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QUANTITATIVE
PCRH

Mx3005P™ System

Most Flexible

Mx3000P” System

Most Affordable

Performance runs in the family.
Choose the personal QPCR system that’s right for you.

Stratagene now offers two affordable, fully-featured quantitative PCR {QPCR}
systems. The new five-color Mx3005P™ QPCR System includes expanded
features to support a wider range of real-time QPCR applications, such as
simultaneous five-target detection and alternative QPCR probe chemistries.
The Mx3000P® QPCR System is still the most affordably priced four-color

96-well system available.

Meed More Information? Give Us A Call:

Stratagene USA and Canada Stratagene Europe
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A four- or five-color instrument, with
user-selected filters

Advanced optical system design for true
multiplexing capability, and wider
application support

QPCR Software with enhanced data analysis
and export functionality
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FREE Rat Striatum Neurons/!

Visit www.cambrex.com/content/general/article.id. 1860 for details.

Clonetics® Primary Neuronal Gell Systems

Biologically Relevant...Convenient...Easy to Use

Normal Human Astrocytes Rat and Mouse Neural Cells Normal Human Neural Progenitors

= Cryopreserved, guaranteed * Astrocytes and neurons [rom * Neuraspheres dillerenriate info
for 10 population deublings, Cortex, Hippocanpus, Striatun, a4 mixed populaton of mature,
stain > 80% GUADL and Dorsal Koot Ganglia. funcrional neurons and astrocytes.

« Optimized media kit available * Mouse C57 Striatum and + Optimized media kits for growth
for growth. Cortex Neurons. and differentiation.

~ Mousc CD1 Mixed Astrocytes.

Cambrex, the source for Clonelies™ and Poiglics™ Celf Systems, BioWhittaker™ Classical Media, SeaPlague™ and NuSieve™ Agarose, and PAGEr™ Precast Gels.

For more infermation contact us at:
www.cambrex.com

U.S. 800-638-8174 | Europe 32 (0) 87 3216 11 B CAMBREX

For Research Use Gnly. Mot for Use in Diagnostic Procedures.
Carbrax B o Scianca Wal<arsvila, Inc. Innovation. E)gaenence. Performance.
8830 B gos Ford Road  Wa karsvil e, MD 21793
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to find things you could never find before

in places you could never look before

500,000 SNPS = New GeneChip®* Mapping 500K Array Set Begin the whole-genome
association studies you have been waiting years to do — right now. Use the
proven approach to get a comprehensive understanding of the genetics of disease
or drug response.

1,000,000 Exons * New GeneChip® Human Exon 1.0 ST Array Add a new dimension
to your research by monitoring genome-wide alternative splicing on a single array.
Dig deeper and discover novel mechanisms and biomarkers at the exon level.

45,000,000 Probes » New GeneChip®Tiling Amrays Unparalleled genome coverage
delivers a more accurate understanding of novel transcript discovery and
protein/DNA interactions, including chromatin immunoprecipitation assays.
Now vou can explore promoter regions or entire genomes and answer your
most complex questions.

1 Platform = Only Affymetrix brings vou the most powerful views of the genome,
with arrays that enable whole-genome discovery at multiple levels and provide
better answers to your complex hiological questions. Whether yvou're in academia
or industry, Be the 1 to conduct the science that leads to better insights and
better understanding.

wwyw.affymetrix.com » 1-888-DNA-CHIP {362-2447) ™
Europe: +44 (0} 1828 552550 & Japan: +81-(0}3-5730-8200 The Way Ahead




GE Healthcare o AKTA
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HisTrap FF crude

Take an xpress run
with HisTrap FF crude

The new AKTAxpress™ TWIN has chromatography knowledge built
in. It automatically purifies eight samples delivering >85% pure

tagged protein. AKTAxpress can extend from two to twelve modules, h
and has been designed to adopt to your future purification needs.
By combining AKTAxpress with HisTrap™ FF Crude prepacked
columns, you can now apply sonicated unclarified samples without
the centrifugation/filtration steps. Getting more histidine-tagged
protein with less effort just takes a little pure imagination.

Visit www.amershambiosciences.com/aktaxpress

AKTAxpress TWIN

mEaay &l ights resoreed,
L3 Gorors Zlectic canoary
=F Fra lbioe,

imagination at work



Science

COVER Fossil leaf from the earliest Eocene (~55.5 million years ago) of the Bighorn Volume 310
Basin, Wyoming. The beginning of the Eocene was characterized by rapid global warming 11N ber 2005
after a huge release of carbon into the atmosphere and ocean. Plant fossils described on ovember
page 993 document rapid, continental-scale changes in the geographic ranges of plants Number 5750
coincident with the warming. [Photo: S. Wing]
DEPARTMENTS LETTERS
937  ScEnce ONLINE 971 Balancing Risk and Recovery /. Lindberg. Suggesting
935 THIS WEEK IN SCIENCE Reviewers Affects Outcome? D. F. Ackerley; K. B. Wray.
943  EorroriaL by Rodolfo Dirzo and Correcting Temperature Data Sets [ R. Christy and
Michel Loreau R. W. Spencer. Response C. A. Mears and F. /. Wentz;
Biodiversity Science Evolves S. C. Sherwood and J. R. Lanzante. Causation, Vioxx, and
945 Epmors” CHOICE Legal Issues M. D. Green. lllusory Statistics R. M. Fwers
948  CONTACT SCIENCE 974  Corrections and Clarifications
949 NETWaTCH
1035 New PropucTs Books FT AL
1036  Sciewce CAREERS 975 PuBLC HEALTH
The Cutter Incident How America’s First Polio Vaccine
NEws oF THE WEEK Led to the Growing Vaccine Crisis
952 PusLic HEALTH P. A. Offit, reviewed by O. Kew
Pandemic or Not, Experts Welcome 976  PHysics
Bush Flu Plan The Physics of Superheroes
953 HURRICANE KKATRINA . Kakalios, reviewed by 5. Kean
Levees Came Up Short,
Researchers Tell Congress PoLicy ForumM
955 ITER 978 SCIENCE AND LAwW
Fusion Leaders Make a WMD Sensors—Search and Seizure
Diplomatic Choice D. Prosnitz
955 SCIENCESCOPE P
956  ASTROPHYSICS ERSPECTIVES
Surprise Neutron Star Suggests 979  EvoLution s
Black Holes Are Hard to Make The Tree-Thinking Challenge
D. A. Baum, S. DeWitt Smith, S. S. S. Donovan
956 NATIONAL SCIENCE FOUNDATION
Board Suggests How to Thrive 980  CHEMISTRY
Under Stress Following the Flow of Energy in Biomolecules
957  U.S. HiGHEr EDUCATION B r!\:e.diar:‘;plon heE
Schools Cheer Rise in e sabie o
Foreign Students 982  BIOCHEMISTRY
958  EMDEMIGLOGY The Photosynthesis "Oxygen Clock” Gets a
Russian Cancer Study Adds to th New Number
| L(ljs_SItan atnc?[ u Dy Rs d? 6 N J. E. Penner-Hahn and C. F. Yocum
ndictment of Low-Dose Radiation related Report page 1019
983 PLANETARY SCIENCE
News Focus What Do We Need to Know to Land on the
960 BIOGEOGRAPHY Moon Again?
Is Everything Everywhere? M. T. Zuber and I. Garrick-Bethell
962 PROFILE: SUSAN GREENFIELD 985 BIOMEDICINE
The Baroness and the Brain Separation of Conjoined Hormones Yields
964  EvOLUTION Appetite _Rivals )
Ancient DNA Yields Clues to the R. Nogueiras and M. Tschop
Puzzle of European Origins related Research Article page 996
related Report page 1016 R
965 DRUG RESEARCH EVIEW
Trying to Catch Troublemakers 987  COMPLEX SYSTEMS
With a Metabaolic Profile 985 & 996 Pattern-Oriented Modeling of Agent-Based
566 P Complex Systems: Lessons from Ecology
TALEONTOLOGY Gets Sensiti V. Grimm, E. Revilla, U. Berger, F. feltsch,
Yrannosaurus rex Lets Sensitive W. M. Moo}, S. . Railsback, H.-H. Thutke,
868  RANDOM SAMPLES S Weiner, T. Wiegand, D. L. DeAngelis
Cantents continued >
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Systems Biology — DNA Amplification

Hit your hot-start PCR target first fime —

the best just got faster!

/«L

New hot-start enzymes for high PCR specificity and sensitivity with minimal optimization!

Specificity, sensitivity, and easy handling, combined with minimal optimization are the
key reasons why rassarchers trust QIAGEN® anzymas. Now, with our 2 new hotstart PCR
enzymes, you get successful results faster and mare conveniently than ever before!

HotStarTag™ Plus DNA Polymerase

B Fast 5-minute enzyme activation time combined with unrivaled performance
B Choice of original or ready-toload PCR buffer for added convenience
HotStar HiFidelity Polymerase Kit

B Increased sensitivity and reliability

B New high-fidelity enzyme with 10-fold higher fidelity than Tag DNA Polymerase

For fast and successful PCR results — visit www.qiagen.com/goto/PCR .

CAGERF, HotStarTac® 1G ASER Graupl. Purchase o= QIAGEN producks “or FCR zonaning Tag LA Pelymerase, datStarTag DA Folymerase. Fo-Starmag Plus G
Pbyrnmicans, on otk  Ficksl by DN Polyrersise i e ompen sl L o limi sl |sanss ko wss Do in e gy coin s ion POR) pre: e fon s bar)
hvelpiment acl v Loz onjun lion s b thermal @ ecler L e e el e ] A by L up: Ton |ien wilen Ly
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and 4,683,195 cwned by F Hobmann-la Rzche Lid.  AppDEST1 ODES1WAN CASE00S © 2005 QLAGEN, all righs reserved.

Gehiracking dyes in HotStarTag Plus
PCR buffer enable immediate gel
loading

M Qo | A R

Higher PCR specificity with QIAGEN
(@, @,) than with enzymes from
Supplier I, A, ar R
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What if moving from one particular

protein to the most relevant journal

and patent literature were as easy
as pushing a button?

Neot only does SciFinder provide access to more proteins and nucleic acids than any
publicly available source, but they're a single click away from their referencing patents
and original research.

Coverage includes everything from the U.5. Nadonal Library of Medicine’s (NLM) MEDLINE® and
much more. Tn fact, SciFinder is the only single source of patents and journals worldwide.

Onee you've found relevant literature, you can use SciFinderk powerful refinement tools to focus on a
specific research arca, for example: biological studies such as target organisms or discases; expression
microarrays; or analytcal studies such as Immuneassays, fluorescence, or PCR analysis. From each reference,
you can link to the electronic full text of the oripinal paper or patent, plus use citadon tools to wack how
the rescarch has evolved and been applied.

Visualization tools help vou understand results at a glance. You can categorize topics and substances,
identify relationships between arcas of study, and sce arcas that haven’t been explored at all.

Cowprehensive, intuitive, seamless—5SciFinder directs you. It’s part of the process. Lo find out more, call
us at 1-800-7353-4227 (North Awerica) or 1-614-447-3700 (worldwide) or visit www.cas.org/SCIFINDLR.

SciFinder

Part of the process®

@ A division of the American Chernical Society. SciFinder is o registered tradernark of the Armerican Chernical
Society. "Part of the process” is a service rnark of the Amencan Chemical Soviety.



CumaTe CHANGE: Recent Ice-Sheet Growth in the Interior of Greenland

O. M. Johannessen, K. Khvorostovsky, M. W. Miles, L. P. Bobylev

Satellite data show that the interior of the Greenland |ce Sheet thickened from
1992 to 2003 because more snow accumulated there.

EvoLution: Ancient DNA from the First European Farmers in 7500-Year-Old

W. Haak, P. Forster, B. Bramanti, S. Matsumura, G. Brandt, M. Tanzer, R. Villems,
C. Renfrew, D. Gronenborn, K. Werner Alt, J. Burger

Modern Europeans are mainly descended from Paleolithic hunter-gatherers rather than
Neolithic farmers, and probably acquired agriculture through cultural transmission.

CREDIT: LANDESAMT FOR ARCHAGLOGIEfGERMANY

BiocHemisTRY: Photosynthetic O, Formation Tracked by Time-Resolved

M. Haumann, P. Liebisch, C. Milller, M. Barra, M. Grabolle, H. Dau

X-ray spectroscopy with a resolution of 10 microseconds reveals an elusive oxygen intermediate in the final
step of photosynthesis. refated Perspective page 982

Mepicine: Small-Molecule Inhibition of TNF-ct

M. M. He, A. Stroustrup Smith, J. D. Oslob, W. M. Flanagan, A. C. Braisted, A. Whitty,

M. T. Cancilla, J. Wang, A. A. Lugovskoy, J. C. Yoburn, A. D. Fung, G. Farrington, J. K. Eldredge,
E. 5. Day, L. A. Cruz, T. G. Cachero, 5. K. Miller, J. E. Friedman, I. C. Choong, B. C. Cunningham

A potentially useful small-molecule inhibitor interferes with the action of a trimeric inflammatory hormone
by displacing a subunit and binding to the resulting dimer.

STRUCTURAL BioLocy: Structure of a V3-Containing HIV-1 gp120 Core
C. Huang, M. Tang, M.-Y. Zhang, 5. Majeed, E. Montabana, R. L. Stanfield, D. 5. Dimitrov, B. Korber,
J. Sodroski, 1. A. Wilson, R. Wyatt, P. D. Kwong

An exposed ~50 A "hook” on HIV-1 helps it bind to host cells and provides a specific target for most natural

EcoLocy: Species Loss and Aboveground Carbon Storage in a Tropical Forest

D. E. Bunker, F. DeClerck, J. C. Bradford, R. K. Colwell, I. Perfecto, O. L. Phillips, M. Sankaran, S. Naeem

A simulation of forest decline shows that carbon sequestration in a tropical forest in Panama varies by up
to a factor of six, depending on which among the 227 tree species are lost.

REPORTS CONTINUED
1013
1016
Neolithic Sites
related News story page 964
1019
X-ray Experiments
1022
1025
antibodies to HIV.
1029
1031

Borany: The Pssudo-Response Regulator Ppd-HT Provides Adaptation to Photoperiod in Barley
A. Turner, {. Beales, 5. Faure, R. P. Dunford, D. A. Laurie

The delayed flowering of spring-sown bardey, which allows larger grain yields, is caused by a gene mutation
that reduces the sensitivity of the flowering pathway to longer days.

SCIENCE {I55M D036-8075) is published sweekly on Friday, ercepl Lhe lasL o in December, by Lh
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Opt for innovation

When Affymetrix needed unparalleled sensitivity and specificity for their next gen-
eration GeneChip® Exon Array, they opted for RiboMinus™ transcriptome enrichment
from Invitrogen.

At Invitrogen, we know that discovery thrives on innovation. That’s why our broad
portfolio of innovative nucleic acid purification products offers the solutions you
need:

« TRIzol™ Reagent—the most popular and effective total RNA purification product
on the market

« ChargeSwitch® technology—high-throughput DNA and RNA purification without a
centrifuge, vacuum, chaotropic salts, or solvents

« PureLink™ nucleic acid purification kits—familiar spin column, 96- and 384-well
plate, and gravity flow column formats from mini- to gigaprep scale

« RiboMinus™ transcriptome enrichment—novel, negative selection system

Affymetrix is thinking differently about nucleic acid purification—isn’t it
time you did too? Opt for innovation. Opt for Invitrogen.

Learn more at www.invitrogen.com/NAPrep.

éinvitrogen-

E2005 Invitrogen Corporation, All rights reserved,
These products may be covered by ore or mose Limited Use Label Licenses (See the Invitrogen catalog or our website, wwwinvitrogen. corm)

Affymetri, the Affymetrixlogo, and GeneChip d trad, ks, of Affy Ine. Products may be covered by one or mose of the following patents and/or sold under license
from Oxford Gene Technology: U.S. Patent Nos. 5,445,934, 5,700,637, 5,744 305; 5945 334; 6,054,270, 6,140,044, 6,261 7766 201 183, 6 346,413, 6,390 365, 6,420,169, 6 551,817, 6,610,482,
6,733,577; and EF 619 327; 373 203 and ather 1,5, or foreign patents. For research use only, Not far use in diagnostic procedures,
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SCIeNCenow www.sciencen ow.org Daily News COVERAGE SClence

Y Did the Chromosome Cross the Road? www.scienceonli ne.org

Wornen find humor more rewarding, neurologically speaking, than men do.

Evolution on Ice
lcebergs may have accelerated changes in penguin DNA.
New Alzheimer’'s Target |dentifiad
Findings may allow for development of safer, more specific therapies for disease.

science’s next wave www.nextwave.org CAREER RESOURCES FOR YOUNG SCIENTISTS
Career DeveLopMeNT CENTER: Lab Dynamics—Doing Everyone Else’s Job C. Cohen and S. Cohen
If you carry the weight of the whole lab on your shoulders, you need to reexamine your management style.
Career DeveLopMeNT CENTER: How to Get a Grant GrantDoctor
The GrantDoctor reviews some of the basic principles of good grantsmanship.
Eurore: The European Young Investigator Awards—Meet the 2005 Laureates E. Pain and A. Forde
Next Wave talks with some of the 2005 winners about their career paths and what made them successful.
GRANTSNET: International Grants and Fellowships Index Next Wave Staff
Get the latest listing of funding opportunities from Europe, Asia, and the Americas.

Doing everyone's work? Wee Loc: European Science Careers News Clips £. Pain and A. Forde
Read about a survey on the handling of postdoctoral fellowships across Europe and more...

Wee Loc: USA Careers in Science Web Log /. Austin
A scientist recently profiled in Next Wave gives credit where credit is due.

science’s sage ke www.sageke.org Science OF AGING KNOWLEDGE ENVIRONMENT

Classic Papers

Review: Mitochondrial Genetics of Aging—Intergenomic Conflict Resolution D. M. Rand
Understanding biochemical and genetic conflicts between mitochondria and nucleus sheds light on aging. $ Q

News Focus: Cancer Connection M. Leslie % -2 ¥ ¥ g
Tumor-fighter throttles life-extending protein SIRT1.

CLassic PAPERs
Download PDFs of pre- 1980 articles on aging.

Brushing up on history.

science’s stke www.stke.org SiIGNAL TRANSDUCTION KNOWLEDGE ENVIRONMENT

Connecrions Map: G Protein Signaling in the Regulation of Rice Seed Germination 5. M. Assmann
G proteins are implicated in the regulation of rice seed germination by the plant hormones gibberellic acid
and abscisic acid.

ConnecTions Mar: G Protein Regulation of Disease Resistance During Infection of Rice with

Rice Blast Fungus S. M. Assmann
Just as in animals, plant responses to pathogenic agents involve G protein signaling.

Signaling in rice.

Separate individual or institutional subscriptions fo these products may be required for full-fext access.

GrantsNet AlDScience Mambers Only! Functional Genomics
www.arantsnet.org v aidscience.com ww. AAASMember.org WWWW.SCIENCegenomics. org
RESEARCH FUMDIMG DHATABASE HIV PrEVENTION & VACCIME RESEARCH ABAS ONUNE COMMUNITY MNEws, RESEARCH, RESCOHURCES
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The Proceedings of the National Academy of Sciences (PNAS) is pleased
to announce that its legacy content dating back to the 1915 inaugural issue
is now digitally archived, searchable, and freely available on

the PNAS web site at WWW.Pphas.org

Proceedings of the National Academy of Sciences of the United States of America
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Oxo Above, Sulfur Below

Sulfur coordination from cysteine to iron
likely affects the selectivity of hydrocar-
bon oxidation by cytochrome P450
enzymes. However, small model com-
pounds that could offer more details on
the reaction mechanism have been hard
to construct, because without the protein
scaffold, sulfur ligands are unstable in an oxi-
dizing environment. Bukowski et af. {p. 1000,
published online 27 October) have prepared an iron complex with
a modified cyclotetradecane ligand, which like heme has four co-
ordinating nitrogen atoms, but also bears a pendant thiclate group
rigidly positioned near the metal. Missbauer
and x-ray absorption spectroscopy confirmed
that this molecule can form an Fe=0 bond at
low temperature, while retaining the coordi-
nated sulfur opposite the oxo group. The sul-
fur-bound iron oxo favored one-electron over
two-electron oxidation chemistry relative to
an analogous compound in which the sulfur
ligand was absent.

Looking Through HOOPs

The molecular trigger for visual response is a
light-induced cis-to-trans isomerization in
the retinal chromophore of rhodopsin that

edited by Stella Hurtley and Phil Szuromi

Climate Change and Ancient Plant Ranges

Using a plant fossil assemblage from Wyoming, Wing et al.
(p. 993; see the cover) show that global warming at the Paleocene-
Eocene boundary (55.8 million years ago) caused rapid change in
the geographic ranges of plant species. These range shifts were
similar in rate and magnitude to climate-induced change in more
recent, postglacial floras. Such short-term ecological change
(10,000 years) has seldom been shown in deep-time records be-
cause it is difficult to resolve transient events. The assemblage
shows “individualistic” response of species to climate change (similar
to conclusions from studies of quaternary pollen records), and that
the “stasis” in species composition seen in deep-time records can
mask dramatic, geologically short-lived events.

"ﬁ

-SES

Piece by Piece

The electrochemically driven
assembly of oligomers
from different thiophene
monomers on an iodine-
covered gold surface has
been visualized by Saka-
guchi et al. (p. 1002) with
the scanning tunneling
microscope (STM). The
polymers are grown on the
surface from the monomers
in solution by applying

occurs in less than 7 picosecond. Kukura et al.
{(p. 10086; see the Perspective by Champion)
have used femtosecond-stimulated Raman
spectroscopy to discern which atoms move
when in this process. Their technique offers
sufficient simultaneous time and frequency
resolution to monitor the coherent spectral
features due to hydrogen cut-of-plane
(HOOP) bending motions around the isomer-
izing alkene group. By modeling the data,
they find evidence for a pathway of rapid
(<200 femtoseconds) electronic relaxation,
followed by twisting of a distorted retinal
backbone to the relaxed trans structure over
the ensuing 800 femtoseconds.

Transitional Forcing

During the mid-Pleistocene, the characteris-
tic length of glacial cycles changed from

Bigger in the Middle

Rapid thinning is now occurring along the perim-
eter of the Greenland lce Sheet, but the response
of the interior has been mare difficult to determine
precisely. Johannessen et al. (p. 1013, published
online 20 October) have compiled a vast set of ice
sheet elevations (45 million points) from satellite
observations from 1992 to 2003. The expansive
interior of the ice sheet is increasing in thickness
by an average of around 5 centimeters per year,
driven mostly by increasing rates of snow accumu-
lation. The authors suggest that this growth is the
result of the North Atlantic Oscillation on winter
precipitation. This effect must be considered care-
fully when predicting ice sheet mass balance
changes, because the behavior of the North
Atlantic Oscillation is also thought to depend cn
global warming.

voltage pulses to the sub-
strate. The homopolymers
formed from 3-octyloxo-
4-methylthiophene have a
lower energy gap and
show broader features in
the STM images than do
those from 3-octyl-4-
methylthiophene. In this
way, the different types
of copolymer strands
formed at the surface can
be distinguished.

Dueling Hunger
Hormones?

GChrelin, a circulating pep-
tide hormone produced in
the stomach, has attracted

41,000 to 100,000 years. There has been much speculation about
what might have caused that transition, and about the respective
rocles of high-latitude and low-latitude processes. Medina-
Elizalde and Lea (p. 1009, published online 13 October) recon-
structed a history of sea surface temperature {SST) in the west-
ern equatorial Pacific warm pool for the time interval between
1.3 millien and 450,000 years before the present. The cyclicity of
SST variability shifted from 41,000 to 100,000 years at the mid-
Pleistocene transition, and throughout this transition, changes in
tropical 55Ts preceded changes in ice volume. The authors con-
clude that atmospheric greenhouse forcing was the cause of the
switch in climate periodicities at this time.

www.sciencernag.org  SCIENCE

much attention because of its stimulatory effect on food in-
take, but the effect of ghrelin may represent only half of the
story. Using a bicinformatics approach, Zhang et al. (p. 396; see
the Perspective by Nogueiras and Tschép) show that ghrelin en-
codes a second peptide hormone that is processed from the
same protein precursor as ghrelin. In rodents, a synthetic ver-
sion of this hormone, obestatin, has the opposite physiological
effect as ghrelin—it suppresses food intake. Obestatin medi-
ates its actions through an orphan G protein-coupled receptor,
GPR39, which shares sequences with, but is distinct from, the
receptor targeted by ghrelin.

CONTINUED ON FACGE 941
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Modeling Complexity

Simple models are often insufficient for predicting or explaining complex systems
such as ecosystems or financial markets, but complex, mechanistic models can be
difficult to test and cannot be fully analyzed mathematically. Grimm et al. (p. 987)
review several recent advances in simulation moedeling in an approach they call
pattern-criented modeling, a general strategy for designing and developing explana-
tory models of complex systems. Pattern-oriented modeling can predict multiple
observed ecological patterns at different levels of organization. This approach can be
used to distinguish among alternative model structures, to focus on the most impor-
tant parameters, and to simplify models when possible.

Mainly a Cultural Legacy

Neither archaeological nor modern DNA sequence data have resolved whether modern
Europeans are descended from paleolithic communities inhabiting the continent for
40,000 years, or from Neolithic farmers who arrived in Europe after the end of the
most recent glaciation 10,000 years ago. Haak et al. (p. 1016; see the news story by
Balter) present mitochondrial DNA sequence data derived from 7500-year-old
Neolithic human remains excavated from sites in Central Europe to explore the extent
to which early farmers generated the present-day genetic profile of Europe. The pres-
ence of sequences now rare in modern Europeans suggests that early Neolithic farmers
have left little genetic legacy, and that their impact was largely cultural.

Targeting TNF-c Interactions

The proinflammatory cytokine, tumor necrosis factor—-a (TNF-at), plays a role in
diseases such as rheumatoid arthritis, Crohn’s disease, and psoriasis. TNF-a forms a
homotrimer that binds to the TNF receptor to activate inflammatory responses.
Although antibodies against TNF-c or soluble versions of the receptor are therapeuti-
cally effective, ratiocnally designed small-molecule drugs that target protein-protein
interactions would be useful. He etal. (p. 1022) report on a small-molecule inhibitor
that functions by dissociating the TNF-c: trimer. The inhibitor binds to the intact bio-
logically active trimer, accelerates subunit dissociation, and forms a complex with a
dimer of TNF- subunits.

Detailed View of the HIV Spike ;‘

The human immunodeficiency virus (HIV) envelope ;

spike contains three gp120 glycoproteins that J}ft * i}l
promote viral entry into cells. Structures of gp120 ¢ f" \,_ 4
unliganded and bound to CD4 receptor have pro- s
vided important insights but have lacked the X5 Va L,“\; 58.2
immunodominant third variable region (V3) critical WY

for coreceptor binding. Huang et al. (p. 1025) de-

termined the structure of V3 in the context of an 83.1
HIV-1 gp120 core complexed to the CD4 receptor 17b

and to the X5 antibody at 3.5 angstrom resolution. 447-52D
The structure provides a rationale for how V3 can

serve its dual roles in neutralization and HIV entry.

50.1

A Time to Grow, A Time to Crop

Barley is a very adaptable grain crop that can be grown from the Arctic Circle to sub-
equatorial near desert regions. Part of barley's success derives from its diverse strains
that have various responses to changes in photoperiod. Turner et al. (p. 1031) have
now identified the Ppd-HT gene of barley and find that it participates in the coordi-
nate regulation of flowering by circadian clocks and seasonal photoperiod. A spring
variety of barley shows reduced photoperiod response caused by a mutation in this
gene that delays its flowering. Instead, the plant accumulates the vegetative mass
required to produce more grain.
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Biodiversity Science Evolves

he planet’s biodiversity is mereasingly threatened by human activities. We have heard this before, and
the global mantra to stop the damage has forged numerous international pancls and agreements over the
past 15 years. Yet despite these efforts to ensure biodiversity conservation, we have witnessed extensive
population extinctions and massive deforestation and fragmentation of natural habitats, and we may even
see the geographic contraction of major ecosystems, such as the tropical rainforest in its northernmost

distribution in the Americas. Our quantification of species extinction is poor, yet we do
know that the number of threatened species, including the most charismatic animals, is considerable.
For example, 25% of all the mammals on the planet are endangered. Obviously, there continue to be
problems with enforcing conservation in the face of social and economic growth in industrialized
and developing countries.

This week, DIVERSITAS, the international program on biodiversity science, is holding its first open
science conference in Oaxaca, Mexico, to discuss why the challenge of biodiversity conservation—
arguably one of the biggest challenges facing modern society—remains so formidable, and how the
international scientific community can be moved into action to address this problem. The timing of this
conference is appropriate: It follows the Millennium Ecosystem Assessment, released in May 20085,
which provides a comprehensive analysis of past and future trends in the state of ecosystems and
discusses what information is necessary to inform policy decisions on conservation.

Increasingly robust databases on species distribution and analytical tools such as remote-sensing
and climate change models have allowed us to make substantial progress toward understanding
biodiversity distribution and rates of change. Likewise, we have begun to explore synergies between
the drivers of biodiversity change, and there is a greater understanding of the relationships between
biodiversity and ecosystem functioning. However, although compelling, these findings and knowledge
are still being interpreted in isolation from one another, and this has perhaps been one of the major
problems in achieving the goals of protecting biodiversity. The biodiversity scientific community is
fragmented among types of ecosystems (terrestrial, freshwater, and marine); types of organisms (such
as vertebrates, invertebrates, plants, and microbes); and, perhaps most critically, among disciplines
(taxonomy, molecular biology, ecology, and socioeconomic sciences). Consequently, biodiversity
science has been undervalued by the policy sectors.

As an important move toward integration, the DIVERSITAS conference, “Integrating Biodiversity
Science for Human Well-Being.” is providing a venue for researchers and students from different
disciplines, as well as policy-makers, to assess the current strengths and weaknesses of biodiversity
science and its main future challenges. The scientific challenges are enormous. We need many new
technologies: molecular and bioinformatic tools to examine Earth’s biodiversity; a coordinated
observation system and standardized methods to monitor biodiversity; integrated analyses and models
of social, ecological, and evolutionary processes to predict future biodiversity changes; and large-scale
experimental facilities and new models to understand and predict the multiple effects of biodiversity
changes on ecosystem services and human societies. At the same time, new approaches are needed to
optimize the multiple uses of biodiversity in ways that consider tradeoffs and conflicts between
conservation and development options and that incorporate the ethical dimensions of biodiversity
conservation. Conservation in human-dominated landscapes as well as protected areas (only 10to 11%
of the land surface) will require that it become a socially and economically attractive activity that takes
into consideration local inhabitants and landowners. This will require new economic approaches to
ensure that rural inhabitants are compensated when they opt to conserve their land. The Costa Rican

cxpenience of sustained programy of pavment to farmers as compensation for setting aside forest Tor biodiversity

conservation and ecosystem services is a promising example.

For biodiversity science to progress so that it produces socially relevant knowledge—in the sense that it can help
society to betrer understand and capitalize on the value of biodiversity—it must evolve. There is an urgent need to
integrate hiological and social disciplines in order to generate reliable recommendations for society and to incorporate

hiodiversity conservation and use into mainstream policy worldwide. We need unity in diversity,

Rodolfo Dirze and Michel Loreau
Rodolfo Dirzo is in the Department of Biological Sciences, Stanford University, Stanford, California, and is vice-chair of DIVERSITAS.

Michel Loreau is in the Department of Biology, McGill University, Canada, and is chair of DIVERSITAS.
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HICHLIGHTS OF THE RECENT LITERATURE

An Inflammatory Lineage

Helper CD4* T (T,) cells are traditionally
divided into two principal lineages: interleukin-4
(IL-4)/IL-5-producing T,,2 cells, which are associ-
ated with allergic and antiparasitic responses, and T, 1
cells that produce inflammatory cytokines, principally
interferon-y (INF-y). However, the expression of the
cytokine IL-17 by a relatively small subset of CD4* T cells |
and its association with inflammation has suggested that
this may define a T,;1 sublineage.
Now, Harrington et al. and Park et al. provide evidence that IL-
17—producing CD4* T cells may represent a distinct T-helper
population altogether, the development of which is coordi-
nately regulated with those of T and T,;2 cells. Both studies
confirmed the dependence of IL-17 expressicn on signaling
through the receptor for the cytokine IL-23 and demonstrated
that this was independent of the signals and transcriptional
pathways responsible for IFN-y and IL-4 production.

EDITORS' CHOICE

Lung inflammation induced by
overexpression of IL-17 (lower
row}, with increases in mucus
production {arrows, Left} and
collagen deposition {(arrow, right}
in bronchioles.

Furthermaore, both of these T-helper cytckines were found to inhibit IL-17 expression in naive T
cells—as opposed to differentiated IL-17* T cells—suggesting a dominant role in cross-regulation
during early T cell priming. Given the clear association of IL-17 with tissue inflammatory responses,
the strict management of T, 17 cell differentiation may represent a central checkpoint in prevent-
ing immune pathologies such as those seen in autoimmune diseases.— S|S

CLIMATE SCIENCE
Warmer and Drier

One effect that Is expected to
accompany global warming is
the occurrence of more
intense and more frequent
droughts. Although it is known
that protracted drought
increases tree mortality, the
response of forests on regional
or continental scales to the
kind of warmer drought that
may occur in the future is
poorly understood.
Breshears et al.examined
the impact of recent drought
on pifion pine trees in western
North America, focusing on
the relationships between tree
die-off, temperature, and
rainfall. They found that the
2000-2003 drought was
not as dry as the previous
one of 1953-1956, but
that it occurred during a
warmer period and hence
might illustrate drought
effects in the future. Their
analysis shows that the recent
drought caused a rapid

regional-scale loss of over-
story trees mainly due to
infestation by bark beetles,
outbreaks of which are com-
monly caused by water stress;
whereas the 1950s drought
affected mainly older trees,
the 2000s drought killed trees
of all ages. Similar widespread
drought in this century could
cause large changes in carbon
storage and dynamics, in
fluxes of near-ground solar
radiation, and in pat-
terns of runoff and

Changes in the normalized dif-
ference vegetation index (green,
no change; red, largest decrease}
in the southwestern US.
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Mat. immunot, 8, 1123; 1133 (2005).

erosion, as well as alter micro-
climate feedbacks between
the land and atmosphere and
reduce the production of
pifion nuts, an important food
source for a number of species
of birds, small mammals, and
local people. — HJS

Proc, Matl, Acad, 5¢i. U.5.A. 102, 15144
{2005).

BIOCHEMISTRY

New Activity, Old
Enzyme

Ever since we realized that
chemicals introduced into the
environment for the control of
agricultural pests can persist
for uncomfortably long peri-
ods, there has been an interest
in microbes that are able to
adapt to living off of (metabo-
lizing) these synthetic carbon
sources. In the case of the
nematocide 1,3-dichloro-
propene, its degradation prod-
uct, trans-3-chloroacrylic acid,
undergoes hydrolytic decom-
position with a half-life of
24,000 years at 19°C, roughly
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edited by Gilbert Chin

equal to the half-life for #*°Pu
decay. Fortunately, the soil
bacterium Pseudomonas
pavonaceae expresses the
enzyme CaaD, which Horvat
and Wolfenden show accel-
erates hydrolysis, yielding
malonate semialdehyde
through addition of
water and loss of HCl,
by a factor of 1072,
W They argue that this
impressive rate
enhancement is due
largely to chemical transfor-
mations taking place in the
active site (as opposed to sub-
strate binding or product
release) and that CaaD
appears to be a considerably
more proficient enzyme than
its structural cousin 4-
oxalocrotonate tautomerase,
all of which provides support
for the proposal that the
degradation of 3-chloro-acry-
late may be a recently
acquired activity of a rela-
tively ancient and catalytically
sophisticated enzyme. — GJC
Proc. Matl, Arad. Sci. U.5.A, 102, 16155
{2005).

GEOCHEMISTRY

Reversing Crystal
Growth

Much of the chemistry and
dynamics of Earth's surface
depends on the dissolution of
minerals: It determines the
composition of soils, rivers,
and oceans and affects the
amounts of major gases, such
as CO,, in the atmosphere.
Rapid dissolution weakens
rocks, facilitating erosion, and
dissolution and corrosion are
critical in evaluating the per-
formance of engineered struc-
tures. Various data have
implied that the dissolution
rates of many minerals are
complex functions, depending
subtly on interacting waters,
for example.

Dove et al. show, both theo-
retically and through experi-

CONTINUED ON PAGE 947
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CREDITS: TRAVASSO ETAL, LANGMUIR 10.1021/LAD5Z5 114 [2005)

conmueomomsss EDITORS’ CHOICE—

ments, that for quartz, and likely for other  create large areas that are defect-free yet
silicate minerals, well-developed theories  retain precise patterning on a much

of crystal nucleation and growth can be smaller scale. Block copolymers are better
used to understand dissolution. for achieving this, but changes in the pat-
Nucleation theory involves four parame- tern can require the synthesis of a new
ters: temperature, oversaturation, and copolymer.

two parameters that describe the energy Travasso et al.describe an alternative
and kinetics associated with a step on a method for creating materials that are
growing crystal. The authors derive the spatially patterned on the submicrometer
analogous equations for dissolution at scale and are defect-free on the millime-
dislocations and vacancies, and show that  ter to centimeter scale. They consider a
the theory fits well with experimental ternary A/B/C blend of immiscible poly-
data for quartz, feldspar, and a common mers. Polymers A and B are chosen so

clay mineral, dissolving in
waters under a range of pH and
salt conditions. If the result
holds across a full range of min-
erals, it would allow the predic-
tion of dissolution and corrosion
under a variety of conditions and : = o
temperatures.— BH Ternary A/B/C blends (blue/red/green)
Proc. Natl. Acad. Sei. U.5.A. 102, 15357 (2005).

that the extent to which they interact or

APPLIED PHYSICS separate can be tuned by exposure to
Patterns of Light light. Initially, a uniform light source is
used to create a homogenous mixture of
Polymers have found use in the fabrica- A and B. By rastering over the sample
tion of optoelectronic and magnetic with a higher-intensity secondary beam,
devices and as inexpensive, flexible, and defects in the local pattern can be
lightweight templating materials. annealed out. Polymer C is chosen to
Patterns are created through the solvent migrate to areas illuminated by the
or by thermally driven phase separation higher-intensity light. Thus, it is possible
of a blend of homopolymers or block to write regions of polymer C onto a spa-
copolymers. One problem with using tially patterned AB film. — MSL
homopolymers is that it is difficult to Langmuir 10.1021/1a052511a (2005).
e Bacterial Pheromone for Sex and Abstinence

Bacteria can transfer DNA through conjugation, and the
www.stke.org  transfer of these extrachromosomal elements contributes to
virulence and antibiotic resistance. Chandler et al. report
that in Enterococcus faecalis, a mammalian pathogen, the same pheromone that
stimulates a donor bacterium to initiate conjugation with a plasmid-free recipi-
ent is also produced by the donor itself and regulates its sensitivity to the recipi-
ent-produced pheromone. The bacterial chromosome encodes the pheromone
(cCF10), so both donor and recipient can produce this molecule; to prevent con-
jugation with other donors, donor cells have two mechanisms for suppressing the
response to the endogenously produced pheromone. One of the conjugation
inhibitors is a secreted inhibitor protein, iCF10, which binds and sequesters
secreted cCF10, and another is the membrane protein PrgY, which degrades or
binds cCF10 as it is released. Using mutant bacterial strains that lacked functional
cCF10, Chandler et al. show that cCF10 produced by the donor cells stimulates
the production of iCF10. Donor cells grown in human plasma or in vivo also pro-
duce the plasmid-encoded aggregation factor Asc10, which contributes to cellu-
lar invasion and virulence of the bacteria. Albumin was identified as the plasma
protein that bound iCF10, thereby shifting the balance between iCF10 and cCF 10,
allowing self-induction of the conjugation genes, including the one encoding
Asc10. — NRG
Proc. Natl. Acad. Sci. U.5.A. 102, 15617 (2005).
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EDUCATION

Brush Up Your Einstein

The 100th anniversary celebrations for Einstein’s special theory
of relativity are winding down, but you can still bone up on his
ideas at the tutorial Einstein Online from the Max Planck
Institute for Gravitational Physics in Potsdam, Cermany. The
Elementary Einstein section gives beginners a quick tour of
special relativity—which posited that time and length vary with
spead—and general relativity, which added gravity to the pic-
ture. The section also probes some of relativity's consequences
and predictions, including gravitational waves, undulating
spacetime distortions that researchers haven't yet measured
directly. {Above, a simulation shows gravitational waves from
two merging black holes.) Spotlights on Relativity tackles ques-
tions such as whether the universe contains more than three
dimensions, a prediction of string theory. The site’s glossary
defines more than 250 relativistic terms.
www.einstein-online.infofen

RESOURCES

Keeping Tabs on Rare Diseases

Daoctors have recorded only about 100 cases of Kabuki syn-
drome, a congenital form of mental retardation. The condi-
tion got its name because patients’ facial features—
including arched eyebrows and elongated eye openings—
resemble the makeup style in Japanese Kabuki theater.
At Orpha.Net, you can find out more about Kabuki
syndrome and hundreds of other disorders affecting no
more than one person out of 2000. Researchers can
search for information on a particular disease and pull
up a description of the symptoms and underlying cause.
The entries also record orphan drugs, treatments for rare
diseases that are unprofitable to manufacture, and link to
research projects and clinical trials around the world. The
site, which has information in six languages, is spensored
by the European Commission, the French government,
and other organizations.

wwiw.orpha.net

edited by Mitch Leslie

IMAGES

Out of the Kiln

Ceramics may bring to mind those lopsided pots and lumpy plates
children make in grade school. But so-called advanced ceramics
show up in everything from armor for military vehicles to bone
implants.This site” from the University of Dayton in Ohio can help
students and researchers under-
stand how the fine structure of
these newfangled ceramics deter-
mines their properties. The Digital
Library of Ceramic Microstruc-
tures houses more than 900
close-ups of materials such as this
wadeite crystal from a flat-panel
display (right). The collection also
includes examples marred by cor-
rosion, oxidation, or other damag-
ing processes, helping users grasp
how the materials wear. A similar
library? from the University of Cambridge in the UK. stashes
nearly 800 images of ceramics, metals, foams, and other stuff. For
materials science teachers, the site also offers a host of lessons
and lab exercises.
" wwwudriudayton.edu/dicm/Home.asp
T www.msm.cam.ac.uk/doitpams

FUN

From Earth to the Moon

The NASA software World Wind can whisk you on a virtual trip to
anywhere on Earth (NetWatch, 13 May, p. 933). Now, you can tour
the moon with a new version of the program that uses data from the
Clementine spacecraft, which mapped the lunar surface in 1994,
worldwind.arc.nasa.govfmaoon. html

EDUCATION

Sick at Heart

Locking for a tutorial on the role of fat-ferrying molecules such as high-density
lipoprotein {below) in inflammation? Curious about how hypertension fosters

kidney disease? These sites from the Baylor College of Medicine
in Houston, Texas, offer a wealth of information about high
blood pressure and atherosclerosis. Although aimed at
doctors, both can help researchers and students bolster
their knowledge of these heartbreakers. For example,
Lipids Online" features more than 30 slide shows on
topics such as metabolic syndrome, a collection of
symptoms including out-of-whack lipid levels and excess
abdominal fat that promotes heart attacks and strokes.
Visitors can also watch videos of lectures by experts in the
field or read commentaries on new findings. At Hypertension

Online,” you can peruse updates on the latest drug trials and screen an
animation that illustrates how high blood pressure injures the heart.

" wwwawlipidsonline.org
“ www.hypertensiononline.org

Send site suggestions to netwatch®aaas.org, Archive: www.sciencemag.org/netwatch
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PUBLIC HEALTH

Pandemic or Not, Experts
Welcome Bush Flu Plan

The Bush Administration’s proposcd tlu
plan, calling for $7.1 billion to help prepare
the: nation for a deadly influenza pandemic,
is generally winning plaudits from public
health experts—but not nec-
essarily hecanse they think a
pandemic is immminent. Even
if no such disaster material-
izes, they say, the plan will
finance a much-nceded over-
haul of the nation’s regular tlu

have to he ordered in advance, and the entire
process talkes 9 months. The Administration’s
plan aims to accelerate the production of flu
vaccines by growing seed virnses in cell cul-

Bush's Pandemic Flu Proposal

Cell-culture vaccine manufacturing
Purchasing influenza vaccines
Stockpiling antivirals

$2800 million
41519 million
51029 million

e Resaarch on new antivirals and vaccines $800 million
\«a(:{:\lglje 1[11hﬁa5tructure£.1th . Pandemic preparadness (excluding states) $544 million

“hen he announced the ini- ) ]
tiative last weel, President HEIpmg,munmeS detect and .
Gieorgze W, Bush noted growing contain outbreaks 5251 million
concerns that the HSN1 avian State pandemic plans $100 million
influenza now spreading west Other $9.4 million
from Arsia C-()ll]d vauiTC th‘- TOTAL 57_137 billion

ability to be wansmitted from
human to human. In caveats
sometimes lost in general press
accounts, Bush and other offi-
cials emphasized that HSN1
might not morph into a pan-
demic strain, A plan is needed,
they say, to combat the emer-
gence of any superstrain of
human influenza, an event that
has happened three times since
1900 and that many think is
inevitable in the next few years.

The biggest chunk of the
money, $2.8 billion, would be
spent on what Bush called a
“crash program™ to speed cell-
based vaccine technology. The
goal is to be able by 2010 to
manufacture a new vaccine for
all Americans within 6 months
should a pandemic strike.
Another $2.5 hillion would be
used to stockpile existing vac-
cines and antiflu drugs. The
two other components of the strategy are
global surveillance and helping federal and
state agencies prepare (see table}. The funds
would he appropriated all at once but spent
over several years.

The existing method for manufacturing
tlu vaceines is outmodied and slow. Virus used
to male flu vaccine is grown in eggs, which

Precautionary principle. President Bush is calling for $7.1 billion
ta prepare the nation to deal with a possible influenza pandemic,
which some experts think is inevitable.

rure mstead of eggs. A half-dozen companies
gre working on cell-based flu vaceines, and
one, Sanofi Pasteur, has already received
$497 million from the Department of ealth
and Human Services (HHS). Bringing them
to market and building capacity to make pan-
demic vaceine Tor all Americans will take

5 years, the Bush plan says. The challenges

involve finding a cell line in which the virus
arows well and optinizing it for growing high
viclds in 100 000-1iter fermenters. “A Tot of it
isempitical,” says Gary Nabel of the National
Institute of Allerey and Infectious Diseases in
Bethesda, Maryland. Any vaccine would also
have 1o go through clinical trials for safety
and efticacy, and the production process must
meet regulatory standavds.

Although “it’s arguable” whether cell-
hased technology will shave much off the
production time, it will allow “surge capac-
ity™ to make larger quantitics, says Bruce
Gellin, director of the National Vaccine Pro-
gram Office at 1S, becawse companics
won’t be limited by the available supply of
eggs. The target 1s 600 million vaccine
doses, two per person.

The plan also calls for stockpiling available
vaceines and drugs, The government has
already funded two companies to manufacture
an experimental human H3N1 vaceine.
Depending on how much the virus changes,
this vaccine might offer some protection
should 113N 1 acquire the ability to infect peo-
ple easily. Abour $1.5 billion is slated for HHS
to buy 40 million doses (enough for 20 million
people) by 2009 and for the Defense Depart-
ment to buy vaccine as well. Bush also wants
Congress to pass legislation to shield vaccine
companies from lawsuits. Some Democrats
oppose that step, but “you will never get com-
panies to make hundreds of millions of doses™
of vaccine without it, says immunologist Paul
Offit of the University of Pennsylvania.

Another $1 billion would buy enough of
the antiviral drugs Tamiflu (oseltamivir) and
Relenza (zanamivir) for 25% of the popula-
tion. It is unclear how well Tamiflu would
work against HSN1, HHS Secretary Michael
Leavitt notes, but it is the only stopgap meas-
ure until a vaccine is ready. Similarly, the
25% figure is arbitrary—"pulled out of a hat.”
says modeler Ira Longini of Emory University
in Atlanta, Georgia. However, he says, because
only one-third of the population would proba-
bly get sick overall, “for purely therapeutic
use, 25% would probably be enough.” The
Infectious Disease Soclety of America in
Alexandriy, Virginia, has recommended
stoclepile covering 0% of the population.

Many other countricy plan to stockpile
Tamiflu as well, and it’s unclear whether
Roche, the only manufacturer, can meet
demand, Some lawmakers arc calling for
Roche to allow other companies to license its
Tamiflu technology. Roche said Tast month it
will worlc with other companies to meet the »
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Cutmoded. Existing methods to make flu vaccine,
which involve prowing the virus in eggs. are too slow;
the plan would support a cell-based alternative.

orders. It says it can fill the ULS. order by sum-
mer 2007 and plans to build its first ULS. plant.
Another $251 million will be spent on help-
ing other countries build their capacity to detect
and respond to outbreaks, And $644 million
will help federal agencies and states prepare.

HURRICANE KATRINA
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A separate, 396-page HHS plan, released
on 2 November, describes the country’s broad
public health strategy and spells out who
would receive scarce supplies of vaccines and
antivirals. Health care workers, the elderly,
others at high risk for influenza, and pregnant
women would be among the first in line. If
certain groups, such as young adults, prove to
be more vulnerable to a pandemic strain, the
list would be revised, says epidemiologist
Arnold Monto of the University of Michigan,
Ann Arbor, who advised HHS in developing
the plan, The plan also updites draft scenarios,
released m August 2004, that predict health
care costs alone to the Unired States of
$181 billion for a moderate pandemic. In a
severe pandemic, 10 million Americans could
be hospitalized, and 1.9 million could dic.

The Admimistration’s plan quickly drew
congressional fire. In seyveral hearings, law-
makers complained that it would provide
insufficient money to states, which are

964

Europeans’
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expected to help pay for the antiviral drugs.
Others have expressed concerned that the
Department of Homeland Security will lead
the response, rather than HHS, which has the
appropriate public health expertise.

The plan arrives as some experts are
questioning whether the likelihood of a dev-
astating pandemic is being exaggerated.
Offit, for example, suggests that HSN1,
which has sickened 120 people over the past
8 years and killed about half, would have
spread from human to human by now if it
was going to happen, But he and others are
praising the Bush plan anyway because it
will help reduce the toll from seasonal
influenza. “We're seduced into this tsunam
mentality,” Offir says. But if you add up
annual deaths from influenza, he says the
numbers quickly approach pandemic esti-
mates. Longini agrees: “I'm glad all this is
happening, but not hecause of pandermic flu,”

=JOCELYN KAISER

Levees Came Up Short, Researchers Tell Congress

When the levees protecting New Orleans
cave way under the onslanght of Hurricane
Katrina, the most common explanation at
the time was that they simply weren't built to
withstand a storm ot such ferocity. But sev-
cral teams of engincers told a Senate pancl
last week that poor design or construction
bears much of the blame,

The preliminary reports, from research
teams supported by the National Science
Foundation (NSF), the American
Society of Civil Engineers, and the
state of Louisiana, paint a clear pic-
ture of how the city’s vital flood-
protection system failed miserably.
“If the levees had done what they
were designed to do, a lot of the
flooding would not have hap-
pened” said civil engineer Raymond
Seed of the University of Cali-
fornia, Berkeley.

The U.S. Army Corps of Engi-
neers built most of the New Orleans
flood-control system in the 1960s,
including levees to withstand a Cat-
egory 3 storm. Katrina blew in as a
Category 4, packing winds up to
217 kilometers per hour. But
although the storm surge on the
city’s cast side, closer to the hurt-

www.sciencermnag.org  SCIENCE vVOL 310

canes ove, sent water over the tops of the Tev-
ees, downtown areas to the west faced winds
and surges consistent with a Category 1 hurri-
cane, with a recorded peak of 139 km‘h. Two
teans of independent civil engineers presented
tield evidince that the westomn levees gave way
before water reached their tops, supporting
carly speculation along those lings. “This was 4
preventable disaster,” said Ivor van Heerden, a
hurricane expert at Louisiana State University

—_— == .

Through the breach. Engineers say the 142-meter gap in the 17th Street
levee was caused by a damaged foundation. It took 5 days to close.
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{LSUYin Baton Rouge who is investigating the
disaster for the state.

The engincers told legislators that they
couldn’t determine whether the failures
oceurred because of poor design or bad con-
struction. But their data are sure to play a role
in any political recriminations and the
expected surge of civil suits, “Many of the
widespread failures throughout the levee sys-
tem were not solely the result of Mother
Nature,” said Senator Susan
Collins (R-ME), chair ofthe Sen-
ate committee on Homeland
Security and Governmental
Affairs, which conducted the
2 November hearing. “Rather,
they were the result, it appears, of
human error in the form of design
and construction flaws.” The
corps says that it’s too early to
draw any conclusions.

LSU scientists issued forecasts
on the night before the hurricane
struck that New Orleans would
flood (Seience, 9 September,
p. 1656). But they assumed that the
levees would not fail and predicted
water only in the eastern areas.
Van Heerden, using computer
models, and the engincers, »
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citing observations, concluded that water
reached only 3.7 mup thed,.3-m Jevee walls Tin-
ing the 17th Street and London Avenue canals.
Independent modelers, led by civil engineer
Joannes Westerink of the University of Notre
Dame in Indiana, give similar initial results.
“The water should be able to be filled chock-a-
block to the top of the wall,” said coastal engi-
neer and team member Tony Dalrymple. “[The
levees] didn’t fill, [but] they failed anyway.”

The 17th Street Canal burst through its
banks at about 10:30 Monday morning, possi-
bly after water penetrated, eroded, or lubri-
catod the soil below the walls, “IPskind ot Tike
a layer cake, and the whole thing slid” savs
civll engimeer Thomas Zimmmie of Rensselaer
Polytechnic Institute in Troy, New York, a
member of the NSF effort. The levee became
a hulldozer as the ermbankment shid 14 meters
laterally, lifting and shoving trees, a shed, and
a fence as water rushed in all around.

Evidence found at the London Avenug
Canal, which breached at about 930 a.m.,
suggested that sand deep helow the conerete
levee wall had become saturated and unsta-
ble, causing the levee to tip. Soil movement,
the corps acknowledged in a prepared state-
ment, “could have been a factor™ in the
breaches. Those failures led to flooding in
areas including Lakeview, Gentilly, and
downtown, Other breaches, cansed by over-
topping, led to more inundation.

A fundamental factor in the strength of a
levec—especially in swampy soil—is the
depth of metal sheet piling driven deep
below the levee as an anchor, Documents
suggested that the shect piling at the London
Avenue Canal went about 5 meters down
half the depth found in other areas. But engi-
neers said they lacked definitive data.

Those testifying proposed several low-cost
improvements including filling gaps between

ITER
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Washout. An investigative team with the state
of Louisiana has proposed three ways in which
the 17th Street levea in New Orleans was under-
mined and breached during Hurricane Katrina.

levee sections, more consistent construction
standards, and a national board to inspect lev-
ces, Van Teerden also called for strengthening
the levees to withstand a Category 5 storm, a
more expensive fix. A joint report on the levee
system by the corps and other federal agencies
is due out in July 2006. —Eu KinmiscH

Fusion Leaders Make a Diplomatic Choice

CaMBrIDGE, U.K.—A Japanese diplomat has
been chosen to head the International Ther-
monuclear Experimental Reactor (ITER}
project, the worlds most expensive scien-
tific collaboration. Meeting in Vienna this
weelc, representatives of the six mternational
partners in the project—i(Thing, the Euro-
pean Union (E.U.), Japan, Korea, Russia,
and the United States—tapped Kaname
Tkeda to lead the $12 billion fusion project,
which aims to build a reactor to recreate the
SUN S POWCT SOUTCES,

Ikeda, currently Japan's ambassador to
Croatia, has a degree m nuclear engincering
and has held numerous positions in the
Atomic Energy Burcau of Japan’s Science
and Technology Agency, the Ministry of
International Trade and Industry, and the
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National Space Development Agency. “He
has wide experience and seems to be an
excellent choice,” says Chris Llewellyn
Smith, head of UK, fusion rescarch.

Since choosing a site earlier this year
(Science, 1 July, p. 28}, ITER negotiators
have been drawing up an intermational agree-
ment. Although this delicate process may con-
tinue well into next year, an B UL source says
that construction could begin ar Cadarache in
France as soon as a few weeks from now,

However, delegates in Vienna tailed to
agree on the mclusion of India as a partmer in
the project. India had asked to join in July, but
sources say that some [TER partners do not
want India to have o prominent role hecause
of its failure to sign the Nuclear Non-
Proliferation Treaty. —DanieL CLERY
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Hot on the Toxin Trail

David Schwartz, director of the National
Institute of Environmental Health Sciences,
has previewed a proposed $4 million
program that will spur the development
of new technologies to detect, measure,
and track toxins both in people and in the
environment, If all goes as planned, the
Exposure Biology Initiative will develop
sensor badges or bracelets to give
researchers mere precise data linking
toxins to health. The plan also calls for
techniques that will monitor protein-
toxin interactions that may serve as sarly
markers of problems, he reported at last
week's Environmental Epigencmics
Conference in Durham, Nerth Carolina.
Schwartz is setting up a meeting this
winter to home in on speacific goals, and
he hopes to get the initiative up and
running in 2006. —ELizABETH PENNISI

The Endless Battle Over
Stem Cells

Advocates for human embryenic stem
(hES) call reszarch are applauding a veto
last week by Wisconsin Governor Jim
Daoyle of a bill that would have banned all
forms of human nuclear transfer research.
But it's no time to relax, says Sean Tipton
of the Cealition for the Advancement of
Meadical Rasearch, an hES cell research
lebby group: The issue is heating up in at
least three more states.

In Florida, groups are collacting signa-
tures for competing amendments to the
state constitution. One would make avail-
able $200 million in
state grants for
research on hES
cells; the other
would ban state
funding for work
that "involves the
destruction of a
living human
embryo.” Both ini-
tiatives must collect 600,000 sighatures
and be approved by the stats Suprems
Court to make it onto the November 2006
ballot. In Missouri, where several legislative
attempts to limit hES cell research have
been defeated, former LS. Senator John
Danforth [R-MO) is heading a committee
to collect 150,000 signatures to put a con-
stitutional amendmenit on next fall’s ballot
that would specifically allow hES cell and
nuclear transfer research. In Chio, which in
2003 bacame cne of the first states te fund
hES cell work with state money, several
bills are pending that would limit or even
ban such research. “l imagine it willbe a
busy winter,” Tipton says. —GRETCHEN VOGEL
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Surprise Neutron Star Suggests Black Holes Are Hard to Make

Black holes may be harder to create than pre-
viously believed, according to an unexpected
discovery made with NASA’s Chandra X-ray
Observatory. Researchers have long thought
that any star more than 25 times the mass of
our sun will end its life as a black hole. But
Chandra’s finding suggests that even a star of
40 solar masses may fail to create one.
Because such massive stars are extremely
rare, that raises the question of how stellar
black holes form at all. “It’s a surprising find,”
says Gertjan Savonije of the University of
Amsterdam, the Netherlands.

When a massive star exhausts its nuclear
fuel and goes supernova, it blasts its outer
mantle into space. The remaining core col-
lapses into a small, dense neutron star or a
black hole: a region of space where gravity
is 50 strong that not even light can escape it.
Astrophysicists used theories of stellar evo-
Tution to peg 25 solar masses as the thresh-
0ld above which anything will end up as a
black hole. “There’s a lot of guesswork
involved,” says Savonije, becayse stars blow
off varying amounts of gas into space dur-
ing their lifetimes, Even so, the figure gave

Confounding fate. The stellar giant that produced this neutron
star should have ended as a black hole, researchers say.

astronomers some Idea of what to expect
when viewing stellar corpsas.

So a team led by Michael Muno of the
University of California, Los Angeles, was
surprised to find the pulsating x-ray emission

NATIONAL SCIENCE FOUNDATION

Board Suggests How to Thrive Under Stress

When money s tight, it’s important to let the
experts call the shots—but make sure they
aren’t too conservative. That advice comes
from the governing body ofthe U.S. National
Science Foundation, which has
drafted a long-term plan for run-
ning NSF without the promised
doubling of its budget. The
National Science Board’s
(NSB’s) prescription: Give
project managers more leeway,

and don’t let grants to large cen-

ters erode support to individuals.

Coincidentally, the board issued its
plan 1 day before a key legislative spending
panc] approvied a surprisingly generous 2006
budget for NSE It's generous only in compar-
ison to the president’s requested 2.4% hoost
and carlier congressional action, however:
The 3% merease will bavely keep the agency
ahead of inflation,

Senator Kit Bond (R-MO} originally
requested the report as chair of NSFs appro-
priations pancl, Although his pangl no
longer has jurisdiction over the agency, NSB
chair Warren Washington said the board
wanted to reexamine NSFs policies anyway
atter concluding that current cconomic con-
ditions had destroyed hopes of o 3-vear dou-
bling of NSF’s budget spelled out in a 2002

reauthorization. “It’s still a big disappoint-
ment to me that it hasn’t happened,”
‘Washington says, noting that NSF's budget
would be about 50% larger by now if the
doubling had begun on schedule.
“But in the meantime, we wanted
to emphasize what NSF needs to
do to keep the country’s basic
science enterprise strong.”
One essential step, according
to the draft plan, “2020 Vision
for NSF” (www.nsf.gov/nsb;
NSB 05-142), would be to streng-
then the hand of program officers in
choosing from among a surfeit of good
research proposals, 11% part of the board’s
hunger for more “transformative”™ research
(Science, § October 2004, p. 220): experi-
ments with the potential to radically change a
field rather than simply add mcrementally to
what is known. *(ften a program officer will
get amixed set of reviews,” says Washington.
“We shouldn’t allow one negative review 1o
kil a proposal if the program officer thinks
that it's worth taking the visk.”™
The board also weighed in on the never-
ending debate about the proper balance
between the number, size, and duration of
grants, It suggested that NSF should fund a
larger and more diverse pool of researchers,

of a neutron star in a young,
massive, compact star cluster
known as Westerlund 1. In
such clusters, the stars are
thought to have been born all
at the same time, in this case,
about 4 million years ago.
More-massive stars have
shorter lives because they
burn more fiercely, so the pro-
genitor of the neutron star
(designated CXO J164710.2—
455216) must have been one
of the most massive stars in the
cluster. As there are 35-solar-
mass stars still around in the
cluster, the researchers guess
the neutron star progenitor
must have been at Teast 40 solar
masses. In a paper accepted
tor publication in Astrophysi-
cal Journal Letters (arxiv.org/abs/astro-
ph509408%, Muno and colleagnes conclude
that some of the most massive stars do not
become black holes as predicted.

Why not? Frank Verbunt of Utrecht &

even If it means suboptimal funding of indi-
vidual grants and fewer Targe awards, And it
challenged NSF administrators to “increase
the impact” of its science education pro-
grams, a portfolio that the Bush Administra-
tion has tried to cut sharply in the past
2 years, by doing a better job of applying
new research findings to the classroom.
The board’s ideas are “perfectly consis-
tent with our initiatives,” says NSF Director
Arden Bement. Program officers already
have the ability to seed novel ideas, he
notes. But Bement says he'd also welcome
congressional authority to add staff, to
relieve the growing workload and allow
program officers to he even more creative.
Last week’s budget action, by House
and Senate conferees, would give NSF an
additional $164 million, for a total of
$5.64 billion. NSF' research account

would grow by $155 million, to $4.38 hillion,

and 1ts education programs would drop by
only $36 million, to $805 million, rather
than by the $104 million cut requested hy
the Administration. The bill would fund all
new research facilitics requested in 2006
except for the high-energy RSVP project
at Brookhaven National Laboratory in
Upton, New York,

—JEFFREY MERVIS
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University in the Netherlandy says that if the
progenitor star had been part of a binary
system, ity companion could have siphoned
off enough mass to keep the giant star from
collapsing into a black hole. “"Recent evolu-
tionary calculations show that in a binary
scenarlo, you almost always end up witha
neutron star,” Verbunt says.

Muno agrees that such a scenario is possi-
bli, But if the neutron star is still sitting in the

U.S5. HIGHER EDUCATION

cluster, its bloated binary partner should still
be around too—yet, Muno says, infrared
observations of the neutron star reveal no
binary companions more massive than our
sun, “Tts still important to consider other rea-
sons why some extremely massive stary won't
collapse into blaclk holes.” he says.

—GOVERT SCHILLING

Govert Schilling is an astronomy writerin
Amearsfoort, the Netharlands.

Schools Cheer Rise in Foreign Students

The number of foreign students envolling in
U5, graduate programs has gone up this fall
for the first time since 2001. Educators
attribute the 1'% increase over last vear, doc-
umented in a survey by the Council of Grad-
uate Schools (CGS}, to improvements in visa
processing and sec it as the reversal of a trend
that began after the 2001 terrorist artacks.
But they remain concerned
that the United States may still
be losing its attractiveness as a
destination for students from
around the world.

The increase, reported by
125 institutions that responded
to a survey of 450 schools,
comes in spite of a 5% decline
in international applications
compared to last year. The
number of students from
China and India—the two

Percent increase
o
T T

John Martin of the Federation for
American Immigration Retorm in Wash-
ington, D.C., thinks that would be a bad
idea. “We think the inereased enrollment
of foreign graduate students, particularly
in se¢ience and math, has discouraged
American students from pursuing scien-
tific and engineering careers,” he says.

The Door Reopens

10l
8 t—
4
largest sending countries—has 2
risen by 3%, and enrollments
J

from the Middle East are up 0
by 11%. Engineering enroll-
ments, a top draw among
international students, ave up
3%, and the physical sciences
recorded a 1% nise,

“Visaproblems—the main factor that hob-
bled enrollments in recent years—are clearly
being addressed,” says CGS president Debra
Stewart, who on a recent visit to the LS. con-
sulate in Beijing leamaed that approvals of stu-
dent visa applications had shot up to more than
&% from less than 50%s a year ago, “Things
are moving in a good divection.”

But MMeath Brown, CG8% dircctor of
rescarch and policy analysis and the author
of the study, finds it troubling that a
gmaller fraction of international stu-
dents—38% compared to 43%—chose 1o
enroll atter heing accepted. “16%s possible that
some of these students are going to other
counties,” says Brown, Stewart says one way
for the United States to stay ahead in the global
competition for talent would be to make it eas-
ier for foreign students with advanced LS.
degrees to gain permanent residency.

www.sciencemag.org  SCIENCE

China

India South Korea Middle East

Renewed welcome. Faster U.5. visa processing has boosted
graduate enrollments from the biggest pools of international
talent and the Middle East.

“Foreign graduate students who end up
with science and engincering johs in this
country tend to hold down salary increases
in thosc ticlds, so it natural for American
students to pursue ficlds like Taw in which
they see greater economic rewards.” As a
consegquence, Martin says, the United
States is becoming more and more depend-
ent on foreign scientific tulent,

Unlike Martin, most university officials
are hoping this year’s increase will tum ont
to be the heginning of an upward trend.
Sherif Barsoum of the Office of Interna-
tional Education at Ohio State University in
Columbus is particularly encouraged by the
numbers from the Middle East. “The
post=49/11 perception of U8, campuses
being unfriendly to foreign students seems
to be fading,” he savy,

=YUDHUIT BHATTACHAR JEE
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Europe to Cut Lab Animal Tests

European governments and industry plan
to reduce animal testing and develop bet-
ter alternatives. On 7 Movembar, the
European Commissicn [EC) and leading
industry associations agread te cut the
number of animals used for basic
research, toxicology, and quality control
of health products from 11 million a year
to % million by 2007.

Although lean on specifics, the agree-
ment should also help coordinate
research activities to develop animal-
friendly methods, such as cell cultures
and computer modeling. The parties will
waork together to facilitate the official
validation of methods and ease the regu-
latory acceptance process. "Wea have
never before had the opportunity to work
together in such an integrated manner,”
says Alain Parroy of the European Chami-
cal Industry Council,

The EC has promised to add an
unspecified amount to the $16 million it
already spends each year on alternative
testing methods.

—XAVIER BOSCH

U.S. Science Budgets Emerge

A month into the new fiscal year, the
2006 budget is finally taking shape, and
U.S. science lobbyists are cautiously opti-
mistic. Under a consensus bill passed by a
joint House-Senate committee this week,
the Department of Energy's Office of
Science would receive $3.63 billion, a

1% rise over 2005 and $170 million more
than the White House requested in Febru-
ary. Funding for nuclear bunker-buster
research sought by the Pentagon was not
granted, and the Naticnal |gnitien Facility
superlaser at Lawrence Livermore
National Laboratory in Califernia escaped
a Senate attempt to close it.

Lobbyists also cheered continuation of
the National Institute of Standards and
Technology's Advanced Technology Pro-
gram, seen as corporate welfare by con-
gressiohal critics, and a 9% boost to the
president’s request for the National
Oceanic and Atmospheric Administration,
to $3.9 billion. NASA will get $16.5 billion,
the requested ameunt, and $260 millien
more than last yzar, although Administra-
tor Michael Griffin told lawmakers last
waek that a shuttle shortfall of up to
$5 billion could eat into applied research.

One last concern is a feared 11th hour
across-the-board rescission to make reom
for disaster relief and the Iraq war. "|'ve
seen people saying everybody has to taks
their medicine,” says Robert Boege of the
Alliance for Science & Technology
Reszarch in America. —EL1 KinTiscH
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Russian Cancer Study Adds to the
Indictment of Low-Dose Radiation

A Cold War envivonmental calamity appears
to b the cause of a spate of cancers in the
Russian heartland. A landmark study this
monthby U8, and Russian scientists blames
excesy cancers in the Ural Mountaing on
chronic exposures to radioactivity lealed
trom a weapons plant a half-century ago,

The study is the latest blow to the notion
that there 1w o threshold of exposure to radia-
tion below which there is no health threat (and
there might even be a benefit). The results add
weight to last summer’s report from the U.S.
National Research Council, which backed the
hypothesis that radiation is risky even at the
smallest doses (Science, 8 July, p. 233).
Although that conclusion had been inferred
from Japanese atomic bomb survivors,
the Russian study—along with a recent
report revealing an elevated cancer risk
in nuclear workers
around the globe—
provides the strongest
direct evidence yet
of chronic, low-dose
health effects.

Both sets of find-
ings indicate that
workplace radiation
standards are correct
in erring on the safe
side. In 1991, the
International Com-
mission on Radiologi-
cal Protection (ICRP)
set an annual work-
place limit of 20 mil-
lisieverts (mSv) per
year over 5 years,
which assumes there
is no safe level. “This
is an endorscment
of the precautionary
approach as 4 tool for
radiation protection.” suys Lars-Erik Tolm,
director general of the Swedish Radiation
Protection Authority and [CRP chair,

The new dara come from villagers down-
stream trom the Mayak weapons complex in
the southern Urals, victimy of the struggle
for nuclear supremacy. From 1949 to 1956,
they were exposed to a steady stream of plu-
tonium production byproducts released into
the Techa River. After the Soviet breakup,
U.S. experts—including atomic bomb radi-
ation expert Dale Preston, now at Hirosoft
International Corp, in Eurcka, California,
and epidemiologist Elaine Ron of the TS,
National Cancer Institute—joined forces
with colleagues at the Urals Research Cen-
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Low-dose risks. A study of cancers in Muslyumovo (inset) and other
villages near the radionuclide-laden Techa River points up the importance
of limiting exposure to radiation in the workplace.

ter for Radiation Medicine in Chelyabimsk
to serutinize the health of 25,000 people
who lived in 41 villages along the Techa
between 1950 and 1952, when radicactivity
releases climaxed, and neatly 3000 peopla
who moved to these communities between
1953 and 1960,

The biggest challenge has been getting
# handle on individual radiation doscy,
which remain uncertain, The team has
measured strontium-
90, the most common
downstream radioiso-
tope, in teeth from
scores of subjects and
conducted whole-
body counts of stron-
tium and cesium-137.
They have at least

/9 A

s

ong strontium measurement Tor more than 4
third of the villagers.

According to death certificates,
1842 villagers died from solid mimors other
than bone cancer, the prevalence of which
would have been skewed by strontium-31).
And 49 died from leukemia, not connting
chronic lymphocytic Teukemia (CCLL), which
1snot thought to be triggered by radiation. The
rescarchers attributed deaths above the back-
ground rate to radiation—46 from solid can-
cer (2.5%) and 31 from leukemia (63%). The
risks mcrease with cstimated dose, the tcam
reports in the November issue of Rudiution
Research, “People were hoping that the risks
would be a lot lower,” says Lymn Anspangh,
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now at the University of Utah, Salt Lake Ciry,
who helped with the study’s dosimetry.

The figures, although alarming, are in line
with the largest study of nuclear power worlc-
ers ever carried out, A team led by Elisabeth
Cardis of the International Agency for
Research on Cancer in Lyon, France, pooled
data on more than 400,000 plant workers in
15 countries. In this group, 6519 have died
from solid cancers and 196 from non-CLL
lenkemias. The finding suggests that between
1% and 2% of the deaths may be due to radia-
tion, the team concluded in the 29 JTunc issue
of the Britivh Medical Journal,

It’s an “impressive study,” savs [olm,
although he and others flagged a short-
coming: Smoking
may account for a
large share of deaths
attributed to radia-
tion. In the study, the
risk of smoking-
related tumors—pri-
marily lung can-
cers—is much higher
than for other solid
cancers. Cardis points
out that the paper
acknowledges smok-
ing as a confounding factor. “Although smok-
ing may play a role in the increased risk of all
cancers excluding leukemia, it is unlikely to
explain all of the increased risk observed,” she
says. Future publications will address con-
cerns about the study’s methods, she says.

Although the Cardis study has been
challenged, exhibit B in the low-dose indict-
ment, the Techa River study, provides cor-
roborating evidence. The two studies come
to “practically the same conclusion,” says
Peter Jacob of the Institute of Radiation Pro-
tection in Neuherberg, Germany. That
means that the 20-mSv standard is unlikely
to budge, despite arguments from industry
that it is too stringent. The Russian results
are “a setback for those who hope for a
relaxation of the standards,” savs Anspaugh.
The United States is one of the few nations
that does not use the 1CRP standard; it
permits exposures up to 50 mSv per year.

In practice, most nuclear industry work-
ery are exposed to far less radiation than the
ICRP limit. That's a good thing: The average
lifetime dose in the Cardis power plant
study was only 19.4 mSv, with less than
0. 1% of workers receiving more than
500 mSy. Calculations in the Techa study
suggest that the vast majority of villagers
received lesy than 50 mSy of lifctime accu-
mulated dose to the stomach. In light of
ongoing efforts to refine these estimates,
says Uraly center dircctor Alexander
Aklevev, cancer risks should be viewed as
“preliminary,” Jacob agrees: “Thisvis not thae
final word,” he says. —RICHARD STONE
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News Focus

Researchers have dug up some surprising evidence casting
doubt on the long-held belief that microbes are impervious to

geographic constraints

Biogeography:
Is Everything Everywhere?

How would the world look if marsupials,
instead of being confined to the sanctuary and
prison of Australia, had been forced to confront
every other carnivore, tree-climber, burrower,
and grazer on the planet? Qur ideas about ecol-
ogy, evolution, and
history would be quite
different had they
been derived from
studying animals that
had crossed oceans,
mountains, or deserts
to seek out suitable
environments. Polar
bears in the Antarctic?
Penguins in Alaska?
Chimpanzees in Ama-
zonia? Kangaroos on
the Serengeti?

The picture seems
far-fetched. Yet for
about a century,
microbiologists have
believed that the
organisms they study are unhin-
dered by geographic boundaries,
traveling the world and thriving
wherever they find their preferred
environment—be it hot springs,
freshwater ponds, or rotting fir
trees. That view gives researchers
who study microbes a rather dif-
ferent perspective on the world.
As the Dutch biologist Lourens
Bass-Becking put it in 1934:
“Everything is everywhere; the
environment selects.”

Or maybe not. In the past few
years, many microbial ecologists
have come to believe that microbes
are not infinitely mobile. Bass-
Becking’s dictum is really only
“an assumption,” says Jessica
Green of the University of Califor-
nia, Merced. “It’s based on a confu-
sion of hypotheses for facts.”

DNA studies have given us a
more detailed picture of micro-
hial diversity that, argue some,
demands a more nuanced view of

microbial ecology. Those nuances have
spawned a debate over what the DNA data
actually show;, and how a molecular view of
microbial diversity can be compared with
our species-based view of plant and animal
ecology. Answering those
questions, in turn, will help
scientists better understand
the crucial role played by
microbes in keeping our
ecosystem livable.

On Priest Pot

Bland Finlay of the Centre
for Ecology and Hydrology
(CEH) in Dorset, UK., has
spent a quarter of a century
building up evidence to sup-

£3 = —
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Lake effect. Bland Finlay has plumbed Cumbria’s Priest Pot for a quarter-
century of discoveries involving ciliate protozoa.

port Bass-Becking’s view of microbial ubig-
nity, much of it gathered in a small lake n
notthem England called Pricst Pot. For exam-
ple, he has found that amere 25 microliters of
sediment from Priest Pot contains 40 of the
world’s 50 known species of the protozoan
Paraphysomonas. What’s more, each species’
abundance in the sample matches its abun-
dance worldwide. Everywhere he goes, Finlay
finds identical ciliates: “There’s no convincing
evidence for endemic species,” he says. “1
see the same ones in Scotland, New Zealand,
and central Africa.”

The main cause of microbes’ ubiquity is
their vast populations, says Finlay. Although a
specific ciliate is extremely unlikely to make
a long journey, there are so many of them
that some inevitably will hitch a ride via
wind, water, a bird’s foot, or a
clump of floating vegetation.
Many can tolerate a wide range of
environments—salt- and fresh-
water, for example—and they have
an astonishing ability to hunker
down in harsh environments until
their moment arises.

Cultured in its native condi-
tions, a gram of Priest Pot sediment
vields 20 species of ciliate proto-
zoan. But when Finlay’s team tested
that sediment in the lab under dif-
ferent conditions—altering salin-
ity, temperature, illumination and
so on—it found 137 species. And
the total keeps rising. He thinks
those findings argue strongly for
the idea that the lake

contains not only all
the species adapted to
its conditions butalso a
“seed bank” of many
others that have arrived
and survived, but not
thrived. Everything
seems to be every-
where, even if it is not
immediately obvious.
“There is no biogeogra-
phy for anything smaller than
1 millimeter,” he says.
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But Green believes that our understanding
of microbial diversity is too sketchy to support
such statements. “[Finlay| has shown that
there’s similarity at certain points, but the sam-
pling effort on a global scale isn’t enough to
make these sweeping generalizations,” she
says. Green is one of a wave of researchers
using molecular studies to probe the patterns
in microbial diversity. The ability to sequence
DNA samples from the environment has
allowed scientists to detect far more than the
1% of microbes that can be cultured in the lab-
oratory. It has also revealed how they vary
from place to place.

Studying ascomycete soil fungi in the Aus-
tralian desert, Green and her colleagues have
found that the genetic differences between
fungi from different locations increase with
distance. Others have found that archaea of the
genus Sulfolobus living in the hot springs of
Yellowstone and Lassen U.S. national parks,
for example, are more similar to each other
than to those found on Russia’s Kamchatka
peninsula. “We are beginning to see biogeo-
graphic patterns in microorganisms,” says
Claire Horner-Devine of the University of
Washington, Seattle, lead author of a study of
New England salt-marsh bacteria with similar
results. “There will be
organisms that are global
and can get anywhere, and
you'll also find ones that
don’t have those ranges.”

Biologists studying
plants and animals real-
ized 150 years ago that
the number of species
found in a patch of habitat
climbs as the area of the
patch increases, a biogeo-
graphic pattern called the
species-area relationship.
A CEH team led by
Christopher van der Gast
recently argued that the
same held for the bacteria
living m oil-filled sump tanks in engineering
machines and in water-filled tree holes in
Amazonia. This seems to contradict the
“everything-is-everywhere™ view, in which the
relationship between a place’s area and the
microbial species it contains is essentially flat.

One complication is that limited dispersal
is not the only thing that could create geo-
graphic variation in microbes. A hig challenge
is to separate the effect of environmental het-
crogencity—which cveryvone accepts will
cause biological differences—from diver-
cences caused by dispersal. Finlay and his col-
league Tom Fenchel of the University of
Copenhagen, Denmark, have arpued that van
der Gasts tree-hole study found more diversity
in larger sites because larger sites ane environ-
mentally more heterogeneous, not because
they are casier to disperse into or harder for
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populations to go extinct in.

“The next frontier is to fig-
ure out whether the patterns are
due to environmental selection
or to evolution and diversifica-
tion,” says Jennifer Hughes of
Brown University. She says a
handful of published studies so
far show geographical patterns
when environmental differ-
ences are controlled for.

Phenotype matters

More vexing is the issue of how 1o make
sense of the molecular data themselves.
Some helieve that microbes seem ubiguitous
because our view of them is blurry. Many
studics assign microbes to different species if
thewr ribosomal DINA is less than 97% 1dentl-
cal. If that were done with animals, Green
points out, all primates from humans to
lenmrs would likely be limped into one care-
gory—creating a group with farmore cosmo-
politan distribution and habits than any of the
specics erected by traditional naturalists.
Whats needed, she says, is o study that would
detect whether and how the patterns in
microbial diversity compare with those seen
in plants and animals—at scales from a cubie
centimeter to intercontinental, She aimy to
do this for the bacteria in Mediterrangan-

Digging in. Jessica Green pursues Nitrosomonas
bacteria at two high-altitude locations in Chile.

type ecosystems in
Chile, California, and
South Africa.

But Fenchel bel-
ieves that simply
comparing DNA
seq-uences misses

biological reality.
Microbial species tend
to be very old, he says,
and have accumulated a lot of
“neutral” genetic variation
that has no evolutionary
effect. If you look hard
enough, he argues, every indi-
vidual will be different.

Fenchel favors classify-
ing microbes by what they
look like and what they do.
“The molecular data are
super, but you shouldn’t for-
get the phenotype—and
some of the molecular chaps
do,.” says Fenchel. “A couple
of years ago, people thought
genetic analysis was the
bees’ knees and that it would
clear up all the questions,”
adds Finlay. “I don’t think
this is true at all”” And many
microbiologists believe that
the ability of distantly related
bacteria to swap DNA may
further confuse our picture of
their diversity and distribution.

The debate about microbial biogeogra-
phy is about more than how many bacteria
can dance on the head of a pin. Microbes
support the visible living world and provide
trillions of dollars” worth of ecosystem
services for free, cleaning air and water and
keeping soil fertile and healthy. They are a
critical component of efforts to restore
degraded ecosystems. As pathogens, they
help regulate the populations of plants and
animals, and their absence may be one fac-
tor behind the success of invasive species.

To understand these processes, says
Horner-Devine, we must understand microbes™
ceology and how they will respond 1o strosses
such as climate change and pollution. “To
know how we're affecting these communities,
we need to know what the patterns in spatial
and temporal variations are,” she says. Such
knowledge will help build a biology that
applies to all Life on Eavth,

“Comparing microorganisms with plants
and animals will highlight where we see
patterns and processes that could be the same
for all domains of 1ife” says [Nomer-Devine,
“That would be pretty phenomenal ™

—JoHn WHITFIELD

John Whitfield, a science writer based in London, is
the author of the forthcoming book in the Beat of
a Heart: The Search for a Unity of Nature.
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The Baroness and the Brain

Best known for her popular writing, neuroscientist Susan Greenfield has launched a new
center at Oxford to investigate consciousness

Oxrorp, U.K.—Chatting amicably awound a
long oval table sit a couple of dozen
researchers interested in how the brain
works, Thiy is the first gathering of the
Oxford Centre for the Science of Mind, an
ambitious project involving people with a
diverse set of skills and interests, Today’s
first order of business is to choose a
keynote speaker for a conference on con-
sciousness next year. All eves turn to a com-
mandingly tall woman with lconine fea-
tures, Director Susan Greenfield, as she
throws out a suggestion: “How about the
Dalai Lama?” There are chuckles around
the room, but it soon becomes clear that
Grieentficld is serious—and that she could
probably malke it happen.

A peuroscientist at Oxford University
for 30 years, a politician, and celebrity,
Greenfield rose through the academic ranks
like a bottle rocket, but she didn’t stop there,
Over the past decade, she has become a
household name in the United Kingdom, the
author of 10 popular science books, the host
of a TV series about the brain, and the first
wornan dircctor of London Roval Institu-
tion, a 200-year-old venue for the public

understanding of science. Along the way,
sha has been tapped as a scientific adviser
by both the UK. and Avstralian govern-
ments. In 2001, she became a litctime mem-
ber of the UK. House of Lords with real
decision-making power.

“She has been immensely energetic and
effective.” says Martin Rees, an astrophysi-
cist and Master of Trinity College at the Uni-
versity of Cambridge, UK., “expounding
and debating scientific ideas and issues to a
wider range of audiences than most seientists
ever reach.” But critics say Greenfield’s
ascendancy has been fueled by self-promaotion
rather than published research. They grum-
bl that she appears to have Teft real science
behind without delivering on the promise of
her early ideas.

Science rock star

When it comes to the media, most scientists
are shy creatures, preferring the snail’s pace
of peer-reviewed journals to the glamour—
or terror—of a 30-second TV interview, Not
Greenfield. She comes alive in the spot-
light, “1 get a terrific kick out of engaging
with the public,” she says. “As an academic,

—
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Big agenda. Dubbed Britain's “ 14th most powerful woman” by the press, Susan Greenfield is a skilled
attention getter—here in an appeal for new high-tech ventures.

wou just sit there with a1l the ideas and have
very little influence, ... but ['d rather see my
idiay translate to policy that makes a differ-
ence i people’s lives.”

Greenfield’s early career gave no clue that
the neuroscientist, now 35, would become
“the 14th most powerful woman in the UK.
and one of “the 300 most influential people
in the world,” as two British newspapers have
ranked her. Ter rescarch has centered on a
workhorse molecule of the nervous system
called acetylcholinesterase (AChE}.

“Shi first made a name for herselt with a
very hold idea about ACLE.” says Hermona
Soreq, a neuroscientist at the [ebrew Uni-
versity in Jerusalem, Isracl; namcly, that the
enzyme might be a link between several
neurodegencrativie discases—Alzheimer’s,
Parkinzon’s, and possibly also motoneuron
discasc—""but not ay an enzyme.” Whercas
an enzyme's job is to catalyze a chemical
reaction—ACKE splits the neurotransmuitrer
acetylcholine into choline and acetic acid—
Greenfield proposes that AChE does more:
It may also interact with proteins to stimu-
late neuron growth during development,
and this pathway may become deranged in
the adult brain, she believes, leading to neu-
ronal death and other symptoms shared by
neurodegencerative discases, “1f her idea
trns out to be true, it would be an amazing
breakthrough,” says Jean Massoulic, a neuro-
seientist at the National Center tor Scien-
tific Research in Paris, France. But, he adds,
“in my view, it is still not proven that AChE
even has nonenzymatic roles.”

Everything changed for Greenfield in
1994 when she was invited to give the
annual Royal Institution (RI) Christmas
lecture on television, the first woman to do
s0. Soon after that lively presentation on
brain function, she says, “one thing just led
to another.” She began writing regular
columns for newspapers, weighing in on hot
topics such as whether marijuana should be
legalized—Greenfield believes not—and
producing popular books about the brain.
Greenfield became a familiar face on tele-
vision. She even appeared in the UK.
tabloid magazine Hello!

In 1998, Greenfield was tapped to be
director of the RI—again, the first woman
30 honored—running Britain’s oldest insti-
tute for showcasing science. In 2001, a
committee of UK. politicians appointed
her a member for life of the House of Lords
as part of an effort to include nonpolitical
experts in the legislative branch. Now
known as the Baroness of Otmoor in the
County of Oxfordshire, Greenfield can
vote on laws, although she says her “most
important contribution there iy to take
part in debates.”
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But Greenfield 15 interested in more than
tall; she wants to pur ideas into action. One
of her initiatives, called the Science Media
Center, offers briefings for journalists on
seientific issues and rallics rescarchoers will-
ing to he interviewed on short notice, “It
makes a tremendous difference,” says David
King, a chemist at the University of Cam-
bridge and the UK. government’s chief sci-
ence adviser, particularly with fast-breaking
news, such as the current threat of an avian
influenza pandemic, in which disinforma-
tion can cause panic.

Greenfield is now working on a plan to
establish a Science Peace Corps in the
United Kingdom modeled on the U.S. Peace
Corps. Scientists would spend a year or two
in the developing world, broadening their
horizons while sharing their expertise.

Meanwhile, Greenfield, who is single,
says she still maintains a research laboratory
at Oxford, when she isn’t flying around the
world to collect honorary degrees—28 so
far—or achievement awards. Her day begins
at 5 a.m., but still, she says, “life is too short.”

At odds with her peers

Widely admired by the public, Greenfield
nevertheless gets mixed reviews from her
scientific peers. Although she has become
one of the United Kingdom's high profile
“science ambassadors,” sayvs King, she hag
taken an unusual path. “A good compari-
son,” he says, “is Lord [Robert] May,” an
Oxtord hiologist who was also appointed to
the House of Lords in 2001. “Evervone con-
giders him to be one of the most important
epidemiologists in the world, but when peo-
ple are asked about Susan’s background,
they talter”

Greenfield’s new venture into the field
of consciousnesy rescarch iy raising more
hackles. Her Onxford Centre for the Science
of Mind (OXCSOM} hays received $2 mil-
Tion in start-up funding from the U8 -based
Templeton Foundation (Seience, 21 May
1999, p. 1257), and she could receive a
further $10 million next year. Greenfield
admits she has never done an experiment
involving consciousness, although she has
described her theory for how the activiry of
neurony creates individual minds in her
popular books, which she describes as “the
work 1 am most proud of”

In anutshell, Greenfield argues that con-
sclousness 18 generated by “highly transient
assemblics of brain cells that wax and wane
in size, from one moment to the next.” and
the larger the assemblies, the higher the
level of consclousness. She uses the anal-
ogy of a stone dropped into a pond, with
asgociations hetween neurons rippling out
from a “migger”

Grieenticld gave a speech ahout heridea
at the annual meeting of the Association
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for the Scientific Study of Consciousness,
held at the California Institute of Technol-
ogy (Caltech) in Pasadena in June. “It went
extremely well.” she told Science after the
meeting, but some in her audience painted
a different picture. Patrick Wilken, a pusy-
chologist at Otto von Guericke University
in Magdcburg, Germany, and onc of the

confergnee organizers, says people com-
plained that Greenfield’s lecture was
insubstantial—for example, some felt that
“talks like this lower the perception of con-
sciousness as a serious field of academic
study,” Christof Koch, a Caltech neurosci-
entist who chaired the meeting, calls
Greenfield “an excellent public spealer™
but says her talk had “very little science™
and focused more on metaphors than
testable hypotheses.

Greenfleld calls the assessment unfair
and claimy she is being “held to a different
standard” from others, perhaps “because 'm
a neurosclentist and most of the others were
cognitive scientists,”

Willken disagrees. A decade ago, “there
were a number of rescarchers asserting |that
they could] solve the problems of conscious-
ness without having a great deal of data to
back up their claims,” he says, but “things
have moved a long way since then, and peo-
ple who make statements like this today
without having let their ideas go through the
normal scientific practice of peer review are
generally ignored.”

But Greenfield plans to get data to back
her ideas with the help of OXCSOM, One of
Its research aims is “to test Susan’s theory,”
says John Stein, an Oxford neurophysiolo-
gist and onc of OXCSOMs core group of
researchers, althongh “obwiously we won't
solye the problem of consciousness in a mat-
ter of months.” In line with the religious

News Focus

interests ot the Templeton Foundation,
which bankrolls OXCSOM, its initial focus
iy on “the physical basiy of beliets”

For example, Oxford neuroscientist lrene
Tracey Is investigating whether religious
beliefs affect pain tolerance. The pain is
delivered to volunteers in the form of heat or
a chili paste applicd to the arm. Subjects who
identify themselves as “deeply religious™ use
rituals to cope, such as praying, whereas
nonreligious subjects just grit their teeth.
Meanwhile, she uses functional magnetic
resonance imaging to observe patterns of
brain activity during the ordeal.

Capturing the brain’s reaction is the easier
part of the experiment, she explains, because
it is readily detected. But to determine “how
deep” beliefs are or “how much” pain is
experienced, she must rely on reports from
the subjects themselves. That subjective
aspect is both a pro and a con. Although it can
make comparisons very difficult without
carefully chosen controls, it is also “exactly
the aspect that we're trying to figure out,” she
says. “Pain is an incredibly flexible phenom-

Academics sit and discuss ideas,
but “Pd rather see my ideas
... [make] a difference in
people’s lives.”

—Susan Greenfield

cnon, depending on your perceptions, expec-
tations, and degree of self-awareness,” all
ingredients of consciousness, And on the
practical end, determining the mechanisms
that might dampen pain for a believer could
lead to better therapices for everyone,

Whether grappling with slippery con-
cepts such as belief will hring us closer to
understanding consclousness 1s an open
question. “But even if the project fails m its
ultimate aim,” says Erik Myin, a philosopher
of consciousness at the University of
Antwerp, the Netherlands, it could reveal
how to convert such “big questions™ into
ones that can be scientifically validated,

But judging Greenficld on her own
research may be missing the point. “She’s
gutsy and an ingpiration” to younger scien-
tists, says King. And among the public,
“her ability to communicate that science is
tun and creative™ and that “vou don’t have to
be a boring fuddyduddy wearing tweed skirts™
is vital, wayvs Stein, e says he can measure
her impact every yvear in “the number of girls
applying to do medicine or neuroscience
who've sald they™ve been enthused by Susans
lectures o1 hooks™ Even If she doesn’t crack
consciousness, he savs, Greentield has
already made an enormous contribution.

—JoHN BoHAMNON
John Bohannon is a writer in Berin, Gemmany.
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Ancient DNAYields Clues to the
Puzzle of European Origins

DNA from prehistoric farmers adds fuel to a long-simmering debate over the ancestry of
living Europeans; divergent male and female histories may help explain the contradictory data

In 2000, archaeologists uncovered a well-
proservied male skeleton at an carly farming
site at Halberstadt, northwest of Leipzig,
Germany. The skeleton way lving on its lett
sidee, its Togs and arms tightly tlexed, with three
pottery bowls buried with it. The man had
helonged to a contral European culture called
the Linearbandkeramil (LBK), characterized

by large longhouses and distinctive pottery
featuring sweeping striped designs. The LBK
people, the first farmers known to occupy
central Burope, arose in modern-day 1lungary
and Slovakia about 7500 years ago and within
500 years had spread as far west as France and
ay fur cast as the Ukrame.

For decades, researchers have studied the
LBK culture tor clucs to how tarming spread
across Furope, an issue that is key to tracing
the origing of Europe’s now 700-million-
strong population, The archacological cvi-
dence shows that fnming was introduced into
Cireece and southeast Europe from the Near
East more than 8000 years ago, then spread
wist und north to the Atlantic Ocean. But did
the farmers themselves move across Europe,

m amigration of people and thew genes? Or
was the chictf movemaent one of culture, as
Paleolithic hunter-gatherers—whose ances-
tors artived on the continent as Tong as 40,000
veurs ago—adopted farming?

Many studies over the past 2 decades have
sought to test these hypotheses, otten focus-
mg on the DNA of modern Furopeans in an

.

Dead end? This prehistoric farmer from Germany had a DNA variant that is very rare today, suggesting
that his farming techniques may have spread much farther than his genes.

attempt to trace their heritage. But the data
have been conflicting, Now, a paper on page
1016 of this issue offers the fivst direct look ar
the DNA of carly farmaers themselves, includ-
1ng a sample from the Halberstadr skeleton.
Anthropologist Joachim Burger and graduare
student Woltsang 1aak of Johannes Gutenberg
University in Mainz, Germany, and thei col-
leagues found that many LBK tarmers carry a
mitochondrial DNA (mtDNA) rype rarely
found today, implying that they Teft little
genetic Tegacy in living Europeans. The new
data clash with some earlier studies, ncliding
Y ¢hromosome analyses of Tiving Europeans,
which suggest that early farmers with roots in
the Near East made a deep imprint on the
European genome.

Because the Y chromosome is inherited
through the male line, and mtDNA is passed
down through wormnen, some rescarchers now
think that different genetic destinies of men
and women could reconcile the data—and
perhaps even the FEuropean onigins debate,
“A simple explanarion for the difference 1s
that indigenous hunter-gatherer females
intermarried with [early] farmers,” says
Alexander Bentley, an anthropologist at the
University of Durham, UK,

The model of fawming spread by migration,
called demic diffusion, was formally proposced
in 1984 by archaeologist Albert Ammerman
and geneticist Luigl Luca Cavalli-Sforza, 1t
postulates that large numbers of colonizing
farmers spread across Furope, mating with
some of the hunter-gatherers already there and
displacing the rest through rapid local popula-
tion growth. These growing populations then
provided colonizers for still more movements
west and north. Many early and some recent
studies have supported the idea. For example,
a widely cited 2002 paper by geneticist
Lounés Chikhi of Paul Sabatier University in
Toulouse, France, tracked Y chromosome
variation in living Europeans and concluded
that indigenous hunter-gatherers contributed
less than 50% of the genes of modern Euro-
peans; most genes, Chikhi concluded in the
Proceedings of the National Academy of
Seiences, came from the colonizing farmers.

But other researchers argued that there
was little evidence that early farmers had
undergone the kind of explosive population
growth required by demic diffusion.
Archaeologist Marek Zvelebil of the Uni-
versity of Sheffield, U.K., proposed an
alternative model in which some coloniza-
tion took place in certain areas—perhaps
including the LBK region in central
Europe—but that farming then spread
mostly via local adoption rather than fur-
ther movements of the original colonizers.
A number of recent gencetic studics have
supported this model. For example, one
study concluded that Teys than 23% of the
miDNA gene pool of modern Europeans
could be aced 1o incoming early farmers
{Seience, 10 November 2000, p. 1080},

To try to get around this stalemarte,
Burger and Maak’s team zeroed in on the
miDNA of ancient Europeans. The team
tried to extract mtDNA from 57 individualy
buried at 16 carly farming sites, most from
the LBK culture, and dated between 7000 and
7500 vears ago. They succeeded with 24 of
the skeletons. Moreover, the team found that
gix of the 24 skeletons had a mtDNA vari-
ant, called haplotype Nla, that iy now very
rare worldwide. Thus an apparently wide-
spread mtDNA variant in carly European
farmers has left almost no trace on living
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Europeans, a finding the authors interpret
as support for the cultural diffusion model.
Indeed, proponents of cultural ditfusion
hail the results. “It really does seem that
early farmers] must have left far fewer
descendants than one might expect, given the
apparent archaeological impact of the LBK
at the time,” says Martin Richards of the
University of Leeds, UK. Agrees Zvelebil:
“This 1% a very important step forward, ., Tt
bypasses all the problems of extrapolation
from modern DNA™ But he cautions that to
completely prove its case, the team should
extract ancient DNA from early farmers in
the Near East to see it they also have high
frequencies of the N1a haplotype, as well as
from hunter-gatherer skelerons in the LBK
region to see if they have low frequencies,
Those who favor demic diffusion aren’t
vet convinced, however, “The authors are
rather impatient in drawing conclusions,”
says Cavalli-Sforza, who thinks the results

Drug Research

can’t he properly interpreted without know-
ing the farmers’ Y clnomosome sequences
too. Chikhi adds that the authors have not
entively ruled out the possibility that today's
Jow Nla frequencies are due to chance loss of
the vanant. And ancient DNA pioneer Svante
Paibo of the Max Planck Instirure for Evolu-
tionary Anthropology in Leipzig, Germany,
warns that ancient DNA studies of modern
humins are notoriously unreliable because of
the problem of contamination with living
people’s DNA. “In our experience, results
from the majority of ancient hurman samples
are irreproducible,” he says.

All this leaves rescarchery trying to sort
out the conflicting data. Mosrt studies of
mtDNA have supported the cultural diffision
hypothesis, whereas the Y chromosome data
seem to favor a movement of people them-
selves, Thi idea that colonizing farmers mar-
ried local hunter-gatherer women might
resolve the contlict between the mtDNA and

Trying to Catch Troublemakers
With a Metabolic Profile

Drug discovery and toxicity research are just two areas that could benefit enormously
from the use of new "metabonomic” techniques

Only one in 10 potential doug compounds ever
makes It to market; the others are rejected as
aither too risky or ineffective, Companies have

efficient—and now researchers may have a
way to do it. They’re developing a technique
based on “metabonomics,” using metabolic
profiles to identify toxicities rapidly and ana-
lyze the likely effects of unknown compounds.
The strategy got a boost last month when sev-
eral companies that had previously backed
researchers at Imperial College London—
including Bristol-Myers Squibb (BMS) and
Pfizer—signed up to extend the work.

Metabonomics—the study of metabolic
changes in urine, serum, or tissue after an
organism has been exposed to a drug or other
stressor—is decades old in concept. But
measurement tools have become more
sophisticated, making it possible to analyze
data from multiple, small samples and make
associations at high speed.

“Tt is a very powerful technology,” says
Bruce Carr, director of pharmaceutical can-
didate optimization at BMS, who has been
collaborating with Imperial College
researchers. Although studies suggest that
companies already catch 90% of adverse
effects before a drug application is submitted

CRECHT: ADAPTED FROM FIGURE COURTESY OF TIM EBBELS/IMPERIAL COLLEGE
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to the U8, Food and Drug Administration
(FDA}, he believes metabolic profiling
might help detect them carlier because it
gives asnapshot ofan organism’s

entire physiology.
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Y chromosome data and also explain the
team’s results, argues Bentley. “Intermarriage
of farmers with indigenous women would
reduce Nla in subsequent generations,” he
points out, Cavalli-Sforza agrees that inter-
marriage is a possibility, notmyg that men may
have mated with more than one woman and
that the typical LBK longhouse often had
three or four hearths. “TPolygynic families ave
 very reasonable explanation™ for this archi-
tectyral arrangement, he says.

For Zvelebil, the contradictory results
probahly indicate that neither Targe-scale
migrations not cultural diffusion can
explain cverything that happened in Europe
during the adoption of agriculture. Rather,
he suggests, the contribution of each of
these processes probahly varied from region
to region: “Our prehistory was far more
complicated and fascinating than ¢ither of
these models allow for”

=MICHAEL BALTER

The reamwork began 5 years ago when
six pharmaccutical companies including
BMS and researchers at Imperial College
formed the Consortium for Metabonomic
Toxicology (COMET). Their goal ways to
develop a database of known toxins and their
mctabolic signatures from amimal tests, to
which experimental diugs with unknown
toxicity could be compared. Rty were dosed
at a separate facility with more than 100 toxic
compounds, one per animal. The Imperial
College rescarchers scanned urine and
serum samples through nuclear magnetic

Toxic signature. The CLOUDS program creates a
set of references based on animals’ responses
to liver-toxic (blue) and kidney-toxic (red)
compounds over time.

resonance (NMR) spectroscopy
and other technology to generate
metabolic profiles of the animals.

The COMET researchers then
used a computer program they had
developed to assess which organs
were affected. Called Classifica-
tion of Unknowns by Density
Superposition (CLOUDS), the
software compared the NMR
data—typically a hallmark signa-
ture of peaks corresponding to
unknown or known metabo-
lites—to an existing database of
profiles. Tissue samples went to
histology researchers for confir-
mation of the NMR findings. Prelimi-
nary results, published in Analytica Chimica
Acta in 2003, demonstrated that this method
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could group samples accurately by atfected
organ: for example, liver roxicity with up to
77% accuracy and kidney toxicity with up to
90% accuracy.

Maore significant, however, was the pro-
gram’y ability to crunch data taken at intervals
in long-term studies. Researchers analyzed
uring and serum samples at variouy times
from the moment an animal was dosed witha
toxin through its recovery. The program used
probahility calculations to assign the effects
seen In each animal to the most likely toxin
clasy and to identify when the compound
caused the toxicity.

The analysis is “much more sophisti-
cated” than any other screening tool now
avallable, says Jeremy Nicholson, head of
biological chemistry and COMET project
director at lmperial College, hecause it
can identify more simply hiochemical
changes that may cause pathology.
{Nicholson has helped launch a spinoff in
London to commercialize similar technol-
ogy applied to medical diagnostics, called
Metabometrix)

Existing toxicology research methods can
only examine toxic effiects on one tissue type
at atime. A gene-expression study, for exam-
ple, yvields data from a single time point m a
single tissuc. Morcover, changes in gene
expression may not mean a net biological
change. The bodys homeostatic mechanisms
may compensate by degrading or modifying
cene franscripts. By contrast, “nrine and
plasma give the metabolic interaction of all
tissues,” Nicholson adds.

“Metghonomics has a big role to play in
toxicology research,” says Ian Blair, a profes-
sor of chemistry at the University of Pennsyl-
vania. “Once you have a signature of toxico-
logical response, you could use that as an
assay for many things.”

After the consortium published the initial
results, each member developed its own data-
base and technology in-house. Companies
have been mum on details but have con-
firmed that they are building larger databases
against which they can compare new com-
pounds. Several companies also employ
metabonomics fo screen animals prior to an
experiment to ensure that they are normal.
Researchers say the technology could also be
applied to clinical trials to correlate drug
response to individual metabolism.

Drug companies aren’t the only ones
interested in metabolic profiling. In 2003, the
U.S. National Institutes of Health awarded
$35 million to a consortium of 18 institutions
to identity, characterize, and quantify human
cellular lipid metabolites. And recently
Nicholson formed a coalition of scientists to
establish standards for the field.

COMET?s success has prompted several
companiey to join COMET [T at Imperial
College, says Nicholson. He's heading the

project, which is scheduled to Taunch this
month. The goal this time, however, s to
create a “multiomicy”™ platform that com-
bines data from many sources, including
gene and protein arrays, to reveal bio-
chermical mechanismy,

That will be no easy task. Spectral data
from a single urine sample contain thou-
sands of peaks, the majority of which are
unidentificd metabolites. But the analytical
tools to assign identitics to the peaks are
already emerging, says Nicholson. For
example, his colleagues at Impenial College
have a paper in press at dnalvtical Chemisiry
describing software that can combine data
from NMR spectroscopy and mass spec-
trometry—similar yer complementary
mctabonomic technigues, And Nicholson
says his colleagues have already developed

Paleontolos

# prototype syytermn that integrates data from
gene, protein, and metabolic profiles.

But whether the technology will actually
help make diugs safer remains to be seen, says
David Jacobson-Kram, head of pharmacol-
ogy and toxicology at FDAS Office of New
Drugs: “Technology can help to some extent,
but perhaps our expectations are unrealistic,”
Oune potential application touted by the tech-
nology s supporters i to metabolically protile
drug side effeets. 14 there a metabolic protile
characteristic of suicidal ideation?"—a side
aftect of several antideprossants—Jacobson-
Kram asks. “That’ a stretch.”

Nevertheless, the ficld is young, Blair sivs,
and the mumber of papers it is producing these
days suggests it has begun a growth spurt.

—GUNJAN SINHA
Sunjan Sinha is a writer in Berlin, Cermany.

Tyrannosaurus rex Gets Sensitive

Its supersized smell organs have been scaled back a bit, but new studies show that the
tyrant lizard's sensory apparatus was indeed fit for a king

Mesa, Arizona—With its powerful jaws and
serrated teeth, Trannosaurus Fex had foar-
some tools for catching and eating prey.
The lumbering carnivore also had some
top-of-the-line sensory equipment, paleon-
tologists reported here Tast month at the
65th annual mecting of the Society of

You can’t hide. Tyrannosaurus rex’s keen senses of smell, hearing,
and vision helped it take down prey or snap up carrion.

Vertebrate Paleontology (SVTP).

The new insights come from studies of
bony clues to the brain, cars, and eves of
T rex. They suggest that the “tyrant lizard
king”™ had an acute sense of smell—although
perhaps not as acute as some recent studies
had suggested—a knack for listening as well
as keeping its eyes fixed on
prey, and depth perception to
rival modern birds of prey. To
most paleontologists, it all
adds up to a talented predator.
“The more we look at T. rex,
the more sophisticated it is,”
says Philip Currie of the Uni-
versity of Alberta in Edmon-
ton, Canada.

T’ rex was first unveiled
and named 100 years ago by
the legendary paleontologist
Henry Fairfield Osborn of the
American Museum of Natural
History in New York City.
Ever since, T. rex has been
famous for its staggering
dimensions—ranging up to
12 meters and perhaps as
much as 7 tons—and its
highly modified skeleton.
Several of those distinctive
features, such as the shrimpy
arms and the bone-crushing
teeth, led some researchers to
propose that 77 rex was prima-
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rily a scavenger, That case was bolstered in
1999, when computed tomography (CT)
scans revealed that the 77 rex named Sue had
enormous olfactory bulbs (Seience, & June
2000, p. 1728)—a specialization that would
presumably have helped it catch the seentofa
dead dinosaur in the distance.

To some palecontologists, the gargantuan
olfactory bulbs were difficult to swallow.
One group of researchers—Frangois Ther-
rien of the Royal Tyrrell Museum of Palaeon-
tology in Drumbheller, Canada, and Farheen
Ali and David Weishampel of the Johns Hop-
kins University School of Medicine in Balti-
more, Maryland—decided to see what the
olfactory bulbs in Birannosaurus’s clos-
est living relatives, birds and croco-
diles, could reveal about their <
long-gone cousin.

In both groups, the olfac-
tory bulbs rest against a
trough on the upper part of
the braincase and are
bounded toward the front of
the head by a septum. By locat-
ing bony traces of this septum in
T. rex braincases, Therrien and col-
leagues could more accurately estimate
the position of the olfactory bulbs.
“This would have limited their size to
no more than that of a plum,”
Therrien says. Paleontologists
had thought the olfactory lobes
extended further forward inside
the head. “I think they re proba-
bly right,” says Christopher
Brochu of the University of
lowa in lowa City, who had stud-
1ed Sue while at the Field Museum
in Chicago,

Still, T° rex did very well by its nose.
The relative size of the bulbs—their
width compared with the width of the
cerebral hemispheres—way the highest of
seven dinosaurs examined, including
other tyrannosaurids and smaller, more
birdlike dinosaurs,

Therrien speculates thar the acute sense of
smell could have been used to track prey,
locate putretying carcasses, or help males
patrol territory for rivals. Greg Erickson of
Florida State University in Tallahassee cau-
tions thatit’s not straightforward to link organ
SIZ0 10 SensoTY acLity, as sense of smell iy also
determined by featires such as the density of
neurons. “We need more [comparative] stud-
18 ., 50 we can make sense of this,” he savs,

In the meantime, another study described
at the meeting matched Therriens results on
the size of the olfactory bulbs. Lawrence
‘Witmer and Ryan Ridgely of Ohio University
College of Osteopathic Medicine in Athens
put several I rex skulls into a CT scanner. By
examining features preserved in the skull,
mcluding fossilized evidence of nasal rissue

www.sciencermnag.org  SCIENCE vVOL 310

in front of the olfactory bulbs, Witmer found
that the bulbs were roughly walnut-sized.
Witmer's study extracted ¢lues to other
sensory abilities. For example, he resolved
the bones that surrounded the so-called
cochlear duct of the inner car, which helps
turn sounds into nerve signals. The length of
these bones, rela-
tive to the over-
all dimensions _
of the skull, d¥
suggests <
that

T. rex may have had better
hearing than other theropods did.

The 1nner ear can also reveal aspects of
an extinet animals posture and sense of hal-
ance (Science, 31 October 2003, p. 7701
Thanks to the CT scans, Witmer could
resolve the bony labyrinth of the inner car
with its trio of semicircular canals, oriented
at right angles to one another, These once
contained fine hairs that sensed the motion
of fluid, helping the brain know how the
body wus oriented and which way it was
moving. In modern creatures, the larger the
Toop of the semicireular canals, relative to
head size, the more agile they tend to be.

T rex turmed out to have surprisingly long
canaly, “You might not expect 4 large animal
to have quick movements,” Witmer says. He
suspects that the primary purposce of the
canals was not gynmastics but helping I rex
keep its head and eyes fixed on prey, That's
not all the canals reveal. In modein animals,
the orientation of the lateral canal relative to
the skull correlates with how they tend to
hold their heads while alert. T rex apparently
kept its head dipped down about 3° to 10°.
For tall animals with long snouts, such as

11 NOVEMEBER 2005
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T. rex, tilting the head downward can help
them better see what’ directly ahead.

Kent Stevens of the University of Oregon,
Eugene, has come to a similar conclusion
about I rex’s vision, which again places it at
the top of its ¢lass. e reconstructed the
vistal abilities of T rex and six other preda-
tory dinosaurs by working with sculpted
reconstructions of their heads. After placing a
sheet of glass in front of the busts, he stood
eye to eye with the dinosaurs and shined a

laser at each fake
pupil. This allowed
him to map onto
the glass the
entire area from
which the laser
glinted off the
pupils, tracing
their visual field.

Acute. CT scans of T. rex’s
brain (blue) reveal sizable olfac-

tory bulbs (red arrow) and an
inner ear (red) with long, delicate
canals for balance and cochlear
duct for hearing.

T rex, with its
forward-facing
and widely
separated
eye sockets,
turned out to
have great binoc-
ular vision and,
likely, depth per-
ception. When T rex
dipped its head about
10°—similar to the angle of the alert pos-
ture that Witmer estimared—ir would have
maximized the width of its binocular ficld
of view at 55°, as good as that of hawls,
Stevens says. That's not quite as good as
those of the highly birdlike dinosaurs, such
as Troondoen, but it exceeds that of other
adult tyrannosaurids, The rescarch, which
Stevens presented at an SVP meeting sev-
cral vears ago, is in press at the Jowrsal of
Vertefrate Paleontology,

To Stevens, the degree of depth percep-
tion, hearing, and sense of smell point in ong
direction: a top predator. In contrast, Jack
orner of the Muscum of the Rockicy in
Bozeman, Montana, 15 sticking with his idea
of where T rex got its meals. “I think this
olfactory business is very supportive of thae
T rex—as-scavenger hypothesis.” Others say
it rnore likely that 77 rex wasn't a picky cater,
“If it can smell a cawcass a mile away, It can
also smell a herd of hadrosaurs from a mile
away,” says James [opson of the University
of Chicago in Illinois. “T don’t think it would
have preferred one over the other”

—ERIK STOKSTAD
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Edited by Constance Holden

The State of Africa’s Lakes

The U.N. Environment Programme has assembled a dismaying picture of the
degradation of Africa's 677 lakes. Last week, it introduced a new Atlas of African
Lakes at the World Lake Conference in Nairobi, Kenya. Above, satellite images show
Lake Songor Lagoon in Ghana, which has lost volume and biodiversity between

1990 (left) and 2000 (right) due in part to salt mining.

Hellenistic Engineering

Last month in Athens, scientists unveiled a
working model of a mysterious instrument
discovered a century
ago in the ruins of a
2000-year-old
Greek shipwreck.

Found as a
crusted bronze mass
in the cargo of a
ship that sank off
the island of
Antikythera, the
instrument, dubbed
the “Antikythera
Mechanism,” was
a jumble of gears
and dials encased in
a wooden box.

Yale University
science historian
Derek de Solla Price
puzzled for many
years over the instrument. After x-raying it,
he concluded in 1974 that it was designed
to compute solar and lunar cycles.

He described some 30 bronze gears that
required a differential turntable to
coordinate them—which would have been
arevolutionary technology for the time.

In 1988, engineer Michael Wright, now
at Imperial College London, and Sydney
University computer scientist Allan Bromley
applied more advanced imaging technology
to determine the level of each wheel and

- b =)

Mystery planetarium reconstructed.

gear within the mass. They showed that

Price’s inclusion of a differential gear was
incorrect. Bromley's death interrupted the

work, but in 2002, Wright started again on

a reconstruction.

His complete working
model, unveiled at the
Second Conference
on Ancient Greek
Technology in Athens,
demonstrates that
the mechanism
included a complete
planetarium, showing
the orbits, or epicycles
as the Greeks called
them, of not only the
sun and moon but
also the five planets
known to the Greeks:
Venus, Mars, Jupiter,
Saturn, and Mercury.
The instrument shows
that intricate geared
mechanisms were "an accepted element of
Hellenistic technology,” says Wright.

Latest in Translation

Grad student Stan Jou was mouthing
Mandarin Chinese, but no sounds issued
from his mouth. Instead, a robotic voice
from a speaker spoke for him, using inputs
from electrodes glued to his cheeks and
throat. The words, in English or Spanish, were
part of a press conference last week at which
computer scientist Alex Waibel of Carnegie
Mellon University in Pittsburgh, Pennsylva-
nia, and others showed off their latest toys
for speech recognition and translation.

The electrodes on Jou’s face picked up
movements of his
face and throat
muscles. Software
tumned them into
words, which were
then translated.

So far, the system
can only recognize
about 15 phrases.
But Waibel predicts
that someday peo-
ple will be able to
have face-to-face
conversations in
alien tongues with-
out the sounds of their original words
getting in the way.

The researchers are also developing
goggles displaying simultaneous transla-
tions of a talk. And they've built directed
speakers that can pinpoint a person in a
crowd and deliver a translation as if it were
being whispered in the ear. Waibel's soft-
ware for translating spoken language is
some of the best in the world, says Satoshi
Nakamura of the Advanced Telecommuni-
cations Research Institute in Japan, but he
doubts such a program will make it to the
marketplace in this decade.

Some of this technology could require
more-or-less permanent attachments
to the listener. But, says Waibel,"| think
someday people will accept having a few
electrodes implanted in their cheek.”

Who's No. 1?

Britain's Royal Society launched two polls this week—an online one for the public
and one for scientists—on whether Einstein or Newton is “the greatest scientific
heavyweight of all time.” Results will be announced at an “Einstein vs. Newton
debate” in London on 23 November.

According to Royal Society vice president Martin Taylor, the society is hoping the
contest will inspire British students, whose interest in physics has“reached a historical low.”
Vote at www.royalsoc.ac.uk
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Team effort. Virginia Tech materials scientist Brian Love and his students are helping

the college’s star running back stay in the limelight.

On 7 October, Cedric Humes, the starting tailback on the Blacksburg university's
undefeated and number-3-ranked football team, broke his right forearm in a game
against Marshall University. The team’s athletic trainer, Mike Goforth, called Love
(inset) to see if he could devise a cast better than the padded fiberglass model that
would have left Humes unable to feel the football in his arms and increased his
likelihood of fumbling. Love challenged his students to come up with an alternative.
Using moldable carbon fiber plastics often used for pelvic fractures, Humes's doctors
fashioned a brace that covered just the outside of the athlete's forearm.

Three weeks after the injury, Humes was back on the field, carrying the ball 13 times
without a fumble to help the Hokies to a 30-10 victory over Boston College. The splint
is so strong, “| think you could drive a car over it,” Goforth says. Humes plans to thank

Love and his students with a signed game ball.

A LIFE IN SCIENCE

Total immersion, Nanotech
pioneer Richard Smalley, who
died 28 October, did not view
any task as beneath him, says
chemist Jim Heath of the Cali-
fornia Institute of Technology
in Pasadena."Even when he
was famous, he would sweep
the floors if he thought it would
help to get the science done.
Once, somebody dropped a
screwdriver into a huge vacuum
chamber—the same one that
was used for the discovery of
Cgy The screwdriver handle dis-
solved in the oil [at the bottom
of the chamber), so the cham-
ber had to be cleaned out. [It]

in

was about 10 feet [3 m] high
and could only be accessed
through a hole in the top. Rick
and | had to strip down to our
underwear and take tums hold-
ing each other by the ankles
and lowering the other into the
chamber to clean it out.”

Pressure to publish. A former
postdoc who falsified images in
a paper has been banned from
receiving U.S. research funding
for 3 years. The Department of
Health and Human Services’
Office of Research Integrity in
September found Xiaowu Li
guilty of scientific misconduct
for passing off images of mouse

AWARDS

melanoma cells as human
pancreatic cancer cells in a
paper published online March
2004 in Carcinogenesis.

Li was working under cancer
researcher Daniel Ramos at the
University of California, San
Francisco. Ramos says he was
unaware of the publication,
which Li wrote with a group of
researchers in China, and was
initially upset that he hadn't
been asked to be a co-author.
But once he recognized the false
images, which were taken from
his own lab, he contacted uni-
versity officials. By then, Li had
left the university to work at
China's Southwestern Hospital
in Chongging, where some of
his co-authors are based.

Inspiring tales. In the quest to explore Earth and other planets, firing imag-
inations may be as important as firing rockets. That's why the Planetary
Society is honoring two nonscientists at its 25th anniversary celebration this
week:writer Ray Bradbury, who has transported readers to the planets in The
Martian Chronicles and other works, and filmmaker James Cameron, who
directed the blockbuster Titanic and has taken viewers for otherworldly
tours of the ocean floors in his documentaries
Ghosts of the Abyss and Aliens of the Deep.
The 85-year-old Bradbury will receive the
Thomas O. Paine Memorial Award for the Advance-
ment of Human Exploration of Mars. Previous winners include members of
the Mars Pathfinder and Mars Global Surveyor missions. “There was a lot of
intelligent imagination in what he wrote,” says Wesley Huntress, president
of the society and director of the Geophysical Laboratory of the Carnegie
Institution of Washington, D.C., who credits Bradbury's writings for inspir-
ing him to become a space scientist. Cameron, 51, will receive the society's
inaugural Cosmos Award for Qutstanding Public Presentation of Science.

Edited by Yudhijit Bhattacharjee

Ramos says the results of
other experiments he per-
formed with Li appear to be
valid. He says Li told him during
the investigation that the pres-
sure to compile an impressive
research record drove himto
commit misconduct. {Science
was unable to contact Li.) "It
kills me,” Ramos says. "He was
good—he didn't need to do
something like this.”

Fueling science. John Browne,
an oil magnate with an interest
in research, will be the next pres-
ident of the British Association
for the Advancement of Science.
Now group chief executive of
British Petroleum, Browne over-
saw the merger of BP and Amoco
in 1998 and has drawn attention
to climate-change risks.
Last year, he wrote that “global
warming is real and ... we should
start taking the small steps to
reduce carbon dioxide emissions
today.” (BP says it cut green-
house gas emissions by
10% between 1998 and 2001.)
Browne, 57, who has an under-
graduate degree in physicsand a
master's degree in business, will
take the helm of the 174-year-
old association next September,
succeeding Frances Caimcross.

Got any tips for this page?
E-mail people@aaas.org
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subject to significant bias, Authors who iden-
tfy appropriate reviewers are more likely to be
well established in their ficlds than authors
who do not, reflocting not only on the quality
of their research but also on their abiliry to
gauge whether a particular manusenpt iy of
sufficient standard for a given journal.
Furthermore, it is unsurprising that authors
who exclude specific reviewers are move likely
to be successful, particularly if the reason for
exclugion is that the potential reviewer is 4 per-
cefved competitor, suggesting that the manu-
script in question desceribes relevant and highly
publishable research. I have no doubt that per-
sonal prejudice has occasionally superseded
scientific judgment in the peer-review process,
However, like David Nordstrom, 1 prefer to
heliove that quality ofrescarch isthe provailing
factor in the vast majority of cases. As for my
own rejected manuseripts? In the words of
Franklin B Jones: “Ionest criticism i hard to
take, particularly from a relative, a friend, an
acquaintance, or a stranger”

DAVID F. ACKERLEY
Department of Microbiology and Immunology,
Stanford University, 299 Campus Drive, Stanford,
CA94305-5124, USA,

IN HIS ARTICLE "SUGGESTING OR EXCLUDING
reviewers can help get vour paper pub-
lished”™ (News of the Week, 23 Sept., p. 1974,
D, Grimm examines a potential problem
with peer review in science. When authors
submit papers and recommend that particu-
lar scientists cither referee or be excluded
from the pool of referees for their paper,
their paper is (1) more Tikely to he aceepted
and (1i) less likely to be rejected.
Nevertheless, there may be a bias in the
sample of papers with suggestions of refer-
ees. Such authors may generally be better
rescarchers, suggesting that their papers
hoth get published and cited at a higher rate
than other scientists. This hypothesis could
casily he tested by comparing the rates of
citations to papers that were refereed by sci-
entisty suggested hy the authors with the
rates of citations to papers that were refereed
by scientists chosen by the editor and edito-
nial board alone. Ifthe first set of papers end
up being cited more frequently than the

Letters to the Editor

Letters {~300 words) discuss material published
in Science in the previous 6 months or issues of
general interest. They can be submitted
through the Web {www.submit2science.org) or
by regular mail {1200 New York ve., NW,
Washington, DC 20005, USA). Letters are not
acknowledged upon receipt, nor are authors
zenerally consulted befare publication.
Wheather published in full or in part, letters are
subject to aditing for clarity and space.

seeond, then the first set are probahly more
important and thus deserve to be accepted
tor publication at a higher rate, 1f so, the
peer-review procesy is working as it should.
But, if we find that the latter set of papers are
cited more frequently than the former, then
the practice of allowing aunthors to recom-
mend reterces should be discontinued.

K. BRAD WRAY
Departrment of Philosophy, State University of Mew
York, Oswega, 128 Piez Hall, Oswego, NY 13126,
USA E-mail kwray@oswego.edu

Correcting Temperature
Data Sets

WE AGREEWITH C.A.MEARS AND F, |, WENTZ
{(“The effect of diurnal correction on satel-
lite-derived lower tropospheric tempera-
ture,” Reports, 2 Sept,, p. 1548; published
online 11 Ang.) that our University of
Alabama in Nuntsyille (UAT) method of
calculating a divrnal correction to our lower
tropospheric (LT) temperature data (v5.1}
introducid a spurious component. We are
arateful that they spotted the error and have
mada the necessary adjustments. The new
UAH LT trend (v5.2, December 1975 to
July 2005) 45 10,123 Kidecade, or  0.035
K/decade warmer than v5.1. This adjust-
ment is within our previously published
crror margin of _0.05 K/decade (7).

We agree with S. C. Sherwood ef ol
“Radiosonde diytime biases and late—20th
century warming,” Reports, 2 Sept., p. 1556;
published online 11 Aug.) that there ave sig-
nificant, progressively colder biases in
stratospheric radiosonde data, as we and oth-
ers have noted (7, 2). We turther agree that
many daytime radiosondes are plagued by
spurious cooling in the troposphere as well
{3}, Nowoever, there are also instances in
which spurious warming occurs i both day
and night soundings, Such a circumstance is
not properly accommodated by the day-
minus-night (DMN} procedure, a possibility
mentioned hy Sherwood et al. but not specif-
ically addressed. For example, when the
Australian/New Zealand network, prominent
in the Southern Hemisphere in Sherwood ef
al s Report, switched instrumentation from
Mark Il 1o Vaisala RS-50, both day and night
warmed approximately 0.4 K [(3), updated],
with tropospheric night readings warming
more than day readings. On the basis of this
relative difference, the DMN method
assumes that a correction for spurious cool-
ing should be applied, when in fact the real
crror 14 Targe and of the opposite sign,

DMN values are useful indicators for
pointing out radiosondi: changes, but they are
often not vsefil in assessing magnitudes and
m this case overestimate the trend. Further,
the DMN-adjusted tropospheric trend for

195897 of 10.253 Kidecade tor the 75% of
the globe south of 30°N is more than 2.5
times that of the surtace { 0,092 Kidecade)
and thus very Tikely to he spuriously warm,
[Note that B. . Santer o of. (“Amplification
of surface temperature trends and vanability
in the tropical atmosphere,” Reports, 2 Sept.,
p. 13531 published onling 11 Aug,) indicate a
ratio Jess than 1,4.] Direct, site-hyv-site com-
parisons between radiosondes and UAH LT
data at 26 ULS.~controlled stations (nighttime
only) from tropics to polar latitudes yield a
difference in trends of less than 0,03
K/decade, showing consistency with the
more modest UAH LT wends ({3 [(3),
updated through 2004].
JOHN R. CHRISTY* AND ROY W. SPENCER
Earth System Science Center, University of
Alabama in Huntsville, Cramer Hall, 320 Sparkman
Drive, Huntsville, AL 35899, USA
*To whom correspondence should be addressed.
E-mail: Christy@®nsstc.uah.edu
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Response
ONCE WE REALIZED THAT THE DIURNAL COR-
rection bemg used by Christy and Spencer
tor the lower troposphere had the opposite
sign from their correction for the middle
troposphere sign, wie knew that something
was amiss. Clearly, the lower woposphere
does not warm at night and cool i the mid-
dic of the day, We guestion why Chrsty and
Spencer adopted an obviously wrong diw-
nal correction in the first place, They first
implemented it in 1998 In response (o
Wentz and Schabel (7), which found a pre-
vious error in their methodology: neglect-
ing the effects of orbit decay.

CARLA. MEARS AND FRANK | \WENTZ
Remote Sensing Systems, 438 First Street, Suite
200, S5anta Rosa, CA 94507, USA.
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Response

WE ARE HAPPY THAT CHRISTY AND SPENCER
do not dispute our main conclusion, that
changes In gystermatic error in the radiosonde
record are comparable to expected trends.
However, their charactenization of our work as
a “DMN method” downplays the key fact that
we have identified and quantified a source of
crror. One need not assume that nighttime
readings are absolutely correct to recognize
that, because they do not contain this error,
they ave less likely to differ from the trth than
are daytime data, Any remaining errors atfoct-
ing hoth times of day are much more difficult
to quantify, and estimates of their magnitude
will i sensitive to the assumptions and proce-
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dures followed. We welcome Christy and
Spencer’s efforts to estimate these additional
errors and look forward to seeing details pub-
lished as to how they arrived at the numbers
quoted and what they found at other stations.

There is growing evidence, however,
that the net result of all adjustments will
indeed lead to increased warming, contrary
to their assertion. First, all published homog-
enization efforts have led to increased
warming (/—3); although weaker than what
we found, this is probably because previous
efforts went only after the “biggest fish”
and/or suffered from other difficulties.
Second, a new and independent study (4)
strongly suggests that the spurious cooling
trends in the stratosphere extend into the
troposphere, in accord with our findings
and as suggested previously (7). The impli-
cation by Christy and Spencer that spurious
warmings (which have been documented in
the other studies as well) somehow com-
pensate for daytime heating effects in the
troposphere, but not in the stratosphere,
will require clear support from the data and
careful scrutiny of methods. The agreement
noted by Christy and Spencer at U.S. sta-
tions is encouraging but does not guaran-
tee agreement in the Tropics [and mustn’t
this previously reported agreement have
been affected by the recent revision to
their method (5)7].

The trend noted by Christy and Spencer
south of 30°N is a misleading statistic that
mixes up two parts of the globe whose situ-
ation is very different. In the Tropics, sam-
pling is adequate and we find a large error
that brings the data closer to what is
expected. South of 30°S, on the other hand,
sampling is far from adequate, and
radiosonde trends have always been erratic,
with or without the relatively modest cor-
rection implied by our work.

Quite apart from this, it is hard to
believe that Christy and Spencer would
argue that a data set showing the “wrong”
amount of warming must therefore be
flawed. If that were a valid argument, their
own satellite analysis would have been dis-
carded years ago.

STEVEN C. SHERWOOD" AND JOHN R. LANZANTE?
"Department of Geology and Geophysics, Yale
University, New Haven, CT 06520, USA. 2National
Oceanic and Atmospheric Administration/Geo-
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LETTERS
Causation, Vioxx,
and Legal Issues

IN THE ARTICLE ON THE FIRST VIOXX TRIAL,
“Vioxx verdict: too little or too much sci-
ence?” (News Focus, 2 Sept., p. 1481), A.
Lawler writes that one commentator
attributed the jury’s verdict for the plain-
tiff to the evidence about Merck covering
up the problems with its drug. This
occurred in a case that most observers
thought was one of the weakest ones on
individual causation.

In law (as in science), causation is a
matter independent of culpability. A drug
may innocently cause harm, and the most
heinous corporate actions may, through
serendipity, not result in harm. Yet the
Vioxx verdict appears to be a reprise of
what occurred with the drug Bendectin and
silicon gel breast implants, in which juries
relied on evidence of corporate wrong-
doing to reach verdicts that the evidence of
causation would not justify (7, 2).

Remarkably, the success of plaintiffs
with juries continued in the Bendectin liti-
gation even after the science tending to
exonerate the drug became more robust (3).

For the most part, courts corrected those
errors in Bendectin (which spawned the
famous Daubert decision, requiring federal
judges to more aggressively screen expert
testimony) and in breast-implant litigation.
Merck may not benefit from the same judi-
cial intervention. There is, after all, pretty
good evidence that Vioxx has caused a sub-
stantial number of heart attacks, and those
plaintiffs are queuing up for their turn. The
first case appears to have ridden on their
anticipated coattails.

MICHAEL D. GREEN
Wake Forest University, Winston-Salem, NC
27106, USA.
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Illusory Statistics

THE REPORT BY S. NEE ETAL.“THE ILLUSION OF
invariant quantities in life histories™ (19
Aug., p. 1236) demonstrates that empirical
support for the presence of invariant ratios
in life-history traits is based on spurious
correlations. Unfortunately, their example
is just one of many: Spurious correlations
have been repeatedly raised as statistical
proofs for concepts as varied as the ener-
getic costs of reproduction (/), rates of
morphological evolution (2), and estimates
of forest biomass (3).

The repeated and blind application of
discredited statistics is a stumbling block to
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the advancement of science. The mere pos-
sibility that a statistical artefact could form
the empirical base from which a ficld of
evolutionary biology has grown 1s a sign
that something is wrong. It is symptomatic
of a larger issue in the biological sciences:
To be a good biologist, you must also be a
competent statistician, but many arc not, To
quote one viewpoint recently expressed, “If
you can’t understand enough statistics to
interpret the data from your own experi-
ments, then you probably don’t deserve a
Ph.D. in ecology” [(4), p. 49].

Spurious correlations in biological data
are a commonly described phenomenon—
Pearson first proved their existence to evo-
lutionary biologists more than a century ago
(5). One hundred and eight years on, Nee et
al. have shown that this simple statistical
message is finally sinking in.

ROBERT M. EWERS
Institute of Zoology, Zoological Society of London,
Regents Park, London NW1 4RY, UK, and
Department of Zoology, University of Cambridge,
Downing Street, Cambridge CB2 3EJ, UK. E-mail:
robert.ewers@®ioz.ac.uk
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CORRECTIONS AND CLARIFICATIONS

News Focus: "A glass ceiling for Asian scientists?”
by J. Mervis (28 Oct., p. 606). The article incorrectly
implied that an invitation to Liqun Luo to join the
program committee of the Society for Neuroscience
came in response to a letter questioning the soci-
ety’s commitment to providing opportunities for
Asian-American scientists. The appointment
occurred before the letter was submitted, as part of
the society's normal process of replacing commit-
tee members. In addition, the article misspelled the
first name of Irwin Levitan, who chairs the society's
committee on committees.

AAAS News and Notes: “2006 Annual Meeting:
Grand Challenges, Great Opportunities” (28 Oct.,
p. 635). Two lines were missing from the the last
paragraph in column 1 on page 635. The missing
text is "Altogether, there will be more than 200
symposia, lectures, seminars, and other sessions.
For more about the program and registration, see
www.aaasmeeting.org.” The text is correct in the
online version.

News of the Week: "Six women amaong 13 MIH
'Pioneers’ " {30 Sept., p. 2149). The first name of
Pehr Harbury, chosen far the 2005 Director’s
Pioneer fward by the Mational Institutes of Health,
was misspelled in the picture caption that accom-
panied the stary.

Policy Forum: "Pathogen surveillance in animals”
by T. Kuiken et al. {9 Sept., p. 1680). In reference
{ 78], part E of the figure was incorrectly attributed
to the Australian Broadcasting Corporation; the
phatograph is from Reuters.
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PUBLIC HEALTH

A Vaccine Disaster and Its Fateful Shadow

Olen Kew

ive decadis ago in Ann Arbor, Michigan,

Thomas Francis made @ momentous

announcement: the polio vaccine devel-
oped by Jonas Salk and his team worked, The
news was hailed as one of the
greatest triumphs of science,
medicine, and public health.
Development of a safe and effec-
tive polio vaccine, through the
leadership of the National
Foundation for Infantile Paralysis
and its March of Dimes cam-
palgns, reaffirmed the spirit of
volunteerism in the United States
and restored public confidence in
vaceines following two decades
of disaster. Church bells rang
throughout the land in celehration, and Jonas
Salk enjoved celehrity unprecedented for a
medical scientist. As Paul Offit vividly
deseribes in The Curter Incident: How
dmericas First Polio Vaceine Led (o the
Cirewing Faccine Crists, the anmouncement
came at a time of devastating polio epidemics
that paralyzed tens of thousands of children
cach year, a time when Americans’ fear of
polio was surpassed only by their fear of
nuelear war, The new vaceine was promptly
licensed, and communities were mobilized to
deliver millions of doses to children through-
out the: country,

Within three weeks, trriumph turned to
tragedy s reports streamed in of polio cases
among recently mmminized mfants and chil-
dren, principally from the western stares. The
clinical and epidemiologic findings clearly
mplicated the polio vaceine and narrowed
the risk to specific loty produced by Cutter
Laboratories of Berkeley, California, one of
the five Amencan producers of the vaceine,
In his gripping narmative, Ot (an immunol-
ogist and pediatrician at the Children’s
Nogpital of Philadelphia and the University
of Pennsylvania School of Medicine)
recounts the terrible dilenmma faced by public
health officials as they urgently sought a way
to prevent finther cases while not undermin-
ing public confidence in the polio vaccine
Just as the peak transmission season for cir-
culating polioviruses was heginning,
Because the regulations governing vaccine

The reviewer is in the Division of Wiral and Rickettsial
Diseases, Centers for Disease Control and Prevention,
1500 Clifton Road ME, Atlanta, GA 30333, USA. E-mail:
omk1@cde.gov
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The Cutter Incident
How America’s
First Pelio Vaccine
Led to the Growing
Vaccine Crisis
by Pawl A. Gffit
Yale University Press,
New Haven, CT, 2005.

250 pp- $27.50. ISBN 0-
300-10864-8.

production were at the time quite limited, the
officials had cssentially no knowledge of the
problems that Cutter and othermanufacturers
had encountered in producing polio vaceine
lots free of infectious virus.
Crucial decisions were made on
the basis of very limited infor-
mation. A consequential bacle-
drop to these events was wide-
spread skepricism about Sall’s
polio vaceing among lTeaders in
the scientific community—
skepticism fueled by a mixture
ot intense personal rivalry and
the view that the attenuated polio
vaceine then under development
offered a more technically ele-
gant, and potentially more broadly applica-
ble, solution. In the wake of the Cutter tra-
gedy, some leading scientists even asserted
that Salk’s theories and methods were funda-
mentally flawed and that production of an
inactivated polio vaccine free of infectious
virus wus theoretically impossible,
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Ready for the rollout. Drawing on stockpiles of bottles
(such as these photographed in New Jersey in January
1955), the five manufacturers distributed more than 4.8
million doses of polio vaccine in the first three weeks
after the April 1955 licensing of the vaccine.
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Subsequent events have vindicated the
Salk vaccing, because many millions of doscs
ware produced and administered aftor 1955
without incident. The availability of an effec-
tive polio vaceing in 1955 saved tens of thou-
sands of children in the United States, Canada,
and Europe from lifelong paralysis and
demonstrated the feasibility of widespread
mmminization to control polio. nmminization
with the Tive, attenuated oral polio vaceine of
Sabin, licensed in 1961, completed the rask
alrcady well advanced by use of Salk’s vac-
cine, and the last pockets of indigenous
poliovirus rransmission were eliminated in the
United States by the 19705, Building upon the
successiul elimmation of polio from devel-
oped countrics, the World 1ealth Organization
established the Global Polio Eradication
Initiative in 1988 to fulfill the promise ot a
polio-tree world tirst envisioned in 1955, In
this global effout, the more easily administered
Sabin vaccine has been the primary weapon
against polio, but many countries, ncluding
the United States, have retumed to the Salk
vaceing to maintain a polio-tree status,

Offit’s book Is a comprehensive and readily
comprehensible account that scamlessly
moves from historical narrative through tech-
mical exposition, mystery thriller, courtroom
drama, and legal review to social com-
mentary. In this last aspect, Offit pres-
ents his most compelling message; that
the Cutter incident lies at the root of
our current vaceing crisis, 1le recounts
how thoughtful jurors, following a
judge’s striet instructions, reluctantly
tound Cutter liable for financial dam-
ages even though they believed that
Cutter was not negligent in the produc-
tion of polio vaccine. He then traces
howe the principle of liability without
negligence was aggressively expanded
in subsequent cowrt decisions to Liabil-
ity even tor the manufacture of safe
products. Echoes of the Curter deci-
sion still reverberate today in the
diminishing number of vaceine manu-
facturers, the high prices for vaccines
in the United States and other devel-
oped countries, and the msufficient
current supply of influenza vaceine as
we face a possible pandemic.

The Cufter Incident offers a con-
cise and thoroughly documented
account {(well illustrated with rare
period photos) of a medical tragedy
and its contining consequences. Ot
presents a powerful case for a far more
enlightened approach to the develop-
ment and nse of lifesaving vaccines.

10.1126/science. 1118502
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A Comical Look
at Real Physics

Sam Kean

ames Kalkalios is a physicist who knows

how to shrink the separation between

physics and play, While his rescarch iy

directed roward understanding the proper-
ticy of amorphous semiconductors, he also
investigates problems that can be grasped ara
glance. TTe has studied the “Brazil nut prob-
lem"”—why the large, heavy nuts seem to defy
gravity and rise to the top when vou shale a
can of mixed nuts, And he has piled up sand to
see how steep the slopes can get before the
grains start to spill down the sides. Thus,
it comes as no surprise that in The
Physics of Superheroes Kakalios offers
a droll but sincere look at what
Superman and Spider-Man can teach
about physics. Granting the one-time
“miracle exceptions™ that give super-
heroes their powers in the first place, it
turns out they can teach quite a lot.

In the introduction, Kakalios
describes his motivation for writing the
book. He reports overhearing a conver-
sation between two students after a
physics exam that had evidently not
gone well for them. One complained to
the other (in the author’s cleaned-up ver-
sion), “I"'m going to bleeping buy low,
and bleeping sell high. T don’t need to
know about no bleeping balls thrown off
no bleeping cliffs.”” Kakalios notes two
things we can learn from this complaint:
“the secret to financial success” and
“that the examples used in traditional
physics classes strike many students as
divorced from their everyday concerns.”

Surprisingly, when Kakalios intro-
duced superhero-related homework, his
students at the University of Minnesota
stopped complaining. He found that
problems about Magneto and the Flash
never struck thom as unrealistic, and
comic books proved an excellent way to teach
the topic, A lifelong comic-book junkie,
Kakalios developed a freshman seminar he
titled “Evervthing [ Know About Science 1
Leamed from Reading Comic Books.” The
Fhysies of Superheroes builds on that popular
course. (Disclosure: [ studied physics at
Minnesota and had a passing acquaintance
with the author}

The book follows the familiar path of
introductory college physics classes: it starts
with Newtonian mechanics, moves to the

The reviewer was a 2005 AAAS Mass Media Science
and Engineering Fellow. E-mail: samkean@gmail.com
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conservation laws of cnergy and thermody-
namics, veers Into electricity and magnetism,
and ends with the modem physics of relativ-
ity and gquantum mechanics, But the exam-
ples for each topic spring diectly from the
comicy, and the book reproduces dozens
of panels that depict various
scenes, For ingtance, we spot the

shred Captain America shield and who is
the most physically realistic superhero (an
easy one).

In addition to discussing the physics,
Kakalios often digresses mto the history of
comic books, where he differentiates
berween the golden age (1940s)
and the silver age (late 19305 and

e | _ The Physics of p L
M;Im_of Istcc._l leaping oveT 2 Superheroes 1960s). e Ialrm outlings some
building in a single bound, which by fames Kakalios famous comic-book debates. For

prompts Kakalios to ask, “With
what speed did Superman have
to jump?” Ant-Man—a super-
hero who shrinks to miniscule
sizes—appears In a series of
chapters and raises a host of interesting quis-
tions. Would Ant-Man be able to speak or
hear, given that his vocal cords and cardrums
have shrunk, too? Is the scene where he

TALES TO

vtk
comics
8

£ 8

NO ONE
THAT LIVES
IS MIGHTY

ENCUGH
T BESIST
MES

Perilous to the tiny. In Tales to Astonish #48, Ant-Man
is helpless in a partially filled bathtub.

punches his way out of a vacuum bag realis-
tic, given that his tiny arms arc much less
powertul Tevers than a full-sized human’y?
Three extra sections follow the main
text. The first offers a list of cases where
comic books clearly got their physics
wrong—Tfor instance, according to New-
tonian action and reaction, the power beams
from Cyclops’s glasses should snap his
head violently hackward, but they never do.
The second presents a faily typical paean
ahout the joy and clegant power of science
to study the world. In the third, “Ask Dr. K”
Kakalios provides the final word on such
questions as whether Wolverings claws can

Gotham, New York,
2005384 pp. $26,C$36.
ISBN 1-592-40146-5.

imstance, whoen the Green Goblin
pushed Gwen Stacy off a bridge,
what actually killed her? The fall
or Spider-Man attempt to stop
his girlfriend’s descent too
quickly? (Kakalios blames Spider-Man,} As
someone who has never read a comic book in
his life, T found these asides a diverting
respite from the science.

Kakalios infuses the book with humor.
He has let in some real groaners, but noth-
ing worse than can be expected from the
worlds of science fiction and comic books.
More troubling are his lapses into dense and
unfriendly prose. Unfortunately, more than
a few passages read like the following:

In this situation a force will be applied
to the charges in the moving wire that will
induce them to flow. By dragging the wire
through the external magnetic field, we
convert the physical energy involved in
moving the wire into a form of electrical
energy manifested by the electrical current.

This reminded me of classical Greek
texts on geometry or physics, which contain
statements like, “As is the ratio of the whole
to twice the whole, so is the ratio of that
double to four times the whole.” If you
already know what the passage is talking
about—!/, = */,—then the wording seems
quite clear, But if the material is unfamiliar,
the text is obscure. Similarly, those with a
technical background can skim Kakalios’s
dense passages as a refresher, but neophytes
may be left with a headache. Kakalios
intended the book for general readers. He
should be commended for avoiding too
many cquations; nonetheless, there are still
a few dizzying pages.

The trouble spots, however, only occa-
sionally cloud the author’s entertaining
aceount. Most of his explanations are Tucid
and smooth. In the end, Kakalios demon-
strates that if one suspends belief and
accepts that radioactive spidery or mutant
arch-criminals exist, much of the physics in
comic books is surprisingly reliable. From
Newtonian mechanics to the quantum
world, comic-book authors generally know
what they're talking about. And with The
Phvsics of Superheroes as a guide, now so
will their readers,

10.1126/science. 1121863
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SCIENCE AND LAW

WMD Sensors—
Search and Seizure

Don Prosnitz

n 11 June 2001, the Supreme Court
Oheld in Byflo v, United States (1) that

law enforcement’s warrantloss view-
ing of a private residence with advanced sense-
enhancing technology, an infrared camera,
was unconstitutional. The Fourth Amendment
states, “[ The right of the people to be secure n
their persons, housces, papers, and effects,
against umeasonable searches and seizures,
shall not be violated, and no Warrants shall
igsue, but upon probable cause...” Three
months later, terrorists attacked the World
Trade Center and Pentagon, The next month,
anthrax was mailed to members of Congress.
The science and technical community was
mobilized to design and deploy advanced sen-
sors not in general public use capable of
detecting chemical, biological, and nuclear
weapons. Virtually all operational scenarios
for detecting weapons of mass destruction
(WMDs) preclude obtaining either prior con-
sent for a search or a warrant.

Terrorists and WMDs will be with us for
the foreseeable future. New technology to
combat these threats should not be devel-
oped in a legal vacuum. Balancing security
and civil liberties is a shared burden. Courts,
legislatures, citizens, and the technical com-
munity must all participate.

In light of Kyifn, how can scarching for
WMDs be made compatible with the Fourth
Amendment? A search meant physical tres-
pass until 1967, when the Supreme Court held
that the Constitution protects people, not
places, and that the govemment may not vio-
late an individual’s reasonable expectation of
privacy. When defining a reasonahle expecta-
tion of privacy, the Court has considered the
location of a search (homes are the most ovi-
olate}, activity revealed by the scarch [inti-
mate details are inherently private (2)], if
proactive actions were taken to protect pri-
vacy, the objective of the search [there is no
expectation of privacy in contraband (3, )],
and technologies used to conduct the scarch
[there may be an expectation of privacy if a
sensor is not in general public use (5.

Detaming or even delayimg an mdividual
by conducting a WMD search at a roadblock

The author is a physicist at Lawrence Livermore
Mational Labaratary, Livermore, €A 94550, USA,
E-mail: dp@linlgov
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is a seizure. An individual or possessions
may be seized without o warrant given rea-
sonable, articulable suspicion of ¢criminal
activity, but undue delay [e.g., 90 minutes to
locate o drug-snifting dog to justity proba-
ble cause (4}] may lead to a later determina-
tion that the seizure was unrcasonahle,

To permit suspicionless, random seizures
fc.g., highway checkpoints), courts have bal-
anced (1} the gravity of public concem served
by the seizure, (i1) the effectiveness of the
seizure in advancing the public interest, and
(i} the severity of mrerference with individ-
ual liberty (4). The threat of WM Ds may be so
great that it will trump all other factors, 1Tow-
ever, at least one court held that a “yellow
alert™ is not enough to justity nonspecitic
searches (7}. Because quantitatively measur-
ing deterrence against terrorism iy prohlem-
atic, udgments about effectiveness will Likely
remain with government officials and will be
adjudicated by the courts, Interfering with
individual liberties is usnally interpreted to
mean the length of seizure, extent of physical
intrusion, intimate details revealed, area
searched, and public humiliation.

Developers of WMD detectors cannot
anticipate future conrt decisions, but they
can apply four criteria to address traditional
constitutional limits:

Sensor discretion is crucial. A nonintry-
sivie detector that only discloses contraband
has the best chance of being ruled permissi-
ble. Although Justice John Paul Stevens pre-
dicted that even the “perfectly diseriminating
maechanical sensor’” would be prohibited by
the Kvllo decision (8), the capability of the
infrared camera most offensive to the Court
was Ity potential to reveal Tawful, intimate
activities inside a home. Recently, a search
dog miffing outside a private residence was
ruled admissible only hecause “...it did not
explore the derails of a house. .. and can do
no maore than reveal the presence or absence
of contraband.” (9}. Portable mass spectrom-
cters are being developed to detect and iden-
tify chemical and perhaps biological
weapons. Would such a sensor that reveals
all the volatile chemical substances in a resi-
dence be ruled acceptable?

To be truly cffective, next-gencration
detection systemms must be able to process all
available signals—spectral, spatial, chemi-

cal, nuclear, and electromagnetic—but
reves] no information except the presence or
ahsence of contraband. Systems designed to
support arms control and treary verification
include information barricrs to maect similar
requirements. [nspectors must confinm the
presence of Special Nuclear Material in
warheads being dismantled without reveal-
ing classified design information.

Performance must be well documented,
Test data might be requived to justify prob-
able cause for g search. The issue of error
rates will certainly surface. Justice David
Souter’s dissent in Hiiweds v. Cabulles (in
which the Court ruled that o dog sniff with-
out articulable suspicion was permissible)
stated that the decision in United States v.
Place 10 allow dog sniffs was based on an
untenable assumption “...that dogs do not
err” (70). Designers must carctully charac-
terize their systems 1o demonstrate overall
cffectiveness and specificity for contra-
band. If the systems have mformarion barti-
crs, then intermediate results that would
normally confirm proper operation will not
be available. Appropriate tests will have to
be designed and used frequently.

Sensor deplovment must be demonstra-
by effecrive. This is a matter for operations
research and deterrence theory.

Sensors must be readily available,
Unduly detaining or seizing an individual
or helongings may be impermissible.
Inexpensive, portable detectors along with
widely networked communication systems
can give law enforcement officers immedi-
ate access 10 information, enabling quick
resolution of seizures.

It scientists and engineers understand the
perspective taken by courts in the past, they
will stand a much betrer chance of providing
technical solutions that will balance the
Fourth Amendment and civil liberties against
thi modern realitics of terronist threats.
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EVOLUTION

The Tree-Thinking Challenge

David A. Baum, Stacey DeWitt Smith, Samuel 8. 5. Donovan

he central ¢laim of the theory of evo-
Tlution as laid out in 1859 by Charles

Darwin in The Origin of Species 13
that living species, despite their diversiry in
torm and way of life, are the products of
descent (with modification) from common
ancestors. To communicate this idea,
Darwin developed the metaphor of the
“tree of life.” In this comparison, living
gpeciey trace backward in time to common
ancestors In the same way that separate
twigs on a free trace back to the same major
branches, Coincident with improved meth-
ods for uncovering evolutionary
relationshipy, cvolutionary trees,
or phylogenies, have become an
cssential clement of modem biol-
ogy (7). Consider the case of
HIV/AIDS, where phylogenies
have heen used to identify the
source of the virus, to date the
onset of the epidemic, to detecet
vital recombination, to track viral
evolution within a patient, and to
identity modes of potential trans-
mission (7). Phylogenetic analysis
wits even used to solve a murder
case involving HIV (3}, Yet “iree
thinking™ remains widely prac-
ticed only by protfessional evolu-
tionary biologists. This is a partic-
ular cause for concern at a time
when the teaching of evolution is
being challenged, because evolutionary
trees serve not only as tools for biological
researchers across disciplines but also as
the main framework within which evidence
for evolution 1s evaluated (4, ).

At the outscet, it is important to clarify
that tree thinking docs not necessarily
entall knowing how phylogenies are
inferred by practicing systematists, Anyone
who has looked into phylogenetics from
outside the ficld of evolutionary hiology
knows thar it 1s complex and rapidly chang-
ing, replete with a dense statistical litera-
ture, impassioned philosophical debates,
and an abundance of highly technical com-
puter programs, Fortunately, ong can inter-
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pret trees and use them for organizing
knowledge of biodiversity without know-
ing the details of phylogenctic inference.
The reverse is, however, not true. One can-
not really understand phylogenctics if one
15 not clear what an evolutionary tree is.
The preferred interpretation of a phylo-
genetic troe is as a depiction of lineys of
descent. That Is, trees communicate the
evolutionary relationghips among ¢le-
ments, such as genes or species, that con-
nect a sample of branch tips. Under this
interpretation, the nodes (branching points)

¥

on a tree are taken to correspond to actual
hiological entitics that existed in the past:
ancestral populations or ancestral genes.
Mowever, tree diagrams are also used in
many nonevolutionary contexts, which can
cause confusion. For example, trees can
depict the clustering of genes on the basis
of their expression profiles from microar-
rays, or the ¢lustering of ccological com-
munities by species composition. The
prevalence of such cluster diagrams may
explain why phylogenetic trees are often
misimterpreted as depictions of the similar-
ity among the branch tips, Phylogenctic
trees show historical relationships, not sim-
ilgritics. Although closely related species
tend to be similar to one another, this is not
necessarily the case if the rate of evolution
is not uniform; Crocodiles are more closcly
related to birds than they are to lizards, even
though crocodiles are indisputably more
similar m external appearance to lizards.

PERSPECTIVES

But what does it mean to be “more
closely related™? Relatedness should be
understood in terms of common ancestry—
the more recently species share a common
ancestor, the more closcely related they are,
This can be seen by reference to pedigrees:
You are more closcly related to vour first
cousin than to vour sécond cousin because
your last conmumon ancestor with your first
cousin lived two generations ago (grand-
parents), whereas your last common ances-
tor with vour sccond cousin lived three
generations ago (great-grandparents),
Nonetheless, many introductory students
and even professionals do not find it casy to
read a tree diagram as a depiction of evolu-
tionary relationships. For example, when
presented with a particular phylogenetic
tree (see the figure, left), people offen ervo-

T
D L]

Which phylogenetic tree is accurate? On the basis of the tree on the left, is the frog more closely related to
the fish or the human? Does the tree on the right change your mind? See the text for how the common ances-
tors (x and y) indicate relatedness.

neously conclude that a frog is more closely
related to a fish than to a human. A frog is
actually more closely related to @ human
than ro a fish because the last common
ancestor of o frog and a human (see the fig-
ure, label x}is a descendant of the last com-
mon ancestor of a frog and a fish (see the
figure, label y). and thus lived more
recently. [To evaluate your tree-thinking
skilly, tuke the quizzes (6)).

‘Why are trees liable to misinterpreta-
tion? Some cvolutionary biclogists have
proposed that nonspecialists are prong to
read trees along the tips (f, 7}, which in this
case yields an ordered sequence trom fish
to frogs and ultimately to humans. This
incorrect way to read a phylogeny may
explain the widely held but erroncous view
that evolution is a linear progression from
primitive to advanced specices (8), cven
though a moment’s reflection will reveal
that a living frog cannot be the ancestor of
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a living human. The correct way to read a tree
is as a set of hierarchically nested groups,
known as ¢lades. In this example, there are
three meaningful clades: human-mouse,
human-mouse-lizard, and human-mouse-
lizard-trog, The difference between reading
branch tips and reading ¢lades becomes
apparent if the branches are rotated so that
the tip ovder is changed (see the figure,
right}. Although the order across the branch
tips is different, the branching pattem of evo-
Intionary descent and c¢lade composition is
identical, A focus on clade structure helps to
emphasize that there is no single, lmear nar-
rative of evolutionary progress ({, 7).

There are other prohlems in reading rela-
tionships from trees (9). For example, there
I% @ common assuwmption that trait evolution
happens only at nodes. But nodes simply
represent places where populations became
genetically isolated, permitting them to
accumulate differences in their subsequent
cvolution, Similarly, living specics may he
mistakenly projected backward to occupy
internal nodes of @ tree, But it i ncorrect to
reud a tree ay saying that humans descended
from mice when all that is implied is that

humans and mice shared a common ances-
tor. Thus, for all its importance, tree thinl-
ing is franght with challenges.

Tree thinking belongs alongside natural
selection as a major theme in evolution
training, Further, trees could he used
throughout biological training as an effi-
cient way to present information on the dis-
tribution of traits among specics, To this
end, what Is needed are more resources:
computer programs ( /), educational strate-
gles ({1, 12}, and accessible presentations
of current phylogenctic knowledge (73-75},

Phylogenetic trees are the most direct rep-
resentation of the principle of common
ancestry—the very core of evolutionary
theory—and thus they must find a more
prominent place in the general publics under-
standing of evolution. As philosopher of sci-
ence Robert O'Hara (/6) stared, “just as
beginning students in geography need to be
taught how to read maps, so beginning st-
dents in biology should be taught how to read
trees and to understand what trees communi-
cate.” Among otherbenefits, as the concept ot
tree thinking becomes better understood hy
those in the sciences, we can hope thata wider

scgment of socicty will come to appreciate the
overwhelming evidence for common ancestry
and the scientific nigor of evolutionary biology,
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CHEMISTRY

Following the Flow of Energy
in Biomolecules

Paul M. Champion

in visual or photosynthetic systems,

have evolved to efficiently convert
energy from one form to another, Tow do
these molecules channel energy rapidly and
efficiently so that uscful work can be per-
formed without this energy being dissipated
meffectively Into the surroundings?
Dissipation of molecular vibrational excita-
tion energy typically takes place on picosec-
ond time scales, s0 biological molecules must
bi: able to channel energy rapidly and efti-
ciently if they ave to be able to directitin ause-
ful manner, In hiological systerms excited by
light, the nonradiative electronic transitions
can oceur on tme scales (<= 10 2 pg) that are
even faster than vibrational energy dissipation
({=3), hinting at how namre solves the problem
of dirccting energy flow. On page 1006 of this
issue, Kukana ef g, (4) take an important step
forward in defining the process of directed
energy flow m the visual pigment thodopsin,

S ome biological molecules, such as those
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Photoexcited biological molecules offer
@ unigue opportunity to monitor the evolu-
tion of excitation energy as It transforms a
reactant molecule into its final products,
‘With the advent of appropriate femtosec-
ond laser technigues (3}, it has become pos-
sible to examing the underlying dynamics
of the elementary vibrational and electronic
excitations that guide the structural changes
and, ultimately, the function of a variety of
hiomolecules (6—%). The work presented hy
Kukura et af. enhances our ability to moni-
tor rapid structural changes in such mole-
cules by introducing the technigue of ferm-
tosecond stimulated Raman spectroscopy
(FSRS), In theirreport, Kukura ez af. follow
the evolution of the retinal chwomophore as
It 18 excited to photorhodopsin and decays
into bathorhodopsin, all within the first
picosecond of the visual process. They do
this hy taking advantage of the broad spec-
tral bandwidth of their probe pulse to obtain
very high quality time-resolved stimulated
Raman spectra over the range of 600 to
2000 cm™.

Mow docs this experiment generate
ultrafast time resolution, as well as the high

spectral resolution associated with Raman
spectra, without violating the uncertalnty
principle’? Although not emphasized in the
report by Kukura ef «f., these authors ave
fully aware (9} that the underlying time
scale for the generation of the Raman pho-
ton is dictated by the dephasing time of the
coherence between the initial and final
vibrational levels of the material nndergo-
ing thi: Raman process. A typical time scale
for the vibrational dephasing timae is on the
order of 107? 5, which rranslates to a 10
¢m~! Raman bandwidth, This meany that
the FSRS experiment reads out Raman
radiation from the sample that is averaged
over ity vibrational dephasing time window
(that is, the stimulated Raman signals con-
tinue to appear at the detector, even after the
probe pulse has passed through the sam-
ple). Thus, there 15 no violation of the
uncertainty principle. However, being able
ta control the “gating™ of the Raman coher-
ence by changing the time delay between
the photochemical pump and the broadband
probe allows the dephasing time window to
he moved so that rapid structural dynamics
can be monitored. Changes in the vibra-
tional frequencics that take place within the
dephasing time window affect the FSRS
Iineshape, and the authors haye done a con-
vincing job of simulating these lineshape
changes as shown in the supporting online
material of their paper.

A key conclusion of the work on
rhodopsin is that low-symmaetry hydrogen
out-of-plane (HOOP} wagging motions

www.sciencemag.org



allow the system to evolve
extremely rapidly (~200 fs) onto
the ground-state electronic sur-
fuce of the product, where much
of the ensuing structural change
of the retinal chromophore (the
¢is to trans isomerization) actu-
ally takes place. This is a para-
digm shift from the usual
description of retinal isomeriza-
tion reactions, where the clee-
tronic and nuclear structures are
often taken to evolve together n
time within a onc-dimensional
reaction coordinate model that
mvolves multiple intermediate
states. In contrast, a very rapid
transition to the electronic
ground state of the product leads
to an mmpulsive nuclear rtesponse
composed of those vibrational
motions that are coupled to the
clectronic state changes (those
nuelei that feel forees due to the
change in the electron distribu-
tion are said to he “coupled™).
Because these electronic forces
are associated with the product
clectron distribution, they natu-
rally direct the nuelel toward the
final product structure with high
efficiency following the rapid
clectronic trangition, Inter-
mediates on such a pathway are
simply ameasure of the progress
of the structural part of the reac-
tion on the product ground-stare
clectronic surface.

Similar conclusions have
heen reached in femtosecond
coherence studies of diatomic
ligand dissoclation from heme
proteins (7, 78}, These studics
show that 1t 1s the ultrafast tran-
sitions of the iron ¢lectrons that
trigger and direct the resulting
nuclear motion of the heme on
its ground-state photoproduct
electronic surface. The surface
crossing “scam” tor dissocia-
tion, shown in the top panel of
the figure, is where the elec-
tromic part of the reaction tukes
place. The crossing seam is
analogous to the conical inter-
section (ff) mentioned by
Kukura ef af., where HOOP
modes couple the ground- and
exclited-state electronic sur-
faces, 1t remains unclear pre-
cisely what mediates the highly
efficient coupling berween the
clectronic surfaces in the heme
system, but spin-orhit coupling,
ay well ay coupling by out-of-

Excited-state dissaciation

Mb phatoproduct 5§ =2
ground state

Surface crossing
"seam” for dissaciation

MbL* §=0
q excited state

r (Fe-L)
Thermally driven binding q
e r L
—_—
A Z-@ [ ]
Mb 5 =2

ground state

Surface crossing
"seam” for binding

ML S=0
ground state

z-@-cl

r (Fe-L)

Good vibrations. (Top) A top-down view of the intersection of the initial
photoexcited-state electronic surface {thin tan contour lines) of the heme
in ligated myoglobin (labeled MbL*) and the photoproduct ground-state
electronic surface (labeled Mb). After photoexcitation of the «-electrons
of the heme chromophore [yellow region), the iron d-electrons rapidly
reconfigure within their localized orbitals and go from a spin of = 0in
MbL* to § = 2 in Mb.This exerts strong local forces on the nuclei surround-
ing the iron atom that move the system along the coordinate(s) g. The sim-
plified picture depicts the photodissociation of the diatomic ligand (blue
circles labeled L) along the iron-ligand coordinate 7, as well as the coupling
of the reaction to other chromophore and/or protein modes labeled g. The
ensuing coherent vibrations of the reaction-coupled g-modes are specific
to the ground state and appear within 100 fs of the photochemical pump
{7, 10). (Bottom) The thermally activated reverse reaction as the ligand
binds to the heme along the ground-state electronic surface.The diatomic
ligand is "trapped” by electronic coupling to nuclear coordinate(s) g when
the period [T,) for the return to the binding seam is longer than the time it
takes to dissipate vibrational energy.
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plane heme-ligand stretching and
bending modes, are Tkely candi-
dates.

Electron-nuclear coupling also
plays an 1mportant role in ther-
mally driven ground-state reac-
tions (see the hottom panel of the
figure, lefr}. After the system
accumulates enough thermal
energy to surmount the energy
harrier at the crossing scam, the
forces of the clectronic state
change will guide the nuclear
motion along ¢, When the vibra-
tional period (t,) of mode g is
Jonger than ~1 ps, the system
loses enough vibrational energy
before returning baclk o the cross-
ing seam that it becomay trapped
in the bound state. Without the
reaction coupling to g, the system
would rapidly (within the ~60-fs
iron-ligand vibrational period)
it o the crossing scam along ¢
with enough energy to escape
from the hound-state region, The
electron-nuclear coupling of ¢
gives the biological system the
time it needs to dissipate energy
within the bound-state region so
that the efficieney of the hinding
reaction Is optinized.

As a result of these studics, a
scenario for directed energy
transport 1s emerging in which
biomolecules have cvolved to
make use of the fact that electrons
are light and fast, whereas nuclel
are heavy and slow. For ground-
state reactions, the modes rrig-
gered by the clectronic forces can
help to trap the system in the
desited clectronic state. For
photoexcited states, the fast elec-
tronic decay (mediated by motion
along specific modes of appropri-
ate symmetry and frequency)
takes place before excess energy
can escape to the surroundings,
and this triggers highly specific
glectronic forces on the nearby
nuclel when the electrons change
state, Prohably there 15 a correla-
tion berween the localization of
the clectronic state change and
the specificity and efficiency of
the nuclear (that is, structural)
response in the associated reac-
tion. In the event that the elec-
tronic transition is more delocal-
1zed, and therefore structurally
less specifie, the surrounding
protein conformation may be
called upon to act as a restraining
Tattice that helps to direet the elee-
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tronic forces wo that the structural part of the
chromophore reaction is guided to the desived
outcome. In tum, this can set up action-reuc-
tion forces on the protein that lead to specific
and desired conformational changes extend-
ing over the much longer length and time
scales necessary for the proper function of
larger biological assemblics.
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The Photosynthesis “Oxygen
Clock” Gets a New Number

James E. Penner-Hahn and Charles F. Yocum

cspite decades of engineering effort
Ddevoted to solar energy conversion,

artificial solar systems still capture
only a trivial amount of energy compared
with the amount captured by plants, green
algae, and cvanobacteria through photo-
synthesis. On page 1019 of this issue,
Haumann et al. (1) provide new insight into
the mechanism of biological solar energy
conversion. Using time-resolved spec-
troscopy to analyze the dynamical
processes of photosystem 11, they
identify an important intermedi-
ate step in oxygen evolution.
More generally, this demonstra-
tion that time-resolved struc-
tural data can be measured for
the metal site in a dilute
enzyme on time scales as short
as 10 ps opens the door to
more detailed characterization
of biochemical kinetics of
other metalloenzymes.

Photosynthesis converts solar

energy into chemical energy with
nearly 100% efficiency and negligi-
ble toxic by-products. At the heart of
photosynthetic energy transduction is a
multipolypeptide complex called photo-

system 11, which catalyvzes the oxidation of

water, splitting it into clectrons and oxy-
gen. The former product is used in the
dark-rcactions of photosynthesis to reduce
carhon dioxide to the carbohydrates. This
ultimately supplics food that is consumed
by the rest of the biosphere. The latter
product is the source of Earth’s oxygen-
rich atmosphere,

The catalytic center of photosystem II 1s
the oxygen-cvolving complex (also known

The authars are in the Departments of Chemistry and
Molecular, Cellular, and Developmental Biology and
the Biophysics Research Division, University of
Michigan, 930 Marth University Avenue, Ann Arbor, M1
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282

11 NOVEMBER 2005 VOL310 SCIENCE

as the water-oxidizing complex}, a MnCa
cluster that 1s the site of oxygen-oxygen
bond formation, Thiy is the rate-limiting
chemical step in water oxidation. Recently,
several crystal structures have begun to elu-
cidate the structural organization of photo-
system II, sugeesting possible arrangements
of the Mn and Ca ions (2-4}. [owever,
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because of the Tow resolution of these data
[positional uncertaintics (53 ~1 to 1.5 A]and
the sensitivity of the ¢rystals to radiation
damage (8), detailed mechanistic questions
regarding the chemistry of oxygen forma-
tion have had to rely on spectroscopic meas-
nrements. (Spectroscopy, unlike most crys-
tallography, allows the system to be followed
s it goes through its catalytic paces,) Almost
all of the available wavelengths of light, from
infrared to microwave and visible to x-ray,
have been vsed to study photosystem II.
Although each has provided a piece of nfor-
mation about the steps in the catalvtic cyvele
of the oxygen-evolving complex, only
microwaves (electron paramagnetic reso-
nance) and X-rays (X-ray absorption spec-

troscopy) have been used successtully as
specific probes of the caralytic site, and only
x-tay absorption spectroscopy can be used to
study each of the different oxidation states.
The basic mechanism of photosynthetic
water oxidation has been known for nearly
40 years, since the discovery that oxygen 1s
evolved after every fourth flash of Tight (7).
This has implied that there must be at least
fivee different states of the complex that are
converted cyclically, lmown as the classical
Kok cycle (&) (see the figure, inner circle}.
The five states are namaed S, to 8,4, with the
subscripr indicating the number of oxidiz-
ing equivalents that are stored in the entire
oxygen-evolving complex. [thassince been
recognized that this advancement of §

Mechanism of photosynthetic oxygen evolu-
tion. (Inner circle) Classical Kok cycle, showing
five kinetically resolvable S states (S) of the
manganese cluster of the oxygenic photosyn-
thetic photosystem Il reaction center. Red
arrows indicate light-driven oxidation steps and
black arrows indicate chemical steps. {Quter
circle) Modern description of the Kok cycle, dis-
tinguishing between light-driven oxidation of a
tyrosine cofactor by chlorophyll (red arrows)
and kinetically resolvable chemical oxidations
(black arrows). The rate constants of each
chemical oxidation step (7) show that the x-ray
absorption “edge” energy for the S, state (yel-
low box) is the same as that for S5, suggesting
that the Mn oxidation state is the same in S;
and S, The putative S, state (green) may exist
as a discrete species, or may simply represent a
transition state between S, and the generation
of the 5, state and oxygen.

states involves initial oxidation of a chloro-
phyll dimer (Pggq), which in turn oxidizes a
tyrosine cofactor, Yy, that is adjacent to the
manganese cluster. In this model (see the
figure, outer circle), the S-stare nomencla-
ture now refers specitically to the man-
ganese oxidation state, and the tyrosine 1s
denoted as Y, or Y,

The oxygen-evolving complex can he
converted exclusively to the S| state by
storage in the dark, and the §;, 8, and 8;
states can be trapped in high yield through
various physical and chemical manipula-
tionyg followed hy rapid freezing. Towever,
until recently the S, state has proven refrac-
tory, and this has limited ctforts to under-
stand the derails of water oxidation. In par-
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ticular, it was unclear whether “8,7 existed
as a discrete chemical intermaediate, or
whether 1t might sumply represent a transi-
tion state containing §; with an oxidized
tyrosine (S+Y ). The latter would imply
an intimate role for Yz in water oxidation,
perhaps through hydrogen-atom transfor
(9). In contrast, if S, exists as a discrete
intermaediate, then a range of mechanismy
for the rerminal reaction preceding oxygen
formation are possible. A subtle delay in
oxygen release relative to Y™ reduction
({0, L) hinted that S, might exist as a dis-
crete intermediate rather than simply being
a transition state berween 5; and 5,,. This
conclusion was strengthened by a recent
experiment showing that if one increases
the partial pressure of oxygen on photosys-
tem I, water oxidation is blocked at §;,
This suggests that increasing oxygen con-
centration shifts the equilibrium from 8,
oxygen 1o 8, (£2).

aumann et af, (1) used a conceptually
straightforward hut experimentally chal-
lenging “pump-probe™ time-resolved x-ray
spectroscopy experiment to obtain direct
stuctural evidence for an S, state. To appre-
ciate the difficulty of this approach, it iy
important to remember that even “simple”
static X-ray absorption spectroscopy of pho-
tosystem 1114y challenging because of the
wntrinsically low Mn concentration. The
present measurements would have been
impossible without the high-brightmess
third-generation synchrotron sources that
provide higher x-ray flux, Kinetic traces (1)
show clearly that the 8, —=5; and 5,—=8,
steps have very similar transient behavior,
although the latter is somewhat slower. This
finding is important because of the continu-
ing controversy over whether Mn has heen
oxidized during the S;—%; transition (£ 3).
The aumann et af. data provide further
support for the growing consensus that Mn
is oxidized during both the §,—5,
and §,—=8; transitions. In contrast,
the kinetic transient for the
8y —=—=§, transition is distinet, with
a 250-ps lag phase followed by a
slow |.1-ms transient phase, The Tatter
phase is of opposite sign, representing Mn
reduetion to the Sy state, and corresponds to
the observed rate of oxygen release and
reduction of Y, The former, more rapid
phase provides direct evidence for the exis-
tence of a discrete S, intermediate state.

The lag phase indicates that the S, and S,
states have similar x-ray absorption spectra
and rules out several possible mechanisms
for oxygen evolution, There has been wide-
spread speculation that water oxidation
might use a mangany! (Mn=()) species as
the oxidant (%), This possibility was
recently ruled out for S; ({4). The present
work by [Naumann er af. extends this exclu-
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Enhanced online at
www.sciencemag.orgfcgi/
content/full/310/5750/983  |jlce what he saw A crater

sion to §, because neither the 5, nor 8, state
shows an intense transition on the low-
energy side of the x-ray absorption “edge™
{this 15 the abrupt increase in x-ray absorp-
tion cross section that occurs when the x-ray
energy matches the binding energy of the
Mn s clectron), Such “pre-edge” transi-
tions are the spectroscopic signarure of man-
wany] specics (74). Alternatively, the high-
pressure oxygen studies ({2} were inter-
preted in termy of an S, state with an associ-
ated H,0, molecule for “S,." This too is now
excluded, because the Mn would be reduced
in this state, relative to the previous 8; state.

Haumann ef ¢f. (f} favor amodel In
which “8,;” contains 8;Yz", That iy, the
fourth oxidizing equivalent in the water oxi-
dation eycle resides on the tyrosine cofae-
tor, On the basis of the positive reaction
entropy and the equilibrium isotope effect
tor 8, formation, they suggest that the 250-
s lag phase represents the lifetime for pro-
ton release from an intermediate chemical
specics bound to the oxygen-cvolving com-
plex. Tests of this and more detailed mecha-
nistic studies will await future experiments.
For now, the availability of the intense x-ray
beams available at third-generation syn-
chrotron sources has permitted the detec-
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tion ot a new intermediate in the water oxi-
dation rcaction. With this demonstration of
feasibility, a wide range of other applica-
tions of microsccond time-resolved x-ray
absorption spectroscopy 1o chemically and
biologically important reactions can now he
imagined,
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What Do We Need to Know
to Land on the Moon Again?

Maria T. Zuber and lan Garrick-Bethell

module Fagle descended toward the Sea of
Tranquility with Neil Armstrong n com-
mand. At 300 m above the Tunar surface, short
on fuel and looking for a
smooth area on which to
land, Armstrong “did not

I n July 1969, the Apollo 11 lunar excursion

a5 big as a football ficld
was just ahead, surrounded by a field of boul-
ders, some as big as Volkswagens™ (f).
Despite the ohstacles, Fagle touched down
safely, delivering the first human beings to
the surface of the Moon in ong of human-
land’s grearest technological achievements.
As the Unired States and other nations
actively plan to return to the Moon, arenewed
discussion of the scientific knowledge of the
Tunar surface that is necded for future land-
mgs Is appropriate.

The authors are in the Department of Earth,
Atmospheric and Planetary Sciences, Massachusetts
Institute of Technology, Cambridge, MA 02139, Usa,
E-mail: zuber@mit.edu; iang@mit.edu

Of the dramartic and successful Apollo
11 landing, one thing can be said with cer-
tainty: We won't do it like that again.
Starting with the Ranger 7 spacecraft and
continuing with the Lunar Orbiters, images
were used to characterize potential Tunar
Tanding sites by accurnulating statistics of
small-scale surface slopes and roughness.
Most landings occurred in the maria, rela-
tively smooth volcanic plains marred by
small craters surroundied by rougher gjecta
blankets and blocks, Two Apollo missions,
14 and 16, landed in non-mare (highland)
regions, thanky to the skill of astronauts in
manually piloting the lunar modules to
locationy safe enough for landing. But in
today s risk-averse climate, the Apollo-era
knowledge of the lunar surface—and,
arguably, even our present knowledge
would not meet expectations with 1espect to
safety, Future Tandings on the Moon,
whether human or robotic, will demand a
areater sclentific knowledge of the lunar
surtace, In the selection of a landing site,
two factors are relevant: landing safety and
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tulfillment of mission objectives. Examples
of the latter include in situ scientific
hypothesis testing and resouree assessment.

In the comning era of Tunar exploration, 4
sensible and readily achievable modus
operandi would be that future candidate
landing sites undergo a level of scrutiny
similar to that of the recent Tanded missions
on Mars. The process to select the
Pathfinder and Mars Exploration Rover
Tanding sites (2, 3) represents an extraordi-
narily successful example of how scientific
information way used to make informed
engineering decisions that in turn enabled
scientific discovery. Whether the goal of a
Tanded mission is driven hy exploration or
sclence (leaving aside esoteric debate con-
cerning the difference between the two),

South pole

Mo data 1-15 16

resolution imaging at visible and thermal
infrared wavelengths (3}, These observa-
tions, coregistered with compositional
information from orbital spectral sensors,
led to the selection of the Meridiani Planum
gite that provided cvidence of a water-rich
past on Mars (6.

I we apply criteria used tor landing site
assessment at Mars to the Moon, our te-
quired knowledge 1s “not there yet” on a
global hasis, A primary order of business is
being able 1o land precisely where one
wants to go, which reguires an accurate lat-
imde-longitude grid referenced to the plan-
etary center of mass. On the Moon, posi-
tional knowledge varics considerably with
location. On the near side, limited locations
arc known relative to cach other to within

" deCérlache

50 km

Morth pole close up

31=-45

Full year percent illumination

Potential landing sites. (Left panel) Full lunar year illumination cycle at the south pole, calculated over 12 lunations
{each 29.5 days) in 1994, from 10 January to 31 December, sampled every 4 hours. (Top right) Close-up of south polar
region, with crater rims of de Gerlache and Shackleton dominating the highly illuminated terrain. (Bottom right) Same
caleulation for the north pole. Relative to the south pole, similar amounts of terrain are illuminated in the 1% to 50%

range, but less area is found with higher illumination values.

the arcas of greatest interest on the Moon
will in general be more difficult to access
and traverse than were the Apollo sites. In
terms of scientific knowledge, a safe land-
ing will require accurate characterization
of local slopes on basclines of tens to hun-
dreds of meters, and information about
roughness on the seale of meters to decime-
ters (4}, [n addition, knowledge of soil
properties combined with rock abundance
and size distribution data will be required
to assess “rrafficability™ of robotic rovers
ot human transport vehicles, On Mary, this
knowledge has been achieved by careful
analysiy of candidate Tanding sites, using a
combination of precise altimetry and high-
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meters horizontally and to within centime-
ters radially, thanks to precise positioning
provided by laser ranging to retroreflectors
at Apollo sites and Soviet landers (7). But
clobally, absolute positions are known to no
better than a fow kilometers horizontally
and 100 m radially (8}. Positional knowl-
cdge on the far side 1s less well known than
anywhere else on the Moon, in large part
because of the poor quality of our knowl-
cdge of the lunar gravity ficld (9), In con-
trast, positions on Mars are known on a
global basig to 100 m horizontally and 1 m
radially ({8). Without such knowledge on
the Moon, precision landing is more com-
plicated (77 and therefore iskier. The poor

guality of the Tunar geodetic grid would, for
example, challenge our ability to explore
the most topographically complex and sci-
entifically important target on the far side:
the South Pole-Aitken Basin, 2500 km in
diameter and 8 km deep, a potential treasurc
twove for studying the mternal composition
ot the Moon (72).

A key near-term goal of Tunar explo-
ration 1S resource assessmient, in particular
the definitive identification of water ice in
permanently shadowed craters near the
poles (13}, Any Tong-duration mission in
the vicinity of permanently shadowed
craters would want to avail irself of another
viluable resource: near-continuous sunlight
that could satisfy power requitements (4},
Unfortunately, topography of the quality
needed to nnambigu-
ously determine con-
stant darkness or illumi-
nation at all near-polar
areas does not currently
exist. As a case in point,
the figure shows a full
lunar year illumination
cycle at both poles, using
topography derived from
Earth-based radar obser-
vations (/5). The major-
ity of south polar terrain
is illuminated less than
50% of the time, although
near two crater rims at the
pole there is 4.7 km? of
noncontiguous area illu-
minated more than 85%
of the time, with a subset
of this terrain receiving
continuous light for more
than 200 days per Earth
vear. In the north, how-
ever, there iy only 1.1 km?
of suface with more than
B53% illwmination, a dis-
crepancy with illumina-
tion cytimates obtained
from Clementine space-
craft images collected
over 71 days (76). Each data set has limita-
tions; the radar suffers from nonoptimal
viewing geometry and spatial resolution,
whereas the Clementine mmages are limited
by their short observation period. Thus,
detinitive conclusions concerning where
best to land for missions with polar lighting
constraints will reguire collection of @ more
complete data set.

Forrunately, help is on the way. Current
and upcoming orbiters, notably ESA’s
Small Missions for Advanced Research in
Technology (SMART-1, now in orhit),
along with Japan’s SELENE (2006), China’s
Chang’e 1 (2007, India’s Chandrayvaan-1
(2007}, and NASAY Lunar Reconnaissance
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Orhiter (2008}, carry diverse payloads that
will ensure that the fundamental geophysi-
cal, geological, and geochemical data
needed to make informed decisions about
where to land on the Moon will be available
within the current decade. In the nearly
40 years singe the Apolle 11 landing
enthralled and inspired humankind, scien-
titic information gained in the interim can
guide and inform future missions, con-
tributing to  rich and sustained program of
lunar discovery.
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Separation of Conjoined
Hormones Yields Appetite Rivals

Ruben Nogueiras and Matthias Tschép

hen we refer to our “gut feel-
Wings,“ not many of us actually
visualize how the gastrointesti-

nal tract spills myriads of small peptide
hormenes into our bloodstream to activate
defined circuits of the central nervous sys-
tem. Nevertheless, that picture does reflect
a current scientific concept called the “gut-
brain axis.”" This mode] consists of 4 com-
plex network of hormonal and neuronal
signaling pathways that is believed to bal-
ance numerows homeostatic and behavioral
processes (£, 2). In this context, our stom-
ach docs not just collect, procesy, and
transport ingested food, bur it also repre-
sents a multileveled conversational partner
of the central nervous systerm, A koey ele-
ment of this communication process is the
hunger-inducing hormong ghrelin, which
is believed to convey information about
nutrignt availability from the stomach to
the hrain (3, 4),

Zhang and colleagues (3} now report on
page 996 of thiy issue that ghrelin not only
has a sibling derrved from the same peptide
precursor (preproghrelind, but also that this
new ghrelin-associated peptide behaves as
a physiological opponent of ghrelin.
Guided by bivinformatics-bascd predic-
tions for typical enzymatic cleavage sites,
they identified a 23—amino acid region of

The authars are in the Department of Psychiatry,
University of Cincinnati, Cincinnati, OH 45237, US4,
and the Department of Pharmacology, German
Institute of Human Nutrition, 14558 Nuthetal,
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preproghrelin that is highly conserved
across species, suggesting a relevant bio-
logical function. The authors purified a
secreted peptide of the predicted size and
seguence from rat stomach tissue and also
detected it in rat blood. Similar to ghrelin,
which requires posttranslational modifica-
tion close to its amino terminus by acyla-
tion (6}, the hiological activity of the ghre-
lin-associated peptide also depends on
modification, but by much more common
armidation at ity carboxy] terminus.

The surprising finding is the pharmaco-
lTogical effects of the newly identiticd pep-
tide in comparison with the known actions
of glwelin. Whereas gluelin increases food
intake und body weight (7), the ghrelin-
associated peptide decreases food intake
and body weight gain in rodents. Morcover,

Zhang ef of. observed that the new peptide
decclerates gastric emptying and decreases
intestinal contractility In mice, hoth of
which counteract the well-detined effects
of ghrelin (8). Through a targeted screen of
mammalian orphan receptors and subse-
quent analyses in cultured mammalian
cells, Zhang ¢f af. show that the ghrelin-
agsociated peptide hinds to and activates
the: orphan receptor GPR39 (9), This G pro-
tein—coupled receptor has been mapped 1o
human chromosome 2 and is expressed in
multiple tissues, including the stomach,
intestine, and hypothalamus. This localiza-
tion is consistent with a role in energy bal-
ance regulation ({1, GPR3Y is a member
of o tumily that includes the receptors for
chrelin and motilin, another gastrointesti-
nal hormone that stimulates food intake,
castric emprying, and gut motility (9, ££).
These facts support a somewhat counterin-
tuitive, but neverthelesy intriguing, rela-
tionship between ghrelin and the ghrelin-
associated peptide.

To denote its anorexigenic actions,
Zhang and colleagues named this new gas-
tri¢ hormonc obestatin (from the Latin
term obedere, meaning to “devour™}.

THE GHRELIN-MOTILIN RECEPTOR FAMILY
MODULATES APPETITE AND GASTROINTESTINAL MOTILITY

Ligands Receptors

Motilin Motilin-R {GPR38)
Neuromedin U

MNeurotensin MNeurotensin-R1, -R2, -R3
Ghrelin GHS5-R

Obestatin GPR3IG

Neuromedin-R1 {GPR66), -R2

Food intake Gastric emptying
-+
+
<+
f

~+

e

The ghrelin-motilin receptor family and their ligands. Each of these gastrointestinal hormones
acts on a specific G protein-coupled receptor from the same family to affect food intake and gas-
trointestinal motility (9—17 7). Similar dual effects on satiety and gastrointastinal motility are known
for glucagon-like peptide 1, cholecystokinine, or peptide YY. Collectively, these peptides may serve to
couple meal termination with inhibition of upper gastrointestinal function to prevent malabsorption

and postprandial metabolic disturbances (7, 2, 8).
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Inevitably, the terms “obesity™ and
“statins,” a class of lipid-lowering
drugs, come to mind, lowcever,
obestatin has not heen tested in animal
models of obesity and there is no evi-
dence for a lipid-lowering effect.
Furthermore, even its effect on body
weight appears to be very subtle. The
failure of obestatin treatment to
decrease leptin levels in mice may
indicate lack of lipolytic potency.
Effects of obestatin on food intake reg-
ulation following administration to
peripheral circulation or directly into
the brain of mice suggest the typical
action profile of o gastrointestinal sati-
ety hormone. However, it 1s possible
that obestatin may simply suppross
appetite by triggering nansea or vis-
ceral illness. Recent examples have
emphasized the importance of exclud-
ing nonspecific appetite suppression
when examining anti-obesity drug
candidates (/2). Furthermore, despite
sequence homologies between rodent
and human obestatin (87%) and
GPR39 (93%) sequences (5, 9), data
from rodents cannot always be trans-
lated to humans, where the effects of
obestatin have yet to be determined.

Another concem regarding a role for
obestatin in energy balance regulation
arises from its quantification in blood.
Although Zhang et al. confirmed earlier
findings that the level of plasma ghrelin
increases upon fasting and decreases
following nutrient ingestion (3, {1},
they did not observe any changes in cir-
culating obestarin vpon fasting or feed-
ing in rodents, Detection methods for
differentiating between circulating ami-
dated and nonamidated obestatin are
not yet available, but could still reveal
an assoclation with nutrient avatlabiliry.
Nevertheless, total plasma obestatin gener-
ally appears to be a fraction of the level of
plasma ghrelin, Should hormones derived
trom the same prepropeptide not circulate in
an equimolar ratio?

Another peptide precursor that gives
birth to antipodal regulators of food intake
may provide some answers, The neuropep-
tide prooplomelanocortin s cleaved into
several active fragments that include the
appetite-suppressing a- and p melanocyte—
stunulating hormones (a-, B-MSH) and the
appetite-stimulating hormoene B-endorphin
(£ 3%. Tissue-specific enzymes determine
which of these are generated. A similar sce-
nario could detcrmine how and where pre-
proghrelin is fragmented into bioactive pep-
tides. An carlier study postulated one other
circulating preproghrelin fragment, a
13—amino acid peptide called C-ghrelin
(74). In addition, turnover rates of ghrelin
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Preproghrelin
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The Yin and Yang personalities of ghrelin and
obestatin. Both hormones derive from the same pre-
cursor protein and are predominantly secreted by the
stomach and released into the blood. Each acts on a
different receptor (GPR39 and GHS-R, as shown) and
has an opposite effect on food intake, body weight, and
gastrointestinal motility.

and obestatin may ditfer appreciably,
according to their acylation or amidarion
ratey, which again would be a parallel to the
acetylation of the proopiomelanocortin
derivative ¢-MSH (/3). Dissecting the
posttranslational ¢leavage, activation, or
degradation processes of peptide hormones
may reveal clegant enzymatic druyg targets;
Simultancous activation of an agonist and
deactrvation of its endogenous funcrional
antagonist could provide a powerful strat-
egy for homeostatic control.

If obestatin lives up to its name as a cir-
culating hormone with a physiologically
relevant anorectic as well as an obesity-
preventing function, the puzzling discrep-
ancy hetween the very mild phenotype of
mice Tacking ghrelin (76, 77) and the unsur-
passed pharmacological effects of ghoelin
on energy balance would receive an unex-
pected—Dbut logical—explanation. The

ghsence of an orexigenic hormone may be
counterbalanced by the simultaneous dele-
tion of an equally potent satiety factor.
Targeted mouse mutagenesis is widely used
as a strategy to unmask or validate the bio-
logical function of a gene product. An obvi-
ous abnormality of such a knockout mouse
is usually interpreted as a reliable indicator
of the target’s physiological role. However,
subtle or absent differences between gene-
disrupted mice and their wild-type litter-
mates are often regarded as evidence of neg-
ligible biological relevance. Such conclu-
sions should be regarded with caution
hecause developmental compensation may
mask losgs of function. However, rarely has
such compensation been defined on a
molecular level. The Zhang et af. findings
caurion agaimst the mterpretation of results
based exclusively on gene disruption or
messenger RNA quantification due to an
additional level of complexity represented
by posttranslational processing of proteins.

The discovery of obestatin leaves several
questions unanswered. Why does a mouse
that is deficient for the ghrelin receptor not
exhibit an impressive phenotype? Should
the absence of ghrelin action in the presence
of an intact obestatin signaling pathway not
generate a robust negative energy balance?
Why does obestatin, unlike ghrelin, not
affect growth hormone secretion from the
pituitary gland, despite the presence of the
obestatin receptor in this organ? Although
the adversarial relationship between ghrelin
and obestatin cortainly is an important con-
tribution to our understanding of body
weight regulation, the scarch for a magic
bullet agamst obesity is likely to continue—
admittedly, a gut fecling.

References

1. A, D, Strader, 5. €. Waocds, Gastroenterofogy 128, 175
{2005).

2. H.R. Berthoud, Neurosci. Biobehav. Rev, 26, 393
{2002).

3. A, ) van der Lely, M. Tschip, M. L. Heiman, E. Ghigo,
Endocr. Rev. 25, 426 (2004).

4. D.E Cummings, K. E. Foster-S5chubert, |, Overduin, Curr.
Drug Targets 6, 153 {20056).

5. )W Zhang et al., Science 310, 556 (2005).

6. M. Kojima et al, Wature 402, 656 (1999).

7. M.Tschip, D. L Smiley, M.L Heiman, Mature 407, S08
{2000).

8. T. L Peeters, Gut 54, 1638 (2005).

9. K.K.McKee etal, Genomics 46, 426 {1997).

10. D.Bagnol, Cure. Opin, Drug Discov, Devel, 7,665 (2004).

11. A [ Howard etal, Science 273, 974 (1906).

12. 1. G. Halatchewv, R. I, Cone, Ceft Metap. 1, 155 (2005].

13. M. G. Castro, E. Morrison, Crit. Rev. Meurobiof. 11, 35
{1597).

14. . Pemberton, P.Wimalasena, T.Yandle, 5. Soule, M.
Richards, Biochem. Biophys. Res. Commun, 310, 567
{2003).

15, L. Guo, H. Munzberg, R, C. Stuart, E. A, Millni, C.
Bjorbaek, Proc. Natl. Acad. Sci. t4.5.4.101, 11797
{2004).

16. Y. Sun, 5. Ahmed, R. G. Smith, Mof. Celf. Biof. 23, 7973
{2003).

17. K. E-Wortley, Proc. Natf. Acad. Sci. 454101, 8227
{2004).

10.11264science, 1121274

www.sciencemag.org

O T K. SUT_Tf50iC

CRII



REVIEW

Pattern-Oriented Modeling of Agent-Based
Complex Systems: Lessons from Ecology

Volker Grimm,"* Eloy Revilla,? Uta Berger,? Florian Jeltsch,* Wolf M. Mooij,” Steven F. Railsback,®
Hans-Hermann Thulke,1 Jacob Weiner,” Thorsten Wiegand,1 Donald L. DeAngelisB

Agent-based complex systems are dynamic networks of many interacting agents; examples
include ecosystems, financial markets, and cities. The search for general principles
underlying the internal organization of such systems often uses bottom-up simulation
models such as cellular automata and agent-based models. No general framework for
designing, testing, and analyzing bottom-up models has yet been established, but recent
advances in ecological modeling have come together in a general strategy we call pattern-
oriented modeling. This strategy provides a unifying framework for decoding the internal
organization of agent-based complex systems and may lead toward unifying algorithmic
theories of the relation between adaptive behavior and system complexity.

hat makes James Bond an agent?
He has a clear goal. he is au-
tonomous n his decisions about

achicving the goal, and he adapts these de-
cisions to his rapidly changing situation. We
are surrounded by snch autonomous, adaptive
agents: cells of the Immune system, plants, citi-
zens, stock market investors, busincsses. ctc.
The agent-based complex svstems (1) (ACSs)
around us are made up of myriad interacting
agents. One of the most important challenges
confronting modern scicnee is to nnderstand
and predict such systems. Bottom-up simula-
tion modeling is onc tool for doing so: We
compile relevant information about entities at
a lower level of the system (in “agent-based
models,” these are mdividual agents), formu-
late theorics about their behavior, implement
these theones in a computer simulation, and
ohserve the cmergenee of systen-level] prop-
erties related to particular questions (2, 7).
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Bottom-up models have been developed
for many types of ACSs (4). tat the identifi-
cation of general prnciples underlying the
organization of A{Ss has been hampered by
the lack of an explicit strategy for coping
with the two main challenges of hottom-up
modelng: complexity and uncertainty (3, 6).
Conscquently. mode] structnre often is chosen
ad hoc, md the focus 1s often on how to
represent agents without sufficient emphasis
on analyzng and validating the applicability of
maodels to real problems (3. 7).

A stratesry called pattern-oriented modeling
{(PON) attemipts to make bottom-up modeling
more rigorous and comprehensive (4, 8~10). In
POM. we explicitly follow the basic rescarch
program of science: the explination of ab-
served patterns (7/). Patterns arc defining char-
acteristics of a system and often, theretore,
indicators of cssential underlying processes
and structures, Patterns contain information on
the internal organization of a systemn, but in a
“coded” form. The purpose of POM 1s to
“decode™ this information {71).

The motivation for POM 15 that, for com-
plex systems. a single pattern observed at a
specific scale and hierarchical level 1s not
sufficient to reduce uncertainty in model strae-
ture and parameters. This has long been known
in scicnee. For example. Chargaff's rule of
DNA base pauing was not sufficient to de-
code the structure of DNA - until combined
with patterns trom x-ray diffraction of DNA
and from the tantoreric propertics of the pu-
rine and pyrimidine bases (72). Thus. in POM.
multiple patterns observed in real systems at
different hicrarchical levels and scales are nsed
systematically to optimize model complexity
and to rednec uncertainty.

POM was formulated m ecology, a science
with a long tradition of hottom-up medeling.
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Ecology, n the past 30 vears, has produced as
many individnal-based models as all other dis-
ciplines together have produced agent-based
modcls (£3), and has focused more on bottom-
up madels that address real systems and prob-
lems (74).

We describe here how observed patterns
can be nsed to optimize mode] structore. test
and contrast theories for agent behavior, and
rednce parameter uncertainty. Finally, we
discuss POM as a unifying framework for the
scicnee of agent-hased complex systems in
general.

Patterns for Model Structure:
The Medawar Zone

Finding the optimal level of resolution in a
bottom-up model’s structure 1s a fundamental
problem. If a model is too simiple, it neglects
essential mechanisms ot the real svstem,
limiting its potential to provide understanding
and testable predictions regarding the problem
it addresses. [f a mode] is too complex, its
amalysis will be cumbersome and likely to get
bogged down in detail. We nced a way to find
an optimal zone of model complexity, the
“Medawar zone™ (Fig. 1).

Modeling has to start with specific ques-
tions (f3). From these questions, we first
formulate a conceptual model that helps us
decide which clements and processes of the
real system to include or igmore. With complex
systems. however, the question addressed hy
the model 18 not sufficient to locate the
Medawar zone hecanse ACSs include too
many degrees of treedom. Moreover, the con-
ceptual mode! may too much reflect our per-
spective as external observers, with our specific
interests, beliefs. and seales of pereeption.

A key 1dea of POM 1s to use multiple
patterns observed in real systems to guide
desizm of model structure. Using observed
patterns for model design direetly ties the
model’s structure to the intemal organization
of the real system. We do so by asking: What
observed patterns scem to  characterize the
system and its dynamics. and what variahles
and processcs must be in the model so that
these patterns could. in principle. cmerge? For
cxample, if therc arc patterns in age structure.
sex Tatio, and spatial distmbution, then awe,
scx, and space showld be represented in the
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model; iff we know that agents behave dif-
ferently at high densitics (c.g., arc more ag-
gressive), behavior vanability should be m the
madel. This use of patterns might force ns to
melude state varlables and processes that are
only indirectly linked to the ultimate purposc
ot the model and are not pat of our initial
conceptual model. ldeally, the patterns nsed to
design o model occur at different spatial and
temporal scales and different hicrarchical lev-
els, because the key to understanding complex
systems often lics in nnderstanding how pro-
vesses on difterent scales and hierarchical levels
are bound to each other,

Multiple patterns were key to modeling
spatiotenporal dynamics of the beech forests
of central linrope (Fig. 2). Natural beech forests
are characterized by a spatial mosalc pattern of
successional stages. A cellular automaton mod-
¢l that focused on this pattem only (16) was too
poor in structure to reveal the forest’s inter-
nal organization. But the forests have more
characteristic patterns. Different sucecssional
stages have ditferent patterns of vertical strue-
ture: c.g.. the climax stage has closed canopy
and little understory, and the decaying stage
has canopy gaps and an nnderstory of young
beech. Therefore, a newer model (17, 18) n-
cludes four height classes (from scedlings to
upper canopy) {Fig. 2). The model also ex-
plicitly represents individual hig trees becanse
canopy  gaps are caused by windthrow, an
individnal-level process. The model’s strue-
ture was thus determined by the multiple
characteristic patterns: The mwosaic pattern
determined horizontal spatial scale and reso-
lution. the wvertical patterns determined the
need for height classes, and canopy gaps de-
ternmined that large heeches must be deseribed
individually.

When designed to reproduce nmltiple pat-
terns, models are more likely to be “structurally
realistic™ (7). In particular, mode]l compo-
nents {e.g., mdividuals) comrespond divectly to
observed objects and variables, and processes
correspond to the intermal orgumzation of the
rcal system. so that the model “not only re-
produces the observed real system behavior,
but truly refleets the way in which the real
system operates to produce this behavior™
[(/9). p. 51

Structurally realistic models can make in-
dependent and testable sccondary predictions.
The beech forest model. for example, delivered
mdependent predictions of forest character-
istics that were not considered during model
development and testmg (20). Predictions of
age structure in the canopy and the spatial
distribution of very old “sant™ trees were in
good agrecmient with observations. considera-
bly Increasmyg the model’s credibility and
justifying a completely new application: track-
g woody debris (27). Complexity in pattern-
oriented hottom-up models is not simply a
burden but can provide nich opportunities to
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merease maodel credibility, gain understinding
{14}, and address more questions.

In an example from ecological epidemiol-
ogy. multiple patterns guided the stepwisc
design and calibration of @ model describing
the spread of rabics among red foxes in central
Europe (22). Observed patterms meluded the
large-scale wave of rabies prevalence, discase
pockets ahead ot the wave, and temporal os-
cillations of prevalence at local and regional
scales. The resultmg model reproduced these
patterns, but not by simply applying a pre-
concelved model structure and then fitting it to
the patterns; instead. one pattern after another
was used to gradmally refine model strmeture
{23). Structural realism of this model is
indicated by the striking match hetween model
predictions and a long-term data set of hunted
foxes. which combines aspects of rabics epi-
demiology (before the onset of rubies control},
fox ccology (after control). and their interac-
tion {during contral).

In other ACS disciplines, we fonnd only a
few models explicitly addressing multiple pat-
terns. although many maodels were implic-
itly based on multiple pattemns. A model of
consumcr markets (24) addresses three pat-
temns: (1) The statistical distibution of week-
ly sales of fast-moving consumer goods has
fatter tails and thinner peaks than normal dis-
tributions; (ii) there arc clusters of high sales
volatility; and (1) market shares of ditferent
stores follow power-law distributions. lixactly
how these patterns Intluenced the design of
the model is not clear. but pattern (iii) ap-
pears to be why the model 1s spatially explicit:
Consuner agents only visit storcs that arc
nearby.

Patterns for Contrasting

Alternative Theories

Agents continuously make decisions to reach
their goals  c.g., swvival and reproductive
success, profitng m a stock market, tinding
the best place to settle  in an cver-changing
emviromment. [Tow do we model these decl-
sions? What information do agents have. what
alternatives do they consider, and how do they
predict the consequences of their deeisions?
Many smdics of ACSs try only one model of
decision-making and attempt to show that it
leads to results compatible with a limited data
set. This practice, however, may lead to the
impression that bottor-up models include so
many parameters that they can be fitted to data
whether or not their strueture and processes arc
valid.

A more rigorous strategy  for modeling
agent decisions, or other bottom-up processes,
is to nse “strong inference™ (23) by contrast-
g altermative decision models, or “theones™
{3, ¢). First. alternative theories of the agent’s
decisions are tormulated. Next, charactenstic
patterns at both the individual and higher
levels are identified. The altemative theones

Medawar zone

2
o
Model complexity
Multiple
Problemy,  Patterns

Fig. 1. Payoff of bottom-up madels versus their
complexity. A model’s payoff is determined not
only by how useful it is for the problem it was
developed for, but also by its structural realism;
i.e., its ability to produce independent predictions
that match observations. If madel design is guided
only by the problem to be addressed {which often
is the explanation of a single pattern), the model
will be too simple. If model design is driven by all
the data available, the model will be too complex.
But there is a zane of intermediate complexity
where the payoff is high. We call this the
“Medawar zone" because Medawar described a
similar relation between the difficulty of a
scientific problem and its payoff (47). If the very
pracess of model development is guided by
multiple patterns observed at different scales
and hierarchical levels, the madel is likely to end
up in the Medawar zone.

are then implemented in a bottom-up model
and tested by how well they reproduce the
patterns. Decision models that fall to reproduce
the characteristic patterns are rejeeted, and
additional patterns with more falsitving power
can be used to contrast successfil alternatives.
Rigorous techmiques can be used to desigmn
cxperiments and analyze data (6. 26).

As an example, consider the well-known
“hoids™ mode] (27) that produces schooling-
like behavior from a simple theory: Individual
boids try to avoid collisions. match the velocity
of neighboring individuals. and stay close to
neighbors. The emergence of aggregations
resemnbling fish schools from this theory (Fig.
3). however. does not prove that boids explaing
schooling in real fish.

To define theory for schooling of real fish,
Huth (28) nsed observed patterns and con-
trasted altermative theones for fish behavior.
‘I'wao patterns characterizing fish schools were
detined and quantified: polaization and near-
cst neighbor distance (Fig. 3). lleven altermna-
tive theories for how fish adapt swimming
speed and direction were formulated. In the
first nine theories, the mfluence of neighbors is
averaged, but in two theorics, fish adjust their
swimming to only one nelghbor—e.g., the one
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Fig. 2. Pattern-oriented model design. Observed patterns that characterize old-growth beech forests [(A); images: front, M.
Flade; right, C. Rademacher; top, S. Winter] include a horizontal mosaic of developmental stages [{B); x scale: 400 m; modified
from (42)], the vertical patterns of tree size that define the developmental stages [{C), showing the late decaying stage;
x scale: ~60 m; modified from {43)], and distributions of fallen large trees [(D}, a map of fallen wood; ellipses indicate crown
projections of standing trees; x scale: ~80 m; modified from (43)]. To allow these patterns to emerge from it, the modal
includes a grid-based horizontal structure [(E), showing grid cells in three developmental stages; x scale: 570 m), a grid-based
vertical structure [(F), showing each prid cell's percentage cover for four height classes; total area shown: 1 ha)], and
individual representation of large trees [(G), showing one cell’s trees in the largest two height classes; cell area: 204 m?); (E)

to (G) modified from (78)].

closest in tront. These two “prionty™ theones
failed to reproduce realistic polarization valucs
{Fig. 3), eliminating them as valid theory.
This cxample shows that looking at onc
pattern may not be sufficient to fulsify weak
theory: Looking at ncarcst neighbor distance
alone suggested that both types of schooling
mode] produce similar results, bt in fact the
prionty theories produce schools only as com-
pact, but not as polarized, as real schools.
Moreover, the nine theones based on averaging
differ widely in assurmptions. bt the fish school’s
properties tumed out to be robust to these
assumptions. Jemonstrating robustness s also
kev 1o a bottom-up model’s credibility, because 1t
indicates that we captred the most important
mechamsms, [Tuth and Wissel's model also
reproduced several additional patterns not
considered during model development, provid-
ng turther support for its structural realism.
This patterm-oriented theory development
approach 15 mcreasingly used I models of
ACS. Railsback and ITarvey (%) used a stream
trout model to contrast three theories for how
individual fish scleet habitat. Only a new
theary that assumes that fish select habitat to
maximize expected swrvival over a fuotmre
period reproduced observed patterns ot feeding
hierarchy. response to competing specics and
predatory  iish, seasomal habitat shifts, and
response to redneed food availability. Although
these pattemns ware each qualitative, or “weak,”

www.sciencemagorg SCIENCE VOL 310

Observed patterns

together they were able to fulsity all but one
theory of habitat scleetion.

In 4 model explonng what determines the
access of nomadic herdsmen to pastire lands
owned by village fiumers m north Cameroon,
herdsmen negotiate with farmers for access to
pastures (29). Two theonies of the herdsmen’s
reasoning were contrasted: (i) “cost priority.”
m which herdsmen only consider one dimen-
sion of their relationship to farmers  costs;
and (11) “filend prorty,” In which herdsmen
remember the nomber of agrecments and
retusals they recelved I previous negotiations.
Real herdsmen sustain a social network across
many villages through repeated interactions,
a pattern reproduced only by the “friend
prionty” theory.

In ceonomics. agent-based model cxperi-
ments have been used to dentity character-
istics of artificial stock marlket investors that
reproduce pattems well known from real stock
murkets (30}, These patterns melude continual
and unpredictable stock price volatility, high
skew and kurtosis m the distibution of protits
among mvestors, and an mverse relation be-
tween current mvestment profits and future
price instability. |wo assumptions were
centrasted about how much historic data
investors nse to predict the outcomce of their
Imvestment decisions: (1) Investors all use 23-
year memorics of market data. versus (ii)
merory vares fom 0.5 o 25 vears. Although

Model structure
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none of the simula-
tions reproduced all
the observed market
patterns, the assump-
tion that all investors
use 25-year memories
failed to reproduce
the most basic pat-
tern: price volatility.
This pattern-oriented
analysis indicates
that individual vari-
ation in investment
decision-making is
crucial to stock mar-
ket dynamics.

Testing and con-
trasting alternative
theories or decision
models has several
benefits. We are
forced to be explicit
about how decision
models are formu-
lated and tested; we
can demaonstrate how
important the spe-
cific tormulation of
a decision  or any
other low-level—
maodel is; we can cx-
plore null models;
and we can continn-
ally refine models by applying additional
pattemns.

Patterns for Parameters:

Coping with Uncertainty

Pattern-oriented modeling can rednee uncer-
tainty In model parameters o two ways, First,
it helps make models structurally realistic.
which usually makes them less sensitive to
parameter wncertainty (37). For example. an
mdividual-based covote population model
reproduced an array of observed patterns with
no fine-tuming of parameter values tuken from
the literamre (32). The trout mode! (%) had
four parameters that were particularly un-
coertain yet important; cach had relatively
independent cffeets on four different outputs
{(size wersns abundance. for juveniles versus
adults), so they could be calibrated manually
and Independently.

Second. the realism of struetiure and mech-
anism of pattermn-onented models helps param-
cters interact in ways similar to interactions
of real mechanisms. It 1s therefore possible
to fit all calibration parameters by finding
values that reproduce multiple pattemns simul-
tancously. Uhis technique is known as “in-
verse modeling™ (33). For a spatially explicit
individual-based meodel of hrown hear dis-
persal from Slovenia into the Alps {34), a
global sensitivity analysis of the uncalibrated
parameter set revealed high uncertainty in
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model output. To re-
duce this uncertainty,
two data sets were
used to identify five
patterns. (Quantita-
tive criteria for the
agreement between
observed and sim-
ulated patterns were
developed. The in-
direct modeling anal-
ysis started with 557
random parameter
sets covering the plau-
sible ranges of all pa-
rameters. The five
observed patterns
were used as filters:
Only 10 of the 557
parameter sets re-
produced all of them.
This parameter fil-
tering redoced  the
model’s global sen-
sitivity by a factor
of 4 (fig. 813,

Indirect parame-
terization 18 Toutine
in physical process models (ie., in chemistry,
hydrology, and climate modeling), but rare
so far in models of ACSs. An encouraging
exception is the agent-based model of an
ancient society, the Kayenta Anasazi, who
occupied the Long House Valley in north-
eastern Arizona (United States) until 1300
A.D. Paleoenvironmental and archaeological
records permitted the development of a de-
tailed, spatially explicit agent-based model of
this society and its history (33). These data
include estimates of annual potential maize
production for each hectare in the study area
for the period 400 to 1400 A.D. and records of
human settlement in the valley. Theories for
agent decisions, for example, splitting house-
holds and moving, were based on detailed re-
gional ethnographies.

The model includes variability in mortality,
fertility, splitting of households, and maize
harvest rates; with eight unknown parameters.
To evaluate these parameters indirectly, the
time series of the number of simulated house-
holds was compared to the historical record.
The best parameter set reproduced all im-
partant trends and population sizes in the ar-
chaeologmical record. This parameter set also
reprodiced important features of the spatial
distribution of the settlements (Fig. 4) and the
gradnal northward movement of the popula-
tion. These spatial patterns can be considered
independent predictions. strong indicators of
the model’s structural realism.

Implications and Future Directions

Patterns arc widely used by many maodelers,
particularly in disciplines where the low-level
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Fig. 3. Strong inference by contrasting alternative theories of the agents’ behavior. Boids (27) is a conceptual model that
demonstrates how schools or flocks can emerge from simple rules for behavior [(A): a version of boids by H. Hildenbrandt (44)]. (B}
In a similar model of fish schools {28, 45), 11 alternative theories of fish behavior were contrasted by looking at two school-level
patterns: polarization (p) and nearest neighbor distance {NND); p is 07 if all fish swim in the same direction and p approaches 90°
if all fish swim in random directions. Values of p observed in real fish schools are 10° to 20°; observed MND is often <1 fish body
length. In model versions 1 to 9, the influence of neighbor fish is averaged: in model version 10 and 11 (shaded), fish select a single
neighbor fish and orient their swimming to this neighbor only.

Fig. 4. Parameterization and independent predictions of an agent-based model of the Anasazi in
the Long House Valley [modified from (35}|]J. The simulation environment consists of an 80 by 120
grid of 1-ha squares. Dark pray represents a higher water table; light gray and blue represent a
lower water table. White is nonfarmable land. The red dots represent settlements. (Left] The
historical settlement in 1125 A.D.; {right} prediction of the simulation model for the same year.
The match between data and simulation is imperfect, but the clustering of settlements along the
valley boundaries is captured by the madel. The model was calibrated not to the settlement
patterns but to the population size time series for 400 to 1450 A.D.
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cntitics arc physical objects such as atoms
and stars, or are relatively casy to represent,
such as flocking birds. pedestrians in a
panicking crowd, or car drivers [“Brownian

agents™ (36); sce also table $1]. Howewver.
POM 15 the first attempt to explicitly formulate
a rigorous and comprchensive stratcgy for
modeling ACSs. The POM strategy 1s a
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way ta focus on the most essential Informa-
tion abowt a complex system’s internal or-
ganization. Multiple patterns keep us from
building models that arc too simple in strue-
ture and mechanism, or too complex and
uncertain. Using pattcrns to test and contrast
altemative theonies for agent behavior ar
other low-level processes is a way for the
science of ACS to get bevond clever demon-
stration models and on to rigorons explana-
tions of how real systems are orgamzed and
how they respond to internal and cxternal
forces. POM 1y just taking root, and we ex-
pect to see 1ts rapld development in the near
future.

Bottom-up models are virtual luboratonies
where controlled experiments distingnish
noise from sigmal in the system’s organiza-
tion. [n particnlar. experiments contrasting
hypotheses for the behavior of nteracting
agents will lead to an accumulation of theory
for how the dynamics of systems ffom meol-
ceules to ceosystems and ccononics cmerge
from bottom-level processes. This approach
may change our wholc notion of scientific
theory, which until now has been based on
the theories of physics. Theorics of complex
systerms may never be reducible to simple
analytical eqmations, but arc more likely to
be sets of conceptually simple mechanisms
{c.g., Darwinian natural sclection) that pro-
duce different dyvnamics and outcomes
different contexts. POM thus may lead us to
an algonithmic (37), rather than analvtical,
approach to theory.
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Multiple Transatlantic Introductions
of the Western Corn Rootworm

Nicholas Miller," Arnaud Estoup,” Stefan Toepfer?
Denis Bourguet,? Laurent Lapchin,? Sylvie Derridj,*
Kyung Seok Kim,” Philippe Reynaud,®
Lorenzo Furlan,” Thomas Guillemaud™*

Prevention of biological invasions. as opposed
to remedial eradication of mvasive species,
represents the most cost-cffective and perhaps
only hope for stemming the cuirent homoge-
nization of the world's hiota (f). Here we de-
seribe the introduction routes into Europe of
the western corn rootworm (fdalwosfea virgi-
Jfera virgifera, WCR), the most destructive pest
of corn in the United States. Armed with this
knowledge, it will be possible to better gange
the prevention stratesies that might be adopted.

WOR was first detected in Fwope in the
former Yugoslavia m 1992 and has since spread
thronghout nnch of contral and southcastern (CS14)
Europe (2). Outbreaks of WCR were subsequently
detected in northeast Italy in 1998 (in Vencto),
2002 {m Pordeneme), and 2003 {in Udine); in
noithwest Italy and Switzerland in 2000; ncar
Panis, France, m 2002 and 2004 amd - eastem
France, Switzerland. Helgiun, the United King-
dom, ind the Netherlands m 2003 {(2). Although
the invasion history of WCR is well documented.
the source populations of the Western European
outbreaks remain unknown. Becanse of the
sequence of outbreaks, CSE Europe was generally
assunied to he the sowee of most, if not all. the
Western Ewropean populations (7). ITowever, In
principle, cach outbrealk corld have originated
from Nerth Amenca, CSE Europe, or one of the
other Western liropean foei.

Paris 2004

n&(0.70) ns (0.22)

Q ok (0.25)

orth '\-k‘o
Amert

400 km

Ta diseriminate between these introdnetion
seemanios, we analyzed the genetic vanation of
Fmropean and American WOR populations at
elght microsatellite loci (4, 3). Simple genetic
statistics gave nscfill but gnalitative insights into
the origin of most European outbreaks {(3) {table
S1). We then used a model-based approximate
Bayesiun computation (ABC) method relying
on computer sinmlations (3, 4) to quantitatively
compare the different introdnction scenarios for
the Western European WCR populations (Fige. 1),

Char results are clear-cnt and unexpected. T'wo
of the Western Ewropean populations inalyzed
did not originate from CS1L Furope but directly
from North America; this scenario was supported
by Bayes factors (7 higher than 10¥ and
posterior welghts (PH) of ~1 for the northwest-
crn Italy and Paris 2002 populations. Morcover,
these mtroductions were mdependent from each
other (81 = 139 and £H = (1L.94). According to
our analysis, the northeastern Italy 2003 outbreak
was the only one to originate from CSIE Erope
{BF = 183 md PH = 094), md the eastem
France population was derived from the Paris
2002 population (8F = 3.9 and PF = 045}, The
only population with ambiguous origing was
Paris 2004, which could have been denived either
from North America (84— 2.05 and W — 0.70)
or from Paris 2002 (PW = 0.22). The presence
of unsampled lwropean populations acting as

Europe

Eastern France

CSE Europe

Fig. 1. The most likely scenarios of invasion into Europe by WCR, deduced from the ABC analysis. For
each European outbreak, a red arrow indicates its most likely origin; the PW values of the introduction
scenarios are in parentheses. Gray arrows represent unresolved scenarios. Large areas where WCR is
present are shown in orange. 8F values supporting the most likely scenarios of 3.2 to 10 (substantial
support), 10 to 100 {strong support), and 100 {decisive support) are indicated by one, two, or three

asterisks, respectively; ns, not supported.
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altermnative mroduction sources for the three pr-
mary outbreaks (CS81: limrope, northwestern
[taly, and Pams 2002) could be ruled out. This
was trie whether the unsampled population was
one of those detected in 2003 (BF > 10* and
P ~ 1) or a hypothetical population founded
in the 1980s (BF = 3.6 and PPH = 0.68).

It has been widely assumed that the laropean
WCR mvasion was the result of a single
unpredictable introduction. Onr finding that there
have been at least three mdependent transatlaotic
introdnetions of WUR suggests that incursions
trom North America are chromic, Prevention of
fiture WOR imvasions will require action against
multiple invasion routes, which have apparently
been used repeatedly and are potentially predict-
able. Onr study also raises questions concerning,
the changing circumstances (such as adaptation
by the inscct or changes in contro]l meastres or
transpartation practices) that have permitted a
sudden and recent burst of transatlantic intro-
ductions of WCR.
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Transient Floral Change and
Rapid Global Warming at the
Paleocene-Eocene Boundary

Scott L. Wing,"® Guy ]. Harrington,” Francesca A. Smith,?

Jonathan L. Bloch,* Douglas M. Boyer,® Katherine H. Freeman

3

Rapid global warming of 5° to 10°C during the Paleocene-Eocene Thermal
Maximum (PETM) coincided with major turnover in vertebrate faunas, but
previous studies have found little floral change. Plant fossils discovered in
Wyoming, United States, show that PETM floras were a mixture of native and
migrant lineages and that plant range shifts were large and rapid (occurring
within 10,000 years). Floral composition and lzaf shape and size suggest that
climate warmed by ~5°C during the PETM and that precipitation was low early in
the event and increased later. Floral response to warming andfor increased
atmospheric CO, during the PETM was comparable in rate and magnitude to
that seen in postglacial floras and to the predicted effects of anthropogenic
carbon release and climate change on future vegetation.

At the beginning of the Locenc lipoch ~55.8
million vears ago, global temperatures m-
creased by 5% to 107 over a period of ~10 to
20 thousand vears (ky) then returned to wamm
background climates over the snecceding
~100 ky (i—4). Thos event, the Paleocene-
Locene Thermal Maximuom (PIIUM) (),
comelded with a global negative carbon
isotope excwrsion (C114) and calcinm carbonate
dissolution in the deep ocean, which are
consistent with a large release of PC-depleted
catbon to the ocean and atmosphere {6).
Several somrces have been proposed for this
carbon: ocean-floor clathrates (7), thermogen-
ic methane (&), and burning of peat andfor
shallowly buned coals (¢).

Biotic cvents at the PLIM include mass
extinction among  benthic torammitera (16},
changes in the latimdinal range and speeics com-
posttion of e plankton (74, 1.2), and shotts
in the taxonomic and trophic composition of
terrestiial vertebrate faunas, probubly after dis-
persal over high-latimde land hridges (/3, 74).
Although the distobution and diversity of ter-
restrial plants are strongly influenced by climate
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today, previons worl has shown little mega- or
palynofloral change across the Paleocene-
lincene interval (/3 79). Here we repart terres-
trial megatloras trom the PETM and use them
to infor change in the climate and floral con-
position in the mntenior of North America.

Geological framework. O data conme
trom the upper Fort Union and lower Willwood
formations in the Cabin Fork drainage. sonth-
eastern Bighom Basin, Wyoming, United States
(~4396°N. 107.65°W) (Fig. 1). These sedi-
ments were deposited by small tluvial systems
near the margin of a subsiding intermontanc
basm, and they preserve a suite of environ-
ments including small channels, floodplain
paleosols and swamps, and abandoned channel
fills. Weo measured strata with a Jacob’s staff
and sighting level, then comrelated sections by
tracing beds with a differential Glohal Po-
sitloning System to create @ stratigraphic and
biostratigraphic framework with ~1-n1 resolu-
tion (Fig. 2).

T'wo lines of evidence cstablish the PIEIM age
of these stratt; mammalian biostratigraphy and
A1 of paleosol arganic matter. Fossil mammals
ndicating the late Paleocens Claktorkian North
American Land Mammal Age (NALMA) were
found from = to 22 m below the top of the Fort
Union formation {Fig. 2). The main fossiliferous
laver 1s a laterally extensive, fenuginous, it
pebble conglomcrate that has prodnced =200
specimens and 11 speeics. The presence of
Copecion. an abundance of Phenacodus and
fetocion, and the absence of {fvraeofierium
indicatc that this fana belongs to the latest
Clarkforkian zonc €23 (20, 27). The carlicst Lo
cene nunmals (Wasatchian NALMA, the Wa0
zanc), which ocenr within the CI[15 in other
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areas {19, 21-25), come from the lowest 37 m of
the Willwood formation. Nincteen specics are
epresented among 233 specimens, meluding
diagnostic Wa-( taxa (Asfle jusmel, Copeion
dervist, Hyracotheriom sandrae, and Diccodexis
ifiis) (23). The lowest Wa-0 fossils come
from paleosols and clay clast accumulations
in sandstones 3 to 3 m above the hase of the
Willwood formation and 8 m above the high-
cst Clarkforkian mammals. The highest Wa-0)
tossils oceur 37 m above the base of the
Willwood formation and 3 m helow three
thick, laterally persistent, red paleosols. In
the Cabin Fork arca, the highest of these
three persistent paleosols {at 47 m) produced
10 species of mammals, including Cardiolo-
phus radinsiod, which defines the suceceding
Wa-1 fannal zonc (25} (Fig. 2). Thus. the
Wa-) fannal zone in the Cahin Fork area is
at least 34 m thick and is bounded hy Cf-3
and Wa-1 faunas.

Wemeasured the carbon 1sotopic composition
of bulk organic matter (31°C._) from mud-rock
paleosols In the same sections (26) (Fig. 2A and
fig. 81). 8°C_ranged from 22 to 285 per
mil (%e) wnd, when grouped mto PETM and
non-PLIM - samples based on faunal criteria.
wias strongly negatively comrelated wath the
weight percent of arganic carbon (wt % ).
which varies tiom 3.6% to 0.05% (fig. $1 and
table 81). We plotted deviations of 81°C__ from
the values expected based on wt % C_, (26)
(Fig. 2A and fig. §1). The carbon isotope curve
shows a sharp excursion of —3 3%, starte 2 to
3 m below the lowest occurrenee of Wa-0 man-
mils, The magnitude of the CIE is similar to that
in soil organic matter at Polecat Beneh in the
nerthern Bighom Basin (27) (Fig, 2B). Owr 1s0-
tope anomaly valnes remain 2 to 3%e below
background values fhroughout the 50 m of sec-
tion above the basc of the CIIL with the ex-
ception of a single more positive sumple at 5 m
{Fig. 2A) that was poorly consolidated and con-
tuminated with modem roots. The lowest Wa-1
mammals occur within the npper part of the
CTE, as 1s seen at Polecat Bench (27) (Fig. 2B).

_ Polecat Bench  Cabin Fork

Fig. 1. The location of the Cabin Fork and Polecat
Bench PETM sections. Solid dots indicate Paleo-
cene and Eocene sites with plant types that are
restricted to the PETM in northern Wyoming.
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Fig. 2. Comparison of PETM recards. (A) The Cabin Fork section, showing
meter levels, formations, faunal zones, lithology, fossil sites, and 6C.
anomaly values (26). {B] The Polecat Bench section, showing §'*C,_, feunal
zones, and meter levels (27). (C) 8'3C of bulk carbanate at Ocean Drilling
Program (ODP) site 690B {in the Southemn Ocean), with the time scale from

Floral composition and migration.
Plnt fossils were collected from lenticular
channel fills 3 to 3 m thicl and <30 m across.
Because of small-scale downcutting and re-
deposition, plant fossils arc slightly younger
than overbank deposits at the sume level: how-
cver. the continnons floodplain palecosals
abowve the chammel] 11lls are within the PETM,
as indicated by vertebrate fossils andfor 8°C:
anomaly valucs.

Two localitics, SWO410 and SW0307 (3
and 37 m above the hase of the CIL, respee-
tively), produced a total of 398 plant mega-
fossi] specimens [136 and 262, respectively
{table S§3)]. The lower locality has nine leaf’
morphospecics, inchiding six dicots, onc
palm, and one tern. The upper locality has
20 lcaf morphospecics, including 17 dicots,
one palm, and two ferms. In composition, both
PLETM megafloral localitics are dominated
by morphospecies that have not been rec-
ognized in cxtensive collections (~30,000
specimens trom =300 localities) ftom the late
Paleocene and carly locenc of the Bighom
Busin (Fig. 3) (28).
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Farley and Eltgrath (3). Wa, Wasatchian; Cf, Clarkfarkian; M, Meniscotherium
Zone, Paleocene fossils are indicated with blue symbols, PETM with red, and
post-PETM Eocene with green. Carbon isotope units are in %o Pee Dee
belemnite. Dashed orange lines indicate correlations of carbon isotope curves,
Dashed vertical lines are mean 8'3C vales for the latest Paleocene.

T
0 1 2 128

A Palynoflora B

Megaflora
2 ]
[ gwosor
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] 8 10 12
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1.5 2
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Fig. 3. Change in floral composition analyzed with detrended correspondence analysis (DCA). Each
bivariate plot was generated by DCA of a sites-by-species matrix of presence/absence data. Arrows
indicate the temporal sequence. {A) Palynofloral analysis: Axis |, 11.5% of variance; Axis Il, 5% of
varfance. (B) Megafloral analysis: Axis |, 3% of variance; fuds Il, 2% of variance, Paleocene samples are
indicated with blue diamonds, Eocene samples with preen triangles, and PETM samples with red
squares. PETM samples are compaositionally distinet from bath Paleocene and Eocene ones and from
each other.

The lawer flora 1s dominated by an un-
deseribed. mimosoid legume leaflet and con-
tams leaves smmlar to “drfocarpus® fessigianc

{Lesquereux) Knowlton, a taxon known from
the Paleocene and locene of the Denver
Basim, Mississippl Embayment, and Califoomnia
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{29, locations 650 to 1500 km to the south
{Fig. 1 and fig. 82). The upper flora is co-
dominated by an undescnbed leat of proba-
ble lanralean affinity with a long drip tip. a
typical Paleocene lavralean known as “Ficus™
plunicosioia. and the common late Paleocene

carly Eocene platmoid Macginitiea nobifis
(fig. 83).

Palynotloras extracted trom the megatloral
sites also have wmsnal floral composition com-
pared to latest Paleocene and post-PETM sarm-
ples from the same region (Fig. 3A) (76, /7).
Baoth palynotloras have common, stratigraph-
cally long-rangmyg, wind-pollmated taxa (such
as Caryapodleniies, Ulmipoleniies. and Alni-
pollenites), but the lower flora also meludes
Brosipodlis. a marker of the carly liocene
on the Gulf Coastal Plain (36, 31); Puncta-
tosposifes. an ocene index fossil in the Big-
hom Basin; and four taxa not previously
rccorded among ~25,000 grains identificd
from the late Paleocene and earliest Eocene
in the Bighorn Basin (/7). The upper site
contains Lanagiopollis, of. Tricolpites hians,
and  Pladyeasya swasticoides (three forms
otherwise restricted to the Gult Coastal Plan);
Triporopollenifes. gramdany and Creadopifes
scabratus (both otherwise found in the Powder
River and Williston Basins to the cast): the
Eocene mdex Platvearva platycarvoides; and
four taxa previously unrecorded in the Bighom
Basin including ct. Bombay (30-33). As m the
Powder River Basin, P platycanyoides, which
migrated to North Amenca from Europe, does
not appear until the upper part of the PITIM,
suggesting it may have not have colonized
middle latitudes until climate began to cool
late 1n the event (J9).

The taxa found in these PIVTM floras arc
otherwise unknown from the northern Rocky
Monntain region. and the four palyno-
morphs and one leat type noted above doc-
ument northward range cxtensions from the
Gult Coastal Plain and from Colorado {Fig.
1 and table 54). PLITM ocenrrences of these
tuxa 650 to 1500 km north of their Pa-
lencene distribntions roughly indicate the mag-
nitude of range extension, although meomplete
knowledge of Palcocene distributions means
these may he overestimates. Paleogene gra-
dients of temperatre with latimde have heen
cstimated at 0.4 to 1°C: change in mean an-
nual temperatre (MAT) per degree of lati-
tnde (34, 35). A temperatire increase of 4
to 8°C during the PETM (34) should have
shifted floral ranges 4 to 20 degrees of lat-
itude (450 to 2200 km) to the north, which
agrees with the range extensions we infer.

The combination of mmigrants from the
south. cast. and limrope. along with the per-
sistence of natives, 1s consistent with species-
specifie. or “individnalistic,™ response to the
PETM, as has been widely reported in late
and postglacial floras {37). The prescnee of
mmigrants in the lowest PETM tlora suggests
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that plant ange changes were geologmcally
rapid (<10 ky from the hase of the CILZ). The
absence of a distinctive PETM flora n earlier
studies probably reflects inadequate sampling
(17, 19 or limited chinge in floral ranges on
isolated land masses (/8). The appearance
during the PETM of both mtra- and inter-
continental floral immigrants mirrors the pat-
tem seen in the tiuma, wloch meludes both
intracontinental (Meniscotherinn) and  inter-
continental {hyaenodontid creodont) migrants
(/4,21

Paleoclimate, Leat margin aalysis (LVA)
(38, 39 of the 23 dicot lcaf morphospecics
from the two localitics yiclded a MAT
cstimate of 19.8 — 3.1°C for the PLETM [the
crror is 1 81 following Wilf (39)]. his is
4.9°C higher than the MAT (157 L 2.4°C)
cstimated from LMA of floras firon the 250-ky
Imterval immediately before the PETM in
the same region and 1.6°C: higher than the
MAT (18.2 L 2.3°C) for the 400-ky interval
after the PETM (40). Oxygen isotopic
composition of blogenic apatite trom the
Bighorn Basin indicates cven higher temper-
ature during the PETM (26°C) (33). Mod-
crn riparian and wetland vegetation has a
higher proportion of toothed species than
terra firma forest, commonly resulting in
2.5 to 7°C underestmuates of MAT (47, 42). All
the fassil floras used to estimate MA'T were
deposited m fluvial backswarmps or charmel
margins (287, palcotemperature cstimates arc
therefore likely to be unitormly low. [Tow-
cver. the ~5°C0 warming cstimated from
LMA 1s consistent with Isotopic temperature
cstimates.

We used leaf area analysis (LAA) (43) to
cstimatc mean annual precipitation (MAP) at
123 ¢m {the standurd error of the regression is

1777 86 em) for the combined PITM flora.
A difterent regression derived from a modem
data sct with more dry sites (44) yiclded an
MAP estimate of 120 cm. The marked increase
in leaf size from the lower to the npper PLTM
megatlora (tigs. 52 and 53) led us to estimate
MAP separately for cach site. By using the two
regressions (43, 44) we estimate a MAT of 80

1147 36 cm and 41 cm for the lower flora.
MAD estimates for the upper flora were
144 206/ 100 cm and 132 cm. Although
the MAP cstimate for the lower flora was
derived from only six morphospecics. the
two with the smallest leaves (nanophyll-
microphyll) are also the most abundant.
indicating that small-lcaved species were
local dominants, MAP estimates for the late
Palcocenc in southern Wyoming average 138
cm {43), suggesting that ramfall declined by
~4% near the onset of the PIETM then re-
covered to normal values by late in the event.
A warm. wet climate late in the PETM is
consistent with the exceptionally thick paleo-
sols preserved from the npper part of the
event (Fig, 2) (46).
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Previous studies of the PETM have vielded
mixed evidence for precipitation change. A
Iigher abundance of terrestnal palynomorphs
and cntrophic dinoflagellates in nearshore
marine sediments has been cited as evi-
denee of more ranoff and higher precipitation
(18, 47), as has the greater magnitude of the
CILE in pedogenic carbonate nodules than
In marine carbonates (48). In contrast, the
continental record of the PETM in Spain
suggests o persistently or seasonally dry cli-
mate (4%). and a possible PIETM scetion in
southemn England has exceptional amounts
of fossil charcoal (51).

Withomt wider geographic coverage, we
do not know if the short period of dry cli-
mate we infer at the onset of the PITM is
regional or global. However, cven if it was
canfined to the northern Rocky Mountain
region, it could have had an Important pos-
itive feedback on climate by increasing the
likelihood of buming in the extensive upper
Palcocene peats and coals of the Powder
River Basin (9).

Conclusion. The PITM provides an im-
portant analog to present-day anthropogenic
global warnming, becanse the two cpisodes
are inferred to have simlar rates and mag-
nitndes of carbon release and climate change
{6). In this context, 1t 1s notable that terres-
trial floras underwent rapid (within ~ 10 ky).
individualistic range change during the
PETM. ineluding both intra- and intercon-
tinental migration. Plant range changes of
similar seale may occuwr with anthropogenic
climate change. Fossils revealing this dra-
matic, transicnt, floral response to PIITM
warming eluded vears of focused searching,
suggesting that other such short-term shifts
n floral composition remain to be uncovered
from the “‘decp time™ record of ceological
change.
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Obestatin, a Peptide Encoded by
the Ghrelin Gene, Opposes
Ghrelin's Effects on Food Intake

Jian V., Zhang, Pei-Gen Ren, Orna Avsian-Kretchmer,
Ching-Wei Lue, Rami Rauch, Cynthia Klein, Aaron ). W. Hsueh™*

Ghrelin, a circulating appetite-inducing hormone, is derived from a prohormone
by posttranslational processing. On the basis of the bicinformatic prediction that
another peptide also derived from proghrelin exists, we isolated a hormone from
rat stomach and named it obestatin—a contraction of obese, from the Latin
‘obedere,” meaning to devour, and “statin,” denoting suppression. Contrary to
the appetite-stimulating effects of ghrelin, treatment of rats with obestatin sup-
pressed food intake, inhibited jejunal contraction, and decreased body-weight
gain. Obestatin bound to the orphan G protein—coupled receptor GPR39. Thus,
two peptide hormones with opposing action in weight regulation are derived
from the same ghrelin gene. After differential modification, these hormones

activate distinct receptors.

The mcreasing prevalence of obesity 15 a glob-
al problem. Body weight is regnlated in part by
peptide hormones produced in the brain or gut
or hoth (7). Larlicr studics on synthetic and
peptidyl growth hommene (GIL secretugozues
{2 4 led to the identification of a specific G
proteim—coupled receptor (GPCR), the GII
seeretagogie receptor (GHSR) (5, 6). and sub-
sequently to the discovery of its endogenous
ligand, ghrelin (7). a gut-derived circulating
hormone that stimulates tood mtake (4, §).
Human ghrelin, a 28 amino acid pep-
tide, 1s denived by posttranslational cleay-
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age from a prepropeptide of 117 residues.

On the basis of bioinformatic searches of

putative hormones denved from the pre-
propeptides of known peptide hormeones,
we ldentified a ghrelin-assoclated peptide.
we searched CienBank for orthologs of the
human ghrelin gene and compared pre-
proghrelin sequences from 11 mammalian
species, In addition to the known ghrelin
matire peptide. which immediately follows
the signal peptide, we identified another
conscrved region that was flanked by po-
tentlal convertuse cleavage sites (fig. 81,
underlined). This region encodes a putative
23—amino acid peptide, with a flanking
conserved glycine residue at the € termi-
nus, suggesting that it might be amidated
{(¥). We named this ghrelin-associated pep-
tide obestatin,
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Characterization of endogenous
obastatin. To detect endogenous obestatin,
we prepared a synthetic obestatin peptide and
performed radiommmmoassays on ri-tssue ex-
tracts with obcstatin-specific antibodies. As
shown n Fig. LA, the stomach extruct displaced
1"#5-abestatin binding to the obestatin antibodics.
Obestatin-like activities from stomach extracts
wore purified Immnnorcactive (i) obestatin was
eluted In a Sephadex G-50 gel permeation col-
umn (Amersham Bioscicnees, Piscataway.
NT) with estimated sizes of 2.6 :ind 1.3 kilo-
daltons (k1. distinct fiom the clution position
of mature glrelin (Fig. 1B). We subjected peak
1 (2.6 k1) fractions to ion-cxchange fast protein
Liquid chromwtography (FPLC). A smgle peak
of ir obestatin was clted (Fig. 1C7) and shown
by mass spectrometry and Edman sequenc-
ing to contain a peptide with a molcenlar mass
ot 25163 (Fig. 1D} and with a sequence of
ENAPFDVGIKLSGAQYQOQIIG-3CC (76). Com-
bmed with molecula-welght detemination, the
full sequence of the puritied peptide was predicted
to be FNAPFDVGIKLSGAQYQOHUTRAL-
NIL, consistent with the obestatin sequence de-
duced from rat ghrelin ¢ DNA. [n addition,
mass specttometric analyses suggested that
pealk 2 (1.5 k13) represented the last 13 resi-
dugs of amidated obestatin, indicating further
processing.

To mvestigate differential secretion of
ghrelin and obestatin in vive, we fasted adnlt
male tats tor 48 hours before reteedng. Con-
sistent with carlier findings (7 /), fasting led to a
major Increase n serum ghrelin levels, whereas
subsequent refeeding for 2 hours by allow-
g amimals tree access o food or dunking
watcr containing dextrose decreased eirculat-
ing ghrelin (Fig. 1E). In contrast, serum levels
of obestatin determined by a radioimmunoassay
were constant i the different treatment groups.

www sciencemag.org



Fig. 1. Characteriza-
tion of endogenous
chestatin, [A) Competi-
tion of 1'?>-obestatin
binding to obestatin
antibodies by tissue
extracts. 1'2>-obestatin
was incubated with
obestatin antibodies
with or withaut differ-
ent dilutions of tissue
extracts and the obestatin
standard pg, picograms
of; B, bound; Bo, total | )
bound. (B) Gel perme- ¢ 1w 20 4
ation chromatography of
obestatin in stomach

extracts, Stomach tissues

from 30 rats were ex-

tracted and eluted from

a Sep-Pak C-18 colurrn B
before they were lnaded

onto a Sephadex G-50

column. The column ¢ ' Y
was calibrated with EE

blue dextran (v, ). cyto- §§ 05

chrome ¢ [ee), and pa- 27

tassium  chromate (v} 0

Peak 1, detected by
obestatin antibodies,
represents the putative
obestatin peptide, and
peak 2 represents an
obestatin fragment. (C)
lon exchange FPLC
analysis of peak 1 frac-
tions monitorad by the
obestatin  immuno- ;
assay. (D) Peptide 0 10
mapping using mass

spectrometry and the

0125 0325

B/Bo(%)

40

ir-ghrelin
[ughube)
onN &

ir-obestatin
(ngttube)
SN

predicted amino acid sequence of rat obestatin, m, mass; z, charge. (E) Serum
levels of ghrelin and obestatin during fasting and refeeding. Adult male rats (7 —
5 animals per group) were fasted for 2 days. After fasting, sorme animals were

Obestatin suppression of food in-
take and gastrointestinal functions. We
next synthesized amidated human obestatin
and tested its etfect on food intake in adult
male micc. Intraperitoncal injection of
obestatin suppressed food intake in a time-
and dosc-dependent manner (Fig. ZA).
Intracerebroventricular treatment with obe-
statin also deercased food intake (Fig. 2B),
similar to the anorexigenic cffcct of the
synthetic melanocortin agonists ML (72).
In contrast, treatment with the nonani-
dated obestatin (NA-obestatm) was less ef-
fective. We also investigated the cffect of
obestatin, ghrelin, or vehicle alone on body
weight in adult male rats. Treatment with
ghrelin {1 umol per kg body weight, three
times daily) increased body weight, where-
as the same dose of obestatin suppressed
body-weight gain (Fig. 2{). Serum leptin
levels were not affected after treatment with
cither obestatin or ghrelin (fig. 82, sng-
gesting minimal modulation of body-fat
content.  Furthcrmaore, treatment with obe-
statin led to a sustained suppression of gas-
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tric cmptying activity (Fig. 213). [n witro.
lsometric force measurement demonstrated
that obestatin treatment decreased the con-
tractile activity of jejunum muscle strips
and antagonized the stimulatory cffeet of
ghrelin (Fig. 2E) (I3). The observed inhi-
bition of jejunal contraction may trigger an
afferenmt vagus signal to induce a central
saticty responsc. Unlike ghrelin, obestatin
did not increasc (iH scerction by cultnred rat
pituitary cells (fig. 83).

Obestatin is the cognate ligand for
GPR39. lixperiments with crude plasma-
membrane preparation of rat jejunum re-
vealed that I'?*-abestatin bound to jejunal
preparations with a high affinity {disso-
clation constant K = 4 nM), and this bind-
ing was not competed by ghrelin, motilin,
neurotensin, or neuromedin U (tig. S4).
Furthermare, NA-obestatin and  truncated
{des]-10jobestatin showed a lower binding
affinity than did obestatin. [1%3-abestatin also
bound to the pituitary, stomach, ileum, and
hypothalamus. but less so to other tissues
{tig. S4).

. [

controls

11 NOVEMBER 2005

s-tm.nee

2600 3000

18I ; 2200
Mass (m/z)

-
(=]

0 ghrelin
3 obestatin

=
@

o
o
i-lw Bu ‘upyejsaqo

(18

fasted
and
dextrose

o

fasted
and
re-fed

fasted
and
water

fasted

allowed acress to food, dextrose solution, or water for 2 hours before the
amount of serum hormone was determined using specific redicimmunoassays.
SEM.

We hypothesized that obestatin inter-
acts with an orphan GPCR, and we tested
obestatin binding to Chinesc hamster ovary
{CIIO) cells trunstected with ~30 individ-
ual orphan rcceptor cldNAs. ["*5-obestatin
mteracted with high affinity (K, = 1 nM)
to the orphan receptor GPR39, which be-
longs to the ghrelin receptor subfumily (Fig.
3A) (74, /5. '*5-phestatin binding to GPR39
was competed by obestatin but not by ghrelin
or several other brainfgnt hormones includ-
ing motilin, newrotensin, or nearomedin U
{(Fig. 3B). In addition, NA-obestatin and
truncated (desl-10)ohestatin had a lower
atfinity tor GPR3® than did obestatin, In
CHO eclls overexpressing GPR39. treatment
with obestatin stimulated cyelic adenosine
monophosphate (cAMP) prodoction. where-
as treatment with ghrelin or motilin was
ineffective (Fig. 3C). Consistent with the
reported activation ot the serum response el-
cment (SR by constitntive active (iPR39
{44), homonal treatment off CIIO0 cells co-
transfected with CiPR39 and a SR promoter-
luciferase construct led to obestatin but not

297
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Fig. 2. Regulation of gastrointestinal functions
by obastatin. {A) Suppression of cumulative food
intake after intraperitoneal treatment with
obestatin, MA-obestatin, andfor ghrelin. The
upper panel shows treatment with different
peptides at 1 umol per kg body weight; the
lower panel shows dose response at 5 hours
after treatment. Mice injected with urocortin
served as positive controls. (B) Suppression of
cumulative food intake after intracerebroven-
tricular injection of obestatin. Peptides were
injected at 8 nmol per kg body weight. Mice
injected with MTIl served as positive contrals.
(C) Treatment with obestatin suppressed body-
weight gain. (D) Suppression of gastric emptying
activity by obestatin. The upper panel shows
treatment with different peptides at 1 Lmol per
kg body weight; the lower panel shows dose-
response relationship at 2 hours after treatment.
{E) Treatment with obestatin suppressed the
contractile activity of jejunum muscle strips and
the stimulatory effect of ghrelin. Representative
tracing (upper panel] and percentage of maxi-
mal responses (lower panel) are shown. Asterisks
indicate P <2 0.05 versus controls {C). Differences
between treatment groups were analyzed using
analysis of variance and Student’s f-test.

ghrelin or motilin signaling (Fig. 3D). Sim-
ilar stimulation of cAMP production and the
SRE promoter by obestatin was found when
(PR3 was overexpressed in HEK2931 eells
{fig. 85). Although CIIO cells expressing
OISR did not respond to treatment with
obestatin or ghrelin, cotransfection with a
chimenic Gsq protein, which 1s capable of
switching Gy-mediated signaling to Gs pro-
teins (J6), led to cAMD mncreases induced by
ghrelin but not abestatin (Fig. 31i). Likewise,
cells expressing the Gsq protemn and the
motilin receptor responded to treatment with
motilin but not obestatin {Fig. 3F). Cross-
linking studies further demonstrated that
1" _abestatin bound to recombinant GPR39,
forming a high molecular-weight complex
{tig. S0). Real-time reverse-trunscription poly-
merase chain reaction (RT-PCR) analyses
indicated that GPR39 1s expressed in the
jejumum. duodenum, stomach. pituitary, ile-
um, liver, hypothalamus, and other tissues
{Fig. 3Gi). consistent with obestatin binding
studies,

Discussion. Cihrelin is implicated in
meal mitiation and body-weight regulation.
Chronic ghrelin administration increases
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food mtake and decreases emergy expend-
iture. thus cansing weight gain. In contrast to
ghrelin, which causes hyperphagia and obe-
sity in rats (/7). obcstatin appears to act as
an anorexic hormone by decreasing food
intake, gastric emptying activities, jejunal
motility, and body-weight gain. Mutant
mice with a deletion of the ghrelin gene
did not show impaired growth or appetite
{6, 18), most likely because these amimals
lacked Dboth orcxigenic ghrelin and ane-
rexic obestatin, Indeed, transgenic mice
bearing the preproghrelin gene under the
control of the chicken p-actin promoter
produced high levels of inactive des-acyl
ghrelin but exhibited lower body weights
{(/9), most likely due to excessive obestatin
biosynthesis.

The discovery of amidated obestatin
and its cognate receptor underscores the
power of comparative genomic analyses in
the postgenomic era. A peptide derived
from the 66 (-terminal amino acids of
proghrelin, named C-ghrelin, was detected
in human circulation, and its scrum levels
were elevated in patients with heart failure
{21, Although the antibodics nsed to de-
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tect C-ghrelin overlap with obestatin by 13
residucs, the cxact chemical nature and
tunction of the circulating C-ghrelin remain
unclear.

Our tinding that two peptide hormones
derived from the samc proprotein act
through distinct receptors and exert op-
posing physiological actions highlights the
importance of posttranslational regulatory
mechanisms, Thus, monitoring of ghrelin
transcript levels does not accurately retlect
the secretion of these two polypeptides.
After removal of the signal peptides from
prepropeptides, convertases cleave prohor-
mones at mono- or dibasic residunes (27). In
processed peptides with a C-terminal gly-
cine. the residuc is further amidated (9).
Similar to the importance of posttransla-
tional amidation for obestatin bioactivity.
ghrelin also requires acylation on its serine-
3 residne for hioactivity (7).

Ghrelin binds to GIISR, which belongs
to the subgroup of type A GPORs consist-
ing of GPR3Y and receptors for ghrelin and
motilin (22). Onr discovery that obestatin is
the cogmate ligand for GPR39 suggests that
CiHSR and GPR39 conld have cvolved from
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a4 commen ancestor but diverged in their
functions, thus maintaining a delicate bal-
ance of body-weight regulation. This scenario
is similar to the divergent and somctimes op-
posing actions of twa paralogous corticotropin-
rcleasing hormaone receptors and their ligands
in the regulation of adaptive stress responses
(23 23

In addition to roles n meal nitlation,
weight regulation, and gastrointestinal ac-
tivity, ghrelin also regulates the pituitary
hormone axis, carhohydrate mctabolism.
and vanous functions of the heart, kidney,
pancreas, adipose tissucs, and gonads (26).
Because ghrelin mRNA was found in al-
most all human tissues analyzed (27), the
identification of abestatin denived from the
same gene product as ghrelin provides a basis
for tuture elucidation of the ditferential
posttranslational processing and modifica-
tion of these two peptides. A better un-
derstanding of the roles of ghrelin and
obestatin in the ntricate balance of energy
homeostasis and body-weight control may he
essential for the successtul treatment of
obesity.
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A Thiolate-Ligated Nonheme
Oxoiron(IV) Complex Relevant to
Cytochrome P450

Michael R. Bukowski, Kevin D, Koehntop,‘T Audria Stubna,?
Emile L. Bominaar,” Jason A. Halfen,?] Eckard Miinck,”:

Wonwoo Nam,* Lawrence Que jr.‘;

™

Thiolate-ligated oxoiron{|V) centers are postulated to be the key oxidants in
the catalytic cycles of oxygen-activating cytochrome P450 and related en-
zymes. Despite considerable synthetic efforts, chemists have not succeeded in
preparing an appropriate model complex. Hers we report the synthesis and
spectroscopic characterization of [FeV(O)(TMCS)]~ where TMCS is a pen-

tadentate ligand that provides a square pyramidal N,{SR)

where 5R is

apical'

thiclate, ligand environment about the iron center, which is similar to that of
cytochrome P450. The rigidity of the ligand framework stabilizes the thiolate
in an oxidizing environment. Reactivity studies suggest that thiolate
coordination favors hydrogen-atom abstraction chemistry over oxygen-atom
transfer pathways in the presence of reducing substrates.

Thiolate-ligated oxoron(IV) centers are thought
to be the key oxidants in the catalytic cycles
of oxygen-activating lron enzymes, such as
cytochrome P450 (P450) (7. 23, NO syn-
thase (NOS) (3}, and 1sopenicillin N synthase
{4). Beeausce of the physiological importance
of the heme-containing 450 and NOS,
many biophysical and computational studics
have sought to elucidate the nature of the
oxidizing specics componnds [ and 1. which
correspond, respectively, to mtermmediates with
formal iron-oxidation states two and onc above
the resting won(IIT) state (2, 3, 53-7). Ilowever,
these studies have not yet provided conclusive
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evidence for the presence of thiolate-ligated
oxoiron{[V) specics in the reaction cycles. For
over M vears, small-molecule complexes syn-
thesized as active-site models have advanced
our understmding of the P450 cvele (8, 9);
despite these cfforts, the synthesis of an
oxoiren(TV) porphyain complex with a thiolate
ligand has not yet heen achicved.

A central question In these systerns 15 how
cysteinate coordination might influcnce the
reactivity of the oxolron{IV) unit. Because of
the absence of a confining poclket of the pro-
tein, it 1s very difficult to lock a thiolate lig-
and into a geometry that affords adequate
stability in an oxidizing environment, be-
canse the sulfur center is generally at least as
susceptible as the won center to oxidative
attack. Recently. [Fe''{TMOS)(PE ) (Scheme
1, complex 1) {where TMCS 15 4 monoanion
of 1-mercaptocthyl-4.8,11-trimcthyl-1,4.8.11-
tetraaza cyclotetradecane), @ nonheme 1ron
complex with a square pyramidal N(SR) . o
ligand sct, was synthesized in onc of owr lab-
oratorics as a mode] for the iron{1[) active sitc
of supcroxide reductase (7). We reasoned
that this tamework may be sutficiently ngd
to support the coordination of the pendant
thiolate to the ron center frans to an oxo
aroup. Lhe synthesis of such a complex (2)

| + _| + 0 | 2+
N~ "N || g ™ |~
. AN Q]N\‘Fd SN LONT >N
N:~F€-—~N & e N |eHN \
L\ 1 AY J,\.....i.._./ \ ""\_l/
—5 T NCMe
1 2 3
Scheme 1.
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is reported here. Morcover, an analogons con-
plex, 3, m which the pendant mercaptoethyl
group is replaced by methyl, forms a stable
oxoiron{IV) complex that has been charac-
terized crystallographically (7/7). Complex 3
functions as an ideal control trom which to
infer the precise impact of thiolate coordina-
tion on the structure and reactivity of the
oxairon{1V) unit in 2.

The reaction of' 1 with 3 to 5 equivalents
of H,(», at 60°C in methanol clicits the
formation of a deep blue complex 2, with

1.

<h

—
[

e/ 108 M1 em?

f=]
[
e

o

I

hll
I

0.

600 800 1000
A/ nm

Fig. 1. Electronic spectral changes in the con-

version of 1.04 mM 1 (dashed line) to 2 (solid

line] in methanol at —40°C by the addition of

one equivalent mCPBA in the presence of 6

equivalents of potassium terf-butoxide.

0 o~ —
40T 4K
- 4T 4K
&2
& 8T 4K
2
[
§ 8T 35 K
o d
- 8T 100 K
4_
| 1 | L ] s
-2 0 2

Veloecity (mm/s)

Fig. 2. Mossbauer spectra of a frozen methanol
solution of 2 recorded at temperatures and
applied fields indicated. Spectral simulations are
based on Eq. 1 using the parameters listed in
Table 1. Spectra were simulated in the slow (at
4.2 K) and fast (for T = 30 K} spin fluctuation
limit. The applied field was directed parallel to
the observed +-radiation. The doublst drawn
above the topmost experimental spectrum (0 T,
4 K) represents a 7% contribution from a
residual amount of 1 in the sample of 2.
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intense visible absorption features at 460 and
570 nny and weaker near-infrared (IR) bands
at 830 and 1030 mm (Fig. 1). Although this
speeics s quite stable at 60°C, it decays at
higher temperature with all four bands de-
creasing at the same rate. The features in the
near-IR region resemble those observed for
recently identificd nonheme oxoiron(IV)
complexes {44-13), ncluding 3, which cor-
respond to d-d transitions of an § — 1 metal
venter {where 8 1s the spin quantum number)
(7). Initial Méassbaner studics confirmed the
formation of in ron(TV) complex {see below),

but with only 40% vield. [Towever, m subsequent
cxperiments, 2 could be gencrated with greater
than 90% vield by using one equivalent of
m-chloroperhenzoic acid (m(CPBA) as oxi-
dant in the presence of excess base. Iligh-
resolution clectrospray mass spectral studies
ot 2 revealed only one prominent iom at a
mass‘charge (m/z) ratio of 3731724, with a
mass value that corresponds exactly with its
formulation as [Fe(O{ MO8+ (fig. S1).
Flgure 2 shows Mossbauer spectra of
7Fe-enriched complex 2 recorded at 4.2,
3%, and 100 K in applied magmetic fields as

Table 1. Experimental {exp) and calculated {caled) parameters for 2 and 3. Numbers in parentheses
indicate the error in the last significant digit nd, no data; 1, asymmetry parameter of the electric field

gradient {EFC) tensar; r, bond distance.

[ (AA A Mg, B ‘ 8 fFfemo fre.n fFes
complex ey 1y £ T (msy Y mmss) R (A (A)
2 {exp) 35(3) 0 -23(2)-22(2)-5(2) —022(2} =0f 0.79{1) 1707 209% 233}
2 {calcd} 3G nd —233% _222% —48% —0.3?’[ 06T 0.20 1.68 2.13 Z2.39
3 {exp) 28 0 —25,-20, -3 123 05 017 1846 200§ -
3 {calcd}ll 27 nd —205, 201, —43 1.25 01 0175 .64 2.10 -

#sum of the calculated spin-dipelar contribution {traceless) and the experimental value far the isotropic contribution,

A e b, —-BET A — (A A, A3

*The ZFS and A tensor are essentially awial, with z within & degrees

along the Fe—0 axis according to DFT calculations (22). The experimental EFG tensar is axial, with the major companent
anywhere in the xy plane, which is roughly the plane defined by the four M ligands; Af < 0. We have quoted Af and n in
the conventional way, i.e, in a coordinate system for which 0 < < 1. The major component of the calculated EFG is also

in the xy plane,
recently reported similar values for 3.

$This work, from EXAFS analysis [table 51}

iSee [T7) lIschéneboom et al. {26) have

Fig. 3. r-space and k- 10
space (inset) EXAFS data
for 2 obtained in frozen
methanol solution. Exper-
imental data (dotted line)
and fits to the data (solid
ling) are shown. Fourier
transfarm (FT) range (k): 2
to 1507 A 7 {0.12 A reso-
lution). Back-transformatian
range {'): 0.77 to 3.18 A.

FT Magnitude

See table $1 for a sum-
mary of the fitting proto-
col. Best fit shown consists
of 1 O at 170(2) A, 3 N/O

at 209(2) A, 1S at 2.33(2) A, and 4 C at 295(2) A.

Fig. 4. Geometry optimized struc-
ture of 2 based on DFT calculations
(22). Black, carbon; red, oxygen;
yellow, sulfur; purple, iron; and
blue, nitrogen.
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mmdicated. In zero fleld, 2 exlubits o doublet
{accounting for ~93% of the total Fe) with
quadrupole splitting AE , = 0.22 mm/s and
isomer shift & — 0.19 mmds (relative to Fe
metal at 298 K). The remainder of the ron
gives risc to a doublet that is attributable to
starting material 1 (AZ,, = 3.0 mm/s and § =
0.90 mmds). The applied ficld spectra show
that 2 15 an integer spin paramagnet, with
parameters similar to those of 3 (77). The &
value of 2 15 only slightly larger than that of
3 (3 - 017 mms). Thuas, although the &
value supports the assignment of 2 as an
ron{IV) complex, it cannot be used to es-
tahlish thiolate coordination to the § - 1
Fe"™=0 state. [In contrast, thiolate ligation
strongly affects & in the high-spin iron{1[)
state {715).] ITowever, the effect of thiolate
binding to the oxoiron{IV) center is man-
ifested m the much smaller AF, of 2 relative
to that of 3. )

The spectra of Fig. 2, together with data
obtained at different temperatures and ap-
plied flelds, were simulated with the § =1
spin Hamiltonian

F=D{SE =2/ | E(SE - S3)
2BBS SAT — eBBl | g
(1)

where ., describes the quadrupole imterac-
tions, £ and /¢ represent the zero-ficld splitting
(ZFS) parameters, A is the magnetic hypertine
tensor. | is the nuclear spin operator, B is the
magmetic field, B is the Bohr magmeton, and
2By Is the muclear gyromagnetic ratio. For the
simulations, we kept all tensors M the same
principal axis frame. T'hese values arc summar-
lzed In Table 1 and are compaed with those
reported previously for 3.

Xay absorption spectroscopy experiments
offered further insight into the structure of 2.
This complex gives mse to a shap pre-edge
feature with an area of 18(2) arbitrary units
(AU), where the number in parentheses in-
dicates the uncertainty in the last significant
digit (/6). This featre arises from Is-to-3d
transitions, the intensities of which reflect de-
viations of the metal center from centrosym-
metry (17). Other § = 1 oxoiron(IV) complexes
have been found to show similarly intense pre-
edge features, with areas ranging from 24 to 32
AU (18). The smaller value associated with 2
relative to that of 3 (30 AU) presumably re-
flects differences in bonding that may be at-
tributed to the stronger ¢ and m donating
properties of the thiolate group in 2 relative to
the more n-acidic NCCH, ligand in 3.

The extended x-ray absorption fine structure
(EXAFS) data for 2 can be fit well with the
following scatterers: 1 O at 1.70(2) A, 3 N/O at
209(2) A, 1S at2.33(2) A,and 4 C at 2.95(2) A
(Fig. 3 and table S1), revealing an iron cen-
ter with both an oxo and a thiolate ligand.
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Coordination of the axial thiolate lengthens
the Fe—) bond slightly in 2 rclative to that
found m the crystallographically characterized
3. but it docs not affect the average Fe N
distance {Table 1), The Fe-S distance tound in
2 is intermediate between that of its precursor
complex 1 [2.297(3) A] {16} and that deter-
mined by EXAFS for chloroperoxidase com-
pound I (237 A) (J¥), but is sisnificantly
shorter than the Fe § bonds computed for
eytochrome P430 compounds I (2.6 A) and 1T
(2.5 A) {20, 21). The shorter Fe 8 bond ob-
served for 2 may retlect the higher effective
charge of the ron center because of its un-
charged cquatorial N, ligand sct. Complex 2
has Fe=0 and Fe—S bond lengths that close-
ly match those of a putative P450 inter-
mediate produced by cryophotoreduction of
oxyP450 crystals, as deduced from its 1.9 A
resolution crystal structure (3).

To gain firther insight into the clectronic
structure of 2, we performed density fune-
tional thcory (DFT) caleulations (22). [n the
lowest-energy calculated structure (Fig. 4 and
Table 1). the lengthening of the Fe—0 bond to
1.68 A, relative to that in 3, is in excellent
agreement with the EXAFS analysis. The
n-basic thiolate ligand donates electron den-
sity to the iron([V) center and competes with
the oxo group for the metal d_ orbitals, there-
by weakening the Fe—0 bond. [n contrast, the
n-acidic MeCN ligand i 3 has a backbond-
ing interaction with the iron{{V) center that
strengthens the Fe=0 bond. The very large
zero-field splitting (ZFS8) of 2 results pre-
dominantly from spn-orbit mixing between
the § — 1 ground statc and a very low lying
& = 2 manitold (22) at lower energy (=2000
cm ') than in 3 (= 3000 em 1), facilitating
4 stronger mteraction.

The introdnction of the thiolate ligand not
only affects the electronic properties of the
oxoiron{[V) unit but also has a dramatic cffect
on 1ts reactivity, At —40°C, both 2 and 3 have
extended lifetines of days for 2 in MeOH and
weeks tor 3 in MeCN (71). Complex 3 reacts
readily with PPh, by oxo-atom transfer to
form OFPh, and regenerate its iron(Il) pre-
cursor (7/3. but it is incrt toward dihydro-
anthracene, a hydrocarbon that typically
undergoes facile hydrogen-atom abstraction.
In contrast, 2 docs not react at all with PPh,
but reacts with even ome equivalent of
dihydroanthracene in under an hour. For the
latter reaction, 2 undergoes a ome-electron 1e-
duction to a red species (maximum wavelength
Py = 514 mm; molar absaiptivity € = 1400
M lem ™) (fig. 82) that exhibits a prominent
electrospray lonlzation mass spectroscopy
{lE81-MS) don at miz — 3881944, corre-
sponding to [TefTMCSYOMe)[~. We postu-
late that 2 decays hy ahstracting a hydrogen
atom trom dihydroanthracene to form
[FeTMOS)OH)] |, which readily converts to
[Fe"{TMCS)OMe)]+ i MeOIL

11 NOVEMBER 2005 VOL 310 SCIENCE

Thus, the introduction of the axial thiolate
converts the Fe'Y—{) unit from being an oxo-
atorm transter agent (two-electron  oxidant)
into a hydrogen-atom abstraction agent
{one-electron oxidant). This switching eftect
of the axial thiolate on the reactivity of the
oxolron({IV) unit s much more dramatic than
was previously reported for other axial ligand
substitutions on the [Fel¥{OWTMC)] trane-
warl (23, 24). as well as for those associated
with axoiron{IV) porphyrin cation radical
complexes (23). Understanding this switch
will require further expenimental and compu-
tatlonal work. [Towever the unusual etiect of
the thiolate ligand may provide a compelling
rationale for nature’s use of the O = Fe™-SR
matif in key mctabolic transformations that
mvaolve the activation of strong C-IT bonds.
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Direct Visualization of the
Formation of Single-Molecule
Conjugated Copolymers

Hiroshi Sakaguchi,1'2* Hisashi Matsumura,® Hui Gcmg,1
Abdelkarim M, Abouelwafa'

Electrochemical polymerization of two different kinds of thiophens monomers
on an iodine-covered gold surface created highly assembled conjugated co-
polymears with different electronic structures. A scanning tunneling microscope
revealed images of several linkage types: diblock, triblock, and multiblock. The
single strand of conjugated copolymers exhibited an anomalous swinging motion
on the surface. This technique presents the possibility of understanding the
copolymerization process from the different monomers on the single-molecular
scale and of building single-molecule superlattices on a surface through con-

trolled electropolymerization.

Comugated copolymers {7, 2), which combme
different kinds of nlecules with g-cleetron net-
warks, have useful conductivity properties that can
be exploited in devices such as field coffect tran-
sistars { 7). TTowever, the lmited solubility of thess

matertals has obscured details of the polymeriza-
tion process. For example, docs polymerization
proceed in blocks or 18 1t random? Visualiza-
tion of conjugated copolymers on the single-
molecular scale can address these questions.

www sciencemag.org



Manipulated reactions (induced by a scan-
ning probe microscope tip) on surfaces have been
demonstrated, such as one-dimensional chain
polymerization of diacetylene into polydiacety-
lene (4), the coupling reaction of iodobenzene
into the biphenyl (3), K atom doping into Cg,
molecules (6), and the connection of two dif-
ferent dendronized polymers by ultraviolet
light irradiation (7). Applications of the electro-
chemical technique to solutions containing dif-
ferent kinds of monomers or mixed solutions
provide a new approach for the production of
single-molecule heterowires on surfaces.

Heterojunctions of synthetic conjugated co-
polymers (&) and synthetic conjugated oli-
gomers (9, /0) have been imaged, but clear
visualization of the connection of different
single-molecule wires is difficult unless the
polymers are highly ordered on the surfaces.
Here, we used electrochemical epitaxial poly-
merization (ECEP) to synthesize conjugated
copolymers on surfaces so that polymeriza-
tion could be imaged on the single-molecular
scale.

Conjugated polymers can be assembled on a
metal surface by means of ECEP with control of
the molecule’s length, density, and propagation
direction (/7). In this technique, voltage pulses
are applied to monomers in an electrolyte
solution on an iodine-covered gold substrate
[FFARIY] (F2). Two steps arc crncial: (3)
nucleus formation, i which the oligomers
produced in solution adsorb on the 1-A111j,
and (1) stepwise polvmerization such that the
monomer’s cation radicals react with the nueleus
to form wires that propagate along the surface™s
iodinc-atom lattice. The jodine-covercd sirface
acts as an adhesive that binds the polythiophene
wires. I'wo kinds of polythiophencs were used as
components for creating heterowires and were
characterized independently with scanning fun-
neling microscopy (STM) (22), All STM mages
were taken at a tip bias of (1.2 V with a constant
current of § pA. Two kinds of thiophene mono-
nmiers were used as building blocks to create
heterowires (Fig. 1, B and E): 3-octyloxy-
4-methylthiophene (CROMTY (F3) and 3-
octyl-4-methylthiophene (C8MT) (44). Cyelic
voltammogram (/) shows that the oxygen
atom that is dircetly bonded to the thiophenc
maicty in CROM affords a lower oxidation
patential by (.4 V relative to CEMT (fig. S1).

Application of the CEP technigque at a given
condition to the CROMT meonomer (Fig. TA)
produced linear polythiophene ammays on the
-An{111) with a maximum length of 100 nm
and a height of 3.0 to 3.5 A, as meuasured with
ST™ (Fig. 1, B to 13, The CRMT-polymer
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Fig. 1. (A) Experimental set-up of ECEP to produce the monopolymer wires, showing working
(WE), reference (RE), and counter electrodes (CE). (B and C) STM images of C8OMT-polymer wires
made by applying 35 pulses (1.2 ¥, 150 ms) to the I-Au(111) substrate in the C8OMT (10 mM)—
NBu,PF, (0.1 M) dichloromethane solution. The inset depicts the CBOMT chemical structure. (D)
Cross section of line shown in (C). (E and F) STM images of C8MT-polymer wires made by
applying 150 pulses (1.4 v, 150 ms) to the I-Au{111) substrate in the C8MT (10 mM)-NBu PF

{0.1 M) solution. (G} Crass section of the line shown in (F). (H) Two-dimensional FFT image of
{F) (inset) and its cross section. {I) Proposed structure of C8MT polymer on the surface. Yellow
circles correspond to center of dots shown in the 5TM images.

wires were also produnced at different LCEP
conditions with & maxinum length of 30 nm and
a height of 1.5 to 20 A (Fig. 1 I to G). In
murked contrast to the CROMT-polymer wires,
the CEMT-polymer wires appeared in §1TM
Images as o connection of iy dots, which were
spaced at 11.5 A (Fig. 1, lito (7). We ohserved
that isolated single polymers of C8OMT and
CAMT in the low density region and those with
lenyzths shorter than 10 mm (24 ) moved easily on
[Au(111) surtiace. The dots observed at C8MT
polyniers were not disconnected, even though
the polymers moved on the surfice. These results
strongly snggest that the dot structure is duc
not to the self-assembled CEMT monomers or
its oligomers but to the single-polymer strand
Because of the asymmetic reactivity of the
monomer. 3-alkoxy-4-methylthiophenes such
as CEOMT are reported to provide the regio-
regular head-to-tail polythiophenes (/3. /3). The
sume reasen might be applicable to the C8MT
beeanse of the asymmetrical chemical structare.

These results suggest that the electronic
strictures of the two kinds of polythiophenc
ditter greatly. The optical absorption spec-
trum of the chemically synthesized polymers
of CEMT in solution showed a Inghest oc-

cupicd molecular orbital (HOMO) lowest un-
occupled molecular orbital (LUMO) gap of
376 ¢V, whereas that of CROMT showed a
gap of 2.94 eV (fiz. S2). These data are n a
good agreement with the reported spectrum
of each polyvmer (13, 14, I4). Such a large
HOMO-LUMO gap of C8M1T polymer has
been ascribed to thiophene-rimg torsion (4 7—19)
in the main polymer chain. resnlting in “short
comjugation” of 1 electrons.

Thiophene mng torsion 1s the most probable
reason that features in the STM Image of
C8MT-polymer wires appear in the shape of
connceted dots with nodes (Fig. 1. 15 and F).
The 11.5 A spacing of dats (Fig. 1G) observed
fron the STM image of CEM U-polymer wires
agrees well with the threetold 3.8 A spacimg
(17, 20 22y of interthiophene units in poly-
thiophenes {Fig. 1, T and G). Two-dimensional
Kast Fourier Transform (FFT) of Fig. TF rep-
resents the line patterns perpendicular to the
dircction of polymer chain, which provide an
accurate perlodicity of dots {inset of Fig. 1II).
The FEL cross-sectional peak at (.85 nm~™!
shows the periodicity to be 11.73 A (Fig. 1II).
This valie suggests that torsion might have a
perlodicity of three thiophene untts (Fig. 1), It
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Fig. 2. (A) Experimen- A

tal setup of multistep . -CaMT
ECEP to produce het- :: ﬁ:'?':r ’
erowires. (B and C) STM ; Au(111)

image of l-Au(117) af- L=

ter application of mul-
tistep ECEP. Multistep
ECEP consists of the first
voltage-pulse applica-
tion (1.4 V, 150 ms,
120 pulses) to a C8MT
(10 mM)-NBu,PF
{01 M) solution and
the second application
(1.1 v, 150 ms, 10
pulses) to a C8OMT
(10 mM)-NBu,PF
(0.1 M) solution. (D
to 1) Temporal STM
images of I-Au(111) af-
ter application of mul-
tistep ECEP with the
same conditions as (B)
and (C), acquired every
2 min. Circles show
heterojunctions.

has been reported that the STM height is affected
by a barrier height and a fransconductance of
molecules (23, 24). Observed STM images re-
flect the electronic structure of the polymer
coupled with the geometry. The bright dots in
the chains that were visible in STM images
probably correspond to the electronic orbitals
on planar thiophene rings with high conjuga-
tion of = electrons, whereas the nodes (dark
regions) should appear as those on distorted
thiophene-rings with low conjugation (Fig. 1I).
Although the alkyl chains of polymers cannot
be imaged because of the high barrier height
of C-C bonds, the conjugated chain-to-chain
distances of 1.66 nm on average (Fig. 1F)
suggest that the alkyl chains of C8MT polymer
might interdigitate with the adjacent polymer’s
alkyl chains. Thus, the torsion model can ex-
plain the structures shaped as connected dots in
STM images of C8MT-polymer wires.

It has been reported that the distortion of the
thiophene ring in guarterthiophene is affected by
the medium (crystal or solvent) as well as the
intrinsic propertics of moleerles (23). Thercfore,
we studied the substrate ettect to explain why the
periodicity of the dot-shaped stmeture is highly
regular. The stucture of CEMT polymers tib-
ricated on Au(111) was compared with that on
I-Au(111). An STM image of C8MT polvmers
on Auf{111) showed randomly oricnted wires
with no apparent periodic dot-shaped structure
{fig. 83A). The CRONMT palymers on An{111),
as a reference, represent a rodlike structure

we N

14V,
had® o 120 pulses

Fig. 3. (A to C) Dynamic STM images of I-Au(111) after application of multistep ECEP, acquired
avery 2 min. Condition of multistep ECEP are identical to those in Fig. 2. (D) Experimental setup of
mixed-solution ECEP method to produce multiblock heterowires. (E] STM image of 1-Au(117) after
application of mixed-solution ECEP. Mixed-solution ECEP consists of the voltage-pulse application (1.4 v,
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150 ms, 100 pulses) to a C8MT (10 mM)—CBOMT (1 mM}-NBu,PF, (0.1 M} solution.

similar to that on I-Au(111) {fig. S3B). Thus,
these results smpgest that the highly regular
periadic structure of CEMT polymers might be
influenced on the surface. The interaction be-
tween the CEMT polyvmer and the 1odine atoms
plays a crucial role in forming the periodic
structure.

We propose a multistep ECEP techmique (£.2)
to create single-moleenle heterowires (Fig. 2A).
This teclmigue comprises two electropolymeriza-
tion processes in a different monomer solution. In
the first process, the voltage pulses to oxidize the
monomer were applied to the 1-Auf111) in the
electrolyte solution contaimmng the C8MT mono-

www sciencemag.org
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Fig. 4. (A) STS curves located on (1) the C8MT-wire part of a heterowire and (2) the C8OMT-wire part.
Initial tunneling cument was 10 pA. Insets show the STM image with blue dots where the STS
measurements were performed and the experimental illustration. (B) 5TS curves of CBMT-palymer
wires as a function of initial tunneling current of 5 and 10 pA. {C} TS curves of C8OMT-polymer wires
as a function of initial tunneling current of 5, 10, 20, and 50 pA. Insets show the 5TM image of sample
and the experimental illustration. (D) (1) Differential conductance {d¥/dV) of CBMT-polymer wires (B)
from the initial tunneling current of 10 pA and {2) those for CBOMT-polymer wires {C} from the initial

tunneling current of 50 pA.

mer. This process produces the C8MT-pohvimer
wires on the substrate. ‘The substrate is then
tmmsterred to an electrolvte solution containing
CROMT, and a sccond process of voltage ap-
plhication oxidizes both the C8OMT m solutiom
and the CEMU polymer on the substrate. The
second process might create heterowires in which
the CEMT polymers on the substrate link with
propagating CEOMT polymers. The STM images
for the sample obtained by multistep HCEP depict
two mdependently srown wires In some Tregions
{Fig. 2B). From difforences in their shape and
height, the observed wires are casily classifiuble
into two types of polynier blocks. However, other
regions showed heterowires with a CSOMT
polymer and a CEMT polymer joined together
at the ends of Tespective chams (Fig 2C),
Sequential 8'TM images show that the hetero-
Junction 1s areated by chemical bondiys between
the CEOMT-polvmer and C8MT-polyroer wires.
Droamic ST munges taken every 2 nun (Fig. 2,
D to I} revealed that the C8MT-polyrmer part
swings from the point at heterojunction {circles
shown in Fig. 2, D to [, whereas the CROMT-
polymer part is tightly fixed on the strface. [fthe
two wires are not covalently bonded but merely
contacted, the CEM U-polymer wire wonld sepa-
rte from the C8OMT polvmer at the hetero-
junction. However, the two wires never scparated
at the heterojumetion. These results mdicate the
cvidence of a covalent bond at the heterajunction.
Increasing the imuaging tummelng cument from 5

www.sciencemagorg SCIENCE VOL 310

to 10 pA did not atfect the swingme motion of
heterowires. Therefore. the swinging meotion
might not be caused by the fip manpulation but
by the thermal-activated polymer diffision on the
surface.

There might be two rcasons for the poly-
mer diftusion on the surface. One reason 1s the
binding force of the different polymers with
the surface: The CEOMT-polymer wires bind to
the I-An{111) more strongly than do the CRMT
wites, Periodic torsion of thiophene nngs of
CAMT polymer might reduce the interaction
with [LAW(111), whereas the coplanar thiophene
rings of CROMT polymers tightly interact with
L-Au{111). The second reason is 4 sumounding
cffeet: the interchain interaction with ncighbor
polymers. The C8MT-polymer part of hetero-
wire (Fig. 2, 1> to [} is almost isolated fron the
C8OMT-polymer wray because of its bending
chain. This sitnation makcs the C8M'U-polymer
part move easily on the surtice because it has
no mteraction with the CROMT-polymer arzay.
Once the C8MT-polyvmmer chains on surface
have aligned parallel to the adjacent chains of
C8OMT or C8MT polvmers, these had a tend-
ency to stabilize (some wires m Fig, 2, B and
(7). Interaction between the alky] chain of the
polymer and the interdigitated one plays an im-
portant role in the stability of the polymer on
the surthee (47, Different bindmyg forces of two
polyners might originate from an interaction
between the polymer wites and the T-Au{111),

REPORTS

In some cases, we observed not only diblock
wires but also triblock wires (Fig. 3, A to C).
These STM images show a triblock structure in
which a C8MT-polymer wire is sandwiched
between two CBOMT wires. These images also
represent the motion of the CEMT-polymer part
linked with the short CROMT polymer, for
which the long CEOMT-polymer part adsorbs
strongly on the surface. The short length of the
isolated wire might be the reason for the motion
of the C8MT-polymer part linked with the short
CBOMT polymer. When ECEP was used with a
mixed solution containing C8OMT and C8MT
(Fig. 3D), multiblock heterowires were still
produced rather than random copolymers (Fig.
3E). Although the multiblock structures were
sometimes visible by a multistep ECEP (Fig.
2C shows some junctions), the mixed-solution
method produced these structures efficiently,
because such structures frequently appeared in
many different locations. These results indicate
that the polymerization process of conjugated
copolymer in the mixed solution is not random
but block polymerization, and that monomers
react preferentially with each other rather than
with different monomers,

The clectronic structure of heterowires was
mvestigated with scanning tummeling  spec-
troscopy (ST8) (72). The current-voltage (1V)
curves of heterowires from an mitial tunneling
current of 10 pA are depicted in Fig. 4A. The
C8MT-polymer parts of heterowires show a
larger HOMO-LUMO gap than thosc at
C8OMT-polymer parts. Observed STS data
show almost symmetrical [V cwrves in the
present bias range. Reported STS ot oligothio-
phene also shows symmctrical [V curves (26).
Typical TV curves ot CEMT and CEOMT
polymers (Fig. 4, B and C, respeetively) show
that clhimgmg the mital tummeling current
regrlates the tip-sample distance. The differ-
ential conductance (dFdF) of Fig. 4B (C8MT
polymer) from the initial tunncling current of
10 pA and that of Fig. 4C (C8OMT polymer)
from 50 pA are plotted in Fig. 41, Although
the current in the IV curves sometimes fluc-
mated beeanse of the measurement conditions,
the shapes of curve were reproducible. The
IV crrves of C8ML polymers (Fig. 4B) and
C8OMT polymers (Fig. 4C) were the same as
thase for the CEM-polymer blocks and the
C8OMT-polymer blocks of the heterowires,
respeetively. U'hus, the clectronic propertics of
the heterowires of cach polymer are the same
as thosc of the wircs of cach homopalymcr.
The HOMO-LUMO gap of the CRMT poly-
mer is determined to be nearly 1 ¢V from Fig.
4, B and 1. The [V corves of the CRONMT
polymer (Fig, 4C) are the same as those of
I-Au{111} (fig. S4). Thus. the ohserved
[MOMO-LUMO gaps of the C8MT polymer
as well as the CROML polymer on 1-AR{111)
are substimtially lower than those i the so-
[ntion. There are two possible reasons for these
results. Mixing of density of states (DOS) of
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the substrate surface (27) with DOS of poly-
mers could occur. or there could be charge
transter (28) based on the Interaction between
the polymers and the [-Au{111). These clee-
tronic mteractions between the polymers and
the swrface might reduce the HOMO-LUMO
gaps compared with those m solution.
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Structural Observation of the
Primary Isomerization in Vision with

Femtosecond-Stimulated Raman

Philipp Kukura, David W. McCamant,* Sangwoon Yoon,
Daniel B, Wandschneider, Richard A. Mathies+

The primary event that initiates vision is the light-induced 11-cis to all-trans
isomerization of retinal in the visual pigment rhodopsin. Despite decades of
study with the traditional tocls of chemical reaction dynamics, both the timing
and nature of the atomic motions that lead to photoproduct production remain
unknown. We used femtosecond-stimulated Raman spectroscopy to obtain
time-resolved vibrational spectra of the molecular structures formed along the
reaction coordinate. The spectral evolution of the vibrational features from 200
famtoseconds to 1 picosecond after photon absorption reveals the temporal
sequencing of the geometric changes in the retinal backbone that activate this

receptor.

Understandings the mechanism of a chemical
reaction requires measiring the stucture of the
reactant as it evolves mito product. Many of the
most mbiguing and etficient photochenical and
photobiological reactions take place on ultra-
fast time scales and their kinetics have been
well characterized by femtosccond absarption
and tluerescence spectroscaples { /-3). Although
x-ray diffraction is being developed for time-
resolved structural studies of reactions, this ap-
proach is challenging to apply in the condensed
phase and currently lmited to processes slower
than ~ 100 ps (/). Ultrafast vibrational spectros-
copy 1s advantageous m this quest because 1t
offers hoth exeellent termporal and structural in-
formation (7). The traditional picosecond fime-
resolution limitation (8 is being transcended
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through the use of temtosecond pulses m the
infrarcd (IR} in multidimensional as well as dircet
time-resolved expenments of ultrafast chemical
and Dbiological processes (9-77). The comple-
mentay Raman vibrational techmigues have
also advanced with the recent development of
stimulated Roman in the femtosecond time
donum (12, 17), which 13 valuable because of
its ability to interrogate biological processes in
agueous media. Iere, we demonstrate the capa-
bilitics of femtosceond-stimulated Raman spec-
troscopy (FSRS) In studies of reaction dynamics
by chncidating the molecular mechanism of the
primary photochemical events n vision.

In FSRS. two laser prlses drive the Raman
trmsition: a picosecond “Ramwn pulse”™ and a
femtosecond broadband continuum “probe prlsc”
that stimulates the scattermg of any vibrational
mades with frequencics hetween 604 and 2000
cm . The use of the additional probe pulse to
indunce the Raman seattering offers a nmmber
of notable Improvements over traditional time-
resolved spontancons Raman spectroscopy (74,
such as greatly enhanced cross sections and
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an order-of-magnitude improvement in time
resolution (<100 f5) while maintaining excel-
lent energy resolution (<15 em™1) (73, 76).
The impulsive creation of’ vibrational coherence
by the Raman and probe prlses reveals highly
tme-resolved vibrational structural mformation
that is not accessible by incohcrent processes
such as spontaneous Raman.

The primary step in wvision is the photo-
chemical ¢s-tans somerization ot the 11-is
retinal chromophore in thodopsin (Fig. 1A).
Production of the primary ground-state transient
called photorhodopsin is onc of thc fastest
photochemical reactions In nabure and 15 com-
plete in only 200 5 (/7). As a consequence. the
reaction 1s extremely etticient, with a quantum
yicld of (.65, and about 60% of the incident
photon energy 1s stored m the tinst themo-
dynamically stable all-trans retinal photoprodunct
called batherhodopsin. This stored enerzy 15 then
used to drive activating conformational changes
in the G protem—coupled receptor that eventually
lead to visnal sensation. Although a mamber of
thearetical models have been proposed {16-20)
to cxplain rhodopsin®s unique reactive proper-
ties, which are responsible for making it an ex-
cellent light receptor. many of the meost critical
questions about its photochemusty remain un-
answeredl For instance. the coordinates mie-
diating fast excited-state decay, the role of the
clectronic excited state in the isomerization,
the structure of retinal in photorhodopsin, and
the nature of the reaction coordinate leading
to bathorhodopsin are undefined.

We address these questions by acquiring
femtosecond time-resolved vibrational spec-
tra of rctinal in rhodopsin thronghont the
reaction. Modeling of the vibratiomal struc-
tural featnres after rapid internal conversion to
the ground state reveals the highly distorted
structure of photorhodopsin, Surpnisingly, a
large fraction of the atomic rcarrangement
leading to the tormation of fully Isomenzed
bathorhodopsin is shown to oceur in the
ground electronic state. Vivid details of this
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structural evolution are revealed by the chang-
ing frequencics and lineshapes of key vibra-
tional modes duning the reaction.

FSRS spectra of rhodopsin after excitation
with a 305 photochemical purmp pulse centered
at 30 nm arc presented in Fig. 1B (27). The
reference vibrational specttum of thodopsm
{battom) includes the symmctric C—C ethylenic
stretch at 1548 em™!, the fngerprnt region
from 1100 to 1300 em 7 due to structarally
sensitive C—C single-bond stretching and C-I
rocking modes, and a feature at 969 om ' due
to concerted hydrogen-out-of-plane {TIOOF)
wagging motion of the 11 and 12 hyvdrogens
{22). "lhe bathorhodopsin reference spectruny at
the top of Fig. 1B dlustrates the isomenzation-
induced changes in the intensity and frequency
pattern n the fingerprint region as well as the
HOOP region; the original mode at 969 cm~!
1s red shifted and split imto three separate peaks
at 920, 875, and 850 em~ L. assigned to isolated
C 1L C 1L and C I waggme modes,
respectively (22).

The fingerprmt pattern of photorhodopsm
at 200 fs appears to be midway between those
ot 11-cis thodopsin and all-trans bathorhodop-
sin. The features cvolve into the bathorhodop-
sin spectrum over the next 800 £5. In particular,
the peak at 1267 em™! deercases in intensity,
whereas the bands at 1216 and 1237 ¢m !
remain virmally unchanged. Surprisingly, we
observed very intense, dispersive lneshapes m
the HOOP region between 800 and 950 em~!
at early times. The dispersive ITIOOD features
cvolve on the same timc seale as the finger-
prnt bands into the expected three positive
features of the bathorhodopsin spectrum. By 1
ps, vibrational cooling has namrowed and blue
shiftedd all feamres, including the cthylenic
stretching band, thereby completing the trans-
formation to hathorhodopsin. These data show
that there 1s considerable reactive evolution on
the ground-state swface from 200 f5 to 1 ps.

The dispersive lineshapes in the [IOOP
region at carly time delays originate from onr
capability to menitor structural evolution on the
time seale of the reaction in a coherent fashion.
This observation can be understood by con-
sidering how stimulated Raman signals arc
generated (/3). The simultancons action of pico-
second Raman and femtosecond continuum
probe pulses drives vibrational coherenee in the
sumple {Fig. 2A). The gating of this process
relative to the photochemical pnmp is temporally
well detined by the short (~20-1%) probe pulse.
The subsequent coherent vibration of the maole-
cules modulates the macroscopic sample polar-
ization in the time domain. thereby giving rise to
positive definite Stokes and anti-Stokes features
in the encrgy domain. Beeanse we detected these
features fhrough interference with the umscat
tered probe. the signal appears on top of the
prabe envelope. [Towever, It the frequency of
this ecohecrent motion initiated by Raman and
probe pulses changes dunmg the vibrational
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dephasing tme as shown m Fig, 2B, where the
oscillator is chirped from low to high frequeney.
then the resulting Imeshapes become dispersive.
The speeific lincshape in Fig. 2B. with a negative
feature on the high-energy side, 1s distinctive of a
shift from a low- to a high-frequeney vibration
duringz the free-induction decay of the vibration-
al oscillator (2/). Thuos, the dispersive HOOP
modes directly report on the dynamic structural
relaxation of retinal as it cvolves from the high-
energy photorhodopsin transient to the ground-
state bathorhodopsin product. The heterodyne
detectiom scheme m FSRS 1s powertul m that 1t
makes possible the observation of wibrational
phase and frequeney shifts that oceur on a time
scale shorter than the vibrational dephasing time.

We have sinmlated the spectral evolution of
the IIOOP featwres atter mternal conversion to
the ground statc using theory encompassing the
above coneepts {27). The frequencies of three

A

Bathorhodopsin

1535

Stimulated Raman Intensity

Rho

1000 1200 1400 1600 1800
Raman Shift (cm™)

Fig. 1. {A) The primary event in vision: 11-cis
retinal in rhadopsin is isomerized upon photan
{hv) absorption to the all-trans bathorhodopsin
photoproduct. (B} Time-resolved fermtosecond-
stimulated Raman spectra of rhodapsin from
200 fs to 1 ps. The spectra are vertically offset
and ground state and solvent features as well
as a broad sloping baseline have been subtracted
{27). Resonance Raman spectra of ground-state
rhodopsin {Rho) and the trapped batharhadopsin
{Batho) product are included for comparison.
The dashed line in the 200-fs plot indicates the
spectral baseline.
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Fig. 2. (A) Picosecond Raman and fermtosecond
probe pulses drive vibrational coherence in the
sample. Heterodyne detection yields a gain
feature on top of the probe envelope in the en-
ergy domain shifted in energy relative to the
Raman pulse according to the frequency of
the vibration. Division [Div) of spectra in the
presence of the Raman pulse by spectra in its
absence results in Lorentzian vibrational features.
{B] An increase n the vibrational frequency
during the vibrational dephasing time gives rise
to dispersive lineshapes due to phase-sensitive
heterodyne detection of the stimulated Raman
signal. FT, Fourier transform. (C) Time-resolved
stimulated Raman spectra of the HOOP region
of reactive rhodopsin from 200 fs to 2 ps. (D)
Simulated spectra of the HOOP region obtained
from a four-mode model using three time-
dependent frequencies, as in (B). (E) The
simulations reveal a ~100 cm~" blue shift of

the C,;—H (O). €, -H {=), and C,,—H {4} fre-
quencies from 200 fs to 2 ps with a ~325-fs
time constant.
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maodes resulting from isolated C -IL C) L
and |, H wagging motion were varied expo-
nentially, and a fourth resulting from vibration-
ally excited but unrcactive gronnd-statc species
wis leld constant at 959 ¢m~! This simple
maodel is remarkably successful at reproducing
the observed spectral dynamics i Fig 2C Not
only do the simulated speetra duplicate the ini-
tlally Inghly dispersive lneshapes, but they also
reproduce the temporal evolution of these hands
mto the traditiona] bathorhodopsin teatures (Fig.
212). The model also yiclds transicnt vibrational
frequencies of structures along the pathway from
phatorhodopsin to bathorthodopsin, The [IOOP
frequencies inerease by ~ 100 cm ™! from 200 5
to 2 ps with a ~325-1% time constant (Fie. 2E).
Notably. all speetra were simlated with a single
set of parameters that are not adjusted to fit the
individnal time points. The validity of oor model
1s remtorced by the quntitative agreement be-
tween experiment and theory in light of the high-
ly comstramed parameters used m the simulations.

The evalntion of the vibrational stuetre
from 200 15 o 1 ps demonstrates that o Linee
fraction of the net motion along the isomeriza-
tion coordinate occurs on the Fround-state sur-

A 0fs
i
Rhodopsin '-1.
1 +25° +25° 200 fs
' +30°
' s AL
. o
Photorhodopsin +10°
+21° *1{3", +31°  1ps
TAA S
>
+35° -144f+21n ?
Bathorhodopsin
D = C,,-H
960y e C,-H T
920+ \ = C,-H T
8801 \ +
B840 1
800 \ 4
7601 T

Rho Photo Photo Batho Batho
Exp. Exp. Theo. Exp. Theo.

Fig. 3. (A to C) Retinal chromophore structures
for reactant rhodopsin (28) and for photorhodop-
sin and bathorhodopsin that reproduce the ob-
served hydrogen wapging frequencies. Backbone
dihedral twist angles from the rhodopsin reactant
are indicated. (D) Camparison of density functional
theory {24) calculated {Theo.)) and experimental
{Exp.) hydrogen wagging frequencies far the phota
and bathorhodopsin structures.
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face. The most marked spectral change on this
tine scale oecwrs in the HOOP region where a
~100-cm™! Dblue shift occurs with a ~325-1%
time constant We recently used vibrational mod-
eling to demenstrate a close relationship betwem
the degree of distortion of the polyenc backbone
and the anemmlously low C AT wagsing tre-
gquency in hathorhodopsin (23). Specifically. the
frequencies of the C-II and €I wagzng
modes in bathorhodopsin were explained by, at
4 minimum, the concurence of same-sense 40°
twists about the € —C, and €, |, bonds.
This previous work suggests that the reduced
IIOOP frequencies in photothodopsm are due to
cven greater distortions of the polyenc back-
bone. The Luge ITOOP frequency ncredses m
the photo-to-batho transition arc also physically
reasonable because the restoring toree for out-
of-plane hydrogen wagging maotion should in-
crease as the double bonds strengthen in the
more planar hathorhodopsin product state.

To test this explanation, we extended the
approach of Yan et al. (23) by nsing density
functional theory {24) to caleulate the Rimun
frequencics for intermediate retinal structures
that describe the photo-to-batho transition.
Struetires with calenlated wagging frequencics
that were in good agreement with the ex-
perimental results are presented in Fig. 3.
The bathorhodopsin structure is twisted by
—144° about the C|,=C,, and by 31° about the

| +300
= _\=50f1s
5]
E| = 1240
=
=
> 1180
2
2 +120
w
- 60
" F 0
11=C,, Isomerization

¥
i i AT,

by Q0L

,J‘ fll‘;{h'

Fig. 4. Multidimensional representation of the
isomerization coordinate for the primary event in
vision. Absorption of a visible photon is followed by
rapid motion out of the Franck-Condon region
along high-frequency HOOP coordinates (vibra-
tional period ~36 fs) which carry the system
toward a conical intersection in ~50 fs. Curve
crossing to the ground state to form highly
distorted photorhodopsin is complete by ~200 fs.
The structural evolution of retinal on the ground-
state surface along the C,,~C., torsional as well as
other coordinates produces all-trans batharhodop-
5inin ~1 ps. Also shown is the energy level diagram
for coherent femtosecond-stimulated Raman
probing of the ground-state molecular dynamics
where {1} is a femtosecond photochemical pump
pulse, (2] is a narrow bandwidth Raman pulse, and
(3) is a broadband femtosecond probe.

C,.—C,; bond, comsistent with our earlier results,
which anly considered the position of the €}, H
wag, Fithing all the wag frequency reductions
requires additional twists abont adjacent bonds.
Bathorhodopsm exhibits intense Imes i the
Raman spectrum at 830, 875, and 920 ¢m !
assigmed to 1solated C 11, €, AL and €11
wagging modes. respectively. Vibrational cal-
culations for the bathothodopsm stucture m
Fig. 3C viclded features at 849, 857, and 881
em ™! in excellent agreement with experimental
data, cxeept for an nnderestimated €| H wag-
g frequency. The photorhodopsin structure 1s
more uighly distorted, m particular about the
C,—C4, (457, €, C,, (259, and C,,—C,
{(—1107) bonds. With these larger twists, the
overall shape of retinal is nuch more like that of
11-¢1s thodopsm thin all-ttans bathorhodopsin,
despite having a formally isomerized (110€)
C,=C,, bond. Tmnsient frequencies of the
isolated C), H, €, H. and ¢, H wagging
modes obtumed from the analysis of the 20045
SRS spectrumy appear at 772, 811, and 762
cm 1, mespectively. Caleulated trequencies for
these modes with the use of the proposed
phatorhodopsin structure (Fig, 3B) show good
agrcement with cxperimental data for the &) H
amed C“—II modes (814 and 844 ¢cm ', re-
spectively), although the C,,—H frequency is
overestimated (853 cm™!). An alternative, but
overall similar structure was found in which the
C,;H and C—H frequencies were calculated
to drop by ~70 em ™! (835 and 798 cm ™Y, re-
spectively) with an overestimated C, —H fre-
quency. In general, structures featuring only
very specitic combinations of backbone twists
exhibited large frequency decreases compared
with the bathorhodopsin structure.

Although future work certainly requires
more detailed calculations that include protein
interactions to provide more quantitative
modeling of vibrational and energetic data,
these results show that large-scale backbone
distortions are capable of causing marked
frequency drops in all the hydrogen wagging
modes. The changes in vibrational structure
observed by FSRS are thus best attributed to
the dynamic ground-state relaxation of the
initially highly twisted photorhodopsin struc-
ture as it evolves into bathorhodopsin.

Taken together, the data and modeling
presented here are consistent with the following
overall picture of the light-induced retinal
isomerization that initiates vision (Fig. 4): The
reaction begins with rapid excited-state decay
after Franck-Condon excitation. Because optical
excitation is strongly allowed, the transition from
the A, ground electronic state must populate an
excited state having ungerade symmetry, Thus,
any nuclear distortion that cfficiently couples the
Franck-Condon state to the rround state resulting
in fast cxcited-state decay nust be nontotally
symmetric, such as the A, TTIOOP or backbone
torsions. Critically, the isomerization can also
only ocewr along nemtotally symmetic coor
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dmates. The extremely short lifetime of the
excited state {~ 50 5). as established by transient
absorption ({7), resonance Raman mtensity
analysis (23), and spontancons flnorcscence
measurements {26), however, severely restricts
the extent of atomic displacements that can ocenr
on this time scale. Given the energy available to
the chromophore, the maximum ¢, —C,, dihe-
dral amgle that can be achieved m 50 £5 15 ~30°,
cven if restrictions from the protein pocket are
1mored (23, 27). This suggests that the role of
€ ,—C,, torsional motion duwring the exeited-
state litetime 1s Lmited. The smulaity of the
vibratiemal period of the 969 «m ' €| II=C II
HOOP (~36 f5) to the cxcited-state lifetime
{~350 1) supperts its role n facilitating ntermnal
conmversion. Additionally, resonance Raman in-
tensity analysis shows quantitatively that retmal
nndergocs rapid distortion along the € H-C,H
IIO0P coordinate after optical excitation as a
consequence of the lowered overall symmetry of
the molecule when bound to thodopsin {(25). We
thns conclnde that excited-state decay through
a conlcal mtersection s mediated largely by
fast HOOP motion.

Evolution along the C,=C,, torsional coor-
dinate after internal conversion leads to the
formation of photorhodopsm with a tormally
isomerized (=90°) €, —C,, bond but an cverall
highly distorted structure. Adjacent single- and
double-bond twists compensate for the local
Cls-trans 1somerlzation resulting m an overall
rcactant-like shape that, althongh isomerized
about the C,,=C,, bond, minimizes steric
interactions with the protein pocket. therchy
enabling the tast reaction rate (compare Fig 3,
A and B). The nolecule then uses the ~ 5000
cm ™! of energy avallable from rapid barmierless
internal conversion as well as the ~3000 ¢m !
fiom the photo-to-batho relaxation to drve the
larger scale structiral changes neecssary to form
the all-trans bathorhodopsin photoproduct
~1 ps (Fig. 3C7). Thus. although the isomeriza-
tion 1s imtiated n the excited state and photo-
thadopsin is formally trans about the € -C,
bond, much of the geometic changes associated
with the isomerization actually ocerr on the
ground potential surface m the photo-to-batho
transition. This result is a dircet consequence of
the different time scales for complete excited-
state decay (~200 f2) and hathorhodopsin for-
mation {~1 ps) determined in this work.

This multidimensional model for thodopsm
isomerization, including a fast “gating™ coordi-
nate (IIOOP), deviates substantially from the
one~dimensional picture commonly used to
describe photolsomerization reactions, where
both cleetronic and nuelear dynamics oceur along
the s:ame, slow torsional coordinate, Furthemone,
these obscrvations malce it poessible to better
understand the wole of the protem in determiming
rhadopsin’s unique reactivity. The tight binding
pocket miluemces the reaction path i three ways:
(i) [t primes the moleeule for rapid cxeited-state
decay alemyg the ITOOP coordinate by pretwisting
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the retinal backbone, (11) 1t restricts the possible
motion of the cxcited chromophore through
sterie mieractions with surrounding amino acids,
therchy promoting reaction speed and resulting in
a high isomenzation quantum yield, and () it
captures the high-cnergy bathorhodopsin product
and efficiently transfers this energy nto protem
conformational changes that activate the reeeptor.
We anticipate that these concepts will be m-
portant in understanding many cfficient photo-
biological reactions.
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The Mid-Pleistocene Transition in
the Tropical Pacific

Martin Medina-Elizalde™? and David W, Lea?*

A sea surface temperature (SST) record based on planktonic foraminiferal
magnhesium/calcium ratios from a site in the westem equatorial Pacific warm
pool reveals that glacial-interglacial oscillations in SST shifted from a period of
41,000 to 100,000 yezars at the mid-Pleistocene transition, 950,000 vears before
the present. S5T changes at both periodicities were synchronous with eastem
Pacific cold-tongue S5Ts but preceded changes in continental ice volume. The
timing and nature of tropical Pacific 55T changes over the mid-Pleistocene tran-
sition implicate a shift in the periodicity of radiative forcing by atmospheric
carbon dioxide as the cause of the switch in climate periodicities at this time.

In the mid-Pleistocene., ~930 thonsand years
{ky) hefore the present (B.P). the climate of
Eurth underwent profound clunges in the length
and intensity of its glacial cyeles. This mid-
Pletstocene wansitiom (MPT), as mdicated by
henthic foraminiferal 830, was characterized
by a chunge m the dominamt penodicity of
high-latitude climate oscillations from 41 |y

'Department of Earth Science, ‘Interdepartmental
Program in Marine Science, IMarine Science Institute,
University of Califomia Santa Barbara, Santa Barbara,
CA 93106-9630, USA.

*Ta wham correspondence should be addressed:
E-mail: lea@geol.ucsb.edu

to 100 ky: a positive shift in mean benthie
810, generally ascribed to continental ice-shect
expansion; and an increase in the amplitude
variability of 8130, attributed to morc scvere
glaciations after 930 ky B.D. (I-3). Most of
the hypotheses offered to explain these changes
involve mgh-latitude Northem [Temisphere pro-
cesses such as ice-sheet or sea-ice dynamies
{2, 4, ) Recent paleaclimatic reconstructions,
however, have shown that during the MPL, the
tropics also experienced major changes that
resemnble some aspects of high-latitude climate
varlability but also have their own unique pat-
terns (6, 7). Current hypotheses cannot fully
explain these observations and the common
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characteristics revealed by paleoclimatic recon-
structions from low and high latitades.

To test hypothesized causes for the nud-
Pleistocene transition. we reconstructed detailed
therma] and §130-seawater histories spaming
the MPT" from a site in the heart of the western
equatorial Pacific (WEP) warm pool (Fig. 1).
This location is ideal for testing hypotheses that
address proposed forcing mechanisms of tropical
climate variability because (i) warm-pool ther-
mal variability is linked throughout the tropics by
convection (&); (i) the warm pool is less subject
to regional oceanographic influences such as
thermocline depth changes, as demonstrated by
the small response of warm-pool sea surface tem-
peratures to El Nifio/Southern Oscillation (ENSO)
variations (Fig. 1) (9); and (iii) the warm pool is
remote from the direct radiative influence of
continental ice sheets and has the most direct re-
sponse to radiative forcing as a result of changes
in atmospheric greenhouse gases (70, 11).

We determined sea surface temperafures
(S87Ts). 3430, and §'80-scawater (§150, ) from
Ocean Dolling Program (ODIP) Ilole 806B
(019N, 15992171, 2520-m water depth)
{12) on the Ontong Java Plateau, using the
surface-dwelling  planktonic foraminifer  (gle-
bigerinoides ruber (Fig 2). Owr records reach
back to 1.3 million years {(My) B.P.. with an av-
erage resolution of 2.3 ky, extending a previous
study (/3). We used the Mg-paleothermometry
technique, which is based on the temperature
dependence of Mg substitution in calcite, and
calculated 31%0 following previous protocols
(13, I14). We constructed the Hole 806B age
model by visual alignment of the G. ruber 650
sequence to the ODP Hole 677 benthic §'%0
record (14, 15). Hole 806B has remarkably con-
stant sedimentation rates (2.0 + 0.3 cm/ky) from
0.45 to 1.3 My B.P. and, because of its location
above the present-day lysocline depth, it also
has good preservation of foraminifer shells.
There are only two coring gaps of ~0.9 m
{~50 ky) that include parts of marine isotope
stage (MIS) 19 and MIS 37 (/4).

The G. ruber 8'%0 data indicate 12 glacial-
interglacial (G-T) oscillations from MIS 13 to
41 between 450 and 1348 ky B.P., in agree-
ment with reference foraminiferal §'%0 records
(12, 15) (Figs. 2 and 3). Over the past 900
ky, the G-I range of 8'%0 is larger by about
one-third than the corresponding early Pleis-
tocene (900 to 1348 ky) range, but mean
8'%0 remains the same [-1.60 %o (per mil)
and —1.56 %, respectively]. Spectral analysis
of the Hole 806B §'50 data indicates that over
the past 900 ky, the 100-ky period component
explains more than 70% of the variance in
81%0, whereas during the early Pleistocene
(EP) similar power is shared by ~90-ky and
41-ky-related periodicities, with a minor con-
tribution from the 23-ky period. The presence
of significant power at a ~90-ky period might
be the result of a strong salinity component at
site 806B durng the early Pleistocene {16).
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The observed MgiCa-denived SST average
fron the carly and mid-Pleistocene time intervals
combined (from 300 to 1348 ky BI') 15 27.8°C,

that during the late Pleistocene, 3°C versus
4.3°C, respectively. This difference is largely a
consequence of wammer {~0.7°C) glacial inter-

similar to the late Pleistocene () to 500 ky B.P.)
SST average of 27.4°C {13). The G-I SST munge
over the mid-to-early Pleistocene is smaller than

vals, relative to the late Pleistocene, average
mterglacial SSTy {~29°C) are stmilar througsh-
out the record. The warmest temperatures during
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Fig. 1. Map showing the correlation of Kaplan interannual SST anomalies between the site of Haole
806B {0°19.1'N, 159°21.7°E) and other regions of the tropics (28). Correlations are based on 55T
data on a 5 by 5 grid of monthly anomalies from 1856 to 2003. The base period used for the
anomalies is 1951 to 1980. Locations of ODP Hole 846 {8) {3°5'S, 90°49'W) and MD37-2140 (7)
{2°02'N, 141°46F) are also indicated. Warm-pool SST anomalies near Hole 806B are positively
correlated with temperature anomalies in a wide swath of the tropical oceans. Warm-pool
anomalies are either uncorrelated or are anticorrelated with anomalies in the eastern equatorial
Pacific cold tongue (i.e., Hole 846), a consequence of their opposite behavior during ENSO changes
(20). The location of ODP Hole 677 [reference benthic foraminiferal %0 record in (75)] is also
shown {1212'N, 83°44'W).
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previous (73) reconstruction for b -—\1_
the late Pleistocene (4 to 470 ky _._.__.. — -

B.P.). Gaps in the records are the
result of coring gaps. The chronol-
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{A) G. ruber Mg/Ca-derived SST
record. Mg/Ca data were converted
using the relationship: SST (C°) =
0.089~ "*In[Mg/Ca (m) / 03] (73).
Each point is the average of two to K
four replicates. The mid-Pleistocene B
transition (MPT) at ~950 ky BP. is l

indicated by a gray bar. Evolution- i" ('. I
ary spectral analysis plot for SST .J" f M J
(top) from 250 to 1100 ky B.P. is ' !l AT 1
based on the multitaper method W L YR’

(74). The scale represents Log,, i 11
units? per cycle per ky. The evo- -3
lutionary spectral analysis reveals = ]
that the SST record is dominated =0 c J
by the ~100-ky period over the ] \

last 950 ky B.P. and by ~41-ky _thlﬂ\ I ;l ! ,q‘ i .y
and ~60-ky-related periods from t Y’ j'*" .'fnl'y "H
1346 ky to 950 ky BP. (B) G. ruber - v
520 record. The G-lrange of 880~ 197

increases over the MPT. (C) 8'8%0- & |

seawater record, calculated by !
extracting the component in plank-
tonic 880 explained by the Mg/Ca-
derived SST using the low-light
paleotemperature equation deter-
mined for Orbulina universa (29). Neither the calcite nor the seawater §'2Q records shows a positive shift
over the MPT.
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the mid- and early Plelstocens occurred m MIS
25 (29.8°07), 952 Iy B.P., and the coldest in MIS
30 {26°C), 1032 ky B.P. (Fig. 2). The nud-
Pleistocene transition is well represented in the
ITole 806B SST record (Fig. 2). Mean 55T and
the average (-1 change in 881 do not shift over
the MPT, m contrast to changes observed m

Fig. 3. (A) ODP Hole 677 benthic
foraminiferal 5'®0 record (75) 0

200

benthic §'30 (Figs. 3 and 4). Average SSTs
dring the carly and mid-Pleistocene (3000 to 900
ky B.P) wre vitually 1dentical, 27.9 L 0.7°C and
277 =077 (1 80y, respeetively (Fig. 2).

The G-I range i §'%0,, calculated from

meastred 370 and inferred tomperatires. is
~{.7%0 over the full length of the record (Fie

Age (ky)

400 600 800 1000 1200 1400

showing a mean positive shift of
0.25%. at ~900 ky B.P. and long-
term stability from 1340 to 900
ky B.P. (dashed lines are linear a1
regressions). The linear regression
of 870 over this time interval is
not statistically significant (77).
Top: Spectrogram of benthic §'°0
from 250 to 1100 ky B.P. showing
the shift in the dominant period

F* S
from 100 ky to 41 ky at ~950 ky ﬂr ‘ N
B.P. (gray bar) (74). The scale |
represents Log,, units® per cycle '

per ky. (B) Hole 806B G. ruber
SST record showing no significant
secular change from 1340 to 800 _
ky BP. and long-term thermal © o1 (/|
stability over the MPT (red line -~ | ”
before the transition representsa
nonsignificant linear regression;
slope = zero, 95% Cl). (C) SST
record from eastern equatorial

Pacific ODP Hole 846 (3°5'S, |
90°49'W) based on the alkenone [
unsaturation index (6). The statis- i
tically significant linear regression
(slope + zero, 95% Cl) showing a \
secular cooling trend from 1340
to 900 ky B.P. is indicated (green
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line). As a consequence, from
1340 to 900 ky the equatorial
Pacific temperature zonal gradient
increased by ~1.3°C.

Fig. 4. Blowup of the mid-
Plaistocene transition as seen in
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the Hole 8068 SST record (A) and
the Hole 677 benthic foraminifer-
al 87°0 record (B). Right panels
show a blowup over the MPT of
the spectrograms shown in Figs.
2 and 3. The interglacial peak
centered on 950 ky B.P. is MIS
25. Note the presence of the ©
positive shift in benthic %0 at

~900 ky B.P. and the absence of T+
a similar shift in SST at that
time. The transition between the
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2). A previous study of the late Pleistocene
record from Hole 8068 (73) demonstrates that
8180 at this site Is stongly mfluenced by hy-
drological changes on G-[ time scales. [n addi-
tiem to orbital frequencies, the 8150 time series
also shows quasiperiodic ~200-ky cycles dring
the early and mud-Pleistocene time interval.
These eyeles might be related to long-term hydno-
logical evolution in this region, suggesting that
8180 is not a simple proxy of ice volume at
this site. The G-I range of Hole 806B 830,
increases by ~0.16%o during the MPT, from an
carly Pleistocene value of 0.72%e to a mid-
Pleistocene value of 0.88%e, which likely re-
flects increasing variability in continental ice as
suggested by benthic foraminiferal records (/-3).

The Hole 806B SST record is spectrally
similar to the ODP Hole 677 reference benthic
foraminiferal §'%0 record (73), with a charac-
teristic dominance of ~100-ky and 41-ky pe-
riods and a much weaker contribution at 23 ky
(Figs. 2 and 3). As suggested by evolutionary
spectral analysis of Hole 806B SST and Hole
677 benthic foraminiferal &'%0, the transition
between the 41-ky and 100-ky—dominant modes
of variability occurred at ~950 ky B.P. (Fig. 4,
right panels). Point-to-point comparison be-
tween these two records over the MPT reveals
that G. ruber SST leads benthic %0 by ~3 ky
(Fig. 4). Furthermore, cross-spectral analysis
between G. ruber SST and benthic forami-
niferal 8'%0 reveals that SST leads benthic
81%0 by 3 £ 1.2 ky [95% confidence interval
(CI)] at the 41-ky—dominant period during the
early Pleistocene.

SST records from two other sites in the
tropical Pacific, one in the eastern equatorial cold
tongue (6) and a second in the area of strong
intertropical convergence zone influence north-
west of our site (7), provide basinwide comtext
for our records (Fig. 1). Comparison of these
SST records fiom 1348 to 900 ky B.P. suggests
a strengthening of the zonal equatorial Pacific
SST gradient by ~1.3°C, due almost entirely to
the cooling in the eastern Pacific. The develop-
ment of this SST gradient occurred during a time
interval in which there was no secular change in
WEP SSTs, as revealed by the two western
Pacific SST records (7) (Fig. 3). High-latitude
climate, as indicated by the Hole 677 &0
record, was also relatively stable at this time
(Fig. 3). Statistical analysis of benthic forami-
niferal records and the Hole 806B 8'0 series
reveal that high-latitude climate was relatively
stable for more than 400 ky before the MPT
(Fig. 3) (17). This observation suggests that the
intensification of tropical Pacific zonal temper-
ature gradients and the inferred enhancement of
the Walker circulation at this time was not ac-
companied by regional long-term hydrological
changes in the WEP and Northern Hemisphere
high-latitude climate reorganizations, in con-
trast to previous suggestions (7, /8).

The long-term surface cooling of the eastern-
boundary upwelling regions from 1350 t0 900 ky
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BP {6), while the wam pool and Northem
Hemisphere climate remained relatively stable,
may be related to secular changres M the density
of the deep ocean that influenced the depth of
the thermocline, as previously predicted (¥).
This cooling has been involed by a nmmber of
hypotheses addressing the MPT (7, 18). The
thermal stahility of the WP, where S81s arc
expected to respond thermodynumucally to at-
maspheric radiative forcing, and the coinciding
high-latitude climate stability from 900 to 1330
ky B.P. reflected by benthic 8140 records. do not
support cumges In radiative toremg as the
cause of the nterred eastern equatorial Pacific
{11iPy seerlar conling trend (7). Benthic foram-
miferal carbon 1sotopiec records, mterpreted as a
proxy of the thermohaline circulation, show a
decrease I the §"*C contrast between the North
Atlantic and Pacific from 1.3 My B.P. to ~&0(0
ky B.P. {i9). The cooling in the EEP miglt
reflect shallowing of the thermocline resulting
from an increase I stratification produced by the
deep-occan circulation rcarrangemcnts sug-
gested by 87°C records, Model caleulations sug-
gest that a modest change in the temperature
difference across the themmocline of only a few
tenths of a degree can produce changes in the
EEP S5Ts of over 1°C (9).

‘The speetral propertics of the Hole 8068 881
record provide a powerful test of cumrent
hypotheses addressing Pleistocene tropical and
high-latitude climate vanability and the mmd-
Pleistocenc transition. "Lhe spectral resemblance
between the WED (IIole 806B) and EEP (ITole
846) (6] 8871 reeords is striking (Fig. 3). Sca
surface temperature varations in both end
members of the equatorial Pacific arc statistically
coherent and In phase within the 2-ky resolution
of the sites, and both records switch from 41-lky
to 100-ky—dommant periods during the MPT
{fig. 83). turthermore, the carly Pleistocene (-l
SST range from both [Tole R06B and Tlole 846 s
similar. 3°C: and 4°C, respectively. Loday, S81s
m the EEP are stongly influenced by wind-
driven thermocline depth changes (20). [n the
WEP, where the thermocline is very deep
(=100 m), 8815 arc much less likely to be af-
fected by thermoclne depth changes (9, 20).
Because of this difference. interannual 88T
anomalics in the P cold tongue associated
with the NSO phenomenon arc not corrclated
with anomalics near site 8068 (Fig. 1). Further
support for differences in the thermal evalution
of the two cquatorial Pacific end members lics in
the observed long-term themmal stability of the
WP during the interval in which the LIP
became progressively colder, mntensitving Pacit-
ic zonal gradients after 1350 ky B.P. (Fig. 3).
These observations sugrest that a mechanism
that involes changes in thermocline depth (4) is
unlikely to explain the abserved warmm-pool SST
variability, becansc such a mechanism would not
produce stromg 41-ky cyeles m SST in the WED.
O the other hand, as pointed ont by Lin and
ITerbert (6), the sense of amwal msolation
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changes i the tropics as dnven by obliguity
variations is in the opposite dircction of that
required to dove the observed topical SST
changes. We suggest instcad that hoth end
members of the equatonial Pacitic responded to
a common factor: atmospheric €03, forcing.

Consideration of the radiative foreing by
different components potentially implicated in
the Last Glacial Maximum suggests that atmo-
spheric €03, changes arc the dominant sonree of
radiative foremg in the tropical ocean regions
(1. A erncial role of atmospheric €O, in fore-
ing tropical and Southern Tlemisphere climate
varlability 1s strongly suggested by the obser-
vation that Antarctic air temperatires (27, 22),
tropical SSTs (47), and bottom-water temper-
atures (27) arc in phase with atmaspheric C0,
and lead benthic toraminiteral §'%0 by several
thonsand years dwring the latc Pleistocene. [n
the sume manmer, spectral comparisons between
tropical 881" records from the thrce sites in the
tropical Pacitic ind torumimiferal §™0 over the
carly Pleistocene reveal that all three 88T
records lead foraminiferal §'%0 by 3 to 7 ky at
the dominant 41-ky period (table 83). The
mferred lead of SST over continental ice
volume mmiles out the hypothesis that tropical
SST variability 1s controlled by the direct radia-
tive influcnce of Northern Hemisphere conti-
nental ce sheets. The observed pattern of early
and mid-Pleistocenc tropical climate variability,
mirked by synchronous and similar magmitude
881 eycles in both the warm and cold ond
members ot the wopical Pacific, and with a
clear lead of both over continental ice volume
changes, 1s remarkably smlar to late Pleisto-
cene climate observations (7/). The character of
Pleistocene climate evolution suggests that the
shift in tropical climate variability from a 41-ky
to a 100-ky—dominated system (Figs. 3 and 4) 1s
the reslt of changes in greenhouse forcing as
mediated by the mdiative effect caused by
variahility in atmospheric €0, We speenlate
that the global cabon system, acting as an
internal selfsustained oscillator sensn (4), was
paced by obligquity changes durmg the early
Pleistocene (24); this response shifted to the ce-
centricity envelope of precession atier the mid-
Pleistocene transition. Futwe reconstmetions of
atmospheric CO, extending back to the MPL,
projected as part of the Luropean Projeet for lee
Coring in Antarctica (EPICA) (22, 25). would
be a direct test of this hypothesis.

References and Notes

1. M. G Pisias, T. C. Moore |r, Earth Planet. Sci. (ett. 52,
45 (1981},

2. P.U. Clark, D. Pollard, Paleoceanography 13, 1 {1998).

3. A Berger, X 5. Li, M. F. Loutre, Quat. Sci. Rev. 18, 1
{1555).

4. Y. Ashkenazy, E. Tziperman, Quat. Sci. Rev. 23, 1879
{2004},

. P. Huybers, C. Wunsch, Nature 434, 491 {2005).

. Z. Liu, O. T. Herbert, Mature 427, 720 (2004).

7. T. de Garidel-Thoron, ¥. Rosenthal, F. Bassinot, L.
Beaufort, Mature 433, 204 {2005).

8 A H. Scbel, M. |. Held, €. 5. Bretherton, f. Ciim. 15,
2702 (2002).

[=3]

9. 5 G. Philander, A V. Fedorov, Paleocearography 18,
1045 {2003).

10. A, ). Broceoli, f. Cfim. 13, 851 {2000).

11 DLW, Lea, f. Clim. 17, 2170 [2004).

12, W. H. Berger, T. Bickert, H. Schmidt, G. wefer, Froc.
Ocean Drll. Program Sci. Results 130, 381 (1993).

13. D.W. Lea, D. K. Pak, H. . Spero, Science 289, 1719 (2000).

14, Materials and metheds are available as supporting
material on Scierce Online

15 N. |. Shackleton, A Berger, W, R, Peltier, Trans. R.
Soc. £dinb. Farth Sci. 81, 257 (1990),

16. Comparison of the calcite 4% records from Hole 8068
and MD97-2140, a site to the northwest of Hole
806E (7] [fig. 52), suggests that the waters above site
BO6B were partly influenced by hydrological {salinity)
changes on orbital time scales, with interglacial intervals
becoming relatively saltier at site BOGR, as previously
inferred for the late Pleistocens (73). This inference is
supported by the observation of similar 55T amplitudes
accompanied by different §7%0 amplitudes in the
records fram these twe sites, The power in the ~50-
ky band displayed by the Hole 806B &'%0 record
during the early Pleistocene likely reflects “muted”
obliquity cycles as a result of hydrological influence at
this site. The #"#D record from core MD97-21440 indi-
cates clearer obliquity cycles, suggesting that hydro-
logical influences were stronger near Hole BOGE [14).

17. To evaluate the presence of statistically significant
long-term trends in benthic 80 records from 900
ky to 1346 ky B.P, we performed linear regressions
and tested the null hypothesis of zero slope (95% CI)
from ODP Holes 677 (15), B46 (26), and 345 {19},
These results indicate that there is no statistically
significant long-term trend in benthic foraminiferal
8180 in any of the three records. The lack of leng-
term trends in benthic foraminiferal 570 records at
this time interval has been previously detected using
independent statistical toals (27).

18. E. McClymont, A. Rosell-Melle, Geclogy 33, 389 {2005).

19, A € Mix et al., Proc, Ocean Drifl. Program Scf,
Results 138, 371 {1995).

20. M. A Cane, Earth Planet. Sci. Let. 230, 227 (2005).

27, ). R. Petit er al., Natuwre 389, 429 (1959,

22. EPICA Community Members, Nature 429, 623 (2004).

23. M. |. Shackletan, Science 289, 1897 (2000}

24, B, Saltzman, Dynamical Paleoctimatology (Academic
Press, San Diego, CA, 2002).

25, CO, data fram EPICA is not yet published, but the
late Pleistocene record from Vostok (22) indicates a
strong correspondence between ice DYH and CO,.
Using the EPFICA &0 record as a prawy for ©0, we
cbserve a correlation of r — 0.7, with zero phase
between EPICA A0 and the Hole 8068 5ST. All the
major frequencies are coherent {(95% CIY (14},

26. A C. Mix, | Le, M. |. Shackleton, Proc. Ocean. Drill.
Prog. 5ci. Results 138, 835 (1995),

27. M. Mudelsee, M. Schulz, Farth Planet, Scf. Lett, 151,
117 (1997).

28, Kaplan 55T data provided by the MOAA-CIRES Climate
Diagnostics Center, Boulder, Colorado, USA, from their
Web site at www.cdonoaagoy,

29. B, E. Bemis, H. ). Spero, ). Bijma, D W. Lea,
Palecceancgraphy 13, 150 (1998).

30, Supported by NSF {OCE0317611) and CONACYT-
UCMEXUS, Laboratory assistance from D, Pak and )
Horton and mass spectrometer operation by G, Paradis
was crucial to the success of this study, We thank H, Spero
for isotopic analyses at University of California Davis; T.
Kostadinov and P. Huybers for their support in signal
processing ). Kennett and M, Samthein and two anocny-
mous reviewers for their comments and suggestions; and
Z. Liu for discussion. Evolutionary spectral analysis was
computed using software provided by P, Hiybers,

Supporting Online Material
www.stiencemag.org/cgi/content/full/1115533/0C1
Materials and Methods

SOM Text

Figs. §1to S5

Tables 57 to 53

References

S June 2085 accepted 5 Qctober 2005
Published online 13 October 2005;
13.1126/5cience, 1115533

Include this information when citing this paper.

www sciencemag.org



Recent Ice-Sheet Growth in the
Interior of Greenland

Ola M. Johannessen,”?* Kirill Khvorostovsky,” Martin W. Miles,**
Leonid P, Bobylev?

A continuous data set of Greenland Ice Sheet altimeter height from European
Remote Sensing satellites {ERS-1 and ERS-2), 1992 to 2003, has been ana-
lyzed. An increase of 6.4 — 0.2 centimeters per year {cm/year) is found in the
vast interior areas above 1500 meters, in contrast to previous reports of high-
elevation balance. Below 1500 meters, the elevation-change rate is -2.0 _ 0.5
cmfyear, in qualitative agreement with reported thinning in the ice-sheet
margins. Averaged over the study area, the increase is 5.4 _ 0.2 cmi/year, or
~60 cm over 11 years, or ~54 cm when corrected for isostatic uplift. Winter
elevation changes are shown to be linked to the North Atlantic Oscillation.

The Greenland Iee Sheet is :m object of increased
attention for at least two reasons related to global
chimte change (4, 2). Fost, complete meltme of
the ice sheet world raise the global sea level up
to 7 m This process, expected to ocour on a
millennial time scale. showld begin when the
crtical ~3°C threshold for Greenlund climate
warming is crossed, perhaps before the end of
this century (2, 3). Second, mereased Greenland
lce Sheet melt and freshwater input into the
northern North Aflantic Ocean have been the-
orized to wealken or even distupt the global
thermohaline circulation on a relatively rapid,
multidecadal time scale (4, 5). Here, we address
changes in the surface elevation of the interior of
the Greenland Ice Sheet, which is pertinent to
both of these critical issues through glacier mass
balance, i.e., accumulation minus losses.

The response of the Greenland Ice Sheet to
climate forcing is not straightforward, because
variability in solar radiation, greenhouse gases
(GHGs), atmospheric circulation, surface tem-
perature, cloud cover, precipitation, and albe-
do, as well as glacier-flow dynamics, may
affect the magnitude, rate, and direction of
changes in glacier mass balance (/-3, 6). Ef-
forts to measure changes in the Greenland Ice
Sheet from field observations and aerial and
satellite remote sensors have improved our
knowledge over the past decade, although
there is as yet no consensus assessment of the
overall mass balance of the ice sheet (6). There
is nonetheless considerable evidence of melt-
ing (7-9) and thinning (70, 17) in the coastal
marginal areas in recent years, as well as indi-
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cations that large Greenland outlet glaclers can
sirge at subdecadal time scales (/2). possibly
In response to climate. Less known are clunges
that may bc ocenrring in the wvast clevated
nterior area of the e sheet, although a balance
has heen reported based on some tracks of
aerlal laser altimetry, umevenly sampled In
spacc and time (/f). /3). This underscores the
need tor long, continuously sampled data sets,
stch as those derived from satellite altimetry.
Whereas decadal and longer satellite-derived
data sets have been developed for surface melt
(7-9), the surface-clevation data sets analyzed
previously have been discontinuous (70, 11, 13)
and relatively short (/4).

Therefore, we derive and analyze a contin-
uous satellite altimeter height record of Green-
land Ice Sheet elevations by combining
European Space Agency (ESA) ERS-1 and
ERS-2 data to (i) determine the spatial patterns
of surface elevation changes over an 11-year
period, 1992 to 2003, (ii) determine seasonal
and interannual variability of the surface eleva-
tion over the same period, and (iii) investigate
how observed elevation changes are linked to
the North Atlantic Oscillation (NAO) pattern of
atmospheric circulation (/5), which we hypoth-
esize to have an underappreciated role on the
Greenland [ce Sheet surface elevation through
its effect on winter precipitation. This is a
critical issue, as the NAO index (/6) is pre-
dicted to become more positive in response to
increasing GHGs ({7, 18).

The data set analyzed here to identify
Greenland [ce Sheet surface-elevation changes
is based on 11 consecutive years of ERS-1 and
ERS-2 rmadar altimeter height measurements
{1%). The methodology used to caleulate ele-
vation changes 1s based on the crossover anal-
vels using the differences m we-maode altmeter
heights at crossing points of the satellitc-orbit
ground tracks {1%9). Elevation change rates
(/i) were caleulated for 0.57 latitnde =
1.0° longitude cells usmg two methods. In the
first method  the dffddr method (27) we
used all available crossovers, The dHd was

REPORTS

determmed as a slope of a lnear tit to the
crossover difference of clevations versus time
mterval using descending minus ascending
orbits. The second method  the time scries
method {27 p—was applied to torm seasenally
averaged time serics of clevation change. nsing
descending minus ascending orbits and ascend-
ing minus descending arbits (£9). Thus, the first
method gives the spatial elevation change
averaged for the entire time interval, whereas
the second method allows mvestigation ot the
temporal wariability of spatial averages.
ITowever, to merge ERS-1 and ERS-2 as
onc data set. it is cssential to account for hias
hetween the satellites. o achicve this. we de-
veloped and applicd the following procedures.
We applied the systematic 40 9-cm oftset, with
ERS-2 bemg lower then ERS-1, specitied by
LESA (22) and confirmed by Brenner and
colleagues {23), betore investigating the re-
maining bias. Although there was a year
{1995 1o 1996) when the satellites operated In
tandeny, the munher of LRS-1/HRS-2 crossover
points available during this period 1s con-
sidered insufficient to determine the between-
sutellite Dias directly from elevation ditferences
during the overlap (/Y). Therefore, we csti-
mated the bias usimg a large number {8 mul-

I T I |
1w % 2 ]

-1 =10 -5 0 5

Fig. 1. Greenland, showing the boundaries (thick
ling) of the ice sheet and major ice divides (thin
lines), adapted from (73). The colors indicate ice-
sheet elevation change rate (dH/df) in cmfyear,
derived from 11 years of ERS-1/ERS-2 satellite
altimeter data, 1992 to 2003, exduding some ice-
sheet marginal areas (white). The spatially aver-
aged rate s |54 0.2 amfyear, or ~5 cm/fyear
when corrected for isostatic uplift. The white areas
between the color-coded pixels and the thick line
delimiting the ice sheet indicate no observations.
Latitude in “N, longitude in “W.
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liom}) of crossover points between ERS-1 orbits
during its whole period of operation from
1992 to 1996 and ERS-2 orbits ffom a perniod
of equal length, 1995 to 1999, including the
1-vear overlap, smving ligher reliability {19)
{fig. 81). The calenlated spatially averaged
ERS-1/ERS-2 bias 15 21.5 — 2.0 ¢m. The bias
is spatially variable. and the effect of the bias
on determining Hdf from the crossover data
varics from typically ~2 cmiyear over the
intenior plateau to about 20 cmivear over Lce-
sheet margins (79). We applied this bias for
each ERS-1 x ERS-2 crossover point betore
calculating the dH et average tor each cell.

The spatial pattern of variability derived
from the dH/di method is mapped as the
11-year elevation-change rate for each cell
(Fig. 1), based on 45 million crossover points
distributed over three data sets: ERS-1 (ERS-1 x
ERS-1), ERS-2 (ERS-2 x ERS-2), and ERS-1
and ERS-2 (ERS-1 x ERS-2). Positive diH/dr
values are generally found over most of the
high-elevation areas, with largest positive val-
ues of up to 10 to 20 cm/year in southwestern
(<69°N) and eastern Greenland between 74°N
and 77°N. The largest negative values, —25 to
—30 cm/year, are found in several parts of
western Greenland, where independent aerial
altimetry in 1997 and 2002 to 2003 also found
the greatest thinning (/). Negative values are
also found in southeastern Greenland (63°N
to 66°N) and in the northeastern ice stream
(78°N to 80°N), with values of —10 to —15
cmyyear. The regional differences in elevation
change reflect, to varying degrees, the loca-
tion of ice divides (Fig. 1), notably between
southwest and southeast Greenland, +10 to
+20 cm/year and —5 to —15 cm/year, respec-
tively. The most substantial thinning is ob-
served over ontlet glacier areas, particularly in
western, southeastern, and northeastern Green-
land, which implies a dynamic mechanism in
addition to changes in precipitation and melt-
ing [e.g. (24, 25)].

The surface-elevation change rate aver-
aged over the Greenland [ce Sheet [excluding
those marginal cells with unreliable data
(19)] is +5.4 £ 0.2 cm/year, or ~60 cm for
the period 1992 to 2003. We have partitioned
the variability into different elevation bands
of 500-m intervals, starting at <1500 m and
extending to =3000 m (Table 1). Below
1500 m. where summer melting is pronounced,
the mean dffdy is 2.0 + 0.9 enviyear for the
peniod 1992 to 2003, Above 1300 m, the mean
difids is 64 + 0.2 cmiyear. These dffddy
values are obtaimed before commecting for
isostatic uplift, which is cstimated to he ap-
proximately 0.5 cmivear averaged for the
cntire Cireenland lee Sheet (26). When adjnsted
for average uplift, the owverall ice thickness
changes arc thus about | 3 cmidyear or 54 cm
over 11 wears, whereas above 1500 m, thess
values arc about 6 cmiyear or 65 cm over 11
vears. The latter results are In contrast to the

Table 1. Spatially averaged elevation-change rates {¢H/dt) and SE partitioned over different elevation
bands of the Greenland Ice Sheet, 1992 to 2003, not corrected for isostatic uplift. The uncertainties (-} in
columns 2 and 3 are 5 when averaging results within each band. The values in column 3 are 5E of the
slope of the linear fit determined for each cell. The areas corresponding to each elevation band are
indicated in column 4. Thess values exclude those cells with unreliable, discarded data {Fig. 1) (79,

mostly from the lowest elevation band.
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Elevation band {km) DH/AE {omiyear) Standard error {cmfyear) Area {107 x km?)
=15 20109 04 L1004 1551
1.5-2 56+05 0.3+ 003 228.2
2-25 70104 02 L 002 3889
2.5-3 64 +03 Q.2+ 0.07 4583

=3 55+03 Q.1+ 0.07 140.3

All elevation bands 54102 021001 1380.7

Fig. 2. Interannual vari- 50

ability of spatially aver-

aged Greenland Ice 40

Sheet elevation, shown
as anomalies from the
11-year mean, 1992 to
2003. The data are
aggregated into areas
>1500 m elevation (red)
and <1500 m (blue), in-
dicating divergent trends

Elevation change (cm)
o

since 2000. The vertical 10
bars indicate SE when y [\
averaging the results for &0 I \p
each cell. wi B

-40

-50

1962 1993 1994 1095 1996 1997 1908 1999 2000 2001 2002 2003
Year

Fig. 3. Spatially averaged changes | 14
in winter Greenland Ice Sheet
elevation (red) and winter NAQ 2\
index (blue), lagged 1 month, _ \
1992 to 2003. Winter elevation 5 g
change during, e.g, 1994/1995 ; Mo i |

was determined by subtracting
autumn 1994 from winter 1994/
1995. For elevation, winter is
defined as December-January-
February with, e.g., winter 1994/
1995 specified as 1995. The cor-
relation coefficient between ele- 20

alion change

-
NAO index

vation change and the NAO index v
is <0.88 when lagged 1 month, e.g., - . . ey .
November-December-January for 1933 1934 1895 1996 1997 1998 1993 2000 2001 2002 2003

the NAO and December-January-
February for elevation.

high-clevation balance reported previonsly
{10, 13}, based on spatially and temporally dis-
continuous obscrvations, in contrast to our 11-
vear data set comprising 45 million crossover
points. The positive changes ohserved  here
mply Increased accumulation, supported by
cvidenee that clevation changes in the interior
of Greenlind can be atmbuted prmunily to
snow accunlation (27).

The time-series analysis (19 of eleva-
tion changes spatially averaged over all cells
<1300 m and 1500 m indicates seasonal
and interannmal variability of up to tens of em
{Fig. 2). Below 1300 m, there 1s no sipmificant

Year

trend nntil 1999, after which a negative trend
of ~6 cmifvear 18 evident. Above 1300 m, the
positive change is 6.1 — (.6 emidyear, con-
firming the result fiom the dH 4t method. The
overall clevation change derived from the
time-series method 1s 453 L 0.5 cmfvear, also
confirming the df 4 result.

Reglonal temperature and precipitation are
both influcnced by the NACG (75). Because
the NAO n winter stongly affects precipita-
tion, with » ~  0.75 for model-calenlated total
precipitation for Greenland and » ~ —0.80 tor
southern Grreenland (28). we hypothesized that
the NAO weather mnd precipitation pattermn
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Fig. 4. Composite winter sea-level
pressure {mb) in Creenland and
surrounding areas (A) 1994/1995
and (B} 1995/1996, which have
positive and negative NAO index
values, corresponding to negative
and positive changes in Greenland
Ice Sheet surface elevation, respec-
tively (see Fig. 3). Data are from
National Centers for Environmental
Prediction (NCEP)/National Center
for Atmospheric Research (NCAR)
Reanalysis {35).

stromgly affects we-sheet elevation clume, TTow-
cver, systematic precipitation measurements arc
available almost exclusively for the couastal
stations and not the interior. such that the NAO
ndex nwy serve as 4 proxy tor precipitation.
Therefore. we examine the direct relation
betwesn Greenland Ice Sheet elevation chamge
and the NAC index (76). Llevation changes
dunng winter have been calculated from the tme
serics using the differences between winter
{December-Tanuary-February) and the preceding
antmn (September-October-November). Figure
3 shows ice-sheet elevation chinges dunng
winter and the winter NAQ index for 1992 to
2003, The conelation between elevation changes
and the NAQ is maxinmm when lagged onc
month, e.g., November-December-Tanuary  for
the NAQ and December-lamuary-February for
elevation, with » ~ —0.88 (s = 005, df = 10},
thus explaining about three-quarters (#* ~ (.77)
of the elevation chayres, The conelations for
spring, summer, and autumin are, as cxpected,
lower: 0.04, 0.08, ind —0.28, respectively, m-
plving no significant cffoct of the NAC during
these seasons. The winter correlation (—0.88)
is stronger than the above-mentioned correla-
tions for the NAO and modeled Greenland
precipitation (283, which imiplics that the NAQ
mdex 1s a very good proxy tor wier pre-
cipitation data. ‘Therefore. strongly negative
NAO-index conditioms lead to mereased acou-
nmlation and clevation change during winter-
time, and vice versa "Uhis is excmplified by the
changes observed from 19941995 (1001 omy)
to 199571996 (| 11.6 cm). associated with a
record positive-to-negative NAO reversal (240
to 3.le) (Fig. 3).

The relation 15 bused not only on the in-
tensity of the NAO hut also on the develop-
ment and position of the Icelandic Low (29,
which. for cxample. shifted sonthwestwand to
Cape Farewell between 199471995 and 1995/
1996 (Kig. 4), giving higher precipitation cspe-
clally mn southemn Greenland. [Towever, in other
years. a weak negative NAC index may be duc
siply to a weakly developed Ieelandic Low,
which case the clevation change is barcly
positive, as i 2001 (Fig. 3). The relationship
appears weak in the most recent years, since
2001, with the NAO mndex relatively neutral.
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The observed carelation between the NAO
and icc-sheet clevation changes smggests that
tuture wends m the NAO could influence the
Circenland  [ee Sheet swrface clevation. The
winter NAO mdex twend has been generally pos-
itive sinee the 19605, although dmring onr 1992
to 2003 study period, the wend happened o be
slightly negative. henee the obscrved inerease in
elevatiom. Model expenments with ncreasing
atmospheric concentrations of (iHCGs gencrally
Indicate an increasing {positive) NAO and a
slight northcastward displacement of the [celan-
dic Low m the tutwe (17, 18)y—Dboth mplyving
less winter accumulation over Circenland.

Nonetheless, as mentioned, the NAQO can
cxplain abent three-quarters of the surface
elevation changes, leaving us to speculate on
other factors. A modeling smdy (37 of the
Greenland [ee Sheet mass balance under green-
house global warming has shown that terper-
ature mereases up to 2.7°C lead to positive
mass-balance changes at high clevations (duc to
accumulation) and negative at low elevations
{duc to mnoff cxeceding accunmmlation), con-
sistent with our tindmgs, which mmplies that
perhaps a quarter of the growth may be caused
by global warming m Greenlind (F) In our
obscrvation period. Furthermore, the observed
elevatiom change implies that we-sheet growth
in the interior of Greenland may partly offsct
the treshwater tlow of the retreating subpolar
glaciers needed to explain the fieshening rate of
the weorld ocean, which can be explained almeost
cntircly by Arctic sca-ice melt (32).

In conelusion, we have presented new ovi-
dence of (i) decadal inerease in sirface cle-
vation (~35 cmévear) within a study arca
camprising most of the Circenland lee Sheet.
1992 to 2003, cansed by accumulation aver
extensive dreds 0 the intenior of Greenland;
{ii) divergence in clevation changes since the
vear 2000 for areas above and below 1500 m,
with high-clevation increases and low-clevation
decreases, the former in contrast to previous
rescarch (77, 73 and (iii) negative correlation
between winter elevation changes and the NAO
index, suggesting an undcrappreciated role of
the winter season and the NAO for elevation
changes  a wild card in Cireenland lee Sheet
mass-balunce scenaros under global warming,

REPORTS

There are, however, caveats to consider
Kirst, we cannot malke an integrated assessment
of elevation chayres—let alone lce volume
and its cquivalent sca-level change for the
whole Greenland Ice Sheet, including its outlet
glaciers. from these observations alone, be-
cause the murgnal areas are not measured
completely nsing HRS-171RS-2 altimetry (sce
Fig. 1) It 13 concelvable that promounced
ablation {(c.g., I, /7) in low-clevation mar-
gmal areas could offset the elevation Mmoreases
that we observed in the interior arcas. Sccond.
there 1s large mteramual to decadal vanability
in the high-latitnde climate system including
the NAO, such that the 1l-vear-long data set
developed here remains too bricf to cstablish
long-term trends. Therefore, there 15 clealy a
need for continned monitoring nsing new satel-
lite altimeters—ncluding advanced ones with
improved ice-sheet ranging in stecper coastal
areas—and other remote-sensing and fleld ob-
scrvations. together with numerical modeling
to caleulate the mass budget through net losses
and nct input from snow (33).
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Ancient DNA from the
First European Farmers in
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The ancestry of modern Europeans is a subject of debate among geneticists,
archaeclogists, and anthropologists. A crucial question is the extent to which
Europeans are descended from the first European farmers in the Neolithic Age
7500 years ago or from Paleclithic hunter-gatherers who were present in Europe
since 40,000 years ago. Here we present an analysis of ancient DNA from early
Eurcpean farmers. We successfully extracted and sequenced intact stretches of
maternally inherited mitochondrial DNA (mtDNA) from 24 out of 57 Neolithic
skeletons from various locations in Gemmany, Austria, and Hungary. We found
that 25% of the Neclithic farmers had one characteristic mtDNA type and that
this type formerly was widespread among Neolithic fammers in Central Europe.
Europeans today have a 150-times lower frequency {0.2%) of this miDNA type,
revealing that these first Neolithic farmers did not have a strong genetic influ-
ence on modern European female lineages. Our finding lends weight to a pro-
posed Paleolithic ancestry for modern Europzans.

Agriculture originated in the Fertile Crescent of
the Near East about 12,000 veurs ago, from
where it spread wia Anatolia all ever lurope (7).
It has been widely suggested that the global ex-
pansion of famung mcluded not only the
dispersal of cultures but also of memes and Lkm-
guages {2). Archaeological cultures such as the
Linear pottery culture (Linearbandieramil or
LBK) and Alf5ldi Vonuldiszes Keramia {AVEK)
mark the onsct of farming in temperate re-
gions of Europe 7300 vears ago (3). These
carly farming culturcs originated in Hungary
and Slovakia, and the LBK then spread rapidly
as far as the Paris Basin and the Ukrainc (4. 5).
The remuarkable speed of the LBK expuansion
within a period of about 500 years. and the gen-
eral uniformity of this archacological umt across
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a territory of ncarly a million sqnare kilome-
ters (Fig, 1), might indicate that the spread
was ficled to a considerable degree hy a migra-
tiem of people (6-8). On the other hand, o num-
ber of archacological studics snggest that local
European hunter-gatherers had shitted to fimmmg
without a Lage-scale uptake of genes from the
first thmmers (9-17). Genetic studies camied out
on modem Europeans have led to conflicting
results, with estimates of Neolithic input into the
present population rngme from 20 to 100%
(2 2(1. A theoretical simulation study by Corat
and Excoffier (21) has recently supgested a mi-
nor contribution. clearly less than 30%. and pos-
sibly much less, Conclusive ancient DNA studies
on skeletons of the first Huropean farmers have
s0 far mot been published to our knowledge.
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To resolve the question regarding the extent
of the Neolithic female contribution to the
present European population, we collected 57
Neolithic skeletons from 16 sites of the LBKS
AVK culture from Gemmany, Austria, and ITun-
gary. These include well-known archacolog-
leal sites such as Flombomn, Schwetzingen,
liilslchen, Asparn-Schletz, and several new ex-
cavations; for example, from [Talberstadt and
Derenburg Mecrensticg, [ All homman remains
were dated to the LBK or AVK period {7300 to
TO) years ago) on the basis of associated cultural
finds. We extracted DNA from bone and teeth
from the morphologically well-preserved individ-
uals, and we amphitied nucleotide positions (nps)
15997 16400 [scc supporting online material
{22)] of the mitochondnal genome with four
overlapping priner pairs. In addition, we typed a
mmber of codingregion mtDNA - polymor-
phisms. which are diagnostic for major hranches
in the mtDNA tree (2.2).

From a total of 57 LBK/AVK individuals
analyzed, 24 individuals {42%) revealed repro-
ducibly sucecssfil amplifications of all four
primer pairs from at least two independent
cxtractions nsually sampled firon different parts
of the skeleton. Eighteen of the sequences
belonged to typical western rasian mtlONA
branches; there were seven IT or V sequences,
five 'I' sequences. four K sequences. onc ) se-
quence. and one U3 sequenee (table 81). These
18 sequences arc common and widespread in
modern Faropeans. Near lasterners, and Cen-
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Halberstadt
Derenburg *% Unterwlederstedt

.
Flomborn .‘

Linear Pottery Culture (LBK)

7 Alf8Id Linear Pottery Culture (AVK)
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F

Fig. 1. Geographic range of the first Central European farmers. The orange and red areas indicate the
widest distribution of the earliest Neolithic farming cultures LBK and AVK after 7500 years befare the
present. Circles represent sites with Nla haplotypes, and triangles represent sites with other
haplotypes. Names are given for N1a sites only. For details on the archaeological sites, see table 53.

Table 1. mtDMNA sequences of the six Neolithic M1a types. Sequences are presented as variant nucleotide
positions relative to the Cambridge Reference Sequence (37). Nucleotide positions are given, less 16000,

Individual 1D no. mtDNA sequence 1599716409

Derenburg 1 DEB1 1474 1720 2237 2487 3557

Derenburg 3 DEB3 147.4 172.C 2237 248.T 320.T 3557

Halberstadt 2 HALZ 086.C 1474 172.C 2237 2487 320T 3557
Flomborn 1 FLOT 147.4 172.C 2237 248.T 320.T 3557
Unterwiederstedt 5 UwsS 129.4 147.A 154.C 172.C 2237 2487 3207 3557
Ecsegfalva 1 ECE1 1474 172 189.C 2237 2487 2744 3557

tral Asians, and thus these 18 lincages lack the
detailed temporal or geographic discrimination
required to test the hypotheses we are cxam-
ming, even though some ot them have previ-
ously been suggested to be of Neolithic origin
on the basis of modem DNA studies (13). We
therefore concentrated on the mtNA - types
identified M the other six mdividuals,

The most striking reswlt is that 6 of the 24
Neolithic skeletems are of the distimetive and rare
Nla branch. For verification, we sequenced 517
clomes derived trom independent extractions from
difforent parts of the six individuals. All six
showed the suite of mutatiems charactenistic of'the
Nla lineage. Five of these six mdividuals display
difftrent Nla tvpes, whereas Flombom 1 and
Derenburg 3 show wentical Nla types {Table 1).

The observed distinet Nla tvpes rule out the
possibility of’ contammetion with modem sam-
ples, which can he a problem in ancient human
DNA studies. It 15 miplausible that the five types
are fron five different modern contaminants, he-
cause the trequency of this type today 1s very low
anywhere in the world, at abort 0.2% (23 25)
{tig. S1). It s also unlikely that the sequence
variations scen within the five Nla types arc
the result of random postmeortem DNA damage

www.sciencemagorg SCIENCE VOL 310

{26, 27). beeanse three ont of six sequence types
that we have wentified precisely match modem
sequences previously published in the litcrature
{table 52 and supporting references); fimally, two
fiwther Nla types (HALZ and LUWS3) preciscly
fit mto predicted but previously imobserved an-
cestral nodes in the Nla phylogeny (Fig. 23, un-
derlming the authenticity of the ancient DNA.

The high frequency of onr Neolithic Nla
limeages 15 not a local phenomenon but s wide-
spread in the LBK arca: Independently sampled
locations m [Tungary and Germany, over 800 km
apart. cach viclded one or more Nla types (Fig.
1). The modem georraphic spread of Nla types
partly refleets the Neolithic sitnation, albeit at a
much lower modemn frequency: All Neolithic LBK
types fall mto the “European”™ Nla sub-branch,
amd this sub-bramch today 1s rare but widespread m
Europe and adjacent parts of Asia snd Neoth Afnca
{Fiz. 3). The AVK sumple ECS1 shows 16189C,
which 18 clhemacteristic of the Central Asian
branch. bt in this case is plansibly a paralle]
mutation in the European brinch, because po-
sition 16189 mutates nmich more rapidly than the
contlicting 16320 position (28).

We next addressed the question of whether
the 130-times lower frequency of Nla in modem

REPORTS

Euwropeans might be due to simple genetic drift
over the past 7500 years. Given a frequency of
Nla within our Neolithic sample of 25%, the fre-
quency in the Neolithic LBK population is
estimated to lie between 8% and 42% (95% con-
fidence interval, based on binomial standard error).
Even the lower limit of 8% contrasts markedly
with an Nla frequency of 0.2% (5 in 2300) in
modem mtDNA samples in the LBK area between
the Paris Basin and Hungary. Qualitatively, mod-
em Europeans therefore do not appear to be
maternally descended from the first farmers. How-
ever, there remains a possibility that modemn
European maternal lineages are descended from
the early farmers but that the Nla type has been
lost during the past 7500 years through genetic
drift. We therefore applied computer simulations
to test whether the frequency of the Neolithic Nla
types could have been drastically decreased by
drift alone in the past 7500 years.

We simulated a scenario that would maxi-
mize the chance that Nla has been lost by ge-
netic drift in the cowse of the past 7500 years.
The simulation showed that we should observe at
least 74 Nla's out of the 2300 modern samples.
In fiact, 93% of the total runs ended showing be-
tween 119 and 239 Nla's in the modem sample.
Next, we allowed migration between the Neo-
lithic population and the smwrounding population
per generation. The smulation showed that 2 mi-
gration ratc of 1% per gencration throughount
7425 vears between the Neolithic population and
the smwronnding population is not cnough to re-
duce the Nla percentage o the low value ob-
served today, becanse only 5.5% of the total mins
ended m <6 Nla's In the modem sample.

These simmlations reject the simple hypothe-
sis m which modem Europeans are direct de-
scendants of these first farmers and have Jost Nla
mamly by genetic duft. Ilence the smulations
confirmy that the first farmers in Central Huope
had Iimited success i leavings & genetic mak on
the fermale lincages of modern luropeans. This is
m contrast to the success of the Neolithic fiaming
cultre itself. which subsequently spread all over
Europe, as the archaeological record demonstrates.
Onc possible cxplanation is that the farming
culture itself spread without the people ongmally
carrying these ideas. This inchudes the possibility
that small pioneer groups carmed fomimge nto new
arcas of ltrope, and that once the technique had
taken root. the sorronnding hunter-gatherers
adopted the new cultre and then outmumbered
the original farmers. dihating their Nla frequency
to the low modern vatue. Archacological rescarch
along the Western periphery of LBK and isotope
studies of sorme of our sumpled mdividuals seem
to support the idea that male and female hunter-
matherers were Inteprated mto the Nealithic com-
munitics (3, f{L 2¢). This hypothesis implics that
Nla was rare or absent m Mesolithic Europeuns,
which may be a reasonable assumption given the
ranty of the Nla tvpe amywhere in the world (Fie,
3). An alternative hypothesis is a subsequent post
early-Neolithic population replacement m Europe,
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Fig. 2. Network of ancient and
modern N1a types showing three
phylogeographic branches. The
African/South Asian branch (green)
contains those N1a sequences char-
acterized by 16147G, whereas the
European branch (blue) and its Cen-
tral Asian subcluster (orange) are
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Africa/South Asia

characterized by 16147A. The six early Neolithic DNA sequences are shown in red. Two of these andent
farmers (HALZ and UWS5) fall into hitherto unsampled but predicted nodes, further confirming the
authenticity of the ancient DNA. The Central Asian subcluster is at least 2500 years old, because the nodal
Central Asian N1a type had been found in a Scytho-Siberian burial in the Altal region (30). Circles and pie-
slice sizes are proportional to frequencies, and mutated nucleotide positions are shown along the branches.
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Fig. 3. Madern geographic spread of the th

eliminatmg most of the Nla types. Archacolog-
ical evidence for such an event 15 as vet scant.
The results from the Neolithic sumiple show
that other mtIONA lincages considerably dilnted
the mtDNA pool of these carly Neolithic pop-
wlations. so that the frequeney of Nla in modemn
Europeans 15 150 times Jower than in our sample
of the first Central lmropcan farmers. This is
mcompatible with the idea that modem Central
Fmropeans  and by implication other lmropeans
bevend the LBEKAAVK area—denive ther muter-
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ree N1a branches. Blue circles depict the European

branch of
N1a, orange circles the Central Asian branch of N1a, and green circles the African/South Asian branch. The
three N1a branches are defined in the network of Fig. 2. The smallest cirde size corresponds to a local
frequency of 0.18%. and larger frequencies are indicated by proportionately larger circles.

il lineages purely fiom the ewliest tirmmers of
that region. Within the current debate on whether
Ewropeans are genetically of Palacolithuc or
Neolithic origin. and leaving aside the possihility
of sipmiticant post-Neolithic migration, our data
lend weight to the arguments for a Palacolithic
ongm of Europeamns.
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Photosynthetic O, Formation
Tracked by Time-Resolved
X-ray Experiments

M. Haumann,® P. Liebisch, C. Miiller, M. Barra, M. Grabolle,
H. Dau®

Plants and cyanobacteria produce atmospheric dioxygen from water, powered
by sunlight and catalyzed by a manganese complex in photosystem 1. A classic
S-cycle model for oxygen evolution involves five states, but only four have been
identified. The missing S, state is particularly important because it is directly
involved in dioxygen formation. Now progress comes from an x-ray technique
that can monitor redox and structural changes in metal centers in real tims
with 10-microsecond resolution. We show that in the O,-formation step, an
intermediate is formed—the enigmatic S, state. Its creation is identified with
a deprotonation process rather than the expected electron-transfer mecha-
nism. Subsequent electron transfer would give an additional S, state, thus
extending the fundamental S-state cycle of dioxygen formation.

In plants. algac, and cyanobacteria (blue-
green algae), both electrons and protons are
cxtracted from water moleeules in a light-
driven process denoted as photosynthetic
water oxidation (7. 2). Atmospheric dioxygen
{0, ) 15 formed as a by-product. The reactions
leading to 0, formation procced at a tetra-
manganese complex bound to the proteins
of photosystem [l (PSI) and invalve a near-
by tvrosine radical (Y,'). There has been
cxciting progress toward clucidating the strue-
ture of PSIT {3-6), mcluding a fivst crystal-
lographic model of the manganese complex
{3), but the mechanism ot O, tormation has
remained obseure. i

Since 1970, the paradigm for under-
standing O, cvolntion has been the S-state
cyele proposed by Bessel Kok (7). This maod-
¢l involves five oxidation statcs (8 states)
of the PSII donor side. Four of these are
stable for several seconds (8., 8, §,. and
S,) and have been characterized, but evi-
dence for an 5, mtermediate 1s lacking. In
the S-cyele model, 0, formation requircs
successive absorption of four light quanta
that can be provided by short flashes of
light. By driving electron transter from do-
nar to acceptor side of PRI cach flash ini-
tiates an S-state transition until the S, state
is rcached (Fig. 1). Subscquently, dioxygen
15 released. The §; state 1s concomituntly
formed, as the previously accumulated oxi-
dizing equivalents are used for O-O bond
formation. The clusive S, state is a transient-

Fraie Universitat Berlin, FB Physik, Arnimallee 14, D-
14195 Berlin, Germany
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ly formed intermediate of 3, formation in
the 5,=8, transition. It s particularly im-
portant becaunse it represents the starting
point for O-O bond formation. Because the
5, statc is dark-stable (ground state). the
tirst four laser flashes drive the fransitions
5,—8,. §,—8,, 8,=8,. and §5,—8,. M-
oxygen 1s formed on the third flash in the
5,=8, transition, but with the lack of iden-
tification of an 8, intermediate, this cruclal
transition is poorly understood.

1S|

Photon %\ PGFO"

Photon

REPORTS

Recently, the O,-tormation step m PSI
from cyanohacteria was inhibited by high
oxygen pressure and, on the basis of ul-
traviolet absorption (UV) changes, it was
proposed that an intermediate state had
been stabilized (). Pitfalls of this clegant
experiment are the uncertain role of the
proposed intermediate at ambient oxygen
pressure and the unclear relation between
UV absorption changes and the redox state
of the PSII mungmnese complex. Instead
of attermipting to trap intermediates by in-
hibiting dioxygen formation, we took the
course of monitoring the redox processes
at the fully functional mangancsc complex
In real time by time-resolved x-ray absoip-
tion spectroscopy (XASR). We investigated
highly active PSII in its native membrane
chvironment at ambicnt oxygen pressire
and temperature and were able to identify
the enigmatic 8, state formed before O-0
bond tormation. In addition, we propose
an cxtension of the classic S-state cyele
{Fig. 1).

XAS at the K edge of mangancse probes
changes In oxidation state and local strue-
ture specifically for the x-ray absorbing
Mn 1oms (%, 16). Thus, time-tesolved XAS
is idcal for monitoring the kinctics of the
mdividual steps In the catalytic cycle of the
PSIl manganese complex. XAS cxperi-
ments Involving a freeze-quench technique
have heen used to study alcohol dchydro-
Fenase intermediates with a time resolution
of 3 ms (77, /2). Tracking the faster S-state

Fig. 1. Extension of the classic
S-state cycle of photosynthetic
oxygen evolution. The classic 5-
cycle model has been proposed by
Kok (7) on the basis of the flash-
number dependence of the O,
yield that was first observed by
Joliot and Joliot [26). The oxygen-
avolving complex {OEC) at
the PSIl danar side comprises a
manganese-calcium complex (4
Mn and 1 Ca) and its protein
environment. Often also a nearby
tyrosine {Y,) is included as an
integral part of the OEC [7-&).
Driven by the sequential absorp-
tion of four light quanta, which in
the present study were provided
by four laser flashes, the OEC is
stepped through its reaction cy-
cle. After absorption of a photon,
a chlorophyll cation (P...7) is

formed, which oxidizes Y. The tyrosine radical {Y,’) then extracts one electron from the Mn
complex. The 5, state is dark-stable; 5, and 5, are formed by one and two light-driven oxidation
steps, respectively. The third photon induces the S, =8, transition and dicxygen is released; the
fourth photon closes the cycle. Proton release {27) not representing a distinct, rate-limiting step
has been omitted. Existence and formation rate of the 5, state are uncovered in the present
investigation. The S, intermediate is not formed by electron transfer to ¥, but by a deprotonation
reaction. In S, four oxidizing equivalents have been accumulated by the OEC, including Y, . The
classic S-state cycle is extended by the S state that represents a hypothetical intermediate in
which four electrons have been extracted from the Mn complex, including Mn ligands and the two

substrate water molecules.
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transitions of the PSII manganese complex
required an improvement in time resolu-
tion by more than two orders of magni-
tude. On the basis of owr studies of the
semistable S states by XAS at room tem-
perature [(/3 76): for the first flash-and-
freeze study, see (17)], we have developed
an approach {/#) that makes possible the
direct observation of S-state transitions by
XAS

Facilitated by the high flux and stabil-
ity of the x-ray beam at a third-gencration
synchrotron {Eurepean Synchrotron Radi-
ation Facility, beamline ID26, Grenoble,
France), we could follow changes in the
Mn x-ray tluorescence after laser-flash il-
lumination of P8I with a time resolution
of 10 ps (Fig. 2). At an excitation energy
of 6352 ¢V, for §,—8, (first flash) and
S,—5, (second flash) the exponential ab-
sorption decrease indicated oxidation of the
Mn complex by the tyrosine radical YZ'
with halftimes of 70 ps and 190 ps, respee-
tively: for S§;—8, (fourth tlash), the t
was <3H) s,

For 8,=38, (third flash), the laser flash
induced an absorption increase duc to Mn
reduction by the substrate water (1, =
1.1 ms); however, this was preceded by
a lag phase of about 250 us (Fig. 2). This
lag phasc suggested a kinctically resolv-
able intermediate, ITowever, for transients
collected at 6552 ¢V, it could not be un-
ambiguously assigned to an ntermediate
in the 8,=8, transition. An abserption-
change contribution from a4 minor fraction
of PSII that undergoes the 8,—5, transi-
tion on the third tlash (due to PSII that did
not turn over on the first laser flash. the so-
called “misses™) might mimic a lag phase.
A time-resolved XAS experiment at 6356
eV clurified the situation because at this
cnergy, no change in the x-ray absorption
1s observed for $,—38, (15). A sizable lag
phasc was still present (Fig. 33, proving the
existence of a kinetically resolvable in-
termediate in the transition from the 8,¥
to the 3,Y, state. The intermediate is
formed before the Mn-reducing/0),-forming
step and thus represents the long-scarched-
for 8, state (SOM Text). Two advantages
of the XAS approach facilitated the dis-
covery of §,. First, in contrast to previous
studics that nsed wvisible light instcad of
x-rays to probe reactions m PSII, abso-
lute manganecse specificity is ensured. Sce-
ond, the trace collected at an isosbestic
point of the 5,—8, transition (6336 cV)
removes the ambiguities due to Imperfect
turnover on the previous S-state transi-
tion. Of note 1s that the predicted perox-
idic 8,% intermediate (#) was not abserved
at ambient oxygen pressure. The reaction
sequence 8 —5,F—8, conld lead to a bi-
phasic absorption increase on the third flash

11 NOVEMBER 2005 VOL 310 SCIENCE

in the time-resolved experiment at 6552 eV,
but Figs. 2 and 3 indicate monophasic Mn
reduction.

Laser flash
1v
‘V aY
OXIDATION | |
e 0.0 03 06 09 1.2
(' 2"
ﬂ LA 'ﬂ‘_
@
o
c
)
-4 0.0 03 0.6 08 12
@ R 3v
e 2
3
L REDUCTION
> Mdy-wividys P 0
0 6 9 1
0 4v
> \ o
LY A
03 0.0 03 0.6 08 1.2
Time [ms]

Three observations enable us to identify the
chemical nature of the 8, intormediate: (i)
Formation of a4 Mn-oxo species (Mn"=0,

Fig. 2. Oxidation and reduction
of the Mn complex of PSII
monitored by time-resolved
¥-ray rmeasurements. Nanasecand
flashes of green laser light ini-
tiated the S-state transitions.
S, For 5 ms befare and 15 ms after

each flash, the protein samples

were exposed to x-rays of 6552
e ev. Theptime course ):)f the Mn
v K, fluorescence was recorded,
because the intensity of the
x-ray fluorescence measures the
probability for x-ray absorption
at the chosen excitation energy
v [normalization of AF(t) to an
edge-jump of unity as described
in (75)]. The time resolution was
10 ps per data point; five data
points were averaged for the
third-flash data. At 8552 eV,
oxidation/reduction of the PSII
manganese complex results in
decreasefincrease of Ft) (fig. 51).
Monoexponential {first and sec-
ond flashes) or biexponential

S

70 pus

(third and fourth flashes) simulations led to the solid lines and the indicated halftimes that
correspond ta the following first-order rate constants (in s77): 9.9 x 107 (S, »5,), 3.6 x 107
(5,—5.), 6.3 % 102 [reduction on $,—5), and =2 x 10* {§,—5,).

6556

1 2
Yy v

B
2%
2

6552

3
A
25

Fig. 3. Intermediate formation
in the oxygen-evolving 5,—5
transition induced by the third
laser flash. In {A), x-ray fluores-
cence changes, AF, are shown for
x-ray excitation at 6556 eV, At
this enerpgy, AF is zero for the
5, »5, transition {75), as dem-
onstrated in {B). (The minor
second-flash change visible in
{B) is due to the 14% of PSI
that "missed” the first flash and
therefore undergoes the 5, »S,
transition on the second flash.)
Thus, at an excitation energy of
6556 eV, the lag phase of ~250
us duration can be unambigu-
ously assigned to intermediate
formation; correction for miss
avents on preceding flashes is
not required. In (C), the wx-ray

eV

3 4
2ﬁns

eV

X-ray Fluorescence, AF(t) [%]

Mn=0
formation

L ' :
0 IﬁTL»J.II"% 3

27013234567

Time [ms]

i D
i
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6541.

fluorescence transient measured
at 6552 eV was corrected faor
miss contributions leading to the
same lag phase behavior as ob-
served at 6556 eV. For the
corrected transient shown in
(C), the logarithmic plot in {D)
demonstrates the duration of
the lag phase and the monopha-
sic Mn reduction thereafter. A
logarithmic plot for the transient
in (A) yielded the same picture
{fig. $4). In (E), a transient mea-
sured at 65415 eV [pre-edge fea-

2 3

5eV

ture) is compared to the time course expected for Mn—Q formation (fig. 55). The smooth lines in (A),
(C), and (E) were abtained by simulations for a consecutive reaction scheme with &, — 3.3 ms~' and

k,—062ms 1
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Fig. 4. Energetic (A) and mechanistic {B) schemes

DI-Tyr,af

H-0~ Mn---Mn,Ca
H O ~200 ps

for 5, formation in the 5,—5; transition. Three

steps are considered in the mechanistic model
shown in {B): {1) Absorption of a photon is fol-
lowed by Y, oxidation within <1 ps, a process
coupled to a proton shift within the hydrogen bond
to a histidine residug (His190 of the D1 protein}
(28-30). (2) The positive charge stemming from Y,

NH @"ﬁq

CP43-Arg35? \ NH2 2

-~ 8 sufiac
e‘l"
"

oxidation promotes, with a halftime of about 200

us, proton shifts and deprotonation of Arg357

of the CP43 protein. This assipnment of the

deprotonating group is tentative, but plausible (23). The protan is moving in a bucket-brigade-type
mechanism along the proton path identified in {5) toward the lumenal surface. 5, formation by
depratonation of the Mn complex may enable the subsequent reaction steps in two ways. (i)

The redox potential of the Mn complex is lowered, facilitating electron transfer to Y,

deprotonated group acts as a proton acceptor
farmation is fallowed by electron transfer to ¥,
of the S

[ldentlcaﬁ halftimes of ~1.1 ms).

oxyeen comnected by a double bond to five-
fold oxidized mangancse) before the water-
oxidation step has been proposed [e. g.,
in {/&)]. but this possibility can be cx-
cluded because 1t would give a transient
risc of the pre-cdge amplitude at 6341.5
¢V, which 1s not observed (Fig. 2E). (11)
The same lag-phasc behavior is observed
thraughout the edge region (fig. S6), indi-
cating 8§, formation without Mn oxidation
or structural changes of the Mn complex.
The lag phasc is alse shorter than the
millisecond halftime of electron transfer
to YZ' (79, 20), which matches the t,, of
Mn reduction. Thus, the oxidation states
of the Mn complex and of Y, remain un-
changed upon 5, formation. (111) We mea-
sured recombination tluorescence emitted
by the chlorophyll antenna of PSII and
show that the Gibbs free energy of 5, for-
mation is pH-dependent and exhihits an
ILO/D,O exchange eftect (figs. ST and S8).
The temperature dependence indicates that
S, formation is entropically diiven, as pre-
dicted for proton release into the bulk-phasc
water (AC = 0.1 eV or 10 klimol at pll
6.4 and 25°C; Aff — 01 cV: FTAS - 0.2
eV). An §, tormation by deprotonation and
proton rcleasc into the bulk-phase water
can explain the recombination-fluorescence
results as well as the x-ray absorption lag.
The x-ray absorption 1s increasing with the
onsct of Mn reduction after deprotonation
of a base close to the Mn complex. This
conjectire is consistent with proton-releasc

www.sciencemagorg SCIENCE VOL 310

. (i) The
in the O-O bond formation step (25). (3) S,

*. This process formally corresponds to formation
" state in Fig, 1 but is kinetically indistinguishable from Mn reduction and O, formation

measurements (24) and electrochromism
studies (22).

On the basis of the above findings, we
do not identify §,-state formation with clee-
tron trnster from the Mn complex to Yz', s
has been proposed. but with the formation
of a base B by a deprotonation process.
Crystallographic data facilitates a tentative
attribution of & to Arg3s7 of the (P43
protein (23) (Fig. 4); dircet deprotonation
of substrate water also 1s concelvable.

(lassical clectron transfer (24 is not di-
rectly coupled to protonation state changes
of donor {reductant) or acccptor {oxidant).
[Iyvdrogen-atom transter 1s the joint move-
ment of proton and electron to an IT-atom
aceeptor (or abstractor). Formation of o Mn"-
oxo species (Mn¥=0), in the S, state, by
I1-atom tramster from a Mn™-hydroxo (Mn™-
OI) to the tyrosine radical (Y, —Y,II)
has been a centerpicee of an influential hy-
pothesis on photosynthetic water oxidation
{(/&). Here, we report evidence for an alter-
native mechanism, a “proton-tirst” electron
transfer, where the oxidation of Y., induces
likely electrostatically—a deprotonation re-
action that is a prerequisite to the subscquent
electron transter to Y, (25).

Onr identification of 8, formation as a
deprotonation process bears mechanistic
implications and will spur further investi-
gations on this key step in photosynthetic
water oxidation. It also leads to an exten-
sion of the S-state cyele because the de-
protonation must be followed by clectron

REPORTS

transfer to Y,", thus implying an S state
(Fig. 1). This time-resolved x-ray cxpcr]—
ment takes us a step closer to the goul of
watching biological function in rcal time.
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Small-Molecule Inhibition
of TNF-a

Molly M. He," Annemarie Stroustrup Smith,” Johan D. Oslob,’
William M. Flanagan,‘ Andrew C. Braisted,” Adrian W‘hitty,3
Mark T. Cancilla,’ Jun Wang,* Alexey A. Lugovskoy,’

Josh €. Yoburn," Amy D, Fung,’ Graham Farrington,?

John K. Eldredge,® Eric S. Day,” Leslie A. Cruz,® Teresa G. Cachero,’
Stephan K. Miller,” Jessica E, Friedman,’ Ingrid C. Choong,’
Brian C. Cunningham™

We have identified a small-molecule inhibitor of tumor necrosis factor o
(TNF-zx) that promotes subunit disassembly of this trimeric cytokine family
member. The compound inhibits TNF-¢ activity in biochemical and cell-based
assays with median inhibitory concentrations of 22 and 4.6 micromolar, re-
spectively. Formation of an intermediate complex between the compound and
the intact trimer results in a 600-fold accelerated subunit dissociation rate
that leads to trimer dissociation. A structure solved by x-ray crystallography
reveals that a single compound maolecule displaces a subunit of the trimer to
form a complex with a dimer of TNF-u subunits.

Direct mhibitiem of TNF-¢ by the commercial
binlogical agents ctancreept (Linbrel, Amgen
Incorporated, Thousand Oaks, CA, Wyeth
Pharmacenticals. Collegeville. PA). infliximab
{Remicade, Centocor, [Torsham, PA, Schenng-
Plough. Kenilworth, NJL. and adalimumab
{IIumira, Abbott Laboratories, Abbaott Park,
IL} has produced significant advances in
rheumatold athritis treatment and validated
the extracellular inhibition of this proinflam-
matory cytokine as an etfective therapy.
However, despite considerable incentives, via-
ble leads for amalogous small-molecule in-
hibitors of ‘I'NF-rt have not been reported
{7). Thus far, small-molecule antagonists of
TNE-rx activity have typically been limited
to mhibitors of the processing enzyme TACE
{2). uncharacterized inhibitors of TNF-¢¢ cx-
pression (3—7), uncharacterized mlubitors of
TNE-x cell-based assays (8, 9), and other in-
tracellular pathway mhibitors that antagonize
nuclear factor kB (NF-kB). activating protein
1 {(APLl), or ¢-Jun N-terminal kinase {(TNK)
p38 signal transduction. Although progress
has been made n developing small molecules
capable of dismpting such protein-protein

'Sumesiz Pharmaceuticals, Incorporated, 341 Ovyster
Point Boulevard, South San Francisco, CA 94080,
USA. ZKravis Children’s Haspital, Mount sinai Schoal
of Medicine, Cne Gustave L. Levy Place, Box 1198,
New York, NY 10029, USA 3Department af Drug
Discovery, Biogenlder, 14 Cambridge Center, Cam-
bridge, MA 02142, USA. *Department of Chemistry,
Massachusetts Institute of Technalogy, 77 Massachu-
setts Avenue, Cambridge, MA 02139-4307, USA
*Chemistry and Chemical Biclogy Program, Universi-
ty of Califarnia, San Francisco, 600 16th Street, Box
2280, San Francisco, CA 94743, USA,

*To whom correspondence should be addressed.
E-mail: brc@sunesis.com
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interactions, this process Iemains a very
difficult challenge (/4, /7).

We discovered a compound (Fig 1A)
composed of trifluoromethylpheny] indole
and dimethy] chromone moieties linked by a
dimethylamine spacer that inhibited TNF-¢
receptor binding (12). Potency measurements
showed a median inhibitory concentration
(IC,,) of 22 pM for inhibitng m viro TNF
receptor 1 (INFR1) binding to 'INF-rx (Fig.
1B). Comparable potency was observed for
inhibiting I'NF--mediated stimulation of
inhibitor of NF-xB (IxB) degradation
HeLa eclls but not for orthogonal interleukin-
13 (IL-1f)}mediated stimulation of the same
pathway (Fig. 10).

The x-ray crystal structure was solved for
TNFE-¢¢ compound complex crystals gener-

ated from an equimolar mixture of TNF-¢ and
campound in solution (tablc $1). Prior cfforts
to produce difftaction-quality co-crystals by
soaking compound into native IT'NF-x erystals
had tailed and otten resulted i the cracking of
those crystals. Molecular replacement with
the coordmates trom a single subunit of the
I'INF.pdb structare (73) readily solved the
structure atter failures with tact trimer
coordinates. This phenomenon was explained
when 1t was revealed that the compound had
displaced onc of the subunits from the TNF-e
trimer (Flg. 2A). The resulting TNF-o dimer
retained the same basic structural subunit fold
as the native trimer. but the angle between
the subunits within the dimer was slightly
widened (Fig. 28). Clear x-ray density
showed the compound bound within a shal-
low poclket (Fig. 20 and contacting residnes
from each subunit of the TNF-u dimer (table
82). Remarkably, these contact surfaces arc
found completely buried within the subunit
interfaces of the intact T'NE-g trimer crystal
structure.

The compound in this structire is in a
compact conformation, with the trnfluoro-
methylpheny] indole and dimcthyl chromone
moleties tolded back upon one another. The
binding surface for the compound on the I NF-¢:
dimer 1s composed ot 16 contact residues,
including 6 tyrosine residues (Fig. 213, Nine
are presented from chamn A [L37, Y59, 560,
Qa1 Y119, L120, (7121, 122, and Y151
{44)]. The remaining seven are a subset of
these residues presented from chain B (LS7.
YEY, 860, Y119, L1207, G121, and Y1517).
The identity of the residnes that occupy these
positions m other frimenc cytokine famuly
members is shown in table 820 Ty s
notable n being located close to the threetold
symmetry axis of the TNF-xx trimer and in
making contact with its counterparts from the
other monomeric subunits. 1ts chi-1 angle ro-

A B C
M 2107 o]
NN Ja) 5 e ] .
N/ £ 0.8 & 104
} ¥ = & o0 d
M 0 o6 4 a0
= = 40
: 0.4 4 & 504 %
F 2 ol = an ] )
FE 5 70
0.0 . . . , 80 . : )
-7 -6 -5 -4 -3 -7 -6 -5 -4

Log [compeund] (M}

Leq [compound] (M)

Fig. 1. {A} Chemical structure of the small molecule TNF-¢ inhibitor. See {72} for synthetic route
used. (B) Compound inhibition of TNF-¢ binding to TNFR1 in vitro. An ELISA (12) was used to
measure inhibition of solution-phase TNF-R1 horseradish peroxidase conjugate binding to
biotinylated TNF-o immobilized on a strepavidin-coated microtiter plate by serial dilutions of
compound. The solid line represents a four-parameter curve fit (20) that yielded an IC_; value of
22 uM. (C) Compound inhibition of TNF-o induced IkB-o depletion in Hela cells. Cells were
treated with sufficient TNF-u or IL- 15 to give an 80% of maximal [«B-« depletion response after a
30-min exposure (0.4 and 0.04 ng/ml, respectively), as measured in an assay of cell lysates {72].
Solid circles show that compound addition inhibits this TNF-a¢—induced IxB-o depletion and yields
an IC_, value of 46 M. Open circles show that compound addition does not affect arthogonal IL-
1p-induced |kB-a depletion. Error bars indicate standard deviations for triplicate measurements.
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Fig. 2. (A) X-ray crystallog-
raphy structure of the TNF-«
dimer—compound complex.
(B) Shift in subunit orientation
within the TNF-o dimer—
compound complex. Super-
position of the TNF-a trimer
structure (gray) with the
TNF-& dimer—compound com-
plex structure (yellow-blue)
shows a slight widening
in the angle between the
subunits at the compound
binding site. (C) View of
compound binding site on
the TNF-¢ dimer. Image
shows the 2F — F_ electron
density omit map of the
compound (contoured to
10) calculated from phases
derived from refinement of
the structure without com-
pound (mesh). The binding
pocket can be seen to com-
prise residues from both
chain A (yellow) and chain B
(blue). (D) p sheet secondary
structure around the com-
pound binding site and the
location of six tyrosine resi-
dues that contact the com-
pound. The tyrosines are
colored-coded with Tyr®®
{tan), Tyr'>" (purple), and
Tyr® (blue) residues being
presented from both chain A
and chain B.

Fig. 3. Displacement of subunits A B
from the TNF-« trimer by com- .~ o
) s 3 £ 40000 £
pound. (A) Singly biotinylated *H- & g 10
TNF-ct immobilized on a 5PA flash = a00m a .
plate was exposed to a titration of £ T
compound ({72). Graph shows in- 5 5400 % 0.6
creasing losses of the immobilized .2 =R
TNF label fram the surface { y axis) & 4000 g
after exposure to increasing com- T 0
pound concentrations for 60 min. 0+ T ool . : T .
a 7 & -5 4 4 7 -G -5 -4 -3

Losses measured before washing
away dissociated label are shown
as open circles, and thase after

Log [compound] (M)

Log [compaund] (M)

washing are shown as solid circles. {B} Singly biotinylated but unlabeled TNF-« immobilized on a
strepavidin-coated microtiter plate was likewise exposed to a titration of compound as described
(72). The microtiter plates were then washed, and functional TNF-g trimer measured by ability to
bind TNFR1 peroxidase conjugate. Graph shows increasing losses of the binding competent TNF-:
(i axis) upon 60 min of expasure to increasing concentrations of compound (IC.; — 13 pM). Error
bars indicate standard deviations for triplicate measurements.

tates 138° and 1247 (for chaing A and B. re-
spectively) to accommodate compound bind-
ing and TNF-e dimer formation. Other side
chain movements are relatively nunor. In spite
of biurying abont 330 A2 (75) of protcin sur-
face, no mtermolecular hydrogen bonds or salt
bridges are formedd suggesting that the interas-
tion 1s largely hydrophobic and shape-driven.

Becanse the compound contacted residucs
that are buned in the TWF-¢ inmer, we

www.sciencemagorg SCIENCE VOL 310

cxamined whether it could dissociate the
tmimer under the conditions used tor the
¥itro activity measurcnments. To this end, we
mmwbilized singly biotinylated *TI-TNF-u
trimer onto a scintillation proximity assay
{SPA) microtiter plate. Addition of the
compound at concentrations that inhihit
TNFRI binding induced shedding of subunits
from the TNF-e trimer (Fig. 3A) Experi-
ments measuring the decrease In receptor

REPORTS

binding after washing away dissociated sub-
units gave an €, of 13 uM (Fig. 38). This
wis reproducibly twotold more potent than
the value when reeeptor was present along
with the compound (Fig. 1B), consistent with
the notion that TNFR1 binding can stabilize
TNF-u trimer.

Becanse the crystal structure indicated
that the compound should induce forma-
tion of I'NF-rt dimer. we examined wheth-
or this conld he observed in solution. To this
chd, we used mass spectrometry to exan-
inc the oligomeric state of TNF-rr in the
presence of the compound (£.2). Conditions
woere established that allowed the measure-
ment of the noncovalently assoclated TNF-u
trimer (Fig. 4A). Compound addition nnder
these conditions resulted i the conversion
of TNF-¢ trimer to dimer (Fig. 4B). Addi-
tionally, about 20% of the TNF-uw dimer
ohscrved cxisted as a complex with a single
compound molecule, thereby reproducing the
stoichionmctry ohserved in the x-ray structurc.
Lastly, we pertormed hydrogen-deuterium
cxchange experiments to cheelk for the ex-
pected increase In exposed surface area per
I'NFE-¢ subunit in the dimer forn. Measure-
ments showed that addition of compound

11 NOVEMBER 2005
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Fig. 4. Data showing compound-induced formation of TNF-iz dimer in solution. {A) Detection of
TNF-o oligomeric state by mass spectrometry. Spectrum is a deconvoluted neutral scale mass
spectrum of noncovalent TNF-a trimer complex visualized as three peaks due to plus and minus
N-terminal methionine heterogeneity of TNF-u« sample. The observed masses of 52,052, 52,182,
and 52,312 daltons corresponds to the trimer complex containing either zero, one, or two subunits
with N-terminal methionines, respectively. (B) Analogous spectrum of 10 uM TNF-a incubated
with 100 1M 5P307. Masses at 34,704 and 35,252 correspond to noncovalent complex of TNF-¢
dimer and TNF-« dimer—compound, respectively. (C) Increase in TNF-i: exchangeable hydrogens
induced by compound. Plot shows time course for hydrogen-deuterium exchange of 1 pM TNF-u
dissolved into either D,O alone {open circles) or D, plus 30 uM compound {solid circles).
Procedure was performed as described (72). Calculations of exposed surface area predict 88, 99,
and 110 exchangeable hydrogens for each subunit within the TNF-« trimer, dimer, and monomer
structures, respectively (27, 22). (D) TNF-«: subunit dissociation rates in the presence and absence
of compound. The relief of flusrescence homogquenching of 100 nM T7C-AF TNF-« after dilution in
a 200-fold excess of unlabeled TNF-« was used to monitor subunit disassociation from TNF-c
trimer (solid circles). Nonlinear regression analysis using the appropriate kinetics equation (72)
pave a calculated rate of 0.000093 s ' per monomer dissociation event {solid circles). Addition of
30 puM compound to the homaquenching assay accelerates the observed time course of
fluorescence increase and yields a calculated rate constant of 0.059 s 7 per monomer dissociation
avent (solid triangles). Open circles show fluorescence in the absence of added unlabeled TNF-ix.
Errar bars represent the standard deviation of triplicate measurements.

1024

caused about 13 additional hydrogens per
TNF-u to become surtace-exposed (Fig, 4C).
This number compares favorably with the
11 additional exchangeable hyvdrogens cal-
culated for the TNF-o dimer relative to the
published TNF-u trimer structure (1.2}, These
results suggest that the TNF-a dimer is more
prevalent than TNF-o monomer {22 expected
additional exchangeable hydrogens) under
these conditions,

We considered two possible models to
explain how the compound acts to cause
formation of INF-rx dimer. In the first,
predissociation-dependent model, the com-
pound functions passively by hinding to
and stabilizing the TNF-¢ dimer only atter a
TNF-o trimer subunit has spontancously
dissociated. In the second, predissociation-
independent model. the compound fonctions
actively by mteracting with the TNF-« tmimer
to promotc the dissociation of a subunit to
form TNF-« dimer.

11 NOVEMBER 2005 VOL 310 SCIENCE

To discem which medumism operates, we de-
veloped a sensitive flucrescence homoguenchmge—
based assay (16) to examine the kinetics of
subunit dissociation from the TNF-¢ timer. In
this assay, we monitored the decrease in fluo-
reseein homoguenchmg that oceurs when close-
Iy associated molecules become separated. A
TNF-¢ mutant {T7C) having a fiee thiol m the
region of the disordered N terminns was
covalently coupled to the Sodoacetamudo-
flomroscein {(5-IAF) so that cach subunit of
TNEF-¢ trimer was tluorescently labeled. Bind-
ing analysis of this highly fluorcscent adduct
reagent (called T7C-AF) showed 1t possessed
the sane affinity for TNFR1 as did unmodificd
wild-type TNF-u.

Addition of the I7C-AF rcagent to a 200-
fold excess of unlabeled TNF-v resulted in a
time-dependent increase in fluorescence as
dissoclating T7C-AT subunits were replaced
by suhunits not flnorescently tagged (Fig. 413).
Fitting the resultmg curves to the appropriate

kinetic equation {12) by nonlinear regression
analysis allowed us to determine the dissoci-
ation 1ate of monomer subunits from the
INE-o¢ trimer to be 0.000093 s 1. The
addition ot 30 uM compound resulted i a
much more rapid subunit dissociation rate of
0.057 ™1, representing a 600-fold accelera-
tion from the spontancons dissociation rate of
TNF-u¢ {Fig. 4D). Additionally, time course
cxperiments using the TNFR1 enzyme-linked
mmunosorbent assay (ELISA) showed rapid
INF-rr inactivation consistent with these
measurements (fig. 83). The highly acceler-
ated dissociation rate indicates that the com-
pound actively prometes subunit dissociation
and functions through the predissociation-
independent model deseribed previonsly. Uhis
finding implies that the initial step for
inactivation is the hinding of the compound
to TNE-¢ tomer to torm an intermediate
complex that nndergocs accelerated subunit
dissociation.

Wwe found evidence for compound associ-
ation with mtact imer ttom studies done at
superphysiological TNF-e concentrations.
Analysis by sedimentation equilibrium of a
mixtare of 45 pM INF-re and 68 oM com-
pound was performed, and compound migra-
tion within that mixture was tracked by its
absorbance at 310 nm. The compound
migrated with an apparent molecular weight
consistent with being bound to intact TNF-u
trimer (fig. 84). Morcover, measurements by
tandem gel filtration and dynamic light scat-
tering showed that 3 to 30 pM ITNF-¢ con-
centrations retained the molecular welght of
trimer in the presence of 30 pM compound
{table S3). Lastly, we showed that the mtrinsic
tryptophan fluorescence (ITHF) of (L3 to 5 uM
TNF-ux was 85% quenched by addition of
50 uM compound, suggesting that the com-
pound is bound in proximity to Tp?® and
Trp'™ within the TNF-rr trimer. Measure-
ments of the rate of restoration of TNF-w
I'TH after a 10-fold dilntion of this quenched
complex to a concentration well below the
IC, of the compound showed that the effect
1s reversible and that the dissoclation rate of
the componnd from the T'NE-g trimer is rapid
{fig. 85).

Taken together. our results indicate that
the compound-associated TNF-e: trimer pre-
dicted by the predissociation-mdependent
maodel exists and represents a more weakly
assoclated oligomenic form than the free TNF-i
trimer. Under lower physiologically rclevant
TNF-v concentrations, this proposed com-
plex is highly nnstable and rapidly inacti-
vated by subunit dissociation. [Towever, at
higher superphysinlogical I NF-re concentra-
tions there 1s sutficient TNF-u present to sta-
bilize compound-associated |INF-¢ trimer as
the prevalent form at equilibrium.

The co-strueture and mechanism of ac-
tion of the TNF-¢ mhibitor described herein
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demenstrates that small molecules that function
by disrupting tightly preassociated oligomeric
proteins are feasible. Although small-molecule
inhihitors that block dimer formation exist for
a number of ntracellular homodimenc pro-
teing (/{1 /73, many may function threngh a
predissoclation-dependent mechanism. For
cxample. an inhibitor (/8. /9) of inducible ni-
trous oxide syothase (INOS) inhibits the in-
tracellular association of INOS monomers
into enzymatically active INOS dimer yet is
inactive against isolated dimeric INOS. [n-
hibitors of this type may have limited utility
against extracellular preassembled multimeric
proteins like I NE-x that have very slow spon-
tuneous subunit dissoclation rates,

In contrast, the TNE-i inhibitor we de-
seribe binds to the mtact biologically active
trimer and aceelerates subunit dissociation to
rapidly Inactivate the cytokine. Interestingly,
this activity together with the co-streture of
the TNF-u¢ dimer compound complex sug-
gests that the compound is able to access the
normally buried interior of TNF-u trimer. Itis
possible that the compound achicves this by
exploiting an intrinsic dynamic breathing be-
tween the subunit interfaces that may ocenr in
solution-phase TNE-¢ trimer, but the precise
mechanism by which the compound functions
remains to be elucidated. The results we have

described should enable the design of appropn-
atc assays that may allow for the identifica-
tion of potent small-molecule mnhibitors that
inactivate nultimeric protcins via a rapid
predissoclation-independent subunit dissoci-
ation process.
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Structure of a V3-Containing
HIV-1 gp120 Core

Chih-chin Huang,” Min Tang,’ Mei-Yun Zhang,? Shahzad Majeed,’

Elizabeth Montabana,” Robyn L. Stanfield,* Dimiter S. Dimitrov,?

Bette Korber,® Joseph Sodroski,® lan A. Wilson,* Richard Wyatt,”
Peter D. Kwong™

The third variable region (V3) of the HIV-1 gp120 envelope glycoprotein is
immunodominant and contains features essential for coreceptor binding. We
determined the structure of V3 in the context of an HIV-1 gp120 core
complexed to the CD4 receptor and to the X5 antibody at 3.5 angstrom
resolution. Binding of gp120 to cell-surface CD4 would position V3 so that its
coreceptor-binding tip protrudes 30 angstroms from the core toward the
target cell membrane. The extended nature and antibody accessibility of V3
explain its immunodominance. Together, the results provide a structural
rationale for the role of ¥3 in HIV entry and neautralization.

The HIV envelope spike mcdiates binding to
receptors and virus entry [Teviewed m {4)]. The
trimeric spike is composed of three gpl20
exterior and three #pd] ttansmembrane envel-
ope glycoproteins. €124 binding to gpl20 in
the spike induces conformational changes that
allow binding to a corcceptor. cither CORS
or CXCR4, which 1s required for viral entry
{2 ). Snapshots of the gpl20 entry mechanism
have been visualized through crvstal structures
of mnliganded and Cl-bound states (7. &) How-
ever, an essentlal component of the coreceptor

www.sciencemagorg SCIENCE VOL 310

binding site. the third variable region (V3. has
been absent from previous structural charac-
terizations of the gpl20 corc.

V3 typically consists of 35 amino acids
{range 31 to 39) and plays a number of
mpaortant biological roles [reviewed i {9)].
Not only is it critical for corceeptor hinding, bt
1t also determunes which coreceptor, CXCR4 or
CORS, will be nsed for entry (/). In addition.
V3 may imteract with other elements in the
wiral spike to control the overall sensitivity of
the virus to neutralization {17). Finally, Immu-

REPORTS

16. B. . Cunningham et al., Science 254, 821 (1991).
17. K. J. Capps, ). Humiston, R, Dominique, |, Hwang, D L,
Boger, Bicorg. Med. Chem. Lett. 15, 2840 (2005).

18. E. Blasko et al., f. Biol. Chem. 277, 295 (2002).

1%, K. McMillan et al., Proc, Natl. Acad, Sci. U.5.A. 97,
1506 {2000).

200 W. L. Delanc, B. €. Cunningham, in Akage Display,
T. Clackson, H. B, Lowman, Eds., vol. 266 of The
Practical Approach Series [Oxford Univ. Press, New
York, 2004}, p. 35

21. M. L Connally, f. Appl. Cryse. 16, 548 (1583),

22. R. Koradi, M. Billeter, K. Wuthrich, . Mol Graph. 14,
51 [1596),

23. X-ray crystallographic data were deposited in the
Protein Data Bank under accession code 2AZ5.
Compeound libraries that led to the discovery of the
THF-tz inhibitor were produced at Sunesis Fharma-
ceuticals by A, A Virgilio. Crystal data collection was
carried out at the Stanford Synchrotron Radiation
Laboratory (SSRL), a national user facility operated
by Stanferd University on behalf of the U5
Department of Energy, Office of Basic Energy
Sciences. The SSRL Structural Molecular Biology
Fregram is supported by the US. Department of
Energy, Office of Biological and Environmental
Research, and by MIH, Naticnal Center for Research
Resources, Biomedical Technology Program, and
Mational Institute of General Medical Sciences.

Supporting Online Material
wwwsciencemag.orgfogifocontent/full/310/5750/ 1022/
D

Materials and Methods

Figs. 51 to 56

Tables 57 to 53

20 June 20058; accepted 14 October 2005
10.1126/science. 1116304

nization with IIIV-1 envelope glvcoproteins
often elicits neutralizing responses directed
primarily agaimst V3 {12, 13).

The structure of ¥3 I the context of core
#p120 bound to CDd, described here, now re-
veals the entire coreceptor binding site. We pro-
posc that ¥3 acts as a molecular hook. not only
for snurng coreceptor but also tor modulating
subunit associations within the viral spike. [ts
extended nature 1s compatible with the elicita-
tion of an immunodominant antibody responsc.

The extreme glvcosylation and conforma-
tional flexibility of gpl120 inhibit crystalliza-
tion, We used vanational crvstallization and
various technologics adapted from structural
genomics to abtain crystals suitable tor x-ray
structiral analysis (74 76). Construets of the
#p120 core with V3 from three clade B Isolates
{HXBc2, JR-FL, and YU2) were expressed in
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Drosophila 82 cells, and the deglycosylated,
purified proteins were complexed with CD4
and a CD4-induced antibody (/6). A total
of 13 different complexes were screened ro-
botically, and crystallization hits were opti-
mized manually. The gpl20 core with V3 from
JR-FL ({7, i8), when complexed to CD4 (two-
domain) and the antigen-binding fragment
(Fab) of the X5 antibody (/9), formed hex-
agonal crystals that diffracted to approximately
3.5 A resolution with x-rays provided by an
Advanced Photon Source undulator beam line
(SER-CAT) (table S1). The structure was
solved by molecular replacement (/6) and is
shown in Fig. 1.

As expected, the overall assembly of CD4,
X5, and core gpl20 resembled the previously
determined individual structures of CD4 (20, 21)
and of free X5 (22) as well as the complex
of core gp120 bound to CD4 (8, 23). For core
gpl20, some differences were observed in the
variable loops and also at the N terminus, re-
gions where variations in gpl20 have previ-
ously been observed (7, &, 23, 24). Structural
resemblance was maintained around the base
of V3, mdicating that the previous trunca-
tion (7, 8. 23. 24) did not distort this region of
the core. In X5, a large structural difference
was ohscrved for the third complementarity-
determimng loop of the 35 heavy chan (CDR
H3). Comparison of the refined strnctures of
free X5 (22) and bound X5 showed Co move-
ments of up to 17 A, onc of the largest in-
duced fits observed for an antibody (Hig. S1).

The gpl120 envelope protein is composed
of imer and outer domains, named tor their
expected orientation in the oligomeric viral
spike {8). V3 emanates from neighboring
staves of the stacked double barrel that males
up the outer domain; it is almost 30 A long
from the disulfide bridge at its basc to its
comserved tip, but is otherwise only 15 A wide
and 3 A deep (Fig. 2). Overall, it can be sub-
divided mto three structural reglons: a con-
served hase, which forms an integral portion
ot the core; a flexible stem, which extends
away from the core; and a B-hairpin tip. In the
crystal structure, the flexibility and position of
the V3 tip may be influenced by a lattice con-
tact, in which hydrogen bonds are made to the
exposed hackbone of the V3 i ribbon between
1397 and 1e*?. Tennons side-chain contacts
are also observed for the returning stund in
the V3 stemy with X5, as well as with V4 of a
syimmetry-related gpl20 molecule, but these
side-chain contacts arc unlikely to influence
its contormation.

Features of gp120 important for corceeptor
bmding have been mapped by mutagenesis to
twao regions: (1) the V3 tip, and (i1) the gpl20
core around the brdging sheet, the V3 base,
and ncighboring residues (23 28). Analysis of
these two regions on this new structure in-
dicates that they are conserved in both
sequence and structure (figs, S2A and 83).
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The structural conservation of the V3 tip was
surprising here in light of the apparent flex-
ibility of the intervening stem, but we found
the V3 tip to be strikingly similar in the con-
text of the core, m antibody—V3 peptide com-
plexes. and as a free peptide; such similarity is
consistent with previous reports of recurring
conformations for the V3 tip in antibody-
peptide complexes {29). The structure shows
that conscrved regions important for co-
receptor binding are separated by 10 to 20 A
and by portions of the V3 stem with moderate
to high sequence vanation (fig. S2).

limerging data on the structures of the
coreceptors indicate that the reglons identitied
as being important for binding gpl120  the
coreceptor N terminus and the second extra-
cellnlar loop  may also be spatially separated
{30). By integrating the two-site gpl20
binding site on the corcceptor with the two-
site coreceptor binding site that we observe in
the corc V3 gpl20 strncture. we proposc
that the N terminus of the coreceptor reaches
up and hinds to the core and V3 base while
the V3 tip of gp120 reaches down to interact
with the sccond extraccllular loop of the
corcceptor (Fig. 3B). Support for this model
comes from several sources: (1) Biochemical
studics show that the binding of CURS N-
termmal peptides to gpl20 15 affected by
ap 120 alterations only on the core and around
the base of V3 (28); and (i) small-molecule
inhibitors of HIV entry that hind to the
second extracellular loop of the coreceptor
are obscrved to no longer affect nmtant
viruses with V3 truncations (317

ocs hinding of the V3 tip to the corceeptor
mitiate gpdl-mediated contormational changes?
[Jespite general tolerance of the V3 stem to
changes in sequence, there 1 less tolerance

Heavy chain

Fig. 1. Structure of an HIV-1 gp120
core with V3. The crystal structure
of core gp120 (gray) with an intact
V3 (red) is shown bound to the
membrane-distal two domains of
the CD4 receptor (yellow) and the
Fab portion of the X5 antibody
(dark and light blue). In this orien-
tation, the viral membrane would be
positioned toward the top of the
page and the target cell toward the
bottom.

V3

tor nsertions or deletions than in other gpl20
variable loops. We saperimposed the core
V3 structure on the modeled gpl20 core timer
that we previously obtained by optimization of
quantifiable surtiace parameters (3.2). Thas m-
meric model orients gpl20 in the context of
both cell-surface CD4 and the target cell mem-
branc. Such a superposition projects the highly
conserved Pro-Gly of the V3 4ip 30 A toward
the target ccll membrane (Fig. 3A).

Difterent coreceptors, primurily CXCR4 or
CORS. can support HIV-1 centry. Sequence
amalysis has defined an 11725 rule: If the 11th
or 25th positions of V3 arc positively charged,
viruses will use CXCR4; otherwise they use
CORS (33). [n addition. V3 scquences arc
more conserved tor CORS-using viruses (fig.
82). The structure shows that positions 11
and 25 (residues 306 and 322) are within
the wariable stemi. They cach project about
the same distance away from the core but are
scparated by a Co distance of 17 A (fig.
52). This separation suggests that positions
11 and 25 recognize different portions of the
corceeptor.

124 induces large conformational changes
in gpl20. Before €14 hinding. ¥3 may not
protrude precisely as observed here for the
CD4-triggered corceeptor hinding state of
epl120 (3. 34). Howcver. structiral compari-
son of unliganded wersns CD4-bound con-
formations of gpl20 (7, 8) reveals that the
loeal conformation of the region of the onter
domain from which V3 emanates is mastly
unchanged. Thus. the extended structure of
V3 that we observe here should be generally
representative of V3.

Immumization with gpl20 or gpl20igpd] m
varions contexts may clicit an imnune responsc
in which virtually all of the neutralizing activity

www sciencemag.org



REPORTS

A 88 o i S i Fig. 2. V3 sequence and structure. (A) V3 sequence. The sequences of JR-FL
JR-FL CTF "NNNTRKSIHI--Cr sAFYTTGEIIGDIRQAHC (77) and HXBc2 are shown along with the consensus sequence of clades
HXBc2 CT: 'NNNTRKRIRIQR: F “AFVTIGK-IGNMROAHC A, B, and C. For the consensus sequences, absolutely conserved residues
CONSENSUS A ct' nnntRksiri--gpoqafyatgdiigdIrgAhC are shown in uppercase, with variable residues in lowercase (37). Single-
CONSENSUS B ct:rnantrksihi--gporafyttgeiigdirqahC letter amino acid abbreviations: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G,
e s e -“Y'W?“ﬂ‘“q’“’c Gly; H, His; I, lle; K, Lys; M, Met; N, Asn; P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr;

11 a8 V, Val; Y, Tyr. The conserved (Arg-Pro) and (Gly-Pro-Gly-Arg) motifs are

colored yellow and green, respectively, and are highlighted with the same
colors in (D) and (E). (B) V3 electron density and B values. 2F , - F_,
density is shown for the entire V3 region and contoured at 1o. V3 is color-
coded by B value from blue (lower atomic mobility) to red (higher
mobility). (C) V3 structure. The entire V3 is shown (color code: salmon,
carbon atoms; red, oxygen atoms; dark blue, nitrogen atoms; orange,
disulfide bond). Regions corresponding to the fixed base, accordion-like
stem, and B-hairpin tip are labeled. (D) Close-up view of the V3 base.
From its N terminus (Cys?°), V3 extends the antiparallel sheet on the
outer domain of gp120. After hydrogen bonding for three residues,
additional sheet contacts are interrupted by two conserved residues:
Arg?®8, whose side-chain hydrogen bonds to three carbonyl oxygens,
including two on the neighboring outer domain strand; and Pro?®,
which initiates the separation of outgoing and returning V3 strands. In
the returning strand, antiparallel B-sheet interactions with core gp120
recommence with the carbonyl of residue 297 and continue to the
disulfide at Cys*31. Main-chain atoms are shown for the core and V3
base, colored the same as in (C). Hydrogen bonds are depicted with
dashed lines, with select distances in A. All atoms of the highly con-
served Arg?®®, Pro®®®, and Cys®®5-Cys*3 disulfide are shown, with Arg
and Pro carbons highlighted in yellow and disulfide in orange. (E) Con-
formation of the V3 tip. From Ser3°® to Gly®'2, the main chain
assumes a standard B-conformation, which terminates in a Gly-Pro-Gly-
Arg B-turn (residues 312 to 315) (29, 38). After the turn, the returning
density is less well defined, indicative of some disorder. All atoms of the
tip are colored as in (C), with carbon atoms of the conserved tip
highlighted in green. Hydrogen bonds that stabilize the B hairpin are
shown as in (D).

Cc

Fig. 3. Modeled trimer and co-
receptor schemnatic. (A) V3 in the
context of a trimer at the target
cell surface. The structure of the
CD4-triggered gp120 with V3
was superimposed onto the
structure of four-domain CD4
(39) and the trimer model ob-
tained by quantification of sur-
face parameters (32). In this
orientation, the target cell mem-
brane and coreceptor are ex-
pected to be positioned toward
: : the bottom of the page. (B)
u ; Schematic of coreceptor interac-
tion. CCR5 (green) is shown with
Host cell membrane its tyrosine!gtrjlfat]ed N terminus
fat residues 3, 10, 14, and 15)
and three extracellular loops (ECLs). V3 {red) is shown with its conserved base interacting with the sulfated CCRS N terminus and its flexible leps allowing its
conserved V3 tip to reach the second ECL of CCRS.

gp120

is directed at V3. We cxamined the erystal and  the V3 tip inthccore V3 structure permits the of the HIV envelope from antibody binding

nucledar magmetlc resonance structures off V3-
reactive antibody-peptide complexes for clucs to
this mmunodominant response {fig. S3). Al-
thongh the conformation of V3 peptides in these
antibody-peptide complexes vanies somewhat,
the Pro-Cily tip is more conscrved  Super-
mposing the conserved tip m the peptides with

www.sciencemagorg SCIENCE VOL 310

V3 peptide-bindmg antibodies to be placed n
the context of the gpl20 core. The antibodics
completely surround V3 (Fig, 4). Although the
accessibility of V3 may be quite different on a
primary 1solate n its pre-CD4 tmmenc state,
the extended nature of V3 observed here, when
coupled to mechanisms that cloak the rest

{1, 35, 36), 1s consistent with 1ts ability to gen-
cratc an immunadominant response.

The attributes that we observe for V3 (le,
high relative swface arca, chemically reactive
backbone, contormational tlexibility, and over-
all extended nature) may allow V3 to serveas a
general molecular hook. Betore CDd binding,

11 NOVEMBER 2005
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Fig. 4. Accessibility of V3 to neutralizing anti-
bodies. The molecular surfaces of neutralizing
antibodies that block coreceptor binding are
shown superimposed onto gp120 in the context
of V3; antibodies 17b and X5 bind to the
conserved coreceptor binding site on the core,
whereas monoclonal antibodies 50.1, 58.2, 59.1,
83.1, and 447-52D bind to V3. (A) Superposition
of V3 structures. Core with V3 is shown with V3
peptides as extracted from peptide-anti-V3
neutralizing antibody complexes after superpo-
sition of the conserved V3 tip. (B} Antibody
accessibility of V3. Core gp120 with V3 (ribbon
representation) is shown in two perpendicular
views with Fab fragments (molecular surface
representation) of antibodies that bind at the
coreceptor binding site on either core or V3. V3
is completely surrounded by neutralizing anti-
bodies, suggesting a high degree of accessibility
for generating an immune response.

these attributes wonld enhance the ability of
¥3 to grasp neighboring protormers on the viral
spilke. Such quaternary interactions would
explain V3's mfluence on overall neutraliza-
tion sensitivity  for cxample, its ability to
transter nevtralization resistunce from YU2 to
HXBe2 (7). After C124 hinding, the corceep-
tor binding site forms and V3 would jut prom-
inently toward the target cell membrane. [n
this context, binding at the ¥3 tip may act as a
“ripcord™ to initiate gpd 1-mediated fusion. Our
results provide a context for coreceptor inter-
actions and suggest how V3, by altering quater-
nary interactions, can mfluence IV evasion of
the imnnc system and also trigger HIV entry
into cells. The structure itself represents an

11 NOVEMBER 2005 VOL 310 SCIENCE

50.1
83.1
17b
447-52D
ot
58.2
\} & 447-52D
X5 83.1
50.1

clegant evolutionarily mallcable solution that
balances competing requirements of functional
conscrvation and antigenic variation.
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Species Loss and Aboveground
Carbon Storage in a Tropical Forest

Daniel E. Bunker,'* Fabrice DeClerck,” Jason C. Bradford,?
Robert K. Colwell,* Ivette Perfecto,® Oliver L. Phillips,s
Mahesh Sankaran,” Shahid Naeemn’

Tropical forest biodiversity is declining, but the resulting effects on key eco-
system services, such as carbon storage and sequestration, remain unknown.
We assessed the influence of the loss of tropical tres species on carbon
storage by simulating 18 possible extinction scenarios within a well-studied
50-hectare tropical forest plot in Panama, which contains 227 tree spacies.
Among extinction scenarios, aboveground carbon stocks varied by more than
600%, and biological insurance varied by more than 400%. These results
indicate that future carbon storage in tropical forests will be influsnced

strongly by future species composition.

In terrestrial ccosystems, finetional diversity
and relative abundance nfluence both the
magnitude (7 3) and variability (#) of abowve-
ground blomass. Aboveground blomass, m
turn, substantially determines an coosystem’s
potential for carbon storage, which plays an
important role in the regilation of atmospheric
0O, and global chimate change (7, §). Bio-
diversity, however. is changing rapidly in
response to a varety of anthropogenic drivers
{# 13). The potential for terrestrial carbon
sequestration could be altered shaply by
cnsuing changes in specics composition.

The relationship between diversity and
ahoveground biomass has been cxamined in
herbaceous ecosystems such as grasslands
{3 6), meadows (/4). and wetlands (75).
These ecosystems, however, account for just
16% of the estimated 558 Pg (1 Pg — 1'% g)
of cathbon stored m vegetation (16). The
remaining 470 Pg of carbon reside in forests,
woodlands, and  savinmahs, more than haltf
{54%) of which arc tropical.

In tropical forests, conventiomal biodi-
versity maniptlations arc prohibitively costly
because of the large number of tree species as
well as the size and longevity of tropical trees.
Instead, we smmulated species extinetions m a
diverse tropical forest by using data from the
50-ha Forest Dyvnamics Plot on Baro Colorado
tsland (BCT), Panama {77). Our maodel. which
expunded on the approach of Solan and col-

"Depar‘tment of Ecology, Evalution, and Environmental
Biclogy, ZEarth Institute, Columbia University, Mew Yark,
NY 10027, USA. *Center for Conservation and Sustain-
able Development, Missouri Botanical Garden, St Louis,
MC 63166, USA. “Departrment of Ecology and Evolu-
tionary Biology, University of Connecticut, Storrs, CT
06289, USA “School of Matural Resources and Environ-
ment, University of Michigan, Ann Arbor, M1 48109,
USA. ®Earth and Biosphere Institute, School of Geogra-
phy, University of Leeds, Leeds LS SJT, UK. "Natural
Resaurce Ecology Laboratory, Colorado State Uinbersity,
Fort Collins, CO 80523, USA

*To whom correspandence should be addressed.
E-mail: deb37@columbiaedu

www.sciencemagorg SCIENCE VOL 310

leagnes (F8), cnabled us to cstablish many
species combmations and compositions under
different extinction sccnarios to cxplore the
realm of possible futures for abovesround
carhon storage. We sinmlated these cffects on
aboveground blomass by removing species
with a probahility proportional to cxtinction-
related traits {e.g., small population size) and
replacing the climinated basal arca with a
random draw from the remaming commumty
(Fig. 13 (7% We nsed functional traits [wood
density and volume per umt basal avea; see
cquation 81 in (79)] to quantify thc abowve-
ground carbon poal for each simulated com-
munity. Thus. variation in functional diversity
{the diversity of these functional traits among
Species) fOVErNS cOSYSIem response.

We explored three clusses of tait-based
cxtinction sccnarios that represent a hroad
spectrum of extinetion mechanisms (table S13.
One class consists of extinction associated with
population traits such as low population growth
rates, low densitics. and endemism, which arc
known camrelates ot extinction 11sk (20-22).
The second class consists of extinction scenar-
los related to management or harvest strat-
cgics, such as scleetive harvest for hardwoods
or harvesting the most common or the langest
trees: this sccnario nscs rclated traits such as
wood density, stature, and abunduance. The
third class consists of specics” responses to
envirommental change, such as changes n
precipitation. rates of disturbanee, or clevated
CO, (43, 24). We also mcluded a random
extinction scemario that serves as a reference
and reflects the approach commonly used
combinatorial biodiversity experiments.

The extinction scenarios produced diver-
gent effects m both the magmtude and varla-
bility of ahoveground carbon storage (Fig. 2
and table S1). For mstance, the extinction of
speeics with the lowest wood density led to
strong Increases (+75%) I carbon starage
{Fig. 2. (i to 1, and table 81). whereas the loss
of species that attain large stature Tesulted m a

REPORTS

strong declime m carbon stocks (Fig. 2, D to
F, and table 81). lixtinction scenarios demon-
strated different degrees of loss of biological
insmrance (i.c., decreasing predictability or in-
creasing varlability as species are lost) (Fig, 2).
For instance. the loss of endemic species re-
sulted m relatively less loss of biological in-
surance. largely because endemics tend to be
locally rare and contribute little to total carbon
stocks (Fig. 2. 8 to UL and tahle 81). These
ditferences in loss of blologmical msurance are
attributahle to the extent of variability in func-
flonal traits, which 1s strongly dependent on
speeics identity and community composition.
Anthropogenic cffects on tropical forest
diversity vary widely. Selective logemg typl-
cally removes a small number of speeics from
a community (25), whereas conversion to for-
cst plantations remeves all but onc or two spe-
cles. Our results show that selective logging tor

CURRENT ECOSYSTEM

CURRENT
ECOSYSTEM
SERVICE:
Carbaon storage
[magnitude and
variability)

Statura,
Abundance,
RGR,...

COMPENSATORY
GROWTH

FUTURE ECGSYSTEM

FUTURE
ECOSYSTEM
SERVICE:
Carbaon storage
[magnltude and
varlabllity)

Fig. 1. Impact of tree-species extinctions on car-
bon storage within an extant tropical farest. El-
lipses represent input and output variables, solid
arrows represent process steps, and squares
represent the three states of the BC| 50-ha forest
plot. in which circles represent trees of different
diameter and species identity. On the basis of the
relationship between known composition and
relative abundance of trees in the 50-ha plot and
current aboveground carbon storage {top), future
carbon storage (bottom) can be estimated under
different extinction scenarios. Extinction scenar-
ios use trait-based responses to environmental
change (eg, habitat fragmentation and elevated
CQ;). The middle square represents the transi-
tory state in which extinction has led to reduced
abundance. After compensatory growth that re-
places basal area lost to extinction, plant traits
are used to estimate the ecosystem service of a
less diverse forest. RGR, relative prowth rate.
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species with gh wood density, lage diam-
cter, high basal arca, or maximal wood vol-
ume will likely lead to overall declines
carhon storage of 70, 29, 17. and 21%,

respectively (Fig. 2 and table S1). In con-
trast. conversion to plantations that use spe-
cles with high wood density may increase
aboveground carbon storage by up to 75% if

never harvested (Fig. 2, G to I, and table S1).
However. conversion to plantation may causc
decreases in belowground carbon and reduce
other ccosystemn services such as fruit pro-
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duction or water quality.

In addition to dircet anthropogenic forces.
changes 1n forest composition have been
abserved in natural forcsts of the Amazon.
where Increased stem turmover and liama
abundance may faver fast-growing species
{24, 26, 27). Our results suggest that if’ this
trend persists, a shift toward fast-growing
species In tropical forests could lead to a 34%
deercasc in carhon storage (Fig. 2. M to O
and table 81). Climate observations and
maodel predictions (28, 2#) both suggest con-
tinued deercases in precipitation over nmch
of the humid tropics. Our model predicts a
slight increase in carbon stocks (10%).
with a shift toward drought-tolerant species,
and notably, a 48% increasc in the loss of
blological insurance relative to random ex-
tinction (Fig. 2. P to R. and table 813 U'hns.
species diversity may provide mereased bi-
ological insurance in the face of specics loss
due to reduced precipitation.

O results should not he interpreted as spe-
cific predictions for future carbon storage but
rather as an assessment of the relative cffects
of normrandom species losses, Drivers of biodi-
versity change will likely alter additional mecha-
misms that regulate carbon storage. For example,
distrbances cansed by sclective logging de-
Credse carbon storage I the short tenm, whereas
increased precipitation may inercase carbon
storage through efftcts on net prmary productiv-
ity. [n addition, beecanse we based our speeies-
poor communities on the observed composition
and basal arca of the BCI plot, the retained
species mamtain their relative abundance and
size-frequency distributions within these impov-
erished commumnities. For this reason, to the
cxtent that complementarity, facilitation, and
sampling eftects (F0-32) oceur in the ntact
5(-ha plot, these forecs have cquivalent cffects
m our simulated communities and are mvariant

Fig. 2. Representative results of simulated influences of
biodiversity on aboveground carbon storage in the 50-ha
Forest Dynamics Plot on BCI, Panama. The intact commu-
nity included 126 species; the x axes have a log, scale,
The left panels show simulation results {open circles)
and linear fit (solid line) of the effect of log, species
richness on aboveground carbon storage. The center
panels show the mean (solid diamonds) and coefficient
of variation (CV) (open diamonds) of rarbon storage.
The right panels show the mean {solid triangles) and TV
{open triangles) of carbon storage relative to random
extinction. (A to C) Random extinction. (D to F) Large-
statured species lost first. {G to I} Species with low
wood density last first. (] to L] Species with high wood
density lost first. (M to Q) Slow-growing species lost
first. (P to R} Drought-sensitive species lost first. (S to
U} Endemics lost first. (V to X) Widespread species lost
first. Values are lower than those reported elsewhere
because we excluded 101 species {21% of aboveground
carbon) for which we lacked wood-density data.

www sciencemag.org



with species nchmess. It complementanity, ta-
cilitation. and sampling cffects do contribute to
positive effects of diversity on carbon storage
on BCIL. as often has been observed in simpler
communities {4—3%), then actual carbon storage
in specics-poor communitics may be lower
than our models predict. Indeed, high diver-
sity within the BCI plot may redunce losses of
carbon to density-dependent effects of herbi-
vores and pathogens (33, 34).

Species extinetions are rarely random but
rather arc driven by the interaction between
species tratts and envirommental change, Our
results show that tropical forest carbon storage
depends on specics composition and on the
maode and mamner in which species are lost. By
cxtension. carbon storage in reforested land-
scapes depends especially on the functional
diversity of the available species pool. Because
varlability decreases with species nichness, and
beeanse extinction scenarios differ widcly in
magnitude and direction, management options
that favor high diversity will maximize pre-
dictability for topical forest carbon storage
and sequestration.

We have examined only one of many eco-
systemy services provided by tropical forests.
Extinction scenarios that maximize carbon stor-
age may minimize other services such as flood
protection, nutrient retention, cultural services,
pollination. bialogical control. and provisioning
of truits, nuts, and bush meat (1), [Tuman

domination of terrestrial and aguatic land-
scapes has made us increasingly dependent
on a reduced number of species to provide
critical ccosystem services. Ciiven uncertainty
i both the nature of extinction and the viandety
of ccosystem services required for hiuman well-
being, we may best be able to meet these
demands by maximizing the pool of species
on which we depend.
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The Pseudo-Response Regulator
Ppd-H1 Provides Adaptation to
Photoperiod in Barley

Adrian Turner,* James Beales,* Sébastien Faure, Roy P. Dunford,
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Plants commonly use photoperiod (day length) to control the timing of flow-
ering during the year, and variation in photoperiod response has been selacted
in many crops to provide adaptation to different environments and farming
practices. Positional cloning identified Ppd-H7, the major determinant of bar-
ley photoperiod response, as a pseudo-response regulator, a class of genes in-
volved in circadian clock function. Reduced photoperiod responsiveness of
the ppd-HT mutant, which is highly advantageous in spring-sown varieties, is
explained by altered circadian expression of the photoperiod pathway gens
CONSTANS and reduced expression of its downstream target, £T, a key regu-

lator of flowering.

Plants have evolved sophisticated controls to
cnsure that flowering occurs when there is
the greatest chance of pollination, seed de-
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velopment, and seed dispersal. Usuvally this
involves restricting flowering to a specific
time of year. To achieve this, many plants use
photoperiod as an environmental cuc to reg-
ulate development. The timmg of flowermg
has important impacts on crop yicld. and the
moditication of responses to environmental
cucs by homan seleetion has been central to
the success and spread of agriculture.

REPORTS

20. K. Gaston, Rarity [Chapman and Hall, Mew York,
1994),

21. A Purvis, |. L. Gittleman, G. Cowlishaw, G. M. Mace,
Proc. R. Soc. fonrdon Ser. B. 267, 1947 (2000).

22. W. F. Laurance, Biol. Conserv. 81, 107 {19599),

23. R Condit, 5. B, Hubbell, R. B. Foster, £col. Monogr.
65, 419 {1995},

24, S, L. Lewis et al., Phifus. Trans, R. Sac. London Ser. B
359, 427 (2004).

25. D. C. Mepstad er al., Matwre 398, 505 (1995,

26, 0. L Phillips er al., Mature 418, 77 (2002).

27. W. F. Laurance et al., Nature 428, 171 {2004).

28, M. Hulme, D, Viner, Clin. Change 38, 145 {1998),

29. Y. Malhi, ). Wright, Philos. Trans. R. Soc. London Ser.
£ 359, 311 {2004}

30, M. Loreau, A, Hector, Matwre 412, 72 (2007).

31. D. A. Wardle, Oifos 87, 403 (1999).

32, M. A Huston, Oecalogia 110, 449 {1997},

33, H. A Peters, Feal. Letr. 6, 757 {2003).

34. M. Uriarte, B. Condit, €. D. Canham, 5. F. Hubbell,
J Erol. 92, 348 (2004),

35. We thank the Bictic Mechanisms of Ecosystemn Reg-
ulation in the Global Environment [BioMERGE) Sec-
ond Adaptive Synthesis Workshop [ASw2) for insightful
discussion and the Missoun Botanical Garden, P Raven,
and |, Selemen for hosting ASW2, The BioMERGCE
Research Coordinating Network is funded by an
MSF grant to S.M.. The BCI| Forest Dynamics Plot has
been supported by MSF, The John D. and Catherine
T. MacArthur Foundation, and the Smithsonian Trop-
ical Research Institute.

Supporting Online Material

wwn sCiencemag.org/cgifcontent/full/1117682/0C1
Materials and Methods

Table 51

References

20 July 2005; accepted 13 Cctober 2005
Published online 20 October 2005;

101126/ science. 1117682

Include this infermation when citing this paper.

The control of flowering by photoperiod
15 understood best in the long-day (LD} di-
cat Aralidopsdis and the short-day (513 mono-
cot cereal nice. In Arabidopsis, expression
of (FHGANTEA (GF) and CONSTANS (CO) is
regulated by the circadian clock such that
caincidence of the €€} cxpression peak with
light only oceurs n LDy conditions. Light-
stabilized €O protcin is a transcription fac-
tor inducing downstream genes, including
FLOWERING LOCUS T(FIY (1, 2).

In rice, analyvses of natural varlation
showed that Heading datel (Hdl), a major
determinant of photopeniod response, 15 an
ortholog ot OO (3), that Hd3a 1s an ortholog
of #1 (4), and that (7/ is also conserved (3).
[Towever, the Interaction of Hdf with FT s
altered such that ¥ expression is inhibited
i LDs (2, 5). The rice Ehd] gene also con-
trols photoperiod responsc but has no dircet
counterpart in drafidopsis and regulates FT
independently of fid7 (6). Photoperiod re-
sponse 1n nce therefore has conserved and
novel aspects compared with Aralidopsis.
but in both species increased FT expression
is ermeial to the indnction of flowering. Cienes
controlling photoperiod response I temper-
atc cercals such as barley (FHordeum vulgare)
have not been identitied previously.

Barley varictics can be broadly classificed as
winter or spring types. Winter (fall-sown) bar-
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leys require vernalization and usually show
strong promotion of flowering in response to
LDs. This is typical of H spontaneum, the
wild progenitor of barley, suggesting that this
is the ancestral condition. Spring (spring-sown)
barleys lack vernalization requirement and
show weak or strong response to LDs de-
pending on whether they have been selected
for long or short growing seasons, respectively.
In long growing seasons, as in Western Europe
and nmmuch of North America, reduced response
to photoperiod allows spring-sown plants to
extend the period of vegetative growth and
accumulate additional biomass that supports
higher vields.

The major determinant of LD response in
barley is the Photoperiod-HI (Ppd-HI) locus
(7, 8). The late-flowering ppd-H1 allele is re-
cessive (Fig. 1A), suggesting that reduced re-
sponse results from a mutation that impairs
gene function. Ppd-HI does not correspond
to either of the barley CO-like genes (HvCO/
and HvCO?2) (9), showing that different major
determinants of photoperiod adaptation have
been selected in barley and rice.

We identified Ppd-HI by positional clon-
ing, using colinearity of the barley Ppd-HI
region with rice and Brachypodium (10). Fine-
scale mapping using lines derived from an
lgri (Ppd-f1) and Triumph (ppd-HI) cross
(Fig. 1, B and C) enabled a physical map
of the Ppd-H1 region to be developed (Fig.
1D). Recombinants defined a region con-
taining a single gene that was a pseudo-
response regulator (PRR) most similar overall
to Arabidopsis PRR7 (fig. S1). PRR proteins
are characterized by two conserved regions,
a pseudoreceiver domain with similarities to
bacterial two-component signaling systems
and a CO, CO-like, and TOC] (CCT) domain
that is alse found in the CO family (/1)
The barley PRR gene was amplified by poly-
merase chain reaction (PCR) from [gri and
two H sponfancum accessions (JIC-1894
and J1C-1947) crossed with lgri and shown
to have the Ppa-H1 allele. Morex, which pro-
vided the bacteria artificial chromosome
{BAC) sequence, was crossed with Tem and
shown to have the ppd-/1/ allele. Other ppd-
HT lines sequenced were Urinmph, Golden
Promise, and Optic. This revealed 23 poly-
morphisms. of which 7 were single nueleo-
tide polymorphisms (SNPs) that prodoced
amino acid changes distinguishing #pd-itf
and ppd-H1 alleles (1, 12, 15, 20, 21, 22, and
23 in Fig. 11i). Regions containing thesc
SNPs were sequenced from a further eight
H. sporfaeum accessions known to be carly
flowenng in LDs and nme barley varleties
previously classificd as carly or late flow-
enng mn LDs (table §83). In the extended set,
four SNPs (1, 15, 22, and 23) remained com-
pletely assoclated with Ppa-Hi or ppd-Hi
alleles (Fig. 2). Three were in regions of low
comservation with rice and Arabidopsis (fig.
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Fig. 1. Flowering phenotypes, genetic and physical mapping of the Ppd-H7 locus, and sequence
variation between alleles. {A) Phenotypes of hamozygous Ppd-H7 (left), heterozygous Ppd-H1/
ppd-H1 (middle), and homozygous ppd-Hi (right) plants. (B) Flowering time {days to awn emer-
pence) of BC, (backcross 3) recombinant plants. {C) Flowering time of selected families with their
respective homozygous recombinant chromosomes [right) where black segments have Igri alleles
and white segments have Triumph alleles. (D) Genetic and physical maps of the Ppd-HT region in
barley and colinear regions in rice and Brachypodium. The barley genetic map has its basis in 2336
lgri = Triumph BC, plants and shows the numbers of recombinants in the intervals flanking the
Ppd-H1 locus. Key 3lnarlr-_\).' BAC clones are drawn to the same scale as the rice genomic sequence.
Circles are BAC end sequences. BAC 2 was completely sequenced (AY943294). Rice chromasome 7
penomic sequence {AP005199) has annotated penes {listed in table 51) as black rectangles. The
Brachypodium BAC shows gene content, with the solid line indicating genes with confirmed order
and orientation. {E} Structure of Ppd-HI (the eight exons are shown as black rectanples) and
positians of the 23 polymorphisms identified in fully sequenced Ppd-HT and ppd-H1 alleles. 1 and
3 to 23 were SNPs, whereas 2 was a 5-base pair (bp) insertion/deletion polymorphism (indel).
Polymorphisms in exons are indicated by solid lines.

S1), but the tourth produced a Gly-to-Tip
change in the OO domain affecting a resi-
due that is conserved 1n all CCT domain
genes identified to date (fig. 82) and that is
the most likely causal basis of the ppd-Hi
mutation. The {71 domain nmtation was a
G-to-T change, which removed a BsUl re-
striction sitc. providing a simple PCR-based
assay for the ppd-Hi allele (fig. 83).
Arahidopsis pre? nuatants showed delayed
flowerng in LDs but showed no significant

cffect in SDs (/2, /3), similar to the effect of
ppd-TT (7, &), pre? mutants also lengthen the
peniad of clock-mediated leat movement (J4)
and affect the expression of clock components
{04 and LHY, implicating the gene in the
phasing of the clock in relation to light (75, 7).
These results suggested that ppd-H 7 might at-
feet flowering by altering the cxpression of
photoperiod pathway genes that have circa-
dian control. U'o test this, we comparcd genc
expression in Trnumph {(ppd-H1) with a Tri-
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Fig. 2. Genotypes of seven barley W N R g N
varieties and 10 H. spontaneum o oo oo oo
accessions carrying the Ppd-HT = m s & B s
allele and seven barley varieties H P G AT
carrying the ppd-H1 allele at the g ¢ A C G A G G
seven SNPs that produce amino e d
acid changes in the predicted Daiolkaks' € € C G G G G
protein. Palymorphism positions Funza¥ C C C G G G G
are shown in Fig. 1E. HsJIC-164 'Hayakiso C C C A G G G
has a 9-bp deletion spanning HarunaNij' € € C G G G G
SNFEOth Amu'lnlo acids r‘::hat di;t'ln— ‘Nigrinudum'  C C C G G G G
uish the alleles are shown above ‘ '
.;gnd below in bold: A, Ala; G, Gly; Hs J?é‘_a?;%i g i g g f g S Ppd-H1
H, His; P, Pro; Q, Glm; 5, Ser T,
Thr; and W, Trp. HsJC1947 C C C G G G G
HsJiC<16 C € C G G G G
HsJiC52 C C C G G G G
HsJIC-144 C € C G G G G
HsJIC-164 C C C G - G G
HsJIC-2089 C C€C C G G G G
HsJiIC-128 C C€C €C G G G G
HsJIC-1377 C € C G G G G
HsJiC-2602 C C C G G G G}
Triuvmph G C T A G T A
Morex’ G C T A G T A
'Bar.ke' G C T A G T A ppd-H1
‘Blenheim G C T A G T A
'ym' G C T G G T A
‘GoldenPromise' G C T A G T A
Opticc G C T A G T A_]
Q S w T

umph line into which the Ppd-71f allele from
I had been mtrogressed.

In LDs Ppd-71 was expressed predomi-
nantly in the early part of the day (Fig. 3A),
similar to the cxpression patterns of  Arwhi-
dopsis PRE7 and related genes In rice. An
cntrainment experiment confirmed that the
barley gene was under circadian control, as
previously shown for Arabidopsiy and rice
PRR genes (17, 18). Although PRE genes are
implicated in ¢lock function we detected no
sipmificant  difference between Ppd-Hi and
ppd-14F plants in the cxpression of Ppd-147
itself’ or the barley homolog of GF (FvCH)
{Fig. 3B). [Towever, two barley CO-like genes
(OO0 and HFvC02) were aftected. ppd-Hi
plants showed reduced expression of Fv0]
at § and 12 hours (Fig. 3), and (2
was more signiticantly affected with reduced
cxpression throughout the light period and a
delay in the expression peak ot about 4 hours
(Fig. 312). By analogy with Arabidopsiy, the
reduced expression of Fv(0! and Fv(O2
during the latter part of the light period in
ppd-Hi plants should reduce FT expression.
We first tested whether barley €0 genes be-
haved like CO in Adrabidopsis by malyzing
their expression under SDs [8 howrs of light
{1ig. S43]. Hv(02 expression was lower at
the start of the day bnt pealked at a similar
time m SD and LD, whereas FvCOT peaked
at 20 hours in S35, Uhe later pealk of FA-COf
expression in SDs and the higher expression
of both genes at dawn in LIJs were similar
to CO in Arabidopsis (19). We then 1solated

www.sciencemagorg SCIENCE VOL 310

a harley M (#1041 genc that is orthologous
to rice Hdda (10). Expression of HvFT was
consistently very low in SDs (figs. 54 and
55) and was markedly lower in ppd-H7 in
LDs (Fig. 3L The late-flowering pheno-
tvpe of ppd-Hi can therefore be explained
through known photoperiod mechanisms by
a reduction in FT expression resulting from
altered circadian timing of (6} cxpression.
The lack ot effect on HvGI expression sug-
gests that the ppd-fHf mutation does not have
a strong distuptive etfect on clock function
or that the harley mutation affects an ont-
put linking the circadian clock to the HvC0
genes. [Towever, additional effects such as
a direct role m HvFT expression cannot be
ruled out.

Previons work (/4) swrveying 150 Arabi-
dopsis accessions 1dentified PRRE genes as can-
didates for quantitative trait loci that provide
adaptive vamation by modulating circadian
timing. Clock period length was corrclated
with latitude of ongin, suggesting that these
genes provide adaptive wvariation in photo-
period response. The identification of Ppd-Hi
as a PRR gene shows that the PRR family is
of general importance for adaptation to natu-
ral and agricultural settings. Notably. com-
parative mapping shows that the mujor wheat
photoperiod response genes are in colincar re-
gions on the group 2 chromosomes (20) and
that f/42 is in the colincar region of rice chro-
mosome 7 (21), making these attractive targets
for further analysis. The availahility of Ppd-if
will provide greater understanding ot the ways
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Fig. 3. Gene expression patterns in Ppd-H7 (m,
solid line) and ppd-HT (2, dashed line) plants
grown in LD (18 hours of light) conditions and
sampled at 4-hour intervals over a 24-hour
period: (A} HvPpd-H1, {B) HvGi, (C) HWCOT, (D)
HvCO2, and (E) HYFT. Means and standard de-
viations from three independent experiments
are shown expressed in arbitrary units normal-
ized against the amount of 185 rRNA {10).
Primers and primer positions are given in table
54, Errar bars indicate SEM.

in which cereal development is regulated by
environmental cues, allowing plant breeders
to tailor crops to specific environments and
to adjust varieties to new conditions ansing
from climate change.
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Protein Staining

Clyco-5tain allows for the staining of glyco-protein bands that
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ment technique, it offers nancgram levels of sensitivity, with
greater than twofold Increase in glycoprotein and proteoglycan
detection. Glyco-Stain detects both glycosylated and non-glyco-
sylated proteins.

G-Biosciences/Genotech Forinformation 314-911-6034 www.GBiosciences.com

Automated Sample Processing

With a footprint of just 2 m by 1.2 m, the BioCel 1200 is a compact
system capable of automating a wide range of applications, from
compound plate replication and high-throughput screening
assays in drug discovery research to nucleic acid sample prepara-
tion in genomics laboratories. The design of the BioCel 1200 fea-
tures the reliable high-speed central robot found in the popular
BioCel 1600, with the new capability of robotic reach outside the
systermn frame. This feature, combined with the use of space-saving
sliding doors, permits the flexibility to easily integrate large read-
ers, compound stores, and other devices into the system. The new
design also enables future expansion by combining multiple units
with plug-and-play simplicity.

Velocity-11 Forinformation 650-846-6600 www.velocity11.com

Reprobing Buffer

The ReProbe Western Blotting Stripping and Reprobing Buffer Solu-
tion saves time and antibodies by stripping and reprobing protein
immunaoblots. The buffer is a premade solution for removing anti-
bodies and substrates following protein immunoblotting and can
be used with poly(vinylidine fluoride) or nitrocellulose. It allows
efficient use of limited samples because images can be compared
with different antibodies in the same blot.

Amresco, For information 800-448-4442

WYL AMTIPEECO-INC.com

NEW PRODUCTS

http://science.labvelocity.com

rior to that of most conventional water-cooled detectors. This novel
system, with its intuitive and automate software for structure
determinaticn, is suitable for synthetic chemistry research groups.
Bruker AXS. For information 608-276-3000 wwaw: bruker-axs.com

SPR System

The Autolab Esprit surface
plasmon resonance (SPR)
system offers the unique
option of simultaneous
electrochemical and SPR
measurements. Designed
with dual channels—one
for samples and one for
reference—the Esprit is a
powerful tool for life sci-
ences, biotechnology, and
pharmaceutical research laboratories. The integrated autosampler
allows samples to be handled manually and with automated meth-
ods, either preprogrammed or customized. Additional electrochem-
ical techniques include cyclic voltammetry and impedance spec-
troscopy when used with an Autolab electrochemical system.
Brinkmann For information 800-845-3050 wwaaw brinkmann.com

Spectrophotometers

The DU Serfes 700 ultraviolet/visible scanning spectrophotometers
offer many new capabilities for life sciences and general research
applications. The systems feature focused-beam technology and a
small bandwidth, which ensure new levels of accuracy and repro-
ducibility, even with minor variances in cell positioning. For very small
volumes in applications such as nucleic acid research, the DU 700
series can accommaodate Beckman Coulter's 50-pl Microcells. The DU
720 model is suitable for general purpose applications and features
fixed wavelength, wavelength scan, time, and kinetics measurements,
and single-component analysis. The DU 730 model for life science
applications adds advanced tools for protein

RNA Transcription

The DuraSeribe T7 and SP6 Tran-
scription Kits produce RNA tran-
scripts that are completely resis-
tant to ribonuclease A. The
DuraScribe T7 and SP& RNA
polymerases in the kits are
mutant forms that recognize the
same transcription promoters as
standard T7 and 5P& RNA poly-
merases. DuraScript RNA is suit-
able for RNA aptamer studies.
Epicentre Biotechnologies.

of Science.

information.

For more information visit Getinfo,
Science's new online product index at
http:f/science labvelocity.com

From the pages of Getlnfo, you can:

« Quickly find and request free information
on products and services found in the pages

« Ask vendors to contact you with more

« Link directly to vendors' Web sites.

and nucleic acid analysis, including determi-
nation of dye incorporation percentage for
microarrays and a new set of DNA/protein
calculation and conversion tools. With a
touch-screen interface, the DU 700 instru-
ments are easier to use than systems with
keyboard controls. USB ports enable direct
connections to printers and memory devices.
Beckman Coulter For information 800-742-2345
wwwv.beckmancoulter.com

Literature
Microarrays is a brochure that describes the

For information 800-284-8474
www. EpiBio.com

X-Ray Crystallography System

The Smart Breeze x-ray crystallography system features the air-
cooled Smart Breeze 4K charge-coupled device {CCD) detector, a
compact goniometer, and an x-ray generator. The systemn features
new AutoSource software for fully automatic three-dimensional
structure determination of organic and coordination molecules
from x-ray data. The system's advanced CCD technology allows it to
be air-cooled for low maintenance while offering data quality supe-

microarray process and answers many
questions, including how to control for technical variability and
how to standardize and validate data.
Stratagene For information 800-894-1304, www.stratagene.com

MNewly offered instrumentation, apparatus, and labaratory materials of interest to
researchers in all disciplines in academic, industrial, and government organizations are
featured in this space. Emphasis is given to purpose, chief characteristics, and availabil-
ity of products and matenals. Endarsernent by Science or AAAS of any products ar mate-
rials mentioned is not implied. Additional information may be obtained from the manu-
facturer or supplier by visiting www science labvelocity.com on the Web, where you can
request that the information be sent ta you by e-mail, fax, mail, or telephane.
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POSITIONS OPEN

i
L

ROSALIND FRANKLIN UNIVERSITY
OF MEDICINE AND SCIENCE

Assistant,/Associate Professor, Membrane Pro-
tein Structural Biology. As part of a University-
wide initiative, the Department of Biochemistry and
Molecular Biology (BMB) is undergoing significant
expansion and invites applications for a tenure-track
Assistant or Associate Professor in the area of mem-
brane protein structural biclogy. We seck candidates
employing cutting-edge biophysical techniques that
will provide fundamental insight into the structure-
based mechanisms of membrane proteins. Although
preference will be given to candidates using X-ray
crystallography, clectron paramagnetic resonance, or
cryo-electron crystallography, outstanding candi-
dates employving other biophysical approaches are
also encouraged o apply. BMT s g well-funded ac-
tive departmcnt that cijoys strong, University com
mitment to developnent of membrane protein
structural Bology. Tncaddicion to faculty recruitment
in this arca, the University commitment includes
recent development of the Rosalind Franklin Stroe-
tural Tiology Taboratovies (consisting of stare-oft
the art facilities for X ray diffraction and mass
spectrometry protecrmics ) and g Tiophesical Tnsoru-
mentation Lacility, as =cll as access to the nearby
ATPS wia participation mthe Southeast Regional Col-
laborative Access Team beamline consortium. Can-
didates at the Assistant Professor level mmst have
outstanuding research potential amd a comminment to
crecllence in teaching, whercas applicants at the As
soclate Professor level nuest demonstrate onrtstand
g research aceonnplishiment including narional
recognition and cxtranmral fmding, as well as a
track reeord in graduate taining. 'Uhe successtil
candidate will recetve a highly competitive salary, an
atrractive startup package and space, and s expected
oy develogr or mamtain an externally funded research
program, as well as teach ar the medical and grad-
nate schoal levels. Iwther information about the
Deparnment can be siewed ar website: hop: 7/
www.rosalind franldin.edu,/cms biochem. loter
csted applicants showdd submit their awrienlum v
T':'lf‘ a r\\-'t:-p:]gc SUIT'I'I'[T:'['I'}" (]f'- TC.‘\'CE'['I'C}'I 'iI'IrCTCHr‘S., C(]P'if.‘\'
of representative publications, and the names of at
least three references to: Iire Romakl 8. Kaplan,
Chair, Dpartment of Biochemisory and Molec-
ular Biology, Rosalind Franklin University of
Mudicine and Scicnce, 3333 Green Bay Road,
North Chicago, IL 60064, or as an artached docn
ment to: e mail: ronald.kaplan#rosalind frantdin.
wdy. Review of applications will begin immeduately
and will continee natl the posidon is filled. Bosaling
Fravbefin Thndverrity of Wediding aud Sdesve {0 an Rgual £-
Mottty ctingt Fmplaper.

MEDICAL/MOLECULAR MICROBIOL
QGIST: Lemrre track Assistant Professor position
availabile August 2006, PhT2in medical /nolecular
microbiology or related discipline: rescarch interests
related tor hiological terorisim or closely related area
highly desirable. Successtul applicant must be able o
teach micrabial genctics and diagnostic bactericlogy.
Candidate 1s exprected to establish an active, exrernally
fitnded rescarch program bwolving graduare and,/or
wdergraduate strdents. Successfid applicant mmst
demonstrate effective comamumnication and reaching
bw preseating, a rescarch seminar and giving a teach
ing demenstration during an on campus interview.
Wil ome copy of all university franscriprs, state-
ments of teaching and rescarch philosophics, curric
ulum vitae, and three letters of recommendation to:
D, Judith Greenamyer, Department of Giology,
Woest Chester University, West Chester PA 19335
(s e-miail applications). Review of camdidates beging
on 15 December 2005, and contimrcs wuatl position
1 filledd. For more details call: telephone: 610-436-
1023 or c-mail: jgrecnamyc@weupa.edu. Affionative
ton ALgual Opporieniiy Lnployer, Woser anil minoriiies
ar sty emcourged fo dpaly.

POSITIONS OPEN
. B

University in St Louis
SCHOOL OF MEDICINE
FACULTY POSITION

Department of Cell Biology and Physiology
Molecular Oncology Program

The Department of Cell Biclogy and Physiology
at Washington University School of Medicine invites
applications for a tenure-track appointment at the
rank of ASSISTANT PROFESSOR. Outstanding
individuals investigating fundamental problems in
molecular oncology are encouraged to apply. Can-
didates must demonstrate the ability to develop an
independent research program and a commitment to
excellence in graduate education.

Applicants must have a Ph.D. and/or M.D. and
postdoctoral experience. Please send cwriculum
vitae, a summary of current and proposed rescarch
programs, and arrange for three letters of recom-
mendation to be sent to:

Dr. Helen Piwnica Worms, Chair
Cell Biology and Physiology Search Committee
Washingron University School of Medicine
660 South Fuclid Avenue  Campus Box 8228
St. Louis, MO 631140
E-mail: facultysearch@cellbiology.wustledo
Applications shentld be reccived by March L, 2006,
Tuehingron Tintueerity ie o ttad b ScrasdiT fepsies tatian
o uomers ail merbers ¥ oprwps on By foelip and
Jerticaliely encourdges auplicatinons __r?om ek caedtdates.

ASSISTANT PROFESSOR
Kansas State University
Cancer Biology

The Division of Tiology of Kansas Stare TTniversity
(LS vites applications for a tennre track Assistant
Professor positon. e are searching foran individual
prevfinmming basic research in cancer cell ormolecular
biology using a model systoem, She he will join a
strong group of diverse colleagues doing research in
cellidar, malecnlar and developmicntal biclagy, many
using a maodel systems approach, She e will also be
an affillate of the Johnson Center finr Basie Cancer
Brscarch, Lhe suecessfitl applicant =il cstablish a
vigorous, extramurally funded independent research
program, and participate in nndergradiate and grad
Tate Instrnctio,

& Th.T, M, or equivalent and postdoctoral
training are required. Competitive salary and starmp
fiusds will be provdded. Biology enconrages diversity.
Further information s available ar websine: hrep: /7
www.edu/biology /cancerbiologist. Applicants
should subimit a letter of interest, curmculum vitae,
description of furure research plans, and have three
letrers of reference sent to: Dr. Bob Denell, Cancer
Bicligrdst Search Committee Chair, Division of
Biology, 232 Ackert Hall, Kansas State Univer
sity, Manhattan, K8 66506 4901, Review of ap
ications wall begin Thecember ¥, 2005, and contnue
nntil the position is flled.

FOSTT dr an Fgoal Fslopient Opaetsdtys A ffivdtiv
Cerinn Fsploper, and activelp senko diveridey awng dte
emplopees, P00id s Saie Uhifeersiiy,

RESEARCH ASSISTANT PROFESSOR:
NWom-tenure-track position available Thecember T,
25, to stndy the role of actin based molecnlar
motors intranseripron. Reguirements: MT ThT
or equivalent degree inocell biclogy, molecular
biclogy, biochemisty or related discipline, and a
mmimimunn three vears postdoctoral experience. Must
have experience with tanseription assays and mvosin
bochemistry, Salary commensirate with cxperience.
For fullest consideration send auriculum vitae and
names of three references by November 28, 2005,
tos: Business Manager, University of Tllinois, Chi-
cagrer {UTCY Department of Physiology, 835 8.
Walcott, M /C Y01, Chicago, IL 60612, (4 P

Afftemariee etiong Riaed Oppetasity Famplaper.

www.sciencecares rs.org
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Broadening the Breadth of Science

Research moves ahead through innovation, which can be triggered by diverse
perspectives, Consequently, academic, industrial, and government institutions work
to attract people from a range of cultural, disciplinary, ethnic, and gender back-
grounds as well as scientists with disabilities. The experts interviewed here assess
the state of diversity in science and discuss ways to improve it. BY MIKE MaY

Science thrives on diversity. Systems biclogy, for example, arose from a collection of disciplines once
thought disparate. Such diverse interactions also anise in other fields. According to Gibor Basni, pro-
fessar of astronomy at the University of California, Berkeley, "The diversity of people who work on
problems is tremendous in the sense that there's a very international component to it, especially in
astronomy.” He adds, however, “The faculty in the U.S. in very nondiverse, mostly older, white males.
It's a real issue of concern for us.”

In 2005, Donna 1. Nelson and Diana C. Rogers, bath of the University of Oklahoma, reported that
faculties include fewer women even in areas of study where women earn mare Ph.D's than men. For
example, Nelson and Rogers found that women make up only 3 percent to 15 percent of the faculty
at top institutions. That means that undergraduates might never have a female professor. Moreaver,
broad advances in science depend on participation from all backgrounds. CONTINUED »

Abhott
http://wavw abbatt. com/

American Association for the
Advancement of Science
http://wawvw aaas. org

InterGenetics
http-/Awww intergenetics. com/

Keck Graduate Institute
http./fwvew.kgi.edu/

Tufts-New England
Medical Center
http://wavw. neme org/home/

University of
California, Berkeley
http:/fvanvw berkeley edu/
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Opportunities-in.suburban Philadelphia, PA

Cutting edge science driving
the discovery of new medicine.

world’s leading pharmaceatical organization—

is a continual search for innovation. Beyond a
rescarch and developrent capability that sets the
henchmark for our industry, we're committed to
recruiting and retaining the best and brightest—
by providing cxceptional individual and carcer
development opportunities. This is an exciting time to
be pursuing a scientific carcer with GSK, most notably
because our therapeutically aligned CEDDs {Centers of
FExcellence for Drug Discovery) allow scientists the
freedom to determine the course of their research,
Here vou'll find dedicated teams of scientists,
including a drug metabolism and pharmacokinetics
group, biologists, chemists, x-ray cryvstallographers and
computer modelers, all working towards one shared
purpose. Our mission is dear—to prevent, treat and
oure diseases, allowing people around the world to do
maore, feel better and live longer.

D riving the success of Glaxosmithkline — the

Qur goal is to discover and develop novel disease
moditving therapics, as well as effective pain
medication, for ostevarthritis and we have key
openings within those ambitious initiatives, We
currently have the following opportunitics available
in our state-nf-the-art facility, located in Collegeville,
LA, just a short distance from Philadelphia.

Manager/Associate Director,
Osteocarthritis Research

Inn this role, vou will provide leadership and
dircction for a musculoskeletal-oriented drug
discovery team, including biologists and sclentists
within a matrix environment, You will also be
responsible for applving basic biology to the diug
discovery process, including innovation in animal
model and assay development.

To qualify, the candidate must have a Ph.T2 with
postdoctoral experience in cell biology, molecular
biology or pharmacology. At least 5 years’ industry
experience in drug discovery preferred. Requiresthe
ability to provide leadership within a muttidiscipli-
Mary-team; and mastery of the application of
scientific insight to establish priorities, define
strategy, and implement plans to resource multiple
programs appropriately. A thorough understanding
of the pathophysiology of osteoarthritis and/or
osteoporosis is strongly desired, as is hands-on
expericnee with preclinical models of osteoarthritis,
ar in-vitro models of chondrocyte hiology.

{Req. [y 27699)

Assaciate Scientist,
Osteoarthritis Research

Inn this role, vou will support cxisting drug discovery
programs and new target identification for
ostenarthritis, chiefly by developing innovative assays
and performing compound screening. This includes
the planning and execution of cartilage/chondrocyte
biology experiments, as well as ctfective storage,
interpretation and presentation of data/results.

To qualify, one must possess a BS/MS in cell biology,
molecular biology (or related discipline) along with
1-5 vears of experience in cell/tissue based assavs and
compound screening. Experience with mammalian
cell culture is essential, while the use of in-vitro/ex-
vivo madels of cartilage/chondrocyte is highly
preferred. Successful candidates should possess
supcrior communication and data analysissoftware
skills. Tluency with state-of-the-art molecular
technology, such asRNAIQ, overexpression, and viral
transduction, iy preferred. Specific knowledge of
ostenarthritis and cartilage/chondrocyte biology

is desired, as is a background in diug discovery.
{Req. [y 28123)

GlaxaSmithKiine is dadicated to suppariing you with
carserfong opportunities and leaming. Ve affer a
caompstitive benefits and compensation package designed
T attract and retain the very best. For confidential
consideration and efficient processing of

your resume. please visit our website at
wwwigsk.comicareers referencing Req. 1D of the
position of interest. Indicating Req. 1D is essential

to search. Frincipals onfy no agendles, please.

GSK is proncd B promote an apen ciiture, encolraging pennle
to he tharpsalaes and giving thair ideas o chancs to foursh.
GSK is.an equal oonorfiniiy employer.

WWAMW o betie

GlaxoSmithKline
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Outstanding Training
for Careers in Science

Interdisciplinary collaboration is the cornerstone of life sciences
research at the University of Missouri-Columbia (MU). Our
research credentials are stellar: MU is a member of the highly
selective Associution of American Univendtics, s classified as
Doctoral Resvarch Intensive by the Canegle Foundation — und
ML faculry are recognized internationally for research leadership

in human and animal health, foed, agriculture
and environmental issues.

Research facilities at MU are
outstanding and include the
new 200,000 square foor Life
Sciences Center, which serves as
a hub for state of the art science
research and education for the
campus community. Centralized
support services are available for high
throughput genomics and proteomics
analysey, awtomared DNA sequencing and DINA
microarravs, multifaran confocal micmscopy, scanning and
transmissinn elecrran microscopy, small animal imaging with
MR and CT, monoclonal untibudy production and cell sorting.
transgenic and knackanr mice and rars, TrNSEENIc planm, Heravw
crstallography and NMR specrroscopy. 1'he campus is also home
to the nation’s luyest univenity rescateh feactor.

Commitment to Student Success
Recent PhTY graduate Latisha Lov-Grogory says it best: *The
vollaburative spitit of the sdence community ar MU and the
incerdisiplinary approach t scienrific investigation provided
me an excellont training environment with great rescarch
opporonities. My faculty mentars treared me with respect

and their commirment to my success was obvious. 1 'he faonly
lso muintained an open- duor policy allowing for impromptu
discussions. A “swrvival course” was presented for new praduare
soudents that emphasized purring rogether and presenting,
cffctive scientific presentations and manuscripts, [t rady
and well-prepared for the new challenges 1've enconntered in my
pustductorul endeavors becawse of my experences at MU

A Great Place to Live . ..

ML is locared in the ciry of Columbia — a vibrant, well-educated
votnmunity of diverse cultures. Columbia s conveniently lucated
in the enter of the T-70 corridor through Missouti — just 2 howss
from Kansas Ciev or St Louis — and is consistently ranked as
onc of the nation’s most livable citics. Missourd is « beauriful seare.
with recteational opportunitics including the sophistication of big
ciries, the charm af small tovens, and outdonr favorites — hiking
and biking trails, lush forests and the clear warters of the Ozark
National Scenic Riverways.

BLEr KR iz, dn

Lh

#87The collaborative spirit of the
science community at MU and
the interdisciplinary approach

to scientific investigation
provided me an excellent
training environment with great
research opportunities.. . .

| felt ready and well-prepared
for the new challenges I've
encountered in my postdoctoral
endeavors because of my
experiences at MU."

Latlzha Love-Gregory, PhD

0 ovio-Googey gaduated “om MU wika 10 in
aenating art iz row arlirical “=lles i caanistry
and molecular diagnostics at Washington University
in §t. Louis, Mo

Doctoral and Postdoctoral Fellowships

and Degree Programs

Doctoral degrees are offered in over 40 life sciences departments and programs at MU.
Avariery of fellowships are available which include a comperitive stipend, ruition waiver

and health insurance. Graduate students in

life science departments may also be eligible

to participate in interdisciplinary NIH training grants. Postdoctoral fellowships are
available in many departments and programs as well.

A sampling of life sciences programs can be found below. A complete listing of academic
programs and campus information can be found at httpsffwaww missouri.edu.

Biochemistry
http:ffwnanacbiochem. missouri.cdu
Phone toll free: {200} 647-2414

Biological Sciences
http; e bi ol ogy.missouri.edu
Phane toll free: (300} 553-5698

Biomedical and Health Informaties
Rezearch Training Fellowships
http; e hmi.missauri.edu

Phane: {300 877-4764

Comparative Nedicine Program
bty radil missouri.cdufinfofemp
Phone: {573) B82-6623

Conservation Biology
http; . canserv.missouri.edu
Phone toll free: {800} 552-5698

Genetics Area Program
httpYwmna biotechmissouri edu/genetics
Phone toll free: 1577} Gene-PhD 1436-3743)
Interdisciplinary Neuroscience
Program

http; v neurasci.missouriedu
Phane toll free: (300} 553-5698
Interdisciplinary Plant Group
http:/ s plantgroup.org

Phone: {573] 882-4847

Life Sciences Fellowships
http;}lifesciences.missouri.edu

Phone toll free: {877} 436-3743

Toeqaes ADs s zerrodotons. a1 3FHAE2 34 wsard 2 rsil

Medical Phar
Physiology
httg: e missauri.eduf-maldz2!pharm/
index.htin ¢ Phone: {573) 882-4357
Mentored Biomedical
Researchers Training Initiative
http:fhweh.missouri. eduf-gradschlf
financial/mhrti/mbrti htm

Phone: (573} 884-2082

Mol lar Microbiology &
Immunology
httg:fhvewe missauri. eduf-mmivenn
Phone: (573} 882-8152

Pathology & Anatomical
Sciences

Web: hitp:/fwewwe. muhealth.arg!~pathalagy
Phone: (573} 882-1201

Plant, Insect & Microbial Sciences
http:/hanan.plantscimissour. cdu

Phone: (573} 882-3001
Radiopharmaceutical Sciences
Institute

httg:ffhwrvewe mubealth.orgf-rsi

Phone: (573} 882-2557

Veterinary Pathobiology
http:/hanan.cvm.missour, cdufphio
Phone: (573} 882-5034
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&
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1.4 diversity

Broadening the Breadth of Science

In some cases, diversity appears to be improving.
Greg Dewey—vice president for academic affairs,
dean of faculty, and Finnigan Professor at the Keck
Graduate Institute—says, “I would say that the most
improvement over the last 10 years is in gender
diversity. In the biological sciences, we are seeing
much stronger participation by women, and that's
creeping into chemistry. Math, physics, and engi-
neering are not as diverse as you would want them to be. But we are
seeing more women in biomedical engineering.” He adds, though, "At
the Ph.D. level, you are getting more gender diversity, but you're still
not seeing a lot of women in higher rank academic positions.”

Dewey alsa says, "Racial diversity is still a problem.” He paints out
that academic science depends on a multicultural society. “Yet, you still
have a problem with racial diversity in America, and that will be an
ongoing problem because the pipeline of candidates is far from full.”

For most young people, career aspirations often depend on role mod-
els. Scientists need that, too. "The main issue is getting people to become
faculty members,” says Basri, "and they might not enter the field if they
don't see a lot of role models.” He adds, "Young faculty members look to
see if an institution looks like a congenial place to work, and they need
to see someone they readily identify with there” Dewey agrees, saying,
“Young faculty members need role models and mentors. If you don't have
those role models in senior roles, that is @ real problem.”

GIBOR BASRI

Increasing Variety

In some medical fields, however, more diversity appears. Harry Selker,
executive director of the Institute for Clinical Research and Health
Palicy Studies at Tufts-New England Medical Center, runs a cross-disci-
plinary, clinical research program. He says, “In clinical research, there
are more members of the minorities and women in general intemal
medical research and health services than in subspecialty-oriented and
bench-oriented research.” He adds, ‘Traditionally, health services
research has attracted people with social concerns that they wanted to
see addressed, which may also explain the greater diversity.”

Selker works in an extremely varied intellectual environment. His
institute includes economists, political scientists, and sociclogists as
well as traditional clinical investigators, statisticians, and informatics
experts. He says, "We feel strongly that there is a crucial advantage to
an institute and a particular lab when it has a diversity of disciplines,
from social to biological sciences.” Still, that disciplinary diversity fails
to meet all of Selker's criteria for a balanced emvironment. He alsa looks
for what he calls personal diversity, "Different kinds of people—intro-
verts and extroverts, detail-onented and big-picture people, for exam-

Post your resume online at
www.sciencecareers.org. It's confidential.
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ples—have different strengths," Selker says. "This
tums out to be important because it provides a
span of perspectives and thinking styles. We've ben-
efited from that."

Other scientists also believe that diversity extends
beyond who scientists are to what they do. Craig
Shimasaki, president and chief executive officer at
InterGenetics, says, “A fully integrated diversity of dis-
ciplines is absolutely critical to science, but it is not yet fully embraced.”
He goes on to say, "People tend to fall back on what they are familiar
with rather than expanding or broadening an approach to a problem.
Instead, they just go deeper into what they've already done before”

Some studies—including the research on the predisposition to breast
cancer being done at InterGenetics—demand an integrated team of sci-
entists with a wide vanety of skills. Shimasaki says, “We bring together
geneticists, statisticians, and mathematicians with our molecular biolo-
gists.” This is necessary, since approximately 90 percent of the women
who contract breast cancer do not have a strong family history of the
disease. "To tackle this disease,” Shimasaki says, “you need to know the
risk carriers.” Right now, Shimasaki and his colleagues believe that this
requires a cross-functional combination of biclegical and informatic sci-
ences—a diversity of disciplines.

Instead of just being a numbers game, though, diversity can be an
industrial culture. Jill Mueller, group vice president of human resources
for the global pharmaceutical products group at Abbott, says, "We
greatly value diversity of all kinds, including race, gender, and disabili-
ties. It is absolutely key to our business and has been for as long as |
can remember” She adds, *Just the other day, we were laughing that
our campus looks like the United Nations because of the diversity of
our people.”

GREG DEWEY

Enabling Disabilities

*A great many people who talk about diversity do not think it includes
disabilities,” says Virginia Stern, director of the AAAS Project on
Science, Technology, & Disability and director of ENTRY POINT! The
AAAS Project on Science, Technology, & Disability will celebrate its
3oth anniversary at the association’s annual meeting in February
2006. Stern says, "All these years, we've worked to bring role madels to
the forefront, but there is a shortage of role models with disabilities.”
To help create more role models in the future, Stern and her colleagues
provide technical assistance to students, employers, families, and coun-
selors. This project also publishes the Resource Directory of Scientists
and Engineers with Disabilities, and the fourth addition is due out
soon. Stern says, "This is the best and only source of role models.”

In addition, ENTRY POINT! seeks out talented students with dis-
abilities and arranges paid internships. “We have come to believe that
these internships are critical in the pipeline for the companies,” says
Stern, *because they have a chance to know students with disabilities,
working with them over the summer. Itisreallyan CONTINUED »
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diversity

Broadening the Breadth of Science

entry point into the professions.” This program
receives private support from IBM and Merck, plus
public support from NASA and the National
Oceanic & Atmospheric Administration.

Today, the impact of decades of advocacy for
people with disabilities can be seen in many insti-
tutions. At Tufts-New England Medical Center,
Selker says, "One member of our research group was
hit by a falling tree and became paralyzed and wheel chair bound.” To
help this scientist, Selker and his colleagues secured a grant supple-
ment to her NIH grant and created a new entrance ramp to the build-
ing and changed doorways on her floor—all to make the facility more
accessible. “It's all about treating people the way you want ta be treat-
ed,” says Selker. He adds, "MIH provided the supplement, and it was rel-
atively easy to get it funded. NIH was a great partner in this.”

Other universities also work to make life easier for scientists with dis-
abilities. At Berkeley, Basn says, "My department right now has a quad-
riplegic student.” He adds, "Berkeley in general is especially friendly
toward peaple with disabilities. There is lots of help for them, and it is
a pretty friendly place for that” Basri also mentions that people with
limited mobility can focus on computer based research.

HARRY SELKER

Removing the Obstacles

To make today's world of engineering and science even more friendly
to people with disabilities, Stern says, "You need a champion, someane
who knows that diversity includes disability.” She explains that a man-
ager in a company or agency who had a paositive experience with a dis-
abled scientist, engineer, or student becomes a champion. She adds,
"Internships make it so managers and mentors gain experience that
someane with a disability can be productive, creative, a team player,
and an outstanding problem solver. In fact, anyone with a disability
from birth or an accident develops persistence, which is basic to science
and provides the ability to think out of the box.”

Many of the obstacles for a persan with a disability start long
before reaching a professional career. So Stem and her colleagues
reach out to students all the way down ta preschool. She says, "We
show them that science and engineering are viable careers. If coun-
selars don't think science and engineering are possible careers then
they are not going to encourage students with disabilities to get in
tollege prep math courses. Then, when these students get to college,
some doors are already closing. It takes an extra effort” Sometimes
that effort includes assistive technalogy.

Disabilities can also affect scientists later in their careers, just from
aging effects. Stern says, “I get calls several times a year from AAAS
members wha are losing their vision.” She adds, "Sometimes a spouse
or partner calls and realizes that the scientist is getting increasingly
frustrated because he or she cannot read anymore or cannot read com-
fortably.” In those cases, Stern and her colleagues put the person in
touch with experts who can help.
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Spreading Diversity

Understanding the state of diversity can be easi-
er than improving it. Moreover, the problems
stretch from the past and into the future. Basri
says, “The real problem is in grades K-12, and sci-
entific leaders don't have much control over that.
Still, we can work with K-12 leaders to see what
we can do* He adds, “The state of science edu-
cation in this country affects the under-represented populations
mare than others.”

Still, Basri sees things that can be done. “Leaders can point out when
they have found something that works, and share it with other leaders.”
Nonetheless, he adds that search committees must pick from small
pools, in terms of undemepresented populations.

Dewey of the Keck Graduate Institute also sees potential
approaches to improving diversity. He says, *Top scientists are incred-
ibly influential, probably mare so than they realize. They can be
champions for young people and really help their careers.” In addi-
tion, the Keck Graduate Institute also makes life easier for young fac-
ulty members by using a contract system, instead of tenure. For
example, Dewey says, “We had a woman who came to us as an assis-
tant professor, and she had a child in the year of her arival. She
negotiated that upfront, but she even said that she never would have
done that in a tenure system.”

At Abbott, Mueller sees many things that employees do to improve
the company’s diversity. She says, “We have several forums and net-
waorks that are employee-run and sponsored by executives. They include
the Black Business Network, Chinese Culture Network, Women Leaders
in Action, and others.” She adds that these groups can make a large
company seem like a smaller place that employees can navigate. "It is
very important for scientists to meet colleagues in functions outside of
R&D, as well as in the lab,” she says.

VIRGINIA STERN

Following the Results

Although one of the first steps to increasing diversity involves improv-
ing the breadth of backgrounds in an arganization, other steps remair.
Basri at Berkeley says, "Once you get more diversity in a department or
institution, it is essential that you pay attention to whether those peo-
ple are flourishing” So keeping track of a diverse staff makes the dif-
ference between success and failure.

In the end, making sure that a staff is diverse and productive
enhances any organization. “The importance of innovative science is
key in any industry,” says Mueller. "That's how we run our business,
because that diverse experience from different areas and countries is
critical to moving innovative science farward "

Mike May (mikemay@mindspring.com) is o publishing consultant for
seience and technology bosed in Modison, fndiana, USA.
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INSIGHT

Each perspective brings new possibilities for innovation.
Would you like to share your distinct vision with us?

At the Novartis Institutes’ cutting-edge research facilities
in Cambridge, MA, we now have multiple opportunities

at all levels (BS/MS/PhD) in cardiovascular, diabetes

and metabolism, human genetics and ophthalmology,
infectious diseases, and oncology, in addition to positions
in a range of functional specialties.

To view descriptions of all open positions and to apply, visit
www.nibr.novartis.com and follow the links to Careers and i
Job Opportunities.

Novartis has recently been named a Science 2005 Top Employer.

Novartis Is to and diverse
cultures, and talents to achieve competitive advantage. '
Navartis Is an equal epportunity employer. M/F/D/V
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fﬁ The University of Georgia

New Faculty Positions in Biomedical Sciences

The University of (Feorgia is drumuically expanding ils reseavch progrims i nerdiseiplinary biormedical
and health sciences und is recruiling lenure rack or lenured facully w1 o number of related aess, This
exciling initlalive 13 arked by expansion of the Biomedical Heallh Seiences Institule, e opening of Lhe
Paul 1. Coverdell Cemter for nierdisciplinary Biomedical Studies, the establishinen) of g new College of
Public Healih. the development of new. state-of-Lhe-urt bio-comairmen fucililies for studies of inima | and
hummnan heall, ind incressing emphasis on guaniitalive approaches W bological and medical problems.
The Umiversity seeks 1o expand exisiing sirengihs by recruiting facully in the following aress:
+ Cienetics of complex traits relevant to human healch and disease
+ Pathogenesis, bininformatics or host cellular response to emerging and re- emerging hacterial
infectious diseases
+ Tmmunalogy
+ Molecular epideminlogy
+ Public TTealth: hinstatisties, epidemiology, and healch policy
+ Systems hinlogy, especially comhined wse of experimental and computational approaches to
studlies of signaling in complex contexts, such as cancer
« Glyeoscicnee, especinlly glycosaminoglyvenn structurefunction, glyco-immunology.
cell/developmental, cancer or chemical bivlogy
« Drug discovery

Suecesstal candidates will have the oppartunity t participate in a rich interdizciplinary and collegial
environmment provided by the cemter and msiiule structure gl UGA (deseribed wl httpiwwwangawedu!
rescarch/centersL.html), and to benefil from partnerships involving nearby msituiions. including the
Cenlers for DHseuse Conirol and Prevention. the Medical College of Georgla, Georgy lech wnd Emory
U'miversity.

Applicants for any of these posilions must have an advineed degree (PhLy VAL MDY or equivalent).
Suceessiul condidites will be expecied W esiablish nativnally recommved. extemally funded research
progrims and contribule o teaching in undergraduate, mraduate and professional s imng progrms,

For more infunuation regurding these posiions, and for applcation instruciions, please visit: http:

BIOCHEMISTRY
FACULTY POSITION
Albert Einstein College of Medicine

The Dept ol Binchemistey at the Alhert Einstein
College of Medicine, Yeshiva [Tniversity, is
seeking a tenure-track Assistant Professor
Applicanls should demonslrale novel and
inmovalive approaches in research. Research
prodrams wilh focus on flundamenlal queslions
of hinlagical chemistry with links to human
disease are desivahle.

Our [acully has exceplional and expanding
research programs in structueal binchemistry
systemns and computational binlogy, chemical
hinlngy,  membrane  proteins,  metaholic
regulalion, dynamics in calalvsis, largel
idenlificalion, calalylic mwchanisms, prolein-
rcleic acid inleraclions, denwlics, inhibilor
design and anlibiclic resislance mechanisms,
Selected vesearch programs will he expanded
into a new center for genetic and translational
medicine now under construction.

Candidates are expected to have a PhTD ar MDD
degree, postdoctoral experience and a strong
publication record. Applicants should send a
curriculum vilae and a summary of research
plans as a singdle PDF file lo: BCsearchO546
medusabivcaecomaywedu. Lellers rom Lhree
or more references should be senl Ly Lhe same
address or o Search Committee, Dept of
Binchemistry, Alhert Einstein College of
Medicine, Jack and Pearl Resnick Campus,
1300 Morris Park Avenue, Bronx, NY 10461,
EOE

ALBERT EINSTEIN

Hwwwoovpruga.cdutacultypositions!,

The Usiiversiyy of Geovgia is an Affirmaiive doiion mnd Equal Upporiunite Ewployen

COLLEGE OF MEDICINE
: OF YESHIVA UNIVERSITY

Advincing seiveo, heifding rarees

College of Medicine
m &W[m‘E ? The T?lec?.ﬁ&]d University System

Health Seience Canter

Pediatric Hematology-Oncologist

The Section of Pediatric Hematology/Oncalogy at Scott and White
Clinic and the Texas A&M University System Health Science
Center College of Medicine {TAMUS HSC-COM) are seeking a
clinician scientist with current research grants for a faculty position
in a rapidly growing program. The candidate should be BE/BC in
pediatric oncalagy and committed to an academic career. The
successful candidates will join and enhance ongoing efforts in
basic and translational research, with an institutional commitment
to building a world—class experimental therapeutics program. An
outstanding start-up package includes high quality laboratory
space, excellent benefits and competitive salaries commensurate
with academic qualifications. The position guarantees 75%
pratectad time for research activities.

Scott & White Clinic is a 500+ physician directed multi-specialty
group practice that is the leading provider of cancer care in Central
Texas. Scott and White Clinic and the 486 bed tertiary Scott &White
Memarial Hospital is the main clinical teaching facility for TAMUS
HSC-COM. Outstanding clinical practice and labaratary facilities on
campus that perform state of the art molecular and cellular biology
research, flow cytometry, genomics and biostatistics are in place to
support the research effart.

Please contact: Don Wilson, M.D. Professor and Chairman;,
Department of Pediatrics, Scott & White, 2401 5. 31st, Temple,
TX 76508. (800)725-3627 dwilson@swmail.sw.org Fax (254)
724-4974,

Faor more information about Scott & White, please visit www.sw.org
For Texas A&M wwwwtamhscedu. Scott & White is an equal
opportunity employer.

Instructor or Assistant Professor
Faculty Position
Building Interdisciplinary Research Careers in
Women's Health {EIRCWH) Scholar

Bogham and Womens Hospuial, Buoswn, MA s b lwme sue for a
Harvard-wide training grant initiative called “[lormones and (ienes in
Women's Healily From Beneh w Bedside™ We are pleased 1o invile
applications or o lull-one or part-ume Geolly posilion for an MD o
Phé%el) to develop an academic career in women's health. Specifi-
citlly, this NTH-sponsored irmimng prant will support seholars involved
1 amvestigianye the role of hormoenes and genes i understunding: sex
differences in vulnerahilities to clinical disorders and those disorders
speefic o women. Poentiad Scholars myvesiipsimye socto-anvimomnental
Lactors modubuing e impaet of hormeones snd genes mounderstandinge
these sex-specific vilnerabilities will alzo be conzidered. Scholars will
b sponsered for up w lve years of mentored rescanch om Huarvard
faculty inbasic, translational, or clinical aspects ot women's health, and
will combine, if applicable, clinical work inthe Scholar’s specialty. Suc-
cesslul applicants will have paor relevant rescancl lrainimy: m rescarch
methadology, patential to obtain independent rezearch funding and evi-
dence of publication in peer-reviewed jowrnals. Faculty appointments
will be al the Instruclor or Assistant Professor level, commensurate
with qualifications.

Applicanons are aceeplod unll Faouary 10, 2006, To apply, pleasc
email or mail 'V and a 2-3 page swnmary on hackaround, research
interests and goals to: Dr. Ursula Kaiser, Program Dircctor, at
BIRCWHz paripers.org, Division of Endocrinology, Diabeles,
and llypertension, Brigham and Woemen’s 1aospital, 221 Longwaond
Avenue, Boston, MA 02115,

Pl Brigheon and Women = Hospital, oo Afficmcaive defion, Foued
Oppartaniny Eviplover: is o Hurvard Medical School affiliare.
Applicaiions from wemen and minorifies ave bighhc epcowaged
and decived. Applicaadts must he I8 aitizens or perimancent vesidonss.
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You wonder which environment will be best for
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Within the Johnson & Johnson Family of Companies
you can experience an entrepreneurial atmosphere
that encourages teamwork and innovation—in
fast-paced environments that have the feel of a
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grow as leaders and to drive their own
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You Belong.

“Discoveries made at $t. Jude have changed the way
the world treats children with catastrophic diseases.
Treatments that would not be possible without a diverse
and highly motivated staff of dedicated individuals.”

With the vighi combination of people, progress and persistence, we
ittt achicve our misston of fnding cures for catastrophic discases
thremgsh et s rescarch. 81 Tude offers & wide vaiety of
rewardiiyy carcer opporiidifes tebasic and clinical noscarch.

Biochemistry

Chemical Biology and Therapeutics

Developmental Neurobiology * Genelics

Hariwell Center [or Bivinlormalics and Biotechnology
Hemalology/Oncology ¢ Immunology

Infectious Diseases « Molecular Pharmacology
Pharmaceutical Sciences * Structural Biology
Therapeutics Production and Quality

If you share our passion and believe in our mission, then you
belong here, For more information about what it is like to work here
and to apply for a position with us, please visit our website at
www.sifude.orgljobs.

St. Jude Childreris
Research Hospital

ALSAC - Demny Thamus, Fon

www.stjude.org
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& Penn

UNIvERSITY 5 PRENGYTVANTA

Department of Microbiology
Assistant Professor

The Department of Microbiology al the Tniversity of Pemmsylvania’s
School of Medicine secks candidates for an Assistant Professor
position in the tenure track. The successiul applicant will have
experience in the Neld of Genomics with o (ocus on bactenal pathogenesis
ar parasitology. Responsibilitics include developing a vigorous
research program exploiting genomic-scale approaches (ot the
study of host-pathogen nteractions, working on bacterial, fungal,
or protozoan systems, Applicants must have an k.1, or Ph.D degree
and have demonsirated excellent gualifications in Research.

FALL 2006 Ph.D. PROGREAMS

Tue DOCTORAL PROGRAMS IN THE
Scmipes CHEMICAL AND BIOLOGICAL SCIENCES

Thz Kollegg Schaal af Seicnes and
RESEARCH  Tzthnology at Scr'pps Research Institute
wll admit highly qua if'ed chamistry and
TKSTITUTE biclegy students to tha La o la, Ca ifomn’a
ar tha Jupiter, Forida carpus to stady
ki oy, bophysics, char'a B'o ogy or chem’stry, emp ov'ng a tighy
“ntord sciplnary approach including a custom zzd currou um. The appl cation
daad inz far Fa | 2006 s January ©, 2006,

Estab shad in “ 95", Serpps Research Inst'tute has gainad intamationa
reeagniten for basic reszarch 'nocher stry, structura, melecw ar and col 0o ogy.
Graduate studies at Scr'pps Research Institutz provida an 2xczptana tra'ning
appartunity in & uniquzly mult'd'sciplnary zovirenment with zrphasis on

The applicant must demonstrate cxcellent potential for an independent
career M academic research. In this context, “genomics”
cncompasses rlobal, comprehensive, hish-throughput, cost-cffective
approaches 1w stadying biological systems. Appoiniments will be
within the Microbiology Department, (hip: e ww. med.upenn.
cdw/microffaculty htmly and Penn Genomics lnstitute (hitp:/iwwew,
scnomics.upenn.cdul,

"l dua izod training.

Cand’datzs must hava a bachzlors dzgrae and a strang background in B agy,
kicphysis, chamistry, or & re ated discip 'nz. Qua if'ed app icants wi ke
‘metod toowis't the campus of admiss’on. Financial supporta’l be prowded o
al students aceepted inta the prograr.

Ind'dua 5 “ntarastad in app ying should «sit Scripps Reszarch Institute web
5 tosn e e pps.adu o waanssenipps. cduflorda ar contact:
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Pleasc submit curriculum vitac and a brief statement of research
interests by January 1, 2006 1o:

Search Committee /o Margaret Kimble

Universily of Penosylvania, School of Medicine

Depariment of Microbiclogy
3610 Hamilton Walk, Room 225 Johnson Pavilion
Philadelphia, PA 19104-6076
mkimble @ nailaned.upenn.edn
The Universtry of Pennsylvania is an afffimearive acrion/equal oppovtuniiy
etigfover ard iy sirongly commitied to diversity. Minorities'Femeules/ Trndivide-
als with Disabilities Verevans are encouwvaged to apphy.

Kzlleny School of St’zncz and Techne agy
10555 M. Terroy Pines R, {TPC °9)
La Julla, CA 92037
Ta: BRA-7R4-8469 cmai : gradprgmiscripps.adu
TSRz acervdicd by e Woes orm Assoialion o™ Schools ane Colleges, 98 Alleilic Aveae,

Alermeda. DA 601 (37074830010 T kellogr ol o Svivree coe Teckralogy comi s
SILEatE 0 AT IECE, ralnn, 2nn netinnal a¢ g7ic nrigin.

KELLOGG SCcHODL

4t science and technology

New York University
School of Medicine

Faculty Positions in the
Department of Microbiclogy

The Department of Microbiology al NYLT School of Medicine
sceks outstanding candidates for tenure track positions at the
leve] ol Assistanl, Associale, or Full Professor i the Microbal
TPathogenesis program. The program will occupy one (loor in the
new Smilow rescarch building slated to open in January 2006,
We are puriicolarly interesied 1n mvesigaiors who are developing
new appreaches and insiphts into the pathopenctic mechanizms
uscd by microbes to establish chronic infection and to cvade host
delenses, ax well as mio the mechanisms leading 1o cell and Gssue
damage and the microbial and cellular pene functions invelved in
(hese processes. Tnteresied apphicaniy are encouraged o assemble
and submit an eleciromic application packel composed of a cover
letter, curriculum vitac, the contact information for three references,
andd 4 research sialemenl

lior further information, please visit our website:
hitp:ffwww.med.anyuedo/smiloweenter/opporLumities!
microbial opps.himl

All application packets should be sent 1o:
micropathsearchi@med.uyu.edu

The Microbiology Department elTorls are parl of a larger NYTT
School of Medicine recruitment initiative, For more information.
please visil hitp:fwwwoned nyu.cdufsmiloweenter.

Faculty Posifions
UMass Lowell Center of Excellence
in Nanomanufacturing

The Tiniversily of Massachusetts Tonwell (TIMT 35 conducting a search fon
several terure-track facu lty to stant in Seprember 2006, Pritnary consideration
will be given o candidates whose research expertise contributes to the NSF
MNanoscale Science Engineering Center for High-Rate Nanomanufacniring
{(www.umledw/chn) and the UML Nanomanufacturing Center of Exeel-
lenee (www.umledufmane). Candidates with stromg skills in micr- and
nanatechnolegy, particularty in arcas such as metroleay and positioning,
malenials characterization, surlace patierning . micre/nanoseale heal trans for
andd Moadics, polymer electromics and sensors, energy convarsion & stor-
age, multiscale modeling of polymers, polymer processing. and bological
gystents for manufacturing. are encouraged o apply, Candidaves must have
an eamed doctoral degree in engineering. physical sciences. biological sei-
cnces, o related dubjects, as well ag a commitmeaent Lo rescarch and leaching,
al beh the anderaraduate and araduate levels. Posilions are avaidlable al the
Assistant Professor level, bat more senior appointments will he considered
foer candidates with oulstanding vecoads of achisvoment. Applicants are
requested to send {electronic submission preferred} a curriculum vitae.
staternent of teaching and reseavch iterests. and a list of three references
e NOOEguml cdu. Paper subamnissions should be sent w: Faculty Search
Committer, Napomanufacturing Center of Excellence, University of Mas-
sachusetts Lowell, One University Ave. Lowell, MA 01854, The veview of
applications will begin on Tanmary 1, 2006 and will continue until positions
are (illed. Taculty will be hived inte a home department, bt il haee an
aftiliation with the Nanomanufacturing Center. which includes a new build-
iyt be compleved in 2008,

Likdass Lowell is located approximately 30 miles Northwest of Boston.
alemg the Mervimack River Tn additicn o leadership an the emerging arcas
of nanomanulactaring, the Tndversity has unigque expertise in plastics and
composiLes processing, polymer science, and health and eneircmmental issues
in manulactaning, aleng with a stremg history ol eollaborative research with
industry, Please check the wwwumlcdwhr website for faculty postings
available in other disciplines.

The Universin: of Massachuseiis Lowedl s an Egual Oppornsiny
Afiemnarive dorion, Title LY HAY, ADA TV Emplo)en




“Our work is more than a job, it's a
career of mission-focused investigation.’

£l

Work that matters.

The CNA Corporation is a non-profit institution that oper-
ates on the principle of conducting impartial, accurate,
actionable research and analysis to inform the important
work of public sector leaders.

We offer career opportunities for people with degrees in
engineering, mathematics, economics, physics, chemistry,
mtemational relations, national securily, history, and many
other seientific and professional fields of sty

Diverse views, objeclivily, imaginalive lechniques, process
driven, results oriented  committed to the common good.
Juin us. www.enaorg

e CNA Corporation

Research that works, for work that matters

G

ECOLF POLYTECHNIQUE
FEDERALE DE LAUSANNE

Faculty Positions in Bioinformatics
al Ecole Polytechuique Fédérale de Lausanne {EPFL)

The School of Computer and Comminication Sciences and the School
of Life Scienees 4l EPFL wile applications for Geully posilions m
bunnlormatics al the tenure Leack assistanl prolessor and lenured
assnciate and full professor levels.

Succossul cundidales will develop an indepondent ad erealive rescarch
program, participate in both undergraduate and graduate teaching, and
supervise PhI shindents.

Candidates from all areas of bicinformatics will be considerad, but
preference will be given to candidates with interestz in comparative
genomics. prolein modeling, and drug design.

Significant start-up resowrces and reseanch infrastructure will be mailable.
We offer internationally competitive salaries and benefits. o apply;, please
fillon the application procedure al hdipondinatic-recruit mg epll.cl,
Tl fipllowwinge docomens are reguesicd m PDF Tomal: cormeulumm vidie,
inchuding publication list, brief statements of research and teaching
interests as well as the names and addresses {including e-mail) of 3
relerenees Tov jungor posilions, and & for seior posilions, Sercomitye
will slart on Fanuary 31, 2006, Further quesidons can be addressed Lo:
Professor Willy Zsaenepoel

Dean

School of Computer & Communication Scicnees

LEPIL

CH-1H15 Lausanue, Swilzerland

recruiling.icigepll.ch

For more mblirmation on EPFL: hlipéfwww epllch

IPEL is an equal oppormunity employer.

What | do matters

| matter because my work is integral to the research conducted
here — to the innovative therapies developed here. In our research
labs, our multidisciplinary tcam of chemists and biologists wark to
design new and effective compaounds that will be tested in our
dlinical research programs.

| matter because | have something to offer. To the world, my
colleagues, and to myself.

As the world's third-largest pharmaccutical company, sanofi-aventis
is enriched by a mosaic of talent. With courage and respect,
approximately 100,000 emplayees in over 80 countrics have
carned us global prosence and prestige — contributing to a
product portfolio and pipeline that will improve the health of
millions worldwide.

We hire highly qualified individuals in these areas of specialty:

Clinical Research

Clinical Planning

Toxicology

Molecular and Cellular Biology
Clinical Project Management
Genomic Sciences
Biostatistics

Protein Sciences

Data Management

Quality Assurance

Chemistry

Analytical Sciences

Medical Writing

Regulatory Affairs
Pharmacokinetics
Pharmaceutical Development
Pharmacology
Pharmacovigilance
Informatics

At the heart of all that matters are peaple, connected in purpose
by carcer, by life, and by health.

Find wour niche with sanofi-aventis.
Explore aur opportunitics online.

www.careers.sanofi-aventis.us

An equal opportunity employer, sanofi-aventis embraces diversity
af thought and culture to foster positive, innovative thinking that

will benefit peaple worddwide,

sanofi aventis.

Berause health marters

DIVERSITY
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CHAIR

Department of Medical Pharmacelogy and Toxicology
The Umiversity of California, Divis School of Medicine s seeling condidates
for the Chair of the Depariment of Phirmacology and loxcology, We seek
an oulstind ing scientist wilh o superb record o research relevint W academmic
phamacology o provide visionury and dynamic kadership 1o o vibriml and
vounyg departiment. The depariment is housed in the newly opened Genome
and Riomadical Scicnes Facility on the Thavis campua, and has atrong links
t the new TIE Thavia Genome Center The candidate should have a atrong
wigion for basic science, and be prepared to lead the department in the School
af Medicing’s multi-departmantal queat fon exeellence. The candidate should
hawe demonatrated ability to meet the challenges of academic medicine and
to wou'ks eooperatively and collegially within a diverae environmant.

The Chair will lead a department that carrently has 1 full-time facalty, nine
af wham have joincd the department within the Tast oo years. Additional
infarmation about the department iz available at: htip:/somaedavis.edo!
departments/pharmacalogy’. The Chair will alao be reaponsible for con-
tinzed growth of the Department, with the addition of 3 new state-finded
tenure rack theulty positions. Each new position will be accomnpamed by the
resources needed Lo ensure recruilment of oulstanding faculty.

The successtul candidite will be an mlemalionally recogmived seientist with
an aclive research progran who hs o demonstriated record of leadership. in
reseirch, education, menlommny. and adminisiaion. and who qualifies for
appontiment al the Full Professor level, The cundidate ust possess a Py,
ML MLLAPRD. or equivident. This is i stile funded posinen (5 UE) within
the School of Medicine,

Please forward: {1 pewziealumn vitae; (2} stuement of eseurch wnd adminisira-
tive background; and {3} nmnes and addresses of five references Lo: Phamacol-
vy Chadr Search Cormnitles, viemail 1o Japice weira ued menedavis.edu,
ur v regular mail wo: Janice Wedr, ofo Ottice of Academic Attairs, School
of Medicine, University of California, Davis, Medical Center, PSSR Suite
500, 4130'Y Street, Sacramenta, CA 93817 Tor full conaideration, applica-
tiona rmaat be reccived by Janwary 31, 2086, The position will remain apen
until filled through Jane 30, 2006,

The Dniversiiv of Coliformia v an Affireiive Aciion’
Feogrenl Opyprowtanify Faplonver

Associate Laboratory Animal Veterinarian
Division of Comparative Medicine
New England Primate Research Center
Harvard Medical School

Tha New Gingland Primate Research Center (NGFRC) of TTarvand Medical
Schaal has an immediate apening for a Laboratory Animal Yeterinarian in
the Dhivigion of Comparative Wedicine. The academic appointment will he
at the Reacarch AsaociateTnstmaeton level in the Department of Pathology at
Hurvard Medical School. Responsibiliies will melude providing elimieal care
and velerinary support for i colony of more Lhin 1. 800 apimals represeiting
4 species of Old and New World primates.

The NEPRU fosters o highly imteractive and muludisciplinary research
environment. dnd theulty mohe DHvision of Comparative bMedicine col-
laborile extensively with core sclentisis s well as mvestigalors mough
oul the Mew Englind region. Facully hive long stnding and well funded
programs focused on behavior, neuroscienes aid infeclious diszase research,
The velerimary sludl s highly encouraged to pursue such independent or col-
laborlive reseavcl. The Hvision of Comparlive hMedicine has excellent
infrustruciure W support both chimesl ind experimental medicine ncluding
recently completed and state-of-the-art labaratory, veterinary and hiocon-
tainment facilitiza. Minirmam qualitications inchade a TR tor equivalent).
Previous experience with nonhmman primates is deairable and individuala
with independant reacarch experiznes are encouragad to apply.

Tha NEPRC is located in raral Southborough, MA  approximately 23 miles
west of Roston, and in the heart of New Gingland. Salary will be competitive
and eommensurate with experiznes. Additional information may be obtained
at our website: heeprfwwwhms harvard edu/merpre!. To apply, sond a
letter indicating intercats and experience, a cwrriculum vitaz, and the namea
of three individuals who may be contacted for references to: Keich Mans-
ficld, DV, Division of Comparative Medicine, New England Primate
Rescarch Center, Harvard Fedical School, One Pine Hill Drive, PO,
Box %142, Southborough, MA 01772-9102.
Haprvord University is an Affirmaiive dofion mind Equal Dpporivuin
Educior aud Emplover, Women and individuals from under-represenied
winorities ore stronghy ernconraged o applv

The Faculty of Chemistry, Pharmacy and Earth Sciences at
the University of Freiburg invites applications for a

Full Professorship in Physical Chemistry
(German W3 level,
successor to Prof. G. Kothe).

The pasition is available from October 2008. Candidates are
expected to teach physical chemistry at all levels and to
represent the field scientifically. We seek a molecular
spectroscopist with a high international reputation. Due to
the faculty's focus on materials and life sciences, preference
will be given to candidates that can contribute to these fields.

Inthe case of a first appointment to a university lectureship,
the position is initially limited to a time interval of five years, a
prolangation is subject to a positive evaluation. This limitation
can be relaxed for candidates from abroad or from outside a
university.

Freiburg University is an equal oppartunities employer and
particularly invites applications by female and handicapped
scientists, which will be given preference provided they have
acorresponding qualification.

Applications must be received at the following address by
January 57 2006: Dekan der Fakultat fiir Chemie, Pharmazie
und Geowissenschaften, Universitét Freiburg, Hebelstr. 27,
D-79104 Freiburg im Breisgau, Germany.

" 4

Faculty Positions
UNMC Eppley Institute for Research in Cancer
and Allied Diseases

The Eppley Tnstitute for Research in Cancer and Allied Diseases, a
multi-diaciplinary cancer reszarch inatimite at the Universicy of Nehraska
Meddical Center {TIINMC), invites applications for tenure-leading positions
atall Tevels. We seck candidates with oatstanding record of reacarch achieve-
ment with interests relevant to cancer reacarch including, hut nat Timited to:
contral of cell growth and death, reaulation of gene expression, oncogens and
Lumor suppressor function, mor mmunelogy, animal models. melaslsis
and angiogenesiz. chemical bology. ciuncer eiology and chemoprevention.
W ercourige applicalions from researchers focusing on basic molecular ind
cellular mechanisms, as well as those focusing on molecular therapeutics
and specitic diseuse modsls,

‘The Eppley [nsiitute for Reseurch in Cuncer ind Alled DHseases., an imlegral
part of bolh the University of Nebriska Medical Cemter and the UNMU Cuncer
Center {NCl-designsled Cancer Center). conliiues agmressive Ieeruiimnent
of oulslunding seiemists in several areus of selenlific prionty. The Insiue
provides a supportive enviromnen! thal fosters creative. mulidisciplinary
research with world-class laboralory facilities. state of e an core theali-
lies, and oulstand ng msitutional and state support. New facully will find o
eollaborative scizntific cnviranmant coupled with very competitive start-ap
packagea. Toth pre- and post-doctoral fellowsships are available for sapport of
trainces. Omaha, the nation’s 42nd Targest city, offers an outstanding schoal
aystem, Tow cost of living, and rmamerous recreational activities.

Candidates should have a Ph.T3oandior WLTY degrce and poatdoctoral
reszarch cxperiznec. Applicants can apply anling to pasition # 0831 at
hitps:/johsonme.edu. Additional information can he found at heep:
wwwanme.edu/cancereenter!. Candidates should also forward a mini-
mum of 3 letters of reference to: Search Committee, Fppley Mnsticote for
Research in Cancer and Allied Diseases, Aten: Matt Winfrey, University
of Nehraska Medical Center, 986805 Nehraska Medical Center, Omaha,
Mebraska, 6R198-6805.

The Dniversiiv of Nebiravka Medical Cemter by an
Fegquread Chppomtaaniiiy Fonapluayar,
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UNDERGRADUATE
SCIENCE RESEARCH
SCHOLARSHIP AWARDS

B 15 Awards Annudlly

B Scholarships up lo $25,000

B Two Summer Internships at
a Merck Research Facility

An applicanl musl:

* Bea full-time sindent at any
four-year college or university

*  Have junior year academic status

*  Major in a life or physical seience

(fiest professional degrees excluded)

GRADUATE
SCIENCE RESEARCH
DISSERTATION FELLOWSHIPS

B 12 Fellowships Annually

B Fellowship Stipends up to $42,000
B Department Grants ot $10,000

B Support for 12-24 menths

An applicanl wusl:

¢ Beenrolled full-time in a Ph, 1.
or equivalent docroral
program in a biotedical life or
physical science

*  Beengaged in and within 1-3 years

UNCFeMERCK SCIENCE INITIATIVE

dis a terrible thing to waste”

€ MERCK

POSTDOCTORAL
SCIENCE RESEARCH
FELLOWSHIPS

B 10 Fellowships Annually

B Fellowship Stipends up o $70,000
B Department Granis ot $15,000

B Support for 12-24 menths

An applicanl musL:

¢ Hald a Ph.D, or equivalent degree in
a biomedical life or physical seience

*  Beappointed as a now or continuing
postdoctoral fellow by the end of 2006
at an academic or non-academic

*  Have a minimum cumulative GIPA

ol 3.3 (1.0 point scalc)

of completing dissertation vesearch research institntion {private industrial

luboratorics are excluded)

Applicants must be African Americ

I I

an (Black), L8, cilizens or permanent residents,

and allending an institution in the U8, AL Applications must be postmarked by December 15, 2005

Yor application [orms and more information, please contact your department chairperson or Jerry L. Bryant, Ph.D.|

at the United Negro College Fund, 8260 Willow Ouks Corporate Drive, P.O. Box 10444, Fairlax, VA 22031-1511,
by fax (703) 205-3574, by e-nail al uncfinerck@unef.org, Apply online o download from our wehsile al

watre i, orgfmerckl

d Tenure-Track Faculty
Position, Microbial
Pathogenesis,

Yale School of Medicine

e

The Section of Microhial Pathogenesis of
the Yale Schouol of Medicine 18 secking
applicants for a tenure-track faculty position
at the Assistant Professor level. Applications
al other ranks from more established nyves-
tigators with a strong record of accomplish-
toernts will alse be comsidered. We ame seelany
applicants usimy tonlndiseiplinary approaches
o investigate host pathogen interactions. Indi-
viduals siudyving viral, baclenal, or prodocoan
vrpramnisins wlho are mierested o lhe coll bol-
ogy or immunobiology of host infection are
crieouraged W oapply, The postion offers an
almacinve starl-up package, execllonl labora-
tory space and a stimulating scientific research
environment, Candidates should bave s PhD,
andfor M. ). degrees, suitable postdoctoral
research experience, a strong record of
resvarch aceomplislunents, 8 commiimen
to develop independent, innovative research
programs, and an interest in graduate and
mredical education,

Applicants should submit, a curricuhun vitae;
d stateroent of current sand fulure rescarch
interests and arrange to have three letters of
referenee sent W Chain Search Commi(-
lee, Section of Microbial Palhogenesis,
Yale Schood of Medicine, Boyer Center for
Molecular Medicine, 295 Congress Ay, New
Haven, CT 06536,

GRADUATE PROGRAM

Graduate Studies in
the Life Sciences

Nebiaska

Medical Center

NEBRASKA'S HEALTH SCIENCE CENTER

Graduile programs mile life sciences are offered w the University of Nebraska Medical Center {UNMC)
in Crmaha, Nehraska, Soadies leading to the PhT2 are available in cight bagic scicnce programs and
ane integrated, interdepartmental training program {MSTA ) Tn addition, the BRTF may he naed as a
camman entry path for maoat of the basic science programa. Namerous training and reacarch arants as
well as significant intzrnal funding sources support students in these degrec programa. Tn the 2003-2006
academic year, maat full-time Ph.Th atudents arc heing supported by a stipend of 521000 or maore with
remission of all mition. Most smdents begin their research ratations and arizntation program in Tuly
or mid-Angust.

The Ph.T). lite seicnes programs cwrrently available at TINMEC inchade:

Biomedical Research Training Program (BRTP; common entry program}

Biachemistry and Maolecular Biology Pathology and Microhiology

Cancer Research Pharmacentical Seiences

Cellular and Infegrative Physivlogy Pharmacology and Experimental Neursscience
Genetics, Cell Biology and Anatomy Toxicology

Medical Seiences Inferdepartmental Area (MS1A)

Imterested students should visit UNBIC al hétp:Yapplunme.edwgradstudics!. Apply online!

IINMIEC has experienced a rapid growth in the past five vears with new reacarch baildings and laborato-
11es added W support the nerewse w research activity, The cumpus 13 8 modern, weadernic heallh center
consisiing of four professiona | colleges (Wedicine. Dremtistry, N ursing and Pharmaey), the Mumoes-Meyver
Institte. the Eppley [nstitule for Research in Cancer wnd Allied DHseases. and he Graduale Siudies
programm. Our paniner. Lhe MNebrasks Medical Center is Lhe primary elinical 1egching site for UNMO, Cur
location i metropolitm Omaby wllows convenient wavel connections and 4 modest cost of living,

Information regarding all progrms. as well as an online application cun be accessed through the
websile al http:/fapplaunmecdwgradstudics!’. Cuestions about UNMUC Gradule Programs may be
addressed 10: David Crouse, PhD, Exceutive Associate Dean for Graduate Studics, 987810 Nebraska
Medical Center, Omaha, NE 68198-T814; phone: 402-5359-6531; tacsimile: 402-5359-TH45; ¢c-mail:
UNMCGraduateStudics@unme.edu.

University of Nebraska Medical Center is am Equal Oppovnunit. Affrmative dction Employer.
Minovities and Women ave Encouraged io Apph.
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Positions

taE NATIONAL INSTITUTES OF HEALTH

L]
I
Epigenctic Regulation of Gene Expression

Karl Pfeifer. Ph.1)., pfeiferkimail .nih.gov
hittpsfapp nih govRescarchers’Moembers NICHD Karl Pfeifer hitm

Cell Regulation by Phosphoinositide Messengers
Tamas Balla, M.D., Ph.I>., ballaii@mail nih gov
huip:#idir2 nichdaih. govinichd FRRBERRBlextmolsigirans lexi itm

Biology of RNA Metabolism in Enkaryotes
Rlchard M.Jmm ML D lll(ll’..]ldl’ ‘el nJ.h FOV

Nutritional and Behavioral Aspeets of Pediatric and Adoleseent Ohesity
Jack ,\ ‘rann\ ql<| M. IJ ]-‘h IJ Jﬂ:ura'mh 20V

Middle Childhood and Early Adoelesecnee
Mare H. Bornstein. Ph.).. Mare H Bornsteiniginih.gov
hittp:fiwwrw efr nichd nih.gov

Postdoctoral Positions
National Institute of Child Health and Human Development

Molecular & Cell Biology of Genetic Disorders of Bone
Joan Marini, M.12. Ph.D. oidocizhelix.nih.gov
hittpffeclipse nichd. nih. sovdnichd/annua lreport2004:bembbeinb hitm

Newregulins in Neuronal Plasticity and Schizophrenia
!\ndreb Buondnno Ph D., buon(moua'mall nih.gov

Retrovirus Models in Yeast
Henry Levin, Ph.I, henry levin@inih gov
hitp:iecly se.mchd.m.h. rov/nichddlygrdisele/index Jiim

Biology of Skeletal Growth
Icffrm, Bamn M. IJ Jcﬁ'r{:) baronggnih.goy

Endocrinology Fellow
lwnnbttb N|cm’m M. IJ \Jl{:lmnl (E,nlh 20\

CLI I]-‘ ,\dl ist.aspx? ,\dID 1'P-36

Io
F
r
Postdocteral Opportunities
Neuron-Glia Interactions & Synaptic Plasticity

National Institute of Child Heath and Human
Development

Two openings: {a) Neuron-glia communication in nervous
systom development & plasticity. (b) Llectrophysiology of
hippocampal LTP. Electrophysiologistmust be experienced in
hippoecampal slice LTP for studics of intracellular signaling &
transcriptional regulation in synaptic plasticity. Neuron/glial
biologist with cxpericnee in myelination or perisynaptic glia
will study activity-dependent communication between axons
and myclinating glia, & glial invelvement in synaptic plasticity.
The laboratory utilizes D’NA micro-arrays, 2-photon imaging,
& molecular methods to study intracellular signaling & tran-
seriptional rogulation in activity-dependent nervous systom
development & plasticity, PhI). & < 5 years postdoctoral
experience required. Send CV, 3 letters of referenee:

R. Douglas Fields, Ph.D., 35 Lincoln Dr., 35/2A211, Bethesda,
MD 20892-3713

ficldsdigmail.nih.gov / http://msdps.nichd.nih.gov/

@ Health Scientist Administrator

Th Mefiaral lesibrs af Durbelead Coariofil Resees 1 MDCR, Nefioral esitesf Lealfa (UL, Depamartor st &
Humzr. Secvices (DHHS i seeking aqplicaa iz Healt Serer:mt Acmivstator postion itk ferterm Binzstrolgrand
Terivetie {UBI T positiien s fore Dicector ot 22 Applioe end Trerslerioral Resee Bragren This progeam cuph asizes
irzzgiscpliaytidEgh Friniwirive sppac tha cobivgs engmeenng, pssics, binlogy and elivical denz]
it Garthe rsanctior e iar of arotiaiel st 2 g, itk b, selfvey wlerds, poriodor el end ‘eopon -
it ot et et Relerartarees mehade: s 0ies reaecting e destor. o bianpied. raw deal coonposi gcern
meterial gk biaimeti peiiples, 4 sysbens approed o ke Gusiar erd dovlopaner of rew biocoopetbliadiciv:
neterial Dzt eanatimlatecells and s tn e endior el han e heswrme whegrned o the bocy, the of sm
llead bleuionctic epproeed s i pageras eygsor v e siosstrvatirs ot et egior, comprariore] e bads
for enaliple scarfult e tatcan promane -2 21l ssembly et mocli-Cimergioral stuchis, desier aeg cevelopmer:

at it ouiofhie pltaros based o o Hpls sapestion s deteation feeealogics o asigle ckip e b abvein
tpersive, il Eetearior brolagies tor biolagive] procgsns 11 bl erd diseese, Govelopmart of delivey viniks
Ir:uupl 1J=s hmha:llm muem udde‘ elup e nm nh - DTnl&]ﬁ‘.*

Lellw:rrb pmsel plme. nmpll:udud

pgrenis bk sk g wside o DeNTDCR. Tk gyplicart isveputes tobase a DDA, DML,

otard) agree) T sabey sage fivsposition s 335,399 11438 parervco, sounmarseg s

iy npictence. This position bas oeldses, vl ard shiltes (R84 rat s be acressed ir ander v applizets b e

corsilered Too Cll veeney srocreter e be viewad ef s cse Jobs cader MDCRDS-D6AI Appliveriars wil be

seczptad ool Novebee 1, 2008, Thzse schmi. naczdehs o Elan By, Beanch T, Offce of Humwan Resnurces, YIH, 6307
Demusracy Blyd, Soite U0, Bethesd, MD 2892548 or by enual: ebun.eviimihgos, U8, Chtizarsbip is ol

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS
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National Institute of General Medical Sciences
National Institutes of Health
Department of Health and Human Services

The National Tnstitute of Greneral Medical Sciences (NTGMS) in Bethesda, MDD is seeking applications from outstanding candidates for
a Llcalth Scicntist Administrator (LISA) position in the Pharmacological and Physiological Sciences Branch within the Pharmacology,
Physiology, and Biological Chemistry Division, The recruiting branch currently supports research and training into understanding
the basis of traumatic and burn injury and the perioperative period, the molecular basis of action of anesthetics, the mechanisms of
and genetics underlying the actions of therapeutic drugs, and the development of predictive preclinical toxicology approaches.

The individual hired will be responsible for applying his/her clinical and rescarch expertise to manage and develop rescarch and
tratning grants in NIGMS™ broad areas of basic studies in phatimacological and physiological seiences, and to foster the translation

institution and understand how research is conducted with human subjects or patients in a ¢linical setting. A background in at least
onge of the following arcas is preferred: trauma, injury and recovery, or elinical pharmacology, or immune system biology, or alter-
natively in a cross-cutting area such as studies of the role of inflammation in the disease process or of molecular/cellular signaling
in these systoms.  Uxperience in modern methods of genome or proteome analysis would also be desirable.

Applicants must possess an MD and/or PhD) plus scientific knowledge in the fields of pharmacology, physiology, immunology, sys-
temns biclogy, medicine, or related ficlds. Applicants must be familiar with both clinical and laboratory approaches in hissher own
field{s) of expertise. Experience m the NTH peer review and grant award process would be beneficial, Salary will be commensurate
with qualifications, may include a physician’s comparability allowance, and will have a full package of benefits. Detailed vacancy
announcements NIGMS-05-10027 1 and NTGMS-05-100881 with the qualifications and application procedures are available at
the NIGMS web page at http:/Awww.nigms.nih.gov/about/job_vacancies.html. Questions about application procedurcs may be
directed to Erin Bandak at 3071-594-2324. Applications must be received by Jannary 4, 2006,

Health Research

in a Changing World

Fighting Diseases and Improving Lives

Tenure-Track Investigator Position in Immunology and Related Fields
National Institute of Allergy and Infectious Diseases
National Institutes of Health (NIH)

The MNational Institute of Allergy and Infectious Diseases {NIAID), Division of Intramural Research (DIR} is recruiting for a Tenure-Track Investigator in the Laboratory of
Cellular and Molecular Immunology {LCMI}. The NIAID is a major research component of the NIH and the Department of Health and Human Services {DHHS).

The Laboratory of Cellular and Molecular Immunology {LCMI} is seeking an M.D., Ph.D., VI, or an equivalent degree for a tenure track position. Candidates with a
strong recard of creative, scientific accomplishments, and those with a novel, progressive approach to the discipline are particularly encouraged to apply.

The successful candidate will have a unigue opportunity to establish an independent research program at the NIH main campus in Bethesda, Maryland. This facility
houses one of the largest immunological research communities in the world, with access to flow cytometry, confocal microscopy, mass spectrometry and microarray
production. This position will have committed resources for space, a technician and two postdoctoral fellows, as well as an allocated budget to cover service, supplies,
animals and salaries.

Salary will be commensurate with research experience and accomplishments. A full Civil Service package of benefits is available, including retirement, health, life, long
term insurance care and Thrift Savings Plan.

Address any questions about this position to Th. Ron Schwartz at rs34r@nih.gov. To apply, candidates must submit: curriculum vitae and bibliography, and a 2-3 page
description of a proposed research program and selected publications, preferably via email to Ms. Felicia Braunstein at braunsteinf@niaidnib.gov. In addition, three letters
of recommendation must be sent to Ms. Felicia Braunstein, Committee Manager, MIAID, NIH; Bldg. 10, Rm.4A30, MSC-1349; Bethesda, MD 20892-1349. Al applications
must be received by December 1, 2005. All applicants will be notified by e-mail or phone when their applications are received and then complete.

We invite you to explore our Institute and other job opportunities at http://healthresearch niaid.nih.gov/science.

Please reference " Science” on your resume,
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CHAIR
DEPARTMENT OF CHEMISTRY AND BIOCHEMISTRY

Rl

ARIZONA STATE UNIVERSITY

The Depanment of Chomsiry and Brochennstry sl Aoy Siate Universily mvites applicalions snd nominainons for the posilion of Depariment Chair
Anzona Stale Universiy {sce hliprfwwwaswedu) 15 g dynamie, nuemationally recognized rescarcl umversity serving more than 60,000 students m e
Phoenix metropolitan aren, one of the fastest growing urhan centers in the nation. Chemistry and 13ochemistry at Arizena State University currently has
about 40 fcully and 1s cmbraeing o period of unprecedentod prowa b, The depanmernn has benelited Dom o Cmversivy-wide imalive o upgrde rescarch
space and hus nmed lon new Gweully members m e Last bwo veurs (see il pe/iwseschemistr yasu.edw! for more detaled infonmation). The Department
has a historically strong record in interdisciplinary research, recognized by a series of nationally funded centers, and takes special ide in a collegial
almwspliere bolsiered by permesble boundanes between raditwonal programs amd sioomge ties 1o telued aeadenmie wmts meluding e Deparlment of Plivsies,
e Sehool of Eanb and Space Explonwion, the School of Matenals, e School of Lale Scicnees, and the BieDesipm Tnsie.,

The suceesslul candidate 1s capeeled wprovide vistonary leaderslup, o oversee smowdls m b depanmen) Gueolly and rescasch progmanms, ol develop de
rraduale amd underpraduale progrums, westablish ues bevween e depaniment and oher Universiy or commounily-based rescarch and education miatives,
and 1o maintain a productive research program. {Candidates must have an eamed doctorate in chemistry; hiochemistry, or a closely related field, achieved
natlwnil and nuemmationasd recopmition for ther seholamslup sppropriate o e rank of Professor, have o distmeoished seholarly reeond, and be Gouhar wih
e federal budeel process and the sicateeie goals ol 1he lundinge spencies. Desimmble quahificaions melude documenied leademslup, provious sdmmisimiive
experience in a doctoral-granting department, a history of external funding, experience with program development in research and education, evidence of
sirony cornmmcilion amd erganiatiionad skills, and evidenee of eommument m working witl ad supporiing o diverse student and Gweolly populiinon.

The position iz available beginning July 1, 2666, o1 as soon as possible thereafter. Salary and start-up will be competitive and commensurate with quali-
[leationy, Nomumuions for oy position are bemy soughl and will be most helplul il meecived by December %, 2005, Roview ol applications will bepin on
January 5, 2006, 1000l [lked, applications will be evaluaied every two weels thwrealer untal the scarch 15 elosed, Applwcans most subnl clecimomiceally
{in M Word or PDF format) a cover letter and a current curricuhun vitae to Ms. Roxana Martin {roxana.martingasu.edu). Inquiries and nominations
should be dirceted W Roberl Page, Direcior, School of Lile Sciences, Arizona Siale Universily, PO Box 374501, Tempe, AZ 85287-4501; ur coual:
rohert.pageimasu.cdn. A background check is required for employment.

AST is an Affrmative Aetion/Egnal Opportunity Emplover

DEAN

School of Natural Sciences
and Mathematics

University of Heidelberg ¥

CSUB seeks an individual with vision and energy to become
Dean of NSM and collaborate with our distinguished faculty
in promofing excellence in research and teaching. The Dean
will lead NSM in groundbreaking for a Math/Computer
Science building and inaugurating master's degrees. NSM
offers B.S. degrees in bialogy, chemistry, computer science,
and physics and B.S. and master’s degrees in gealogy,
mathematics, and nursing. Detailed description available at
www.Csub . edu/AcademicAffairs/FacEmp/MNSM. pdf

Qualifications:
+« Doctarate and record to merit appaintment as

The Department of Physlce and Agtronomy of the Ruprecht-
Karls-University of Heidelberg, Germary, invites applications for a

Professorship in
Experimental Physics

We are looking for an outstanding experimental physicist active In
the field of atormic and quanturn physics as well as related subjects
in fundamental re=sarch. The position is equivalent to 2 chair in . S
experimental physics. The new professor is expected to demonstra- professor in an NSM discipline

te a commitment to teaching excellence in both the undergraduate « Academic administrative experience

and the post graduate level, « Success in external funding and building partnerships
+ A record of effective collaborafion

The position is permanent. Candidates wha have not served as a . . )
*» Commitment to diversity

University Professor will initially be appointed on a fixed-term con-

tract accerding to § 50 Paragraph 1 LHG (University Law of the
Federal State of Baden-Wirttemberg), after which tenure may be
granted without the necessity of re-application. Exceptlons may be
made for internationel or extra-university applicants.

The University of Heidelberg seeks to increase the number of quali-
fied women in teaching and research poesitions and strengly encou-
rages applications of women. Handicapped parsons with equivalant
quallfications will be ghven preference.

Qualifled candidates are Invited to submit thelr application until
31.12.2005 with the usual decuments to Prof. Dr. K. Meier, Dean,
Department of Physics and Astronomy, Albert-Ueberie-Str. 3-5,
D-69120 Heldelberg, Germany.

Applications accepted until pasition is filled. Inferviews
planned for January 2006. Appoiniment expected fo begin
July 3, 2008. Completed applications must include a letter of
application, CV, and contact information for af least three
references. Submit applications fo:

Search Committee, NSK Dean

cfo Office of the Provost, 59 ADM
California State University, Bakersfield
Bakersfield, CA 93311-1022

CSUB is an Equal Opportunity Employer




HELMHOLTZ

GEMEINSCHAFT

The Helmholtz Association is an
affiliation of 15 German research
ventres whose main work focus
ligs in science and technology,
medicine and blology.

Our 24 000 employees are known
for their outstanding achievements

in six fields of scientific research:
garth and environment, the structure
of matter, energy, transport and aero-
space, health and key technolegies.

In cooperation with the Hannover
Medical School, the GBF In Braun-
schweig, Germany — our research
institute for infectious diseases —
is seeking suitable candidates for
variqus positions:

The GBF and the MHH invite applications for presentations at a

Symposium on Experimental and Clinical Infectious
Disease Research — Challenges and Clinical Applications -

The German Research Centre of Blotechnology {GBF) In Braunschwely and the Hannaover Medical Schaol
{iMHH), intend to set up a joint *Centra for Experimental and Clinical Infectious Dissase Research” near

the campus of the Hannaver Medical Schaol. The aim of the research centre is to establish itself at the fore-
front of infectious disease research and become a driving force in the ranslation of basic research into

the development of new vaccines and antiinfectives.

In order to identify suitable candidates as
Director of Experimental Infectious Disease Research

and
Director of Clinical Infectious Disease Research

a symposium will be organised for the 16™ and 17* February, 2006. The symposium will allow candidates
to present themselves to an intermational advisory board that will support the subsequent recruitment
process. Both positions are permanent and will involve appointment to a full professorship (W3} at the
Hannover Medizal Schoaol.

Following this symposium, candidates will therefore undargo the standard recruitment procedure for full
prafessors as defined by university legislation in Lower Saxpny. This procedure involves a farmal application,
an interview before a selection committee, and confirmation by the government of Lower Saxony.

In addition, there are two openings for the position of
Head of an Infectious Disease Research Group

These positions will be at the W2 level {Associate or Junior Professor}.

Furthermore, the Genire wishes to set up a junior research group and recruit a
Head of a Young Investigator Group
of Infectious Disease Research

The appropriate candidate should work in the general field of infection research and have a sound
scientifie track record.

= Experience and interest in interdisciplinary work and translational research are essential.

Development of a rigorous research program at the interface of basic experimental infectious disease
research and clinlcal Infacticlogy Is expected.

In particular, candidates with expartise in the following arsas are encouraged to apply: genetic susceptibility
of infectious disease, molecular mycology, infection and cancer, persistent and chronic Infections.

Additional information about the Centre of Experimental and Clinical Infectious Disease Research is
available at: www.ghf.de/translation

Please indicate on your application the position you wish ta apply for and include the usual documents
{C¥, publications), along with a brief description {max of 10 pages} of the research programme you
plan to implement.

Application deadline: Jan &, 2006

Please send your application 1o either:
Prof. Or. Dieter Bittar-Suermann, Prasident
Hannaver Madical Schaol
Carl-Neuberg-Strasse 1

30625 Hannover, Germany

Additional information can be obtained from

Prof. Dr. D. Bitter-Suermann
bitter-suermann.dieter@mh-hannover.de,
++48 {0)511.532-6000

Prof. Dr. Rudi Balling, Scientific Director

German Research Cenire of Biotechnology (GBF)
Mascheroder Weg 1

38124 Braunschweig, Germany

Prof. Dr. R. Balling
balling@ghf.de,
++48 (0)521.6181-500
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FACULTY POSITION IN HIGH
THROUGHPUT SCREENING

The Department of Chemical Biology and Therapeutics at St. Jude Children's Rescarch Hospital invites
applicatons for o facully posilion al the level of ASSOCIATE MEMBER or MEMBER. W are specifically seoking
applicants currently leading estahlished research programs in the development and execution of high throughput enzymatic
ancfor celalar screens for the discovery of novel small molecules.

St. Jude Childrers
Research Hospital

ALFAC « Duony Themar, Ponnder
Firding curcs. Swving ciidre.

The Department of Chemical Biology and Therapeutics is one of 15 academic departments at St fude Children's Research [lospital. The
Department includes laboratories tocusing on parallel, medicinal, and analytical chemistry as well as new technologies and disease binlogy.
The tostlute facilitates (ranslationa] tesearch, aod has oulslanding shared labonory aud elinieal resourees thal Laeilitate collaborations oy
a highly collegial aroup of scientists. Extensive opportunities exist for collaboration with hoth clinically hased and hasic research programs
relevant to oncology and infactions disease.

Appointees will lead a strong program in a multidisciplinary, thematically integrated Department tocused on the discovery and development of small
woleeules Tor perurbiog eellular lunclivns - parlicularly o syslemns relevad W pedialoe oneology aud leetous discase. Iodividuals will conlobule w
oo or one cslsting aod oew prograws al e iwsuluton, welediog e nierdisciplinary research prograns of Developuwnots] Therapeutes Tor Sold

Malignancies, [lematological Malignancies, Infection & [lost Detense, Molecular Oncology, ™eurobiology & Brain Tumor, Signal Transduction,
Trausplanlalion & Geue Therapy, Chernical Biology, or Capeer Prevenlion & Coutrol.

5t Jude offers a very competitive package for this position, including a generous startup allowance with newly remodeled space and equipment; laboratory
resourees (s peeded 1 aud supporl positons. In additon, sppoiitees bive aceess W ruoge of wstieliooal core Geilites lor proteio sud oueleie aceid chanistry,

moeroarray awalysis, peue kuockout ad lrsgems lechuolowes, phanoacokinelics, aod

development of animal models.

Those toleresled o ooy Lhis woellidisciplivary deparboet should amangee W have thear
W, a brief prospectus of research interests, and three letters of recommendation sent fo.

R. Kip Guy, Ph.Iv.,, Chair
Department of Chemical Binlogy and Therapentics
S1. Jude Children's Research Hospital
322 North Lauderdale Street * Memphis, TN 38105

www.stjude.org

SACRIE S o Afftrmnaive AvtionFipand Opporfenioe aploees

PRI P E i

Faculty Position in C. elegans Molecular Genetics

The Department of Genetics, Cell Biology and Development (GCD) at
the University of Minnesota is conducting a search for an Assistant or
Associate Professor using molecular genetic approaches in the nematode
€ elegons to sudy fundamental hiological mechanisms. The suceessful
candidate will join a core group of active nematode researchers with
diverse micrests meludmy developmenial iy, sexual dillereniation,
intercel[ular commmunication, nervous system development, cell adhesion,
and the cellular roles of myosing and the cytoskeleton. The (. efegamne
group has sinlicant s W an mbendeparimentad Developmenial Brologey
Center (DRC) (hitp:Avww.med.omm.edw/dbes). GO D faculty exploit a
virnely of genelie model vnsmnsis, meludmg oo, alyse, Lies, ccbral-
1sh and miee, GCD s also home W the Tuemational C elegame Gonelies
{lenter.

The: Department of GCD will provide o competinve silary and stacl up
package, plus excellent laboratory space, with access to state-of-the-art
core Lwalites, The candidate must have a Ph.D.or MLD. and al least two
weirs ol postdociora] cxpenionee, Tnvestiprators studying any aspoeel ol C
efegans biology will be considered, with use of cutting edge technology,
wcludinge senwmies approaclues, waddeess o lndamental problon serving
a8 an importanl sclecion entenon, Emphasts will alse be placed on the
potential for interaction with existing research programs in GCTY (hitp:
fwwwged. med.umn. edw) and the DBC. The persen sclecied will be
erpected W develop or cxpand vpon an mdependent, exwernally unded
research program and participate in the teaching mission of the depart-
et Applwations will be revicwed, bepmmung: December 1, 2005, and
will be accepted until the position is filled.

Please somd a OV, a briel swwlement of curment and Dulure rescarch, amd
three letters ol referenee o GED € elegans Facully Search, ¢fo Mary
Muwahid (mowah(01 gomn.edu), University of Minmesota, Depart-
menl of Genetics, Cell Biology and Development, 6-160 Jackson Hall,
321 Church Strect 8K, Minneapolis, MN 55455

The Universily of Minnesota is an Equal Opportunity Edveator and
Empluyer

UNIvERSITY OF PITTSBURGH ScHooL oF MEDICINE
DEePARTMENT OF OTOLARYNGOLOGY

Director of Auditory Research

The Depaniment of OMolaryneoelogy al e Universiy of Piusbuzeh
School of Medicine is expanding its research initiatives in the area of
auditory science. Successful candidates possessing a Ph.D. or MDD
depree will be eapected 1o have established leaderslop m audilory
research as well az develop and lead a hearing research program in a
collaborative environment, through targeted recruitments. Otolaryn-
rolopry rescarch facully have e opporlumiy 1o parlicipale i several
araduate programs as well as teach medical students, residents and
[ellovws, Appoiniment will be sl he Assoctale Prolessor or Prolessor
level m e bmure imsek eommensunae with e gualilicatons of the
candidate. Joint appointment in the Departments of Neurobiology or
MNewruseienes vr Psyvelwlogy and the Center Dor the Neuronal Basts of
Cuopminen will be cocouraged. We ollir o Inghly compenitive star-up
package, academic salary, fringe benefits, and state-ot-the-art facilities.
The Unnversity ol Putsbuneh provides an exeilimyg, vibrand, and lughly
interdisciplinary scientific community.

Cuialilied cundidaies should send a letlor ol inlerest and comprehensive
curriculum vitae to:
Jenmifer R, Grandis, M.D.
Professor amid Vice Chair [or Research
Department of Otelarymeelogy
University of Pittshurgh School of Medicine
201} Lothrop Streel, EET Suiie 500
Pittshurgh PA 15213
boozerd & upme.edu

Pl Lihversity of Ditteburgle is cor Affirmative Aetion,
Egual Opporiunity Employver
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Dean, College of Science

Virgmia Polytechnic Institute and State University, known as Virginia Tech, invites nominations or expressions of interest for the posi-
tion of Dean, College of Scienee.

Virginia Tech is the senior land grant university in the Connmonwealth of Virginia with 21,627 fall-time undergraduates and 6,352
graduate students enrolled both on- and oft-campus throughout the state. The university’s strategic plan sets ambitious goals to Increase
Virgmia Tech’s stature as one ot'the nation’s leading research universities.

About the College of Science:

The Caollege of Science at Virginia Tech provides smdents with strong training in analytical skills and a comprehensive foundation in
the scientific method. Outstanding faculty members conduct research and teach courses in eight disciplines leading to baccalaureate
and advanced degrees: biological sciences, chemistry, economics, geosclences, mathematics, physics, psychology, and statistics. The
college also offers academic advising and appropriate preparatory courseworlk for students interested in pre-medicine, pre-dentistry,
pre-veterinary medicine, and sclentific law.

In addition to traditional majors, the college offers a graduate degree inmacromolecular scicnce and engineering, programs in nano-scale
sclence and technology, computational science, and infectious diseases, and supports research centers—in areas such as biomedical
and public health sciences, macromolecules and interfaces, and critical teehnology and applicd science  that encompass other colleges
at the university. Allied disciplines emphasize the study of behavioral science as well as economic and strategic decision-making. The
college 1s committed to providing research opportunities for interested students at all levels.

Position Responsibilities:

+ Advaneing the vision for the college within the university’s and college’s strategic plans,

« Providing entreprencurial leadership for the growth and development of academic, research, and outreach programs in the sciences;

« Further enhancing the diversity of the taculty, staft, researchers, and student body:

+ {lreating a climate, organizational strueture, and managerial leadership team that encourage all members of the college comnmunity
to contribute positively and productively to departmental, college, and university goals:

« Developing and maintaining productive relationships with external constituencies—govermment agencies, corporate partners, alumnni,
donors, advisory board members, and others,

« Serving as a vital member of the university s overall leadership team.

Required Qualifications:

« Earned doctorate and a distinguished record of scholarly activity that would quality for rank ot protessor in an academic department
in the college;

« Demonstrated effective communication and mterpersonal skills, ability to work eftectively in collaboration with many constituen-
cies;

+ Experience in leading or managing a major research program,

« Demonstrated successtul leadership in higher education.

Desired Qualifications:

« Appreciation of the mission of a land-grant university;

+ Vision and ability to advance the research agenda of the college and university, with emphases on interdisciplinary and cross-college
initlatives;

Ability to recognize and take advantage of rapid changes in the forefront of scicnee;

Demonstrated effectivencss in planming, administration, and personnel and fiscal management;

« Record of accomplishment In recruitiment and retention of outstanding taculty, including women and minority taculty, statf, and
students;

Successful experience, or demonstrated potential, in tund-raising, development activities, and collaboration with industry.

+

+

Candidates must complete an application on-line at www.jobs.vt.edu, posting 043179, Attach to the an-line application a letter of
Interest that addresses the responsibilities and qualifications stated above, current curriculum vitae, and the names ot three references.
To be assurcd of full consideration, applications should be reecived by December 1, 2005, The position will be filled as soon after that
date as possible. Please sce httpy/fwww.provost.vt.edu/Resources.html for helpful information for prospecetive faculty considering
employment at Virginia Tech.

Nominations may be sent tor D Mark MeNamee, University Provost and Viee President for Academic Affairs, Virginia Tech, 210
Burruss Hall, Blacksburg, ¥A 24061, mmenameegsvt.edu.

Individuals with disabilities desiring accommodations m the application process should contact Sweie Karlin at skarlingg;vt.edu or
544-231-2350.

Virginia Tech has a sirong commiiment jo the principle of diversity aned in that spirii, seeks a broad specirum of candidaies including
woinen, minoriffes, and people with disabilifies. Virginia Tech i the recipient of a National Scieace Foundation ADYANCE
Instirutional Transformation Award ro increase the participation of women in acadenric science and engineering carcers.
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Hauptman-Woodward Medical Research Institute
Research Scientists
Computational Structural Biology

The Hauptman-Woodward Medical Research Institute (HWI) is a
private, not-for-profit organization studying the structures and
functions of macromelecules of bhiomedical interest. HWI is part of the
Buffalo-Miagara Medical Campus, a weorld-class consortium  of
research, clinical, and educational institutions located in downtown
Buffala, MY, USA. HWI is growing arnd has just occupied a new state-
of-the art building.

HWI| has a strong history in innovative computational methods
development. To complement and enhance our current research
efforts, we seek to recruit an additional independent computational
scientist,.  We are looking for a structural biologist interested in
developing methodalogy or, alternatively, a researcher who will make
use of structural information te study areas that might include:
determination of protein folding rules, demain interactions, evolution
of structure and function and prediction of structure, prediction and
analysis of protein-protein and protein-ligand interaction, novel pretein
design, molecular modeling including pharmaceutical design,
biophysical moedeling, and bisinformatics-related disciplines.

This new HWI Research Scientist will be hired at the equivalent of the
Assistant, Associate, or full Professor level based on his or her
gualifications, HW| scientists also serve as faculty within the
Department of Structural Biclogy at the State University of Mew York
at Buffale,

For detailed information about our current research programs and
facilities, visit our wekb site, http:/fwww. hwi.buffalo.edu. Interested
applicants should submit a curriculum vitae and research plan, and
they should arrange to have three letters of reference sent to the
address below, Review of applications will commence immediately.
To ensure full consideration, applications must be received by
February 1, 2006,

George T. DeTitta, Ph.D., Hauptman-Woodward Medical Research
Institute, 700 Ellicott $t., Buffalo, NY 14203-1102
Email recruitment@hwi.buffalo.edu

The Hauplman-Woodward Insliule is an Equal Opporluniy Emplover

The Department of Molecular Biology and Microbiology at
ihe Medical School of Tufts University mviles applicanis for
a lenure-itack facully position m Virelogy al the rank of Assistani
Professor. Outstanding applicants at more senior ranks will also
be considered. The successiul candidaie w expecied 10 have, or
to develop a productive and nationally funded rescarch propram.
Applicants with rescarch programs in all arcas of human/animal
virology and especially in aspecis ol molecular vitology, emersing

=

viral infections, viral pathogenesis, viral immunolopy and viral
oncolopy are cncouraged to apply.

The Department ig a hiphly interactive sroup of virelopists and
microbiologisiy, wilh research programs in the areas ol molecular
genelics, microbial pafhogenesis, pathogen-host interaclion, yeast
oenctics, and retroviruses, Laculty members of the Department also
pariicipate m graduaie programs i Molecular Micromology, Genel-
ics, Biochemdstry and Inumunolopy. Applicants must have a Ph.D.
or M.D. degree or equivalent and arc expected to contribute to the
leaching ol medical, denial, and graduate students. Laboraiory space
will be inthe recently opened Jaharis "amily Center for Biomoedical
and Nuintion Seiences on (he Boston Health Seiences campus.

Applicants should submit a curriculum vitac, statement of research
inierests and (uiure plans, and names of three Telerences o D
John Coftin, Chair, Yirology Search Committee, Department
of Molecunlar Biology and Microbiology, 'lufts University, 136
Harrison Avenue, Boston, MA 02111, Flecirome submission ol
applications is preferred (c-mail: lanralyn.sinithig tufts.edu).
Review of applhicaiions will commence upon teceipl and will con-
[mue until the position s iled.

Tt University is conpnitted fo Affirmative Action, Egual
Opporinniiy and the diversity of Hs workforce. Information is
available ai fttpeiioww.infis.edusackler,

Medical College of Georgia
Department of Physiclogy

Faculty Positions in
Cardiovascular and Renal Physiclogy

The: Depaniment of Plhvsiolopy mviles spplicaiions for tree wonure- ik
postiions, The munk of the appointment {Assistant Professor/Associale
ProtessorProfessor) will be commenswrate with the qualifications and
cxpenienes ol he sueeess lul candidate, A desree inmedieine, velerinary
medicine or P D m oo gieal scicnees wih postdociora] rescarch cxpen-
ence iz required Successful candidates are expected to establish active
mdependent programs of ealnuoorally Dmded wescareh o complonent
research strengths and goals of the department and the medical college.
Our department focuses on questions of cellular signaling, newral reanla-
1wt and lwnmenal commel g brosd mogee of moedel systems o cardio-
vascular and renal disease. Successtul candidates will receive substantial
start-upr packages and be housed in newly constructedfrenovated facilities.
There 15 8 srong msnionensd commatment w core fGeililies, praduale
programs and an interdisciplinary approach. Applicants are also expected
to have teaching experience and be committed to teaching students in the
schools ol medicine, allied health seienees and praduate studies,
Applicants should submit a curriculum vitae, a statement of research
wlamests amwd career goals amd dwee letiers of relerenee o

Michael W, Brands, Ph.D.

Scarch Committee Chair
Depariment of Physiology
1120 Fifétcenth Street
Medical College of Georgia
Augusta, Georgia 30912-30HH0
For full consideration, applications should be received by December
31, 2005,
Phe Medical College of Georgia fe committed to diversity b attracting
Sacwlty to fll these povitions and s an Affirmative Aotion/Equal Aceess
Institution.

BCM

Baylor College of Medicine

TENURED/TENURE TRACK FACULTY POSITIONS IN
GENETIGS AND GENETIC INSTABILITY
Department of Molecular and Human Genetics
Bayler Cellege of Medicine (BCM) secks nominations and applications
e Lenureddenure-track Tacully posilions al any level in the Theparbiment of
Melerlcealar ancd Fuenan Genelicg a world leader mogenetic research. At least one
position will be filled in the area of genetic/zenomic instability (with possible
sevebkoy appombnent o the BOW Cancer Conter, hupaYweoshemedu!
cancercentery ancd al least one posibion ey aspect o genelivs. The depat-
ment is composed of more than 4} primary taculty members whose research
inleresls Lo genonmios, armmalian developmend, the metdbaoltc and genetic
brasicss [owr b rtled baoman disease, gene therapry, gene stroacbure gand evprossion,
mechanizms of DNA replication and repair, mutation. DMNA recombination,
gohelic inglabilily anc cancer, evlogenctics, behavioral genetivs, biom omnalics,
andd the: biology o agmg, Theparimenial vescarch ineludes strengths mcbiomen,
bacterial. mouse, veast, Drosophila and Dictyostelium genetics, The deparmnent
currently vanks firsd, by a wide maram, in number o NTH grants and first tn
erverall NTH Nnding e genciies departments al TS medical schoels. Sec higp:

fHyww.imgen bem.tme.cdo/molgen!,

Successiul candidales will have stromyg basic rescarch mrogcrams, Tor one
nosilion in gencliviashomic mhslabilily, including bul nol liniled 1o TINA
repair, mutation. replication. genomne rearrangement. DINA damage response,
o e sloacdied T sy orgamson, and Ton anelber postlion inoany agpect of
genclics hehuding mouwse genclivs or the genclivs of any todel organism, A
search in lmman genetics will be posted separately, Generous start-up support
i avatlable.

Tetters of nommabion or currivala vilatwn should be sent with a bicel sum-
may of research plans, and names, addresses. and phone numbers of at least
three relerences bo: Sugan M Rasenberg, PhO). Chair of Search Connil-
tee, Depariment of Molecular and Human {Genelics, Baylor Callege of
Medicine, MSC-BCM225, One Bayler Plaza, Housten, TX, 7703(4-3411;
F-mail: smr@;bem.ime.edu.

Bavtor College of Medicine is an Equal Oppovtueity: Affirmative Action and

Egual decess Emplover:




Roger Williams
niversity

Lty 1 A6 W

3 )
Assistarnt Dedn_for Science:
College of Arts and Sciences

Respongible for oversighe of the acrivites of the
Marine and Matural Science building and several col-
lege-wide administrative functions, such as overseeing
bath the Human and A&nimal Subject Revicw Boards
The Assistant Dean facilitates grants, from writing to
past-grant management, and encaurages faculy and
faculop'student research acrass the College Warks
with faculty and department chairs in the Division of
Marine and Matural Sciences on day-to-day proce-
dures and special assignments, Serves on academic
committees and offers programming and acadernic
leadership in relatian ta bath majors and che core
science requirernent. Additional responsibilities
include serving as a liaisan ta aurside agencies.

PhD in Bialogy, Marine Biclogy, Chemistry, ar
Envircnmental Science, -8 years experience as a
faculoy member with qualificatians equal o the rank
of AssierantiAssaciate professor and ac lease 3 years
experience in an administrative position such as
department chair are required. Experience in success-
ful grant writing, grant managernent, and scientific
research and safety procedures is preferred.
Candidates shauld demonstrate initiacive to proac-
tively identify problems and oppeortunities and be able
o cammic to the University missian and abjectves
Interested applicants shauld send caver lemer

and resume 1o Roger Williarms University,

One Qld Ferry Rd,, Bristo|, R1 02809 or
human_rescurces@rwu.edu indicating Ref. #
SMO05-113. Roger Wilioms Universify is an Equal
Opportunity! Amencons with Disabilities Act Empiloyer

www. . edu

Natural
- Resources
Defense

NRDC ...
Science Center
THE EA#TH'S PFst Derende

The Natural Resources Defenze (Council
{NRDC), a leading environmental advocacy
UTLANLAUILO0L, SIHILILCGS 311 OPCIng 11 1ls
Science (enter, whose mission is to increase
the role ottechnical information and scientific
prmeiples i ervivomonenntal and publie healih
decision-making.
We curmently secl a Depuly Direetor for e
Center in Washmgon, D.CL o provide lechmu-
cal capacity in one area of scientific expertize,
manige welimeal resouree needs aeross 1w
organization, interact with the scientific com-
muwnity on policy issues, and supervise a group
ol roluiing Seienee Fellows, Candidates must
have a Ph.[). or equivalent in a relevant field
and 31 years ot experience applying technical
mlormalion b policy decision-making,
We offer salary commensurate with experi-
cnee, an exccllent benelils paclage, and o
pleasanl worle eonviromment. Please ciml
reswme, writing sample, and letter of interest
1 hr dei@ordeorg, Or, send materials
Maonique Waples, NRDC, 12(H New York
Ave, Ste 00, Washington, D 205,

Tir lewm moore aboul NRIDC, visil:

www.nrde.org

EQE

Richmond, Virginia

Dean, School of Engineering

Virginia Camrnamvealth University seeks a dean for its school of enginesring and invites
nominations and expressions of interest.

Bom in Richmond in 1837 Virginia Comrmonwealth University has grown to become one
of the two largest institutions of higher education in Virginia, an urban institution with a
clear focus on the life sciences, building on its arigins and the strength of its academic medical
centar and the faculty in the rest of the University whose strengths complernent it. The student
body of over 29,000 includes 18,000 undergraduates. VCU is a Carnegie DoctoraliResearch
University - Extensive, attracting over 5200 million annually in research funding. Twenty of VCU's
graduate and professional programs are ranked by U.S. News and World Report as among the
best in the nation, with two ranked first in the country.

The University includes two campuses in Richmond - the Monroe Park Campus and the Medical
College of Virginia Campus - a5 well as a design arts campus in Doha, Qatar, and a second
medical carnpus in NorthernVirginia. The University and the VCU Health Systemn, which includes
the MCV Hospitals - ranked in the top 100 U.S. hospitals - have a combined annual budget of $1.6
billion. ¥CU and the YCU Health Systemn employ more than 15,000 faculty and staff, and the
University has more than 120,000 alumni. The University is closely affiliated with the Virginia
Biotechnalogy Besearch Park, located adjacent to the WCU Medical Center. VCU has been
recognized as a national leader for its local and state-wide economic development activities, and
for its commitrent as a community partner.

The school of engineering was founded nine years ago at the urging of the business community
ta meet employment nesds. Through its foundation, the business community itself built a S48
millicn building to house the school and the ¥irginia Microelectronics Research Center. The
foundation has received more than 560 million against a $74.3 million campaign goal fram the
business and industrial community and from alumni. It is now adding two new buildings. The
board of the foundation has urged that the school of engineering rank in the top 25 in 25 years:
it is clearly prepared to invest to make that happen.

The curriculurn of the school is deliberately one of engineering for the future, in particular
facusing on biclogically- and redically-related enginesting and nanotechnology, building on
strong linkages with the University's cormnprehensive academic rmedical center and the basic
sciences. The school's five departments - biomedical engineering, chemical and life science
engineering, electrical and computer engineering, mechanical engineering, and computer
science - offer undergraduate and graduate degrees; there is a doctorate in biomedical
engineering, and a doctorate in engineering with tracks in mechanical, cherical and life science,
and computer engineering. At present there are nearly 1,000 undergraduate students in the
school, including 250 freshmen, and appraximately 200 graduate students. The faculty of 45 are
teachers, scholars and active participants in the comrmunity; they last year attracted $4.4 millicn
in external funding. At present, the school's budget is 52 millian, including $7 million for salanies
and $1 million for graduate student support.

Reporting to the Provost and Vice President for Academnic Affairs, the new dean will have
respansibility for providing vision and lsadership in academic, research, and fund development
activities for one of the newest and fastest-growing engineering schools in the country. The dean
will take the lead in shaping the future of the school, articulating a vision that defines its standard
of excellence, the directions of its growth and the new and multi-disciplinary connections that are
possible across the University, Significant enrollment growth will reguire balancing high
expectations for student academic performance with assuring access for those with potential,
Enroliment growth also means growth of the faculty, focusing not only on excellent teachers but
also research; externally funded research will expand significantly. With the faculty, the dean will
be responsible for the recruitment and retention of the faculty, extending a high standard of
excellence, and new programmatic dirsctions. The dean will also extend the partnerships with
the private sector, expanding connections with industry in support of economic development of
the Comrmonwvealth.

The dean will be responsible for management of the resources of the school, including its
acadernic programs; its faculty, staff, and students; its facilities, and its budget. The dean will
actively support the University's advancement initiatives, leading that effort within the school
and amaong its constituents. The dean will also assure continued focus on the students, providing
the services and the support to ensure their success. The dean will be part of the senior
leadership of the University, working with other senior officers and deans to realize the
University's promising and challenging future.

The search process is currently underway and will continue until the position is filled.
Mominations are welcome as are confidential inquiries. Flease send a letter of interest and
curriculum vitae electronically to Mary Elizabeth Taylor, the WittKieffar consultant supporting this
search, at [212) B86-2676 or veusng @wittkieffercom. Virginia Commonwealth University is an
affirmative action/egual opportunity employer, building strength through diversity.

WITT /KIEFFER
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WANT TO PLUG THE POWER
OF SCIENCE INTO PUBLIC POLICY?

Become a AAAS Science & Technology Policy Fellow.

What better way to connect your scientific

expertise to serve society? Yearlong
fellowships offer career-advancing
opportunities to work with Congress

or a federal agency in one of six thematic
areas: Congressional » Diplomacy

* National & Global Security » Health,
Education, & Human Services * Enerzy,
Environment, & Natural Resources

* Revelle Global Stewardship.

Stipends begin at $64,000.

Wark n Dynamic Washington D.C.

What better place to apply your expertise
to the decision-making process that
affects people everywhere? You can
focus your experience on your interests
in national or international issues while
vou add valuable new perspective to
your scientific training,

Enhancing Public Palicy, Advancing Science Careers
www.fellowships.aaas.org

Join a Networlc of 1,700 Fellows.
Applicants must have a PhD or equivalent
doctoral-level degree from any physical,
Biological, medical, or social science, or
any engineering discipline. Individuals
with a master's degree in engineering and
at least three years of post-degree profes-
sional experience also may apply. U.5.
citizenship is required and federal
employees are not eligible. Since 1973,
AAAS Fellows have benefited from a grow-
ing and diverse network of rolleagues.

Apply for 2006—07 Fellowships by

10 January 2006.

Fellowships are awarded in the spring
and begin 1 September with a two-week
orientation. To apply, contact AAAS:
Phone  zpz-326-6700

E-mail  fellowships@aaas.org
Website www.fellowships.aaas.org

Eureka! You've found the perfect
canngaction between science and policy.

AVAAAS

ADVANCIMG SCILNCL, SLEVING $QCILIY



Vacancies for vne Experienced
Rescarcher & onc Early-stage
Researcher European Community
—Marie Curie Excellence Team —
Molecular & Cellular Biology of
Primary Immune Deficiencies —
Host Laboratory: INSERM U563,
Toulvuse, France —Starting date:
Fcbruaary 2006

Two fellowships funded by the Enropean
Community are available to join a oew Marie
Curfe Tixcellence Team at INSTRM 17563,
Purpran Tniversity Hospital, Teulouse, Trance.

The major area of expertise of the Team
Teader (T.. TYUUPRTD i the charactorizalion of
malecular mechanisms that regulate human T
Lymphoeyte activation (lmmuenity 2002,17: 157
M. Engl. 1. Med. 2004350114 1%, Blood
2005, 105:4383). The ohjoctive of the Team is
to study the molecular detects of eytotoxic T
Lymphocytes isolated trom patients affected by
Lile-threalcning primary trmune defieicnctes.
This project al the fiterface between fundamen-
tal and clinical research will be instromental for
the development of gene thevapy aprroaches.

The Team benefits from a stinulating envi-
ropment i the tields of T lvimphocyte biology
and elinical immuopology and has establizshed
stroni collaborative ks,

The Expericnced Researcher (PhD, 4-10
vears post graduate experience) will bein charge
ol comducting binchemical capertments 1o iden-
1Py preotetns invelved e the regulation of cyle-
toxic T lymphoeyte activation and tunction,
The precise vele of selected proteing will be
stucdicd wsing gene transfor technology and live
microscopy (already io place). A scientist with
expertise o proteln chemistry (mass
spectremelry and bicinformaties) will be se-
leeted. Experience lo molecularfeellolar immu-
nology will be a plus.

The Farly-stage Researcher ({4 yoars post
gracduale capericnee with motivation e coler 4
FPhD program) will construct retroviral vectors
enceding proietng tuvolved tooihe regulation of
cyleesic T lymphocyie activation and fune-
tion, The regearcher will be in charge of the gene
trapsfer experiments In lymphooytes 1solated
Frosm padtents with defcetive celolosic funciion.
The capdidate should have experience ln mo-
lecular biology and cellular immonology,

PROFILE OT TITE CANDIDATES:
Suecesstul candidates will be enthusiastic,
highly motivated and have a strong
opensily e work ina ransnational team.
Phueney in Bnglish s regquired. Woonafonality
restriction applizs, Equal opportunity will be
given For women and men.

CONTRACTS:

Four-year full-employment contracts Including
living, travel and mobility allowances,
Competinive Salarics.

APPLICATIONS:

Please include CV, statement of interests &
futiore geoals, as well as names of two relerecs.
CONTACT & INFORMATION
REQUESTS:

1. DUPRE, E-mail: |Ldupred@ hsei,

!nserm

Ittt martionat
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FORSCHUNGSZENTRUM OSSIETZKY
IN DER HELMHOLTZ-cEmeinscHarr  UMNIVErSILAt |[OLDENBURG

Unternehmen Grofiforschung

Grundlagen fiir morgen

The GKSS Research Centre in Geesthacht near Hamburg is a member of the
Hermann von Helmholtz Association of National Research Centres and has a
branch institute in Teltow near Berlin. Its 700 employees cooperate with various
universities and industrial firms to conduct research and development work in
the areas of coastal research, advanced engineering materials, regenerative
medicing, and structure research with neutrons and synchrotron radiation.

In a joint appointment process with the University of Oldenburg, CKSS is secking
to fill the vacant position of Director of the Department of Data Analysis and
Data Assimilation in the System Analysis and Modelling section {Prof. von
Storch) of the Institute for Coastal Research at GKSS. The position is based in
Ceesthacht.,

Assodiated with the position is a

Professorship (W2)

in the Faculty of Mathematics and Natural Sciences at the University of
OCldenburg in the ficld of coastal rescarch of the Institute for Chemistry and
Biology ot the Marine Environment {ICBM), with the obligation to tcach sub-
jects relevant to the ICBM for 2 hours per week during term.

One of the key arcas of expertise at the GKSS Institute for Coastal Rescarch is
the development of methods for environmental monitoring and forecasting. In
this field, one of GKSS' main strengths is the observation and modelling of cur-
rents and sca conditions. GKSS has been successtully cooperating with the
ICBM for many years on the obscrvation, modcelling and analysis of physical,
chemical and ecological processes in tidal flats. In this area, GKSS has a long
history of developing and testing operational methods for remote observation
and the creation of complex models.

At GKSS5, the appointee is expected to contribute his/her expertise to the pro-
gramme titled " Coastal Change: Long-term Trends and Extreme Events”, and
in particular to topics rclated to currents and sca conditions. A spedal focus
here is the development of observation and modelling methods for operational
use in coastal waters. The appointee will conduct research that is closely linked
to the ICBM programme in Cldenburg as well as to the Marine, Coastal and
Polar Rescarch programme in Geesthacht,

Applicants are required to have a university degree in mathematics, physics or
another discipline suited to the professorship in question. They should also have
carncd a doctorate and a postdoctoral degree or possess comparable academ-
ic qualifications.

The University of Oldenburg and GKSS wish to increase the number of fomale
scicntists in lcadership positions. Female rescarchers are therefore particularly
encouraged to apply. Preference will be given to severely disabled applicants
with the appropriate qualifications.

For additional information, pleasc contact Prof. Hans von Storch (storch@gkss.de)
or Prof. Jorg-Olaf Wolff {wolff@icbm.de}.

The deadline for applications is 23. Decomber 2005, Please submit written
applications along with the usual documents {including a description of your
scientific career and teaching experience, a list of publications and copies of
your three most important publications) to:

Carl-von-Ossietzky Universitit Oldenburg
Dekanat Fakultit v
Postfach 2053 * 26111 Oldenburg * Germany
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BIOLOGY FACULTY POSITIONS

The Trepartment of Tiological Sciences at Wayne
Stare University has three temmre track openings for
new Faculne. Rank will be dc,pc,ndcn'r upon qualifica-
fions. Preference will be given to candidates whao
utilize state of the art approachcs to sordy complex
ological problems with the potental to integrate
their tescarch programs with cxisting multidis
ciplinary research groups.

Teology Aorganismal hology. Areas of interest
include, e are not limited to, aquatic ecology, be
haviaral ccology, evolutionary ceology, microbial
evology, ph\]t:b]t:‘rcm_J aphy, (JrL,anmnd] biclogry
and population ecology. Position Number 0323 36

Microbiology, Areas of interest inchnde, but are not
limired o, molecular microbiclogy, medical iero-
biclogy, nicrabial genomics, bioinformatics, micra
tial physiology Anochemistry, virology, bodefense,
emerging discases, dmg development and antibiotic
resistanee. Position Number 032324,

Tiochemistry. Areas of interest molude, burare not
limited to, sumctnre function relationships, protein

and Sor nucleic acid hochemisoy, molecular basis of

merabolic diseases and design Ssynthests of therapeu-
tics, Position Number 032323,

The Dlepartment is primarily howsed inthe sis-story
PBiological Scicnces Puilding, that contains medern,
spacienes rescarch laboratosics and outstanding facili
Hes for microscopie imaging, cell aultere and nuclew
acid analvses. Vertebrate and iwvertchrate animal
facilities are also available. Wawne State University is
a large, comprehensive, nationally ranked research
institntion that offers generons startup packages.
-'\}_\}_\hc_dn'r\ st have a PhoT) degree, postdoctoral
cxpericnce, and an otstanding record of rescarch
achicvement. Successtiel applicants are expected to
establish and maintain vigorous, extemally funded
rescarch programs and participare in graduate and
undergraduare education. Applicatdons wall e con-
sidered only of they are received onlime at wehsite:
heep: [/ /jobs.wayne.edu. Applicants nmst indicate
the positionis) for which they are applying by
warking the corresponding Position Number(s]. Tn
additen to their online applications that incdude
curriculum witae and cover letrer, applicants must
submir 4 statement of rescarch plans aong, with a
statcment of teaching nterests and philosoply, and
have three Jetters of reference sent to: Chair, Faculry
Search Comumnittee, Department of Biological
Scicnaes, Wayne State University, 5047 Gullen
Mull, Dyetroit, MT 48202, Beview of applicatons
will begin inmediately and thic scarch will remain
apen untl]l the positons have been filled. Applica-
tions will be considered only wlen all materials have
been recelved. Mayne Siaie Dlniverssiiy 5 oan Afinnative
Awtion Fgual {upasinity apm
]

IS e c‘_ﬁ)c‘u[u ik :1IU§"|L]-'-

FACULTY POSITION in endocrinologs and
werabolism. The TTniversity of Califionza, San Thego
(T80T School of Medicine, 15 actvely recruiting
a tenure track tenured Junior Facoddty Position in
the Thvision of Endocrinology and Merabolism . 3351
consider cither M., or M., /PL.D. candidates. Ap
pomnuent level will be commmensurare with exper-
enwce and qualifications and compensation s based on
established VO salary scales. Candidates should
bie able o develop an independent hasic or clinieal
rescarch program within the general ticld of code
crinology and netabolism, Clinjeal and teaching
activities in the THvision will be expected. Themon-
stratcd productivity in basic or clinical rescarch is re
quircd and current rescarch support desirable it not
wamdatory. Must be board certified Aeligible in endao-

crinology and metabolism and eligible for a state of

California medical Ticense. Review of applications
will begin Decernbier T, 2005, and will continuee unnl
position is filled. Apply to: Jerrold M. Olefsky,
M.T0., seruding application materals to the atrention
oft Betsy Hansen, University of California, Schuonl
of Medicine, Division of Endocrinology and Me
tabolism, 9500 Gilman Dirive, MC-0673, Ta Jolla,
CA V2093 05373, Aftnruive daio/ Lguad Cooorioiiy
Empla per.

1060
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ASSISTANT /ASSOCTATE PROFESSOR
Behavioral Neuropharmacology

The Department of Phannacology, TTniversity of

Tennessee (U1 Health Science Center, invites
applications for a tenwre track Assistant/Associate
professor position in the area of behaviorl newre-
ph‘um‘uculogv We seek a faculty member wlo will be
a major contriburor fo the TUT Center of Tseellence
in the Neurobiology of Tran Thseases. The faculry
member will direct an independent program in an
asprect of prychophannacoligy or drug abuse. Tdeal
candidates will be thaose whn c,mp]m an integrative,
mechanistic approach, ntilizing, nentachemical, mo
lecular or electrophysiologneal rechniques to comple-
ment their behavioral rescarch, Candidares who will
administer a core animal behavior laboratory will re
ceive additional consderation. Candidates should be
cathusiastic about cogaging in collaborative rescarch
within g highly interactive commumity of neuro-
soientists, The selecred candidate wall participare in
the teaching of gradwate and professional strdents.
Applicants should have a doctorate in pharmacology,
nenrosciencr, cxperimental psychology or a relaved
discipline, and relevant postdoctoral cxpericnee.
Applications will be reviewed beginming December
1, 2003, but will continme to be accepted until the
prosition s filled.
resemrch nterests, and three reference letters should
be sent to:

Jeftory T2, Steketes, PhUI)., Behavioral
Neuropharntacology Search Committes
Deparunent of Pharmacology,
University of Tennessee TTealth Science Center
#74 Upion Avenue, Memphis, TN 38163
E-mail: jsteketec@urmem.edu.
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VERTEBRATE PITVSIOLOGIST: Lycoming
College. LTic Departmicnt of Biology invlites appli
catioms for a tenure-track ASSISTANT PROFES-
SOR fur fall 2006, We seek an Anhimal Phyaologise
with cxpertise in terrestrial wertebrate smdics. L'each
g responsibilities include courses 0 huemane prhys-
iology, wertcbrate zoology, a contributon to o
introductory bology sequence, and an upper-level
course in the area of expertise. Successtul candi-
dates must have a LD plus a strong commitment
toy teaching amd nvolving undergraduares inore-
search, Please visit the Theparhnent website: httpe /7
www. lycoming.edu,/biology,/ for more infor
matiom. Submit a letrer of application, curiculem
vitae, transcripts, a statement of teaching, philoso
phiv and a statement of research interests, and three
letters of reference by December T, 2005, ro: Dir.
Michelle Briggs, Chair, Biology Departnient,
Lycoming College, Campus Box 152, 7 Col-
lege Pls acc, Williamsport, PA 17701, Fgual Oppar-

By Lreployer,

Lhe loterdisciplinary Deparoment of 'Lextile Engl
necting, Chemisory and Sdence at North Carolina
State TTniversity mvites applications for TENTIRE-
TRACK POSITIONS W the arcas of (1) tiber,
polyicr or marerials enginecring, and (25 the arcas
of modeling, simulation, and quality systems design .
The positions are at the Assistant Professor level,
but appropriate candidares may qualify fon a named
professorship. For a complete description of the va-
cant positions please sce website: hoep: /S www. oo

nesedo Sdepartments tecs Spositions. Review of

applications begins MNovember 30, 2005, and con
timees watil the peositions are n].chl A ]
Aetian Fagual Oppartsdty Fmolapar,
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Caurleulum  witae, statement of

Tresno State, Department of Biology, is scarching,
for teor ASSISTANT PROFESSOR POQTT‘ION‘;
Lior fitll consideration, all marerials marst be received
Ly Jamrary 20, 206,

(11 Cell Tiologisr, terure-track. The successful ap-
plicant’s cxpertise will be in signal tansducton, el
cvele, cancer cell biclogy, developmicntal or stem cell

baclogy, cellular motilitg, o membrane biology. The
suceesstnl applicant is cxpected oo cstablish an cx

ternally funded research prograon mvolving Waster’s
ard umdergradirare students and o teach courses in
onr core and in his/her area of specialization, A
PhTr in cell bology or a closely relared field 15 re-
quired. Postdoctoral expericnce preferred. Send a
letter of application (cover lerrer, online application
form, cumiculnn witae, statement of research inter-
csts and teaching philosophy, and dwee leters of
reference], and confulential pagers to: Dy Algjandro
Calderon-Urrca, Department of Biology, Cali-
fornia State University, Fresno, 253535 E. San
Ramon Avenue M5 SB73, Fresno CA 937440, or
to e niail: calaleafesufresno.edu. Lelephone: 359

278 4080, Fax: 559 278 3963,

(2] Wertehrare ThysiologiseMeurobiologist, tenure-
track. Lhe successtid applicant’s cxpertise will be in
amy area of neurosclence, amd will be expecred to
teach a course in neurophysicology, and a gradueare
comrse i thelr arcas of spedalty, The suecesstl can
didate st develop a research program that involees
undergradiate and Master's level stdents, and pur
sue the cxternal fimding, necessary to maintaining, a
successful research effort. An eamed doctorate (Th T2
in biclogy, zaology, plysiclogy or newrabiclogy is
required for appointment to a tenure-track position.
FPostdoctoral expeence preferred. Send a letrer of ap-
plication {cover letter, online application form, curic
ulinm vitae, statement of research interest and teaching
philosephy, amd thiee lerrers of reference ), and con-
tidential papers to: Dr. Brian Tsukimura (e mail:
Brian T@CSUFresno.edu), Department of Biology
M5 SB73, California Stave University, Fresno,
2555 E. San Famon Avenue M5 SBT3, Frosno,
CA 9374H). Telephone: S59-278-4244, F1x 550
27 8 39a3.

i State Dideeedity, Fraoa, {0 aw Rl Opparto-

ASRSISTANT /ASSOCIATE PROFESSOR
Neuroscience, Department of Physiology
College of Medicine

TWe invire applications for a temure-track position at
the level of Assistant or Associate Professor. Candi
dates must have a ThTh or M and postdocroral
cxpericnse. He or she mmst have demonstrated cx
cellence in research in regulatory and integrat
physiclogy with particular emphasis on neural sys
tems or plasticity, Lhe successtul applicant will be
cxpected to join the Neural Systems and Plasticity
Research Coroup and to develop a soong cx'rc,maﬂ\
fimnded rescarch progran. A competitive startnp pack
age s available. The swccessful candidate will hc, en-
couraged fo submit an application to the Canadian
Liemndation of lnnovation [CFL. She or he will
comtribute tor the teaching of undergraduate students,
within the proposed School of Blomedical Sciences
and to the supervsion of graduate snedeats.

Tlease send currlculum witas and the names of
theer references by Jamrars L5, 2006, to:

Dr. Woltiang Wala

Head of Physiology

Collepe of Medicine
University of Saskatchewan

107 Wiggins Road

Saskatoon SK 87N SES Canada

E-mail: walz@sask.ysask.ca

Fax: 306 966 6532

The Thverity af .\".h‘k'.:rr}'wwura ie covinitted ty Fiauplog-
merl Lauidy, Menhers o aivd prowps (uromen,
people,  pro ‘pn" mm it 1ieible
aplicatinie,

www.sciencecares rs.org



THE STATE UNIVERSITY OF NEW JERSEY

RUTGERS

Professor and Chair of Nutritional Sciences

The Deparinent of Sulntions] Scienees of Ruiprers Umversity secks o renowned seientist o chmr ad budd the depanment woa level of nuemational
prominence. To make a significant impact on human health, Rutgers has targeted nutrition and its health consequences as a principal area for programmatic
groweth, The successlul candidate wall tike o leademslup role drough he weeruntmeen) of new Gwealty, e development of mggor new Geillines, and e
Tostering of muludiserplinary rescarch wid lrwmimy progrums, Nulntional Sciences 1s located al Cook College, Ruugers” sehool of Tood and envirozmmental
seiences and site of its Land Grant mission and activities, and there are ongoing collaborations with other (onk departments inchuding Animal Sciences,
Plunl Biology and Pathology, Food Soence, and Biscelmology, Nuwrinonul Seienees 1s also part ol g vibrund L scienees rescarch commmuomily al Bulgers
Unaversity, meluding major programs m situctuzad biology, moleeolar, cellular and developmental oloey, nevroscicnee, lw Stem Cell Tnsune of New
lersey, the Cancer Institute of New lersey, the Center for Advanced Biotechnology and Medicine, the Center of Aleohol Studies, the Lnvironmental and
Oeeupalionad Health Soienees Tnstutwe, the Human Geneies Instilote, The School of Public Healih, and e Boben Wood Julusen Medical Sehool, The
cumpus 18 lociied moecenimal Sew Jersey, close w Sew Yook Cily, Pluladelphia, beaches, wind counmyside,

The Nutritional Sciences Department haz 17 full-time faculty members involved in underpraduate, graduate, and outreach programs. The faculty's
resvirel arcus melude Lipad meiabolism, caleium and bone development, coengy expenditure and obesily, smine acid melabolsm, child nuleition, com-
munity mutrition, and health promotien (http/mutrition.rotgers.edn/). The successtul candidate will strengthen and extend the department’s research
arvis m healih and elimeal elds mvolvinge the caelegey, prevention, and lrewment of noriien-relsted discases, meluding vbesiiy, diabeies, C¥D, caneer
and osteoporosis, The suceesslul candidate will direel the Nunienal Seienees Depanment, direel the depaniment’s rescareh and cducational prosmms,
and oversee faculty mentoring.

Qualifications: The suceessiul candidate must have a Ph DL andfor MDD, vr theiwr cguavalent and a record of disimpgonshed rescareh aind seienilie leaderslup,
The successful candidate should have strong interpersonal skills and a sustained record of peer-reviewed publications and research tunding. The successful
candidate will be provided with a highly competitive salary, significant start-up suppert and laboratory space, and substantial administrative support. This
18 4 lemure Lrck posilion.

Inguiries and nominations should ao to Dr. Michacl A, Gallo, Professor, Environmental and Qcenpational Medicine, Robert Wood Johnson Medical
School, 170 Frelinghuysen Rd., Piscalaway, N, 08854 { magalloi@eohsirutgers.edu),

A letter of application, curriculum vitae, names of fowr or maore professional references, and a statement of research and leadership objectives should he
send by clecimonie vr repulur mal 1o s, Phyllis Lepucki, Rm 004, Martio Hall, 83 Lipmao Drive, Cook College, Rulgers. The Siale Coiversily of
New Jersey, New Brunswick, INJ 08901 {lepuckiZaesop.ruigers.edu). A review ol applications will bepan on February 15, 2006 and contiuie unil o
suitahle candidate is identified. Starting date iz nepotiable, on or atter July 1, 2006,

Ruygrevy University iy an Equd Opportunitvidffimuaive dction Ewplover

__ MULTIPLE FACULTY POSITIONS
B UNIVERSITY OF CALIFORNIA, RIVERSIDE
LTI BOURNS COLLEGE OF ENGINEERING

The Rourns College of Togineering at the University of California, Riverside invites applications for
tenure-track ar tenured faculty positions at the Assistant, Associate, or Profesaor Rank. The College
iz secking highly qualified faculty membaers in the arcas of Ricengincering, Chemical Tngincering,
Camputer Fngineering, Computer Science, Fleetrical Tngineering, Tnviranmental Gngincering, hate-
rial Seience and Fngincering, and hechanical Tngineering. Specific arcas of interest are provided at
www.engrueradutacultyscarch!. People with vigorous rescarch programs and demanstrated graduate
student productivity are sttongly encouraged o apply for the semor nml. Apphcunts should have o
doctoral degree i Lhe relevant engneenng discipline or o related field; those with 4 bachelors degree

Assisfant or Associate
Professor of Neurobiclogy

Developmental Neurobiology
Program
Institute of Meolecular Medicine
and Genetics
Medical College of Georgia

The Medical Collere of Georma (RCG)

invites applications for temire-track Assis-
tant or Associate Professor positions in the
Progrum m Developmenial Neurobiology,
Institute of Maolecular Medicine and (ienet-
ics. Candidates should have PhID or MD,
pustdocioral expertence, snd polemwiaal o
develop or maintain a strong extramurally
funded rescarch progmin m developooenal
or repenetalive neurebiology, The MCG
is a growing state supported academic
medical cenier locaed 1w oa husorie ciy
wilh oulstanding reervational and Llesivle
opparhmities.

Interested appheants should submu o CV, 4
statement of research interests, and fumre
plons, and should amange lor 3 leders of
reference to: Dr Lin Mei, /) Kathleen
Murphree (kmurphreci@meg.cdu). Appli-
caltoms will be received unul e posiion s
filled Please reference ACH#'s 49384 and/or
49385 when applying. (PO LOHHITINT)

WAVAAY - BEOVAA

i engineering are preferved. Salay kevel will be compelilive and commmensurate with qualifications
and @ xperienes.
We anicipate that the successful applicant will complement the highly mouvated and entrepreneurial
spirit of the College faculty, conmbuting memingfully W the suceess of fulure leuching, research. wnd
service wecomplishiments, Facully ressurch aciivities wre essentiad 1o the success of our program and as
such new members are expecied o milisle und sustain strong sponsored reseurch wnd graduste raining
PrOSTaims.
The Bowns College of Enginesring is proud of its fucully s aceomplishments ind rapid growth, Over the
past five yeurs. Lhe numbers of facully and undergraduales have nearly doubled; graduate siudent enroll-
et his mereased six-fold, and research @xpenditures hive more than ripled. The College cumrenily has
70 faculty members, 1400 undergraduates, more than 300 graduate stadents, and maore than $30 millian in
annual rescarch expenditares. The Caollege is home to five interdisciplinary and mualtidisciplinary rescarch
centers: The Center for Tnvironmental Reacarch and Technology (CT-CTRTY, the Center fon Reazarch
in Intelligent Systema (CRIS), the Center for Nanoseale Science and Gngincering (CNSE), the Center
for Binengineering, and the Network Tmbedded Computing Syatems Tnatimte (NGCST)
The Callege recently apenad it Togincering TThuilding as well as the Bourna TTall Clean Roam facility
(part of CNSEY, and ia expecting the apening of oo additional buildings, Material Scienee and Tngi-
ncering, and Fogineering TTT in 2008 and 2001, respactively.
The search committes will hegin reviewing applicationa on Janwary 1, 2006, and will continue to
recaerve applications until the positions are filled. To apply please vegister through the weblink at
www.engrucredu/facoltysearch/ and submit the requeated PTAT or Word files {eover letter, cwrricaham
witac, statcmaents of reacarch and teaching interests, and reference contact information). Tar inguirics
and quesiions. plesse conlact us wl faculbysearchig engrueredu.

The: Undversity of Califivnia, Riversicly iv ain Bgnal Gpeorienity/A flicmaiive Aciion femploayer
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ASSOCIATE PROFESSOR / PROFESSOR

Cardiovascular Rescarch

W are secking an established investigator with cut
standing research accomplishinents to complement
and extend the cardiovascunlar rescarch strengths n
our Department and our Tnstitution. Medical College
of Georgia has a strong candiovascular research
conumunity with specific interests in nindc oxide,
axdative stress, elcosanoids, signal transducrion,
hyperrension, endothelial dysfuncrion, angiogeness,
adhesion proteins, ion channels, myvocardial discasc,
diabetes, and developgrment of physical cardiosaseular
risk factors. We scok applicants with a stong, record of
productivity and an extramrally funded rescarch
progeram, particularly a program involved Inocontrol
of vascular growth and cardicvascnlar dysfiuctions.
Thysician scientists are encouraged to apply. We offer
a generons startup package and outstanding, corc
facilities are awvailable for microarray techoology,
genetically wodified wmimals, cell imaging, electron
microscopy, primate rescarch, and clinical collabo
rations. Lhe snccessfl applicant for this position will
alsey participrare in teaching programs for professional
and graduare stiedenes. Please send awrricnlum vitac,
surmmary of professional amd research goals, and the
names amd addresses of three references to: R
William Caldwell, Ph.DD., Department of Phar
macology and Toxicology, Modical College of
Georgla, Augusta, GA 30912 2300, E mail:
wealdwel@mail meg.edu and visit the Departmicnt
homeprage website: htrpe/ Swwwomegaedu /SOM S/
phmrox/index. honl, Application revicw will begin
November 2050 AT &0 an Ejual Faploymenr
v Fagined Figlopmenss Clppastsiod
sployer.

PLANT ECOLOGIST

The WK Kelloge Tiological Statdon (KBS
[website: herp:/ /www kbs.amsw.edu) of Michigan
Stare TTniversry (WST7) seeks applicants for a temure-
track Assistant Professorship in plant ecology. e
scelk an interactive colleague in any arca of plant
eooligry who will rake advantage of the field and
rescarch facilitics at KBS, Responsibilites =il in
clude development of an externally funded rescarch
program, teaching at KBS and on the mam MSTT
campits in Fast lansing, and participation in the
graduate program in Teology, Teolutonary Biology,
amd Behavior ar METT (website: hreps/ Awawe
msu.edu/~eebbi. Lhe successtil candidate will be
resident at KBS amd have a joint appointnent in
the Department of Plant Biology (website: heep: /7
www, plantbiology. msu.edu’ on the ML campus.

Apyplicants should send curriculum vitae and stare-
mwcnts of rescarch and teaching interests, and arrange
to have three letters of recommendation sent to:
Juftrey Conner, Chair, Plant Bcologist Scarch
Conunittee, W.K. Kellogg Biological Station,
Michigan State University, ITickory Corners, MI
49060, Address questions to e-mail: connerj@
msu.edu. Review of applications will begin on 7 De
cember 2005, and will continue untl 2 suitable can-
didate is identified.

IS i an A
tuting womes dod

Afmaiive A
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aual Ooporioiivy dasii-
sriciladp svelomne ta auply.

POSTDOCTORAL POSITION: Postion avail-
able to study the pathophysiclogy of the septo
hippocampral system. The laborarory work 15 focused
in understanding septal nedronal networks and
their role in abnormal excitabilice states incliwding
Alsheimer’s disease. The position requires expertise
in eleetroplysiology. Skills in imnmnohistochemis
try, tissue culture and molecular biology are desiratile.
Tlease send curmriculum vitae, summary of research
interests and three letters of reference to: Luis V.
Colom {e-mail: lyis.colom@urh.edu), Tepartment
of Bleloyrical Sdences, The University of Texas at
Browasville, 80 Fort Brown, Brownsville, LTexas
TRI20.
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FACULTY POSITION
Visual Neuroscience

The Department of Vision Sciences and the Center
for the Development of Functional Imaging at The
University of Alabama at Birmingham (UAB) invite
applications for a tenure-earning Faculty Position.
Candidares with expertise In mmaging (functional
magnet resonance imaging or optical) in experi
mental animals or hwmans are particnlarly cocorr
aged o oapply. TTAT 3 one of Ameriea’s prewer
rescarch nniversitics, ranking, among the top 20 in
founding, from the MNational Lostiortes of Healeh,
Fiston research iy especially strong at TTAT with 52
faculty from cleven departmients constituting, the
Wision Science Research Center, one of ten umiversity
wide centers. The successful candidate will have aceess
to MRI facilities which include two 31 human
systenas, 4 94T small anhmal swsremn, and @ vertical
471 swstem dedicated to non nwnan primate ¢
search. Heshe =il also have access to fnlly staffed
core resources which indude electronics, computer,
machine shop, histology, moleonlar biology, trans
senic, hvbridoma, confiscal microseopry, fluorescence
resonance energy transfer (FRET ), and muldphoton
imaging. VWision Scicnces fenlte actively participate in
many graduate programs including vision science,
cellnlar and molecdar biology, newnroscicnes, and
biomcdical cngincering, Loy Assistant level appoint
ment, candidates are expected o have docroral and
postdoctoral training, and to develop a nationally
recognized and exvramurally funded independent
research program. Associare or Full Professor ap-
pointment will require demeonstrated independence
and research productiviny, Induding a soronyg track
record of external fmding and peer reviewed pub
lications. Applications shonld be recelved by Jamars
AT, M6, ro ensure full consideration. Applicants
shonld send cnrricuhm vitae incduding art least tirce
references, and a statement of research interests to:

Trr. Payl Gamlin
Chair, Deparunent of Vision Sciences
The University of Alabama ar Birmingham
924 South 18th Street
Birmingham AL 35394
E-mail: pgamlin@uvab.edu.

LB s an Lgued Ohppordieitiy Affesariee Ao Linployer,

IOWA STATE UNIVERSILTY
Department of Physics and Astronomy
Physics of Biological Systems

Applications arc invited for a temwre wack FAC
ULTY position to begin August 2006, We seek can-
didates with the strongest credentials and promise
of firntre accomplishment in a forefront arca of the
physics of Mologneal systems. The swcoessful appli-
cant will be expected to interact with rescarchers
within the department as well as researchers in other
disciplines. Potential approaches include single mol-
ceule studics, spectrascapy, diffraction mcthods and
theoretical Mological physics. Candidates ar the as-
stsrant professor level are expecred to have a Th.Th in
phesics or a closely related discipline and 2 dem
omstrated recond of research accomplishments nor-
mally achicved through postdoctoral cxperience. All
candidates should demonstrate pronmise fin excel-
lence i teaching ar both the undergraduare and
graduate levels. lawrther information abeut the
Physics and Astromomy Deparnoent and the life
sciences program at [SU are on the wvb at websives:
heep: / /www physies.iastate.edu and heep: /7
www. bioinformatcs.iastate.edoy /.

Applicants should send a letter of application, a
resunie ncluding a statcment of rescarch and teach
ing interests, along with names, and contact infor-
mation for at least three references. Please arrange
for these letters of recommendation to be sent to:
Physics of Biological Systems Scarch Commitree,
¢/0 Ms. Gloria Oberender, Deparumnent of Phys
ics and Astronomy, Towa State University, Ames,
lowa, 50011 3160, E mail applications will not be
considered. Applications =il be accepred watil De
cember Ta, M5, or undl the position is filled. Fowa
St ¥l o equal epporiviy ¢ o, [omen
are ancosiraped ta apply.

el wdie
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ASSOCIATE /FULL PROFESSOR POSITION
Tissue Engineering
The University of Texas, Arlington

‘Uhe Bisenginecring, Department at Lhe Universi
ty of 'lexas, Arlingron (U LAY invites applications for
a semior level tenure Associare or Full Professor)
faculty positon, with the starting cmployncat date
of fall 206, Applicants nmst have a Ph1d in
bioengineermg or a closely related field and a proven
tack of teaching, scholaly rescarch, and cxrernal
funding in tssue engineering or relared areas such as
baomaterials and Bomechanios with tssue engineer-
ing focus. Lhe Bioengineering Department has a
jomt M5 amd Ph.TY progran with The TTmiversitg
of lexas Southwvstern Medical Center at Dallas,
providing cxcellent appartunitics far rescarch <ol
laboration with cliniclans and lfe scientists. The
sneeessinl candidate is expeeted to cstablish a +1g,
vrows, externally funded research program, teach
graduare and undergradisate courses, and perfinn
mniversity scrvice. ULA Is ideally sinrated between
the Thallas and Fort Worth menropolitan areas with
less than L8 miles distance to both citics and
cxcellent aceess to a large wrmber of medical centers,
high tech companies amd cultural events, Tor apply,
please wisit o website: hoeps: //cse2 uta.edu/be,/
te,/ and upload yowr cover letter, cnrricndum witac,
statement of career moals, and names of ar least three
references, Revicw of applications il begin inune
diarely and continue untl the position is filled. 7771
i an Lanal Opporwaiy, Afveaiive doien Lwployer,

1,

VISITING FELLOW IN SCIENCE,
TECITINOLOGY, AND
ENVIRONMENTAL POLICY
Wouodrow Wilson School
Princeton University

Lhe Frogram in Scicnee, Lechnology, and Eowi
ronmental Policy (STET] at the Woodrows Falson
School of Pubilic and Tnternational Affairs, Princeton
University, invites entstanding, faculer, independent
scholars, and practivioners o apply for an appoint-
ment as a fellew for the academic vear 2006 207,
The successtl candidate will devote an academic
year nrestdence ar Princeton o vesearch, discus-
sions, and scholarly collaboration on topics related
oy enviromuoental policy and scence. Tlnder excep-
tiomal circumstances, applications for only one semes-
ter in residence may be considered. All applicants
should have a doctorate or a professional postgrad-
nate degree and at least several vears of subsequent
cxpericnce.

Full derails regarding the fellowship and the
application process can be fomnd at website: hrep: 7,/
wwwowws princeton.aedu Sstep Semploymentframee.
html. The deadline for applications s Thecember 22,
2005,

For more infonmation about applying to Prince-
ton please link to website: hrep: £/ webhoprinceton,
edu,/sites /dof/ApplicantsInfo. hitm.

Priweatons Tlniveriity i v Rgual {')J'JJ'J:J.-mm'q,»,-".o1__[.?."rms:f.’."r!
Addi Lploper,

POSTDOCTORAL POSITIONS are available
toy examing the role of 3Mdm2 and Mdind inoreg-
ulation of the p53 ounor suppressor during devel
opment, coll differentiation, and cncogracsis wsing,
cell culrere and mowse models. Tnoaddition, success-
firl candidates =il have the opportmnity to train in all
aspects of mouse modeling. Txperience in molecular
baclogry is required.

Send cwrriculum vitae and contact information
for three references to: Swphen Jones, Th.I0, De-
parument of Cell Biology, Ubdass Medical School,
55 Lake Avenue North, Woarcester, MA 11655,
E-mail: stephen jones@omassmoed.cdu, Visar web-
site: hep:,/ /. www nmassmed.edu Scellbio /faculey /

jones.ctm.

www.sciencecares rs.org



RYAAAS

Genetics Editor at Science

Jain the dynamic team at Science as a full-time associate editor
for the biological seicnees in owr Washington, 12C, TUSA ar
Cambridge, UK oflice. We are looking for a lile sclentist with
broad interests, a lively curiosity, and experience in cutting-cdge
research in several ol the following felds: renelics, Fenomics,
cvolution, cvo-devo, and ceology. Responsibilitics include
managing the review, sclection, and cditing of manuscripts,
suliciting reviews and special issues, and [oslering contacts
and communication with the scientific community. lditors arc
expecled Lo ravel Lo scientific meelings. A Ph.D., postdoctoral
experience, and mulliple publicalions are required. Previous
cditorial cxpericnee is not nceessary.

UNIVERSITY OF KANSAS
Microbial Ecologist

The Department of Ecology and Evolutionary Biology and
the Department of Molecular Biosciences at the University
of Kansas invite applications for a tenure-track position in
Microbial Ecology at the Assistant Professor level with an
expected starting date of 18 August 2006, We encourage appli-
cations tfrom outstandmg candidates to establish a high-quality,
extramurally funded research program using molecular, iso-
topic, and/or biochemical approaches to address fundamental
questions of ceologically relevant microbial processes (such
as thosc ocewrring in soil, aquatie, hiofilm, or other environ-
ments). Required qualifications include a Ph.D. and postdoc-
toral research experience in microbial ceology or a related
ficld, the ability to tcach courses related to microbial ceology
at the undergraduate and graduate levels, and an interest in
collaborative rescarch with members of both departiments at
KU, Eligibility to work in the TS, prior to the starting date

ScienceCareers.org

ot the position. Preferred qualifications include experience
and interest in applying modern techniques to study microbial
environments, demonstrated ability to obtain external fundmg,
and ability to contribute to the teaching of courses in cither or
both departments, especially courses in the general arcas of
microebiclogy andsor ecology and a candidate who will con-
tribute to the elimate of diversity in the College, inchiding a
diversity of scholarly approaches.

lior consideration, send a resume and cover letter, along with
salary requircments, to:
AAAS
Human Resources Department, Suite #141
1200 New York Avenue
Washington, DC 20005

Applications can also be sent by e-mail to hrtemp@éanas.org
or Fax 10 202-682-16340.

. Faculty Position in Evolutionary Genomics
VIsIl Us al) Wi w,auis.0ry,
The Departments of Molecular Biosclences and Ecology and
Fvolutionary Biology at the University of Kansas arc secking
applications for a tenure-track faculty position at the ASSIS-
TANT PROFESSOR level Exceptional candidates at the rank
of ASSOCIATE PROFESSOR will also be given serious con-
sideration. Research interests of the candidates should be in the
aren of EVOLUTIONARY GENOMICS. Preferred candidates
will have a rescarch program that utilizes computational and
experimental methods and that complements existing research
strengths i both departments and a candidate who will con-
tribute to the elimate of diversity in the College, inchiding a
diversity of scholarly approaches. Required qualifications for
Asgistant Professor include a Ph.[D and postdoctoral expericnee
in cvohutionary genomies or a related field of study by the time
of appointment, demonstrated excellence n research, and «
comminitment to quality undergraduate and graduate educa-
1011 Additional required qualifications for Assoclate Professor
include a vigorous, well-tfunded research program in evolution-
ary genomics and demonstrated exeellence in teaching. The
successtul candidate should be eligible to work in the U.S.
prior to the starting date of the position.

Nonsmoking work environment. 1O

Boston University
Bioinformatics Graduate Program
Faculty Position

‘The Biointunmtics Progrim o Boston Universily mvites applications from
exiremely energetic and promising legcher-seienlisis for alenure-rack assis-
Lo of dssociale professorship. A senior position is also possible for s wusu-
ally secomnplished reseurcher with an mlemastiona] reputation for ploneering
coniributions 1o bomfonmatics and compuliionid biology,

‘The Biomfurmtics Promum, cemered i e newly maugurated nerdisciplin-
ary LifzSeieneca and Tngineering Building in the heartof Roatan i University
wide and includes some 30 faculty from the Colleges of Tingineering, Arta and
Scienees, and various components of the Medical campus, as well as adjunct
faculty fram major hiotechnalogy companics, the Tiroad Tnstimute, TTarvard
Medical Schoal, and the National Center for Biotechnology Information. Sta-
dents are drawn from diverse disciplines, and selection is extremcly compati-
tive. hare than 70 PhTr students are cureently parsuing leading edge rescarch
in arcas ranging from whole-genome analysis, structaral genomics, and cell
aystems hiology, to clinical applications (http:/hininformaties.hu.edu ).

Candidates should have concrcte plans fin eatablishing a compatational
rescarch program in one of the following arcas: evolutionary hiology,
population genelics, sysiems blology, protesmics. or comparative genom-
1cs. Exceplionilly strong cundidates in olier aveas might also be considered.
Candidites must hive a sirong biological wnd computisionil baclkground,
with pritary training in either muthematical stiutisiics, chemisiry. physics,
cotnpuler sclence or a lite sclence. Review of applicativns will begin on
December 7, 2005 ind will continue until the position 1z filled. Please apply
on line al http:/eagt.bwedwpageTrosition]_apply. You miy also send o
resume. 2 page research plan, complels bibhography and at leastihres leders
of recommendation to:
Chair, Bicinformatics Search Committee
¢/o Caroline Lyman
Risinformartics Program
Roston University
44 Cummington Street
Boston, MAN2215

Applicants should submit a cover letter, curmiculum vitae,
lkey reprints, and statements of rescarch and teaching
interests in a single PDF file to MiernEcoligikn.edu or to
cvogenscarchi@kw.edu, or by mail to Dorethy Johanning,
Division of Biological Sciences, 1200 Sunnyside Ave., Rm
2041, University of Kansas, Lawrence, KS 66045-7534.
Applicants should also arrange to have at least three letters
of referenee sent to the above address. Review of applicants
will start ¢ December 2005 and continue until the positions
are filled. The expected start date of the positions 15 18 August
2006. For more information about the positions and the Depart-
ments, visit our websites at http://www.molecularbioscicne
es_ku.edu and http://www.ku.edu/~eeh.

Paid for v KU, The Universitv of Kansas is an
EEAA Employer
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A DUPONT COMPANY
RESEARCH SCIENTIST

Tiemeer TTi-Tired International, Tneorporated s
the world leader n the discovery, development and
delivery of clite crop genetics. YWe are looking, for a
Research Scientist at our Johnston, Towa location to
provide technical and selcntific cxpertise supporting,
Crop protecton gene expression studies i fungg and
plants. PhT2dn biological scences and a minimunn
of seven wears of rescarch cxperience (post D) or
equivalent combination of education and experience.
Txtensive personal esperience n the quantitatve
analysis of gene cxpression, Direct expericnce with
analysis of RNA using quantitative methodologies
mdudmg microarrays and real time PCR s 1cq1.urLcl
Ezeellent written and spoken comummunication skills
and experence with manipulation of Jarge dara sers
are required. Lhe abilics to contribneee at the teclnical,
scientific amd managenent levels is required.

RBequired wentification for this positon s TP4ai).
VFor a complete job description and to apply, 2o oo
wihsiter htrps/ Swww. ploneer.com /employment.
Ligual Ooporunily Dmpleyer,

FOSTROCTORAL FELLOW
Pathology and Laboratory Medicine
Emuory University School of Medicine

TPostdocroral positons are available at Tonory TTmi-
versity focnsing on lnnare immenity, cpithelial cell
biology and the pathophysiology of epithelial in-
flarmumation. Opportunites exist fine involvement in
exciting projects aimed at understanding how len
kowytes nteract with epithelial cells with special
cmp}mm\ o cell-cell adhesion Antegring, signaling,
transmigration and cpithelial barricr functon. 'L e
role of jumetonal adhesion molecules and signal
regulatory proteins in the above processes are ac
tively being studied. A doctoral degree, cxperience in
wolecular Aeell biology amd prorein Mochemistry of
cukaryotic svstems, and strong, English commmiza
ton skills are required. Preference will be given o
individuals with previoes expericnce in the fields of
innate immunity and /or bology of cpithelial cells.
The successful applicant will join our egrthelial
pathobiology group comprised of six principal in
vestigators with common interests that occupy
T25M square feer of new, fully equipped and in-
terconnected tescarch space. lnterested individuals
should serud resume to: Dire Charles Parkos, Emory
University, Whirchead Biomoedical Rescarch
Building, Room 105E, 615 Michael Street At
lanta (A 30322, E-mail: cparkos@emory.cdis

Lmory Lanirepsfip 0 an Lguad Ooporiaiiiy <A
Aidon Lo,
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TMMUNOLOGIST, TENURE TRACK

‘Lhe e partmnt of Cellular Biologs ar the Uni
versity of Georgia invites appln_anr\ foor a renuere-track
Assistant Professor position in the arca of immmnal
amy. This positdon 18 part of a major expansion of
programs in bomedical soiences, in conjunction with
the opening, of the Paul 13, Coverdell Center for
Tnrendisciplinary Biomedical Stedies. Sucoessful can-
didares wall be expecred to develop g strong extra-
mrally fnded rescarch program and to contribmte
toinstruction me irmounology. Tndividuals whose
rescarch nterests comploment o instintional and
departmental fiocl n infretions discascs, developmen
tal Wology or cell biology are of particular interest.
Poteatial applicants can learn more abour the
programs in this highly collaboratve enviromment
and find deralls abour the application process at
website: hop://inunmnology.ch.ouga.edu. Appli
catioms recelved by JTanuary 1o, 2006 are assured of
foll considerationn. The Dbl Collape of Ars amid
Sciesices ©5 hwr o imrc'u_»ing .hc‘ .fi.)c'r_»ii, (s
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POSITIONS OPEN

THE UNIVERSITY OF TEXAS
Southwestern Medical Center

ASSISTANT/ASSOCIATE PROFESSOR
POSITION: The Department of Physiology invites
scientists with a track record of technical and in-
tellectual innovation to apply for a tenure-track As-
ststant or Associate Professor position. M., Ph
or couivalent degree is required. Lhis position is
targeted to ndividieals who can bring new teclinel
ogies to fTuiton fo answer Important physiologeal
or swstems biological questions, Optical, mechanizal,
clectrical, moleaidar biological, or computational
methods are all appropriare with inportant applica-
tons cxpeeted at one or more levels of phvsiology,
ranging from individual genes and proreing o cells
':'lT'Id (IT‘B:":']TIH.

LThis position represeats a new growtl phase of
this Trepartment ar one of the world’s leading med-
ical scicnce centers. Lhe position will be supported
b significant laboratory space o ol 0w campis, 4
competitive salary and an exceptional startupr prack-
age. Liniversity of Lexas (UL Southwestern s the
scientific home of four Nobel Prive laureates and
15 members of the National Acadermny of Sciences.
More than 2,000 rescarch projects are supported by
$300 million grant funding auinua]]y at our school.

Applicants should submit clecoronically a ourric
ulwm vitae and brict statcment of rescarch plans to
w-mail: domald hilgemann scarch@utsouthwestern.
edu and sheunld arrange to have three confidental
letters of reftrence forwarded to tic same address.

UIT Sovithnsteny strongly sumisged
it o, anil people wiih
iner Fgual Ouportanity Fmplo per.

dnIHei,

e A

FACULTY POSITION IN VIROLOGY
University of Hawai'l

The Department of Micobiology ar the TTmiver-
sity of Hawai'l at Manoa bwvites applications for a
temre track, nine month faculty position in virel
oy ar the Assistant or Assoclare Professor level, The
cxrpested start date is Angust 1, 2006, LThe Depart
ment seeks an mdividual wang wmoderns maoleaular
approaches in the ares of amimal virology, Candi-
dates mimst have a Phold i the biological scicnces,
prostdocroral research expenence, a recond of pub-
lcations amd g commmnitment to teaching. Ao minimum
of four years fll time teaching expericnee ar the
Assistant Professon level 18 requived for application ar
the Assoclate level, 'Uhe suecessinl candidate will be
expected to develop an independent, externally
funded research prograom, to teach at the under-
graduate and gradiare levels, and oo mentor smdents.
Salary wall be commensurate with experience and
rank. Competitive startup package to be offered.
Applicants shonld send curriculium witae, statcments
of teaching philosophy and research mterests, and
the names and contact Wnformaton of three refer
caces tor Virologist Search Chair, Departnient of
Microbiclogy, University of TTawai’i, 207 Snyder
Hall, 2538 McCarthy Mall, Honolulu, HI Y6822,
Tnguavies should be direcred oz Tr. Scan Callahan
at e-mail: scallaha@hawaii.edo, Applications re-
ceived after Januwars 1, 2006, may not recchve full
comsideration. The Thdveridry af Fawad'l &0 an Fjpiaf
Capporad rative citon Distiiaiion.

ASSISTANT PROFESSOR POSITION
ASSOCTIATE RESEARCIT SCIENTIST
Division of Hematology,/Oncology
Maimonides Medical Center, Broolklyn, NY
Mount Sinai School of Medicine

We are sccldng, an Associate Rrscarch Scicntist to
continue the ongoing research of myelofibrosis. dp-
Hicant must have a 178, Ph.TY degree and expertise
in moleadar binlogy. Salary ranges fom $45,000
to 533000 annually plus fringe benefits com-
mensurate with expericnce. Send your arricnlnm
vitae dircetly to: Jen €. Wang, M.ID., Mmmomdes
Meadical Center Traoklyn, New T (1rk Division of
Hematology /Oncology; e mail: ]cwanga@ml.
com; fax: T1R-635-F1140.

POSITIONS OPEN

z= Northeastern

UNIV ERGSBSITY
BOSTON, MA

ASSISTANT OR ASSOCIATE PROFESSOR
The Barpett Institute of
Chemical and Biological Analysis

‘Uhe Barnett Instinrte of Chemical and Biological
Analwsis anncumnces teo new positions at the As
sistant or Assodate Professor level, These appoine-
meats are pat of a 575 million nvestment plan
launched by Northeastern TTniversity, amd wall be
held jointly between the Barnett Tnstitute and the
Department of Chemisty and Chomical Biology.
Jomt appointments with other departments in the
Colleges of Arts and Scicnces, Engincering, or
Pharmacetical Selcnces will alsa be considered,

The Tnsritute, which recently celebrared s
thirticth anniversary as a ploneer i the application
of emergmyg boanalytical approaches to address
contemporary hiological and  cinfeal challenges,
secks outstanding candidares who can complement
its curent research programs in proteomics, metah-
olomics and associated technologies for swstems
biclogy (website: heeps/ /www. barnett.oen.edul,
Wajor collaborations are ongoing with nearby
medical schools as well as biotechnology and phar
maceutical companies, and the institute has an active
technology leensing program. Relevant fields of
rescarch could ncude carboliydrate chemistry,
manotechnologry, clinical diagnostics or hioengi-
neering; other arcas may also be of interest. Assistant
Irofessor candidates (temure track) shontld have at
least two years of postdoctoral experience. Associare
Irofessor candidates {tenured) should have a dem
onstrated Tevel of accomplishment, including an
active, federally funded research program, Please
send a letter of applicatdon and a comprelcnsive
curriculum . vitae to: Dr. Rogger Kaote; Barnert
Tnstture, Room 341 Mugar Building; Northeast-
ern University, 360 Hunting ton Avenue; Boston,
MA 02115, Or b e-mail: harhettinst@neu. u.lu
Morkeasient L ] :
Addion Linplay
SNG4l v

sl aciively encowrge
Hai.

Laeonard M. Miller School of Medicine
University of Miami
Department of Dermatology
and Cutancous Surgery

The Leonard M. Miller School of Medicine,
TTniversity of Miani, Department of Termatology
and Cutaneous Surgery 1s sccking a full dme fac
ulty member at the RESEARCH ASSISTANT
PROFESSOR / RESEARCIT ASSOCIATE
PROFESSOR / BESEARCH TPROFESSOR
level. Candidares must have M), Ph.DD, or MDD/
Ih.D, We are sceking individnals with research in
terests in dermatology, inflaimmatory infections, go
netic diseases, and /or wound hc,d]mg expreThse
desirable, Orer 1000 squate feet of wet laboratory
space. Staff, Mh.D)., and fellow snpport to be nego
tlated. Frrernal grant support s desivable. Tn ad-
dition, clinical responsibilitics for M., or M./
Ph.T applicants to include seeing privare }_mr]cnr.\
ar current clinical practive for general dermarology.
Bank and salary will be commensurate with training,
and experience. Please forward curviculem vitae ta:
Lawrence A. Schachner, M.V, Chairntan & Harvey
Blank Professor, P.0O. Box 016250, Miami, FL
33101, E-mail: lschachn@med.miami.edu. Tele-
phone: 305 243 4771, Fax: 305 243 6191, Ax

Fgsel £ paersivnisp A ffvoanive Acrion Fgilaper.

POSTDOCTORAL FELLOWSITIP

Texas A& M Unversity ar Galveston [TAMTIE)
scoks applications for two competitive two vear
Postdoctoral Fellowships fronn highly qualified can-
didares nterested in any aspect of marine biology,
occanography, coastal /occan enginecring, marine
sealogy, o manne policy and management. For de-
tails, sec website: hoep: /S www, tunug.edu,/postdoc.
Fogsiel Cippiartsisity Rinploy ritdtive Aetion.

www.sciencecares rs.org



Postdoctoral Research Qpporcunity TR,
HIV Exolution and Yaccine Design {‘d ;

"U'he Santa Fe lnstitae |
W Im\u]cnu: al sesein
Ty 208K in the ares ¢
2 Although che posiion is rocuscd o lll\
Frnluiin ane
Tstusaael anel Trove ;

indexBlescarch.php). Lhe s‘ucccssi'u[lca.ud d.au, will be free
ek eplinre scher e and pozae sdelfdnmal oollibosGons
while . the Tstive,

The specilic prisjecs weill Tnvnlve
- HIW evilicun and defining chazaoerstio of the vizu
EI e N TETIY
- Lhesiga LIV vaceines chat specifically addrces
characteristics of che virus ar cransmission and caly
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- Trevelogs enodngedge phdegenece medhodnlogies
Llis wosle is cheoredical bur vaccine design concepes will be
L] 1oy esperimenl i 1:|J||t~.igl|:ﬁ au ocher fnsinncons,
and we have access ta data pertinent to acure Infeciions, A
strong backeround in programening. statistics, and bology

is highly desralile.

Ohher azeis of esearch an che e 2olude eixHigy,
virology aad immunolegy. evalvabilicy aad robustacss.
population geactics. genomic impsincng, paleobiology
vl ol (lr\t‘ll)[‘”lt‘lll ane| hinloggoal computainng.

This Tl Resesrocher wil e appoined fos s -
vear ces on a fulltime bass, with the passibility of a one-
yeal extonsion coaciagent upon coacavation of nudiag

ane| perfosmance,

Applivicons aze welonme Tom cindidaes 20any oouniry.
Yomen and minositics are especially cncouraged to apply.
Suwerslul Toreiun applive nes musy acuis acerplille

et (sttally o J-10 0 condivion o enrsloy

To Apph Plestse view the Tull pe

YAUTMB

The University of Texas Medical Branch

FACULTY POSITION, TENURE TRACK
Center for Addiction Research
and
Department of Pharmacology and Toxicology
The University of Texas Medical Branch (UTMB)

Cundidates are soughl for g wenure-lrack posiion available mohe Conler Gor Addielion Bescarch and
the Department of Pharmacology and Toxicology at UTMB. The successful candidate will have a
strony reeord of scholarly rescarch, publication and extramural Qodme w neorophanmwcology,
nevursoxicology and/or neumoseiencs focused oo drug abuse, alecholism aoddor awddiction. Preflerence
will be given to candidates interested in working in a highly collaborative, interdizciplinary
covivvmmnent witlh micrests eomplenentimye these of center wd deparmenial Gweully, The TUTMB
Center [or Addicinon Rescarch s 8 umgue collabonation of Tacully whoe are cmploying culting edge
tools to identify candidate targets and markers for the etiology and pathophysiclogy of addiction.
The Depariment of Pharmacolory wnd Tosicology 1s compnised of 16 enure-track Gueuliy whe apply
contemporiry molkeculsr, cellularn, chemmesl, and behavioral approaches o the study of addietion,
psychiatric disorders, cancer, cell signaling, gene regulation, drug metabolism, molecular toxicology
and e strociure wid lunction of biolomeally active moleeules, The departiment alse houses e
Pragram in Chemical BGiology, which employs combinatorial and synthetic organic chemistry in
pursuit of novel reagents for hiomedical research. Rich opportunities exist for translational research
1t the arcas of addichon, psyeluatne disonders, cancer, and neuroderencraion. The position ofers o
competitive salary and benefits package.

All appheanons should contiun the follewimy materials: cwrent currieolum vilae, statement of
resvarel aecomplishiments snd lulure plins (kess than 3 pages), and numes and eomwael mlommaton
for three references. Please submit to: Dr. Kathryn A. Conningham, director, Center for Addietion
Research. and vice chair, Depaniment of Pharmacology and Toxicology, The Universily of
Texas Medical Branch, 301 Universily Boulevard. Galveslon, TX 77555-1031; or cmail via Ms,

1 T i
application struccions at htp: v saararc edul T.

hivpewudoc bl For full o a1, allappilies
Yals snusy he recetved eleosnnio i“\ \[lrt-le-rrrdlu T
pos’ruo ares than December 2, 2005, s firther phtox/.

SOHL, e T |1)|J~I.c|nc i@ san leedu o oall {55

KFT & v wepreaed aprpreemisensdiy evsplooper

. Landry, tllandr¥@utmb.cdn. Web sites: LUTMI3 www.autmb.edn; the Center for Addiction

Rescurch wwwodmbeedw/addiction; Depariment of Plimacolopy iund Toxicology www ulmb.edw/

{ATMRB is an Affirmative Action Inetitution witicl proudle values dhersife
Candfidintes of all Packprounds ave encowraged fo apphv

THE UNIVERSITY OF

ARIZONA.

TuCsON ARIZONA
Assistant/Associate Professor, Environmental Physics
The Department of Soil, Water and Fnvironmental Science at The TTniversity
af Arizona invites applications for a faculty position in environmeaental phiva-
ics. We seck dynamic, ereative applicants with an cxeellent understanding
of fundamental physical propertics and processes associated with soils and
auhawrface terrestrial aystema. Gramples of desirable rescarch arcas inchide
multi-phase fuid low, deep vadose-mone systemas, pore scale procceases, and
irrigationfrecharge fundamentala. Candidates with exparience in guantita-
live characterization of ow and trunsporl provesses. ncluding theoreical
anitlysis, mathemalical modeling, and moovalive maging methods. are
epecially encouraged 1o apply.
The candidate 1s expected W complemen! existing sirengths of the deparinent
in one or more of the following overlapping areqs: comamingml ransporl
and fule, watler quality. soll/groundwiler remediaion. soil-pla-water
reluionships. and environmentsl microbiology, The successtul candidale
15 expecied o develop a vigorous exlemally funded ressarch progum. o
supervise sradule ressavely and W 1each al the undergraduats and maduate
levels (two courses per vear) This will be an acadermic vear lenure-track
appointment, and compensation will be commenaurate with experiznes and
training.
Ttia anticipated that this position will he available Anguat 2006 Applicants
are required to have a PhoT in hydrology, soil physics, or closely related
ticld at the time of appaintmaent. Tnitial review of applications will hegin
January 15, 20, and will cantinae ankil the position is filled. Candidates
should submit their cirriculum vitas, names and addeesses of at Ieast three
references, and a statemant of rescarch and teaching inkerests to: T Wark 1.
Brusseau, Search Committee Chair, 429 Shantz Bldg POB 210038, 1177
F. Fourth 5t., Tueson, AF 853721-0038, University of Arizona, Tocsom,
AZ 85721, Additional information about the department is available at heep:
Hag.arkzonaceduSWES/,
The Dniversily of Arizona iv an BRGAL - MDY Eaplover

Ie‘*ﬁb 5?"3‘@.
i Ah %

1”4{ mmi-("(‘r
TPA™ Office of Rescarch and Develapment (ORTH, CHfice of the Science
Advizor {O5A) i3 accking a candidate fora Seientific/ Technical {ST) Profes-
aianal poaiticn az TTuman Subjects Beacarch Review Official. TTighly qualified
acientific leaders currently engaged in matters related to haman rescarch
athics and sabjcet safety are sought to Tead this high level poaition.

US Environmental Protection Agency (EPA)
Office of Research and Development (ORD)

This pasition is responaible for providing high-level scientific leadership and
averall eocrdination relating to taman rescarch ethics and aubjeet safery,
Other reapansihilities inglude reprcacating ORTHon Ageney TTuman Subjects
Wonkgroups az well as ather Tederal Oversight Offices such as the Offiec of
Hummin Besearch Protecion. The mewmbent will also provide advice and
reconmmenditions which mmay serve as u basis for policy decisions i areas
relited 1o human subjects’ research. The meum bet will wlso be responsible
for the Humin Subjecis Research Review Protocol, serve as the key liuison
for EFA in interactions with nsiiutional Review Bourds; develop. eviluile
il oversee (raininy and staft education relited (0 the etlneal and sufes conduet
of human studies; wnd provide guidance o human research investigalors
1 prepuring protocols. consent forms. guestiommires. <o, Appoinimenl is
auhjeet to the auceessful complation of a background security investigation.
Thia position iz aubject to random dimg testing,

Uhe mininnm rite of basie pay for a Selemific Teclmical (517 posilion eguals
120 percent of 2 GS-15 step | rate of basic pay {e.a.. $120.1 55 per annam).
Thia position will be hased in Washington, TL.C.

Applicints should submita CV and a vision statement 1o: Jayoe Ramsey at
US EPASORD (814118), 1204 Pennsylvania Avenue, N, Wiashington,
DL.C20460. T ar mare infarmation, please go to heepfwww.epa.gov R
hemijobs_ord.hom, or you may contact Jayne Ramsey at (201) 564-6736
OF Tamsey. jaynedtepagov. Applications must be postmarked by Trecember
23, 15,

{25 Citizenship Reguived
PR v an Foucd Choporirtnnily foaployer

ScienceCareers.org
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POSITIONS OPEN

FACULTY POSITION
Dyepartment of Biologdeal Sciences
Purdue University

The Drepartment of Biologieal Sdences invires
apprlications for a renure-os u_k faculty position
vertebrate developmental biolagy. Irimary consider
ation will be given to candidates who use cebrafish
o mige as genetic animal models to ask Mndamenral
aquestions in developmicntal biology. 'Lechnical cx
pertise in high-throwghpet approaches for screening
ar gene knockdeowns, microBNAs, or transgenic
[eneckonts s desivable. We cxpect to (il an academic
vear appointment at the ASSISTANT PROFES-
SOR Ievel; however, appointment at a higher rank
will be L(Jnmdcrcd foar qquealified applicants.

The Deparnment has over 50 faculty meanbers di-
reeting, rescarch in a wide range of flelds trom bio
infimnatics, through molecular amd systermns Tevels,
to evolutionary blology and coology. Ower the next
several wears we anticipare additonal fonlty posi
tons in developmental biology, integrative disease
biology, and molearlar evoluton. 'Lhe Department
divects g fransgenic mouse core facility i conjunc-
ton with the Purdue Cancer Center and mamtains
an animal facilice. Lurether nformation abont the
Trepartment 15 available at website: hrip: S Swww,
bio.purdue.edu,/. 'The University s expanding, the
life sciences cn campus and as part of this initative
several new buildings are nearing completion. These
include a new Biomedical Engineciing, Building, a
Storctural Biology Building, and the Bindley Bio
science Center, which houses shared  facilines for
imagye analvsis, proomics, quantitative and fiuaction
al proteamics, and other Bological instrinmentation.

The snccesstul vertebrate developmental biolo
g¥ applicant must have 2 Phld. or cquivalent in an
appropriate discipline and ar least two vears of
postdoctoral expericnee. We seck applicants with a
stromg potential for escellence in research, the
promise of extramural fumding, and a comminment
oo exccllence n teaching. Applications nurst be sub
witted electromically as a PTIF file that incledes a
derailed currculum vitae, the names and addresses of
thtee refrrences, @ swmmay of rescarch interests,
and a one-paragraph reaching statement to e-mail:
chair devo@bio.purdue.edu. loquirics showld be
dirceted to: Professor Donpa M. Feleete, Chair of
Developmental Scarch Committes, Department
of Biological Sciences, Purdue University, 915
W Stare Strecr, West Latayetne, TN 47907 -2054.
Review of applications has begun and will contmue
wntil tie position is illed.

The Deparnnent also plans o 71l G g college-
wide effout called COALESCE, a number of other
biology facnlty positions in mmlddisciplinary arcas,
including  membrane science, boinficmatios, and
nanoscicnee. Applicants in these ticlds mav apply di
rectly to website: hop:/ /www.science. purdue.edu,/
COALESCE /. Applicants to one search may be -
cluded in other relevant searcles when appropriate,

Prurdue Dwivewity Hoan Fgoal Opportisig Fgual cloesds
snative ition F"mu.l’zym' and {4 oot ra haiilding @
fculiy o evviellerce

BENTITIC. ECOLOGIST: Carcer-track position,
GS-T2 entry level, s avalable ar the TT.8. Geologeal
Swrvey (USGS, Florida Integrated Scicnee Center
tos conducer tar seted field and laborarory marine and
estiarine community rescarch. Applicants must have
a strong, backgromnd in ficld oriented quantitative
warine henthicinvertebrate ccology . Applicants must
have a strong record of ndependent rescarch, exeer
nal fumding, and publicarion. Previows postdoctoral
experience 15 essential. The successtul candidate will
assumie 2 lead role in ongelng muld disciplinary
deep-water vesearch, amd developr a high-caliber re-
scarch program, sustained largely on external fund
ing. Dircet inuirics to: Dr, Kenneth Sulak (e mail:
ken sulak@usgs.govi Applicants will find derails,
and muest apply online at: website: heep: //www,
usgs. o Sohfoars /. Vacaney number TR-8-2005-
Q70 Opens T Novernber 2005, coses 3 Decen-
ber 200a, s i Copotiailiy ) .'
Avrion Eampla per.
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FACULTY POSITION
MEDICAL MICROBIOLOGIST

The Biclagical Sciences Department at California
State Polyrechnic (Cal Poly] Tiniveraty, Pomona, in-
vites app]n_dhtm\ firr a tenure-track Assistant 'mec.\-
sor position, beglaning, September 2006, Candidates
st have a strong commmitment toexscellence in
teaching and rescarch. Lhe candidate should be able
to teach both waditona and meoleoular diagnostic
techniques toomicrobiology, medical technology and
biotechnology majors. 'L'eaching, responsibilitics =il
incluede lower division and wpper division,/graduate
microtiology courses, such as medical bacreriology
and medical parasitology, and otlicr specialty courses,
as well as partdparion inonrroduectory biology
courses. The successful candidate s expected to
develop an cxoamurally firnded rescarch program
involving undergradieate and Master’s level sturdents.
Il is 1cq1.urLcl teaching and postdoctoral experi
cace is preferred. Cal Polv Pomona is a comprelen
sive Master’s level umiversity with a diverse student
bads. L'he snecessfnl candidate will have demonstrated
dh]]]'r)r oy be responsive o the educational equiry
swoals of the unmiversity amd s inereasing ethmie di-
wersity and international characrer. Applicants shonld
serdz i 13 currieulum vitae, (2 starement of reaching
philosoply, (3] proposed plan of rescarch, (47 rep
resentative publication reprints, and (3 the names
and contact mformation of five references to: Dr. Till
Adler Moore, Chair, Medical Microbiclogist
Search Committee, Binlogical Sciences Deparunent,
California Srare Pu]\ technic University, 3801 Wosr
Teniple Avenue, l‘omol:mq CA 91768 4132 (e n1ail:
jpadler@csupomonaaedu ). Beview of dpphn_ar]nm
will begin December 18, 2005, and will continue
il posidon is filled. Oficial transcripts and thee
lerrers of reference will be required of all finalises. For
firther nformarion, visit the Department websive:
hrtp: / Awwwoosupomona.cdo /~bloslogy.

('m'r‘zru.’.e State PJ.I'}Jrf'rfm.’r Uluiversity,  Pamos {0 i
Lapeal Ovounuema], Affinnative Aciion Lwpleyer. 2ol Poly
Posmosit b ootnoall crate awed fadeedl sralations gl
Jealdbits diicriiin r.rm aeed oL gender, e,
ifom, Mo on ; : ;
vAfer Shfus.

engel Driestd-

FACULTY FOSITION
Department of Chemistry and Biochemisuy
Center for Protein Structure and Function
University of Arkansas
LThe Department of Chemistry and Biochemistry at
the TTmiversity of Arkansas s seeking an outstanding
scientist for a tenure track faculty position associated
with the NTIT Mational Center for Research Re-
sources Center for Protein Structure and Function.
{website: hop:/ Swww.narl.edu/chemistry). Be
search areas appropriate for the posidon include
muclear magnetic resonange (| NMR) detcrmination
of protein souctire and dynamics, divg design,

bloorganie chemistry, and spectroscopic studies of

proteins. Uhe Center has five new NME spretrom
cters, ncluding a 7O MHz MM and a 500 MHz
NMR, hoth with crvoprobes. State-of-the-art pro-
tein X ray corvstallopraply and mass spectrometry
core facilities are also associated with the Center.
Collaborative, multidisaiplinary research projects are
cocouraged. Successfidl candidates must have a
PhTr and postdoctoral experience and wall be ex-
peeted to cstablish a nadonally fnded rescarch
program, and teach effectively at the gradvate and
undergraduare levels. Review of complered applica-
tions will brgin on December La, 2005, and
continue until the position s filled. Curricuelum
vitae, description of research interests, and threee
letters of recommuoendation should be sent to:
Profissor Frank Milletr, Chair, Faculty Scarch
Committes, Department of Chemistry and Bio-
chemistry, University of Arkansas, Fayvetteville,
AR 72701 ie-mail: millert@uark.cdu). Wosmesn il
m."mlr.".']-' camdi M comiribiie to R

Aslsias de o an
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POSITIONS OPEN

FACULTY POSITION
Department of Biological Sciences
Purdue University

The Drepartment of Biological Sclences invites
applications fior a tenure-track faculty positdon in
microbial pathogenesis. We wish oo dentify candi
dates who focus on host-pathogen Interactions wsing
an animal medel of infeetions discase. Primary con
sideration will be given to candidares who wse mice
as an amimal model] to study fundamental questons
in bacterial or ¥iral pathogenesis. We cxpect to till
an academic wear appointment at the ASSISTANT
PROFESSOR level; however, appointiment at 2
higher rank will be considercd for qualificd applicants,

The Trepartment has over B0 faculty members
directing vesearch Inoa wide range of fields from
bicinformatics, througl molecular and systems lev
els, to ﬁ:\t:hmtmf]r\ bology and ecology. Chver the
next several vears we anticipate additional faculty
posittons in developmental biclogy, integrative
disease lology, amd maolecular evoludon. The Tre-
partment directs a transgenic monse core tacility
i conjunction with the Purduee Cancer Center
and mmaintaing an animal facility, Further informna-
ton about the Department is avallable at website:
htrp:/ Swww . biopurdoc.edu/. The Tlniversiny is
cxpanding the Lifc scieners on campus and as part
of this initiative several new buidings are neaing
completion. These indde 2 new THomedical Tn-
glncering Building, a Stuwctral Biology Building,
and the Bindley Bioscience Center, which houscs
shared facilities for image analysis, genomics, gquan-
trative and fmetional proteoncs, and other bio
logieal instrurmentation.

The succcssfitl microbial pathogenesis appli
cant mmst have an M., PhoD or couivalent in an
appropriate diseipline and ar least teo years of
postdoctoral crpericnce. We scelk applicants with
a strong potential for escellence in research, the
pronmise of extramural funding, and a commimment
to cxccllence in teaching, Applications mmst be sub
mitred electronically as a PTIF file thar includes a
detaled curricuhnm vitae, the names and addresses
of thece references, 2 swmmary of rescarch interests,
arud a one-paragraph teaching starement to e-mail:
chair_micro@bio.purdue.edu. Lnquitics shonld be
directed oo Professor Allan E. Konopka, Chair of
Microbial Pathogenesis Scarch Commirtee, De-
parumnent of Biological Sciences, Purdue Univer
sity, 915 W. Stare Street, West Lathyerte, IN
47Y7-2054, Review of applications will begin No-
wemiber 30, 2005, and continue natil the posidon
15 filled.

Lhe Deparoment also plans o fill, in a college
wide effort called COALESCE, a mumber of other
brology faculty positons o mulddisciplinary areas,
including membrane science, bioinformatics, and
nanoscicnee. Applicants in these ticlds mav apply di
rectly to wiehsite: httpe /A wownwsdence. purdue.edu /
COALESCE,/. Applicants to one scarch may be in
clided in other relevant searches when appropiate.

Pardue Twdvariity de an Fpgal Opiortasity Fotial 2]
Affi Aitivr Lwploper and s aommiiied do i
diveris faovilty of exollese:.

g @

POSTDOCTORAL POSITION

A Postdoctoral positon is available in proteomics
ar Texas Tech Tlmiversity, Taubbock, Tesas. This
position bvolves smdies on development of mcth
odologies fin quantitative analyses of proteins in
provecnmics vesearch. The applicant wmust be faniliar
with proteontics and nuest have strong expertise in
provein sepavaton by 1-Tr amd 2-T2 elecnrophoresis
as well as in handling MALD] mass spectrometry
and peptide mass fogerprintng. Lhe applicant
should also have excellent conmmunication and
writing skills, and mmst be able to conduct rescarch
mdependently. Applicmts should semd curnoelinn
vitae including the names and contacr addresses of
at least three references to: Dr. Satomi Niwayama,
e-mail: satominiwayama@tro.edo.

www.sciencecares rs.org



Science
Careers
Forum

ScienceCareers.org
has partnered with
moderator Dave Jensen
and three well-respected
advisers who, along
with your peers, will
field career related
guestions.

Visit
ScienceCareers.org and
start an online dialogue,

We know schence EAnA5

University of California
Riverside

TITLE/RANK: Professor, Associate Professor, or Assistant Professor. Appointment rank and salary
conmmensurils willl experience.

LOCATION: Umiversity of Califormy, Riverside, California.

POSETION: The College of Nutural wnd Agricullural Sciences inviles applications for two fucully
positions i stem cell biology begimning on or afier July 1, 2006, We e purticularly interested in ndi-
viduals studying the differentiunion of human embryonic stem eells and (their potential applicaion o
human therapy, wlthough all areds of mummlian 2mbryonie stem cell research will be considered. The
suceessful candidates will inerict with our interdisciplinay stemn cell focus sroup consisting of facully
frommn the life sciences, engineering, wnd blomedical sciences. The stem cell facully will also be part of
our develuping Health Sciences Research nsiitute, Highly compelitive stunl-up packiges wnd state-of-
the-art facilitics are available TIC Riverside is a rapidly growing campus with central prosimity to the
major biomadical rescarch arcas in Southern California.

QUALIFICATIONS: Applicants must hold o Pho2 MDD, o equivalent and lhave postdocioral @xperi-
cnee. Candidates must have demanstrated expertise in atem cell biology.

RESPONSIBILITIES: The suceessful candidales will esiablish and muaniasin vigorous. innovi-
tive reszarch programs mostem cell biology laking advinlage of new state funding opporiumties. as
well as federal and private sources. Cppartanitizs for graduate stadent training are available through
interdepartmental graduate programs in Newroacienes; Coll Malecalar and Developmental Riology:
Riomadical Sciznces; Riochemistry and Maolecular Riology, Genetics, Genomics and Tioinformatics,
and a develaping program in Biocnginzering. Teaching responaibilitics would he at the graduate and
undergraduats levela

TOAPPLY: Applications should contain a curricularn vitac, brief statement of rescarch interests, relevant
reprinta, and the names, addresses, phone and fax mambers, and cmail addresses of three references.
Applications can he submitted electronically to stemeells@gueredu. Alernatively, hardeopy applications
can be sabmitted to Chair, Stem Cell Search Commitcee, 1208 Spieth TTall, University of California,
Riverside, CA, 92521,

DEADLINE: Review of applications will begin Trecember 11, 2005 and will continue until the posi-
tions arc filled.

The Dniversity of Cafiformia v an Fepral OpportaaibcAffivmative Aetion faplover,

» UUNIVERSITY OQF

n

Y

Yale University School of Medicine
Interdepartmental Program
Cellular Neuroscience,
Neurodegeneration, and Repair

2/ OXFORD

Department of Chemistry

333 Cedar Street
New Haven, CT 06510

Inorganic Chemistry Laboratory Faculty Positions
Postdoctoral Research Assistant Yale University is establishing a Program for Cellular Neuroscience, Neu-

radegeneration, and Repair to bring together scientists involved in basic

Grade RS1A for University Research staff, salary £22 289 - £24 352 pa.

There is a vacancy for a Postdoctoral Research Assistant to work with
Dr Jason Davis. This PDRA position, renewable for three years,
concerns the construction of novel, anion-selective luminescent
rotaxanes and catenanes, including surface-assembled systems.
The post requires experience of fluorescence/luminescence and
surface assembly. The successful applicant will already have a PhD or
have submitted a thesis prior 1o taking up the appointment. The post is
for one year in the first instance.

Further particulars are available from the Administrater, Inorganic
Chemistry Lahoratory, South Parks Road, Oxford OX1 30QR
{quaoting reference DHO05020/J.JD), or by  e-mail
(rita.higgs@chem.ox.ac.uk) and these must be cbtained before
application is made.

Informal enquiries may be made to Dr Jason Davis
(e-mail: jasen.davis@chem.ox.ac.uk).

Four capies of applications in the form of a letter, curriculum vitae
and the names and addresses of two academic referees, at least
one of whom sheuld be your current ‘line manager' or supervisorn,
who may be contacted prior to interview, showing how you fulfil
the selection criteria, should be sent fhard copy only}, quoting the
reference number to: The Administrator, [reference DHO5020/J.JD)
Inorganic Chemistry Laboratory, South Parks Road, Oxford
0X1 3QR, by the closing date is 1st December 2005,

The University is an Equal Opportunities Employer.

i {ramslatomal nearoseience rescareh, Adms ol he Progrom are o
{a) understand neuron-specitic aspects of cell function,

() elucidate the cellular pathophysiology of neurodegeneration and

{7 sl s know ledyee moe therspres capable olrepainng the nervous
syatem and improving neuronal function in diseaze.

The Program will cmphasiee ophysical, moleeular and gencic
approstchies and foster nuerclons aeross discaplmary boundanes, Facully,
who will be appointed to existing academic departments, will be housed
1 cwnmunen rescareh space al e School of Moedieme,

Seven new faculty members will be appointed over the next several
vears. Candidates must hold an M.0D. andfor a Ph.ID. degree, or equiva-
lent depmees, We myvile applications al e rank o assistand prolessor, bul
appointments at the rank of associate and full protessor will be considerad.
The first round of applications is due by December 31, 2005, Pleaze send
i eover letier, cumeulum viae, up W 3 wepreseialive publicalions, a
research plan (strictly limited to 2 pages), and arrange for submission of
3 ketlers ol recommendalion,

Application materials should be sent electronically to Pictro De Camilli
and Stephen M. Strittmatter, co-directors of the Program, exclusively at
the: fellowimye c-nul address: eoncsearchi@ yvale. edu. Recommendation
letters can be forwarded by mail.

Applicaiions from, o rombntions of women wd minorine scienfisiy
are enconwraged Yole i an Affmmative deffon/Equal Opporivnine
Fraployer

ScienceCareers.org
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GENOMICS FACULTY POSITION

The Department of Tiology at the TTniversiny of
South Florida [ USLY announces a tenure track
position ar the ASSISTANT PROFESSOR level
heginnmyg Augese 2006, Research inrerests should
e in the general arca of genomics. Candidates that
can interact with our dynamie group of faculty wirh
strengths in cell and molecunlar bislogy, conscrva
tion biology and marine biology are encomraged oo
apply. Candidates must have a Ph.T2 in one of the
biological scicnees, postdoctoral cxpericnce and
relevane publications. 'Lhe successfnl candidare will
be expected o develop an active, externally funded
rescarch program, and teach an undergraduwate
course i genencs and graduate courses in their area
of speaalization. Send curriculum vitae, reprines of
thtee published papers, statements of rescarch and
reaching interests, and three lerrers of reference to:
The Genomics Search Comumittee, Deparunent of
Biology, University of South Florida, 4202 E.
Fowler Avenuge, SCA 110, Tampa, Florida
33620 5200, Complete applications, including,
letters, must he received by Thecanber Ta, M5,
According to Flovida Taw, applications and meetings
regarding them arc open to the public, L dind
aeamemadations, plegie coneaer Dawe McGuwan a

telephone: 813-974-3250 ai least fiee wovking daps price
oomesid, L0S2 1w Afranie I Lmploymeni

Clupostanity duititition.

POSTRNOCTORAL FELLOWS
University of Cincnpatd Departnent of
Molecular Genetics, Biochemistry and
Microbiology

Postdoctoral positions are available in the arca of
Na, K-ATTase function and physiclogy. Tling mene
targeting, we have developed models to Investigate
the individual roles for cach of the alpha isoforms of
this enyine. Toth stamdand and conditional knock-
outs and gene replacements have been produced.
‘Uhis represcats a great opporomity for individuals
secking experience relared o physiology of Ton trans-
port regilation or training in organ systems such as
heart, muscle, vascular systemn, kidney, ovary, et
cerera. The studies mvolve o multidisaplinary ap-
proach incduding but mot lmited to plvsiology and
ochemistry, The training enviromment within the
deparnment 15 outstanding with 27 faculty, 45 wrad-
uate students, and approximately equal mrmber of
postdocroral fellowes, Tnterested camdidares should
send thelr resiwmes to: Jerry B, Lingrel, Phd,
Professor and Chair, Department of Molecolar
Genetics, Biochemistry and Microbiology, Uni-
versity of Cincinnatd, College of Medicine, 231
Albert Sabin Way, Cincinnati, Qhio 45267-0524
or e-mail: Jerry Lingrel@uc.cdu.,

POSTDOCTORAL POSITIONS
Hormone Recepror $ignaling /Breast Cancer
MNorthwestern University

Tositions are avallable in a molecular endoeninolo-
g laboratory focused on the Amction of the prolacin
recepror conndex during the pathogenesis of breast
cancer. Rescarch arcas include the action of the
Nekd Va2 comples In proximal receptor signaling,
the pathophysiologie function of the six recognived
lmman prolactin receptor isoforms, contributon of
proJacrm recepror phosphorylation o receptor func-
tion, and the regnlation of $tat signaling by co
regitlators and evclophilin B, Molecnlar biology, cell
culture, and for rodent hushandry experience re-
aquircd. Curting, edge methodologics employed by
the laboratory incliede, bt are not limired oo, anal
vais using yeast two-hybrid and transeriprional ar-
ray analysis; proteomics /mass spectroscopy, and
senograft and knockout models of breast cancer. Re-
cent graduates with TTE citivenship or permanent
residence are cnconvraged to apply. Please send oureric
ulum vitae, g stateinent of research interests, and three
referenees #1a ¢ mail to: Dr. Charles Clevenger,
Department of Pathology and Breast Cancer
Rusearch Program, Northwestern University at
e mail: clevengerinordiwestern.edu. Ligus Goper-
vty Eomgila pers A ffemativg erion,
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POSTDOCTORAL, RESEARCIT, AND

CLINICAL FELLOWSHIPS

at the
National Institutes of Health
U5, Deparunent of Health
and TTuman Scrvices
Website: herp:/ /www. training. nih. gov
wl to hoilding @
Aabig aad smplopmend
DYORFIING,

POSTIMHETORAL RESEARCH POSITION

The Tology Department at danherst College seeks
a Postdocroral Fellow interested mo collaborative
rescarch and teaching, within the college coviron
ment. Besearch may be comducted warhin the Tabora-
tory of any member of the Department (website:
heep: / /www ambersteduo /-~ biology /faculey.
homly bt st addvess some aspect of senomic
biology. lartcipation in the tcaching of wsder
graduares will Involve the co-teaching of 4 course,
o a specific modile within a course, with facules in
the Department. Ve two yrar position is finded by
a grant fromm the TToward TTughes Wedical Tnstrere
tos Arnherst Colleme to support teaching and research
in the arca of genomic bology. Review of applica
tioms will begin after Tanuwary 1, 2006, and continue
untdl the posidon is filled. More details of the
position and the application process are available at
wehsine: hrop:/ Swww.amhberstiedo /- hiology /S
menu.homl.

Amberst College 15 g private undergraduare Tib-
eral arts college for men and women, wirh 1600
students and 1940 facnlty members. Located in the
Caonnecticur River Valley of westrern Massachu-
sctts, Amberst participates with Hampshive, Mount
Holyoke, and Smith Colleges and the University
of Wassachuserrs in the Five-College Consortiarm.
Ammbersi Colleae &5 an Ll Ovoorini
Finployer, sl cotisages wamen, peri
wwitl dizahilitier ta aply. The adwnin
are commiiind do atieaciing oailiil
siselarvepresanted an o cumpus

i and perias
cailty e ool
weps ourrenily

POSTDOCTORAL POSITION: Calcium Sig,
naling in Smooth Muscle, Postdoctoral Position
nomediately availabile to stedy caloiem sparks,
caleinm waves, and potassinm channels in arverial
smooth muscle cells, Txperience with cardiovascular
phsiology, patch-clamp decrrophysiology, confocal
microscopy and/or caleium imaging preferred.
Required qualifications inclide a Th.T or MT2 in
physiclogy or a related feld. Send cnrrieuhom vitae
and names and addresses of three references to:

Jonathan IT. Jaggar, Ph.T2.
Deparunent of Physiology
University of Tennessee TTealth Science Coenrer
894 Tnion Avenuge
Memphis, TN 38163 U.5.A.
E-mail: jjlaggar@physiol .utmoem.edo.,
13 ; e Al Lwplogunesi
STl TN Sertion

TRRCICe 5aR
Cletios/ Tirle T

The Center for Aquatic Ecology and Conscrva
tiom at the Tlineis Karural TTstory Survey seeks a
POSTDOCTORAL ASSOCIATE to paticipate in
rescarch on the potental impact of nvasive filter
feeding Asian carp In the Great Takes, PhI) in
aquatic ecology/linmelogy requited; rescarch expe
rience m Hankton or fisheries biology preferred. For
the full position ammouncement and applicadon in-
strirctions sce website: heep://www. inhs.uine.
cdufopportunites Sindex.homl Apple by Janweary
&, 2006, for fll consideration. For techinical ques
tions, contact: Dr. Walter Hill e mail: wrhill@
winc.edy, relephone: 217-244-2103) or Dr.
Bobert Herendeen (e mail: herendeet@unine.edu,
telephone: 217-244-2137 ).

§

The Virginia Marvland Begional College of Vet
ermary Medicine has an nomediate opening for
POSTDOCTORAL ASSOCIATE to perfonm mao
lecular and microbiclogical investigations on speel
mens obtained fronn wald  chimpanzees. Various
molecular and microbiologizal techniques =il be
applicd to study =ild chimpanzee populations as it
relates to their health, well-being and conservation,
Emphasis will be on microsatellite analysis. Lhe
mombent wall assist with the oaining of gradueare
stirdents on their laboratory sordics involving mo
lecular and microbiclogical techniques, and assist
with the preparation of grant proposals. Candidates
nmst have a Pho wdth demonstrated expericince
with both microbioligneal and maolecular techmigues,
mehnding, micosatellite analysis, DRNA solation,
PCR, cloning, and cultning and isolating, micrabes,
Candidares with a Ph.T) that also have a D V.M
VoMUY or MOTY are preferred. Taddence of ap-
propriate rescarch taining, with a record of pub
licarioms in peer-reviewed journals i required.
Demonstrated skill in scicntific writing, for peer
reviewed journal publications andfor grant pro
posals is required. Candidates must be able to design
and exccute laboratory cuperiments, analvee data
ard prepare wanuscripts for publication. Candidates
must be selfanotivated, capabile of working mdepen-
dently, and able to disccrn when it is impeostant to
comfier with the principal investigaror. A wallingness
to work with graduate smdents s requived.

Submir application online at websive: hoeps: S,/
jobsavtiedn and upload supportng docnments, in-
cluding: cowver letter, cwricnlum vitae, academic
background, research experience and pubilications,
ar three letters of recommendation by Nowvember
06, 2005,

Funding is guaranteed fin three vears.

Auldidonal information may be obrained from:

. Taranjit Kaur
Virginia Tech CRC XV {0493)
Blacksburg, VA 24061
Telephone: 540-231-6522, Fax: 540-231-7735
E-mail: raranjir@vtadu
Laieal Cloperinii)

R

L ftrmaiiee Aoiivn b,

POSTDOCTORAL POSITION immediately
availabile to develop novel therapeutic modalides for
the treatment of graft versus lost discase (GVHLY)
m the comtest of allogeneic hamaropoiete stem cell
transplantation by targeting inflarmuoatory signaling
pathways. Beguirements: M0 or PhDy. degrec in
nomunology, cell Mology, or molecalar biology.
Strong backgronnd in nuine models, meolecular bia
logic methedologies and flow cvtomenry, is highly
desirable. cumiculum vitae with names, relephone
mmmibers, and ¢ mall addresses of theer references
should be sent ro: Markus Y. Mapara, M.I2, Ph.ID.,
Dhivisiom of TTematology-Oncology University of
Pinsburgh Cancer Institite, e mail: maparamyd
upmc.edu, Telephone: 412-623-1112.

NITT-funded POSTDROCTORAL POSITION
to cxplore enzvme catalstic mechanisms nsing, newly
developed transient stare Knetic approaches [ Aceosses
of Clemgeal Revearcl 38137, 2005 ). Tsperence in
protein strirctire fnction relationships, Kinetic iso
topre effects, physical-organie chemistry, or some
related area is desirable. Contactz TTarvey F. Fisher,
Professor of Biochemistry, University of Kansas
School of Mudicine at: VA Moedical Center, 4801
E. Linwood Boulevard, Kansas City, MO 64128
ot telephone: 816 861 4700 extension 57 156; fax:
816-861-11140; o c-mail: hfisher@kume.edn

ASSISTANT CURATOR of Birds and Mam-
mals and POSTDOCTORAL RESEARCH AS
SOCTATE. We seek an Assistnt Curator for the
TTiversity of Missouwn?'s Muserm of Zoology, Pr-
mary responsibilities are collection curation, teach
ing one course per year, and research. For derails
sce: websive: hoep: /S www. snramissouri.edu /Tw /.
Submit application materials to: M.E. Gompper,
Dupartment of Fisheries and Wildlite Sdences,
University of Missowri, Columbia, MO 63211,
Feview of applications begins Decernbier 15, M5,

www.sciencecares rs.org



GRANTS

Research Grants

Inflammatory Bowel Diseases

W Seeking exploratory proposals for innovative research in 1BD
{Crohn's disease and ulcerative colitis).

M Preference for proposals with clinical applicahility that will improve
the life of IBD patients.

M Grant applications are invited based on review of brief Letters of Interest.

M No submission deadlines. Rapid funding. Worldwide eligibility.

See Website: www.broadmedical.org
E-mail: info@broadmedical.org

Telephone: 1-310-954-5091

b m r broad medical research program
The Eli and Edythe L. Broad Foundation

POSITIONS OPEN

v ANNARsARY

ol gglia gyl daolsr
Carneﬁ'leMeﬂom -
QATAR CAMPUS 775k
Human-Computer Interaction Visiting
Faculty Position in the School of Computer Science

Carncgie Mellon Tlniversity eatablished a branch campuas in Cratar in the fall

of 2004 We areoftering a RS degree in Computer Seicnce toan intzrnational

amdenthody. The university invites applications for a visiting faculty poaition

to begin as carly az Tanuary 2006,

We are accking a faculty member in the arca of Tearming Seience and Technol-

oy with reacarch expericnee ideally in designing, implemaenting, deploving,

and evaluating educational technalogy in achaol or college settinga. An ahility

Lo teach courses o human-computer nileretion. aifivi] mielbyence, comi-

live peychology, or related areas is also desived. The position will mvolve

research mocollaborainon with the Fitsburgh Seienee of Learning Ceimer and

faculty wl the Human-Computer nieraction msiitie al Camegie bMellon in

Filsburgh, The position offers compeliive salanes, overseas assipnmenis,

iravel and housing allowinees and oiler benetils packages. as well as alrae-

live reserch support.

Interested candidates should send theirresume, stuement ofleaching interest

and research, iund names ofllwee references wo: Faculty Hiring Committee,

/o Ruth Gaus, Qatar Oftice SMC 1070, 5032 Forbes Avenue, Pittshurgh,

PA 1528%; Ruth.Gaus@es.emu.edu; Fax 412-253-0914.

« For more informudion on the Mitsburzh Science of Lewming Cenler, see
htep:iearnlab.anrg.

+ Tar mare information an the TTuman-Comparter Tntzraction Tnstitute, see
hetp:Awww.heii.es.emu.edu.

+« Tar more information an the BS in 8 program, aee http:lY
www.csl.cs.cmu.edu/edocation/hses/index.heml.

+ Tar mare infoemation on the Caregic MMellon Qatar Campus, ace heep:

Mwwwaatarenm.edu!.

Infarmation an Cratar is available at: hitp:/'www.experienceqatar.com/

Assistant or Associate Professor
BIOMEDICAL ENGINEERING

The depariment ol Bidopneal Engrmeerimye and the Dallen Candiovaseular
Research Center at the University of Missouri — Cohunbia invite appli-
citlions for g lenure-imsek or winonred Teully postiien, Candidales with
rescireh sirenles reluied w cell membrane physiology and/or biobMEMS
are preferred. The successtiul candidate will also teach at the underaraduate
i gradoae levels, Compelilive salary, starl-up paclaee and laboruory
facilities will be provided.

ML, offers a rich environment for collaboration and Columbia is consis-
Lezu Ly nked as one ol e op 20 places w Lve i the TS, The Biological
Iingineering department is rapidly expanding with faculty expertize in
Inosensors, biobMERS, binmatenals, clecmophysiologry, biomechanies,
ind biophotonies, The Membrane Physiology Group sl the Dalion Coer
consists of 9 faculty from 4 colleges who study membrane-associated
Iransporl processes sucl as i chammel matimge, ransporier lunetion, and
exoeyloss of neuroimnsmili

Applicants should have an earned doctoral degree in biomedical engineer-
iy or i rekued leld and g stoong background m bo engineenng and
life sciences. Senior-level candidates are expected to have a vigorous,
extrarmurally funded research program whereas candidates applying at
the Assistand Professor level must uve a high poternial for establishing
an externally funded research program. Postdoctoral training is preferred.
Roeview ol gpplicativns will beem on December 1, 2005 and will contmue
il e posiiion 15 Glled.

Applicants should submit 2 Curriculum ¥itae, 2 summary of past
rescareh aind Duture rescanch plans, o boel statoment of eacling plans,
and a list of three to five professional references to: Search Committee
Chair, Dept. of Biological Kngineering, 215 Ag Kng. Bldg., Univer-
sily of Missouri, Columbia, MO 65211, Ph: (573) 382-2369, Email:
Rathittle g missouricdn.

MU s wn Egwed Oppormumiiv-dAfiemative Action Employver

ScienceCareers.org




What can Science
SAGE KE give me?

Essential online
resources for the
study of aging

SAGE KE-Science of Aging
Knowledge Environment offers:

= Perspectives and Reviews on
hot topics

= Breaking news stoties

= A database of genes and
interventions

= PDFs of classic papers

SAGE KE brings the latest information
on aging related research directto

your desktop. [tis also avibrantvirtual
community, where researchers from
around the world come togetherto
exchange information and ideas. For
moTe infarmation go to www.sageke.org

Ta sign up today, visit pramo.agas.org/
sageas

Sitewide acesss is available for
institutions. To find aut more e-mail
sagelicense@aaas.org

-
« How can | organize
and protect my back
issues of Science?

: Custom-made
library file cases!

Designed to hold
12 issues and
covered in a rich
burgundy leather-
like material, each
slipcase includes
an attractive label
with the Science
logo.

Great gift idea!

Send order to:

TNC Enterprises Dept.SC

P.0. Box 2475

Warminster, PA18974

Specify number of slipcases and
enclose name, address and payment
with your order (no P.O. hoxes please).
Add $3.50 per slipcase for shipping
and handling. PA residents add 6%
sales tax. Cannot ship outside U.S.

Credit Card Orders: AmEx, VISA,
ML accepted. Send name, number,
exp. date and sighature.

Order online:
www.incenterprises. netiss

Uncenditionally Guaranteed

MARKETPLACE

RESULTS FAST..
PEPscreen’
om Peptide Libraries

DELIVERY IN 7 BUSINESS DAYS!

QC: MS supplied for all peptides
Amount: 0.5 -2 mg
Length: 6-20 amino acids
Modifications: Variety available
Format: Lyophilized in 96-tube rack
Minimum order size: 48 peptides
Price: $50.00 per peptide (unmodified)
SIGMA
GENDSYS
www.sigma-genosys.com/MP

MNorth America and Canada - 1-800-234-5362
Email: peptides@sial.com

- & & & 8 & »

MARKETPLACE

Diverse Small Molecules
Ready for Screening

Upwards of 200,000
Cormpounds

ChemBridge
Corporation
Pre-Plated in D50 =

i

cchembridge.com
T chambridgecom

Very Competitively
Priced

Mext Day Delivery*

[BOO) D64 6143 or

Looking for a job?

* |ob Postings

Job Alerts
Resume/CV Database
Career Advice

Career Forum

ScienceCareers.org

Wi know sk Kanns

US Pod # 5,434, 47
Call: Ab Pephides 1+800#353#3342
Fox: 314996898988 www.abpeps.com

Achieve

Optimal Transfection

TransIT"-Reagents and Kits
for all your delivery needs:
plasmid, sIRNA, mRNA,
viral RNA and oligos.

Mirus.
R o

tt ATl Beging af te Bemch
vrww.mirusbio.com

Molecular Cloning Laboratories

High thronghput DNA sequencing
Gene synthesis $2/bp any sizc
Protein cxpression & puritfication
Yeast 2 hybrid/phage displaying

wwwmclab.com, 282 623 2203
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POLYMORPHIC

I g PTGk DA Tkl 96, N

Assay design, primers,
using DNA sequenging  POR, DNA sequencing
$.01 per base. and analysis includad.

SNP Discovery

8646.362.0538
wrw.polymorphicdna.com - Info@palymorphicdnacom
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Believe it! F iy

741" per reaction.

* Read length up to 900 bases.

* High quality electropherograms.

 Fast turnaround.

* Plasmid and PCR purification available. *
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Polymorphic exclusively uses ABI 3730XL sequencers.
Data delivered via secure FTP, email or CD.

$ 2 5 0 No charge for standard sequencing primers.

96 sample minimum order.
per reaction!

96 well plates only- no tubes.

POLYMORPHIC

I git®_® Polymorphic DNA Technologies, Inc

www.polymorphledna.com 888-362 -0888

info@polymorphicdna.com
1125 Atlantic Ave., Ste. 102 . ) .
Alameda, CA 94501 For more information please visit
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Stem Cell & Lineage Marker

Anti bOdiES from R&D Systems

FIGURE 1. Detection of Nestin in mouse R&D SyStemS Ce” marker
fetal brain tissues using R&D Systems’ goat
anti-rat Nestin polyclonal antibody (Catalog

# AF2736). Sections were stained using
Rhodamine Red-conjugated anti-goat secondary
antibody and counterstained using Fluoro
Niss| Green.

antibodies facilitate stem cell

characterization and

assessment of differentiation.

New Antibodies;

Cripto-1 Nurr-1
o - ) . FOXD3 Pax4
FIGURE 2. Detection of Musashi-1in paraffin- .
embedded human intestine tissue sections GFAP Prominin-2
using 10 mg/mL of R&D Systems’ goat anti- R
human affinity-purified antibody (Cat. # AF2628). Mash-1 ROBO4
Tissues were stained using R&D Systems’ Musashi-1 SDNSF
anti-goat HRP-DAB Cell and Tissue Staining Kit
(brown) (Cat. # CTS008) and counterstained with NeuroD1 SOX3
hematoxylin (blue). Tissue antigen retrieval was Nestin SOX7

done using R&D Systems' antigen retrieval reagent
(basic pH, Cat. # CTS013)

New fluorochrome-labeled

antibodies:
ABCG2 PODXL
Alkaline Phosphatase  SCF R/c-kit
E-Cadherin SLAM family
8 o GATA- SOX-2
FIFURE 3. Intracellular staining of mause .
s embryanic stem cells differentiated by 5 piv Nestin SSEAT
retinaic acid for 3 days with anti-0ct3/-PE Oct-3/4 SSEA-4
iCatalog 4 1K1759P} (filled histogram) . .
of with isatype control (Catalog # 1CO13R, Olig-1,2,3 Tie-2
open histogrant. Pax2 VEGFRZ2/Flk-1
PDX-1
Advantages:
= Highly specific, stable and versatile
= Unparalleled selection:
monoclonal, polyclonal and labeled
www.RnDSystems.com | {800) 343-7475
.5, & Canada Europa Garmany Franca
RED Systems, Inc. RE&D Systems Europe Ltd. RED Systemns GmbH R&D Systems Europe . y
lel: (30C) 343-7475 lel: 444 (011235 529449 Il 0RO 909 4455 lel:0300 90 72 49 A,
infoMR Al Sy stems com indesiEin S yste ms ook infogmbrhiekn DSyste ms.cok infodshnl Maystema couk

RED Systermns is a trademark of TECHNE Corporation.

For research use anhe Mat for use in humans,
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