the shoot
apical menstem, and expression of FT from these
pronmecders causes curly Howenng of co-2 mutants
(A). A pene fusion comprising FT and GREEN
FLUORESCENT PROTEIN (GFFP} was con-
structed and expressed  from the SUC2, FT and
KNATT promoters. Introduction of SUC2:FTGFR,
KNATLFTGFP, and FTFTGEP o fi-7 mutaints
caused these plants o Nower much carlier than -7,
although shightly kaer than SUC2FT fi-7 or FT:FT
-7 (Fig 2A and fig. 82 Proten was extractod
from seedlings of SUC2FTGFP and SUC2:GEP
plants and probed with a GFP antibody. The fu-
sion protem was present in SUC2:FTGFRP plans,
and importantly no free GFP protein was detectod
iFig. 2B). Taken wgether, these mesulis mdicate
that FT:GFP promotes fowerng, although it s
slightly less active than the wild-type FT protein.

The spatial distribution of FTGFP protein and
mREMNA were then compared in SUCFTGFP
plants. FLGFP and FTmRNAs were strongly
detected in the mature phlocm tissue where the
SUCY prommoter is active, but no mRNA wis de
tected i the shoot apical menistem or protophlocm
(Fig 2, Cto E) The distribution of FT2GFP protein

Fig. 3. Grafting of
SUCZ:FT:GFP ft-7 plants
to ft-7 mutants. (A to €)
Root grafting: Distribu-
tion of the FT:GFP fu-
sion protein and FT:GFP
mRNA. Confocal analy-
sis of the distribution of
FT:GFP fusion protein dem-
onstrates that the protein
is able to cross a graft
junction (A} and can be
detected in the vascular
bundles of the ft-7 root
stock (B). The images on
the right in (A} and (B)
show GFP signals sep- c

arated from background i3

wis then tested by confocal microscopy. In 6-day-
old plants, which had not indergone the transition
to flowenng, FLGFP was detectad in the viscular
tssue of the shoot (Fig 2F) In 10-day-old plants,
which were about to undergo the oral transition
and had not vet formed lorl primordia, FT:GFP
was also detected inthe provasculature at the shoot
apex and at the base of the shoot apical menistem
(Fig. 2, G and Hy. FEGFP was detected in provas-
culature and apical tissues in which FT.GFP
mBANA was not detected (compare Fig. 2, D and
G). These resulis suggest that FT:GFP protein
moves from the phloem companion cells to the
meristem (SOM text), Such movement could oc-
cur through symplastic unloading from the phloem
mito the apical menstem region (23],

To west for movement of FT:GFP potein over
longer distanees,  tmnsgenie SUC2FTGRP 17
plants were gralted w0 #-7 nutants, Sugars and
other contents of the phloem sieve clements ang
trsported  from mature Jeaves down o the moo
and upward o the shoot apex. First, the acnal pans
of SUCLFTGRP seodlngs were praficd 1o -7
rools. Afler prafling, FRGFP protein was detected

across the grafl juncion mxd in the vasculature of

the #-7 ool stock, which ropresents a strong sink
for contents ol the phlocm (Fig. 3. A and B), No
FLGEP mRNA could be detected in these root
stocks by reverse tmrscription polvimerse clain ne-
action aficr 40 cyeles of amplification (Fig. 3C) A
SUC2HFTAGEP shool was then grfied is a donor o

SUCZ2.FT.GFPR-7
scion

emissions, (C} FT cDNA
amplification from the
roots of SUC2FTGFP ft-7
donor plants, fi-7 root
stock (labeled receiver)
and ft-7 controls. No
difference was detected
between the ft-7 root
stocks and fi-7 controls.
(D) Flowering time of

e o e -
L L+ L'd b

FTlActin (mean + SE)

o
s

o .

ft-7 mutants grafted to
SUCZ:FT:GFP or to ft-7
donors. (E and F) Shoot
grafting: Distribution of

T

& 2

¥

Days to Flowering (mean £ SE) ©

the FT:GFP fusion protein in the apical region of the SUC2:FT.GFP ft-7 donor (E} and grafted ft-7 receiver
(F}. The fusion protein can be detected in the vasculature of the donor and receiver (arrowheads).
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Fig. 4. Expression of FT:GFP in the minor veins
alters gene expression patterns but does not induce
flowering. (A to D) Confocal images of leaves
expressing GASI:FT:.GFP.GFP ft-7. The GFP signal is
detected in the minor veins [arrows in (A) and (B)]
but not in the petiole (C} or the midrib (D). (E)
Flowering time of GASLFT fi-7 and GASLFT.GFP
ft-7 as compared with Ler and ft-7 grown in LDs.
(F} FUL expression in leaves of the same plants.
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an fi-7 shoot receiver, These receiver shoots flow-
ered shightly carbier than eeciver shoots on control
prafts (Fig. 30 and fig S3), as observad previously
tor gralls of wikd-type plnts o f~7 mutants (24),
and FT:GFP protein wis cleardy detected in the
viscular tisee of the shoot receiver (Fig 3, E and
Fi. The grfiing experiments suppont Jong-distance
movement of FTGFP protein in the phkecm,

Two general models could explain the role of

FT in Noml induction. The first proposes that a
product of FT expressed in the kaves moves 1o
the menstem and initiates flowenng through the
activation of Mowering-time genes such as SUP-
PRESSOR OF OVEREXNPRESSION OF CON-
STANS [ (80OCH (7, 25, 26). Owr data suppont
movement of the protein. The sccond model
suggeests that FTexpression in the leaves activates
a seoond messenger, which 15 trmnsmitted 1o the
apex and indueces Nlowenng, perhaps  through
activation of FT genes or genes similar to FT in
the menstem, We reler 1o this second model as a
relay model: FT protein could move along with a
second mesenger but not comprise a signal.
We used tansgenie plants expressing FT and
FT:GFP from additional phloem promoters 1o test
the relay model. The GALACTINGL SYNTHASE
(CeA STy promoter is active specilically in the phloem
companion cells of the minor veis of keaves (27)
and not in the companion cells of the shoot or najor
veins ol the leall GAST OO promaotes carly ower-
ing of co-/ mutants { 28), We constructed GASTFT,
GASLFTGFE, and GASTEFTGFP:GFP trans-
genes and inroduced these into -7 mutams., In
plants expressing the fusion protens, GFP was de-
tected only in the minor veins of the leaves (Fig. 4,
Ao D). GASTFT complemented the #-7 muta-
tion, and the ransgenic plants Dowened earlier
than did wild-tvpe planms (Fig. 4E). However,
GASIFTGEP fi-7 plants were as late flowering
as fi-7 mutants (Fig. 4E). Nevertheless, FTIGFP is
biochemically active in the leaves of CASTFTGFP
plants. Expression of FRUMFULL (FULY mRNA
15 increased m the leaves of ransgenic Arafidopsis
plants that express high levels of FT7TmRNA (29),
FUL mRNA levek were higher in GASLFT fi-7
and CASLFLGEP fi-7 than in wild-type plants and

fi-7 mutants (Fig. 4F). Thus FT:GFP is active in the
leaves of GASLFTGEP plants, bat in contrast to
CeASLFT or SUC2FTGER, this constnuet does not
promote lowenng. The langer FT:GFP protein
may move less elfectively o the menstem from
the minor veins than from the rger veins in which
SUC2 15 also active, or downloading from the
companion cells to the minor veins may be dif-
ferentially regulated compared with downloading
1o major veins, Thus, FTGFP activity in the leaves
of GASLFT:GEP plants was not suflicient 1o pro-
mote Nowering, ansuing for direet movement ol an
FT prodduct 1o the menstem,

We conclude (1) than dunng Dol induction of
Aruhiddopsiv, transient expression ol FT in a single
leal 15 suflicient o induce Howenng and (i) that m
response o FT expression, a sigmal moves from
the leaves to the menstem. This signal is unlikely
10 be a second messenger activaled by FT in the
feaves given that GASTFTGEP §s active m Jeaves
but docs not promete lowenng (Fig. 41 In con-
trmst, we propose tat FT pmoten s ransported
through the phloem to the memsiem. Owr data
provide evidence for movement of FT:GFP from
the phlocm companion cells of SUC2FTGEP
plants 1o the meristem tatl comelites with lower-
ing, and of FI:GFP protein across graft junctions,
comsistent with the detection of proteins similar 1o
FT in the phlocm ol Brassica nagnes plants (30),
The data in the Report by Tamaki of af, (31) dem-
onstrate that this function of FT & highly conserved
in nee. The presence of a wide range of different
proteins in phloem sap sugeests that long-distance
moverment of proteins & the basis ol other signaling
processes in plants (23), in addition o the shorer-
distance movement of proteins betwoen neighboring
cells (323 and previous indications of the mponance
of long-distince mRNA movement (33, 34),
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Hd3a Protein Is a Mobile
Flowering Signal in Rice

Shojiro Tamaki, Shoichi Matsuo, Hann Ling Wong, Shuji Yokoi,* Ko Shimamotot

Florigen, the mobile signal that moves from an induced leaf to the shoot apex and causes
flowering, has eluded identification since it was first proposed 70 years ago. Understanding the
nature of the mobile flowering signal would provide a key insight into the molecular mechanism of
floral induction. Recent studies suggest that the Arabidopsis FLOWERING LOCUS T (FT) gene is a
candidate for encoding florigen. We show that the protein encoded by Hd3a, a rice ortholog of £T,
moves from the leaf to the shoot apical meristem and induces flowering in rice. These results
suggest that the Hd3a protein may be the rice florigen.

he fowenng time of plnts & detenmined by
I a number of envimnmental  Bcors (£-3),

among which day length (photopeniod) is a

www.sciencemag.org  SCIENCE VWOL 316

major factor (). On the basis of the day length,
which promotes flowening, plants are grouped into
two major classes: long-day (LD) and short-day

18 MAY 2007

(5D) plants, Avabidopsis is a LD plant and rice is
a SD plant. £T is a major ol activator (5, @),
which & cxpressed in the vascular tissue ol leaves
(7, 8. FT protem imteracts with a transcription
tactor FD. which is expressed only i the shoot
apical merstem (SAM) (¥, ). The difference in
exprossion site implies that FT protein must move
tw the SAM to interact with FD for Oower in-
duction. Therefore, FT s a pimary candidate for
cncoding Norgen (77), a mobile Nowenng signal.

Laboratory of Plant Molecular Genetics, Nara Institute of
Science and Technology, B916-5 Takayama, lkoma 630-
0101, japan.

*Present address: Faculty of Agriculture, lwate University,
Morioka 020-8550, Japan.

tTo whom comespondence should be addressed, E-mail:
simamato@bs.naist.ip
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A tomato ortholog of FT. SFT, induced carly
owering, and grafting sf mutant shoots to
I5528FT donors mduced nommal owenng i the
sff shoots (121, However, SFT mBRNA was not de-
tected m the SAM of the gried womat plants
(12}, suggesting that SFT mRNA docs not move
through grafl junctions in womeo. Furthenmore, a
previous study suggesting that {lorigen was an
RNA molecule has been retracted (/£3). There-
although FT is a candidite for encoding
Morigen, the exact nature of lorigen remains 1o be

lore,

Previows studics indicate that Hilla is the
oy activator of owermg in nce, a SD plant,
under SD conditions, and that A3 complemaents
Avafvidapsis £ mutants (/4-17). Therelore, we ox-
armmad Hd3a tansenpt levels moseveral tssues by
real-time polvmerse chain reaction (PCR) under
inductive condinons lor lowering (Fig. 1A Hd3a
mBNA accumulates i leal’ blade tssue, but 15
present at very bw abundance in leal’ sheath (Fig.
1A) Quantitative comparisons of Hada mRNA in
leaves and the shoot apex indicate that s accu-

f i . r 9 <4
detaminad. mulation in the shoot apex is on the order of 10

Fig. 1. Expression of Hd3a mRNA
in rice under 5D conditions. (A)

Real-time quantitative RT-PCR of

A Hdla mRNA expression (Hd3a /Libg )

shool apax  rool stem  leafl sheath leaf blade
Hd3a mRNA accumulation in rice
tissue. Samples of plants were har-
Exp1 0000110 0001188 0.000572 0.020595 1847840 vested at ZT O to 4. Hd3z mRNA
Exp2 0000032 0000464 0.000392 0022141 1530193 “@s quantified relative to Ubiquitin

(Ubg) mRMA. (B to D) GUS staining
of Hd3a:GUS. (B) Leaf blade of the
Hd3a::GUS transgenic rice plant at
214 on day 35 under 5D conditions.,
(C) Transverse section of a leaf blade
in (B). (D) Longitudinal section of
the SAM (arrow) of the same trans-
genic plant as in (B} and (C). Scale
bars: 1 mm (B), 20 um (C), 50 pmi (D).

Hefla: GFP
0 ———

440 4 5121&

coooo
--'-H?'H -

S

(=1=]
L)

Hale:Qrp 440481216
Fig. 2. Confocal microscopy of Hd3a:Hd3a-GFP transgenic rice. (A to J) Confocal images of Hd3a::
Hd3a-GFP transgenic plants. (A to H) Lengitudinal sections through the SAM. (I and ]) Longitudinal
section through vascular bundles indicated by the red squares in (G) and (H). (A), (C), (E), (G), and (I}
are composite images of the fluorescein isothiocyanate (FITC) and transmission channels. (B), (D), (F),
(H}, and ()} show the spectrally unmixed images. Hd3a-GFP fluorescence is shown in green, and plant
autofluorescence in red. Scale bars, 50 um. Arrows indicate a SAM. (K) Diagram of the SAM and the
upper part of the rice stem. V, vascular bundles; SAM, shoot apical meristem. (L) Real-time quantitative
RT-PCR of Hd3a-GFP and endogenous Hd3a mRNAs under 5D conditions in Hd3a:Hd3a-GFP transgenic
rice plants. White and black bars at the bottom represent light and dark periods, respectively.
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of that in keal blade, indicating that Hol3g mRNA
B vimually absent from the shoot apex of nce
plants when lowermg s induced under SD con-
dinenes. Theretore, 1115 unlikely that Al3a mBNA
moves Irom keal 1o the SAM i any appreciable
amount,

To determine the tssue and cell specifiaty of
Hil3a mBNA expression, we analyzed the activ-
iy of an HdZa::GUS ransgene o leal’ blades
and SAMs of wansgenic nee. The promoter
activity ol Hdda was detected in phloem and
sylermn parenchyma cells of leal blade (Fig. 1, B
and ), and no GUS activity was detected in the
SAM (Fig. 1D) This was consistent with the
quantitative  reverse  transerplion - polyvinerase
chain reaction (RT-PCR) results (Fig. 1A) and
similar o the nssue specilicity of FTexpression
in Arvabidopsis {7, 18). Hd3a expression s thus
restricted 1o the vascular tissues of nce leaves
under inductive 5D conditions.

To study the function and localization of Hd3a
protein in nee, we lused the 1.7-kb Hd3a pro-
moter used for GUS analysis 1o green Muorescent
protein and introduced the resulting  construct
(Hd3e:GFPY into ree plants by Agrobacterium-
mediated ransfommation. The keal diumal expres-
sion pattern of trnsgenic planis was similar o
that of the endogenous Hdia gene (Fig. 21, but
viried among trnsgenic plants. Transgenic rice
plants Nowered (headed) significantly carier than
wild-tvpe plants (Table | and g, S1A), sugpest-
ing that expression of Hilla:GFP causes carly
Nowering, bocause expression of endogenous
Hd3g mBNA In imnsgenic nee plants did ni
chamge relative o that m wild-type plants.

To examine tissue localization of the Hd3a
prodem in Had3a:GEFP iransgenie plants, we ana-
Iyvzed GFP lluorescence in the SAM, the upper
part of the stiem, and in the leal blade by con-
focal laser scanning microscopy. GFP (luores-
cenee was limited 1o the inner um-.likl. region ol
the SAM in transgenic rice (Fig. 2. Aw D, G
and H). The GFP signal was detecied in the
SAM (Fig. 2, C and D)y and stem vascular tissue
(Fig. 2. I and J). GFP signal was also detected in
the vascular tissue of the upper part of the stem
and in the region just beneath the menstem
where nodes are presemt (Fig. 2, E and F), sug-
gosting that Hd3a:GFP protein moves from the
cnd of the vascular bundles through the basal
cells and mto the SAM.

Table 1. Flowering (Heading) times of trans-
genic plants under S0 conditions.

Days to flowering

GEttype (days = SE)

Wild type 504 = 7.6 5
Hd3a::Hd3a:GFP 328+ 112 ]
RPP16::Hd3a:GFP 148 = 3.3 5
RPP16::GFP 64 2
rolC::Hd3a:GFP" 195 £ 13.6 11
rolC:GFP" 88.6 £ 11.3 5

*indicates significant difference from control by Student's [ test
{P = 0.000000T).
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Hd32:GFP prodein is thus foumd in the inna
region of the SAM and in stem and keal blade
viscular tessucs, suggesting that it 15 produced m
the vascular tssue of the keat blade, mansponad
through stem phloem tssue, unloaded at the upper
end of the vascular tissue, and trnslocated © the
SAM, probably through the region just beneath the
SAM. These results sugeest that the Hd3a protein,
but not Hdla mBNA, 15 a candilae for the
lorigen in rice.

We expressed the Fd3a:GFP gene in phloem
tissue by fusing it with two phloem-specilic
promoeters, the dgmobacterinm rhizogenes ol
promoter (N, &) and Rice Phioem Prowein 16
(RePLG) promoter (F9), The wlC promoter is
specifically active in the phloem (JX8), and
redCC0) 15 known W induce extremely carly
Nowermg m Arabidopsis (X). The 8PP 16 gene
encodes a phloem-specilic protein i nee (9],

Rice plams expressing KPP HdZa:GFP and
rolC Hd3a:GFP Nowered very cary compancd
to the wild-type plant (Table | and fig. S1, B
and C), mdicating that the vascularspecific ex-
pression of the Ad3aGFP gene mduced carly
Nowering n rice. GFP signals were detected in
the vascular tssucs of leaf blades and n the stems
of mlCoHd3a: GFP and REPI6:H3a: GFP
transgenic plants (Fig. 3, B, D, J, and L} In
leaf blade, GFP
signals were detected in cells near the phloem
(Fig. 3, A. B, |, and 1). The intact Hd3a:GFP
profein was detected by immunoblotting with
antibody w0 GFP in the leal extract (fig. S2)
Fluoreseenoe was detectad in the SAMs of both
transgenie lines (Fig. 3, E, F, M, and N), and
mn leaves adjacent 1o SAMs (Fig. 3, E, F, M,

ransverse scctions of the

and N Because the free GFP protan dilused
in many tissues in rice, the Kaede reporter pro-

Fig. 3. Confocal microscopy of transgenic rice plants expressing a fusion of reporter protein with
phloem-specific promoters. Confocal images of transgenic rice plants. (A), (C), (E), (G}, (1), (K},
(M), and (O} are composite images of FITC and transmission channels. (B), (D), (F), (H}, (]), (L},
(N}, and (P) show the spectrally unmixed images. Hd3a-GFP and Kaede-green fluorescence are
shown in green, and autofluorescence is in red. (A) and (B) Transverse sections through a leaf of
rolC::Hd3a-GFP. (C) and (D) Longitudinal sections through the stem and SAM of rolC:Hd3a-GFP. (E)
and (F) Longitudinal section through a SAM of rolC:Hd3a-GFP. (G) and (H) Longitudinal sections
through a SAM of rolC:Kaede. (I} and (]) Transverse section through a leaf of RPP16::Hd3a-GFP. (K) and
(L) Longitudinal sections through a stem, including the meristem of RPP16::Hd3a-GFP. (M) and (N)
Longitudinal sections through a meristem of RPP16::Hd3a-GFP. (Q) and (P) Longitudinal sections
through the SAM of RPP15::Kaede. Scale bars: 25 um [(A), (B), (M), and (N)]: 50 um [(C to L), (O},
and (P)]. Arrows indicate SAM. Arrowheads indicate GFP fluorescence.
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tein (20, 20y was used to localize promoter
activity. The Kaede protein lorms a mono-
tetramenic complex of 116 KD and 15 retaimed
in cytoplism (20). Kacde Nuorescence was
not detected in the SAM (Fig. 3, G, H, O, and
Py and was detected only in the vascular tis-
sues of el Raede and RPPI6::Kaede trans-
genic plams (g 53), demonstrating that the
el and RPPHG promotlers are not active in
the SAM. This result conlirms that Hd3a pro-
tein is translocated from stem vascular tissue
1o the SAM.

Hd3a protein fulfills the requirements for a
forgen (1) but HdZa mRNA cannot be com-
|'-|CE¢]_\ lll|n:1| oul s @ I]u:i':_h,'l'l |!\'l.,'.|um: Hel3a
transcripls are present in the shoot apex in ex-
tremely Jow abundance. A recent proteomic study
ol phloem sap obtmned from the milorescence
stem of Brassica napns identilied FT protein
(22) as a sap constiluent. The presence of FT
orholog i the cormesponding tssues ol this
distantly related plant supports our conclusion
that it is the Hd3a protem that acts as the mam
fongen. Our results strongly suggest that the
protein encoded by FT W0 acts universally as
a Novigen (23-23)

Because there is no vascular connection be-
tween the LT end of the vascular bundles and
the base of the SAM, there must be some mech-
amisms that regulate the movement of Hd3a
prodein into the SAM. There may be intercelluly
transport proteins which help Hd3a protein move
toward the center of the stem just beneath the
SAM. Onee Hd3a protein enters the SAM, it may
be localised i the nucleus. A recent repont on the
neae FD onholog (26) shows that its mRNA 15
localized in the inner region of the SAM, similar
to the region where GFP signal was detected in
Hl3a: GFP transeenic rice. These results sug-
pest that an FD-like nuclear protein may neg-
ulate intracellular localization of Hd3a protein in
the SAM

The momhology of vepetative omeans changes
when there is a phase transition w flowering in
some species. 1 has recently been shown that
FT overexpression induces changes in leal” mor-
phology and stem branching in wmato (f2) and
in Arabidopsis leal morphology (27). In aspen
trees, FMwas shown o regulate growth cossation
and bud dormmancy (28) We found that tans-
genic nee plants expressing RPPV6: Hd3a GFP
or el 30 GFP had aliermtions in muliple
trmils in vegetative organs such as clongation of
intemodes, which is known 1o occur alier the
transition to fowering and incrcased tillering
These alerations were induced by ectopic ex-
pression of the Hd3a protein in the vascular tis-
sues, These results may sugeest that many, if not
all, of the changes associated with the tran-
siion fmom s \':_'_;.'1;!li\ e o |\,.'|'I|':'n,il:lt,'|l‘.\.‘ '!::ILI".'A.'IJI and
development induced by day length are in-
duced by Hd3a protein. Therefore, Hd3a/FT
protein may be a general mobile morphogen
that regulates multiple phases of plant growth

by photoperiod.
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The Increasing Dominance of
Teams in Production of Knowledge

Stefan Wuchty,’ Benjamin F. Jones,* Brian Uzzi'?*t

We have used 19.9 million papers over 5 decades and 2.1 million patents to demonstrate that teams
increasingly dominate solo authors in the production of knowledge. Research is increasingly done in
teams across nearly all fields. Teams typically produce more frequently cited research than individuals
do, and this advantage has been increasing over time. Teams now also produce the exceptionally high-
impact research, even where that distinction was once the domain of solo authors. These resulls are
detailed for sciences and engineering, sodal sciences, arts and humanities, and patents, suggesting that

the process of knowledge creation has fundamentally changed.

n acclaimed tradition in the history and
Ammiulul..r}' of science emphasiecs the role
ol the individual genius in scientific dis-
covery (4. 20 This irndition focuses on guiding
contributions of solitary authors, such as Newlon
and Einstein, and can be seen broadly in the tend-
ency 1o cquate great ideas with particular names,
such as the Heisenberg uncenainy principle, Eu-
clidean geometry, Nash equilibrivm, and Kantian
cthics. The role of individual contributions is also
celebrated through science’s award-granting in-
stitutions, like the Nobel Prize Foundation (3).
Several studics, however, have explored an
apparcnt shift in science from this individual-
based model of scientific advance to a teamwork
model. Building on classic work by Zuckenman
and Merton, many authors have established a

rising propensity for camwork in samples of

rescarch hields, with some studies gomng back a
century (- 7), For example, de Solla Price ex-
amined the change in team size in chemistry from
1910 10 1960, forecasting that in 1980 #ero per-
cent of the papers would be writien by solo au-
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thors (¥). Recently, Adams of af. established that
over ime, teamwork had increased across
broader sets of fields among elite LS. research
universities (¥). Mevertheless, the breadth and
depth of this projecied shifi in manpower renwins
indefinite, particulardy in ficlds where the size of
cxperiments and  capital invesiments  remain
small, mising the quesiion as 1w whether the
projected growih in fcams is universal or
cloistered in specialized lields,

A shift toward wams also miscs new ques-
tions of whether tcams produce better science,
Teams may brng greater collective knowledge
and efTort, but they are known 0 expericnce so-
cial network and coordinaton losses that make

them underperform individuals even in lighly
complex tasks (J0-72), as F Scont Fitegemld
concisely observed when he stated that *no grand
idea was ever bom in a conference™ (13). From
this viewpoint, a shill to eamwork may be a
costly phenomenon or one that promotes low-
impact science, whereas the highest-impact ideas
remain the domain ol great minds working alone,

We studied 199 million research anticles in
the Instiwie for Scientific Information (I51) Web
ol Science database and an additional 2.1 million
patent records. The Web of Science data covers
rescarch publications in science and engineering
singe 1953, social sciences since 1956, and arts
and humanitics since 1975, The patent data cover
all ULS. registerad patents since 1975 (J4). A leam
was defined as having more than one listed author
ipublications ) or inventor (patenis). Following the
151 classification system, the universe of scientific
publications is divided into three main branches
and their constituent subfields: science and
engineering (with 171 subficlds), social sciences
{with 34 subliclds), and ans and humanities (with
27 subficlds). The universe of ULS. patenis was
treated as a separate category (with 36 subliclds).
See the Supporting Online Material (SOM) text
lor details on these classifications.

For science and engineering, social sciences,
and patents, there has been a substantial shifi
toward collective rescarch. In the scicnces, team
size has grown sieadily cach vear and nearly

Table 1. Patterns by subfield. For the three broad IS] categories and for patents, we counted the
number (V) and percentage (%) of subfields that show (i) larger team sizes in the last 5 years
compared to the first 5 years and (ii) RTI measures larger than 1 in the last 5 years. We show RTI
measures both with and without self-citations removed in calculating the citations received. Dash
entries indicate data not applicable.

Increasing RTI =1 RTl =1
team size {with self-citations) {no self-citations)
Nyjjetds  Njjarss %o N1 % Nijerds o
Science and engineering 171 170 99.4 167 91.7 159 92.4
Social sciences 54 54 100.0 54 100.0 51 94.4
Arts and humanities 27 24 38.9 23 85.2 18 6i6.7
Patents 36 36 100.0 32 83.9 - -
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doubled, from 1.9 1o 3.5 authors per paper. over
45 years,

Shifts toward teamwork in science and en-
gincering have been suggested to follow from the
increasing scale, complexity, and costs of big
science, Surprisingly then, we find an equally
strong trend toward teamwork in the social sci-
enees, where these drivers are much less notable,
Although social scientists in 1955 wrote 17.5%
of their papers in teams, by 2000 they wrole
S1.5% of their papers in lcams, an incredse
similar o that in sciences and engineering, Mean
team size has also grown each year, On average,
today s social sciences papers are wrillen in pairs,
with a continuing, positive trend wward larger
teams, Unlike the other arcas of rescarch, single
authors sull produce over 90% ol the papers n
the as and humamities, Nevertheless, there s a
positive trend toward teams inoans and human-
itics (< 0.001), Lastly, patents also show a
rising dominance of leams. Although these data
are on a shorter time scale (1975 -20000), there
wis 4 similar annualized increase in the propen-
sity for weamwork. Average team size has fsen
from 1.7 1o 2.3 inventors per patent, with the
positive trend toward larger leams continuing.

The genermlity of the shifl w eamwork is
saptuned in Table 1, In sciences and engineering,
99.4% of the 171 subliclds have seen increased
teumwork, Meanwhile, 1000 of the 54 subliclds
in the social sciences, 88.9%% of the 27 subficlds in
the humanities, and 100% of the 36 subficlds in
patenting have seen increased teamwork,

Trends for individual fields are presented in
table 51. In the sciences, areas like medicine,
biology, and plysics hove seen an least a doubling
i mean team siee over the 43-yvear period. Sur-
prisingly, even mathematics, long thoughi the do-

miain of the loner scientist and least dependent of

the hard sciences on lab scale and capital-intensive
cquipment, showed a marked increase in the frac-
tion of work done in teans, from 199 to 57%,
with mean team size rising from 122 w0 184, In
the social sciences, psvchology, cconomics, and
political science show enomous shifis toward
tcamwaork, sometimes doubling or tripling the
propensity for teamwork, With regard 1o average
team size, psyvchology, the closest of the social
sciences 1o a lab scienoe, has the highest growth

(75 1%}, whereas political science has the lowest
L166%) As reflected in Fig. 1AL the humanities

show lower growth mites in the fraction of

publications done n eams, yet a tendency
toward increased teamwork is still observed. All
arcas of patems showed a positive change in both
the fraction of papers done by teams and the team
size, with only small variations across the arcas
ol patenting, suggesting that the conditions
favoring wamwork in patenting are largely
similar across subficlds,

Our measure of impact was the number of

citations cach paper and patent receives, which
has been shown to correlate with research quality
(F5-17) and is frequently used in promotion and
funding reviews (/8). Tghly ced work was
defined as recerving more than the mean number
of citations for a given field and vear (£9). Teams
produced more highly cited work in each broad
arca of research and at cach point in time.,

Tor explore the nelatonship between team-
work and impact in more detail, we defined the
relative team impact (RTH fora given time period
and field. RTI is the mean number of citations
received by team-authoned work divided by the
mean number of citations received by solo-
authored work, A RTI greater than 1 indicates
that teams produce more highly cited papers than
solo authors and vice versa for RT] less than |,
When BT is equal o 1, there s no ditlerence in
citation rates for team- and solo-authored papers.
In our data set, the average RT1 was greater than
1 at all points in time and in all broad research
arcas: sciences and engineering, social sciences,
humanities, and patents. In other words, there is a
broad wendeney for teams o produce more highly
cited work than individual authors. Furher, RT1
is rising with time. For example, in sciences and
engincering, team=authored papers neceived 1.7
times as many citations as solo-authored papers
in 1955 but 2.1 times the ciations by 2000, Simi-
lar upward trends in relative team impact appear
in scicnces and engineenng, social science, and
arts and humanitics and more weakly in patents,
although the rend is still upward (200, During the
carly periods, solo authors received substamtially
more citations on average than lewms in many
subliclds, cspecially within sciences and engi-
neenng (Fig, 2E) and social sciences (Fig. 2F).

0
1960 1970

1980 1990 2000 1960

mean 5"'-'m

1990 2000

1970 1980

years

Fig. 1. The growth of teams. These plots present changes over time in the fraction of papers and
patents written in teams (A} and in mean team size (B). Each line represents the arithmetic average

taken over all subfields in each year.
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By the cnd of the peniod, however, there are
almost no subficlds in sciences and engineering
and social sciences i which solo authors typical-
ly receive more citations than teams. Table S1
details RTIs for major individual rescarch ancas,
indicating that weams currently have a nearly uni-
versal impact advamage. In a minority of cascs,
RTls declined with time de.g., —34.4% in mathe-
metics and -25.7% in education), although even
here teams currently have a large advamage in
citations received (eg., 67% more avermge cita-
tions in mathematics and 105% in education).

The citation advantage of teams has also been
increasing with time when teams of fixed sizc are
compared with solo auhors, In science and engi-
neering, lor example, papers with two authors
recerved 1,30 tmes more enations than solo au-
thors in the 19505 but 1.74 times more citations
in the 19905, In general, this patiem prevails for
compansons between teams of any fixed size
versus solo authos (able S4),

A possible challenge to the validity of these
observations is the presence of self=citations, giv-
en that teams have opportunities 1o sell=cite their
work more frequently than a single author. To
address this, we reran the analysis with all sell-
citations removed from the data set (2/). We
found that removing self-citations can produce
modest decreases in the RTL measure in some
fields: for example, RTls (el from 3,10 10 2.87 in
medicine and 2.30 to 2.13 in biology (table S1).
Thus, removing sell-citations can reduce the RTI
b 5 1o 10%a, but the relative citation advantage of
teams remains essentially intact.

Because the progress of knowledge may be
drven by a small number of key insights (22), we
further test whether the most extraodinary con-
cepts, resulis, and technologics are the provinee
of solitary scientists or weams. Pooling all papers
and patents within the four rescarch areas, we
calculmted the frequency distnibution of citations
to solo-authorad and team-authored work, com-
paring the first 3 vears and last 3 vears of our
data. 1T these distributions overlap in their right-
hand tails, then a solo-authored paper or patent is
just as likely as a tcam-authorad paper or patent
tor be extraordinarily highly cited.

Our results show that teams now dominate
the top of the citmion distnbution i all four re-
search domains (Fig. 3, Ao D). Inthe carly vears,
a solo author n science and engineering or the
social sciences was more likely than a wcam o
receive no ciiations, but a solo author was also
more likely 1o gamer the highest number of cita-
tions, that is, 1o have a paper that was singularly
influential. However, by the most recent period, a
team-authored paper has a higher probability of
being extremely highly cited. For example, a
team-authored paper in science and engineering
is cumrently 6.3 times more likely than a solo-
suthored paper 1o receive at least 1000 citations,
Lastly, in arts and humanitics and in patents, in-
dividuals were never more likely than teams o
produce more-influential work, These patiems al-
s0 hold when seli=citations are removed (fig. 55).
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Science Arts
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% 0.1
E i citations
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year

Fig. 2. The relative impact of teams. (A to D) Mean team size comparing all papers and patents with
those that received more citations than average in the relevant subfield. (E to H) The RTI, which is the
mean number of citations received by team-authored work divided by the mean number of citations
received by solo-authored work. A ratio of 1 indicates that team- and solo-authored work have
equivalent impact on average. Each point represents the RTI for a given subfield and year, whereas the
black lines present the arithmetic average in a given year.

-lml | L L L] L L L] L ] L ]

A B

10
1 -_— _— -_— —_— —— — —_—
(1) | "I TR S T S [ T N S

1 ] | | LI |
D o0 first 5 years
Il last 5 years

raﬂutﬂam to single frequencies

0 1 10 100 100010000 O© 1 10 100 100010000
o W o o & to to to 1o &
9 99 999 9999 more 9 99 999 9999 more

no. citations received

Fig. 3. Exceptional research. Pooling all publications and patents within the four research
categories, we calculated frequency distributions of citations received. Separate distributions are
calculated for single authors and for teams, and the ratio is plotted. A ratio greater than
1 indicates that a team-authored paper had a higher probability of producing the given range of
citations than a solo-authored paper. Ratios are compared for the early period (first 5 years of
available data} and late period (last 5 years of available data) for each research category, sciences
and engineering (A), social sciences (B), arts and humanities {C), and patents (D).

Taken together, these results suggest two im-
pertam facts about preeminent work in our obser-
vational penods. Fist it never appearcd to be the
domain of solo authors in arts and humanities and
in patents, Second, selo authors did produce the
papers of singular distinetion in science and engi-
neering and social science in the 19505, but the
mante of extmordimanly cned work has passed
to teams by 2000,

Over our S-decade sample period, the in-
creasing capital intensity ol rescarch may have
been a kev foree in labomtory sciences where the
growth in teamwork has been intensive (&), but it
is unlikely 1o explain similar pattems in mathe-
matics, cconomics, and sociology, where we
found that growth mies in team size have been
nearly as large. Since the 19305, the number of
rescarchers has grown as well, which could
promote finer divisions ol labor and more
collaboration. Similardy, steady growih in knowl-
cdge may have drven scholars toward more
specialization, promptng larger and more diverse
teamms (7, 1), However, we found that teamwork
is growing nearly as fast in ficlds where the
number of rescarchers has grown relatively
slowly (see Supporting Online Material).
Declines in communication costs could nuke
tcamwork less costly as well (9, 23). Shifi-
ing authorship norms may have influenced co-
authorship rends in lelds with extremely large
tearns, such as biomedicine and high-cnergy phvs-
ics (24, 25), and vt our resulis hold across diverse
fickds in which noms for order of authorship,
cxistence of postdoctomtes, and prevalence of
grant-basced research differ substantially.
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MET Amplification

Leads to Gefitinib

Resistance in Lung Cancer by
Activating ERBB3 Signaling

Jeffrey A. Engelman,™®? Kreshnik Zejnullahu,®® Tetsuya Mitsudomi,® Youngchul Song,””
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The epidermal growth factor receptor (EGFR) kinase inhibitors gefitinib and erlotinib are effective
treatments for lung cancers with EGFR activating mutations, but these tumors invariably develop
drug resistance. Here, we describe a gefitinib-sensitive lung cancer cell line that developed
resistance to gefitinib as a result of focal amplification of the MET proto-oncogene. inhibition of
MET signaling in these cells restored their sensitivity to gefitinib, MET amplification was detected in
4 of 18 (22%) lung cancer specimens that had developed resistance to gefitinib or erlotinib. We
find that amplification of MET causes gefitinib resistance by driving EREB3 (HER3)}—dependent
activation of PI3K, a pathway thought to be specific to EGFR/ERBB family receptors. Thus, we
propose that MET amplification may promote drug resistance in other ERBB-driven cancers as well.

vrosine kinase inhibitors (TKIs) are an

I emerging class ol anticancer therapics tha
have shown promising clinical activity.
Ciefitinib (Iressa) and erlotinib { Tarceva) inhibi
the epidenmal growih factor receptor (EGFR) ki-
nase and are used to reat non-small cell lung
cancers (NSCLCs) that have activating mutations
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in the EGFR gene (1-4). Although most EGFR
mutant NSCLCs initially respond 10 EGFR in-
hibitors, the vast majority of these wumaors ulti-
mately become resistamt 1o the drug treatment. In
about 50 ol these cases, resistance is due to the
occumrence of a secondary mutation in EGFR
(TTR0M ) (3, 6). The mechamsms that contribute
1o resistance in the remaining tumors anre
unknown,

Toexplore additonal mechamisms of gefitinb
resistance, we gencrated resistant clones of the
gefitinib hypersensitive EGFR exon 19 mutant
NSCLC call line, HCCR27, by exposing these
cells o increasing concentrations of gelitinib for
6 months, The resultant cell line, HCC827 GR
{gelitinib resistant), and six clones isolated from
single cells were resistant 1o gelitinib in vitro
(ICs = 10 uM ) (Fig. 1A) Unlike in the parental
HCCR2T cells, phosphorylatton of ERBB3 and
Aktin the HOCS27 GR cclls was mainiained in
the presence of gefitinib (Fig, 1B),

We previously observed that EGFR mutam
tumors activale phosphoinositide 3-Kinase
(PI3KYAKL signaling through ERBB3 and that
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down-regulation ol the ERBB3/ PI3K/AKL signal-
ing pathway is required for gefinib o induce
apoplosis in EGFR mutanmt cells (7, &) In addi-
ton, persistent ERBB3 phosphorylation has also
been associated with gefitinib resistanee in
ERBB2-amplified breast cancer cells (9. We
therelore hypothesized that gelitinib resistance in
EGFR mutant NSCLCs might involve sustained
signaling via ERBB3. After excluding the
presence of o secondary resistance mutation in
EGFR (11h, we investigated whether aberrnt
activation of another receptor might be mediating
the resistance, We used a phospho- receptor tvro-
sine kinose (phospho-RTK ) array to compare the
elfects of gelitinib on 42 phosphorylated RTKS in
HOCR2T and HOCR2T GRS cells (Fig, 1C). In
the parental cell line, EGFR, ERBB3. ERBB2,
and MET were all phosphorylated, and this phos-
phorvlation was either completely or markedly
reduced upon gefitinib reatment. In contrast,
in the resistant cells, phosphorylation of MET,
ERBB3, and EGFR persisted ai higher levels in
the presence of gelitinib (Fig. 1C).

We nexi performed genome-wide copy num-

ber analvses and mENA expression profiling of

the HCCS2T GR cell lines and compared them
with the parental HOCS27 cells (fig. S1 and wble
S1) The resistant but not parental cell lines
showed a marked focal amplification within chro-
mosome Tg3l.l o Tg33.3, which contains the
MET proto-oncogene (Fig, 1D). MET encodes a
transmembrane tvrosine kinase receplor for the
hepatocyie growth factor (scatier factor), and WET
amplification has been detected o gasiric and
csophageal cancers (11, 12), Analysis by quanti-
tative polymemse chan reaction (PCR ) confirmed
that AMMET was amplified by a factor of 3 10 10 in
the resistant cells (Mg, S2), and sequence analysis
provided no evidence of mutations in MET.

To determine whether increased MET
signaling underics the acquired resistance 1o
gefitinib, we examined whether MET mnhibition
suppressed growth of the resistam cells. HOCUR27
GR cells were exposed o0 PHA-G63752, a MET
tyrosine kinase inhibitor, alone or in combination
with gefitinib (/7). Although the HOCE27 GRS
cells were resastant o both gefitimb alone and
PHA-665752 alone, combined treatment resulted
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in substantial growth inhibition (Fig. 2A) and
induced apoptosis (fig, S3) In the resistant cells,
gelitinib alone substantially reduced phosphoryl-
ation of EGFR, and it had only mimimal eflects on
ERBB3 and Akt phosphorylation (Fig. 2B),
However, gelitinib in combination with PHA-
G65T32 fully suppressed ERBB3 and Akt phos-
phorylation in the wesistant cells, These findings
suggest that the observed resistance in HOCS27
GR cells 15 mediated by increased MET signaling,

To investigate the mechanism by which
PI3K/ Akt becomes activated in the resistam cells,
we immunoprecipitied the pR3 regulatory sub-
unit of PI3K and examined coprecipitating pro-
teins, [n the parental HOCCS27 cell ling, two major
phosphotyrosine proteins, ERBB3 (=240 KD)
and growth-facor-receptor-bound  protein 2
(G2 ) -associated binder | (Gabl) (120 KDy,
aknown PIRK adaptor protein (4}, coprecipitated
with p85 (Fig. 20). and both interactions were
disrupted by gefitimb alone. In contrast, in the
resistant cells, both ERBB3 and Gab | remained
associated with p83 in the presence of gelitinib
alone. However, the combination of gelitinib and
PHA-665752 completely disrupted these inter-
actions in the resistant cell lines (Fig. 20 As
shown in Fig. 2B, ERBB3 tvrosine phosphoryl-
ation was suppressed in the resistant cells only
when they were in the presence of both
inhibitors, which suggests that MET can trigger

Fig. 1. HCC827 GR
cells are resistant to
gefitinib in vitre and
show MET amplifica-

A

125

100
tion. (A) The EGFR mu-
tant HCC827 human 754
lung cancer cell line

was made resistant to B 5o
gefitinib by growing itin =~ &®
increasing concentrations
of gefitinib (). Parental

25+

the activation of ERBB3 independent of EGFR
kinase activity. In the course of these studics, we
noted that, although PHA-665752 alone blocked
Gab-1 association with p83, it had minimal cffoct
on Akt phosphorylation (Fig, 2, B and C). This
observation sugeests that the association of Gab-1
with PI3K s not necessary for Akt phosphory lation
in the resistant cell lincs,

To determine whether a MET/ERBBIPI3K
signaling axis was mediating resistance in these
cells, we used RNA inerference (RNAI) tech-
nology. Down-regulation of ERBB3 by an
ERBB3-specific shon haimpin RNA (shRNA)
led o substantal inhibiton of Akt phosphoryl-
ation and significantly inhibited cell growth in
bath resistant and parental cells (Fig. 2, Dand E)
In addition, two shRNAs directed against two dif-
ferent regions of MET restored gefitinib sensitivity
in the ressstant cells (fig. 549 (/5). Morcover, both
ol the METspecilic shRNAs down-regulaed
MET 1o the level found in the parental HOCR27

cell line (see Fig. 2B) and restored the ability of

gefitinib to downeregulate both ERBB3 and Akt
phosphory lation in these cells (Fig. 2F). Finally,
overexpression of MET in HCUR2T cells was
sullicient to conler gefitinib resistance (fig. S5).
Together, these lindings suggest that MET ampli-
fication leads o persistent activition of PI3K/AKL
signaling in the presence of gefitini by maintain-
ing ERBB3 phosphorylation.

+ HCCB27 GRS
+ HCCB27 GRS

and resistant HCC827 0 T
GRS and GRé cells were 0
treated with gefitinib at
the indicated concentra-
tions, and viable cells
were measured after 72
hours of treatment. The
percentage of viable
cells is shown relative
to untreated controls.
(B} Gefitinib-resistant
cells maintain ERBB3
and Akt phosphoryl- N
ation in the presence HCC827 GRS -
of gefitinib. HCCB27 "
and HCCB27 GRS cells

were exposed to increas

ing concentrations of

C
-

gefitinib for 6 hours. Cell extracts were immunoblotted to detect the indicated proteins. (C) A phospho-RTK
array reveals that HCCB27 GRS cells maintain phosphorylation of MET and ERBB3 in the presence of
gefitinib. Parental and resistant cell lines were treated with 1 uM gefitinib, and the cell lysates were
hybridized to a phospho-RTK array. In the array, each RTK is spotted in duplicate. Hybridization signals at
the corners serve as controls. (D) The amplification in HCCB27 GR cells (7g31.1 to 7q33.3) encompasses
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MET but not HGF, the gene encoding its ligand hepatocyte growth factor, or the EGFR gene.
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Notably, gastric cancer cell lines with MET am-
phification exhibit an increased sensitivity to PHA-
GO5TS2 (11). Therefore, we nvestigated whether
other cell lines with MET amplification mught
also activate PI3K/AKL signaling through ERBB3.
Intercstingly, we readily detecied ERBBApRS
complexes in SNUGIS and MEN43 gastric can-
cer cells, as well as H1993 NSCLC cells, which
are known to harbor an amplificd MET allele
(Fig. 3A) In all cases, the ERBB3/pES com-
plexes could be distupted by PHA-663752 but
not by gefitinib, lapatinib (a dual EGFR/ERBB2
inhibitor), or CL-387,785 (an imeversible EGFR/
ERBB2 inhibitor). Accordingly, phosphoryla-
tion of ERBBY and Akt was inhibited only by
PHA-6G3T752 but not by the other compounds
(Fig. 3A). Finally, ERBB3-specific shRNAs also
resulted i a marked deercase in phosphoryl-
ation of Akt (Fig. 3B) and significantly in-
hibited cell growth o SNU-638 cells (Fig. 30C).
Thus, we conclude that WET amplification leads
to ERBBE3 phosphorylation and PI3K activa-
tion in an EGFR- and ERBB2-independent man-
nee More generally, these studics suggest that
ERBB3-mediated activation of PI3K/Akt might
be a common feature of cancer cells that have
MET amplification,

To investigate how MET activates ERBB3
tyrosine  phosphorylation, we first expressed
ERBB3 alone or in combination with MET in

E HCCa27 HCC827 GR5
Gefilinib (M) 0 001011010 0 00101100
pEGFR . bt
EGFA e e - -
p-EBl m= e [ 1 L1 T

LR

;

"“.”ﬂ!i.'..-._ 11

T

WWW.SCIencemang.orng




&

T T T 1
0 0.01 0.1 1 10
Dﬂ.lg Concentration n.lm
o 5] el
% & & &
S i ) o
C *S;. .@:’ \""‘- ‘#&
Crmelitinab - 4 = how o dow e oo o= o = &
PHA-665T752 =T TS == t

§ = - -+ $ = = & .
:m—-”--.-'"h“!n“-“

|ul—l. ' .. pTyr
Im._‘ !q !‘b =
- L s "we Bme. ErbB3
| Eedaedst _ - . . Gabl
Rt | R L L B
—— e s o e o e o il
IP:p85
"C827 C827 G 120
D HCCS HCC827 GRb E
o ” 100
- -
Z Z 5
z % z % g *
- E o E— =
s BEtg ot 3
b4 i E brd = 2 -E
FREB e weiew - *
prAkl —— —— — 20
-
0
Akt t-h“ HCCB2T

Fig. 2. Concurrent inhibition of MET and EGFR suppresses growth of HCCB27 GR
cells and leads to down-requlation of ERBB3/PISKAKT signaling. (A} The HCCB27
GRS cells were treated with increasing concentrations of gefitinib alone, PHA-
665752 alone, or the two druigs in combination. Growth was assessed by the MTS
survival assay. (B) The phosphorylation of EREB3, Akt, and MET is substantially
reduced only by the combination of gefitinib and PHA-665752 in the resistant cells,
Parental and resistant cells were treated for & hours with gefitinib alone, the MET
inhibitor PHA-665752 alone, or the two drugs in combination. Cells were lysed, and
the indicated proteins were detected by immunoblotting. (C) The assodiation of
ERBE3 with p85 is blocked only by the combination of gefitinib and PHA-665752 in
the resistant cells. Parental and resistant cells were treated as in (B). Cell extracts
were immunoprecipitated with an antibody to p85. The precipitated proteins were
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determined by immunoblotting with the indicated antibodies, (D) Down-requlation
of EREB3 by an ERBB3-specific shRNA results in loss of Akt phosphorylation in both
HCCB27 and HCC827 GRé cells. Control or ERBB3-specific shRNAs were introduced
into parental or resistant cells. Cell extracts were prepared 956 hours later and
immunoblotted with the indicated antibodies. 5C, scrambled; GFP, green fluorescent
protein. {E) The viability of cells from (D) was measured using an MTS assay. Viability
of cells expressing the ERBE3-specific shRNA i shown relative to cells expressing
control shRNAL Error bars indicate SD. *, P < 0.05 (paired t test). (F} Down-requlation
of MET by MET-specific shRNAs restores gefitinib-induced down-regulation of ERBB3
and Akt phosphorylation. Control or MET-specific shRNAs were introduced into
HCCA27 GRé cells. The cells were treated with 1 uM gefitinib, and cell extracts were
immunoblotted vath indicated antibodies.
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Fig. 3. MET activates ERBB3/PI3K signaling in tumor cell ines with MET amplification. (A} MET-amplified
cell lines (with wild-type EGFR) also use ERBB3 to activate PI3K/Akt signaling. Cell lines with MET
amplification (gastric cancer cell ines, SNU-638 and MEN-45, and the NSCLC cell line H1993), with an EGFR
mutation (NSCLC cell line HOC827), or with ERBB2 amplification (breast cancer cell line BT474) were treated
with the indicated drugs for & hours. Cell extracts were immunoprecipitated with an antibody to p85. The
precipitated proteins were determined by immunoblotting with the indicated antibodies. In parallel, whole-
cell extracts were immunoblotted to detect the indicated proteins. *, ERBB3. (B} Down-regulation of ERBE3
by an ERBB3-specific shRNA results in loss of Akt phosphorylation in SNU-638 cells. 5C, scrambled; GFP,
green fluorescent protein; CTRL, control. (C) The viability of cells from (B) was measured using an MTS assay.
*, P < 0,05 (paired ¢ test), (D) MET induces ERBB3 phosphorylation. eDNAs encoding for GFP, ERBB3, or MET
were introduced into CHO cells. The cells were treated with the indicated drugs for & hours, and cell extracts
were immunoblotted to detect indicated proteins. (E) ERBB3 coprecipitates with MET and p85 from the
resistant but not the parental HCC827 cells. HOCB27 and HCCB27 GR cells were treated with gefitinib alone,
PHA-665752 alone, or both drugs in combination. Cell extracts were immunoprecipitated with an anfibody
to ERBB3. The precipitated proteins were identified by immunoblotting with the indicated antibodies.

Chingse hamster ovary (CHO) cells, which
nomally do not express detectable levels of
EGFR. ERBB2, or ERBB3. Coexpression of
MET and ERBB3 resulicd in marked phospho-
rvlation of ERBB3 (Fig. 3D} This phosphoryl-
ation could be blocked with PHA-665T32 but not
with high concemmtions of gefitmib (3 pM),
lapatinib (3 pM) or the SRC family kinase
inhibitor PP2 (10 uM). In addition, phosphoryl-
ated ERBBE3 coimmunoprecipitated with pS3 in
a MET Kinase—dependent manner (fig. 56). We
akso found that endogenous ERBB3 coprecipi-
tates with MET and p83 in the HOCR2T GR
cells (Fig. 3E) Similarly, the imeraction between
ERBB3 and p83 was blocked only with the
combination of getitinib and PHA-663752 in the
resistant oclls,

To assess the climcal relevance of this
resistance mechanism, we examined whether
MET amplhification could be daected in EGFR
mutant NSCLCs that had become resistant 1o
gelitinib. We analyeed wmors from 18 paticnts
(tables S2 and 53, all of whom had shown partial
response 1o gelitinib or erdotinib durng initial
treatment but showed signs of wmor regrowth
{i.e.. resistance) while still receiving these drugs.
MET copy status was assessed either by quanti-
tative PCR when only wmor-derived DNA was
available (= 11) or by Muorescence in sty
hyvbridization (FISH) when tumor sections were
available (= 7) (fig. S7). For cight patients, we
were able o obtain paired wmor specimens from
before treatment and after the development of
resistance to gelitinib. For the other 10 patients,
lumor specimens wiere available only afier the
development of resistance 1o gefitinib or edotinib.
Owverall, MET amplilication was detected in 4
out of I8 (22%) gelitinib/erlotinib-resistant
wmor specimens. OF the eight paired wmor
samples, two showed METamplilication in the
resistant specimens but not in the before-
treatment samples. In patient 1. the level of
MET amplification in the post-treatment spec-
imen was similar to that observed in the
HCCR27 GR cell lines (iable 52 and fig. 52).
MET amplification was also detected in two
other patients for whom only post-treatment
specimens were available (patients 12 and 13).
OFf the four resistant tumors with MET am-
phitication, one had a concurrent EGFR TT90M
mutation; the other three did not. Inicresting-
ly, two independent resistant umors from pa-
tient 12 were analyzed, and one had an EGFR
T790M while the other had a MET amplifica-
tion (table S2).

Mechanisms of acquired resistance 10 kinase
inhibitors in NSCLC, chronic myelogenous leu-
kemia (CML), and gastrointestinal stromal tumor
include secondary mutations in the Kinase isell
(EGER, KIT, or BOR-ABL), amplification of the
target kinase (KT or BOR-ABL), or overexpres-
sion of other kinases downstream of the target
kinase (for example, LYN i CML) (5, f6-79).
However, MET amplification provides an cxam-
ple of a resistance mechanism chameterieed by
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gene amplification of a Kinase that is not a direct  into additional resistance mechanisms, Our find- 14 K M, Weidner ef al., Noture 384, 173 (1996).

or downstream farget of gefitinib or edotinib,  ings illustrate the value of studying genetic alter- 1% :‘_':‘D"L”;;“ha” RLR . e T

Mm’lq:m er, MET has not pres imt:-.lyihu:n.:n shown :.Il!iﬂll:i that pmducuf |1l..'l_.\|i.hl.f:I11 PI3K/ Akt 5ig|]:|iing 16, M. C. Heinrich of al., . Clin. Oncol. 24, 4764 (2006).

to signal through ERBB3. These hndings may 0 the presence of gefiimb mther than focusing 17, M Debiec-Rychter et al., Gostroenterology 128, 270

have important clinical imphcations for NSCLC  solely on mutations in the EGFR gene itself It {2005). _

paticnts who develop acquired resistance to  will also be important 1o determine whether MET 18- A Hochhaws et ol, Leukemio 16, 2190 (2002).

gefitinib or erlotinib. Our findings also suggest  amplification contributes to resistance in other oo M I- Donato et al, #0od 201, 630 00

o : f : e T BB _F_ s 3 B 20. T. Kosaka ef ol, Concer Res. 64, 8919 (2004).

that imeversible EGFR inhibitors, which are  EGFR-dependent cancers such as ghoblastoma 21, 1. shibaw er oL, Clin. Concer £es. 11, 6177 (2005).

curmently under clinical development as weat- muliiforme, head and neck cancer, and colorectal 22 A Inoue ef al., . Clin, Oncol, 24, 3340 (2006),

ments for paticnts whose tumors have developed  cancer afier treatment with EGFR-dirceted 23 F- M. Yakes ef ol,, Cancer Res. 62, 4132 (2002).
24, We thank M. Begley for providing the lentiviral

acquired resistance to geiinib and erlotinib, may

be ineffective in the subset of wimors with a MET

amplilication even i they contain an EGFR
TT90M mutation. Therefore, combination thera-
pics with MET kinase inhibitors, which are in
carly-stage clinical tnals, and irreversible EGFR
mlibiors should be considered for patents whose
tumors have become resistant 1o geliimb or
erlotinib. Notably, a small percentage of NSCLCs
from EGFR TKI naive patients have been re-
ported 1o contain both an EGFR-activating muta-
tion and MET amplitication (20, 21). This situation
is analogous to the obscrvation that untreated
NSCLCs occasionally have an EGFR TT90M.
These concument genetic altemtions may  help

therapics. Finally, since ERBB2-amplified breast
cancers also activate PIIKCAKL signaling through
ERBB3, it will be interesting to explore whether
MET amplification also occurs in breast cancers
that develop resistance o drugs that wrget ERBB2,
such as trastweumab and lapatmb (9, 23).
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common in colorectal cancer, many human ma-
lignancics harbornmg active WNT/p-catenin sig-
naling have no wdentified causative mutationis)
(4. 3).

To idemily proteins associated with the
p-catenin destruction complex, we performed a
andem-aflinity purification (TAP) of B-catenin™V,
AXINIL APC (amino acids 1 w 1060), B-TrCP1L.
and B-TrCP2 in mammalian cells (6). The
prcatenin®™ mutant has alanine substituted for
serine at codon 37, Specifically, cDNA for cach
ol these “bait™ proteins was cloned into the pGilue
vector encoding a dual-affinity tag containing
streptavidin-binding protcin (SBP), calmodulin-
binding protein (CBP), and the hemagglutinin
(HA)Y epitope (7). Lines of human cmbrvonic
kidney cells (HEK293T ) expressing Jow levels of
cach of the weged-bait fusion proicins were
eenerated, then detergent-solubilized, subjecied
to two rounds of alfinmy purfication, trvpsiniaed,

Wilms Tumor Suppressor
WTX Negatively Regulates
WNT/p-Catenin Signaling
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Aberrant WNT signal transduction is involved in many diseases. In colorectal cancer and melanoma,
mutational disruption of proteins involved in the degradation of [i-catenin, the key effector of the
WNT signaling pathway, results in stabilization of i-catenin and, in turn, activation of transcription.
We have used tandem-affinity protein purification and mass spectrometry to define the protein
interaction network of the [-catenin destruction complex. This assay revealed that WTX, a protein
encoded by a gene mutated in Wilms tumors, forms a complex with p-catenin, AXIN1, B-TrCP2
(p-transducin repeat—containing protein 2), and APC (adenomatous polyposis coli). Functional
analyses in cultured cells, Xenopus, and zebrafish demonstrate that WTX promotes fi=catenin
ubiquitination and degradation, which antagonize WNT/[i-catenin signaling. These data provide a
possible mechanistic explanation for the tumor suppressor activity of WTX.
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by the Skpl, Cullinl, F-box protein B-TiCP
(SCF¥T™) ubiquitin ligase (/). The engagement
ofa Frizaed receptor with WNT ligand initiates a
signaling cascade, culminating i the inactivation
ol the f-catenin destruction complex. Consequent-
Iy, B-catenin levels inercase in the nucleus, where
it functions as a tmanscripional coactivator for
members of the TCF-LEF family of wanscription
factors (2, 7). Although mutations in APC arc

B-catenin is constitutively degraded through

phosphory lation-dependent ubiguitination
and subsequent proteosomal clearance, A com-
plex of proteins meluding adenomatous polypo-
sis coll (APC), AXIN, cascin Kinase 1o (CK la),
and glyeogen symthase kinase 3 (GSK3) phospho-
rvlates N-terminal serine residucs in fcatenin,
which creates a substrate elficiently ubiquitinated

In the absence of WNT ligands, cviosolic
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Fig. 1. The p-catenin protein interaction network.
Green circles represent proteins used as bait in the
tandem affinity purification, blue circles represent
known interactors, and red circles represent novel
interactors. The arrows indicate directionality for the
bait-interactor discovery, and the single asterisks (+)
show interactions that were confirmed in secondary
assays. **The protein interaction networks for -TrCP1
and [(-TrCP2 are not yet complete.
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Fig. 2. WTX directly binds the [i-catenin destruction complex. (AYWTX associates with ectopically
expressed [3-catenin, AXINL, -TrCP1, B-TrCP2, and Keapl. FLAG-tagged proteins were transiently WX W
expressed in HEK293T cells stably expressing SEP-HA-WTX. Protein lysates were subjected to
streptavidin affinity pull-down followed by Westem biot analysis. (B). WTX associates with DS == ——]
endogenous [i-catenin and [-=TrCPL. Parental HEK293T cells or HEK293T cells stably expressing WTK-C -_‘
N-terminal or C-terminal pGlue-WTX were treated with WNT3a-conditioned medium (CM) for 2 R
hours before lysis, streptavidin-affinity pull-down assay, and Western blot analysis (ABC, Strept-WTX
active fcatenin), (€) WTX directly binds B-catenin and p-TrCP1. GST—vesicular stomatitis virus 1% input pull-down

(VSV}-WTX recombinant protein was incubated with recombinant Cull, [i-catenin, or B-TrCP at collline—e WTX WTX N WTXC WTX WTX-N WTX-C
equal molar ratios. After GST affinity purification, protein complexes were washed with buffered ~ WMHetM—= S _ bt _ t _ 2t __ -

350 mM NaCl before associated proteins were resolved by Western blot. (D) WTX protein mr&:ﬁ _ _
sequences C-terminal to the region mutated in Wilms tumors bind [i-catenin. (Top) The cartoon

illustrates the location of missense mutations found in Wilms twumaors, as well as the N-4terminal W kot

and C-terminal WTX expression constructs used to create HEK293T stably expressing cell lines. HA
WNT3a CM treatment, affinity pull-down assay, and Western blotting were performed as in (B).
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and analveed by liquid chromatography- tandem
mass spectrometry (LO-MSMS) The resuliing
data for all bant protemns were integrted 1o yickd
the protein-protein interaction network of the
Frcatemin destruction complex (Fig. 1 and table
S1). This protecmic analysis confinmed the pres-
ence of all the core proteins identified in previous
screens (1), including B-catenin, APC, AXINI,
AXINZ, protcin phosphatase PP2A, GSK3a,
GSEKAB, and CK e, In addition, 13 new proteins
were found 1o associate with known components
of the destruction complex.

We further explored WTX (FLI39287
FAMI23B) because it copuriliod with cach of the
baits examined. The WTX gene was recently dis-
covered o be mutaed i =314 of Wilms wimaors,
which are padiatric kidney cancers (8). Constitutive
activation of WNT/B-catenin signaling s common
in Wilms tumors; ~10% of wmors harbor aci-
vating mutations in fcatenin (9), and nuclear
[-catenin 15 observed in =30% of wmors lacking
detectable B-catenin mutations (/0. Note that WTX

and [-catenin mutations were mutually exclusive
i the twmor sanmples examined (&)

Tor test the hypothesis that WTX negatively
regulates WNT/B-catenin signaling in normal
kidney, we generated HEK293T cells that stably
express pGlue-WTX (supporting online text),
From these cells, we isolated and idenified WTX-
associated protein complexes by TAPLC-MSMS
(Fig. | and table S1) B-Catenin and TP
were among the most abundant WTX-interacting
proteins, which independently confirms the inter-
actions of Pecatenin™™ - WTX and B-TrCP2
WTX. To validate the WTX protein intermction
network, we assessed protein binding in HEK293T
cells and in vitro, We transiently expressed FLAG-
tagged fusion proteins in cells stably expressing
pGlue-WTX, solmed WTX by streptavidin al-
fimity chromatogrphy, and detected bound FLAG-
tazged fusion proteins by Western blot (Fig, 2A).
The reverse pull-down strategy vielded iden-
tical resulis (fig. S1). These data demonstrate that
WTX binds both wild type P-catenin and the

REPORTS

stabilized ﬁ-ﬂﬂlﬂnillmﬂ: mutant (Fig. 2A and
fig. S1).

Using cells stably expressing either N-terminal
or C-terminal tagged WTX, we next investigated
whether endogenous proteins within the destruc-
tion complex bound WTX, Streptavidin afliniy
purilication of WTX revealed that it associates
with endogenous f-catenin and B-TrCP (Fig. 2B
and supporting online wext), Additionally, using
purilied recombinant protein in vitro, we found
that WTX directly binds fcatenin and TPl
but not the Cullinl scaffold within the E3 ligase
complex (Fig, 2C) These resulis show that post-
trnslational modifications are not required for
WTX binding 10 -catenin or {-TrCPL.

Although deletion of the T gene was more
commonly [ound i Wilms wmor samples, five
truncating mutations were identified in wmors
within the amino-terminal hall of the protein (8).
As such, these mutations are consistent with the

existence of a putalive umor suppressor motil

within the C teminus of WTX. If WTX regulates

A B c
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Fig. 3. WTX promotes [$-catenin ubiguitination and degradation. (A) A cell-free
system of Xenopus eqg extracts was used to monitor [i-catenin ubiquitination as a
function of time. In vitro transcribed and translated ®$4abeled [-catenin was
added to Xenopus eqq extracts in the presence of methylated ubiquitin (MeUb)
and either purified GST or GST-WTX protein, Measuring the extent of >*s-labeled
[i-catenin ubiquitination was followed by SDS—polyacrymamide gel electropho-
resis (SDS-PAGE) and autoradiography. As a measure of specificity, LiCl (10 mM)
was added to inhibit [i-catenin phosphorylation and subsequent ubiquitination.
(B) Quantification of nonubiquitinated **S-abeled 3-catenin levels from (A). (C)
Recombinant GST-WTX and myelin basic protein (MBP)-AXIN1 synergize to
degrade **S-labeled [i-catenin in Xenopus egg extracts, Graphic representation of
3%-labeled [-tatenin degradation as a function of time; note absence of
methylated ubiquitin (meUb} in this experiment, as well as difference in
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time scale. (D and E) WTX silencing synergizes with WNT3a CM to activate a
[J-catenin—responsive luciferase reporter (pBAR) in mammalian cells. HEK293T
cells (D) or RKO cells (E) stably expressing the pBAR reporter and Renifla luciferase
were transiently transfected with siRNAs targeting the indicated mRNAs. Two days
after transfection, cells were treated with control or WNT3a CM for 14 hours. BAR-
luciferase values were normalized to Renilla and plotted. Error bars represent
standard deviation from the mean. Data are representative of 4 independent
experiments for HEK293T cells and 12 independent experiments for RKO cells. (F)
WTX silencing stabilizes [3-catenin. RKO cells were transfected with siRNAs
targeting the indicated mRNAs. Two days after transfection, cells lysates were
subjected to Western blot analysis for the indicated proteins. IxBa, inhibitor of
nuclear factor «B and a (3-TrCP substrate induced by tumor necrosis factor—u
stimulation, as well as ji-tubulin, demonstrate equal protein loading in the blots.
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kidney biology through negative regulation of

WNT/Brcatenin signaling, then we should be able
to ascnbe a WNT-related function o the O ter-
minus of WX, Therclore, we mapped the do-
main of WTX that interacts with B-catenin and
found that Pcatenin purificd with full-length
WTX and the C-terminal half'of WTX (WTX-AC),

but imtcracted poorly with the N-terminal hall

(WTX-N) (Fig. 2D and fig. 52 and supporting
online text). As additional confinmation, we used
our TAP-LC-MSMS analysis on cells express-
ing pGlue-WTX-C and found both §-TrCP and
[F-catenin within the protein complex (table S1),
Thus, mutational alieration of WTX in Wilms
tumer likely reduces its imeraction with f-catenin
and §-TrCP,

The dircet binding of WTX to both B-catenin
and w s E3 ubiquitin ligase adaptor, B-TrCP,
suggests that WTX regulates f-catenin degrada-
tion. We tested this hypothesis wsing cell-free
XNenopus cpp eximets, an experimental syslem
that allows quantitative monitoring of B-catenin
ubiguitination and degradation (/7). The addition
ol recombinant glutathione S-tmnsferase (GST)
in complex with WTX protein increased the mie
ol Brcatenin ubiguitination, but GST control did

nod (Fig, 3. A and B, and fig. S3), Inhibition of

GSK3 by lithium chloade (LiCl) suppressed
f-catenin ubiquitination in the presence of GST
and GET-WTX. As a scallold protein, AXIN nu-
cleates the GSK3-CK 1-APC phosphorviation com-
plex and therehy dramatically increases B-catenin
tumover in Nenopus extracts (/f) When WTX
and AXINI were added 1o the extracts individ-
wally, each increased the rate of f-catenin degra-
dation (Fig. 3C). When WTX and AXINT were
added together, the raie of B-catenin degradation
was more rapid than observed with either alone.
These data suggest that WTX negatively regu-
lates WNT signaling by promoting B-catenin
ubiguitination.

I WTX promotes f-catenin degradation,
then suppressing WTX expression should activaie
WNT/P-catenin signaling in mammalian cells.,
To test this prediction. we measured the activity
of a f-catenin-dependent tmnscriptional reporier
afier small interoring RNA (siIRNA Fmediated
stlencing of WTX. Specifically, HEK293T hu-
man cmbryonic kidney cells and RKO human
colon carcinoma cells were tmnsduced with
lentiviruses encoding a firelly luciferase-based
B-catenin-activated reporter {pBAR), along with
Renilla lociterase ( Renilio-Luc) under the control
of the constintively active thymidine Kinase
promoter for nomalization. To validate the
dynamic mange of this reporter system, stably
trnsduced cell lines were teated with WNT 3a-
conditioned medium, which activated the re-
porter by a factor of 100 1o 300 { Fig, 3, D and E).
As a control, we showed that siRNAs direcied
against i-catenin abolished this WNT 3a-induced
reporter activity in both eell lines (fig. 54 and
supporting onlime text), Using this assay system,
we found that two different sIRNAs targeting
WTX produced an increase in WNT 3a-induced
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reporter activity in both cell types. Furthermaore,
in RKO-pBAR/Renilla cclls, siIRNA-mediated
silencing of WTX, AXINI and 2, or fTrCP1 and
2 synergized with a GSK3 inhibitor, (22.3'E)-6-
bromoindinibin-3-oxime, 1o activate the pBAR
reporter (fig. 541 These data supgest that WTX is
a negative regulator of WNT/B-catenin signal
transduction in mammalian cells,

Wi next tested whether silencing of WX with
sIRNAs mercases f-catenin levels incells, In RKO
cells, Preatenin docs not localize 1w the plasma
membrane, wheneas in other cell tpes, such as
HEK293T cells, it resides with a relatively long
hal=life @ the inner surface of the plasma mem-
brane. Thus, m the absence of membrane-
associated feeatenin, total cellular levels of f-catenm
in RKO cells are very low, which allows study of
cytoplimic and nuclear fecatenin stability in re-
sponse 1o expenmental perurbation. We transient-
Iy transfected RKO cells with siRNAs targeting
WTX, B-catenm, AXINI and 2, or B-TriCP1 and
2. Silencmg of WTX, AXINI and 2, or B-ToCP1
and 2, but not f-catenin, was found 1o increase
f-catenin levels, as determined by immunoblot
analysis (Fig. 3F). Thus, WTX is required in these
cells as a negative regulator of both f-catenin pro-
tein stability and B-catenin- mediated transcription.

To extend these expenments 1o organisms,
we performed gain-of-function experiments in
Newopus embryvos and  Joss-of-function expoeri-
ments in zcbrafish (supporting online text).
Ectopic activation of WNT/f-catenin signaling
by injection of Xenapus 8 mRNA in Xemapri
embrvo ventral blastomeres induced duplication
of the embrvonie axis, vielding two-headed
tadpoles (fig. S3). Injection of BTV mRNA
blocked Xemoprs Wned-induced axis dupli-
cation. In developing zebralish embryvos, eclopic
activation of WNT/-catenin signaling leads 10
anterior truncations. When we silenced endoge-

nous zebrafish wix expression, we observed
anterior truncations and the activation ol a
WNT/B-catenin reporter gene (hig. S50 These
resulls suggest that WTX 15 a negative regulator
of WNT/B-catenin signaling in vivo,

In summary, these data establish that the
cancer-associated WTX protcin s a required
component of the p-catenin destruction complex.
Furthermore, our data underscore the power of
profeomic approaches for identilying new com-
ponents of cellular signal transduction pathways
that may ulimately provide impomant mechanis-
tic insights into human disease,
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Revisiting the Role

of the Mother

Centriole in Centriole Biogenesis

A. Rodrigues-Martins,* M. Riparbelli,® G. Callaini,®> D. M. Glover,>* M. Bettencourt-Dias™**

Centrioles duplicate once in each cell division cycle through so-called templated or canonical
duplication. SAK, also called PLK4 (SAK/PLK4), a kinase implicated in tumor development, is an
upstream regulator of canonical biogenesis necessary for centriole formation. We found that
overexpression of SAK/PLK4 could induce amplification of centrioles in Drosophila embryos and
their de novo formation in unfertilized eggs. Both processes required the activity of DSAS-6 and
D5AS-4, two molecules required for canonical duplication. Thus, centriole biogenesis is a template-
free self-assembly process triggered and regulated by molecules that ordinarily associate with the
existing centriole, The mother centriole is not a bona fide template but a platform for a set of
regulatory molecules that catalyzes and regulates daughter centriole assembly.

enirioles are essential for the formation
of cilia and Magella and for the organi-
zation of the centrosome (4). Normally,

centrioles duplicate in coordination with the ccll
cyele. A new centriole, the daughter, anses orthog-

onally o cach old one, the mother (/) in S
phase. This led o the idea thar the mother cen-
triole templates the formation ol the daughter
2, ) However, daughter centrioles do not incar-
porite a substantial propontion of the mother (4),
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and centnoles cin also form de novo when existing
centrioles are naturally lost dunng development o
are physically removed (57, questioning the idea
ol the mother centnole as a template.

SAK, called PLK4 (SAK/PLK4), «
kinase implicated i wimor development (8, is
an upstrcam regulator of canonical centriole du-

also

plication and s necessary for centnole formation
(9, 1)), The Caenorbabditis efepans ZY G-
| Kinase. a homolog of SAK.
served module of proteins, which also includes
SAS-6 and SAS, necessary for the normal cen-
trioke duplication ovele (/- 16), ZYG-1 is anoup-
stream regulator in that process (/7. 18), a

Is part ol a con-

|'u|\' -.'nuxinh,‘lll. with [ormation |I|.II!ILI[|.I.|'I|\.' cen-
trioles in cultured cells follow ir'l_'_[l.l"uL'J'i."‘-.|'lIL'.'1:~i.n."'I'|
of active SAK kmasc (9, 1,
multuple centnoles associted with lugh SAK
L"\|'lh,'.\-.\-illll'. .Il.hl.'i VOUUTS Pll?\.hil'l\":'_'iL'..I”_\ mn |.|:I|.'
ollactory mucosa { %), The Drosopliila cgge con-
tains all the proteins necessary to make 23
centnole pairs [centrosomes ) (20), Centnoles arc
naturally elimmated from the oocyie eyloplasm
m the course of development and provided 1o

the ezg in the form of the basal body of the sperm

(2023 Thus, we studied the conscquences of

overexpressing SAK in a cvtoplasm that cither
contained contrioles (the L':|15.r|_~.u!| or Jacked them
(the unfenilized cpg).

Embryos ove "|."~.|'IJL‘“11|" SAK did not devel-
op (24) (fig. SIA and Fig. 1A) and were fillad
asters of microtubules not associated
. B and D, and fig. S1B).
asters were Focused around  Drosopiifa
pericentrin-like  protein  (D-PLP)-containing
structures, a centriolar and penicemnolar ma-
tenal (POCM) marker (25) (hg. 51B). These cen-
trosomes [irst appeared i 13- w0 30-min-old
embrvos (Fie. 18) and spread o Ol the entire
embryo alter 2 to 3 hours (Fig. 1, C and D).
The observed supemumerary cenrosomes led o

with Inee
with spindles (Fig.

Those

abnormal mitotic progression and impaired em-
brvonic development, as observed  previously
upon microtubule depalymenzation by colchi-
treatment (26). To
those centrosomes, we exammed the very carly
stages of embryvonic development in embivos
overexpressing SAK. Both the spenn
mconming basal body and the (st
mitotic spindle were normal (Fig. TE)L However,
at anaphase or welophase of the (st mitosis, we
observed more than two centrosomes at each
pole (Fig. 1E) an indication of the
centrosome amplification. No other centrosomes

CITWE ZI-._EI."‘.I.‘*-:-. 'I|I|.' Origins ol

asler

around the

onsel of

were seen in the embryo at this stage. Moreover,
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we estimated that a minimum of 3700 centro-
somes (equivalent to 12 duplication cyveles) were
present alter 60 min i embryos overcsprossing
SAK. Afler 60 mun, a wild-type embryvo only
showed 128 centrosomes. We observad duplicat-
ing centrioles in groups, suggesting they origi-

nated by duplication of a progenitor (Fig, 1, D

cees overexpressing SAK, the basal body of the
spenm enters an environment that promotes ac-
celerated canonical duplication, overmriding  any
existing controls that would normally couple the
centrosome and chromosome cyveles.
Uncoupling batween centrosome and  chio-

mosome cviles occurs when embryos ane amested

and E, and fig. SIB) Thus, upon fertilization of  in S-phase ke conditions (27, 25 However,
A E
VIO gaidd
Errores VT LRATE Sk
AR SAK
o
o --u
g
B |wWT .|
100 5 E
E |l (H-gud/ A S-S AK s
E “1 E
¥
E *_-_l‘
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i » i
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] =
*
G15 030 080 60120 120-100 £
Time collection (min) i
c
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E- cenfrosoma amplification
£
5 :
=
b = :
E
§
E
")
# | -
130 060 013 120- 180
Tirme collection (min)
D
830 min 060 min §0-120 min 120-180 min

VIZ-gald/UAS-SAK

Fig. 1. Overexpression of SAK in Drosophila embryos leads to massive centrosome amplification. (Al
Overexpression of upstream activation sequence (UAS}-SAK in embryos using the maternal driver V32-
gald. LC indicates loading control; WT, wild type. (B} Embryos overexpressing SAK become progressively
full of free centrosomes nucleating asters. (C and D) The spreading of the centrosomes follows the wild-
type spindle axial expansion pattern. Categories were as follows [according to the area occupied by the
centrosomes within the embryo (24)]: 0 to 2%, 2 to 20%, 20 to 60%, and more than 60% area
occupancy. o-tubulin is shown in green. An average of 60 embryos were counted in each category.
Asterisks indicate polar bodies. Arrows indicate spindles. Scale bar indicates 50 um. (E} Centrosome

amplification in embryos is observed at the end of first mitosis.

y-tubulin & shown in red; a-tubulin,

green; and DNA, blue. Scale bar, 10 pum. (Insets) y-tubulin at 2x.
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Fig. 2. SAK induces de A B ¢
novo centrosome forma- Categories e T LA
tion in Dvosophila eggs. — Va2 galls ., centrosome formation
UAS-SAK in eggs using oo oy .
the maternal driver V/32- L= '
gald. LC, loading control _ ® 1
(B) De novo centrosome Nm— - a0 ]
formation starts after 30 N
min. (C and D) De novo M 4
centrosomes appear ran- . ) l ) ) )
80 B0 1 x a0 10080 180 48
il"l l:[]:'l EH[E[]DI‘E‘S werg Tim# eollacion jmin) Tim# colleviian min]
as follows: 0 to 2%, 2 to 60-120 min 120-180 min 180-240 min
60%, and more than
60% area occupancy.
An average of 67 eggs
was counted in each cat-
eqory. Scale bar, 50 pm.
(E} Meiosis Il occurs nor-
SAK eggs with no wisible
centrosomes in = 1100,
i and ii indicate magni- V3Z-galdiUAS-SAK,
fied fields. Scale bars,
50 um {left) and 10 um m
(inset} in each wild-type
and overexpressing set.
y=tubulin, red; c-tubulin,

(A) Overexpression of WT LIAS-SAK

domly in space [arrows 815 0w
mally in V32-gald/UAS-

green; and DNA, blue.

Fig. 3. De novo— and
canonical-formed centro-
somes show centriolar
and centrosomal markers
and are structurally nor-
mal. (A and B) Centro-
somes in bath O to 1 hour
embryos and eggs over-
expressing SAK contain
v-tubulin, DSAS-6, DSAS-
&, and SAK. (A) v-tubulin,
red; c-tubulin, green in
left and red in middle and
right; green fluorescent
protein (GFP}-DSASS,
green; DSASA-GFP, green;
and DNA, blue. Scale bar,
10 pm. (B} SAK, green;
D-PLP, red; and c-tubulin,
blwe. Scale bar, 10 um. (Q
De novo— and canonical-
formed centrosomes are
structurally normal by
transmission electron mi-
croscopy. Bottom images
are higher-magnification
examples of centrioles
ineach condition. Aster-
isks indicate duplicating
centrioles. Scale bars as
indicated.
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this did not scem to be 50 in this case, bocause
profiferating cell nuclear antigen (PONA) (29,
which appears carly in S phase, wis not detected m
DNA of SAK-overexpressing embryos (hig. 52).
We next asked whether SAK could promaote
centriolar assembly in the absence of centrioles,
Centmoles were lost nomually in oocyles over-
expressing SAK (lig. 83) Yo observations of un-
fertilieed eges at varying developmental intervals
revealed free controsomes in eges overexpressing
SAK that had exited meiosis [HiFig. 2 and fig. 54)
but never in wild-type eees. Thus, in the absence
of a besal body provided by the spemm, SAK can
II:|l|I_I|,'J.' du: novo fi l:t]];,l.[iun n|'1,';.'1||.n SCHTIES, W |]|."|'l._'-
as in cmbryos centrosomes appeared i a single
cluster in the first muote spindle and spread
throughout the eytoplasm (Fig. 1, D and E), in
unfertilized cggs they appeared scattered al
rndom positions, including at the antenor and
posterior poles (Fig. 2D, arrows), The formetion
of the lirst centrioles staned later in eggs than n
embryos [at 30 mm, O amplification in eggs versus
I

:
51% amplification m cmbrvos: aller 1 hour, the

A

e SAK: GFP RMAI

ey SAK: DEAS-4 RNAI

amounts wene 18% versus 89%, respectively
(Figs. 1B and 2B and fig. S5)). suggesting that
centnoles take longer to be made i the absenee of
a template. However, once the Dirst controsomes
had fomed m cges, their spreading m space and
time was very similar o that seen in embryvos
(compare Fig. 1D and Fig. 2D}, indicative of
canonical biogenesis. Thus, once the first cen-
trioles are lommed de novo, they probably du-
plicate through the canonical pathway.

There s precedent for defects i de nove
fommed centrioles (3, 300, We confirmed the pres-
ence of SAK (fiz. S7) and two other molecules
|'|:|,||u|l..'|.| for centnole d|,|]‘l|'||;;|ll'ull: DSAS-6 1|-|3_',
S6) (31) and DSASA () (Fig. 3, A and B)
We also detected PCM components, including
y-wbulin {Fig. 3A), centrosomin (CNN), and
centrosomal protemn 190 (CP190) (fig. S8, A
and B). Moreover, electron microscopy showed
that contrioles i both cmbrvos and cges ovenex-
pressmg SAK were structurally normal {Fig. 3C).
It also showed the presence of procentrioles next

to the completed ones in both embryos and eges

B c
Do noweo cetrosome brmation - BNUTLOTe amok oatan
Tl IR | i 14 3d 1¢ 3
] & &
Fiba Py SANY RNAL AN
GAS/ rryr (Coniral) SALE e (Comiral)
& GFP 15 PFP
X 4 -
15 1.8 4 {
1] i

(=]
L= .

Ratio of Cells with Mors than 2 Centiosomes
Ratio of Calls with More than 2 Centrosomes

-] -
ARMA) E—<
DSAS-4-RNA [3—1

g X T
@ E = =
a o -+
E o E o ]
a 2 o
a & &

Fig. 4. Canonical and de novo SAK-induced
centrosome amplification is dependent on
D5AS-6 and DSAS-4. (A and B} Overexpression
of myc-5AK in 52 cells devoid of centrosomes
leads to de novo centrosome formation that is
dependent on DSAS-S and DSAS-A. Cells were
submitted to SAK RNAi for 16 days (four
retransfections), leading to a population of cells
where 80% showed no centrioles. Cells were
then transfected with DNA (myc or mycSAK) and
double-stranded RNA (GFP, DSAS4, or DSASG)
according to the scheme in (B} and stained for
myc and D-PLP. (A) Myc and myc-SAK, green,
and D-PLP, red. (B} The number of centrosomes
per myc-positive cell was counted. The propor-
tion of cells showing more than two centrosomes
in each condition is shown as a ratio over the
control (cells transfected with myc). (C) Over-
expression of mycSAK in 52 cells leads to

centrosome amplification that is dependent on DSAS-6 and DSAS-4. The same experiment as in (B) was
performed, but this time in a population of cells not submitted previowsly to SAK RNAL. Scale bar, 10 um. A
minimum of 100 cells were counted for each condition in each of three independent experiments. Error bars

indicate standard deviation.
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(fig. 59 and Fig. 3C), a result suggesting that
SAK-mduced centrivles can duplicate,

Our results show that SAK B suflicient to
induce both canomcal and de nove centnole
biogenesis. 1F both rely on sell-assembly of the
structure, we would predict the use of the sime
regulatory molecules. We examined the depen-
deney of SAK-promoed centnole biogencsis on
DSAS and DSAS-6. We wok advantage of the
fact that cennoles can be climmated from Dre-
soprfiif tissue culture cells (117). Adter depletion ol
SAK in four rounds o RNA interference (RNAI)
over a period of 16 days, more than 80% of the
cells lacked centrioles, presumably because the
remunder are diluted m each division cyele (Fig.
A0 (£, Subsequent overexprossion of SAK led
o a clear merease in the number of cdls with sev-
cral centrosomies (Irom 4 1o 458%) (Fig. 4, A and B).
Depletion of DSAS-G or DSAS preventad SAK-
induced centrosome biogencsis in cells with and
without centrioles (Fig. 4, A 1o C, and hg. 510},

Ohur results suggest that centniole biogencesis
15 4 template-free sellassembly process that s
locally nggered and regulated by molecules such
as SAK, DSAS-6, and DSAS<, What could be
the mole of the mother cemriole? The presence of
SAK at the centriole (Fig. 3B and fig. S7)(%, [0y
and the fact that assembly is faster in the presence
ol centrioles (fig. S5) (5, 6) suggest that the mother
centriole is not a bona fide template but a plaform
for regulatory molocules, hence catalyzing and
regulating daughter centriole assembly., The
cstablishment of that platfoom s probably less
cflicient in the absence of centnioles. The mother
centriole could in pranciple establish a tempomlly
and spatially regulated pradient ol SAK activity, as
demonstrated for RanGTP. a small guanosine -
phosphatase imvolved m spindle assembly (32,
perhaps counteracied in the cyloplasm by other
molecules. Our data and that of other groups also
point to a role tor centrioles in repulating wial con-
triole number, because their presence precludes de
novo formation (Fie, 1D and Gg S (3, 6) This
& true even ina laree embirvo (800 pm) contain-
mg very large amounts of SAK (Fig. 1D). Whether
this indicates sequestering of active SAK or its
substrales in existing contniolar structures or an
active inhibitory effect of contnoles upon de novo
assembly requires further study.

The regulation of SAK activity 15 cssential in
the control of centnole number (g, 511} and may
be a parmmeter that is regulated according 10 ocl-
lular needs, becanse multiciliated cells of the res-
piratory tract have high SAK levels (/9. The
activity of SAK may be inhibited in the acentriolar
femalke meiosis, as de novo centrosome formation
only occurs afler meiosis exit in eggs overexpress-
ing SAK (Fig. 2) Dvosopdiila cegs and embryvos
should provide an ideal experimental system fiv
frther :1|t:||_~.m:.~. of the control of centriole
biogmesis and how It may 2o awry in cancer
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Combined Action of PHD and Chromo
Domains Directs the Rpd3S HDAC to
Transcribed Chromatin

Bing Li," Madelaine Gogol, Mike Carey,” Daeyoup Lee,** Chris Seidel,® Jerry L. Workman't

Nucleosomes must be deacetylated behind elongating RNA polymerase Il to prevent cryptic
initiation of transcription within the coding region. RNA polymerase Il signals for deacetylation
through the methylation of histone H3 lysine 36 (H3K36), which provides the recruitment signal
for the Rpd35 histone deacetylase complex (HDAC). The recognition of methyl H3K36 by Rpd35
requires the chromodomain of its Eal3 subunit. Paradoxically, Eaf3 is also a subunit of the NuA4
acetyltransferase complex, yet NuA4 does not recognize methyl H3K36 nucleosomes. In
Saccharomyces cerevisiae, we found that methyl H3K36 nucleosome recognition by Rpd35 also
requires the plant homeobox domain (PHD) of its Recol subunit. Thus, the coupled chromo and PHD
domains of Rpd35 specify recognition of the methyl H3K36 mark, demonstrating the first
combinatorial domain requirement within a protein complex to read a specific histone code.

istone modifications are imponant  for
Hulmﬂﬂ all DNA-related processes, bui

studies of the role of histone methylation
in tmnscription regulation have bocome a major
focus in the field (/). Methyvlated lysines Kdme,
E36me, and K7%me are ennched around regions
of active transcription 2, #). These methylation
marks do not simply faciliaie tansenption, be-
cause Kdme docs not alleet ranscription per s¢ in
vito (). Morcover, for the majority of the yveast
zenome, mnserption occurs normally in the
absence of K4me, K3itme, or K79me, whereas

Ictowers Institute for Medical Research, 1000 East 50th
Street, Kansas City, MO 64110, USA. *Department of
Biological Chemistry, David Geffen School of Medicine,
University of California Los Angeles, 10833 LeConte
Avenue, Los Angeles, CA 90095, USA.

*Present address: Department of Biological Scences, Korea Ad-
vanced Institute of Science and Technology, Daejeon 305-701,
South Korea.

1To wham correspondence should be addressed. E-mail:
lwg@stowers-institute.org

methylation appears 1o be dependent on active
transeription (5). These observations imply  that
methylation acts in maintaining the architecture
of transcribed-chromatin templates, rather than
directly facilitating transcription. Consistent with
this hypothesis, recent studies demonstrate that
K3 tame 15 recognized by the chromodomain of its
Eatd subunit (CHDggesd within Rpd3S, thereby
tetherning Rpd3S 1o the coding region of actively
transcribed genes. Once targeted, Rpd3S creates
a hypoacetylated state, which in turn suppresses
transeription mitiated within the body of the gene
(&),

Many chromatin-related  complexes contain
multipke domains that can recognize specilic his-
tone marks, but their conributions 1o the speci-
ficity and function of the complexes remain
clusive. We discovered a entical ole of the plant
homeobox domain of the Reol subunit (PHD g )
in Rpd3 5 wrgeting. Our data suggest that CHD gy
and PH Dy contribute combimatorially to the over-
all aflinity and specilicity of Rpd3S for its nu-

cleosomal tarpets, and both domains are essential
lor Rpd3S-mediated control of global-acetylation
levels o wranseribed chromatin in vivo.

Previous studies have demonstrated that the
CHDgyn in Rpd3S preferentially binds 1o
E36me histone peptides (6. 7). We wanted 1o
further test Rpd3S binding in a nucleosomal
contexl. To measure the binding of Rpd3s 1o
modilied nucleosomes, we developed an assay.
Reconstiuted recombinant nucleosomes wene
immobilized on magnetic beads, sequentially
miodhificd, and then washed o remove the mod-
ifying enzymes. The resulting nucleosomes were
released by restriction digestion, as illustroed in
Fig. 1A, We examined the following combina-
tions of modifications: mock-modified, acciy-
lated by Sp=Ada-Gen3-ncetylimnsferase and
NuAd, methylaed o H3K36 by the ecombinam
hSe2 (Fig. 1, B and C), and both acety lated and
methyvlaied. We found that Rpd3S bound 1w
methyvlaied nucleosomes with a higher aflinity
than 10 cither unmodified or acetylated nucleo-
somes, and acetylation further enhanced the bind-
ing of Rpd3S w the methylated nucleosomes
(Fig. 1D} However, Rpd3S was unable 1o bind
the 147-basc pair nucleosome lacking linker
DNA, even when the appropriate modifications
were present (Fig. 1E). The recognition of K36me
by Rpd3S is specific because H3IK T9me does
not stimulate Rpd3S nucleosomal binding
(hig. 83).

CHDgyn plavs a pivotal mole in recnuiting
Rpd3S to chromatin, both in vito and in vivo
(643, We constructed a mutant Rpd3S complex in
which CHD gy was deleted (ea/3Achd). The wild-
type (WT) and mutant complexes were purified
by tandem affinity purification (TAP) tagged
Reol, Based on silverstained gels, the deletion
of CHDgyn did not atlect the imegrity of Rpd3S
(Fig. 2A0 This deletion did, however, substantial-
Iy reduce the alfinity of Rpd3S for nucleosomes
(Fig. 2B), as only weak binding of the mutant
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Rpd3S was detecied at concentrtions 12 1o 24
times that of the WT complex. More importantly,
the mutant complex no longer discnminated be-
tween methylated and unmethy lated nucleosomes.,
These data indicated that CHD gy not only con-
tributes 1o the overall aflinity of Rpd3S for nu-
cleosomes, but also determines the specificity off
Rpd3s binding w K3t-methylated nucleosomes.

Eal3 is also a component of the NuAd histone
acetylransferise complex. We wished 1o find out
iNCHD g was important in the binding o NuA4
1o nucleosomes, ina manner similar o its mole in
Rpd35. When punlicd, NuA4 (Epll-TAP) and
Rpd3s (Reol-TAPY were directly compared by
electrophoretic mobility shill assay (EMSA);
NuAd did not associate with nucleosomes under
conditions where Bpd3s bound (Fig, 3A). These
data sugzest that the Eal3 subunit, in the context
of NuA4d, does not support stable binding to
nucleosomal substrates.

We considered the possibility that Eaf3 might
work coopermtively with another subunit of
Rpd3S o cnhance s spealicity for K3bme.
PHD g represents a potential chromatim-hinding
domain within the Rpd35 complex. The association
of Reol with Rpd3S s mutually  dependent on
Eal3, making both proteins csential for Rpd3Ss
function (6), To evaluate the ole of PHD g in
Rpd3S function, we tesied whether the mutant
bearing a deletion of the PHD domain alone
(reed Aphd) caused a phenotype similar o that of
deletion of the emtire Rpd3S complex. We em-
ployed two different approaches o address this
question,

Eardier studies demonstmied that defects in
the Se2-Rpd3S pathway led 1o hvper-acetylation
of coding regions ot selected veast genes (6-4).
To determine whether this observation applicd
genomewide, we perfonned chromatin imnmune-
precipitation coupled with mecroarys (ChIP-chip)

REPORTS

expenments on a high-density 1iling microamay
platfomn with the use of an antibody against acet-

yiated histone H4 (AcH4). The ennchment of

AcH4 i ser2A and the wild type was directly
compared, and the resulting log 2 ritios were sub-
Jected w0 a modified avemge-gene analysis (7).
This analysis allowed us 1o evaluate the average
distribution profile of acetylation changes ge-
nomewide, The resulting profile revealad a peak
within the 3" portion of coding regions across the
entire genome (Fig. 3B). Remarkably, using a
similar ChlP-chip approach, we found that re-
moval of cither ea3Achd or reod Aphd resulied in
global-nectylation changes similar o those sean in
set2A (Fig. 3B). Therelone, CHD gy and PHD gy
were essential for Bpd3S 10 regulate global
acetylation at open meading  (rames (ORFs).
Sceond, defects in the Set2-Rpd3S pathway re-
sult in the gencration of aberrant internally ini-
tiated tansenpts i the STEN locus (6). Thus, we

A D . 0.5fmol 1 fmol RpPd3S
Nucleosome Immobilization Acetylation Wash Methylation Wash Release = AcMe MIA - Ac Me MA - Ac Me MA
reconstitution Hucleosomes
from beads = —
Streptavidin rSet2 or
<oated SAGA+MNuAd rDot1
Recombinant B00mM GODmM - — L Red1S:Nue.
Cors Histonas <+ Acetyl-Coh gy «f+ SAM Kei EcoRV |
. e, o, . . . Sorhge | Ac: SAGA /NuA4
Biotinylated /M @M4°C 2 hours n 3 hours 2% OMN @ | Ma: HYPB-SET
DNA @wc @RT @30°C @RT IT°C | 200uM TSA

{

B Recombinant Nucleosomal Arrays

LR
Nucleosome

= Rocombinant Reeambinant
HYPB SET Datl
% - e e A — [
% ' 1.0 22 68 13 22 42 19 25 Relative binding
E 00
3
™
% E
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Methylated Mathylated:
L ol e Unmodified  Methylated . o o Unmodified  Methylated . 0o
WY KIBA KTBA WT  MIGA KTDA s o e o] o) o | Rpd3S
Cc Yeast Yeast Gems eeReES  SeEE | Rpd)S:Nuc.
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—— -
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Fig. 1. Rpd35 preferentially binds to nucleosomes methylated at K36.
(A) Qutline of the experimental strategy, using immobilized templates
to make covalently modified nuclecsomes. O/N, overnight; CoA, coenzyme
A; RT, room temperature; SAM, S-adenosylmethionine. (B and €) h5et2 and
rDotl specifically methylate recombinant nudeosomes at the desired sites.
Error bars in (B) indicate SD. HMT, histone methyliransferase; HYPE SET,
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nucleosomes.

the SET domain of HYPB; LON, long oligo-nuclecsomes. (D) Rpd35 pref-
erentially binds to K36-methylated nucleosomes, and acetylation further
enhances its association. -, unmodified; Ac, acetylated; Me, methylated; M/A,
methylated and acetylated; TSA, trichostatin A. (E) The linker DNA is re-
quired for Rpd35 binding to the hyper-methylated and hyperacetylated
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Fig. 2. CHDg.is important for Rpd3S nucleosome- A =] Reol-TAP Rcol-TAP
binding specificity. (A} Deletion of CHDgyg does not WT “?E”" seflichd
affect the integrity of the Rpd3S complex. The WT | - . 1.5 18 36 fmol
(left) and eaf3Achd (right} forms of the Rpd3s SinIe | e— YT R E r—
complex were purified through the Reol-TAP tag ' = AcMe WA - AcMoMA - AcMoMA - Mo WA
and visualized by silver staining. CBP, calmodulin e TP I
binding protein. (B) Deletion of the chromodomain ~ Reol | | Reol g
reduces overall affinity of Rpd3S for nucleosomes  ©BF |’ “*1 NI {40 |RpaS:Nuc,
and abolishes its specificity toward K36-methylated
nucleosomes.
Ume1l Ume1
de:-.::= defi:. —
Eafl q.i_ oaf? # —
| Achd/ |
2 okggigigiaiog
B
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Fig. 3. The PHD domain of Reol i required for normal function of Rpd35. (A)
Eaf3 plays different roles in NuAd and Rpd3S. (B) PHDpyy and (HDgys are
essential for requlating global acetylation at ORFs. WT yeast and strains bearing
eaf3Achd (YBL619), rcolAphd (YBL632), or set2 A mutations were subjected
to ChiP<hip analysis on a high-resolution titing microarray platform (Agilent
Technologies, Santa Clara, CA) with the use of AcH4. The enrichment values were
first calculated wsing the log 2 ratio of immunoprecipitated (P} versus input,
Subsequently, the log 2 ratio for the enrichment of acetylation of H4 (AcH4) in the
mutant versus the enrichment of AcH4 in the wild type were pipelined into a

longer exposure

modified average-gene analysis (3). The averages of the entire genome are plotted
against the relative position of the 5 intergenic region (IGR), ORF, and 3' IGR in
an average gene. The line in the graph was created by using the R function lowess
to smooth the average values. (C) PHDy,, is required for suppression of spurious
transcription. Northern blot analysis of yeast strains grown exponentially was
performed using probes against STE11. FL, full length, (D) PHDg,, is required for
Rpd3 nuclecsome binding. Silver staining of the mutant Rpd35S complex
{reelAphd) is shown (left). The amount of complex used here was normalized,
based on silver staining and Western blot with an antibody to CBP {fig. 57).
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performed Nothem blot analyvsis with probes
against the 53" and 3" portion of STEJ!. Deletion
of PHDpeq resulted in the appearance of spu-
rious trmscripts, similar 1o those seen in ser2A
(Fig, 3C). Collectively, these results suggest that
PHD g 15 required for Rpd3S function in vivo,

To futher dissect the melecular function of
PHDy 0 in Rpd3S, we purified the rood Apdrd mu-
tant Rpd3S complex. Although the deletion of
PHDyg gy does ot disrupt the integrity ol the com-
plex, based on silver-stained SDS-polvacrylamide
gel dectrophoresis (PAGE) (Fig. 31, lefi), it com-
pletely abrogates the binding of Rpd3S o nu-
cleosomes (Fig. 3D). This result indicates that
one essential role for PHDge 15 1o enhance the
overall atfimty of Rpd3S for nucleosomes, where-
as CHDgym provides specificity for H3K36-
methylated nucleosomes,

The mhibitor-ofgrowth (ING) family of pro-
teins contains PHD domains (PHD g ) that prel-

crentially bind 1o H3K4me3 (9), We found that
PHD oy is structurally different from PHDywg,
and it does not recognize methylated H3K4me
(fig. S10). Because functional Rpd3S requires
both PHDge and CHD gaps, wie hypothesized that
Rpd3S nucleosome-hinding affinity might be
dictated by the combined activitics of these two
domains,. NuAd contained CHDgym but paired
with a structurally different PHDy,g. This com-
bination might not be suitable for persistent chro-
matin binding. To test this theory, we performed an
experiment in which PHD domains of Ying2 and
Reol were swapped (Fig, 4)

First, PHDggoy was replaced by PHD g2 at
the genomic locus, and this mutant Rpd3S was
punlicd though a TAP-taeged Reol. Although the
clumenec Reol was stably meomported mto Rpd3S
(Fiz, 4A, left), the mutant complex was not able to
bind nucloosomes (Fig. 4A, right), similar 1o the
reofAphd mutam (Fig, 3D). This csull suggesis

REPORTS I

that the combination of PHD gz and CHDgan
does not direct nucleosome binding, oven in the
context of Rpd3s.

MNext, we punticd mutant NuAd complexes n
which PHDyge was replaced by PHDgeo at the
genomic Jocus. The fusion Yng2 was stably in-
corporated mto NuAd and did not change the
stability of the complex (Fig, 48, left). The Yng2-

Reol pgyp protein increased the overall allinity of

the NuA4 complex for nucleosomes (Fig. 4B,
rght). This increase in binding was considened
notable, because the unbound fraction of nucleo-

somes was cleardy reduced afier the addition of

Yog2-Reo lpyp- containing NuA<, Using a ChiIP
assay, we further demonstrated that this alered
lorm of NuAd s redirected to the coding region
of STEHN (Fig. 4C) More impormantly, this
mistarzeting of the mutant NuA4 onto the ORF
results in the appearance of cryplic ranscripts,
even in the presence of WT Rpd3s (Fig. 4D,

. . NuA4 (Epl1-TAP)
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“ #\- 1-;.|-: : i: j— 1 ‘ Mudd:Nue,
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Fig. 4. Specific domain combinations determine the nucleosomal
binding of chromatin modifying complexes. (A and B) Silver staining
of WT and indicated mutant complexes (left). EMSA (right). Red
arrowheads in (B) indicate mutant Yng2. (C) Cross-linked extracts from
the wild type and Yng2-rcolPHD (YELG77) were immunoprecipitated
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using STE11 probes.

with rabbit=immunoglobulin G (Epl1-TAP). Purified DNA was quantified
using real-time polymerase chain reaction with the indicated primer
sets, Error bars indicate SD. (D) RNA from AchdAphd (YBL694) and
¥ng2rcolPHD (YBLETT) were included in the Northern blot analysis
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lancs 6 and 12). These results strongly suppont
the notion that combinatory actions of CHDgan
and PHDpeq determine the targeting of the
chromatin-related  complexes 1o H3IK36me-
ennched regions

Smee the histone-code hypothesis was pro-
posed (40, many domains within chromatin-
related complexes have been discovered  that
recognize specilic histone modilications, Com-
plexes with different (sometimes even opposite)
functions contain identical domains within shaned
subunits (5), Given this apparent overdap in domain
usage, cells must have a system 1o ensure that
the comect complex is recruited o specifically
modified nucleosomes, Our study suggests that
the combination of multiple domams within a
chromatin-rdated complex is important for inter-
pretation of the lustone code. In Rpd35, PHD e
does not bind 10 naked DNA (data not shown in
the figures) nor o the histone Kdme mark (fig,
S0y vet ot s mequired for wobust nucdeosome
binding. As for CHDgyg. it is cssential for rec-
ognition of the K36-methyvlation mark (Fig. 2B8)
(68 Moreover, CHDgyn contrbutes 1o the

overall aflinity of the complex for nucleosomes
because a higher concentrmtion of the nmutant
caf3Achd complex 15 required to achicve basal
binding, Thus, the binding of PHD g 10 nuckeo-
somes may anchor Rpd3S in a configurition that
allows CHDgyn o recognize Kiome, Without
PHD et CHD gy might not be positioned pro-
perly or have cnough aflinity, tharchy Failing 10
support nucleosome binding (Fig, 3D The dele-
tion of both domains affcts the integrity of Rpd3S
and resulls in a stronger spunous-transcription
phenotype (Fig, 4D and fig. S9). Furthemmore, the
substiwtion of PHDyggz with PHDggy, can
increase the allinity of NuAd Tor nuclensomes
both i vitro and in vivo (Fig. 4). This result

strongly suggests that the specilic combination of

CHDygyn and PHDgeop m the context ol either
Rpd3S or NuAd dircets obust nucleosome bind-
ing. Therelore, our study presents a mechanism
for substrte recognition by a chromatin-related
complex. Future studics into how combmations

ol reeognition domains affect the complexity of

these cnzymes under different physiological
conditions are of great interest.
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Conformational Switching in the
Fungal Light Sensor Vivid

Brian D. Zoltowski,* Carsten Schwerdtfeger,? Joanne Widom,* Jennifer ). Loros,*?
Alexandrine M. Bilwes,* Jay C. Dunlap,? Brian R. Crane'*

The Neurospora crassa photoreceptor Vivid tunes blue-light responses and modulates gating of the
circadian clock. Crystal structures of dark-state and light-state Viivid reveal a light, oxygen, or voltage
Per-Arnt-5im domain with an unusual N-terminal cap region and a loop insertion that accommodates
the flavin cofactor. Photoinduced formation of a cystein-flavin adduct drives flavin protonation to
induce an N-terminal conformational change. A cysteine-to-serine substitution remote from the flavin
adenine dinucleotide binding site decouples conformational switching from the flavin photocycle and
prevents Vivid from sending signals in Meurospora. Key elements of this activation mechanism are
conserved by other photosensors such as White Collar-1, ZEITLUPE, ENVOY, and flavin-binding, kelch

repeat, F-BOX 1 (FKF1).

he PAS (Per-Ami-Sim) protcin super-
I family iransduces signals from diverse bi-
ological cucs, often by coupling colactor
chemistry o alterations in protein conformation
or association (£} The canonical PAS domain
protein photoactive vellow protein (PYP) and the
light, oxyezen, or voliage (LOV) PAS subclass
sense blue light in bacteria, plants, and (fungi
(2. 7). Despite extensive photochemical and strue-
tural characterization of such blue-light sensors
(2. 48 the mechanism by which cofacior
excitation leads 1o biological signal propagation
rermains an open question,
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The Nlamentous fungus Newrospora crassa
cmployvs two blue-light sensors with LOV do-
mains, White Collar-1 (WC-1) and Vivid (VVD)
1o regulate a variety of light responses (9).
WC-1 and nonphotosensitive WC=2 form a come-
plex (WOC) that resets the circadian clock by
activating  transeription of the clock oscillator
protein Frequency (FRE), as well as many other
genes (9, 1, VD, asmall PAS proicin devoid
of auxiliory domains, twnes Newraspora's blue-
light response by attenuating activation of the
WO WVD s essential for response 1o changing
levels of light and for adaptation under constant
light (714 VVD and WC-1 share sequence
similarity in a core LOY domain and surround-
ing regions (/5 ) Swapping the WC-1 core LOY
domain with that from YVD maintains some
light responses in Mewrospera (16, VVD and
WC-1 require flavin adenine dinucleotide (FAD)
for activity instcad of favin mononucleotide
(FMN), which is used by plant and algal

LOV-containing proteins known as phototropins
(9,12 17, I8).

We report the erystal structure of VVD in its
dlark- and light-adapted states and show how cham-
ical changes ot the active center generale conlor-
mational change at the N terminus of the protein.
We also chamcterize a Cys-to-Ser residue substi-
tution outside of the canonical LOV domain tha
decouples the photoeyele from conlformational
switching, Newrospora harbonng this mutation
lose adaptive light responses, such as the ability
o down-regulate carotenoid biosynthesis.

A 36-residue N-tenminal truncation ol YYD
conains the region homologous 1o the LOV do-
main of WC-1 and maintains the photochemical
propertics of the wild type (WT) (Fig. 1) (/2%
moreover, the shonened protein has dromatical ly
increased solubility and stability at room temper-
ature. The 2.0 A resolution structure of VVD-36
(table S 1) reveals a typical PAS domain topology
for the protein core (3) (Fig. 1A and fig. S1).
Similar to the phototropins, the Tavin isoallox-
weine ring binds in a pocket formed by helices Ea
and Foand the three strands of the central f sheet
(AR, HP, and [B) (4, 19) (Fig. | A), Despite these
sinmilaritics, VYD contains two structural compo-
nenis that distinguish it from phototropin-like
LOV domains.

First, an 11 -residue inserted loop between Ea
and the helical connector (Fo) accommodates
the adenosine moiety of FAD at the surface of
the protein (Fig. 1A) The blue-light using FAD
(BLUF) family of FAD-conmining light sensors
also places the adenosing in a solvent-exposed
environment, where it has been proposed o me-
diate protein/prodein interactions (20). Neverthe-
less, i full-length VYD, residues 1 1o 36 (absem
in WYVD-36) may sequester the adenosine moicty
in the dark state. Sccond, an N-temminal cap (res-
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idues 37 to T0) that includes helix ac and strand
b differs in structure from analogous regions of
known PAS protems (Fig, 1. A and B In two dif-
ferent crvstal forms, VVD associates as a symimet-
ric dimer via a hydmophobic face of aa (Fig. TA)
However, in solution, VVD 15 monomeric for both
dark- and light-adapted states. The N-terminal cap
in VVD-36 resides at a similar position against the
canonical 5 sheet as the N-terminal cap in PYP(J2),
the C-terminal Jo-helix in the Aveng sofiva LOV2
domain (AsLOV2 phototroping (5), and the af
helix in the Dyvosophila clock protein Period (21),
all of which have been implicated in confonma-
tional switching (Fig. 1B), To dae, no definitive
evidence has linked conformational changes in
these regions o n vive biological function.
LUpon blue-light excimton, VVD undergoes a
photocyele similar to that of the LOV domains
from phototropins (7, /2). Excitation of the oxi-
dizeed Navin ring promotes formation of a cova-
lent adduct between a Cys thiol and the lavin
Cda posiion { Fig. 1C), Attack of the thiol at C4a
reduces the favin ring, breaks aromaticity, and
bleaches the absorption bands at 450 and 478 nm

(Fig. 1C and fig. 52). Scission of the thiocther
bond and retum to the dark state at room tem-
perture s much slower (hp = 1 = 10* sy than
seen m phototropins (fz = =200 s) (22), but
similar to the recovery of the LOV-containing
protein YTvA (=3 = 10 5) (23) (Fig. 1C). In
VVD, conserved Cys'™ is directly above the Cda
position in the dark-state structure, but the
residucs surrounding the lavin ring differ con-
siderably from those found in structurally chare-
terized phototropins (Fig. 2A) (2, 12). Similar 1o
that observed in an algal LOVI domain (4), an
altemative, minority conformation is found for
the active center Cys, [n VVD, this minonty con-
former places the Cyvs'™ thiol within 34 A of
conserved Cys', which is at the end of a water
channe| leading 1o the flavin (Fig. 2A), The two
Cvs residues are close enough for disullide bond
formation: however, substantial adjustiments
would be necessary 1o obtain optomum disul fide
geometry. Oxidation or modification at either
Cys could nhibit VWD from forming the light-
state adduct and provide a means for regulation
ol VVD activity by reactive oxygen species (24).

350 400 450 500 550 B00 650
Wavelength {nm)

Fig. 1. VVD structure. (A) Crystallographic dimer of VVD-36, including the PAS core (blue), N-terminal
cap (yellow), and FAD insertion loop (red). The N terminus, resolved only in the left molecule, projects
toward the solvent-exposed FAD adenosine moiety (orange). (B) Superposition of the PAS domains of VWD
(green), PYP (magenta), Drosophila PER (red), and AsLOVZ domain (blue). All proteins share a structurally
conserved PAS [ scaffold (yellow) and helical regions (gray) that pack with a variable helical element
possibly involved in signal transduction. (C) Photocycle of VVD-36 at 25°C. Blue-light illumination of VWD
forms a photoadduct between l‘.",fsm and the Cda position of the flavin ring (inset). Adduct formation
bleaches the flavin absorption bands at 428, 450, and 478 nm and produces a single peak at 390 nm.
Recovery proceeds with ty; = 10° s and three isosbestic points at 330, 385, and 413 nm. Spectra are

displayed at 3000 s increments.
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To probe conformational changes in the lavin
adduct state of VVD-36, structures were deter-
mined tor photo-bleached ervstals (table S1h A
high-occupancy/high resolution (1.7 A) light-
state structure was detenmined by combining the
first 30 frames of diffraction data from four dif-
ferenmt erystals that were exposed 1o light before
rapid cooling in ligquid Na, Exposure 1o the syn-
chrotron beam reduces the VVD flavin and breaks
the Cda adduct; thus, only minimally exposed
crystals contain a significant fraction (—-50°%) of
the covalently coupled colictor. Dilference Fou-
rier electron-density maps (Fobsaved — Fealcutated)
{Fig. 2B and Og. S3) reveal clear bonding of
Cys"™ 10 flavin Cda and conformational changes
at GlIn™, which hydrogen-bonds with flavin N5,
Thioether bond formation reduces the (lavin ring
and protonates N5, To maintain a hydrogen bond
with protonated N5, the amide of GIn'™* must flip
(4, 25, 26). The VVD structure at 1.7 A resolution
shows clear difference density for lipping of the
Gin'™ amide (Fig. 2B). Morcover, these alterad
interactions of Gin"™? subtly affect the conforma-
tion of a hinge region connecting the N-terminal
cap o the PAS core. In the dark state, the side-
chain carbonyl of GIn'™ abuts the carbonyl car-
bon of Ala™ (Fig. 2, C and D). In the light state,
the GIn"™ flip replaces this potentially unfavor-
able contact with a h:-dm%-cn bond between the
Ala™ carbonyl and the Gln"™ amide nitrogen, The
Gin'* flip alters dipole orentations and perhaps
stabilizes Ala™ against b (Fig. 2, € and D). The
Cys'! thiol breaks a buried hydrogen bond to the
Asp®™ carbonyl and rotates into 3 more exposed
position 1o ineract with the Asp™ peptide nitro-
wen (Fig, 2D and fig. S4). The aliered imeractions
of Cys'' correlate with a shift in b of 2.0 A
toward the PAS core (Fig. 2, C and D). The trans-
lation of b} disrupts interactions made by Met®®
and Arg®’ that otherwise stabilize packing of the
N-terminal cap against the PAS i sheet (Fig. 20).
No other major structural changes ane observed
in the crystalline proicin on photoexciation. For
example, there were no perurbations 1o a sall
bridge between .ﬂ.:-pﬂ and .-‘hr_um"’ that has been
suggpested 1o mediate conformational  changes
within the phototropins and YivA (6, 25, 27).

Although structurl changes in the bleachad
cryvstal are modest, VVD-36 undergoes a lange
change i hydrodynamic radius on solution exci-
tation that s readily apparent on a sizing column
because of slow recovery of'the light stae (Fig, 3A
and table 52) This shift in clution volume is less
pronounced in full-length VVD and smaller than
the change that would be caused by dimenzmion
(Fig. 3A), Addition of disordened residucs 1o the N
ferminus increases the apparent siaz of both the
light and dark staes, but removal of N-erminal
residues structured in the dark stwe down-shilis
the apparent size of only the light state (Fig. 3A).
Thus, the larger hydrodynamic volume for the
VW36 light state results from increased disorder
at the N werminus, Small-angle x-ray scattenng
(SAXS) measurements confinm that the clectron
density of YVD=36 is more widely distributed in
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the light state than in the dak state bt that VVD-
36 dioes not undergo dimenzation (lig. S5)

The LON2 phototropin C-termumal Ja helix
and PYP N-termunal helees undergo light-
induced dissociations om their nepective PAS
corgs (5, 28, 29) In contrast, aa in the VYV light-

adapted state is unlikely 1o completely release
from the [§ sheet because mutations made to de-
stubilize aa against the PAS core leg. Leu''Glu
and 1e™Glu) result in unstable, poorly expressad
proteins. Furtharmone, the face of ac that is com-
pletely exposed i the dark state may make new

Fig. 2. The WD light
state in crystals. (A) Super-
position of WD (yellow)
and Adfartum phy3-LOV2
(1G28, blue-gray) active

centers show differences Cys108
in residue compaosition be-

neath the Ravin [1.5 « >
{aqual and 3.0 & (purple),

Fo— F i Gin182

2F s = Feate electron den- Pra 1010
sityl. An altemate confor-
mation of Gys"™ contacts
conserved Cys™® (3.0 o
{mﬂ, Fm _Fﬂt electron
density]. (B) Structural
differences in the light
state of VWD. Difference
electron density reveals
covalent bond formation
between Cys'®® and fla-
vin C4a and flipping of
the GIn'® amide in re-
sponse to N5 protonation.
Fops — Feae electron den-
sity [2.0 & (aqua), 3.0 o
{blue), =2.0 o (orange),
and —3.0 o (red)], with
Feate calculated from a
model refined with 100% of the dark-state conformation. (C) Expanded ﬁew of the structural
changes propagating from Gln'® to aw and b in the VWD-36 light state. Pro®® undergoes the largest
shift (2.0 A} in the light state (yellow) versus the dark state (orange). Hydrogen bonds (dashed lines)
are shown for d < 3.2 A; except for Cys’-to-Asp®® amide, where d = 3.9 A. Other key contacts are
shown in blue. (D) The hinge region between the PAS core and bfi. In the light state, GIn*® rotates to
improve 1nteramnns between the GIn*®* amide and the Ala™ carbonyl, Cys"* swivels to hydrogen-
bond with the Asp®® amide nitrogen, and bfs shifts 2 A. Foss — Feai 0mit electron density [1.5 o (aqua)
and 3.0 o (purple)] calculated with b3 absent from the model.

2 |

Leutd 12
L 183
Bt 165

b

Absorbance @ 280 nm

160 180 200 220
Elution Volume (mil)

Fig. 3. Increase of the YVD-36 hydrodynamic radius on light excitation. (A} Elution profiles of VWD
variants from a size-exclusion column. Light-state VVD (green) elutes at a much larger apparent molecular
weight than does dark-state VVD (black), but smaller than a disulfide cross-linked dimer (purple).
Addition of a His, tag to the VWD N terminus shifts the elution profile of both the dark state (light gray)
and the light state (red). Truncation of six residues does not affect the dark state (dark gray) but
significantly shifts the light state (pink). Full-length VVD undergoes a smaller shift in the light state (dark
green) relative to the dark state (orange). (B) Model of the coupled chemical and conformational changes
caused by VVD light activation.
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contacts with the protein core in the light state
because some substitutions here (c.z., Ilcﬂmgl
prevent confommational switchimg, The imponance
of GIn"™ for coupling conformational change at
the N terminus to the flavin is highlighted by the
GIn™Leu nutant, which upon light excitation
exhibits normal spectral propenics but is defoc-
tive in switching between the compact and fully
expanded conformations (Fig. 4A ) Our combined
data suggests a model where structurl changes in
VVD-36 propagate 1o the N-temminal helix ac,
which repacks on the protein surface 0 as o ne-
lease the ™ terminus from the protein core (Fig. 3B).

Mutagenesis experiments designed o probe
conformational changes imvolving the N-tenminal
cap reveal that substitution of Cys™' 1o Ser
complewely prevents the Neterminal confonma-
tional change (Fig. 4A) but has no other effeat
on the flavin photocyele (1, = 1 = 10% ).
Cys™', which is conserved in WC-1 and other
FAD-binding LOV domans (fig. 51}, switches
hydrogen-bonding partners upon conversion 1o
the light state (Fig. 2, C and D, and fig. $4). In
the 1.8 A resolution structure of the Cys™'Ser
mutant, Ser’ ' hydrogen-bonds more closely with
the Asp®™ carbonyl than does Cys™' in the WT,
Presumably, this buried hydrogen bond stabilizes
the loop structure against movanent otherwise
induced by the altered conformation of Gin'™®
Substitutions that remove a polar group for
hydrogen bonding (Cys"'Ala and Cys”'Val)
recover expansion on light excitation (Fig. 4A).
Cys'Ser decouples formation and breakage of
the Cda adduct from conformational changes ol
the N tenminus.

Both small and large amplitude confor-
mational changes have been implicated in
signal propagation by PAS domain proteins

2024, 28, 30-32); however, it has been chal-
lenging 10 link conformational changes 10 a
biological function in vivo, We performed in
vivo complementation studies of VVD [':.-s“f-h:r
in Newrospora 1o demonstrate than light-induced
conformational changes involving the N-terminal
cap are essential for cellular function. Introduc-
tion of the Cys’'Ser mutant into a wwd null
background demonsirates that the ability of VVD
to downercgulate carotenoid production under
constant hight conditions is completely lost in the
decoupled mutant (Fig. 4B). In contrast, a Cys
mutant close to the active center, which does not
perturth the conformational change (Cyvs'Ser).
behaves as the WT protein when reintroduced 1o
cells (Fig. 4B).

No immediate targets of VVD are known,
but its signal must be relaved 1o the principal
photoreceptor of the cell, WC-1. WC-1 likely
functions analogously 0 WV, because it con-
serves all of the key structural elements necessary
for the VVD conformational switch (fig. S1).
When bound w DNA, the WOC mugrates with a
rger hvdrodvnamic radius in a gel-shilt assiy
on light excitation (f5),

iher hight sensors, such as WC-1, ENVOY,
ZEITLUPE, and FKF-1, have similar residucs in
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Fig. 4. Decoupling the VWD photocycle from signal transduction. (A) Light-state elution profile of
WVD-36 variants. A C71A mutant (orange} and C71V mutant (green) adopt the expanded state on
light excitation, whereas C715 (pink) cannot. Q1821 (aqua) elutes at a position slightly larger than
VVD-36 dark (black) but does not respond normally to light excitation. (B} WD €715 is incapable
of transmitting blue light signals in Newrospora. (Lefth Western blots of cellular extracts with an
antibody to VWD. The wwd null mutant contains no VWD protein, whereas the protein is abundant
when complemented with WT VWD containing a &-His tag, C715, or C765. (Right) Slant cultures of
Neurospora crassa grown under constant light conditions. The vd null and (715 mutants
accumulate large amounts of carotenoids as a result of loss of light adaptation, giving the cells an
orange color. In contrast, complementation with C765 yields WT behavior.

elements imporant for VVD's switching mech-
anism (fig. 51 The VVD L'}',&" variants dem-
onstrate that some substilutions are tolerated at
key positions, such as the equivalent Val found in
ENVOY. Intercstingly. conformational changes
m VVD mvolve contacts between side chams
that are reasonably well conserved (Gln'™?* and
Cys™") 1o the r-c_!‘-lidl: backbone of more variable
positions (Ala™, Asp™, and Pro™). FKFL. a
distant relative of VYV, contains a Ser at position
71 but also exhibits a deletion of b that may
compensate by aliering the hinge structure. Com-
pared with the core and hinge regions, the N
termini within this family are highly divergent,
which provides the means to couple with a
variety of output signals.

www.sciencemag.org  SCIENCE VOL 316

References and Notes
1 B Taylor, I, B. Zhulin, Microtiol. Mol Biol, Rev. 63, 479
{1999).
2. 5. Crosson, 5, Rajagopal, K. Moffat, Biechemistry 42, 2
2003).
J-L Pellequer, K. A Wager-Smith, 5. A. Kay, E D, Getm,
Froc. Notl, Acod, Sci LLSA 95, 5884 (1998),
R. Fedorow ef ol, Biophys. [ 84, 2474 (2003).
. S ML Harper, L €. Meil, K. H. Gardner, Science 301,
1541 (2003).
A, Losi, E. Ghiraldelli, 5. Jansen, W. Gariner, Fhotochem,
Photobiol. 81, 1145 (2005).
7. M, Salomon, |. M. Christie, E, Knieb, U, lempert,
W. B. Briggs, Biochemistry 39, 9401 (2000).
8. T. E Swartz, P. . Wenzel, 5. B. Corchnoy, W. R. Briggs,
R. A Bogomolnd, Biochemistry 41, 7183 (2002),
9. ].]. loros, J. € Dunlap, Anow. Rev. Physiol. 63, 757 (2001,
10. K. Lee, ]. ). loros, ). €. Dunlap, Science 289, 107
{20000
11 C Heintzen, |. | Lomos, ). C. Dunlap, Cal 104, 453 (2001).

1..u

o

‘ﬂl-

REPORTS

12, C Schwerdtfeger, H. Linden, EMBD | 22, 4846 (2003

13. L B. Shrode, Z. A Lewis, L. D. White, D. Bell-Pedersen,
. ). Ebbole, Fungal Genet. Biol 32, 169 (2001).

14, M. Elvin, | |. Lores, ). €. Dunlap, €. Heintzen, Genes Dev.
19, 2593 (2005).

15. P. Ballario, M. Ghuseppe, Trends Microbiol §, 458
(1597).

16. P. Cheng, Q. He, Y. Yang, L. Wang, Y. Liu, Proc. Natl
Acad, Sci. U.S.A 100, 5938 (2003).

17. Q. He ef ol., Science 297, 840 (2002).

18, A Froehlich, ¥, Liu, . ]. Loros, |, C. Dunlap, Sdence 297,
815 (2002},

19. 5, Crosson, K. Moffat, Proc. Natl. Acad, 50, UL5A 98B,
2995 (2001).

20. A Jung ef ol., Proc. Notl Acod. Sq. LS4 102, 12350
{2005},

21. 0. vildiz et ol, Mal Cell 17, 69 (2005).

£2. 1. Kottke, |. Heberle, D. Hehn, B. Dick, P. Hegemann,
Biaphys [ 84, 1192 (2003).

23. A Llosi, B. Quest, W. Gariner, Photochem. Pholobigl, Sci.
2, 759 (2003).

24, ¥, Yoshida, K. Hasunuma, [ Bfel Chem 279, 6986 (2004).

25. 5. Crosson, K. Moffat, Plant Cell 14, 1067 (2002).

26. D. Nomki er ol, Biochemistry 43, 8373 (2004).

27. 5 Crosson, 5. Rajagopal, K. Moffal, Biochemistry 42, 2
{2003).

2B. 5 M. Harper, |. M. Christie, K. H. Gardner, Blochemistiy
43, 16184 (2004),

29. C. Bernard ef al,, Structure 13, 953 (2005).

30. A Losi, T. Kottke, P. Hegemann, Biophys. J. B6, 1051
(2004},

31 G. Rubinstenn et al, Nab. Struet. Biol. §, 568 (1998),

32. R Brudler et af., [. Mol Biel. 363, 148 (2006).

33. Supporied by grants from NIH (MH44651 1o |.C.D. and
LJL, RITGM34985 to |.C.D., and GMOTF879-01 1o
B.R.C) and the Searle Scholars Program (to B.R.C.),
Coordinates and Structure Factors have been deposited in
the Pratein Data Bank (accession number for VWD is
2PD7, for Cys'*Ser mutamt, 2PDE; for photoescited
WD, ZPDR; for phosphodiesterase-treated WD, 2POT).
We thank R Gilldan for help with SAXS, and the Cornell
High Energy Synchrotron Source and the Mational
Synchratron Light Source for access o data collection
facilities.

Supporting Online Material
waw.sciencemag.orgfegifcontentfull/ 3165 827/1054/DC1
Materials and Methods

Figs. 51 to 55

Tables 51 and 52

References

2 November 2006; accepted 2 April 2007
10.1126/5cience, 1137128

18 MAY 2007

1057



Science(Careers.org

"
[}
=
L
o
73
—
=T
e
=
=
=T
T
Ll
e
=
w
e
Ll
Ll
= =
=T
X}

SCIENCECAREERS

Behavioral Scientists
Get Off the Trail

“If you're in academia and you're applying for a job as a

professor, you know exactly what to do,” says Eric Gold, a behavioral economist
at Fidelity Investments’ Center for Applied Behavioral Economics in Boston. But if you are
looking for a nonacademic job, “you have to be much more entrepreneurial. ... The path isn't

already worked out for you.”

For many, leaving the well-trodden path can have serious consequences. "Sometimes students
come out of a lab feeling so demoralized that they're not following their adviser’s path that
they can't even take the first step; they think they have nothing to offer,” says Diane Witt,
program director for behavioral neuroscience and neuroendocrinology at the National Science
Foundation in Arlington, Virginia. In fact, she says, they have much to offer. Behavioral scientists’
training yields highly marketable skills and knowledge that are valuable to many employers in

a wide range of professions.

Here are six examples of behavioral scientists who have stepped off the academic path into

some interesting territory. >

L AR RN R EEEEN SRR RN NN RN ERNERERENEREERENERERENEENRENENRERENNENRENEDNSENNHNHE:;

Forecasting health care’s future
In 20033, behavioral neuroscientist Lisa Slama
was a postdoe m molecular biology at North-
western University i Evanston, [llinms. She
was feeling uncertain about her carcer path.

*I was studying the regulation of one 1on

channel on one receptor on one tvpe of

neuron in one part of the bram.” says Slama,
30,7 wanted to
do something
that would have
a much broader
impact.” She
also wanted to
put her writ-
ing and oral-
Pri..‘.‘il.,.'l'lf'.llll'il'i
skills to work
i]'l o COr F'M.'l-l".l!.L‘
environment,
As she explored
jobs outside
academia, she
felt hampered

industry expe-
rience, but she
wasn't afrand to crash a party. At a job fair
intended for undergraduates. Slama con-
nected with Sg2, a company based in Skokie,
linois, that analyzes emerging clinical
developments, technological advancements,
and market trends for clients such as hospi-
tals and biotechnology companies.

She finished her postdoc, then took a job
at Sg2. Now she contributes to the com-
pany s neuroscience projects and leads its
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women s health efforts, studying advances in
medical and drug research and technology,
health-care developments abroad, demo-
graphic projections, and insurance-payment
trends that are hikely to influence health-care
delivery. She consults with clients on a vari-
ety of projects: whether to expand a stroke
program, for example. or build a neuro-
science center, or recruit specialists in a cer-
tain area. The aim. she says, is to guide
clients’ long-term strategic decisions.

*1l got lucky.” Slama reflects. 1 didn't
even know there was such a thing as health-
care consulting, but 1 found a job that allows
me to use my writing and oral-presentation
skills on a daily basis and
make an impact on health care
inthe US”

Assembling online
communities
Shelly Farnham is a social psy-
chologist and a technophile.
Although some fret that our digi-
tally saturated lives separate peo-
ple. she believes increasingly
nimble Web technologics can
inerease social connectedness, not
reduce i The key, she believes, is
Filtering the glut of information
online, the nillions of MySpace
profiles, YouTube videos, and
Delicio.us bookmarks.
“Technology provides yvou
with the opportunity to meet
thousands more people than
you ordinanly would” Famham

Economist,
Fidelity Investmer

ERIC GOLD
Ph.D., Behavioral

says. “But that’s
not what vou
want. You want
to meet three
new people
who are the besr
three people.
You don’t want
Lo just increase
you
want o increase
relevance.” .

That's what [
her business 15 R
all about, After
Finishing her
Ph.D. at the Uni-
versity of Washington in 1999, Farnham
worked as a researcher in the Social Comput-
ing and Community Technologies groups at
Microsofl. In 2003, she left Microsoft 1o
Found Waggle Labs in Seartle, Washington,
with a partner. computer scientist Peter
Brown. In addition to consulting for vanous
start-ups, the team designs interactive soft-
ware: for example, a new social-networking
came called Reality AllStarz in which par-
ticipants challenge one another to complete
tasks such as hugging a famous person or
making art out of food. Players rate one
another’s photo-documented efforts and
compete for prizes,

Farnham, 37. says her work 15 much like
traditional experimental psychology. in which
researchers create interventions to test
hypotheses. *You can think of technology as
an intervention,” she says. “You create it,
deploy it, and study its impact.” The differ-
ence, she says, is that most rescarch is about
teasing out details of work that has already
been done. 1 want to feel like I"'m doing
something new.”

dECess,

. |
_ SHELLY FARNHAM

Nudging procrastinators
Evervone procrastinates some-
times, and Eric Gold has a
pretty good idea why, A behav-
oral economist with a Ph.DD. in
behavioral decision theory
from Carnegie Mellon Univer-
sity {and master’s degrees in
psychology, computer science,
statistics, and decision-
making), Gold is interested in,
among other things, inertia:
that implacable force that
keeps people from Nling taxes
on time or saving [or retire-
ment. Fortunately for hin, his
interest in how people make
decisions— Tinancial deci-
sions especially
his employer,

1% shared by
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At Fidelity, Gold, 449, conducts research
on decision-making and economic behav-
1or and shares his knowledge with other
corporate divisions. Fidelity's brokerage
company, for example, might ask him o
develop Web tools to help customers do
financial planning.

“They might come and say, “We're inter-
ested in how our customers are thinking
about diversitication, to help them under-
stand how their nsk tolerance 15 reflected m
their investment decisions. How can we
explain this connection?” It's a hard question
because it involves how people understand
numbers and probabilities. To explain those
things. yvou have to understand what's inside
people’s heads, Something 'm proud of is
that you can look at our Web site and see that
it’s better because of how we’ve understood
our customers.”

Bringing artifacts alive

As a graduate student at Indiana
University, Bloomington, anthro-
pologist Elizabeth Babeock
decided she wanted 1w apply her
rescarch skills and knowledge 1o
solve tangible problems. So as
she wrote her dissenation, she
built a portfolio of applied
anthropology experiences.

Now, at 39, Babeock reck-
ons she's in her dream job,
developing and evaluating
education and outreach pro-
grams at the Freld Museum in
Chicago. lllinois. Her daily
tasks run from teaching
schoolteachers how to con-
duct an unforgettable field
trip to planning an overnight
museum adventure for families. She might

Fh.l., A

spend one day reviewing label text for an
Egvptian hieroglyph exhibit and the next
accompanying a stafl paleontologist on an
expedition to a fifth-grade classroom,
assembling materials to evaluate whether an
exhibit was a success, or meeting with foun-
dation representatives to plan a community-
outreach project. Babeock is also in charge
of the museum’s library collections, which
.‘\'l'.I'L‘ II‘JlL."l;“]'EltL‘.‘\' i['ll“ l..'dl](.‘illlﬂ!'l |'|F1.'|-gﬁllll'l?'-.
When she left academic research, Babeock
half expected that her days of having scien-
tific colleagues were over. But today, she is
surrounded by anthropologists, botanists,

geologists, and zoologists, 1 have a corps of

colleagues here. even though 1'm not in an
academic department,” she says.

Promoting adolescent well-being

Developmental psychologist Jill Denner knew
when she was a graduste studemt at Columbia
University that she didn™ want a university

www.sciencemag.org SCIENCE

'ELIZABETH BABCOCK

e | A
tnropotogy

faculty position, “I wanted my rescarch o
have a direct application, and [ didn™ want to
teach,” she says. The trouble was, she had no
idea how to proceed.

During a postdoc at the University of
Cahiformia, Santa Cruz, she began cold-
calling: lots of calls to anvone she could
think of who might tell her how she could
use her Ph.D. in a real-world setting, One
call was to ETR Associates, a California
nonprofit focusing on health education and
promotion. In 1998, ETR Associates’
research department offered her a job.

These davs, Denner, 39, is o senior
rescarch associate at ETR Associates,
designing and evaluamting programs promot-
ing girls” participation in nontraditional
careers, helping to prevent HIV infection and
teen pregnancy. and leveraging technology o
enhance education.

In one HIV-prevention
program. for example. poor.
urban high school students
role-play difficult social sce-
narios and do volunteer work
in the community. The goal is
to learn whether volunteering
can boost students™ views aof
themselves and encourage
them 1o take control of their
health decisions, In another
program, called *Girls Creat-
g Games,” Denner studies
how computer games can

be used to increase the repre-
sentation of women in the
information-technology
workforce. *It's amazing to
see them realize that they can
make a difference in the
world” Denner says. “There
15 50 much research knowledge that never
makes it out of an academic journal. For
me, these programs are just two examples
of how psychological research can be put
into practice to help vouth make positive
decisions for themselves and make a con-
tribution to society.”
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Informing judicial policy

Asa project director at the Federal Judicial Cen-
ter (FJC) in Washington, D.C., the rescarch and
cducation arm of the federal court svstem, social
psychologist Beth Wiggins directs rescarch on
topics as varied as the use of technology in
courtrooms, the mechanics of dispute resolu-
tion, and the consequences ol waiving {iling fees
in consumer bankruptey court. She develops ori-
entation materials for new lederal judges and
contributes to continuing education for judges

BETH WIGGINS
h.D.

and court stall, work that often incorporates the
fruits of her research. As part of FICS statutory
mission 1o help developing judiciaries else-
where inthe world, she has worked in locales as
far-Nung as Kosovo and North Africa,
“There's arcal kick to knowing that some-
bady is relving on vour work.” says Wiggins,
49, who has joint J.D.-Ph.D. degrees [rom
Johns Hopkins University in Baltimore,
Maryland. *You get addicted to it, in a sense.”
But the most exhilarating aspect of her work
15 also the most fnghtening. “In this environ-
ment, when you do a research project, you
don’t harve time to rephicate 1t and people rely
on it to make important decisions. Although

it can be frustrating and it carries a lot of

responsibility, it challenges us to do the very
best we can at the first shot™
Looking back, Wiggins ponders how
easy it would have been to not take
an unconventional path. “Like most
graduste students, I was groomed to
2o into academia.” she says. “There
was this sense that that’s what the
"eood” graduate studems did. Its so
easy in graduate school to be the
‘pood child,” to do only the things that
vour adviser or your commitiee sees
as furthering your career,” Wiggins
recommends a different approach.
“Go a little blindly sometimes.
Sometimes vou’ll bomb out, but
vou'll get there”
—SIRI CARPENTER
Sirt Carpenter is a writer in Madison, Wisconsin.
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Neuromarketing Careers

Neuromarketing may offer opportunities for Ph.D.s and MBAs able to close the
intellectual gap between brain science and market research

Is there a future for you in neuromarketing”?
Don™t count on it just yet, even if vou trust the
nascent scicnce of using magnetic resonance
imagmg ( MRI) scans 1o uncover, perhaps cven
influence, how consumers choose among sham-
poos, wrtilla chips, or bedge funds,
Neuromarketing made a national news
splashin 2003, when Read Montague of Bay-
lor College of Medicine in Houston, Texas,
used functional MRI(fMRI) technology to
explain a famous Coke-Pepsi conundrum:
The two sodas are very similar in
chemical composition and there's
little difference in taste, yet Coke
maintains its market dominance.
Montague and colleagues found
that, both in blind taste tests and in
IMRI scans of a braim reglon asso-
ciated with taste, subjects were
evenly divided in their preference
for the two brands, But when
Montague’s subjects knew they
were drinking Coke. brain centers

linked to emotion and cognitive control were
disproportionately stimulated—which sug-
cested that the powerful cultural wallop of the
Coke brand can overnde the tasie buds.

Business was intrigued, and 1t looked at
the ime as if neuromarketing might become
a job engine for Ph.D.s and MBAs able to
close the intellectual gap between brain sci-
ence and market research, Neuroeconomics,
the parent discipline that explores links
berween the brain and economic behavior,
seemed poised to make a tri-
umphant leap from academe to
Madison Avenue,

A family of psychologists

Four years later, 1t's still poised.
Jordan Knight, a junior at Emory
University in Atlanta, Georgia (and
also, adventitiously, a champion
pole-vaulter on the university’s
track tcam), says he'’s determined
to pursue graduate study and a

carcer track in the neuromarketing feld. Hesa
business major but hails from a family of psy-
chologists, His background left him frustrated
with his first organization=and-management
class at Emory: 1 found business professors
were dumbfounded 1o have someone ask
about psychology.”

Knight responded by enrolling in neuro-
science courses and working with Clinton
D. Kilts, a psychopharmacologist at Emory
School of Medicines psychiatry department.
kalts, who specializes in addiction studies
and bipolar disorder but also maintains an
interest in neuromarketing. confirms
Knight's experience. “1 remember talking to
people at the business school.” he says, “and
being astonished when they'd reach some
predetermined conclusion about how deci-
sions are made and then support it by back-
filling it with data.” Why not use tMRI scans
as a way o support or disprove business
hunches about how consumers behave?
Knight's experience in scoping out graduate
programs, however, has persuaded him that
the idea hasn™t quite taken off, “It%s hard 1o
find a program about business and neuro-
science: they Mat-out don't exist,” he says,
“The field doesn’t really exist ver,” Kilts
agrees. "We're pasting il together”

PUBLIC OPINION RESEARCH: MEASURING HAPPINESS

The number of jobs in public opinion research is still small,

Both a career and a science

but the field is expanding, and not just in election polling

Polls closely tracked the race for the French presidency over the last few
weeks, giving candidates and the public an early peek at the likely results,
Meanwhile, things are just heating up in the United 5tates, where the
elections—and public opinion polling—can be expected to intensify in
the next 18 months,

Public opinion research is clearly a thriving business. The number of
jobs is still small, but the field is expanding—and not just in election
polling. Governments increasingly sample the preferences of their
citizens before making policy decisions, media outlets commission polls
as part of their reporting, and research
organizations map changes in attitudes on
social questions.

Surveys tell us, for example, that Ireland
embraces the euro, that Danes are happy
with their lives, and that people in southern-
European countries worry more about climate
change than do those at higher latitudes.
Researchers in this field attempt to under-
stand cultural attitudes and preferences,
then pass that information along to the
people who need to hear it. “We give [the
public] a voice, in a certain way,” says
Femke De Keulenaer, a researcher at Gallup
Europe in Brussels, Belgium.

Cold cash, cool
career. Polling finds
weakened support for
the euro in countries
that have adopted it.
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For behavioral scientists considering a career in public polling research, il
helps to have a fascination with numbers. De Keulenaer earned a bachelor's
degree in sociology from the University of Ghent in Belgium, and during her
master’s studies in quantitative analysis at the Catholic University of Brus-
sels, she discovered how numbers “really can explain changes and trends in
public opinion” within and across cultures, she says. But it wasn't until her
Ph.D. work at the University of Antwerp that she realized that survey
methodology "is both a career and a science.” Soon after starting her doc-
toral program, she headed to the University of Nebraska, Lincoln, to train in
survey methodology at the Gallup Research Center. The exchange helped
her hook up with Gallup Europe, and she joined the organization last year,

Opinion on Euro Adoption
@ Don't knowina answer
B Adwanlageous awerall
O Deadvantagesus cwerall
B Meutral

September 2006

WWW.SCiencemag.org

CREDITS (CLOCKWISE FROM TOF): MORDAMN KMIGHT: FEMEE DE KEULEMAER: GRAPHIC SOURCE: FLASH EURDBAROMETER NO. 193, NOV 2004



CREQITS [TOF TO BOTTOME SCOTT RICK: CHRISTINA GATTY

Mot that there
hasn’t been progress
in research, A recent
study at Stanford
University in Palo
Alwo, Calitornia, led
by Brian Knutson and published in Newron,
monitored subjects” brain activity as they
shopped online and bought a series of prod-
ucts worth up to S80. Attraction to a product
strongly correlated with activity in the
nucleus accumbens, which seems to medi-
ate the expectation
of pleasure. Too-
high prices. on the
other hand. stimu-
lated the insula,
which anticipates
painful stimuli, and
quieted the mesial
prefrontal cortex. a
phenomenon linked
to disappointment
when a hoped-for
reward fails to mate-
rialize. MRI read-
ings of these regions predicted whether the
subject rejected or bought a product. This is
the first ume researchers have been able 1o

boundaries.”

Brian Knutson

“This field attracts people
who are uninterested in

—Scott Rick =

connect bram activ-
ity with a real-life
consumer decision,

Ambivalent about

manipulating people
Scott Rick. a co-author
of this .-;llli,i} and a
graduate student in the
Soctal and Decision Sciences Department a
Carnegie Mellon University in Pittsburgh,
Pennsylvania, was an cconomics major as an
undergraduate. But he revels in neuromarket-
ing’s interdisciplinary links between neuro-
physiology and economics. “This field attracts
people who are uninterested in boundaries,”
Rick says. ¥et there is one boundary Rick is
“I'm ambivalent about
teaming up with companics to help manipu-

nol Lager o cross:

late people.” he savs. Instead, he would like an
academic carcer al a business school, but he
hasn’t found such jobs plentiful. He 1s
choosing at the moment between postdoc

SCIENCECAREERS

Pennsylvania’s Wharton
School of Business and
the California Institute
of Technology. which
has a cadre of graduate
facultly members inter-
ested in the fhield.

George Loewenstein,
Rick’s adviser, concedes
that so far there’s really
no clear career trajectory
for an aspiring neuro-
marketer. He's not wholly
unhappy about that. “If a
graduate student inneuroeconomics ended up
in industry, that would be a disappointment,”
Loewenstein says, “The reality is that when
yvou do marketing, vou are a slave to eco-
nomic interests, to people who want 1o pro-
maote certain goods and services,”

That gullin aunudes between academe
and Madison Avenue, proverbially wide, still
seems to be restrmning neuromarketing from
making its widely anticipated jump from the
laboratory to the marketing department,
-MARK CALDWELL

Mark Caldwell is the author of several books and
teaches at Fordham University.

offers at the University of

At Gallup Europe, a branch of the 2000-employee Gallup Organiza-
tion, De Keulenaer works on “Flash Eurobarometer” projects, a set of
15 to 20 surveys ordered each year by the European Commission lo
measure the attitudes of European citizens. Some polls investigate the
issue du jour, such as a survey in February that highlighted opinions on
higher education reform across the European Union. Others, such as the
series investigating how locals are adapting to the euro, track trends in
attitudes and behavior (see graphic on p. 1060).

Public opinion polls take the social temperature on everything from gov-
ernment programs to citizen well-being. “Happiness is a big issue for gov-
ernment,” says Bobby Duffy, deputy managing director of the Social
Research Institute at Ipsos MORI, which employs 900 researchers. “People
have quite clear ideas about what they want.” Duffy's work—and De Keule-
naer's—helps policymakers know what those ideas are.

The work of public opinion pollsters requires grounding in basic social
science research methods, such as how Lo ask good questions. Most Scols will
answer in the affirmative if asked whether they favor Scottish independence
from the United Kingdom, notes Robert Johns, a social researcher at the Uni-
versity of Strathclyde in Glasgow. But when given a range of options for gov-
emance, "support for independence plummets,” he says. "In a way, both are
valid. It's purely a function of question design.”

As if quantifying feelings weren't hard enough, cultural quirks can skew
results. De Keulenaer's latest project measures life satisfaction, a topic of
interest to govemnments everywhere and a sociological hot spot. But it's hard
to compare happiness across cultures, she explains, when some countries are
intrinsically happier than others—or say they are, at leasL. Danes claim to be
very happy with their lives, as do Americans—which is odd, she continues,
considering how different the countries are. De Keulenaer's training helps
her navigate these national tendencies and coaxinsightful answers out of the
sea of optimism.

www.sciencemag.org SCIENCE

An evolving field

The demand for public opinion research is growing, says Oliver Krieg, a
spokesperson for TNS Emnid, a German political and social research
company with 12 researchers on staff. London-based MORI grew from
about 100 researchers to 400 in the 10 years before it merged with Ipsos,
another public opinion research company, in 2005,

But media and governments’ appetite for survey information, coupled
with the advent of instant communication, hasn't just caused the industry to
grow. It has also sped the pace of the work. Whereas newspapers previously
asked for results in a week, they now want data within hours. And deadlines,
often, are absolute. "On Election Sunday, when you have a prognosis at
6 p.m., you can’'t publish at 6:15," says Heiko Gothe, project manager at
Infratest dimap, a Berlin company with a dozen researchers monitoring voler
altitudes in Germany. "It's very usual that we have a tough time schedule,”

Gothe's training is in political science, but he chose public opinion
research for ils “possibility to combine scientific methods in a pragmatic
field.” One key to the job, he says, is writing: Because media clients will
quote a report verbatim, researchers must present their findings in a way the
public can easily understand—while staying meticulously accurate.

Although survey design employs long-established technigques, public
opinion researchers also have to keep up with new approaches. "We're con-
stantly reacting to new survey technologies to see if they have the potential
as a research tool,” says De Keulenaer. Improving research methods adds
another tributary in her work stream of proposing and designing surveys,
then analyzing and writing up the resulls,

By taking a scientific approach to cultural understanding, De Keulenaer
and her colleagues help politicians and policymakers keep the big piclure—
and the attitudes of their constituents—in view.

—KRISTA ZALA
Krista Zala is a news intern in Science’s UK. office,
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Recirculating Chillers

The Neslab ThermoFlex 900 and 1400 recirculating chillers deliver up to 900 and
1400 watts, respectively, of continuous cooling capacity, The units can maintain tem-
peratures from 5 °C to 40 °C. The chillers were designed for easy installalion and
operation plus high reliability and low maintenance. An integrated ramp allows a sin-
gle person to unpack and install a unit, while a quick-start guide walks the user
through the simple start-up process. These chillers incorporate a new, patented recir-
culation system with an integrated funnel, full-flow filtration, and visual fluid level
indication for easy maintenance, The air and fluid filters can be changed while the
unit is operating, with no need to take it off-line. Pumping capacities range up to 4.1
gpm, and adjustable pressures range to 100 psi.

Thermo Fisher Scientific For information 603-430-2211 wew.thermo.com/thermaflex

Vibrating Blade Microtomes

The Leica ¥T1200 and ¥T1200 5 vibrating blade
microtomes for sectioning fixed or unfixed tissue
specimens feature a new blade holder design that
minimizes vertical deflection of the blade and pro-
tects delicate specimens, such as brain, spinal
cord, and other mammalian tissues from mechan-
ical damage. The instrument’s stability and the
minimized vertical deflection result in sections of
high quality, with greater numbers of viable cells
retained on the section surfaces. The semi-auto-
mated YT1200 is for users who prefer to manually
control sectioning paramelers such as section
thickness and cutting stroke for each individual
section. Recommended for multi-user laborato-
ries, the VT 1200 5 offers semi-automated and
fully automated modes. It offers automatic [eed-
ing, specimen retraction, and a cutting window.
Settings for up to eight users can be stored. Both
instruments feature a newly designed blade holder
that can be rotated through 90° to allow sale inser-
tion of a whole double-edged razor, sapphire, or
injector blade. The removable ice bath and buffer
tray allow working under physiological conditions.
Leica For information B00-248-0123

wanw leica-microsystems.com

Flow Cytometer Loader

The MPL (multi-platform loader) option for the
Cell Lab Quanta SC Flow Cytomelry System
enables accurate, quick handling of a range of
plate types, including 96-well (flat, round, or
deep), 384-well, and chilled, as well as 24 ViCell
sample cup holders. The MPL acts as a pipetting
station, aspirating from eight sample cups on a
reagent tray. Applications for the MPL option
include high-throughput cell-based assays and
cell viability assays in drug discovery. The Quanta
SCis a personal flow cytometer for drug discovery
and basic clinical research. It combines side light

18 MAY 2007 WVOL 316 SCIENCE

scatter detection and a third fluorescent channel
with Coulter volume measurement to deliver
accurate, multiparameter cell counting and siz-
ing. Up to five parameters can be studied at once.
Beckman Coulter For information 714-993-8955
wiww.beckmancoulter.com

Humidity and Temperature Monitor
The Traceable Remote Alarm RH/Temperature
Monitor features a remote temperature/humidity
sensor with a seven-foot cable. It is suitable for
routine measurements, round-the-clock moni-
toring, quality control needs, and critical experi-
mental requirements. The sensor can be placed
in hoods, clean rooms, coolers, stockrooms,
incubators, environmental chambers, desicca-
tors, and chemical storage areas. The display
simultaneously shows high, low, and current
humidity or temperature. A minimum and maxi-
mum memaory feature for both lemperature and
humidity permits monitoring conditions
overnight, on weekends, or any other time
period. Humidity range is 20% to 99% with a
resolution of 1%, Temperature range is from
~50 to 70 °C. Resolution is 0.1°,

Control Company For information 281-482-1714
www.control3.com

Protein Precipitation Plate

The protein precipitation plate, p33, allows 96
samples to be handled simultaneously, using a
method in which samples are treated with ace-
tonitrile to denature the protein, which is then
filtered out. The protein precipitation happens in
situ in the wells. The p3 incorporales a novel
treated dual-frit matrix, eliminating wetting-out
and leaking of sample through the plate before
the application of vacuum. The treated-frit
matrix maintains high flow rates, enabling quick
sample preparation times. In independent tests,

the p3 plate has been shown not to have any
major adverse non-specific binding problems.
Porvair Sciences For information

+44 1932 240255 www.parvair-sciences.com

Thermal Analysis Tool

The Dynamic Mechanical Analyzer (DMA) 8000
thermal analysis instrument includes a number of
features that enable scientists to analyze samples
more easily and quickly. The DMA 8000 has a
rotating analysis head that can be oriented
through a full 180 degrees for ease of sample
mounting and changing. It cools rapidly with
minimal liguid nitrogen consumption. It also
offers precise humidity and temperature control
as a sample’s properties are studied, along with
an integrated fluid bath for immersion of 3 sam-
ple during testing.

PerkinElmer For information 781-663-6900
wew.perkinelmer.com/dmag000

Literature

Infrared Fluorescent Products Guide details a
major expansion of reagent products, including
infrared-labeled secondary antibodies, protein
labeling kits, protein immunoblotting kits, In-Cell
Western assay kits, protein immunoblotting
buffers, and protein stains. New IRDye-conju
galed secondary antibodies include donkey anti-
mouse, donkey anti-goal, and donkey anti-rabbil
LI-COR Biosciences For information
402-467-0750 www.licor.com

Newly offered instrumentation, apparatus, and laboratory
materials of imterest to researchers in all disciplines in academic,
industrial, and government arganizations are fextured in this
space. Emphasis is given to purpase, chief characteristics, and
availability of products and materials. Endorsement by Science
or AAAS of any products or materials mentioned is not implied.
Additional information may be ehtained from the manufacturer
or supplier.
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POSITIONS OPEM

DISTINGUISHED PROFESSOR of BIOLOGY

The Division of Biology of Kansas State Universiny
(ESU) invires applicarions for the newly established
position of ALICE D. FIEDLER DISTIN-
GUISHED PROFESSOR. This individual will also
ke affiliaved with the Termy €. Johnson Center for
Basic Cancer Research. We are scarching for a leader
in the general arca of molecular and ccllular biology
approaches to basic cancer rescarch. A Ph.D ., M.,
or cquivalent is required. Applicants should have a
record of research productvaty and extramural fund-
ing consistent with the very comperitive salary to be
provided for this endowed professorship. Generous
starmup funds and laboratory space (abour 3,000
square fect) will be provided. This individual s ex-
pected o caralvze further exocllence in an already
active program in molkecular and cellular biology and
basic cancer rescarch. Further information is availa-
ble at website: hrep:/ Swww. ksuedu/biology/
FiedlerProfessor. Applicants should submit a letter

of interest, curmculum vitae, and descripnion of fu-

ture rescarch plans to: Dr. Rob Denell, Fiedler
Search Committee Chair, Division of Biology,
116 Ackert Hall, Kansas State University, Man-
hartan, KS 66506-4901. Nominations are also
encouraged, Reference letrers will be amranged for
candidares under active consideration. Application
screening will begin June 1, 2007, and the position
is cxpected o be filled by June 2008, KSLT i an Egueal
Employmnert Chpporturity L Afimmative Action EEmployer, and
actively seckes diversity among i enyployes,

The University of Texas at Austin, Divison of
Nutritional Sciences (website: hitp:/ /www.he.
utexas.edu mir), Department of Human Ecology,
College of Natural Saences, seeks candidares for a
ning-month enure-stream  position,  Applicants of
any rank will be considered. The successtul candidane
will have, and is cxpecred o nminmin, a strong, ex-
ternally funded behavioral and for laboratory-based
rescarch program in one of the Division’s focus arcas
{nutnton and cancer, nutnton and aging, obesaty).
Candidates should also have a strong, record of teach-
ing excdlence ar the wndergmduate and  graduare
levels. The Registered Dictician credential s prefermed
but not required. Outstanding applicants may also
be considered for the DAVID BRUTON JR.
CENTENNIAL PROFESSORSHIP in NUTRI-
TIONAL SCIENCES. Applicant instructions: This
1% a tenure-stream academic appointment on a nine-
month basis. Review of applications will begin
immediately and continue unml the position is filled.
A letter of application, curriculum vitae, statement of
rescarch intereses, and a list of five references (who
will not be contacted withowt the consent of the can-
didare) should be sent to; Dr, Stephen Hursting,
Chair, Search Committes, Division of Nutritional
Sciences, 1 University Station A-2700, The Univer-
sity of Texas at Austin, Auostin, TX 78712-0141.
(E-mail: shursing@mail.utexas.edu). All inquiries
will be meared confidentially, Qualificd women and
minaritics are encouraged w apply. Background check
conducred on applicant selecred. The Uivesity of Tevas
at Austin 5 an Afimative Action gl Oppotnunity Empleyer,

The USDA, Animal and Plant Health Inspection
Service, Foragn Amimal Discase Diagnostic Labora-
tory on Plum [sland, New York, is secking a full-time
SUPERVISORY VETERINARY MEDICAL OF-
FICER (G5-15; annual salary of 5115929 to 5 145 400
plus benefits). Incumbent will serve as the DIREC-
TOR of the facilie. The oecwondens mug be o US
eitizen and able o oltain a seerer seewrity deavanee
whitle exniplowal for the petition. A copy of anpounce-
ment number 24V5-2007-0175 (open to the public)
or OVS-2007-0223 can be obtained at website: hitp: £/
jobsearch.usajobs.opmugov, or call telephone: 515-

www.sciencecareers.org SCIENCE  VOL 316

663-7I66 for aplicanon procedures. This position
will be open Aprl 30 through May 29, 2007, The
Federal Ciovennnent & an Egual Eniplepiment Oppartiiity

Employer.

18 MAY 2007

POSITIONS OPEN

L]
PIONEER.
A DUPONT CORPAMT
RESEARCH COORDINATOR

Proneer Hi-Bred Intermational, Incorporated,
a DulPont company, is the world leader in the
discovery, development, and delivery of clite
crop genctics, We are looking for a Rescanch
Coordinator o provide leadership for sovbean
transformation i support of discovery and
product development mransformation. The po-
sanen s locared in Wilmingron, Delaware. The
successful candidare will kead a group respon-
sble for providing baceeral and plane dssue
culture media as wl as managing growth cham-
ber and greenhouse operations and associated
plan care, This successful candidare will work
with directors and other rescarchers to estab-
lish project geals for each of these areas and
ensures that these goals are achicved. The indi-
vichual will also work wath others in the Trans-
formation Department to develop strategic
direction for sovbean transformation programs.
A PhID in plant or biological science and at
least six to cight vears of relevant rescarch ex-
pericnce bevond the I'h.03., as well as experi-
ence in plant biotechnoblogy, preferably in the
plant tissue culture/transformanion arcas, is nec-
essary. Experience with sovbean tramstformation
is an advantage.

Fequisition identificanon for this position is
S177BE. For a complete job description and
o apply, go to website: http: 7/ www.pioneer.
com Scareers. Ll Cypyporrity Enplayer.

The University of California, San Dicgo ( UCSD),
Department of Pediarrics (website: hrtp:/ Svww-
pediatrics.ussdoedu) and Children’s Specialists of
San Dhego (website: htip:/ /childrensspecialists.
com) are recruiting a RESEARCH DIRECTOR
for the unified Division of Pediatric Cardiology, This
is 4 unique opportunity to develop an exceptional re-
search program in pediatnic cardiology in San Dego,
the seventh largest and most desimble dty in the
United States. The Basic Science Laboratonies are on
campus at UCSD, adjacent to many ocher major ne-
search mstitutions, The successtul candidare wall pos-
sess the qualifications for tenured appointment ag
the rank of FULL or ASSOCIATE PROFESSOR.
Candidates noust have an M. D, M.D -I'h.D., or P'h.DD.
degree, This appointment will require wide recog:
niion of rescarch accomplishment, demonstrated
leadership, and excellent teaching skill. The Division
has cight pediarric cardinlogists, two cardiothoracic
surgeons, and an Accreditation Council for Graduare
Medical Education-approved fdlowship. The 220-bed
climical facility ar Rady Children's Hospital serves as
the only regional tertiary care hospital for children
and is the major teaching faality for the Department
of Pediatrics of the UCSD School of Medicine. Ap-
plications recerved by June 30, 2007, or unil the po-
sition is filled, will receive full consideration, Salary
commensurate with University of Califormia scale,
Please send curriculum vigae with four references to:
Jod Lavine, M.D,, Ph.D., Search Committee Chair
{e-mail: '!ul:winn@ucsd.cdul or by mail to: Univer-
sity of California ical Center, 200 W, Arbor
Drive, San Diego, CA 92103-8450. U'CSD i
Affirenarive Activn/ Egual Cppernimity Linplyper with a stromg
institurionel annnnbment of excellene drough diveriry.

SENIOR SCIENTIST position available 1o inves-
tigate applications of advanced imaging methodolo-
gics in developmental biology and neurodegencranve
discase studies. Individuals with at least four vears of
expenence in small amimal model systems are encour-
aged to apply.

Send cornanlom vitae to Ms. K. Hilands at M/C
139-74, 1200 E, California Boulevard, Pasadena,
CA 91125,
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University of Berg_en

i5a city university. Parts of 1Iu: campus are in fact situated in the town centre.We have abo
arch which holds a high E F dard and
g international profile which entails ¢

Professor in Oceanography and Director at NERSC

The Geophysical Institute has an opening for a professorship in oceanography. The successful candidate will also be offered
the post as Director of the Nansen Environmental and Remote Sensing Center (NERSC).

The applicant should be an internationally recognized researcher within the areas of oceanography/climate /remote sensing.
Applicants should have substantial research leadership experience as well as experience in coordinating research activities and
in strategic research planning. Candidates should further demonstrate strong interpersonal skills and the ability to work and
communicate well with others in a team environment. Salary is negotiable.

Procedures and criteria for application are given at http://melding.uib.no/doc/Ledige_stillinger/1177479945.html.
A description of the position is available at http://www.uib.no/mnfa/stillingsomtaler/professorat/Cceanography-Director-NERSC_07.htm

For additional information on the position please contact the Head of the Geophysical Institute, Peter M. Haugan
(phone +47 55 58 26 78; email peter.haugan@gh.uib.no) or the Chair of the NERSC Board,

Dag L. Aksnes (phone +47 913 17 497; email dag.aksnes@bio.uib.no). NERSC
Applications should be addressed to Geophysical Institute, The University of Bergen,
Allég. 70, NO-5007 Bergen, Norway. Please do not send applications by e-mail.

Closing date for applications: 1 June 2007. Quote reference No: 07/3091/MN.

CICERD ab

PENNSTATE

Milton S. Hershey Medical Center
College of Medicine

e . N ) FLORIDA INTERNATIONAL UNIVERSITY
ORTHOPAEDIC BIOENGINEERING Miami’s public research university

FACULTY POSITION AVAILABLE

Thie Penasylvamia Stute University, Division of Muscuboskeleta] Sciences, Departme
of Orthopacdics and Rehabilitation at Penn State Colkege of Medicine announces a
seafch for an Assistant of Associgle Professor (tenared of tenane track) in the afea of
orthopaedic bio or mechanical enpneering. This position incledes a highly competitive
uhr:.' and \.i;_.:ln fucaiil slart-up fiamds, The siceessiil candidare will be o amdividial whio
can apply engineering concepts o te study of musculoskeletal tssues, This is o unique
opporluilly 10 join o well-eaablished, highly interactive fesearch group consasting of
engimeers, matenal, clinical and basic scientists focusing on musculoskebetal research.
Additional bioengineering faculty with interesis in medical devices, biomaterials,

OPEN POSITIONS

COLLEGE OF MEDICINE

Florida Intermational University (FIL) will open a new College of
Medicine- the first medical school o open in a major metropolitan area
in @ guarter —century anmd the first public medical school in south Flonda,
During the next two years the College's founding fculty will develop an
mmovative, twenty-linst century curriculum, and begin construction of new
mesearch and instructional  facilities. Special arcas of interest include

imaging and drug delivery may be found in the Biomedical Engineering Instimte Reproduction and Development as well as Environmental Sciences and
within the College of Medicine and in the Depantment of Bicengineering within the Toxicology. Faculty are solicited to fulfill roles in educational leadership in:
Colkege of Engineering. A joint academic appomtment will include o primary Clinical Medicine

appointment in the College of Medicine and a secondary appol ntiment in an apgropriate Professional U-f'i'flﬂpnlt‘nl of ]"Il}'.'iiti;l]ll’i

depariment of the College of Engineering at Pean Stase. Cellular and Molecular Biology

The Departnwent of Onthopaedics and Rehabilitation s expanding its research base Human and Molecular Genetics
which will become an inkegral compoment of a newly established Instimee of

Yhwst ’
Muscubloskelbetal Discase. The successful camdadate will establish close collabomtsons Physiology
wilh a newly established Mano and Regenerative Medicine Institute. The Penn State Pharmacology
Collkege of Medicine i3 located i Hershey, Penmylvania and offers a highly Human Anatomy, Embryology and Development

desirable lifestyle and an affordable cost of living in close proximity to many
imetropolitan areas including Baltimwre, Washington, D.C., Philadelphis and New Yok
City. Applications will be accepied until the positson is Glled.

Cadidates should have a doctoral degree, a mimimium of 5 years expenence
in medical education and experence in medical eduction leadership,
Interested applicants may apply online at www.fiujobs.org,

S ot e position #6004, c-mail a CV and list of 3 profesSIomaT TOTEHERES T
Ananya Das, Engincering Search Committee “med johs@E fivedu or mail a CV and list of 3 pml'u-.mn 1l references o
Division of Musculoskebetal Sciences Joe Leigh Simpson, MLID., Exccutive Associate Dean for Academic
Depariment of Orihopacdics and Rehabilitation Affairs, Florida International University, College of Medicine, 11200
The Fi'lun:. I State E'Iii.l.dhi[_n. [1I.I]|-|."F¢ of Medicine SW Sth S[I‘H’:L HLS ﬁ!l.!-, .\[iﬂlﬂi, Florida 33199,
500 University Drive, HOS9, Hershey, PA 17033 Candidates will continue to be considered until all positions are filled.
|:li your heahth, Hershey Medical Center is @ smsoke-free campus. Penn State “"“""'-E:J o FIU is a member of the State Universite Svstem of Flovida and is an
affirmulive acbion, ogaal opporundy and 1k divamly of iy sorkfosoe. The ad was approved by Trean ;__"f".mr f.’j’.r.]'?e'hl'fﬂﬁ'nil'_'l.'. -'::r;m:f Access :’l,l'j'frnrn'rn':' Action ;:.J.'?.]'?Ifl'l.'l'ﬁ

State Ll naversity
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Working for a healthier world™

‘ * .. l . , ray.
¥ ecome a great |scovery

When it has something to do with Plizer. Our business is about translating leading research into life-enhancing products.

With the creation of two brand new Vaccines Research depariments located in Sandwich UK and La Jolla USA. While
expanding our DNA vaccing capabilties, you'll be part of a fully funded start-up busingss — with a biotech company feel.
Importantly however, you'll have the backing of one of the world's premier research-based pharmaceutical companies

Vaccines Research Opportunities - All levels

We are looking for a range of highly talented Scientists of all levels to work on a host of innovative
and exciting projects, increasing our productivity in Biotherapeutics. You'll be part of a new team
responsible for the discovery of novel vaccines to prevent or treat infectious diseases, cancer
and other chronic diseases. What's more, you'll have the opportunity to apply your skills and
knowledgs to the ongoing success of Pfizer.,

Ffizer offers you enough challenge and stimulation to continually develop and prograss your
career. And with a wide variety of positions available requirng skills that encompass bioinformatics,
maolecular modelling, molecular cellular biology/immunolagy, peptide/protein biochemistry, in vivo
expertise and bicanalytical immunology, you'll be part of a talented community with the goal of
generating novel vaccines through application of their world-class expertise and innovation.

In return for your dedication and ingenuity. we'll provide the facilities, resources and access
to collaborators to alow you to succeed in Vaccines Research. Together with a host
of attractive benefits,

To apply online or learn more aboul our peopie,
our products, and our plans for the future,

visih werw.plizerco.uk where a number of vaccing
related vacancies are posted.

W ' prowd 1o ba anoegud opportunity employor and wacome applical ons
fnom paophe with diffennt agpaionce, Backgrounds and athnic ogng

ScienceCareers.org
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1t NATIONAL INSTITUTES OF HEALTH

Tenure-Track Position in Human Energy Metabolism
NIDDK (6) National Institute of Diabetes and Digestive and Kidney Diseases

We scek an outstanding scientist to direct a vigorous, innovative rescarch program in human energy metabolism and serve as Director
ol the newly established Metabolic Core Laboratory (MCL), Clinical Endocnnology Branch, NIDDK. The MCL performs a number
ofanalyses including exercise testing, physical actuvity monitoring, body composition measurement, and 24-hour energy expenditure
analysis 1n health and disease. Applicants must be highly motivated and have a demonstrated track record through publications
that address significant contributions in the arcas of energy expenditure and physical activity as it relates to metabolism and weight
regulation. The successtul candidate is expected to develop an independent, world-class rescarch program complementary to current
investigations within the Branch and to successfully oversee the functioning of the MCL. The position comes with gencrous start
up funds and on-going support.

The Clinical Endocninology Branch, NIDDK 15 located on the main NIH campus in Bethesda, Maryland, a suburb of Washington
DC. The Branch represents interests similar in range to those of an academic department. There are strong interactions among the
independent research groups, and the position ofters 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
rescarch accomplishments, & briel statement of future rescarch goals, and arrange for three letters of reférence to be sent to:

Dr. James Balow, Chair, Search Committee, ¢/o Glynnis Vance, NIDDK., 9000 Rockville Pike. Building 10-CRC/Room 5-
2551, National Institutes of Health, Bethesda, MD 20892,

Application Deadline: June 8, 2007

Tenure-Track Position in Endocrinology and Metabolism and Human Obesity
NIDDK (9) National Institute of Diabetes and Digestive and Kidney Diseases

We seek an outstanding seientist to direct a vigorous, innovative research program in the Chinical Endocrnine Section of
the Clinical Endocrinology Branch to advance knowledge in the area of obesity and weight regulation with particular
emphasis on the neuroendocrine aspects of weight regulation and the role of sleep in obesity.  Applicants must be
highly motivated and have a demonstrated track record through publications that address significant contributions to the
field of endocrinology and metabolism. The successful candidate is expeeted to develop an independent, world-class
rescarch program complementary to current investigations within the Branch. The position comes with generous start
up funds and on-going support.

The Clinical Endocrinology Branch, NIDDK is located on the main NIH campus in Bethesda, Maryvland, a suburb of
Washington DC. The Branch represents interests similar in range 1o those ol an academic department. There are strong
interactions among the independent research groups, and the position offers unparalleled opportunities for interdisci-
plinary collaboration within NIDDK and throughout NIH. Applicants should submit a curriculum vitae, bibliography.
copies of three major publications, a summary of research accomplishments, a brief statement of future research goals,
and arrange for three letters of reference to be sent to:

Dr. James Balow, Chair, Search Committee, ¢/o Glynnis Vance, NIDDK, 9000 Rockville Pike, Building 10-CRC/
Room 5-2551, National Institutes of Health, Bethesda, MD 20892,

Application Deadline: June 8, 2007

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS




WWW.NIH.GOV

NI_DDK ((l’) Tenure-Track Position in Clinical Research in Diabetes and Kidney Disease
National Institute of Diabetes and Digestive and Kidney Diseases

We seek an outstanding scientist to direct a vigorous, innovative clinical research program in the epidemiology, physiol-
ogy, and treatment of type 2 diabetes, diabetic nephropathy, and related disorders. Applicants must be highly motivated
and have a demonstrated track record through publications that address significant 1ssues of causation, prevention, and
treatment of these conditions. Applicants must also be licensed to practice medicine in one of the United States and
have substantial experience in community relations, recruitment, and ¢linical research among US minority groups, The
successiul candidate 1s expected to develop an independent, world-class research program complementary to current
investigations within the Phoenix Epidemiology and Clinical Research Branch (PECRB). The position comes with
generous start up funds and on-going support.

The PECRB, NIDDK is located in Phoenix. Arizona. The Branch represents interests similar in range to those of an
academic department. There are strong interactions among the independent research groups. and the position offers
unparalleled opportunities for interdisciplinary collaboration within NIDDK and throughout NIH. Applicants should
submit a curriculum vitae, bibhography. copies of three major publications, a summary of research accomplishments,
a brief statement of Tuture research goals, and arrange for three letters of reference to be sent to:

Dr. James Balow, Chair. Search Committee, ¢/o Glynnis Vance, NIDDK, 9000 Rockville Pike, Bldg. 10-CRC/Rm.
5-2551, National Institutes of Health, Bethesda, MD 20892,

Application Deadline: June 8, 2007.

N]DDK ({) POSTDOCTORAL FELLOWSHIPS IN MOLECULAR AND CELL BIOLOGY
7/ National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK)

We are secking outstanding postdoctoral candidates holding a PhD, an MD or an MD-PhD with a background in molecular and cell biology and genetics interested
in the following research topics:

A) IDENTIFICATION OF NOVEL REGULATORS OF MESENCHYMAL STEM CELL SPECIFICATION

The laboratory studhes the transe riptional regulation afadipogenesis and 15 currently imterested m the charcteration of novel molecules that can mfuence adipocyte
cell lincage specification. I1 you would like 1o apply for a postdoctoral position in this laboratory, please send vour curriculum vitae with a cover letter to Dr. Elisa-
betta Mueller (elisabettamia niddk.nib.gov). To leam more about our research, please visit our lab website at http:/intramural.niddk.nib.gov/research/Tacul ty.
asp?People_ID=1702

B)SKELETAL MUSCLE STEM CELL REGULATION
Our lnbermtory studies the role of TGF-beta family members in skeletal muscle development and metabolism. A postdoctonl position is available to study the regula-

tion of adult skeletal muscle stem cell quiescence and activation, Please send yvour curriculum vitae with a cover letter to Dr. Alexandra McPherron -[rru,l-hurrunurpr
niddk nih.gov). To learn more aboul our rescarch, please visit our lab website ot hitp:/fintramural niddk.nih.gov/research/faculiv.asp?People 1D=1701

C) BIOLOGY OF SPHINGOLIFID SIGNALING

The laboratory studies the signaling functions of sphingolipids, a diverse group of cellular hipids, with focus on their roles i iumunity and inflammation. 1§ you
would like to apply for a postdoctoral position in this laboratory, please send your curmiculum vitae with a cover letter to Dr. Richard Proia (proja@inihpov). To
leam more about our rescarch, please visit our lnb website o http:Vintramuralniddk.nih.goviresearch/Tacultv.asp? People 1D=1533

Applications will be reviewed upon receipt. The selected candidates will be contacted for an interview within a month from the application.




Eidgenodssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Assistant Professor for Heterogeneous Catalysis

ETH Zurich invites applications for a faculty position on the assistant
professor level in Heterogeneous Catalysis. The successful candidate
will be expected to build upon the strengths of the Department while
adding a new aspect to the field. Hesearch will focus on a significant
area of heterogeneous catalysis. Active participation is expected in
teaching the curriculum of chemical and bioengineering.

Candidates should provide evidence of international recognition of their
research achievements in catalysis. The ability to cooperate with both
academic and industrial colleagues is essential. Courses at Master level
may be taught in English.

Assistant professorships have been established to promote the careers
of younger scientists. The initial appointment is for four years with the
possibility of renewal for an additional two-year period.

Please submit your application together with a curriculum vitae and a list
of publications to the President of ETH Zurich, Raemistrasse 101,
CH-8092 Zurich, no later than July 15, 2007. With a view toward
increasing the number of female professors, ETH Zurich specifically

FACULTY POSITION

The Department of Anatomy and Cell
Biology at Downstate Medical Center
invites applications for a tenure-track
facully position.

The successful candidale 15 expected (o
have an independent, extramurally-funded
research program in the cardiovascular
sciences and o parbcipate i feaching
medical students and graduste education.

Preference will be given to candidates with
prior teaching experience and training in
stem cell rescarch. Curriculum  vitae, a
brief description  of  previous and
anticipated research, and the names of
three references should be sent to:

Dr. M.ALQ. Siddiqui
Professor and Chair
Department of Anatomy & Cell Biology
State University of New York
Downstate Medical Center
450 Clarkson Avenue, Box 5
Brooklyn, NY 11203

FAX: 718-270-3732
E-mail: MAQUSiddigui @ Downstate.cdo

SUNY
DOWNSTATE

encourages female candidates to apply.

Medical Center
SUNY Dowrnitate ix an EOF

M s a4 £
: THE UNIVERSITY OF HOMG HONG

Founded in 1911, The University of Hong Kong is committed (o the
Il'iFIII.'\l ||I1-,'r1:|',1|i|.rr|;|.,r. \Iull.du.nh ol l.'“'ﬂl-;lu;c i|'| rcuyhing iII‘IIJ rr\t;;ln‘h.
and has been at the international forefront of academic scholaship for
many years. OF o number of recent indicators of the University's
performuonce, one is its ronking ol 33 among the top 200 unversities in
the world by the UK's Times Higher Education Supplement. The
University hos a comprehensive range of study programmes and rescarch
disciplines, with 20,000 undergradunste and postgraduate students from
50 countrics, and a complement of 1,200 academic members of staff,
many of whom arc intcrnationally renowned,

Director of Safety
(Ref.: RF-2006/2007-522)

Applications are invited Tor the appoiniment as Dircctor of Safety in the
Safety Office from July 1, 2007 or as soon as possible thercafier. The
appointment will initially be made on a three-yeor fixed-term basis, with
the possibility of renewal.

Applicants should possess a university degree, preferably o postigraduan:
qualification, plus 15 or mone years of appropnate expenence, of which
ot lewsr 5 vears should be ot manageril level, together with a qualificaton
from a professional safery and health instituge.

The appointee will head the Safety Office and reports to the Vice-
Chancellor, via a Pro-Vice-Chancellor. The magor rale of the appomnitee
is 1o advise and make recommendations to the University on matiers of
environmenial healih and safety and io implement the University safery
policy, For funher details of the post, please refer 1o the websile at
hups:fwww hku hkfapplunit/

A highly compettive salary commensurate with qualifications and
expericnee will be offered. The appointment will bitrac & conineci-end
grotuity and University contribution to a rettrement benefits scheme,
totalling up to 15% of basic salary. The appointment camics leave, and
medicalidenial benefits, Housing benefits will be provided as applicable,

Further particulars and application forms can he obiained a
hurpssfiwww. hku hk/apptunit/, or from the Appointments Unit, The
University of Hong Kong (Fax: (852) 2540 .6735; E-mail:
senroppt@hkuec. hku hky. Closes June 4, 2007, Candidates who
are not contacted within & months of the closing date may
consider their applications unsuceessful.

e Dmerreraty o 4 st ety somgleger

UNIVERSITY OF MISSOURI-
COLUMBIA

Assistant/Associate Professor
- -
of Medicine
Full time position for a physician scientist who is board
cligible/certified in rheumatology as Assistant/ Associale
Professor of Medicine is available in the Division ol
Immunology and Rheumatology, Department of Internal
Medicine, University of Missoun-Columbei. This posinon wall
be tepure track. Primary responsibility will be o develop an
independent research program. Generous start up package,
laboratory space. and protected time will be provided (limited
care l'l.'.‘\i‘\'|ll..\.ll'li.|l.|.-h'.‘- will be L‘.'xFK‘L"k'Ll at this time). Collaborative
opportumitics exist for basic and clinical research in o variety of
Nields, including molecular biology, human cellular
immunodogy and animal models of autoimmunity.
Address inguiries to Dre. Robert Ortmann, Department of
Internal Medicine, UNIC, MA43S Medical Science Building,
Columbia, MO 65212, IMFaculty@ health.missouriedu,
UMC ix an equal opportunity affirnative
action emplover and complies with the ADA
gt of 1990 Women amnd minoerifies are
encouraged to o apply. Orestions amd ADA
accommeadation needs mav be addressed 1o
Jessica Hosev, (375 884-2825.

Visit the University of Missouri- Columbia's
weh slte at hitpe mujobs. missourLedu
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Nanotechnology is considered to be one of the most important
emerging technologies worldwide. Through the controlled
manufacture and structuring of matenals, it allows the creation
of completely new product properties. It is an innovation drives

or many industry sectors. BASF is one of the leading companies
in the field of chemical nanotec "'IIILI|._,«. .

The BASF conference on Nanomaterials will foster the exchange

of ideas, technigues, experiments and applications. A series

[

of lectures will be given in order to match BASF's future vision
with current activities of the research institutes in the field of
Manomaterials. Leading scientists from all over the world will be

participating in the conference as speakers on the following topics:
1. Nanomodified and nanostructured maternals and foams

2. Synthesis and modification of nanoparticles

3. Nanotechnology for electronics

. Interface of bio- and nanctechnology

Invitation procedure

The conference is open to every young researcher at the PhD,
post-doctoral or junior professor level, working in the four fields
mentioned above. Full scholarships for participation are available —
please send your CV and an abstract for a poster refernng to these

r-. WY

topics to andreas.a.fechienkoetter@basfi.com by June 30, 2007,

We look forward to meeting you in Singapore



Albany Medical College

Faculty Positions
Center for Cardiovascular Sciences

Albany Medical College invites applications for tenure-track faculty posi-
tioms at all ranks in the Center for Cardiovascular Sciences, We seek highly
motivated individuals with a record of research productivity to participate in
mn interactive group éngaged in cellular, molecular, and genetic cardiovascular
research and graduate education. We are particularly interested in applicants
who have translational interests in cardiac/vascular pathophysiology in order
to complement existing strengths in vascular cell signaling. smooth muscle
reactivity, endothelial barner function, and nitric oxide biology. A Ph.D. or
M.D.UPhD. degree and three years of productive post-doctoral experience
are minimal requirements for appointment at the Assistant Professor level.
Applicants for Associate or Full Professor should have appropriate experience
andl a nationally recognized and funded research program.

Investigators in the Center for Cardiovascular Sciences have opportunities
for collaboration with scientists at neighboring institutions, including the
Bicengineering Dept. at Rensselaer Polytechnic Institute, SUNY Albany
College of Nanosciences and Center for Functional Genomics, the Ordway
Research Institute and the New York State Wadsworth Laboratories. The area
offers diverse cultural and recreational attractions with easy access to Boston,
New York City, and the Adirondack, Catskill, and Berkshire Mountains, For
further information about the Center and A lbany Medical College, please
visit www.ame.edu.

Applicants should submit a current curriculum vitae, description of research
interests, and three letters of recommendation by August 1, 2007 to:
Dir. Harold A. Singer
Chair, CCS Search Committee
Director, Center Tor Cardiovascular Sciences
Albany Medical College (MC-8)
47 New Scotland Ave,
Albany, New York 12208

An Egual Oppartuminy/Affirmarive dcrian Emplover
Wit crved Minorities are encotraged fo apply

BIOCHEMISTRY FACULTY POSITION

The Depariment of Malecular and Cellular Biochemistry invites applications
for a lenure track foculty position ol the Assistant, Associale, or Full Professor
level. Successtul condidates must possess o Ph.D., M.D. or equivalenl
degree. Individucls of the Associale, or Full Professar level are expected
o have a proven Irack record of independent research and sustained
extramural funding. We are seeking individuals to complement exisfing
deporimental programs including, bul not limited 1o the oreas of dicbetes,
cordiovasculor  disense, neuroscience, ond concer research, bul we
welcome all qualified applicants.

The successhul candidale will benefit from o stimulaling and collaborative
environmenl within the deportmenl ond o strong groduale peogrom
Competitive storkup funds, salories, stale-olthe-arl fodilifies and appropriale
space will be offered in @ new 185,000 ¥ research building.

Evaluation of applicants will begin July 2007. Flease email your application
materials, a curriculum viloe and o descriplion of your current ond future
research progrom. Condidates should also submil three references vio
email or mail Io:

MCB Faculty Search Committee
Email: lopres0@uky.edu

B278 Biomed. Biol. Sc. Res. Bldg.
741 South Limestone 5t
Lexington, KY 40536-0509

For further informalion about the Department,
visit: www.mc.uky.edu/biochemisiry

UK

UNIVERSETY OF KENTUCKY

DIRECTOR FOR. RESEARCH
Edinburg Regional Academic Health Center Campus of the
University of Texas Health Science Center at San Antonio

The University of Texas Health Science Centerat San Antonio (UTHSCSA)
and the Regional Acadenme Health Center (RAHC) Camypus invite applica-
tons from candidates ot the Assocuate or Full Professor level interested
im leading an innovative basic and translational science rescarch program
at our new 60,000 square foot rescarch facthty in Edinburg, Texas, which
features a vivanum and a certified Bio-safety Level 3 facility, Thas position
provides o unigue opportunity for health dispontics research in discases
that disproportionately affect Hispanics and border populations, Edinburg
is located in the Lower Rio Grande Valley, the fastest growing region
im Texas. Qualifications are an M.D. or PhD. proven ability o conduct
cutstanding scholary work, obtain peer-reviewed funding and serve as
a Principal Investigator on mult- and imer-disciplinary rescarch teams,
Broad admmistrative expenience, in depth knowledge of funding systems m
health-related research and excellent communication skills are also essen-
tial. Responsibilities include developing and leading a multidisciplinary
program working on problems of particular importance (o South Texas,
for example, dinbetes, obesity, infectious diseases and cancer. The Director
will alsobe expected to maintain his or her own rescarc hand mentor junior
investigators, This position reponts direetly to the RAHC Regional Dean
and will involve close coordination with the Associate Dean for Rescarch
of the UTHSCSA School of Medicing,

Applicants interested in applving should submit a letter deseribing inter-
ests and CV w: Robin L. Brey, MU, Associate Dean for Rescarch,
University of Texas Health Science Center at San Antonio, School
of Medicine, 7703 Flovd Curl Drive, San Antonio, TX TH229-3900;
Email: brevia uthsesa.cdu, Review of applications will start immaediatelv
and continue until the position is filled

More mlomation about the Edinburg RAHC Research Facility can be

The University of Texas Health Science Center af San Amtonio is an
Equral Emplovment Opportunite/A ffirarative Action Emplaver,
AN facudty appoinimenis are designated as security sensitive positfons.

FACULTY POSITION

Assistant/Associate/Full Professor

The Department of Pharmaceutical Sciences at Texas Tech University
Health Sciences Center (TTUHSC) seeks applicants for two tenune-track
fuculty positions in Pharmocology or  drug-related  fields ot the
Assistant/Associate/Full Professor level,

The Department presently has 20 full-time faculty and =38 graduate
assastantships with research imteredts in drug design. drug  delivery,
receplor signaling, and biotechnologyvimmunotherapeutics. Critical focus
areas of the campus and Depanment include Cancer Biology,
Cardievascular & Stroke, Newmbiology, amd Women's Health. The
Department is supported by =200 s ft of research and animal space as
well as an army of critical common equipment including confocal
microscope, LO-MS/MS. flow cytometer, and FTIR. In 2006, the
Depirtment was mnked 6" in the nation in pereent of pharmacy facalty
with NIH funding, The Department will be expanding over the next four
years with 7 new faculty slots and a new hiomedical/pharmaceutical
researnch building immediately adjacent to the School of Pharmacy and
School of Medicine in Amarillo, For further details on our Depantment,
please visit our website: e ttahse sopPharmseil,
Applicants must have an earmed doctomte with relevant postdoctoml
experience, In addition to maintaining an extramurally funded rescarch
program, the suecessful candidate will teach in the hasic science
components of the Pharm D and PhD. curriculum, and mentor graduate
students
Competitive stari-up packages. incentive package and lab space ane
available, Applicants should submit documents online by July 6, 2007 o
{obs texastechedu (Job Requisition # 61359). Please include a
currculum vitae, a summary of rescarch and teaching interests and names
and sddresses of three references. For questions, comtact the search
commitiee chair, Dr. Margaret Weis, Texas Tech University School of
Pharmacy, 1300 Coolier, Amarilla, TX 79106 Email:
miargare L wel s @ uhse . Fax: 806-356-1034.

TTUNSC is an Egual Opporiurity/A flirmative Aciion Instifution.
Minorities and Wonten are encoraged 1o apply,




Associate Dean for Research
College of Dental Medicine

MUSC

MEDICAL UNIVERSITY
OF SOUTH CAROLINA

The Medical University of South Carolina
(MUSC) invites nominations and applications
for the position of Associate Dean for Rescarch,
College of Dental Medicine (CDM). The Associ-
ate Dean for Research reports to the Dean of the
College of Dental Medicine and is responsible
for visionary leadership and adimimistration of
the college’s research mission.

Motable accomplishmenis of the CDM
rescarch program in the past five years include
a comprehensive NIDCR T32 Institutional
Training grant in 2006 (including funding
for the DMD/PhD program, postdoctoral fel-
lows, and short-term dental student rescarch
projects: DMSTP.musc.edu), a NIDCR
U24 infrastructure development grant in
2004 (ORALHEALTH muse.edu/rescarch_
programfindex.htm), ond the KCRE funded
South Caroling COBRE (Center of Biomedical
Research Excellence) in Oral Health im 2002
(ORALCOBRE. musc.edu),

Growth in the CDM’s research capacity is
o reflection of major expansion in MUSC's
rescarch mission as well as the CDM's strategic
importance in the nstitutional rescarch portfio-
lio. As pan of its growing research enterprise,
the college houses the Center for Ol Health
Research (ORALHEALTH.muse.edu) and
has significant programs with the state Bio-
engineering Alliance. Thus, we are secking
an established, dynomic scientist to build upon
this foundation for the nexi phase of program
growth,

The CDM is one of six colleges at the MUSC,
a publicly supported. freestanding scademic
health sciences center lecated in the beautiful,
historic city of Charleston. Mationally known for
its strong clinical training, the CDM has recently
entered a phase of targeted development in oral
health research. The college recently broke
ground for a new state of the ant clinical edu-
cational facility, which will include a clinical
research unit.

Applicants must possess an camed doctoral
degree. Individuals holding both the DMDY
DDS and PhD degrees are preferred. The sue-
cessiul candidate will have academic credentials
appropriate for appointment as a full professor,
including a distinguished record of scholarly
productivity, extramural funding, administrative
leadership, and teaching. Successiul candidates
will hove experience in dental education, excel-
lent interpersonal communication skills, and a
demonstrated ability to attract financial support
for the college and its research programs. A com-
mitment to the college's continued leadership in
oral health research across MUSC 15 required.
Review of applications will begin immediately
and continue until August 30, 2007, All applica-
tions will be submitted electronically at hitp:
MMwww.musc.edu/hrm/icarcer s'exceutive.him
and should include a letter of application with
qualifications, current curriculum vitoe, ond o
list of five references,

For more information or nominations contact
Ms. Anne Hantske, Office of the Dean, CDM
MUSC at (843) T92-3811.

MUSC ix an EECVAA Emplaver

PENNSTATE

Universi
i

Director

The Pennsylvania State University seeks applications and nominations for an innovative
Director of the Penn State Institutes of Energy and the Environment (PSIEE). The PSIEE was
established in 1999 1o develop and integrate new knowledge of the biological and physical
environment and its impact on individual and social well-being. In the past vear, an energy
seience and engineering component wis coupled with the PSIEEs environmental mission.
We seek to continue to improve our understanding of the relationships between human
society, energy and the environment, and develop innovative approaches to achieving societal
goals for the sustainable ise of energy and the enviromment. The objectives of PSIEE are:

to increase the visibility of Penn State’s encrgy and environmental rescarch and education
programs; to facilitate the ability of fagulty and students to address opportunitics that require
interdisciplinary interaction and collaboration: and to engender new research and education
directions. State-of-the-art instrumentation is available across the full spectrum of encrgy
and environmental sciences and engincering. ranging from capabilitics to probe biological,
biochemical, and biogeochemical processes and propertics at the fundamental molecular level
to computational facilities for simulating basic bophysical processes, human consequences
of environmental change and energy use, or for simulating chunges in the earth system. In
conjunction with the Huck Institues of the Life Sciences and the Materials Research Institune
at Penn State, opponunitics exist for utilizing an animal transgenic facality and core Bacility
in high throughpui DNA sequencing and prodeomics, structural biology and computational
seience, mass spectrometry and electron microscopy, As i part of this initiative. the University
has hired 8 senior faculty and 20 junior faculty in key disciplines of the PSIEE in a University-
wide effort (o increase the visbilines and stture of an already strong, diverse program of
environmenial research and education,

The University has just announced the funding of 24 new faculty positions in areas of energy-
related rescarch o support this new initiative of the PSIEE: awarding of these positions will be
guided by the new director.

The Director of PSIEE reports directly to the Senior Vice President for Research, who oversees
u research activity excecding $657 million annually. The responsibilitics of the Director
include: (1) administering the core multidisciplinary rescarch facility with research contracts
of approximately 542 million in active contracis: (23 proectively fostering collaboration among
the core colleges and developing policies and faculty incentives for active faculty participation,
which builds an atmosphere of inclusion of diverse perspectives: (3) chairing the faculty
coordinating council, which oversees all PSIEE actuvities and provides leadership, direction,
wnd vision, (4) identifyving faculty opportunitics and coordinuting research programs; (5)
coordinating undergraduate and graduate programs in environmental and energy studies
pcross ool leges: and (6) serving as liaison between the University's energy and environmental
programs and state, national, and international encrgy and environmental organizations, The
Director will contribute to and promote existing strengths of Penn State in the dreas of air
quality, biodiversity and ecosystems, global change, health and the environment., industrial
ceology and green engineering, and water resources. Priority arcas for energy inchsde, efficient
fossil energy use, bioenergy systems. hydrogen energy production storage and fuel cells, the
aucledr fuel evele and solar ¢nergy.

Candidates must have a Ph.D. or equivalent degree in one of the encrgy fenvironmental science
or engincering disciplines and must have credentials appropriate for o tenured professorin an
approprate college. The successful candidate will be recognized as an iniernational leader

in encrgyfenvironmental sciences in terms of scienti fic accomplishments and vision: possess
feadership skills necessary (o advance ongoing and new initiatives in research, teaching and
outreach in environmental sciences and engineering: and hive an appreciation for the acisdemic
environment and our land grant mission.

Review of applications will begin on Moy 14, 2007 and will continue until the position is filled,

Mominations may be sent as follows:
Robert Santoro, Chair

PSIEE Search Committee

The Pennsylvania State University
34 Old Main

University Park, PA 16302

JepS @ psu.edu

Penn State is commitied to al firmative action, equal opportunity and the diversity of its work force.

| PENN STATE Making Life Better
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Max-Planck-Gesellschaft
Max Planck Society

Selbststdndige
Nachwuchsgruppen

(Independent Junior
Research Groups)

The Max Planck Society invites applica-
tions from outstanding young scientists
in the field of Biology and Medicine.

Successful applicants will have demon-
strated the ability to perform excellent
research. They will be offered an

Independent Junior Research
Group Leader position

(W2; equivalent to associate professor
level without tenure) including a five-
year grant (research positions, budget,
investments) at ane of the following Max
Planck Institutes:

MPI for Medical Research,
Heidelberg

MPI for Biophysical Chemistry,
Gottingen

MPI of Immunobiology, Freiburg

Applications should include a CV, a list of
publications, copies of three publica-
tions, a one-page summary of scientific
achievements, and a two-page research
plan. For further information and detailed
application instructions see

http://www.snwg.mpg.de

The Max Planck Society is committed to
equal opportunities and to employing
disabled persons.

The deadline for application is June 11,
2007.

CHAIR

: Department of Biochemistr
Frieun . =

Duke University School of Medicine announces a search for an outstanding
seientist and leader to Chair the Depatment of Biochem stry. The Department
of Biochemistry has strong programs in biological membmnes, DNA replica-
tion and repair, transcaption and RNA biochemistry, enzyme mechanisms and
cofactors, free-radical bicchemistry, physical biochemistry, computational
protein design, and structural biology and bioinformatics. Six primary faculty
are members of the Mational Academy of Sciences, and the Department has
well-established doctoral and postdoctoral training programs, Significant
resources are available to the Chair for recruiting new and established fac-
ulty. Opportunities are availoble for strong interactions with the Institute of
Biological Structure and Design, the Institute of Genome Science and Policy,
as well as other departments and centers at Duke.

The Chair shall be a recogmized leader in the field of Biochemistry and will
hold the rank of full Professor or equivalent. The Chair must display a strong
commitment to the mentoring of faculty, students and fellows, demonsirate
avision for the development of strong programs in emerging rescarch areas,
foster interactions with university-wide initintives and programs, and promioste
the integration of departmental research and educational programs within
those of the Medical Center and University. In addition to a distinguished
record of scholarship, the ideal candidate would have academic administrative
experience and a commitment to work collaboratively within an academic
medical center and university.

Applicants should submit their curriculum vitae, o stotement addressing
research interests and academic leadership goals, and the nomes and contact
information of three references to: Biochemistry Chair Search Committee,
clo Ms, Kathleen Barbee, Duke University School of Medicine, Box 2927,
Durham NC 27710, Email: biochemsearchig me.duke.edu, Phone: (919)
668-6502 and Fax: (919) 634-0208. C onsideration of applications will begin
imimediately and wall continue until the position is filled.

Dheke University Medical Center is an Egual Opportunioe/ Affirmative
Action Emplover. Women and inderrepreseried minarities
ave encomraged fo apply.

FACULTY POSITION
Assistant/Associale/Full Professor in Pharmaceutics

The Depanment of Pharmaceutical Sciences @ Texos Tech Umiversity
Health Sciences Center (TTUHSC) secks applicants for two tenune-track
faculty position  in PhermacenticsDmg  Delivery ot the
Assistant/ Associate/Full Professor level,

The Depanment presently has 20 fulltime faculty ond =38 groduate
assistamiships  with research mterests i drug  design, drug delivery,
receptor  signaling, and  bistechnologviimmunotherapemtics.  The
Department is supporied by >200000 sq ft of research and animal space o
well as an armay of critical common equipment including confocal
microscope. LC-MSMS, Now ovtometer, md FTIR.  The University
supports separate research centers on Cuncer Biology, Cardiovascular &
Stroke, and Women's Health. In 2006, the Depadment was mnked 6" in
the nation in percent of faculty with NIH funding. The Department will be
expanding over the next four years with 7 new faculty slots and a new
biomedicalpharmacentical research building immediiely adjacent 1o the
School of Phammacy. TTUHSC at Amarillo includes the School of
Pharmacy. School of Medicine and the Harrington Cancer Research
Center. For further details.  please  wvisit  owur  website:

hupafwww uhse gdulsopPharmSei,

Applicants must have an camed doctorme with relevant postd octoral
experience in Phamaceutics, Pharmacokinetics or Drug Delivery. [n
addition to maintmining an exoramoerally funded research progrom, the
suceessful candidate will teach in Pharm.D and Ph.D, programs and
mentor graduste students,

Competitive start-up packages and lab space are avalable. Applicants
should submit  documents online o htpdfiobs texastechoedu  (Job
Requisition # 617621, Please include o curmiculum vitae, & summary of
rescarch and teaching interests and names and  addresses of three
references. For questions. contact the =carch committee chair, Dr.
Fakhrul Ahsan, Texas Tech University School of Pharmacy, 1300
Coulter, Amarillo, TX 79106; Email: fakhilahsan@uiihsc.edu. Fax:
BO6- 3568034,
TTUHSC is an Equal OpportearineAffirmative Action fnstmsion,
Minorities arnd Womien are encouraged to appiy.
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Maunzarin R. Banas

ELizagetH F. LoFTus

MicHaEL S. GAzzANIGA

The Faces and Minds of Psychological Science

Discoverin g Unconscious Bias

Manzarin R, Banajt was onc of the
first scientists to xln.:l.'clup theideaof un-
conscious forms of bias — the abilicy to
make judgments of people, using
knowledge of their social group, with-
out awarcness. Banajis research has
influenced  numerous disciplines  in-
cluding law, public policy, medicine,
education, and busingss, Most recenty,
she has been conducting groundbreak-
ing research on the |||"L:_._:|n~-rl'pr-..'iud:iu;n.'
in young children, the origins of social
cognition | using I]L‘L:fll-ill1.l5ﬂl:-::.:. and
the I]-.'.mihi]:ii:. of humans to .uhpt tis
new sicuational demands,

Revolutionizing the Role of
Eyewitness Testimony
Evizasern F. LoFrus’s rescarch on
t..l.!‘\l..' IMTIMOrEs .|1|.I.| L':\i,"-'-l[lll.'\ﬁ
fesTnuony has I'll.ui-: |'|1.'I o ui- [|.IL'
most influential psychologists in the
LS. legal system today. By demon-
stranng k'\j’L'rll”'-.'”[.'.Ilfl' i'll-l“ Memory
is vulnerable o suggestion, bias, and
other influences, she has exposed the
fallibility of cvewitness tesdmony in
|.I|L' COUT TR, J I'L'i j‘i.]lt]i:llg‘ |!|:\|'|'L- ..1"“1
fL"r'l"ll.]ti\”rifL'L‘l F“ |!|'|.L' ['HL-tI'l.llLl'l :.U'r
i[l[L‘II'II:__:.Il[H::; WITNCSSCS, .|||.L| -.|i.|li:_:l.'1i

how defendants are prosecured,

An “Interpreter” of the Brain

A ploncer in neuroscicncoe, AMicHAEL
8. GazraniGa’s rescarch uncovered
the suparate fune Honing of the lefr and
right hemispheres of the brain, He has
contimued w define the frontiers of
cognitive psychology  throughout his
carcer, and most recentdy has explored
the “interpreter” system in the brain.
This mechanism :::uhln:\ OUr ACTions,
emotons,  and  responses o our
environment, and may hold the key o
understanding consciousness. He is also
a leader in national science policy and,
as a member of the President’s Council
on Biocthics, has advecated scrongly for
increased stem cell rescarch.

”'IL'\L' d]\[ II'I"_:I]I.\E!IL'I.{ FCSCATY |1l..l LA IL‘.lL]'L"I"- n [I'H." XL ll.ll'lL". I]L!d llt. |.‘-'1|"| C |'Il. i]i :IE'[L.'.'[l sCICNCe. l I\il'l:_: I E]L‘ |.!l1."~[ m l..'|.|.l1 H.I“

and technologies, they have made enormous sirides in exploring the u.'umpimurwl'lmm.m behavior in all ok ics

forms, from the mose basic brain research o .1pplu. arions in healeh, educacion, business, and social issues,

Psychological science covers the tull specerum o behavion trom the tundamental brain processes involved in how

WiC 1.]1II'I[\. |l:.'.!| 11, oLl lt‘i IL'J'I'I-L'l't'!I."i.'Ii. [LRD EIL’ AL L 1.|I.H |.'3L'l.'||.'lll..' ti.:lllt Dod i ﬂl'l'lll}"l‘\ | I'ILI I.PI'!_'|.1!'IL.f.l|.II-'|I'I.\. .ll'll.l L tllil i'l-___'\ll'i

|.‘ll_'[ woen, "'Inl"'LIE‘.I.I'I unites [[‘.Il..‘\l;.' I.i|"| CIsg I.'IIIHI'[\ Is L comnuoment to scientibc [ HALRT) .LI‘H.I (L) ll'lli.' .l.l.{'l..l.i‘ll.&'l'l'll.'lll.' l'!l I'!'Ii.‘

public well-being through science-based understanding of the human condition.

We Mind Science

For insight:& from p:.':.'ch-:}]ng,ic.ﬂ SCICICT IO OUr m}'r.'turiuu.\' and often
quirk:r human nacure, read the wubh:g “Were On I}' Human ...
at www.psychologicalscience.org onlyhuman.

S

m— W AS50OCIATION FOR
PSYCHOLOGICAL SCIENCE
www.psychologicalscience.org
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From physics to nutrition

For careers in science,
turn to Science

Looking for a great
science career?
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If you want your career to bear fruit, don't leave it to  firmly founded on the expertise of Science, the premier
chance. At ScienceCareers.org we know science. We are  scientific journal, and the long experience of AAAS in
committed to helping you find the right job, and to advancing science around the world. ScienceCareers.org
delivering the useful advice you need. Our knowledge is  isthe natural selection. WWW.EEiEHEEEHTEEFS.Urg

Features include:
* Thousands of job postings * Resume/CV Database ScienceCareers.{)rg
¢ Career tools from Next Wave  # Career Forum
* Grant information

We know science RYAAAS
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Wirgisis Cammemwmeninh Uaivarainy

SENIOR FACULTY POSITION IN
CHEMICAL BIOLOGY
Faculty Position #F1961

The Massey Cancer Center, the NCI-desig-
nated Cancer Center of Central Virginia, has
commutted substontal resources m Chemi-
cal Biology to imterdigitate with its current
programs in cancer cell signaling. cancer
genetics and epigenetics. molecular cancer
therapeutics, immunology, radiabion biology
and oncology, and cancer prevention and
control. We are cumrently seeking a senior
faculty member in any area of chemical
biology, including chemical genctics or any
use of small molecules as probes of hiologi-
cal function aimed at understanding and/or
therapeutically approaching the functions
gained and lost during the mitiation and pro-
gression of human cancers. Collaborative
imteractions with imvestigatons in structural
biology, computational chemistry, mass
spectrometry and proteomics, amd mouse
penetics would be available, The position
is tenure mack and would involve a faculty
appointment in the academic depanmen of
Wirginia Commonwealth University appropri-
ate for the individual candidate. The position
will be supported in part by an endowed chair
and significant additional resources through
the Cancer Center, We are seeking an inno-
vative and imteractive colleague. with a his-
tory of leadership and major grant funding.
Laboratory space will be provided in the new
#0,000 sq 7t Massey Cancer Center Goodwin
Research Laboratory on the Medical College
of Virginia campus of VCU. Candidates
should have a Ph.D. and'or M.D., degrees,
proven excellence, originality and produc-
tivity in rescarch and a strong interest in
graduate and professional teaching.

Virginia Commonwealth University is
ranked mternationally and nationally as atop
rescarch institution, With more than 30,000
students, VCU is the largest public, wrban,
doctoral-granting university in Virginia. The
umiversity offers more than 195 certificate,
undergraduate, graduate. professional and
doctoral programs in 13 schools and one
college, Massey Cancer Center, a growing
NCl-designated cancer center, is VUL s focal
point for basic and clinical caneer research,
education and cancer health delivery. [ts 175
member researchers have appomtments in 23
academic departments.

Application Process: Please submit an appli-
cation letter, curniculum vitae, 2 statement of
citizenship or visa status, and the names of
three individuals 1o be comacted as references
ti: Chemical Biology Search, ofo Personned
Administrator; Virginia Commonwealth
University Massey Cancer Center: VO,
Box 980037; Richmond, VA 23298-00317.
The position will remain open until filled.

Virginie Cenmmeamvealth Universine ix an
Equal Oppovtamine/A firmative Action
Emplaver: Women, minorities, and persans
with disabilities are encourvaged (o apply

Preliminary announcement for a

Professorship in Research of New Target Molecules and Gene
Therapy

The University of Kuopio (UKL is an intermationally respected research-intensive university. The
University s profiled in health, environment and well-being, and the research focus arcas cover especially
malecular medicine, drug research and biotechnology, A. 1 Virtanen Institute for Molecular Sciences
(AIVI) at UKL forms the core of Biocenter Kuopio, and houses altogether 11 research groups. AIVI's
research activities are concentrated on molecular medicine of major diseases of high importance for healih
care (cardiovascular discases, neurode generative diseases, metabolisme-related diseases) with the strong
expertise in molecular and cellular mechanisms of the discases. discase modelling, prevention amd therapy
of the diseases (gene and cell-based therapy, pharmaceutical intervention), and i vifre and in vive
imaging. AIVI houses two Centers of Excellence in Research, one national and one Nordic. Please fimd
more at hitpsiwww.nku fiaivid,

AIVT announces a new Professorship in the Gield of Research of New Target Molecule s amd Gene Therapy.
Candidates with proven track records in any subfield of molecular medicinge or molecular pharmacology
will be taken into consideration. Ability to conduct high quality externally funded research in collaboration
with other groups of AIVI and UKL, especially with those of the Faculty of Pharmacy (hips/ foww ko fif
farmasinienglishf), is considered essential for the post-halder.

Interested candidates are encouraged (o submit their expression of interest by 15 of June, 2007 by e-mail
to Riitta Keiniinen, Head of the Institute Administration (riitta.keinanen® uku.fi) with the following
attached documents: 1. Curriculum Yitae, four (4) pages max. 2, List of all publications. 3, Publications
{max 200 which the candidate considers as the most relevant in regard to the field of the Professorship. 4.
Rescarch plan, four (4) pages max. 5. Description of proposed activities in research collaboration,
networks and funding, two (2) pages max

The salary of the professor will depend on the qualifications of the applicant according to the salary system
of the Finnish universities. The position will initially be filled, either by invitation or application, for a
period of five (5) years.

For more information, contact: Jan Koistinaho, Dean of the AL L Virtanen Institute for Molecular
Sciences (Jarikoistimaho®@ uku.fi) tel. #3538 17 162 427.

UMINERTITY OF EUOFID

TRINITY COLLEGE DUBLIN
The University of Dublin

www.tcd.ie/vacancies

Trreity College 6 recognsed eerermationally ai freland s prewveer nnnversty and s the only Irish
itritiersy fo vk i e top 100 world wmiveraties (78Hh) and amoingst the tap 50 Enropean nnfoersitles
2 5l W gre recniting seerrdd elogs leaders m researely and edueation ta adeance oir researeh
srengths, develap onr fourth level graduate edncation and baild or owr excellevice vt thind level
snderpraduate aducation. Onr strategic priorities of resaarch and ediscation ave also aligned with
comiribweting to the natiomal goal of fostering Ireland’s adneral and ecomamic silrney.

School of Biochemistry and Immunology

Chair of Biochemistry (1960)

{re-advertised)

The 5chool of Biodiemisry and Immunology ot Tranety College Dubln invites applications for the Chair
of Biochemastry (1960) ienable from | Sepiember 2007 or as soon as possible thereafrer,

The School secks an individual who will provide innovanive and energetic leadership and has a sirong
commarment (o academic excellence at a major rescarch university, The successful candidare will be an
mngernationally recopnised scholar in any area of hiochemisary and an academic leader of the highest
calithre with a proven rack record of research and I::.n.'l'ung.

The appointee will join a dynamic wam of rescarchers whose mterests span all areas of biochemistry,
The rescarch interests of the candidare will be expecied 1o complement those currently in the School of
Biochemisry and Immunology and o support the School's undergraduare and posigraduare waching
PrOJEATITIES,

The successiul candidare will be expeaed 1o take a keadership role in the School and will serve a rerm as
Head of School andfor Head of the Discipline of Biochemistry in due course, in accordance with College
regul ations.

Informanon about the research intereses of the School of Biochemiary and Immunology can be found ar
hietpalfwww biochemisry.aed.iel. Funther particulars of the appoimment, including the application
procedure and degails of salary may be obtaned froms

Michael Gleeson, Secretary to the College, Wiest Theatre, Trimity College, Dublin 2

Telephone: + 353-1-896-1711. Fax: +353-1-671-0037, Email: movarthompson@ed.ic

ity whom formal applicanions may be sent o armive by the preferred closng date of noon on Fraday

29 June 2007,

Trmity College és an oquaal oppoartimitics employer
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From life on Mars
to life sciences /=

For careers in science,
turn to Science

If you want your career to skyrocket, visit of Science, the premier scientific journal, and
ScienceCareers.org. We know science. We are the long experience of AAAS in advancing
committed to helping you find the right job, science around the world. ScienceCareers.org is

and to delivering the useful advice you need. the natural selection.
Our knowledge is firmly founded on the expertise WWwWw.ScCiencecareers.org

Features include:
* Thousands of job postings & Resume/CV Database

e Career tools from Next Wave e Career Forum
o Grant information We know science RYAAAS

Science(Careers.org
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PROFESSOR IN GENOME INTEGRITY

Karolinska Institutet invites applications for a postion as
professor in Genome Integrity.

For further details please contact Professor Anna Wedell,
Dept of Molecular Medicine and Surgery. Karolinska
University Hospital, Solns, phone +46 8 517 765 35, emal:
Amna.Wedell@Ki.se or the SACO union representative
Professor Tomas Olsson, Dept of Clinical neuroscience,
Karolinska University Hospital, Solna. phone +46 8 517
76242, email: Tomas.Olsson@ Kise

Please state your qualifications in accordance with the
Karolinska Institute qualification portfolio available on the
Web page http: /finfo.ki.se

Deadline for application is June 23, 2007, Reference no
152/ 07-221, Registrar, Karolinska Institutet, SE-171 77
Stockholm, Sweden.

For the entire advertisement please look at http:f/
Jjobb.Ki.se/internal/general/starteng.asp

E-mail: Registrator@Ki.se

AWARDS

i Sheikh Hamban Bin Rashid Al Makioum
- Himard (or MHebical Soiences

Hamdan Award
for Medical Research Excellence

In the field of:
THERAPY IN MALIGNANCY

MOLECULAR THERAPY IN
DRUG TARGETING (PHARMACOGENOMICS)

ORGAN & TISSUE TRANSPLANTATION

The prize amount is AED three hundred thousand (AED 300,000) (Approx
Us3 82,000} to be awarded equally to 3 winners. .

The general secretariat is pleased fo invite docions, researchens, universities,
research cenires and medical scientific socketies throughout the workd io submir
their research work for the owards 2007-2008

Closing Date: Movember 30, 2007

Fei oty wrfimmiiiion

The Gersral Secretanat

Shedkh Hamdan Bin Rashid Al Maktoum
Award for Medical Sciences

PO Bom 23052, Dubal, Usited Arl Ermiate

Tk +50M 4 3086777

P « 971 4 3584579 / 1580695

il hiw e ¥ ot ra] a

Wiebane: heTpywenn hirawind o ae
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What’s
your next
career move?

* Job Postings
e Job Alerts

® Resume/CV
Database

e Career Advice
from Next Wave

e Career Forum

Get help from the experts.

We know science | AR

www.sciencecareers.org

GRADUATE PROGRAM
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OPPORTUNITIES FOR EXCELLENCE

International PhD program at the
BIOZENTRUM
of the University of Basel, Switzerland

The Biozentrum together with the Werner Siemens-Foundation
(WSF), Zug (Switzerland) launches the International PhD program
in Molecular Life Sciences and encourages excellent students
to apply for one of the prestigious WSF fellowships.

The Biozentrum provides an internationally renowned resaarch
environment centerad around three focal areas (Infection Biology,
Growth and Development, Neurobiology) and two core programs
{Structural Biology & Biophysics and Genome Scale Biology &
Biointormatics) and is dedicated to basic molecular and
biomedical research (http://www.biozentrum.unibas.chf). We offer
advanced, interdisciplinary training in the field of modem biology,
a lively and interactive educational atmosphare, and competitive
salaries with respect to European standards. University graduates
admitted to the Program receive theoretical and practical training,
and conduct a three-year research project under the supervision
of a Biozentrum faculty member, monitored by a Thesis Advisory
Committee.

Applications to the program have to be submitted online
Application forms, requirements, and additional information can
be found under: hitp:iiwww.bioZzentrum.unibas.ch/phd/.
Application deadline: July 1st, 2007.
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RESEARCH ASSISTANT PROFESSOR
in Radiation Biology
International Institute of Nano and
Molecular Medicine
University of Missouri-Columbia
Deparmment of Radiology
The Universaty of Missoun-Colambia Intemational

Institute of Nano and Molecular Mediane {[2MM2)
secks to Al a full-ome posibon in radiation biology
at the rank of Rescarch Assistant Professor for spring
2007, Salary is commensurate with experience.

Cualifications: camed Doctorate in radiation bi-
ology or rdated discipling; substantial rescarch expe-
ricnce in biological experiments permaining oo neutron
capture therapy (NCT) induding tumor induction,

MOT agenr assessment and rissue analvsis; super-
visoral expencence in neutron iradiation of anials;
extensive expericnee in fluorescence and contocal mi-
croscop; abality to develop a research program and
procure extramaral funding; and willingness to mentor
postdocroral, graduate, and undergraduate students,

The suceessful candidate 15 expected to develop
an outstanding, extermally funded rescarch program
and participate in teaching. Position gqualifications
include a Ph.DD and a record of promising, creative
rescarch in manomedicine, Submit curriculum vitae,
a descnpoon of current and progected  research, and
three lemters of reference tor Director (M. Frederick
Hawthorne, 'h.D.), Position Search, International
Institute of Nano and Molecular Medicne, Uni-
versity of Missouri-Columbia, 202 Schlunde Hall,
Columbia, MO 65212, Electronic documents should
be semt o e-maik hawthormem@health.missouri,
edu. The Unmenity of Misond i an Equal Opportity
Affimnative Action Emplayer. To repuen ADA acconmmada-
tiowrs, pleaie wntait oir ADA Coordivator at felephome: 573-
SR4-T278 (Volce/ TTY).

ASSISTANT PROFESSOR of ENTOMOLO-
GY, Montana State University, twelve-month tenire-
track appointment, Candidates must have a Ph.I), in
entomology or related field. Complete position an-
nouncement and application procedure may be seen
at website: hrtp:},’m,mcmuna.cduﬂm':lif
jobs.hmml. Screening begins August 1, 2007, start
date approximately January 1, 2008, ADA/Equal Op-
portunity/ Affimutive Action ! Feteraes” Preference Employer.,

Find
your future
here.

ScienceCareers.org

POSITIONS OPEN

TENURE-TRACK FACULTY POSITIONS
AVAILABLE

The University of South Carolina ( USC) is under-
going rapid and unprecedented growth, Applications
are invited for several tenure-track ASSISTANT S
ASSOCIATE/FULL PROFESSOR poations in
the arcas of cancer, immunology, cell and molecular
biology, signaling, bindefense /medical microbiology,
and AIDS. Rescarch expericnce relared o existing
faculty strengths in the arcas of cancer, immunology,
medical microbiology, roxicology, drugs of abuse,
complementary and alternanve medicine, and eyve
discases will be preferred. Candidates for the Assist-
ant Professor position must have a PhoD, or MDD
or DLV.M VMDD or equivalent with postdoctoral
rescarch experience. Candidates for Associate,/Full
Professor positions should have current extramural
funding. Competiove salary, anmctive startup funds,
and excellent core facilivies are available. Candi-
dates are expected to develop a strong, extramurally
funded rescarch program and partcipare in the
teaching mission of the Department. The Columbia
area offers a warm climate and an outstanding, quality
of life. Apply with curdculum vitae, statement of re-
scarch plans, and three letters of commendation to:
Dir, Mitei Nagarkatti, Chair, Department of Pathol-
ogy, Microbiology and Immunoclogy, University
of South Carolina School of Mediane, Columbia,
SC 29208 or e-mail: pmiads@gw.med.sc.edu. The
search will starr immediately and continue tll po-
sitions are filled. USEC Colinnbio is an Equal Opportannity,
Affirmative Action Ensplayer and enconerages applicarions from
wonren and nrinonties.

FACULTY POSITION AVAILABLE

The Barbara Ann Karmanos Cancer Instmure an
Wavne State University secks an individual 1o con-
duct cancer-related research in the area of bone
biclogy. Candidate should use novel approaches and
technologies as well a5 animal maodels to determine
molecular and cellular mechanisms involved in bone
remodeling. Candidates must have commitment o
cancer rescarch and an ability to work with others in
a muladisciplinary scrring in order to drive novel
approaches linking the laboratory to cinical trials
with areas of interest including bone stem cell
biology, signaling pathways in bone formation and
mrnover, and bone microenvironment. Successful
candidates must be highly motivated with the ability
to sccure external grant funding and promote an
environment of collegiality and collaboration with
the Insttute’s and University’s existing basic and
clinical scientists. Rank and salarv are commensurare
with experience and prior accomplishments,

Apphcants should have a Ph.Du and a proven rack
record of productivity in cancer rescarch in the arca
of bone biology as well as successful completion of
postdoctoral training,

All pesitions offer a unique opportunity to lead
and develop rescarch programs with substantial op-
portunity for growth, Applicants should submit a
letter of interest, curmiculum vitae, and three refer-
CNoCs Toy

Stephen Ethier, Ph.D.

Assodate Center Director for Basic Research
Deputy Director, Barbara Ann Karmanos
Cancer Institute
Professor, Barbara Ann Karmanos Cancer Institute

POSITIONS OPEN

DEPARTMENT HEAD
Depariment of Microbiology, Immunology
and Pathology
College of Veterinary Medicine and Biomedical
Sciences
Colorado State University

The College of Verennary Medidne and Biomed-
ical Serences invites applications and nominations for
the posiion of Head of the Department of Micro-
biology, Immunology and Pathology (website: http: /7
www.ovmbs.colostate.edu). The Department s com-
mitted to excellence in undergraduare, graduare, and
professional veterinary medical education and advis-
ing, and has a strong reputation for innovation in
instructional technology. The Department s interma-
ronally recognized for its rescarch and service pro-
grams and activities; for example the faculty are major
contributors to the Colorado State University (CSU)
Program of Rescarch and Scholady Excellence in
Infectious Discases, the Rocky Mountain Begional
Center for Excellence for Biodefense and Emerging
Infectious Discases, the newly formed Supercluster
in Infections Miscase, and large mulodisciplinary re-
scarch programs that investigate arthropod-borne,
mycobacterial, and prion based infections discases,
Departmental faculy also are recognized leaders in
vetennary pathology and duagnosnics and  provide
these services through the CSU Veterinary Diagnos:
tic Laboratory, The new Deparement Head will pro-
vide leadership, management, and mentorship as the
Diepartment builds on existing strengths and deno-
fics mew arcas of apportunity for growth.

Applicants must have a DV M., MDD or equivalent
degree, and/or a Ph.D.; demonstraced  excellence in
scholarly activiy and rescarch; experience in and a
commitment o eaching and mentonng students;
and must meet requirements for appointment as a
FULL PROFESSOR. Administrative expericnee s
desirable. Women and minonny candidates are encour-
aged to apply. A letter of application, cumiculum vitae,
and list of three reforences who may be contacted
when appropriate, should be sent electronically o the
Chair of the Search Commuittee:

Dr. Terry M. Nett
Office of the Dean
College of Veterinary Medicine and Biomedical
Sciences
Colorado State University
Fort Collins, C0O 80523-1601
E-mail: terry.nett@colostate.edu
Raview of apphcations will begin 20 Sepiember 2007,
and continue wnl a suitable candidare is identified.
Coodovade Stare f'Jru'rr;urJ' E ] .f_i._rrl.al' ﬂ:'.lufln'..lj'rln'l.'r Cip-
portinty A finutive Adion Enploper

/ KETPLACE

US Por 85,4364, 149
Call: Ab Pephides
Fax: 314=958=0988

e-maili obpep @ mn.com
198003833352

www,abpeps.com

Oligo Synthesis Columns
t Columns For All Synthesizers
* Standard and Specialty CPGs
% Bulk Column Pricing Available

BIOSEARCH
TECHNGLOGIES i lhicclumms com

We know science AVAAAS 4100 John R., Detroit, M1 48201
Fax: 313-576-8626
E-mail : ethier@karmanos.org
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Happy blotting

Smile, and your blot smiles with you! A well-run Western blot with a
strang signal-to-noise ratio will put a smile on any researcher’s
face. We have ALL the products you need to achieve a happy

Western blot, including these superior substrates.

* Pierce® ECL Substrate — the same performance as GE ECL for %

the price

¢ SuperSignal® West Pico Substrate — always reliable results, the

ideal substrate for daily use

¢ SuperSignal West Dura Substrate — formulated for use with CCD

cameras

o SuperSignal Femto Substrate — true femtogram detection

| |
Visit www.thermo.com/ pierce, email Pierce.CS@thermofisher.com
or call B00-874-3723 or 815-968-0747.

el il

100 fg 10 fg 1fg

True femtogram detection of lkBt using
Thermo Scientific SuperSignal Femto
Substrate. Serially diluted samples were run
on Precise™ Precasl Gels, transferred to PYDF
membrane and blocked with StartingBlock™
Blocking Buffer. The blot was then incubated
in rabbit anti-lkBo followed by incubation in
goat anti-rabbit HRP. The substrate was
added and the membrane was exposed to
CL-XPosure™ Film. For complete details visit

our website,

Thermo

Part of Thermo Fisher Scientific
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You can learn from the past.

You can improve on it.

Or you can leave it behind.

The new BioMark 48.48
Dynamic Array

2304

3 hours

A single BioMark™ 48.48 Dynamic Array delivers the same
amount of real-time PCR data as 24 96-well microplates.

At the same time, dynamic arrays require 100-fold fewer
pipetting steps, as well as radically reduced processing time.
It's no surprise the BioMark system is emerging as the new
standard for high-throughput gene expression studies.

Thinking about leaving the past behind? Contact Fluidigm
to learn how the BioMark system can help your organization
achieve a higher throughput future,

Heat Map View provides a macro-to-micro
view of Ct values within the entire array.

= ol-free 366.FLUIDLINE | West Coast: 650.266.6000 | East Coast: 703.771.6038

Fluidigm £ =i

All rights resesvex grm, the Fluldsgm loge, and BaMark are trademarks or regatened trademarks of
thie LS and other
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