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Trendlines and data points plotted for a pNPP phosphatase assay compare the
activity of SignalScout™ PTPN12 Human Phosphatase Clone Vector (A, r2=1.0) to
a catalytically inactive mutant PTPN12 vector (B, r2=.88) and to 
untransfected cells (C, r2=0.95). The anti-c-Myc tag antibody was used for the
immunoprecipitation.

Need More Information? Give Us A Call:
Stratagene USA and Canada
Order: (800) 424-5444 x3
Technical Services: (800) 894-1304

Stratagene Japan K.K.
Order: 03-5159-2060
Technical Services: 03-5159-2070
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Stratagene Europe
Order: 00800-7000-7000
Technical Services: 00800-7400-7400

Studying protein phosphorylation is critical to understanding the regulation 

of normal cell growth. Our new SignalScout™ Phosphatase Profiling System* 

allows you to study dephosphorylation by Protein Tyrosine Phosphatases (PTPs).

This system includes mammalian expression clones of human PTPs and matched

substrate trapping mutants. We also offer a line of highly specific antibodies

against protein phosphatases to help you to detect a phosphatase of interest.

When you take it off, things get interesting.
Study dephosphorylation with the SignalScout™ Phosphatase Profiling System.

SignalScout™ ACP1v3 Human Phosphatase Vector 257001
SignalScout™ PTP4A2 (PRL2) Human Phosphatase Vector 257010
SignalScout™ PTP4A3v1 (PRL3) Human Phosphatase Vector 257013
SignalScout™ PTPN1 (PTP1B) Substrate Trapping Mutant Human Phosphatase Vector 257023
SignalScout™ PTPN12 Human Phosphatase Vector 257028
SignalScout™ PTPN12 Substrate Trapping Mutant Human Phosphatase Vector 257029
SignalScout™ PTPN7v2 (HePTPv2) Human Phosphatase Clone 257064
SignalScout™ PTPN7v2 (HePTPv2) Substrate Trapping Mutant Human Phosphatase Vector  257065

Time (minutes)

A
bs

or
ba

nc
e 

(4
0

5
 n

m
)

30 110 13010

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

A

B,C

907050

Immunoprecipitated PTPN12 Activity Assay

*Patent pending. 

For a complete listing of anti-phosphatase antibodies, please visit: www.stratagene.com/signaling

http://www.stratagene.com/signaling
http://www.Stratagene.com


See Flash Run.
Results in less than 5 minutes.

Separate DNA like never 

before with FlashGel™ System

• Get results in less than five minutes

• Watch DNA migrate in real-time

• See data at your bench without UV light

5 min.

30 min.

75 min.

10 20 30 40 50 60 70 80

FlashGel™ System

FlashGel™ System

E-Gel®

ReadyAgarose™ Gels

Results in a Flash.
Call 800-638-8174 or visit www.flashgel.com

FlashGel is a trademark of Cambrex or its subsidiaries.

ReadyAgarose is a trademark of Bio-Rad Laboratories, Inc.

E-Gel is a trademark of Ethrog BioTechnologies, Ltd.

© 2005 Cambrex Bio Science Rockland, Inc.

Cambrex Bio Science Rockland, Inc.
191 Thomaston Street | Rockland, ME 04841

http://www.flashgel.com


Ni Sepharose™ products from GE Healthcare give you the greatest binding capacity available

for histidine-tagged protein purification. They offer the flexibility to use a variety of formats

and protocols, ensuring the highest possible purity. And with our His GraviTrap™ and 

HisTrap™ FF crude columns, you can now get pure histidine-tagged proteins directly from

unclarified lysate in just 30 minutes.

Maximum target protein activity is assured with Ni Sepharose, thanks to its tolerance of a

wide range of additives and negligible nickel ion leakage. With up to four times the capacity

of competing products, dramatically increasing your yield while saving on time and

resin/buffer costs is no longer pure imagination.

www.amershambiosciences.com/his

GE Healthcare

© 2005 General Electric Company - All rights reserved.

Amersham Biosciences AB, a General Electric company, 

going to market as GE Healthcare.

Greater flexibility and binding
capacity in histidine-tagged
protein purification

GE18-05

http://www.amershambiosciences.com/his
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CELL SIGNALING

A set of Viewpoints in this issue of Science highlights the signaling pathways that control
the cellular life cycle, from undifferentiated stem cells to cell death by apoptosis. These
signaling pathways are represented by canonical pathways, as well as pathways specific
to rice, Arabidopsis, and humans, in the Connections Maps database at Science’s STKE.
[Illustration: Chris Bickel]
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VIEWPOINTS
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Pathway of Apoptosis 
D. Spierings et al.
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L. Mishra, R. Derynck, B. Mishra

71 G Proteins Go Green: A Plant G Protein Signaling FAQ Sheet
S. M. Assmann 
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For related online content see page 11,
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The last thing you want when you’re processing recombinant protein therapeutics is a

surprise. By taking advantage of exoproteolytic processing offered by TAGZyme™ enzymes

and minimal nickel leaching provided by Ni-NTA, you can be sure of getting the product you

want, free from unwanted amino acids and contaminants.

TAGZyme enzymes and Ni-NTA resins offer:

� GMP-grade recombinant enzymes in bulk quantities — proven performance in production

of protein therapeutics

� Minimal nickel leaching and highly specific separation — for purer preparations and

minimal downstream processing

� Comprehensive performance data — for support with regulatory issues

Trademarks: QIAGEN®, TAGZyme™ (QIAGEN Group). TAGZyme technology is licensed under U.S. Patent No. 5,691,169, U.S. Patent No. 5,783,413, and E.U.
Patent No. 00759931B1. Hoffmann-La Roche owns patents and patent applications pertaining to the application of Ni-NTA resin (Patent series: RAN 4100/63: USP
4.877.830, USP 5.047.513, EP 253 303 B1), and to 6xHis-coding vectors and His-labeled proteins (Patent series: USP 5.284.933, USP 5.130.663, EP 282 042 B1).
All purification of recombinant proteins by Ni NTA chromatography for commercial purposes, and the commercial use of proteins so purified, require a license from
Hoffmann-La Roche.   PROTTAG0805S1WW © 2005 QIAGEN, all rights reserved.

Systems Biology — Pharmaceutical Recombinant Proteins

TAGZyme and Ni-NTA — the key to

homogenous proteins in bulk quantities

W W W . Q I A G E N . C O M

To find out how to streamline production of your recombinant
pharmaceutical proteins visit www.qiagen.com/TAGZyme !

Efficient removal of affinity tags

Ni-NTA matrices offer highly specific
and selective binding of 6xHis-tagged
proteins

http://www.qiagen.com/TAGZyme
http://WWW.QIAGEN.COM 
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PERSPECTIVES
60 PLANT BIOLOGY

Growth by Auxin: When a Weed Needs Acid  M. Grebe related Report page 121

61 APPLIED PHYSICS

Subsurface Imaging with Scanning Ultrasound Holography  A. C. Diebold related Report page 89

62 PSYCHOLOGY

The Nature of Personality: Genes, Culture, and National Character  R. W. Robins related Report

page 96

63 CHEMISTRY

Inventing the Nanomolecular Wheel  J. Siegel related Report page 80

SCIENCE EXPRESS www.sciencexpress.org
ATMOSPHERIC SCIENCE: The Radiative Signature of Upper Tropospheric Moistening

B. J. Soden, D. L. Jackson, V. Ramaswamy, M. D. Schwarzkopf, X. Huang

The relative humidity of the upper troposphere has increased as the atmosphere has warmed over
the past two decades, increasing the greenhouse effect as predicted.

MATERIALS SCIENCE: Ordered Liquid Aluminum at the Interface with Sapphire

S. H. Oh, Y. Kauffmann, C. Scheu, W. D. Kaplan, M. Rühle

The crystalline ordering of a ceramic substrate influences the structure of molten metal droplets lying
upon it.

PLANT SCIENCE: Stem-Cell Homeostasis and Growth Dynamics Can Be Uncoupled in
the Arabidopsis Shoot Apex

G. V. Reddy and E. M. Meyerowitz

A single signaling factor regulates cells at the tip of the growing plant shoot, separately controlling their
number and identities.

BREVIA
75 PALEONTOLOGY: Bottom-Feeding Plesiosaurs 

C. R. McHenry, A. G. Cook, S. Wroe

Fossilized stomach contents from two plesiosaurs, long-necked predators in Mesozoic oceans, show that
they feasted heavily on bottom-dwelling invertebrates, not just fish.

RESEARCH ARTICLE
77 VIROLOGY: Characterization of the Reconstructed 1918 Spanish Influenza Pandemic Virus

T. M. Tumpey et al.

A reconstituted, infectious virus has been made with the genes of the 1918 spanish flu virus and used to
investigate the cause of its extraordinary virulence. related Editorial page 17; News story page 28

REPORTS
80 CHEMISTRY: A Reversible, Unidirectional Molecular Rotary Motor Driven by Chemical Energy 

S. P. Fletcher, F. Dumur, M. M. Pollard, B. L. Feringa 

A sequence of reactions can induce a compound to rotate fully around a carbon-carbon single bond, and
changing the chirality of the reagents changes the rotation direction. related Perspective page 63

83 CHEMISTRY: Sequential Proton Transfer Through Water Bridges in Acid-Base Reactions 

O. F. Mohammed, D. Pines, J. Dreyer, E. Pines, E. T. J. Nibbering

An intermediate glimpsed for picoseconds during the transfer of a proton from acid to base in water has an
infrared absorption consistent with the H3O

+ cation.

86 APPLIED PHYSICS: PbSe Nanocrystal Solids for n- and p-Channel Thin Film Field-Effect
Transistors 

D. V. Talapin and C. B. Murray 

Chemical treatment of PbSe nanoparticle arrays fabricated into thin film transistors can switch their charge
carrier from predominantly electrons to predominantly positive holes.

89 APPLIED PHYSICS: Nanoscale Imaging of Buried Structures via Scanning Near-Field Ultrasound
Holography 

G. S. Shekhawat and V. P. Dravid

Phase and amplitude information from ultrasonic waves are used to image subsurface features of materials
and living cells at nanometer resolution. related Perspective page 61
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92 PLANETARY SCIENCE: A 5-Micron-Bright Spot on Titan: Evidence for Surface Diversity 

J. W. Barnes et al.

A large bright region on Saturn’s moon Titan may be produced by methane fog or recent methane rainfall.

96 PSYCHOLOGY: National Character Does Not Reflect Mean Personality Trait Levels in 
49 Cultures

A. Terracciano et al.

Stereotyped personality traits defining “national character” differ from the actual personalities of that
nation’s citizens. related Perspective page 62

ECOLOGY

100 Transoceanic Migration, Spatial Dynamics, and Population Linkages of White Sharks

R. Bonfil et al.

104 Satellite Tagging and Cardiac Physiology Reveal Niche Expansion in Salmon Sharks 

K. C. Weng et al.

Satellite tracking of salmon sharks in the North Pacific and the white shark in the Indian Ocean show
that individuals of each species have ranges approaching or exceeding 10,000 kilometers yearly. related

News story page 32

106 NEUROSCIENCE: EGFR Activation Mediates Inhibition of Axon Regeneration by Myelin and
Chondroitin Sulfate Proteoglycans 

V. Koprivica et al.

Small molecules that can prevent a common signaling molecule from inhibiting neuronal growth might be
useful therapeutically to allow neuronal regeneration after injury. related News story page 31

111 NEUROSCIENCE: Retinoic Acid Signaling Affects Cortical Synchrony During Sleep 

S. Maret et al.

A receptor for a growth hormone unexpectedly is necessary for oscillations in brain activity during
slow-wave sleep.

113 NEUROBIOLOGY: Astrocytic Purinergic Signaling Coordinates Synaptic Networks 

O. Pascual et al.

In the brain, astrocytes are the exclusive source of extracellular adenosine, which is generated by the
hydrolysis of the extracellular ATP they release.

116 NEUROSCIENCE: Failure to Detect Mismatches Between Intention and Outcome in a Simple
Decision Task 

P. Johansson, L. Hall, S. Sikström, A. Olsson

When an experimenter substitutes a different item for one previously chosen by a human subject, subjects
who fail to notice the change offer sensible reasons for their false choice.

119 EVOLUTION: Sexual Selection Can Resolve Sex-Linked Sexual Antagonism 

A. Y. K. Albert and S. P. Otto 

A model of sexual selection explains why male ornamentation may depend on the genetic mode of sex
determination and sexual conflict.

121 PLANT SCIENCE: Arabidopsis H+-PPase AVP1 Regulates Auxin-Mediated Organ Development 

J. Li et al.

A transporter that maintains the acidity of intracellular compartments in plant cells is also necessary for
growth control by the hormone auxin. related Perspective page 60

32,
100, &

104
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Protein Purification

G r a s p  t h e  P r o t e o m e ®

www.piercenet.com/csb22j

Tel: 815-968-0747 or 800-874-3723 • Fax: 815-968-7316 • Technical Assistance E-mail: TA@piercenet.com • Customer Assistance E-mail: CS@piercenet.com
Outside the United States, visit our web site or call 815-968-0747 to locate your local Perbio Science branch office (below) or distributor

© Pierce Biotechnology, Inc., 2005. Pierce products are supplied for laboratory or manufacturing applications only.
NeutrAvidin™ is a trademark of Pierce Biotechnology, Inc.

Belgium & Dist.:
Tel +32 53 85 7184

euromarketing@perbio.com

China:
Tel +86 10 8049 9033
support@perbio.com.cn

France:
Tel 0800 50 82 15

euromarketing@perbio.com 

Germany: 
Tel 0228 9125650

de.info@perbio.com

Hong Kong:
Tel 852 2753 0686

SalesHK@perbio.com

The Netherlands: 
Tel 076 50 31 880

euromarketing@perbio.com 

United Kingdom: 
Tel 0800 252185

uk.info@perbio.com

Switzerland: 
Tel 0800 56 31 40

euromarketing@perbio.com 

Protein Proficient.
This complete kit for the convenient biotinylation and
purification of mammalian cell surface proteins has
become the standard in the industry from the source
you trust in protein chemistry, Pierce.

This kit efficiently labels proteins located on the cell
surface with a biotin molecule. The cells are gently
lysed, and biotin-labeled cell surface proteins are 
captured in a NeutrAvidin™ Spin Column. Once the
non-labeled proteins are removed, purified cell surface
proteins are eluted from the column with DTT. 

Highlights:
• Isolates cell surface proteins – reduces complexity

of total cellular protein
• Efficiently recovers labeled proteins – cleavable

biotin allows for nearly 100% recovery of isolated
cell surface proteins

• Convenient – all reagents are provided in the kit with 
complete instructions

• Western blot-ready – proteins recovered in SDS-PAGE
buffer are loaded directly onto SDS-polyacrylamide gels

• Robust system – protocol designed for diverse 
cell lines

HURRY! Purchase the Pinpoint™ Cell Surface Protein Isolation Kit (Product # 89881)
direct from Pierce by Dec. 30, 2005, and receive a FREE Pierce protein-patterned T-shirt.
Mention this ad when placing your order. Offer valid in the U.S. only. Void where prohibited.

The Pinpoint™ Cell Surface Protein Isolation Kit

http://www.piercenet.com/csb22j
mailto:TA@piercenet.com
mailto:CS@piercenet.com
mailto:euromarketing@perbio.com
mailto:support@perbio.com.cn
mailto:euromarketing@perbio.com
mailto:de.info@perbio.com
mailto:SalesHK@perbio.com
mailto:euromarketing@perbio.com
mailto:uk.info@perbio.com
mailto:euromarketing@perbio.com
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sciencenow www.sciencenow.org DAILY NEWS COVERAGE

Leading Lampreys by the Nose
Scientists isolate chemicals that tell migrating pests where to spawn.

Wild Gorillas Pick Up Tools 
Two females use branches to test water depth, make bridges.

The Stress of Being Admired 
Tourism may be bad for the health of Argentinean penguins.

science’s next wave www.nextwave.org CAREER RESOURCES FOR YOUNG SCIENTISTS

GLOBAL: 10th Anniversary Issue—Happy Birthday to Us J. Austin
Though many individual lives have changed over the last decade, much has stayed the same.

GLOBAL/US: Balance and Love C. Parks
Tyrone Hayes has become the youngest full professor at the University of California at Berkeley.

GLOBAL/US: Wearing Many Hats R. Arnette
A former University of Virginia biology doctoral student has since worn many professional hats.

GLOBAL/US: Surviving the Crash J. Kling
Three founders of high-tech companies share how they have fared since the early 1990s.

GLOBAL/CANADA: Reminiscences from the North A. Fazekas
Four past Canadian contributors share the life lessons they have learned along the way.

GLOBAL/UK: A Career Eureka Moment A. Forde
A 1996 Next Wave article inspired a scientist to change her career path to science editor.

GLOBAL/EUROPE: Keeping A Golden Paragraph in Mind E. Pain
An assistant professor from Spain says a “golden paragraph” in Next Wave never quite left him.

GLOBAL/POSTDOCNETWORK: What a Difference Ten Years Makes B. Benderly
Several early Next Wave contributors share the lessons of their first post-postdoc decade.

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

PERSPECTIVE: Revising the Standard Wisdom of C. elegans Natural History—Ecology of
Longevity E. P. Caswell-Chen, J. Chen, E. E. Lewis, G. W. Douhan, S. A. Nadler, J. R. Carey

A symbiotic relationship between C. elegans and snails provides a new context for understanding 
the evolution of the worm and its life history traits.

NEWS FOCUS: Turning Back the Clock R. J. Davenport
Cancer drugs reverse nuclear defects of progeria.

NEWS FOCUS: Cut the Fat M. Leslie
Enzyme restores lipid-damaged DNA.

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

Related Cell Signaling section page 65

EDITORIAL GUIDE: Cell Signaling—From Beginning to End N. R. Gough, E. M. Adler, L. B. Ray
Ten new Connections Maps highlight cell signaling during the early stages of development to cell 
death by apoptosis.

New signaling connections.

Give and take between
worms and snails.

Next Wave’s 10th anniversary.

GrantsNet
www.grantsnet.org

RESEARCH FUNDING DATABASE

AIDScience
www.aidscience.com

HIV PREVENTION & VACCINE RESEARCH

Functional Genomics
www.sciencegenomics.org
NEWS, RESEARCH, RESOURCES

Members Only!
www.AAASMember.org

AAAS ONLINE COMMUNITY

www.scienceonline.org

Separate individual or institutional subscriptions to these products may be required for full-text access.
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http://www.sageke.org
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For years, Roche has provided real-time automated PCR solutions you can

count on. Now, you can obtain the proven performance and benefits of the

original LightCycler® System in a 96- or 384-well instrument platform for high-

throughput applications – the new LightCycler® 480 Real-Time PCR System.

Speed – Save time without sacrificing the quality of your results – precise,

high-speed temperature changes maximize specificity and yield.

Accuracy – Benefit from our novel thermal block and data-capture

technologies to minimize edge-effects for outstanding accuracy and precision.

Versatility – Combine 5 excitation and 6 detection channels, multiple probe

formats, proven analysis software, and true master mix reagents to meet your

specific application needs.

Compatibility – Take advantage of the instrument’s automation and LIMS

capabilities to interface with your current systems and future workflows.

Visit www.roche-applied-science.com/lightcycler480 for more

information.For general laboratory use.
Not for use in diagnostic procedures.
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Chemically Switching Transistors
Solution-based processing of inorganic semiconductors offers the
potential of a high throughput and inexpensive fabrication alterna-
tive to conventional silicon-based technology. Talapin and Murray
(p. 86) fabricated field-effect transistors with the conductive chan-
nels assembled from PbSe semiconductor nanocrystals via solu-
tion-phase processing. The
nanocrystals form into or-
dered arrays and are initial-
ly insulating. Exposing the
materials to hydrazine de-
creased the spacing be-
tween the nanocrystals,
which increased their elec-
tronic coupling and result-
ed in n-type conduction. A
mild heat treatment that
desorbed the hydrazine
switched the conduction
back to p-type. The ability
to readily switch reversibly
between n- and p-transport
will enable complementary
metal oxide semiconductor
circuitry to be fabricated
with this technique.

A Molecular 
Turnstile
Progress in rational chemi-
cal synthesis has fostered
the miniaturization of macroscopic engineering components, such
as gears and ratchets, to the molecular scale. Fletcher et al. (p. 80;
see the Perspective by Siegel et al.) have applied a sequence of re-
actions to a biaryl compound that effectively mimics the action of
a turnstile. Through a succession of hydroxyl protection and depro-
tection steps, coupled with enantioselective lactone reductions,
the authors achieve 360º rotation of one aryl ring about the other
in a specific selected sense. The choice of reagents determines
whether rotation about the carbon-carbon single bond axis is
clockwise or counterclockwise.

Sounding Out Subsurface
Nanofeatures
Nondestructive subsurface imaging
in the size range from 10 to 100
nanometers is particularly challeng-
ing but would be valuable in appli-
cations ranging from device con-
struction to cell biology. Shekhawat
and Dravid (p. 89; see the Perspec-

tive by Diebold) have developed a
technique, scanning near-field ultrasound holography, that takes
advantage of both the phase and amplitude of scattered ultra-
sound waves to produce nanoscale-resolution images of internal
substructure. Examples include images of voids in polymer coat-
ings of SiN shallow trench structures and malaria parasites in
red blood cells.

A Bright Spot in the Distance
Saturn’s large moon Titan may have active exchange between
its methane-rich lower atmosphere and surface. Cassini has re-
cently studied one of the brightest surface features on Titan,
which seems to have an unusual origin compared with other
features that have been observed on the rest of the surface.

Barnes et al. (p. 92) pres-
ent analyses of data from
several instruments on
the spacecraft, as well as
from the Keck Observato-
ry, which show that this
feature probably is pro-
duced by a methane-rich
ground fog or veneer of
methane rainfall.

Tracking Marine 
Migrations
Satellite tracking tech-
niques have been used by
Weng et al. (p. 104) and
Bonfil et al. (p. 100) to re-
veal the habits and move-
ments of salmon shark in
the North Pacif ic and
white shark in the south-
ern Indian Ocean, respec-
tively (see the news story
by Pennisi). The endother-
mic salmon shark’s niche

extends from subtropical to subarctic waters. The white shark
can rapidly cross distances in excess of 10,000 kilometers, from
South Africa to Australia, in addition to regular migration along
the southeastern South African coasts.

Doing Double Duty
A single gene in Arabidopsis, AVP1, encodes the pyrophosphatase
that regulates acidity in the vacuole of the plant cell. Li et al. (p.
121; see the Perspective by Grebe) now report that this same en-
zyme also affects transport of the plant hormone auxin. Disrup-
tions in auxin transport result in disruptions in shoot and root
development. The effects of AVP1 on auxin function are mediat-
ed through distribution of the auxin efflux facilitator.

Genes and Waves
Slow electroencephalogram oscillations, or delta waves, repre-
sent one of the most important aspects of sleep and its regula-
tion because they determine the depth of sleep, sleep consoli-
dation, and sleep quality. Delta oscillations are also a direct
measure of the need for sleep, and they are tightly regulated
during development and aging. Maret et al. (p. 111) identified
and functionally characterized a gene that codes for a vitamin
A−activated ligand-dependent transcription factor, retinoic acid
receptor beta (Rarb). This gene regulates slow-wave oscillations
during sleep.

www.sciencemag.org SCIENCE VOL 310 7 OCTOBER 2005 13

The Blind 
Decision-Maker
What is the relation between in-
tention, choice, and introspec-
tion? Johansson et al. (p. 116)
used a card trick in a simple de-
cision task to identify a dissoci-
ation between awareness of the
initial choice and the outcome
when this has been surrepti-
tiously altered. Participants were
given a choice to make in the
attractiveness of two female
faces shown on two cards, and
then asked to justify their
choice as they examined the
card with the alternative they had allegedly chosen. In some trials,
the experimenters covertly switched the cards. In the majority of
such trials, participants failed to recognize the switch, and proceed-
ed to justify their choice of the card they were handed, although it
was not the one they had selected.

edited by Stella Hurtley and Phil Szuromi
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Helping Neuronal Repair
Regeneration of axons in the central nervous system after injury is limited in part
because of inhibitory signals derived from myelin and glia. Koprivica et al. (p. 106;
see the news story by Miller) screened a bank of small molecules to identify mole-
cules that might alleviate the inhibition. The results implicate the epidermal growth
factor receptor (EGFR) in the endogenous signaling that allows myelin to block neu-
rite outgrowth. Of about 400 small molecules screened, tyrphostin variants seemed
particularly effective. Because EGFR inhibitors are already in clinical use for cancer
patients, it is possible that these findings could be exploited rapidly in the treatment
of neuronal injury.

Clues for the Origin of Killer Flu
The 1918 influenza pandemic killed more people than

did the fighting in World War I, but the reasons for
this virus’s extraordinary virulence have remained
enigmatic. Tumpey et al. (p. 77; see the news story
by Kaiser) have used reverse genetics to generate
an influenza virus bearing all eight gene segments
of the pandemic virus. Subsequent pathogenicity
studies in mice, chick embryos, and human lung

cells show that the 1918 hemagglutinin and poly-
merase genes are responsible for the high virulence.

The 1918 virus does not bear the molecular signatures
of modern highly pathogenic strains, but it is lethal to

chick embryos. The fully reconstructed virus kills mice rapidly
and shows a high apical release from cultured human lung cells. The

lung pathology in mice shows high viremia, destruction of the alveolar architecture,
and distinct oedematous-hemorrhagic pathology. This work provides predictive insights
for therapeutic options in case of a forthcoming influenza pandemic.

Challenging Preconceptions
Our knowledge of our own personalities comes from a long-standing familiarity with
ourselves and, in a similar fashion, we often can gauge quite accurately the personalities
of others whom we know well. In contrast, the stereotypes we hold may be based upon
an amalgam of bits and pieces, gathered from public figures or celebrities and mixed with
singular aspects of individuals whom we encounter casually or impersonally. Terracciano
et al. (p. 96; see the Perspective by Robins) have compiled a well-established personality
inventory to extract self-ratings, as well as observer ratings of specific people across
roughly 50 nationalities, and a character survey to elicit the same sort of personality as-
sessments of the mythic stereotypical native of these same nations. The first two sets of
ratings based on specific ratings correlate well with each other when aggregated across
the entire sample of each group; however, neither agrees with the common perception of
the national character.

Battles of the Sexes
In mammals, the male gamete specifies male (XY) versus female (XX) offspring, but in
birds, the female gamete determines male (ZZ) versus female (ZW) offspring. Albert
and Otto (p. 119) develop a model that explores the evolution of display trait alleles
that are expressed in both sexes, and considers how sexually antagonistic selection fa-
vors males or females depending on the mode of sex determination. Females evolve
preferences to increase the fitness of daughters at the expense of sons in XY species,
which results in less flashy male displays. In contrast, females are more likely to evolve
preferences that increase the fitness of sons at the expense of daughters in ZW
species, which leads directly to the evolution of exaggerated male displays. This model
may explain why sexually selected characters are more commonly exaggerated in birds
and butterflies, which both have ZW sex determination.
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EDITORIAL
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T
he influenza pandemic of 1918 is estimated to have caused 50 million deaths worldwide; 675,000 in the
United States. The reconstruction of the 1918 virus by the synthesis of all eight subunits and the generation
of infectious virus are described on p. 77 of this issue,* and the sequences of the final three gene segments
of the virus are described in a concurrent Nature paper.† Predictably, but alarmingly, this virus is more
lethal to mice than are other influenza strains, suggesting that this property of the 1918 virus has been
recovered in the published sequence. The good news is that we now have the sequence of this virus, perhaps

permitting the development of new therapies and vaccines to protect against another such pandemic. The concern is that
a terrorist group or a careless investigator could convert this new knowledge into another pandemic. 

Should the sequence of the 1918 virus have been published, given its potential use by terrorists? The dual-use nature
of biological information has been debated widely since September 11, 2001. In 2003, a committee of the U.S. National
Academies chaired by Gerald Fink considered this issue, weighing the benefits against the risks of restricting the
publication of such biological information. They outlined the tradeoff between erring on the side of prudence, thus
potentially hindering the progress of critical science, and erring on the side of disclosure, thus potentially aiding
terrorists. The U.S. National Science Advisory Board for Biosecurity (NSABB) was established to advise governmental
agencies and the scientific community on policies relative to public
disclosure. This board has begun to deliberate, but the questions are
complex, as typified by these papers on the 1918 virus. It is reassuring
that the NSABB was asked to consider these papers before publication
and concluded that the scientific benefit of the future use of this
information far outweighs the potential risk of misuse. People may be
reassured that the system is working, because agencies representing
the public, the scientific community, and the publishing journals
were involved in the decision.

I firmly believe that allowing the publication of this information was
the correct decision in terms of both national security and public health.
It is impossible to forecast how scientific observations might stimulate
others to create new treatments or procedures to control future
pandemics. For example, in the Nature article, sequence comparisons
suggest that the 1918 virus was generated not by incremental changes
in the polymerase genes, but by the movement of these genes, in total,
from an avian source into a human influenza virus. The availability of these sequences will permit identification of
their avian origin and should show why this particular set of genes was selected. Similarly, the results in the Science
article suggest that the cleavage of a protein on the surface of the 1918 virus, a step critical for virulent infection, may
occur by a previously unknown mechanism—a hint that could lead to new drugs for inhibiting this step and thus
preventing future pandemic eruptions.

Influenza is highly infectious, and a new strain could spread around the world in a matter of months, if not weeks. The
public needs confidence that the 1918 virus will not escape from research labs. All of the described experiments were
done in a Biosafety Level 3 laboratory, a high-containment environment recommended by the U.S. Centers for Disease
Control and Prevention and the National Institutes of Health on an interim basis, whose use should become a permanent
requirement for such experiments. Current evidence suggests that some available drugs and possible future vaccines
could suppress infections by the 1918 virus. Given the prospect of another natural influenza pandemic, the recent
decision by the U.S. administration to stockpile antivirals for influenza treatment seems wise. Finally, although a
sequence of the 1918 virus has been determined and is highly virulent in mice, this may not be the specific form of
the virus that caused the pandemic of 1918. An article in the same issue of Nature‡ reports the existence of sequence
variation in a natural population of influenza virus; yet we have only one sequence for the 1918 pandemic strain, and
the reconstructed virus described in the Science article was built into the backbone of a laboratory strain. Because a
pandemic infection is dependent on many unknown properties, there is no certainty that the reconstructed 1918 virus is
capable of causing a pandemic.

Phillip A.Sharp

Phillip A. Sharp is Institute Professor at the Massachusetts Institute of Technology, 77 Massachusetts Avenue, Cambridge, MA 02139, USA.

10.1126/science.1120820

*T. M.Tumpey et al., Science 310, 77 (2005). †J.Taubenberger et al., Nature 437, 889 (2005). ‡S. Salzberg, Nature 10.1038/nature04239 (2005).

1918 Flu and Responsible Science
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C H E M I S T RY

Peptides Seeing
Polymers
The recognition of nonbiologi-
cal material surfaces by pep-
tides can be useful for control-
ling material growth or provid-
ing a scaffold for surface mod-
ification. Examples include
mineral surfaces, and peptide
motifs that recognize particu-
lar polymer compositions have
been reported. Serizawa et al.
investigated the binding of a
large library (~109 members)
of short peptides (seven
amino acids) and found that a
few sequences can selectively
latch onto the stereochem-
istry of the backbone of
poly(methyl methacrylate)
(PMMA). One peptide, con-
taining an -Arg-Pro-Thr-Arg-
motif, had six times greater
affinity for isotactic PMMA
(with the side chains all on
one side of the backbone) 
over the syndiotactic form 
(in which the side chains alter-
nate). Modeling suggests that
the basic ends of the extended
peptide motif recognize a
repeat of two to six units in
the PMMA chain. — PDS

J. Am. Chem. Soc. 10.1021/ja054402o
(2005).

M I C R O B I O L O G Y

Malaria Breaks Out

The malaria parasite spends
part of its life cycle growing
and dividing within red blood
cells. Infection involves a well-
orchestrated invasion
process that is followed
by growth and division
within the so-called 
parasitophorous vac-
uole.The parasite prog-
eny, the merozoites,
need to escape both the
parasitophorous vacuole
membrane and the ery-

throcyte plasma membrane to
free themselves. Possible
mechanisms of release include
the coordinated rupture of
both membranes, fusion of the
parasitophorous vacuole
membrane with the plasma
membrane (releasing the
merozoites into the blood
stream), or release of the para-
sitophorous vacuole contain-
ing the merozoites and subse-
quent vacuole rupture.

Glushakova et al. examined
the fate of the host and vac-
uole membranes directly after
labeling infected erythrocytes

with fluorescent
lipids. No erythro-
cyte ghosts were
observed, suggest-
ing that direct
rupture of the ery-
throcyte mem-
brane was unlikely;
similarly, inhibi-
tion of membrane
fusion did not
block release.
Instead, it appears
that the erythro-
cytes suffer a two-

stage release in which the
infected erythrocyte mem-
branes first fold and then rup-
ture, releasing free merozoites
and leaving behind plasma
membrane and internal mem-
brane fragments. How the par-
asite induces these changes to
occur remains to be elucidated.
— SMH

Curr. Biol. 15, 1645 (2005).

A S T R O P H Y S I C S

Cosmic Crashes

Like cheese stirred into hot
soup, the gravitational mixing
of giant clusters of galaxies
leaves behind faint tidal trails
of stars and streamers of gas.
These fossils give astronomers
clues as to the past dynamical
history of the cluster, includ-
ing collisions and interactions
between its members, but the
streaks can be difficult to see
because they are very faint
and distorted by instrumental
effects in telescope images.

Mihos et al. have imaged the
weak diffuse glow from intra-
cluster light in the well-known

and nearby Virgo cluster. At a
distance of only 16 million par-
secs,Virgo covers an area of
several degrees on the sky, so
obtaining deep and uniform
images over such a wide area
has been tricky.These images
show a web of tidal tails and
bridges between galaxies, as
well as common envelopes of
gas and stars circling galaxy
groups.The clumpiness of the
diffuse light shows that the
cluster formed from many
smaller galaxy groups crashing
together—the process of hier-
archical assembly—rather than
growing smoothly from steady
accretion. — JB

Astrophys. J. 631, L41 (2005).

B I O M E D I C I N E

Picky Inhibitors 
for PI3K

Selective inhibition of signal-
ing pathways that lead to
inflammation represents a
major goal of drug discovery.
Because of their regulation of
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C L I M AT E  S C I E N C E

Of Sunlight,Water, and Trees

Although many examples of environmental changes that are forced by variations in solar energy
input have been documented, the solar influence on climate need not be a direct relationship.
For example, climate variability can be caused by forcing from internal modes of ocean circula-
tion, ice sheet growth and decay, solar effects induced in different regions and propagated across
time and distance, or changes in the biosphere, all of which could recur at frequencies inde-
pendent of solar input.And even if direct,
solar forcing can be nonlinear, which may
obscure the driving force of changes at
any particular location.

Turney et al.investigate the links be-
tween solar forcing and regional climate
in the North Atlantic during the Holocene
by comparing the solar component,
recorded in the 14C record of tree rings,
with surface moisture, derived from fluc-
tuations in the populations of oaks and
pines in Irish bogs. They find that climate
change in the North Atlantic, on centen-
nial to millennial time scales, is not a
direct, linear response to changes in solar
input. — HJS

J. Quaternary Sci. 20, 511 (2005).
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multiple signaling pathways, the phos-
phoinositide 3-kinase (PI3K) enzymes are
particularly attractive targets, although
so far the selectivity and efficacy of PI3K
inhibitors have been modest.

Using structure-based design, Camps
et al.identify small molecules that inhibit
the gamma isoform of PI3K and not PI3K
α, β, or δ; AS-605240 displayed speci-
ficity and potency, preventing phospho-
rylation of the downstream mediator
protein kinase B in vitro. Oral administra-
tion of this inhibitor impeded joint inflam-
mation in two experimental rodent mod-

els of rheumatoid arthritis.
The corresponding

reduction in neutrophil

infiltration seen in the inflamed joints
was consistent with the inhibitory effects
of AS-605240 on monocyte and neu-
trophil chemotaxis in vitro and in vivo. In
another study, Barber et al. found that
oral dosing of the same inhibitor dimin-
ished the severity of an experimental
form of the autoimmune disease sys-
temic lupus erythromatosis. Both studies

suggest that treatment of inflammatory
conditions in humans might be improved
through the selective targeting of this
and other PI3K pathways. — SJS

Nature Med. 9, 936; 933 (2005).

P S Y C H O L O G Y

For or Of

Unlike the title, which is equally valuable
(or not) read backward or forward, beliefs
acquire different values depending on
whether we rely on them as explanations
for why things happen or instead focus on
figuring out explanations of how these
beliefs evolved. In surveys of Boston train
station patrons, Preston and Epley found
that a statement describing human behav-
ior—individuals prefer partners with simi-
lar characteristics—was regarded as being
important and relevant when it was
applied as a causal guide for organizing
and predicting life’s events. On the other
hand, coming up with possible explana-
tions as motivating this statement
reduced its perceived value, perhaps as a
consequence of relegating it to an inter-
mediary in a chain of causes and effects.
The authors go on to point out that this
valuation hierarchy is consistent with the
weighting of scientific disciplines providing
mechanistic insights, such as neuroscience,
over those that offer broader-scale analy-
sis, such as social psychology.They also
note that these two ways of interacting
with beliefs—applying them as explana-
tions for x and y versus seeking to uncover
explanations of a and b—may bear upon
discussions of religion and science. — GJC

Psychol. Sci. 10, 826 (2005).
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Nanotubular Communication

Cells often use diffusible molecules to communicate with one
another, but results from Watkins and Salter show that some
cells are hard-wired. They explored how human monocyte-

derived dendritic cells respond to soluble factors released from Escherichia coli.
When the supernatant of a bacterial culture was applied near a dendritic cell with a
micropipette, the stimulus appeared to spread not by diffusion, but rather by pass-
ing from one cell to another. High-resolution differential interference contrast
microscopy revealed intercellular tubular structures up to 100 μm in length and 20
to 200 nm in diameter. When cells were labeled with a calcium-sensitive dye, an
increase in the concentration of free intracellular calcium caused by mechanical
stimulation of one cell could be seen to pass via the nanotubules. Furthermore,THP-1
monocytes, which themselves did not respond to the supernatant, displayed cal-
cium responses within seconds after nearby dendritic cells had been pulsed with the
bacterial products.The authors propose that immune cells may use such communi-
cation to distribute intracellular signals across large networks of cells. — LBR

Immunity 23, 309 (2005).

H I G H L I G H T E D I N S C I E N C E ’ S S I G N A L T R A N S D U C T I O N K N O W L E D G E E N V I R O N M E N T

C
R

ED
IT

S
:C

A
M

P
S
 E

T
 A

L.
,N

A
T

U
R

E 
M

ED
.

9
,9

3
6

 (
2

0
0

5
)

Synovial inflammation and after
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DR WILLIAM GALLAGHER

"We use Applied
Biosystems' TaqMan®

Low Density Arrays to
validate subsets of
genes and have found
these arrays to be
very useful."

Dr William Gallagher
obtained a PhD in Molecular
and Cellular Biology from
the Cancer Research UK
Beatson Laboratories in
Glasgow and, since 2001,
he has been employed in a
permanent capacity 
as College Lecturer at
University College Dublin
(UCD). In January 2005 
Dr Gallagher was appointed
Senior Lecturer within the
Department of Pharma-
cology; he is also a principal
investigator at the Conway
Institute of Biomolecular 
and Biomedical Research 
in UCD (www.ucd.ie/
conway/) where he runs 
a Tumour Biology group 
that is primarily focused 
on melanoma and 
breast cancer. 

Technologies used:

Applied Biosystems’
7900HT Real-Time
PCR System

Applied Biosystems’
TaqMan® Low
Density Arrays

Applied Biosystems’
TaqMan® Gene
Expression Assays

What are your main research
interests?

Our research group is primarily
interested in cancer biology and we
specialise in melanoma and breast
cancer research. We use a variety of
approaches to investigate changes in
gene expression and protein levels in
different tumour types with the aim
of finding new markers or
therapeutic targets. 

What samples are you using?

We are using model systems of
melanoma and breast cancer based
on cell lines. Using one of these
model systems we have so far found
66 genes with altered expression
profiles that correlate with
progression in melanoma. We also
have a set of 250 clinical melanoma
samples and, through a European
collaboration, several thousand breast
cancer samples available to us.

What methods are you using to
monitor gene expression changes?

We are using DNA microarray
analysis techniques to identify genes
whose expression levels change
during tumour progression and this
process has produced many
hundreds of candidate genes of
interest. We use Applied Biosystems'
TaqMan® Low Density Arrays on the
Applied Biosystems 7900 HT Real-
Time PCR System to validate
subsets of these arrays and have
found these to be very useful,
because we can follow up the 
DNA microarray analysis on a high
throughput level using only a very
small amount of material. The
dynamic range of the TaqMan Arrays
in detecting changes in gene
expression is very good, as is the
extent of correlation with the data

obtained from DNA microarray
analysis. For example, we made a
tailored TaqMan Array representing
45 of the 66 genes that DNA
microarray analysis demonstrated
had changed in our melanoma model
and, when we cross-correlated them,
we found a very high degree of
concordance between the DNA
microarray data and the TaqMan
data. However, if a gene is expressed
at a very low level, it is harder to be
confident that the expression levels
change. We are planning to expand
on the technology to look at our set
of 250 formalin-fixed clinical
melanoma samples, although that 
will be more challenging because 
this archival material is usually quite
degraded. For the process to work
effectively, quality controls are also
going to be an important issue; on
the other hand, if we can get it
working, we will be able to test a
huge number of different samples.

Have many of the genes of interest
been previously implicated in
cancer?

Some of them have but not that
many. One gene in particular, TSPY
(testis specific protein Y), may
represent a novel marker for gender-
specific aspects of melanoma
progression.

What are you doing with the
findings from the TaqMan Arrays?

We are now looking at the candidate
genes on a functional level and the
results from the TaqMan Arrays give
us a feel for whether a target is worth
investigating functionally. We are
starting a large-scale functional
analysis on relevant genes using RNA
interference methods to selectively
knock out gene expression. We are
using a lentivirus-based delivery
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system, because this can infect
primary cultures as well as tumour
cells. Our main objective is to try
to simultaneously functionally
validate all of the genes from our
target cohort. 

How do you perform RNAi on
hundreds of different genes?

We could do it as many individual
experiments, but it is more
practical to pool them all together,

or in sub-pools, and then find
which genes actually functionally
contribute to relevant tumour-
associated cellular phenomena.
We are also over-expressing our
genes of interest to look at their
functional effects and we should
have some valid data in another
six months; we will soon be able
to apply it to different model
systems.

Do you have any expectations
as to what proportion of the
genes you are looking at will
actually have functional
significance in these tumours?

A tricky question! Hopefully some
of them, although we will have to
be careful – just because a gene’s 

expression changes in pathological
samples, it does not necessarily 
mean that it is important, and vice
versa. Only a very small proportion
of genes are likely to have some
functional relevance, and we also
have to consider the fact that it
could be other genes, upstream
from those that we find to be
differentially expressed, controlling
the whole thing. Because of this,
we have found putative
transcription factors and regulators

that may be controlling the
expression of these genes and we
shall put those into the functional
analysis programme as well. Some
of the genes that we are looking at
have been shown previously to
have a functional relevance in
tumour development and
progression, and one gene in
particular is already being used in a
gene therapy protocol.

Which gene is that?

The gene is a melanoma
differentiation-associated gene
called MDA7. It has been used in
clinical trials before as a tumour
suppressor gene and the gene is
turned off during melanoma
development. 

Do you think that tumour
heterogeneity might be an issue
with these experiments?

In the melanoma study it was not
an issue because we were using
cell lines, but when we look at
expression within the whole
tumours, tumour heterogeneity may
be a problem. We are using laser
capture microdissection to
specifically dissect out tumour cells
from the background tissue and

that should avoid some problems,
but obviously it is something we
will need to be aware of.

And what is the next step in
your research?

We are planning to investigate our
list of candidate genes on a tissue
microarray platform, so we can look
at their protein levels simultane-ously
in our extensive cohorts of clinical
specimens. We could also look at
the RNA levels using in situ
hybridisation, and I would be keen to
use some other kind of PCR-based
approach to look at RNA levels
within tissue sections. The findings
from some of our melanoma studies
have been recently published in
Carcinogenesis.
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Visualization tools help you understand results at a glance. You can categorize topics and substances,
identify relationships between areas of study, and see areas that haven’t been explored at all.

Comprehensive, intuitive, seamless—SciFinder directs you. It’s part of the process. To find out more, call
us at 1-800-753-4227 (North America) or 1-614-447-3700 (worldwide) or visit www.cas.org/SCIFINDER.

A division of the American Chemical Society. SciFinder is a registered trademark of the American Chemical
Society. “Part of the process” is a service mark of the American Chemical Society.
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Part of the process.SM

What if moving from one particular
protein to the most relevant journal
and patent literature were as easy

as pushing a button?
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Home Base for Microbes
You’d expect microbes to be high on the research agenda
at the National Institutes of Health, but many other
federal agencies sponsor or con-
duct investigations of the
bugs, from the Department
of Defense to the National
Institute of Standards and
Technology.Visitors can
discover more about
these efforts at The
Microbe Project.The new
portal offers a synopsis
of each agency’s micro-
biological research, often
providing links to projects,
databases, and other resources.
The site also furnishes news and an education sec-
tion, which includes information on fellowships and
mentoring programs.

www.microbeproject.gov

D ATA B A S E S

Let It sno
Like the rough cut of a movie, a newly
minted ribosomal RNA (rRNA) molecule
needs fine-tuning before it’s ready for
release. Enter the small nucleolar RNAs, or
snoRNAs, which team with proteins to snip
rRNA into usable segments and modify its
nucleotide bases. Researchers will find a
flurry of information on these molecular

editors at this pair of databases.
For profiles of more than 350

human snoRNAs, check out this
clearinghouse* at the Laboratoire
de Biologie Moléculaire Eucaryote
in Toulouse, France. Search for a
particular snoRNA to read a
description of the molecule and
find its sequence, size, and target.

You can also scan rRNA and other
types of RNA molecules to learn

which bases get modified and what
snoRNA makes the revision. For similar
data on Arabidopsis thaliana and 17 other
plant and algae species, drop by this site†

from the Scottish Crop Research Institute
in Invergowrie.

* www-snorna.biotoul.fr
† bioinf.scri.sari.ac.uk/cgi-bin/

plant_snorna/home

NETWATCH
edited by Mitch Leslie
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Frog Film Fest
Instead of prolonging their
breeding season over weeks
or months as some amphib-
ians do, wood frogs (right;
Rana sylvatica) cram it into
three or four frantic nights.
To screen video showing
tangles of mating frogs and
other amphibian footage,
click over to Frog Calls,hosted
by documentary filmmaker David McGowan. The site focuses on Midwestern
species, offering clips of a dozen kinds of frogs and toads singing their lungs
out. In video interviews, herpetologists discuss topics such as the different calls
males use to attract mates and rebuff rivals and the advantages of breeding
early or late in the year. Researchers also touch on the problems of malformed
and disappearing amphibians. For example, Michael Lannoo of Ball State Uni-
versity in Muncie, Indiana, explains that the once-common northern cricket frog
(Acris crepitans) has vanished from Canada and much of the upper Midwest,
possibly because roads and development prevent the amphibians from hopping
to more suitable habitat.

www.midwestfrogs.com

I M A G E S

Cerebral Surveying
All human brains look pretty much alike in a jar of formaldehyde, but on closer inspec-
tion each person’s sports a unique pattern of wrinkles and crevices.That’s good news for
individualists and bad news for neuroscientists striving to
pin down what areas manage specific functions.
The new brain atlas PALS, created by neuro-
biologist David Van Essen of Washington
University in St. Louis, Missouri, can
help researchers get a handle on
this geographical variability.
Unlike previous atlases that
relied on scans of one brain,
PALS maps the contours of
the cerebral cortex—which
governs “higher functions”
such as planning and problem
solving—by averaging mag-
netic resonance imaging (MRI)
scans of 12 people.You can summon
17 views of the brain’s surface, such as this
map showing which areas vary the most (yellow and
orange) and the least (blue) among individuals. Controls let
you rotate the images and view them from different angles.You can also superimpose
data such as functional MRI measurements of activity. PALS is part of the neuroimaging
database SumsDB that features similar atlases for the human cerebellum and for
macaque, rat, and mouse brains.

sumsdb.wustl.edu/sums/index.jsp

Send site suggestions to netwatch@aaas.org.Archive: www.sciencemag.org/netwatch

http://www.sciencemag.org
http://www.microbeproject.gov
http://bioinf.scri.sari.ac.uk/cgi-bin/plant_snorna/home
http://bioinf.scri.sari.ac.uk/cgi-bin/plant_snorna/home
http://www.midwestfrogs.com
http://sumsdb.wustl.edu/sums/index.jsp
mailto:netwatch@aaas.org
http://www.sciencemag.org/netwatch
http://www-snorna.biotoul.fr
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2005 Nobelists
in medicine,
physics

Tagging along
with sharks

Th is  We e k

As worries about a new flu pandemic mount,
researchers have figured out the traits that
made the 1918 influenza virus, which killed
between 20 million and 50 million people, so
virulent. Although a study on page 77 sheds
new light on these questions, it raises a host of
others because the researchers reconstructed
the complete virus, which no longer existed
anywhere on Earth.

The team resurrected the 1918 pandemic
virus by using gene sequences fished from pre-
served tissue from a 1918 victim. The virus is
as lethal as expected, killing mice more quickly
than any other human flu virus known. Recre-
ating the 1918 strain “had to be
done, and it’s produced some
extremely interesting results,”
comments flu researcher
Robert Webster of St. Jude
Children’s Research Hospital
in Memphis, Tennessee. 

Although a scientific tri-
umph, the experiment has
stirred debate over safety pro-
cedures for handling such a
deadly virus. Moreover, a new
federal biosecurity board gave
the paper an unusual last-
minute review to make sure the
merits of its publication out-
weighed the risks of releasing
potentially dangerous knowl-
edge. The board’s green light is
a relief to scientists who have
worried about a clampdown on
scientific information follow-
ing the anthrax attacks 4 years
ago. “The system is working,” suggests Mass-
achusetts Institute of Technology molecular
biologist Phillip Sharp, who wrote an accom-
panying editorial (p. 17).  

The team, from the Centers for Disease
Control and Prevention (CDC) in Atlanta,
Georgia, the Armed Forces Institute of
Pathology (AFIP) in Washington, D.C.,
Mount Sinai School of Medicine in New York
City, and the U.S. Department of Agriculture,
says its work will provide crucial knowledge
for heading off the next influenza pandemic,
which could be brewing in Asia, where the
H5N1 bird flu has killed more than 60 people.

“This work has to be seen in a positive light,”
says lead author Terrence Tumpey of CDC. 

The research grows out of AFIP pathologist
Jeffrey Taubenberger’s efforts, begun in 1995,
to sequence the genome of the 1918 flu virus.
Working mainly with tissue
from a victim found in perma-
frost in Alaska, he and others
have been piecing together the
virus’s eight genes and charac-
terizing their protein products. 

Last year, this work re-
vealed the structure of the 1918
hemagglutinin (HA), the cru-

cial surface protein that flu viruses use to latch
onto host cells (Science, 19 March 2004,
p.  1866); in a separate study, Yoshihiro
Kawaoka’s group at the University of Wiscon-
sin, Madison, showed that a virus containing
this HA was unusually potent. This week in
Nature, Taubenberger’s group publishes the
sequences of the last three genes, which
together encode the virus’s polymerase, the
machinery for virus replication. 

With those final sequences in hand, Peter
Palese’s team at Mount Sinai then stitched
the eight 1918 genes into a regular flu virus
genome contained within bacterial DNA.

They shipped these inert plasmids to
Tumpey at CDC, who inserted them into
cells to make live virus. 

In this issue of Science, Tumpey, Tauben-
berger, and collaborators report how the recon-
structed 1918 virus behaves. In experiments at
CDC, the virus killed mice in 3 to 5 days and
caused severe lung inflammation reminiscent
of that reported by doctors who examined 1918
flu victims. The team also studied viruses with
various combinations of 1918 genes and
regular flu genes, which showed that “without

that HA, the virus was
not virulent,” says
Tumpey.  

The 1918 flu had a
couple of other tricks
up its sleeve as well.
One is that the virus
doesn’t need to rely
on its host cells for
the protease trypsin
to cleave and activate
the HA protein; in-
stead, another surface

protein, neuraminidase
(NA), appears to help cleave the
HA. That suggests the 1918 virus,
like some highly virulent bird flu
strains, can grow in any cell type,
not just trypsin-laden lung cells. In
addition, the 1918 flu’s polymerase
genes appear to allow it to repli-
cate very eff iciently in human
bronchial cells. Probing these
mechanisms may lead to the devel-
opment of new antiviral drugs.

The virus also kills chicken
embryos, unlike most human flu
viruses. The polymerase genes are
similar to those found in bird flu,
including H5N1 in Asia, Tauben-
berger notes in the Nature paper.
That means the 1918 flu likely

arose from a bird virus and did not need to
combine with a flu strain already adapted to
humans to become so deadly.  

Because of the sensitive nature of the work,
the CDC lab’s safety precautions received
unusual scrutiny, says Tumpey, including
review by several biosafety committees.
Workers followed biosafety level 3 (BSL-3)
practices, with additional enhancements, for
instance, wearing battery-powered air puri-
fiers with face shields and showering when
leaving the lab. A year ago, Kawaoka’s team
drew fire for doing experiments with partial
1918 viruses under similar enhanced BSL-3

V I R O L O G Y

Resurrected Influenza Virus Yields
Secrets of Deadly 1918 Pandemic 

Handle with care. CDC’s Terrence Tumpey wore a respirator as part of BSL-3 
procedures for studying the recreated 1918 influenza virus.(Inset) A regular flu virus.

http://www.sciencemag.org


conditions, as opposed to the more stringent
BSL-4 (Science, 22 October 2004, p. 591). 

Since then, the government has weighed
in, recommending in a draft biosafety man-
ual that researchers use BSL-3 with addi-
tional measures for 1918 flu experiments.
One reason BSL-4 isn’t necessary, says gov-
ernment adviser Robert Lamb of Northwest-
ern University in Evanston, Illinois, is that
antiviral drugs are effective against 1918-
like flu viruses. (CDC is also treating 1918
flu virus as a select agent, which means
access is tightly controlled.) 

Both the authors and Science’s editors
acknowledge concerns that terrorists could, in
theory, use the information to reconstruct the
1918 flu virus. Similar fears erupted 3 years

ago when Science published a paper on the
reconstruction of a poliovirus. Science
decided to publish the 1918 flu paper because
it “could help prevent another global flu pan-
demic,” says Editor-in-Chief Donald
Kennedy. That benefit “far outweighs the risk
of working with this virus,” he says.

In addition to regular scientific review,
Science required the authors to show that they
had approval to publish from CDC Director
Julie Gerberding and National Institute of
Allergy and Infectious Diseases Director
Anthony Fauci. After being briefed, Health
and Human Services (HHS) Secretary
Michael Leavitt also requested that his new
National Science Advisory Board for Bio-
security (NSABB) review the Science and

Nature papers “to make sure we’d touched
every possible base,” said HHS spokesperson
William Hall. After a flurry of e-mails and
phone conferences last week, the panel sug-
gested adding two sentences that underscore
the stringent safeguards and the importance
of the work in protecting public health. 

The board’s review surprised some scien-
tists who expected NSABB to develop only
general guidelines for journals. But Sam
Kaplan of the University of Texas, Houston,
publications chair for the American Society for
Microbiology, says such reviews seem reason-
able as long as they don’t delay publication for
months. “We certainly might turn to the
NSABB” for a hot paper, he says. 

–JOCELYN KAISER
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Teen behavior
and Plan B

Hunting down
Huntington’s
causes

Conserving
INBio

Foc u s

Trying to calm an uproar after he took a sec-
ond job, the chief of the U.S. National Cancer
Institute (NCI) declared last week that he
would take a leave of absence while he serves
as acting commissioner of the Food and Drug
Administration (FDA). 

President George W. Bush’s appointment
of NCI Director Andrew von Eschenbach on
23 September to succeed FDA’s Lester Craw-
ford drew an outcry from cancer researchers
and several members of Congress, who
argued that both agencies would suffer and
that the two jobs posed conflicts of interests
(Science, 30 September, p. 2142). Giving up
the NCI job seems to allay at least some of
those concerns. 

The temporary NCI boss will be John
Niederhuber, who came to the institute last
month and this week became its deputy direc-
tor for translational and clinical sciences.
Niederhuber will also serve as “chief operat-
ing officer to handle the day-to-day manage-
ment at NCI,” according to memos von
Eschenbach sent to FDA and NCI staff last
Friday. Niederhuber, a surgical oncologist
who has also studied cell signaling in tumors,
most recently headed the department of sur-
gery at the University of Wisconsin School of
Medicine. Until July, he also was chair of
NCI’s National Cancer Advisory Board. 

Niederhuber is “highly regarded in the
oncology community,” says David Korn, a
senior vice-president at the Association of
American Medical Colleges. As dean of Stan-
ford University medical school, Korn hired

Niederhuber in 1991 to head the surgery
department. “I think it’s a terrific opportunity
for him and for the NCI,” Korn says. Cancer
biologist Tom Curran of St. Jude Children’s
Research Hospital in Memphis, Tennessee, is
pleased as well. “John is an excellent choice
for a challenging but impor-
tant position at this critical
time,” says Curran.

Speaking anonymously,
some cancer researchers said
they were not disappointed
that von Eschenbach, a friend
of the Bush family who came
to NCI 3 years ago from the
University of Texas M. D.
Anderson Cancer Center, is
stepping aside from the
research institute for the
moment. His plan to elimi-
nate suffering and death from
cancer by 2015 has been crit-
icized as wildly unrealistic.
And his proposals for achiev-
ing it—initiatives on nano-
technology, proteomics, and
tissue banking—have drawn a lukewarm
response from NCI advisers. Meanwhile,
success rates for obtaining basic R01
research grants are steadily declining. “I’m
not sure [his tenure] will be seen as a great
period in the history of NCI,” said one aca-
demic researcher. 

Within NCI, morale has slipped as budg-
ets for intramural research have been trimmed

and von Eschenbach built up a large personal
staff that operated free of the established divi-
sion directors, sources say. “It can’t get much
worse,” said one senior scientist.

Even so, David Johnson, deputy director
of the Vanderbilt-Ingram Cancer Center in

Nashville, Tennessee, wor-
ries about how NCI will fare
under an acting director,
which “is about the most
powerless position you can
be in.” Johnson wonders
whether Niederhuber will
“have the courage” to priori-
tize different NCI programs.

Von Eschenbach’s memo
says he “will not participate”
in FDA matters involving
NCI drug applications or
clinical trials. But Johnson
says that unless von Eschen-
bach resigns from NCI, his
“residual interest” in the
institution poses a potential
conflict of interest. Another
possible conflict, noted by

The Cancer Letter, involves von Eschen-
bach’s unpaid role as vice-chair of the
board of C-Change, a nonprof it cancer
advocacy organization headed by the presi-
dent’s parents, George H. W. and Barbara
Bush. Its board members include drug
industry executives.

–JOCELYN KAISER

With reporting by Jennifer Couzin.

Acting FDA Head Drops NCI Post
U . S . B I O M E D I C A L  P O L I C Y

Fill-in. John Niederhuber will
handle NCI’s day-to-day
business.

http://www.sciencemag.org
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Nuclear Traffic Report
VIENNA—There’s good news and bad news
about illicit trafficking of radioactive
materials, says the International Atomic
Energy Agency in a new report.The good
news is that the number of incidents
involving uranium, plutonium, or tho-
rium—ingredients for a “dirty bomb”—
have remained low since
peaking in the early
1990s. Perpetrators
were caught with such
materials 19 times in
2003 and 2004 com-
bined, compared with
45 in 1994 alone.

The bad news is that
the market is booming for less danger-
ous materials. There were a record 78
incidents last year involving isotopes
such as cesium-137, which is used in
hospitals as a source of x-rays. The most
worrying was a 2003 incident in the
Republic of Georgia, where an arrest
netted 170 grams of weapons-grade
uranium that seems to have been part
of a larger cache for sale.

–JOHN BOHANNON

More Bang for the Buck?
BARCELONA—Spain plans to boost research
spending next year by 33%, but scientists
are unhappy that much of the increase
will go toward building more military
weapons.

The total research budget for FY
2006, which starts on 1 January, will be
$6.5 billion, including a 27% increase for
military research. But funding for basic
research in physics and chemistry, for
example, would rise only marginally.The
budget “reinforces the scientific milita-
rization undertaken by previous govern-
ments over the last 10 years,” says Jordi
Armadans, director of a group of
scientists against military research
called Fundació per la Pau.

Researchers also object to the gov-
ernment’s continued listing of military
construction programs—tanks, ships,
and the like—as research, despite a
pledge this summer from Prime Minister
José Luis Rodríguez Zapatero that such
spending would not be part of the gov-
ernment’s promised doubling of the
research budget over the next 5 years.
According to Fundació, more than 80%
of the $1.7 billion for military R&D will
go toward construction.

–XAVIER BOSCH

ScienceScope

The central nervous system in adult mam-
mals is notoriously bad at healing itself.
Once severed, the axons that connect one
neuron to another can’t regrow. That’s why
people regain little, if any, movement and
sensation after a spinal cord injury. Neuro-
scientists are working hard on ways to coax
adult neurons to regenerate axons, but
progress so far has been slow.

On page 106, a Boston-based research
team reports a surprising discovery that may
be a substantial step forward. They identify a
molecular signaling pathway that appears to
prevent axon regeneration in rodent neurons
and show that drugs that interfere with this
pathway promote regeneration. “It’s a really
unexpected finding,” says Marie Filbin, a
neurobiologist at Hunter College in New York
City. She and other experts say they never sus-
pected that this signaling pathway, which
involves a cell surface protein called the epi-

dermal growth factor receptor (EGFR), might
have a role in thwarting regeneration. The
study “identifies a novel target for therapeutic
interventions,” Filbin says.

Even more exciting, says Ben Barres, a
neurobiologist at Stanford University in
California, drugs that inhibit EGFR signal-
ing are already approved for treating lung
cancer. “This raises the possibility of almost
immediate application of EGFR antagonists
in patients with spinal or other central nerv-
ous system injuries,” he says.

The new study was led by Zhigang He
and Vuk Koprivica of Children’s Hospital
in Boston, Massachusetts. They and col-
leagues tested about 400 small molecules
on cultured rat neurons, hoping to identify
those that promoted the growth of new
axonlike extensions. Most of the com-
pounds did nothing, but several EGFR

blockers had impressive effects, He says.
To test the compounds on nerve injuries in
live animals, the researchers crushed an
optic nerve in adult mice and then packed
the nerve with foam soaked with one of the
EGFR blockers. Two weeks after the
injury, the treated mice showed a ninefold
increase in axon regeneration compared to
untreated animals. 

Until now, the primary role in the nerv-
ous system of epidermal growth factor,
which activates EGFR, was thought to be
signaling neural stem cells to divide. “Now
it shows up in a very different context,” says
Martin Schwab, a neurobiologist at the Uni-
versity of Zürich in Switzerland.

Additional work by He’s team has provided
clues about how EGFR blockers promote
axon regeneration. Two types of molecular
signals conspire to stymie regeneration in
the adult nervous system: inhibitory mole-

cules embedded in the
myelin insulation on
axons and inhibitory
signals spewed out by
astrocytes, support
cel ls  that  form a
scar around the site
of injury. The team’s
experiments with cul-
tured neurons suggest
that EGFR signaling
is necessary for both
types of inhibition. 

“To the extent to
which we have to
inhibit both pathways
to get regrowth, this
means that our chances

of inhibiting all the bad actors [with a single
drug] is that much greater,” says Marc
Tessier-Lavigne, a neurobiologist at Genen-
tech in South San Francisco, California, and
collaborator on the current study. Genentech’s
drug Tarceva, which has FDA approval for
treating non–small cell lung cancer, was one
of the EGFR blockers tested on cultured neu-
rons. Tessier-Lavigne says Genentech is now
investigating the drug’s effects on axon regen-
eration in a mouse model of spinal cord injury.

But even if those experiments yield good
results, EGFR blockers alone may not be
enough to heal spinal injuries, He cautions.
Other research has suggested that com-
pounds that actively promote axon regener-
ation may be needed as well. As with driving
a car, He says, taking your foot off the brake
only gets you so far—then you need to hit
the gas. –GREG MILLER

N E U R O S C I E N C E

Cancer Drugs May Help Injured Nerve
Cells Regrow Their Axons
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Growth potential. Axons (red) regrow in a crushed nerve treated with an
EGFR blocker (bottom) but not in an untreated nerve (top).
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With the speed of a tuna and the homing
instinct of a salmon, the great white shark—
once considered a homebody—is proving a
transoceanic traveler. And not to be out-
done, a less fearsome cousin called the
salmon shark has now shown up in Hawaii,
far away from its supposed home in Alaska. 

Two studies in this week’s issue docu-
ment these unexpected sea trips. Two
species “we have previously considered to
be largely coastal in their movements have
a much greater ecological link with the
open ocean than previously thought,” says
Barry Bruce, a marine biologist at the
Commonwealth Scientific and Industrial
Research Organisation in Hobart, Aus-
tralia. These findings
complicate conser-
vation efforts, he
adds, as multiple
countries must take
part in protecting the
species.

Over the past de-
cade, satellite tech-
nologies have enabled
marine biologists to
follow the oceanic
travels of animals
tagged with transmit-
ters. On page 100, a
team led by Ramón
Bonfil of the Wildlife

Conservation Society in New York, New York,
reports using such technologies and visual
markings on fins to observe 32 great white
sharks over 15 months. “These researchers
have gone where others have feared to tread,”
says Barbara Block of Stanford University
Hopkins Marine Station in Pacific Grove, Cal-
ifornia, referring to the danger and challenges
of tagging these beasts.

An electronic device at-
tached to the dorsal fin sent data
about geographical coordinates
whenever a tagged shark sur-
faced, enabling Bonfil and his
colleagues to plot a shark’s jour-
ney. Another device, fastened

by a releasable pin, recorded depth and temper-
ature. When the pin snapped as planned, the
device surfaced and relayed these data
“directly to the office,” says Bonfil. In addi-
tion, the researchers equipped the sharks with
acoustic transmitters and tracked the animals’
finer scale movements using microphones
scattered in certain South African bays. 

Bonf il’s work ex-
tends earlier studies
by Block’s group,
which found that
great white sharks
around the California
coast periodically
headed more out to
sea. Bonf il’s data
showed just how far

this species could travel.
One female sped across the Indian Ocean
and back at 4.7 kilometers per hour, cover-
ing 20,000 kilometers in less than 9 months.
Other tagged great whites, thought to be
looking for prey, regularly took 2000-
kilometer trips up and down South Africa
and into the waters off Mozambique. 

In a separate study, reported on page
104, Kevin Weng, working with Block and
others, used remote-sensing satellites to
track 48 tagged salmon sharks based in
Prince William Sound, Alaska. The salmon
sharks also migrated long distances. After
wintering off Alaska, some headed south,

Satellite Tracking Catches Sharks on the Move 
E C O L O G Y

House Revises Endangered Species Act
Legislation that would remove a controversial
provision of the U.S. Endangered Species Act
(ESA) was passed last week by the House of
Representatives. The bill, introduced by a
longtime opponent, was pushed through at a
whirlwind pace despite pleas by moderates
for more time. Critics are now looking to the
Senate to correct provisions that they say will
weaken protection of species.

Representative Richard Pombo (R–CA)
and other critics argue that the 1973 act, last
amended in 1988, hurts landowners while not
adequately helping endangered species. They
say only 1% of 1268 species listed have ever
been removed after recovering. But support-
ers say that the act’s main achievement has
been to prevent extinctions. As chair of the
House Resources Committee, Pombo moved
his bill through committee in just 4 days—a
pace that some legislators and officials at the
Fish and Wildlife Service (FWS) say pre-
cluded adequate analysis. On 29 September,
the House approved it by a vote of 229 to 193.

The bill (H.R. 3824) would eliminate so-
called critical habitat provisions, land or
water that FWS designates as necessary for a
species to recover. The designation brings
several legal protections into place, but it
also generates many lawsuits (Science,
30 September, p. 2150). FWS maintains
that it’s not necessary because those legal
protections are redundant, but many envi-
ronmentalists say that in practice critical
habitat bolsters conservation efforts.

Pombo’s bill would also require FWS to
quickly evaluate any proposed projects that
might harm an endangered species. If the
agency doesn’t finish within 180 days, the
proposal would get an automatic green light.
Environmentalists worry that FWS’s long
backlog will result in many harmful projects
going forward. Finally, if FWS determines
that land shouldn’t be altered, then the agency
must compensate landowners. The Congres-
sional Budget Office estimated that amount at
$10 million per year initially, but critics say

it’s likely to be much higher and could wind
up bankrupting FWS’s $143-million-a-year
endangered species program.

Representative Sherwood Boehlert
(R–NY), chair of the House Science Commit-
tee, and several others proposed a floor
amendment that would avoid these concerns
by neither giving automatic approval to proj-
ects nor compensating landowners. The
amendment would have abolished the critical
habitat provisions and replaced them with a
similar and enforceable type of habitat desig-
nation. Although he lost by a vote of 206 to
216, Boehlert said the slim margin of defeat
“showed the Senate that the House would be
willing to pursue moderate reforms of the
Endangered Species Act.”

The Senate is unlikely to work on a com-
panion bill until next spring. The subcommit-
tee responsible for ESA is chaired by Senator
Lincoln Chafee (R–RI), a moderate who has
expressed reservations about making signifi-
cant changes to the act. –ERIK STOKSTAD
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Easy now. Researchers release a great white shark that now bears satellite
tags much like those of this salmon shark (inset).

▲
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sometimes going as far as Hawaii or Baja
California before returning to Alaska. One
covered 18,220 kilometers in just 640 days,
Block’s group reports. As with the great
whites, the salmon sharks took multiple
trips but always seemed to return to famil-
iar territory. “[Both] sharks use entire
ocean basins as home ranges and show
remarkable f idelity to areas,” she says.
“These two papers represent great leaps in
our understanding of how top predators uti-
lize the world’s oceans,” says Andrew Mar-
tin, an evolutionary biologist at the Univer-
sity of Colorado, Boulder.

Block’s group also discovered that two
cardiac proteins may enable the salmon
shark to withstand water temperatures cold
enough to stop a polar bear’s heart. She and
her colleagues now report that salmon
sharks have excess SERCA2 and Ryan-
odine receptors—proteins key to keeping

the heart beating—just as hibernating ani-
mals do. In the heart’s muscle cells, these
proteins help control the flow of calcium
and consequently the rate of contraction.
This result “advances Block’s developing
story about how physiological adaptations
allow niche expansion,” says Martin. 

The unexpectedly large ranges for both
sharks revealed by the new studies have a
downside: The more spread out a species is,
the harder it is to protect. Great whites are
particularly vulnerable. For example, great
whites protected by South Africa are fair
game for Mozambique fishers. “They are
so much more exposed to being caught
because they cover a much wider area,”
says Andre Boustany of the Hopkins
Marine Station. Thus, “conservation man-
agement of this species and other highly
migratory species must occur on an inter-
national level.” –ELIZABETH PENNISI
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Baltimore Bids Adieu
Biologist David Baltimore will step down
as president of the California Institute of
Technology (Caltech) in Pasadena in June
2006 after 9 years on the job.The 67-year-
old Nobelist plans to return to research
and teaching as a faculty member.

“I analyzed a lot of things about
myself and my position in the world and
my age and where my satisfactions were,
and I decided that, on a personal basis,
this was a time to think about it,” he said,
announcing his decision last week. “And
as I thought about Caltech, I recognized
that we had a lot of things in place and
had done a lot of things and it wasn’t a
bad time to have a transition.”

Caltech has already raised $1.1 billion
in a $1.4 billion capital campaign that it
launched in 2002, and Baltimore was
instrumental in creating the Broad Center
for the Biological Sciences. He will go down
in history “as one of the great presidents of
Caltech,” says Eli Broad, a trustee of the
institute and namesake of the center.

–YUDHIJIT BHATTACHARJEE

Googling NASA
After years of casting about for a major
industrial partner, NASA’s vast Ames Re-
search Center will take advantage of its Sili-
con Valley location and partner with Google.

The famous search-engine company
will develop up to 93,000 square meters
on an Ames research park for its research
and development efforts.Ames Director 
G. Scott Hubbard predicts that Google’s
presence will provide advances in “new
sensors and materials from collaborations
on bio-info-nano convergence, improved
analysis of engineering problems,” as well
as in supercomputing and data mining.

–ANDREW LAWLER

Annan Names U.N. “Flu Czar”
British public health expert David Nabarro
has been picked to become the United
Nations’ point man for influenza.The 
28 September appointment by U.N.
Secretary-General Kofi Annan gives
Nabarro, who has held various positions
within the World Health Organization
(WHO), a coordinating role in efforts
against avian and human influenza across
U.N. branches.WHO will remain the lead
agency on flu.

Nabarro immediately made world
headlines when he told reporters that a
flu pandemic might claim as many as 150
million lives.The next day, a WHO spokes-
person said that a more reasonable 
projection would range from 2 million to
7.1 million deaths. –MARTIN ENSERINK

Reform Law Fails to Impress Researchers
PARIS—French scientists will be more com-
petitive, young scientists will be paid better,
and the public and private sectors will work
together more closely, say government offi-
cials, thanks to a long-awaited draft science
reform law unveiled last week. But research
leaders who have protested against current
policies say the reforms don’t go far
enough, urging the government to do more
to create jobs and improve
prospects for young scien-
tists. “The system is be-
coming more complex and
more opaque,” says chemist
Jacques Fossey, head of the
main research union SNCS. 

In the reform bill, due to
be published on 5 October,
the government earmarks an
extra $23 billion in public
funds for research between
2004 and 2010. It will award
young researchers in public
labs an 8% pay hike in both
2006 and 2007, allow univer-
sity lecturers to spend fewer
hours teaching, and provide
incentives for companies to
hire more postdocs. The gov-
ernment will also create a 24-
member agency to evaluate
labs, research teams, and
individuals so as to improve the distribution
of funds. Universities and government
research agencies would be offered subsi-
dies to join forces on projects from neuro-
science to nanotechnology. 

The draft law, which is expected to be
adopted by Parliament in February, is “sym-

bolic” of the government’s research
reforms, says junior research minister
François Goulard, because it has already set
up the grant-giving National Research
Agency this year (Science, 26 August, p. 1316)
and will soon form a blue-ribbon council to
advise the French president on research pri-
orities. But Fossey says that the government
must go further. France needs 9000 new

public scientific posts
and a $6-billion-a-
year jump in spend-
ing to reach the Euro-
pean Union goal of
3% of gross domes-
tic product spent on 
research by 2010.

Goulard won’t
make any guaran-
tees, saying only that
this figure is “acces-
sible” and that “the
weak link is the pri-
vate sector.” Even the
government’s com-
mitment is short-
term, however, given
that national budgets
are drawn up annually
and presidential and
parliamentary elec-
tions are due in 2007.

Cochin Institute biologist Alain Trautmann, a
leader of the protest movement, wishes it
were otherwise. “Governments can and
should make long-term moral commitments
beyond the next elections,” he says. 

–BARBARA CASASSUS

Barbara Casassus is a writer in Paris.

F R A N C E

No guarantees. French research minis-
ter François Goulard.
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A simple but revolutionary
finding, perseverance in the

face of opposition, and scientific
salesmanship were the ingredients

enabling two Australians to win the 2005
Nobel Prize in physiology or medicine. On
Monday, the Nobel Assembly at the Karolin-
ska Institute in Stockholm, Sweden,
announced that Robin Warren and Barry
Marshall have been recognized for their dis-
covery that an easily treatable bacterium
called Helicobacter pylori—and not stress,
spicy foods, or a host of other factors—causes
most peptic ulcers. “With tenacity and a pre-
pared mind,” the duo “challenged prevailing
dogmas,” the assembly said in a press release.

“It’s fantastic,” says microbiologist Francis
Mégraud of the Hôpital Pellegrin in Bor-
deaux, who heads France’s national reference
center for Helicobacter. “Their work has
made a huge difference in the lives of millions
of people.” In the past, ulcer patients under-

went stomach operations or took medicines
for life, he says; thanks to Warren and Mar-
shall, a simple course of antibiotics is often
enough to cure them completely. Warren says
that he and Marshall had long hoped for a

Nobel but worried that “a bug in the stomach
might not be romantic enough.”

Warren, 68, a pathologist who retired
from the Royal Perth Hospital in 1999, first
observed small, curved bacteria in biopsies

from ulcer patients’ stomachs in
the early 1980s. He also noticed
that they appeared to cause
inflammation. Marshall, now 54
and a researcher at the University
of Western Australia in Nedlands,
was a young clinical fellow at the
time, looking for something
interesting to do. He teamed up
with Warren and managed to cul-
ture an unknown bacterium from
the biopsies. In a 1984 paper in
The Lancet, the two f irst sug-
gested that the microbe, which
they then classif ied as a new
Campylobacter species, played
a role in causing ulcers.

Triumph of the Ulcer-Bug Theory
N O B E L  P R I Z E : P H Y S I O L O G Y  O R  M E D I C I N E

Withdrawn Parasite Paper Stirs Criticism of Cell
Many biologists are protesting a decision by
the editors of the journal Cell to retract a
paper without the authors’ assent or any alle-
gations of misconduct.

In July 2004, a group at the University of
Brasilia published a widely noted paper
claiming that experiments in chickens and
rabbits showed that the parasite (Try-
panosoma cruzi) responsible for Chagas dis-
ease actually transfers DNA to the host
genome. They even reported that parasitic
DNA integrated into DNA of patients with
heart damage from the disease. The unex-
pected f inding offered a possible way
to explain why the disease,
prevalent in

Latin America, can damage a person’s organs
decades after the parasite is gone.

In June, Cell editor Emilie Marcus wrote
the research team, headed by Antonio Teixeira
of the Chagas Disease Multidisciplinary
Research Laboratory, that “subsequent 
re-analyses” by a reviewer she did not name
“do not support the claim” of DNA integration.
Although the Brazilian team offered detailed
rebuttals, Cell published a one-paragraph
retraction in the 23 September issue. The
retraction has generated a flurry of indignant
correspondence, including a protest letter from

the Brazilian Society of Protozoology. Cell
editors so far have stayed mum.

Scientists agree that the paper, which
was the first to claim integration of para-
site DNA into a host genome, is contro-
versial, and some doubted the finding
from the start. Nonetheless, many biol-
ogists are alarmed at the failure of the
journal to supply the evidence on

which the retraction was based.
“This is not the way science should
be done,” says Roberto Docampo, a
cellular biologist at the University
of Georgia, Athens. “I am very con-
cerned with the editor’s power to
retract papers based on opinions
without publishing the basis for the
retraction. … If an editor starts to
do that, maybe half of the literature
will start to disappear.”

Microbiologist David Engman of

Northwestern University School of Medicine
in Chicago, Illinois, adds that he knows of
“maybe a dozen” people in parasitology alone
who have written Cell editors to protest. On
the other hand, parasitologist Dmitri Maslov
of the University of California, Riverside,
says he “was not surprised at all” that the
report’s “extraordinary” claim had been
retracted. Cell editors “provided a compelling
rationale, … namely, that the integration
sites’ sequences have not been properly char-
acterized, and some other data did not support
the integration unequivocally,” says Maslov.

Cell’s action appears to fall within policies
Marcus explained in testimony submitted to
the British House of Commons Committee
on Science and Technology in March 2004:
“Editor-instigated retractions occur when the
Editor receives correspondence from a third
party who cannot reproduce the original
data.” In such a case, she wrote, “the authors
are invited to respond in writing, and both sets
of data are then evaluated by independent
reviewers.” Teixeira claims, however, that he
was never shown any experimental evidence
to contradict his findings.

Teixeira says he’s not going to let the matter
drop: “I shall fight back to show that the data in
our paper is correct.” But regardless of how the
matter is resolved, Cellmay face repercussions.
Engman says a colleague asked by Cell to
review a paper is now wondering if he should
bother because the paper “may be reversed
postpublication.” –CONSTANCE HOLDEN

S C I E N T I F I C  P U B L I S H I N G

To your health. Robin Warren (left) and Barry Marshall 
celebrate after hearing they have won the Nobel Prize.

N E W S O F T H E W E E K

Paper protest. The retraction of a Cell paper on the parasite
(above) causing Chagas disease has caused a furor.

▲
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Most gastroenterologists rejected the idea
out of hand, and it took a decade of many
more studies, including treatment trials with
antibiotics, to win over the field. “Many peo-
ple had been spending a lot of time on all
kinds of hypotheses, and all of a sudden there
was a very simple answer,” says gastro-
enterologist Loren Laine of the University of
Southern California’s Keck School of Medi-
cine in Los Angeles. Although Warren was “a
little bit shy,” Mégraud says, Marshall
“fought very hard” to get the idea accepted.
He traveled the world, pleaded his case end-
lessly, and even experimented on himself,
swallowing a Helicobacter culture to show
that it caused inflammation. Warren agrees
that Marshall is the “better salesman” of the

two: “I just don’t think I would have been able
to convince people on my own.”

H. pylori is also implicated in two types of
stomach cancer, other researchers have discov-
ered, and the microbe’s epidemiology is now
much better understood. About half the world’s
population may be infected permanently, even
if only one in 10 hosts develops ulcers. Infec-
tion rates are highest in the developing world
but have gone down in wealthier nations dur-
ing the 20th century because of improved
hygiene and increased antibiotic use. Several
tests are now available for rapid diagnosis of 
H. pylori infection, including a 20-minute
breath test co-developed by Marshall.

Not all debate about H. pylori has ended,
though. A few researchers believe that the

bug may confer some benefits to its host
along with the risks. New York University’s
Martin Blaser, for instance, says there may
be a causal relationship between declining
H. pylori infection rates and the rising inci-
dence of acid reflux disease and a deadly
type of esophageal cancer. Doctors may one
day reintroduce Helicobacter strains into
some patients’ stomachs to take advantage
of its protective effects, he predicts. The
question is hotly debated among gastro-
enterologists, but “in a peculiar type of irony,”
Blaser says, he finds himself in the same
underdog position as Warren and Marshall 
20 years ago. “I guess he could be right,” says
Warren. “But I don’t think he has as much
evidence as we did.” –MARTIN ENSERINK

N E W S O F T H E W E E K
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One hundred years ago, Albert
Einstein hypothesized that

although light behaves like a
wave, it consists of particulate bits

or “quanta.” On the centennial of Einstein’s
revolutionary insight, the 2005 Nobel Prize
in physics honors three researchers who
have pioneered the frontier between the
wave and particle views of light
and laid the foundation for the
field of “quantum optics.”

Theorist Roy Glauber, 80, will
receive half the $1.3 million prize
for mapping out the conceptual
connection between assemblages
of individual photons and classical
waves of light. Experimentalists
Theodor Hänsch, 63, and John L.
Hall, 71, will share the other
half for developing exquisitely
precise techniques to manipulate
laser light, which is a quantum-
mechanical torrent of photons.
Their work has opened new avenues
of research and led to the develop-
ment of ultraprecise frequency standards.

“Hänsch, Hall, and Glauber—what a
wonderful combination!” says physicist
Marlan Scully of Texas A&M University in
College Station and Princeton University in
New Jersey. “I think it bodes well for quan-
tum optics that these heroes are getting the
recognition they deserve.”

In the early 1960s, Harvard University’s
Glauber tackled a fundamental problem with
the quantum theory of light: A randomly pro-
duced bunch of photons behaves more like a
hail of bullets than a graceful “classical” light
wave. To appear more wavelike, the individual
photons must be coordinated or synchronized
to create a so-called coherent state, in some-
what the same way that a pointillist painter

organizes colored dots into a complete image.
That much was already known. But

Glauber studied in detail the properties of
such coherent states and their interactions
with detectors. Coherent states “were treated
as a curiosity,” Glauber says. “Some [hints
from experiments] gave me the thought that
their role was much more fundamental.”

Glauber’s work explained surprising phe-
nomena that occur only in experiments that
probe the quantum nature of light. For
instance, depending on the circumstances,
individual photons can tend either to clump
together or to avoid each other. Known as
“bunching” and “antibunching,” those phe-
nomena may be useful for conveying infor-
mation in streams of individual photons.

This year’s prize also lauds Hänsch of the
Max Planck Institute for Quantum Optics in
Garching, Germany, and Hall of JILA, a
research institution run jointly by the Univer-
sity of Colorado, Boulder, and the National
Institute of Standards and Technology, for
work on stabilizing and manipulating laser
light. “It’s a very rich reward for the excellent

work they’ve done for a very long time,” says
physicist Stephen Lea of the National Physi-
cal Laboratory in Teddington, U.K.

A laser produces a beam with a narrow
range of frequencies by coaxing atoms to
emit light in concert. But there is always
some variation in frequency because of the
inherent uncertainty in the emission of

light by the atom and
the mechanical insta-
bilities of the laser.
Hänsch and Hall inde-
pendently developed
techniques to greatly
reduce that uncer-
tainty by using a 
“resonant cavity”—
essentially an optical
bell that rings with
light—to stabilize
the laser.

These efforts led
to the invention of the
frequency comb, an
ultraprecise frequency

standard that might someday replace the cur-
rent atomic clock as the ultimate timekeeper.
The comb consists of a highly stabilized laser
locked into a cycle in which it spits out a reg-
ular stream of light pulses tens of femto-
seconds long and separated by nanoseconds.
The spacing of those pulses is constant to a
few parts in a million billion. Hänsch had the
idea for the frequency comb 25 years ago,
Lea says, but Hall’s achievements were
essential to making it work.

Einstein’s quantum hypothesis may be a
century old, but the field of quantum optics is
young and growing, Scully says. The like-
lihood of new applications, he adds, augurs
well for more Nobels in the next 100 years.

–ADRIAN CHO

Quantum Optics Shines in the Photon’s Centenary
N O B E L  P R I Z E : P H Y S I C S  

The light fantastic. Roy Glauber (left) charted the theoretical ground between waves
and photons. John Hall (center) and Theodor Hänsch developed seminal laser techniques.
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ALMATY, KAZAKHSTAN—Seeking to protect one
of the oldest species of fish on Earth, the
United States on 30 September banned
importing caviar from the king of sturgeon,
the beluga. That’s good news for the sturgeon,
but a bit late. A comprehensive study pub-
lished last month found that all 25 species of
sturgeon and two related paddlefish have
been depleted worldwide.

“This is a case of the lessons not learned,”
says Ellen Pikitch, director of the Pew Insti-
tute of Ocean Science in New York City, the
lead author with Phaedra Doukakis of the
study in Fish and Fisheries. “For the first
time, we’re looking not just at the possible
disappearance of a species but of a whole
order, … one of the oldest and most interest-
ing ones in the world.”

The study found local extinctions for 19 of
27 species. Belugas caught today usually
weigh 150 kg—mere teenagers in a species
that should include centenarians—and the
study concluded that nearly all mature indi-
viduals, which can reach 6 meters in length,
have been taken out. “It’s no accident that the
three species that are in the best shape are all
in the States and are all completely protected,”
Pikitch says. “We need to extend the same
protection to the other species, particularly
the beluga, before it’s too late.”

Since 1997, the United Nations has

tried to limit exports of the three commer-
cially harvested species—the beluga, the
Russian/Persian, and the stellate—through
its regulatory body, the Convention on
International Trade in Endangered Species
of Wild Fauna and Flora (CITES). But this
hasn’t prevented widespread poaching.
Three U.S. environmental organizations 

5 years ago petitioned the U.S. Fish and
Wildlife Service (FWS) to place the bel-
uga on its threatened list and urged con-
sumers to boycott beluga caviar (Science,
16 September, p. 1799).

As a result, the United States became the
second nation, after Australia, to ban the
importation of beluga. FWS Assistant Direc-
tor for International Affairs Ken Stansell said
in a telephone press conference that he hoped
the U.S. measure would “encourage other
nations to take a closer look at their imports.”
Stansell, the U.S. representative to CITES,
said the 143 member states next meet in June
2007, the earliest date they could consider a
proposal to ban the trade. But no such meas-
ure has yet been proffered. 

In late July, Russia proposed a moratorium
on fishing all three commercial species at a
meeting of the Caspian Bioresources Commis-
sion, composed of the Caspian countries. The
commission, which sets each country’s yearly
caviar export quotas, will take up the proposi-
tion at its next meeting, in November. If these
countries adopt the moratorium, international
trade will stop without CITES’s intervention.

What a worldwide ban on the wild caviar
trade would achieve is unclear, as illicit har-
vesting would likely continue. “Most of the
poached caviar is consumed in the former
Soviet Union,” says Sabri Zain of Traffic
International, an organization that tracks
trade in endangered species. “As long as the
producer countries don’t control their
domestic market, stopping exports will have
very little effect.” –CHRISTOPHER PALA

Christopher Pala is a writer in Almaty, Kazakhstan

E N D A N G E R E D  S P E C I E S

Short Gamma Ray Bursts: Mystery Solved
The incredibly bright and extremely brief
flashes of energy known as short gamma
ray bursts have taunted astronomers for
more than 3 decades, but it looks as if
researchers have nailed their origin at last.
According to a series of papers in this
week’s issue of Nature, these hugely pow-
erful cosmic explosions that flood space
with high-energy gamma rays are pro-
duced by merging neutron stars or black
holes. Four international teams of
astronomers reached that conclusion after
observing two short gamma ray bursts ear-
lier this year (Science, 13 May, p. 939).
Detailed studies of three other short bursts
support the merger scenario.

Gamma ray bursts were first detected
by spy satellites in the 1960s. No one knew
their source or even how distant they were
until 1997, when the Italian-Dutch Beppo-
SAX satellite first detected a burst’s after-
glow, enabling researchers to determine its
distance and prodigious energy output.

Since then, a wealth of new observations
has convinced astrophysicists that the
longer bursts—which last  more than 
2 seconds or so—are the death cries of rap-
idly rotating massive stars that explode as
brilliant hypernovas while their cores col-
lapse into black holes. However, a large
and distinct population of very shor t
bursts, lasting 0.3 seconds on average,
remained mysterious.

Now, follow-up observations of the
afterglows of two short bursts on 9 May
and 9 July, detected by the Swift and
HETE-II satellites, respectively, have set-
tled the issue. The bursts, which occurred
in relatively nearby galaxies, showed no
hint of an underlying stellar explosion.
Given their distances, they appear to have
less than 1/100th the power of their long-
lasting cousins. These observations agree
perfectly with the merger model, in which
two orbiting neutron stars—themselves
compact remains of exploded giant stars—

slowly spiral toward each other and coa-
lesce into a black hole, releasing huge
amounts of energy.

Unpublished results from three more
short gamma ray bursts support the con-
clusions, says Jochen Greiner of the Max
Planck Insti tute for Extrater restrial
Physics in Garching, Germany. “The gen-
eral feeling in the gamma ray burst com-
munity is that the issue has been settled,”
he says. “I am not aware of any remaining
viable alternative explanations.” Some
riddles remain: Astronomers still wonder
why the x-ray afterglows of short bursts
appear so faint, and they still can’t tell
whether the merger involved two neutron
stars or a neutron star and a black hole. As
one team notes in its paper: “The stage is
now set for detailed studies of these exotic
cosmic explosions.”

–GOVERT SCHILLING

Govert Schill ing is an astronomy writer in 
Amersfoort, the Netherlands.

A S T R O P H Y S I C S

Endgame? Fishers haul sturgeon ashore from
their breeding area in the Ural River in Kazakhstan.
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Ban on Beluga Caviar Points to 
Sturgeon’s Worldwide Decline
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The U.S. Food and Drug Administration
(FDA) promised a decision on the emergency
contraceptive Plan B early last summer. But
on 26 August, after more than 2 years of delib-
eration, leaked memos, and a contentious
advisory committee meeting, FDA ducked,
putting off indefinitely a ruling on the applica-
tion from Barr Laboratories in Woodcliff
Lake, New Jersey, to move Plan B over the
counter (OTC). The problem, agency officials
said, was a dearth of
information on whether
the drug, approved for
prescription use in 1999
and widely available in
European pharmacies,
would negatively influ-
ence the sexual behav-
ior or health of adoles-
cents. FDA was unsure
how to restrict the
drug’s OTC status to
older age groups.

That announcement,
say critics of the non-
decision, highlighted
Plan B as the latest
scientific issue—after
climate change and
evolution—to be taken ideological hostage by
the Bush Administration. In late August, the
head of FDA’s Office of Women’s Health,
Susan Wood, resigned and publicly stated
her disagreement with the Plan B decision.
On 22 September, a New England Journal of
Medicine editorial written by the journal’s
editor and two members of the two FDA advi-
sory committees that voted in favor of the shift,
citing the drug’s safety, proclaimed that FDA’s
recent actions “have made a mockery of the
process of evaluating scientific evidence.” 

Considered dead after the August
announcement by then–FDA commissioner
Lester Crawford, Plan B may yet rise again.
Senators Hillary Clinton (D–NY) and Patty
Murray (D–WA) had voted to confirm Craw-
ford in July only after he promised a quick

decision on Plan B. Crawford failed to deliver.
Two weeks ago, he resigned suddenly, and
National Cancer Institute Director Andrew
von Eschenbach was named FDA acting
director (Science, 30 September, p. 2142).
But a spokesperson for Murray says she
would consider blocking the nomination of
a new FDA head until the agency rules defin-
itively on Plan B. Clinton, says a spokes-
person, continues to press for a decision.

The furor stands in
sharp contrast to how
the issue has been
handled in the rest of
the world. Emergency
contraception is avail-
able OTC or from a
pharmacist in 39 coun-
tries. In France, it’s
provided by school
nurses in every senior
and junior high school,
says James Trussell,
director of the office of
population research at
Princeton University in
New Jersey. 

U.S. contraceptive
researchers say the

delay is inexplicable because of studies, some
done years ago, that answered questions now
being raised by Plan B opponents. Those stud-
ies involved thousands of young women from
Scotland to San Francisco who were offered
easy or more burdensome access to emergency
contraception; it must be taken within 72 to
120 hours of intercourse to prevent pregnancy.
They had been tested for sexually transmitted
diseases and pregnancies. They’d been quizzed
to determine whether keeping shrink-wrapped
packs of Plan B in their nightstands made them
likelier to engage in unprotected sex. 

The results were unambiguous: Teenagers
appeared to have no trouble understanding
how to use Plan B, and its availability didn’t
change their behavior. Those results con-
tributed to the near-unanimity among FDA

scientists and the scientific community that the
drug ought to move from prescription-only
status to OTC. 

Plan B, or levonorgestrel, is a progestin-
only pill that interferes with ovulation and
perhaps with fertilization, explains Margaret
Blythe, a pediatrician at Indiana University
Medical Center in Indianapolis. Its effective-
ness declines with time, which argues for
making it rapidly available, say OTC support-
ers. Blythe spent 18 months reviewing studies
of Plan B and helping write a statement for the
American Academy of Pediatrics in support of
OTC use. In her experience, politicians and
the public often don’t distinguish between
Plan B and RU-486, a drug that chemically
induces an abortion in the early weeks of preg-
nancy. Still, the difference between the two is
often insufficient to appease opponents of
abortion, including doctors. “We’ve had some
physicians in the academy …  who are very,
very upset” with its Plan B position, she says. 

Two FDA advisory committees—on
Reproductive Health Drugs and Nonprescrip-
tion Drugs—together considered Barr’s appli-
cation in December 2003. Most members
agreed that it met the OTC criteria. First, says
Alastair Wood, an associate dean at Vanderbilt
University in Nashville, Tennessee, and an
advisory committee member who voted in
favor of Barr’s application, the drug is
designed for an event (unprotected inter-
course) that a patient can easily diagnose.
Second, Plan B doesn’t come with undue
monitoring requirements, such as regular
blood tests. And finally, side effects are few and
can normally be managed without help from a
doctor. The advisory committees voted unan-
imously that the drug was safe for OTC use.

This view is bolstered by a general belief
among physicians that reproductive drugs
work similarly in teenagers and adults. In the
1990s, oral contraceptive makers inquired at
FDA about receiving “pediatric exclusivity”:
patent extensions on their products as a reward
for conducting trials in a pediatric population.
FDA turned down the request, says Lisa C
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Plan B:A Collision of
Science and Politics

News Focus

Default strategy. If taken within a few days of
unprotected sex,Plan B can prevent pregnancy.

Studies of the emergency contraceptive in
thousands of women have failed to assuage the
concerns of abortion opponents and top drug
regulators in the United States. Researchers see
ideology trumping sound science

http://www.sciencemag.org


Rarick, who spent 15 years at the agency,
including as head of its reproductive drugs
division, before leaving in 2003. “Reproduc-
tive-age women are reproductive-age women,”
says Rarick. “The contraceptive drugs work
the same in a 14-year-old [as in] a 20-year-
old.” But now, with Plan B, she says, FDA is
“saying kids are different.”

Opponents, including advisory commit-
tee members David Hager, an obstetrician-
gynecologist at the University of Kentucky
in Lexington, and Louis Cantilena, a clini-
cal pharmacologist at the Uniformed Ser-
vices University of the Health Sciences in
Bethesda, Maryland, worry about how the
drug might affect a teenager’s behavior.
Will easier access to Plan B make teenagers
more likely to engage in risky
sexual behavior, and will they
use the drug properly? Hager
worries too about the safety of
repeated use. “What happens
when a young woman uses a
medication three to four times a
month for several months?” asks
Hager of Plan B. “We just don’t
know how it will affect her.” It’s
true that such repetitive-use data
are lacking, mainly because
young women in virtually all the
studies chose not to take emer-
gency contraception very often,
even if supplied it in advance.

Cynthia Harper, a demogra-
pher at the University of Califor-
nia, San Francisco (UCSF), had
some of the same questions. So in
the late 1990s, she teamed up with
UCSF ob-gyn Tina Raine, who runs a young
women’s reproductive health clinic in San
Francisco’s gritty Mission district, to follow
up on a 1998 Scottish study of Plan B. That
study of 1083 women (248 of them under age
20) found no difference in behavior among
those offered easy access to emergency con-
traceptives and those who had to visit a doctor
to get it. But Raine’s patients were poorer
than those in the Scottish study, and at much
higher risk of pregnancy. Would the results
be the same?

The answer seems to be yes. In 2001,
Raine and Harper began recruiting 2117
women aged 15 to 24 to follow up on a
smaller pilot study they’d published in 2000.
The large study, published last January in the
Journal of the American Medical Association
(JAMA), assigned the young women to one
of three groups: “advance provision”
(receiving Plan B to keep at home), access to
Plan B through a pharmacist, or access
through a clinic. 

The team found no differences in contra-
ceptive use among the three. A similar out-
come has been reported in other studies,
including one of 15- to 20-year-olds in Pitts-

burgh, Pennsylvania. After 6 months, more
than a third of women in the advance-provi-
sion group had used Plan B at least once,
compared to a fifth of the controls. All three
had similar rates of unprotected intercourse
and sexually transmitted diseases. Oddly,
however, despite more frequent use of Plan B
among the advance-provision group, all three
had similar pregnancy rates.

The comparable pregnancy f igures—
precisely what Plan B is designed to pre-
vent—troubled some physicians. “Promoting
easier access because it increases the use of a
medication without any improvement in its
desired outcome seems counterintuitive,”
wrote family physician Stephen Wilson of
the University of Pittsburgh Medical Center

St. Margaret Hospital and his former colleague
Allen Last in a letter to JAMA.

The problem, Raine suspects, is that the
drug was underused. “Only half the women
who said they had unprotected sex” used Plan
B in the JAMA study, she says. “Everyone’s
worried that people are going to abuse it. The
problem to me is that people don’t understand
how easy it is to get pregnant.” Other emer-
gency contraceptive studies have consistently
found similar pregnancy rates regardless of the
ease of Plan B access. 

Why this is so is unclear, says Anna Glasier,
an ob-gyn at the University of Edinburgh,
U.K., who conducted the 1998 study as well as
another on 18,000 women published last fall.
She agrees that many women may not realize
they’re at risk for pregnancy. Another possibil-
ity, she says, is that even at its best the drug
works less well than thought, reducing the risk
of pregnancy by perhaps 50% instead of 80%
or more, as many believe. Still, says Glasier,
who supports easy access to Plan B, “even if
something is only 50% effective, it’s 100%
better than doing nothing.”

David Grimes, an ob-gyn at Family Health
International in Research Triangle Park, North

Carolina, distinguishes between the popula-
tion effect seen in these studies and an individ-
ual woman’s need for Plan B access—“for
example, a rape victim, or a woman who’s had
sex with a man she does not wish to father a
child with,” he says. 

By 2004, the American Academy of Pedi-
atrics, the Society for Adolescent Medicine,
and the American College of Obstetricians
and Gynecologists had all expressed their sup-
port for making Plan B available OTC. But at
FDA, which had been reviewing data some-
times even before it was published, the effort
to switch Plan B to OTC status “fell apart for
nonscientific reasons,” says Grimes. “Every-
body’s on board with this,” he says. “Every-
body but the FDA.”

It’s unclear who made the deci-
sion to indefinitely postpone a rul-
ing on Plan B. An internal memo in
April 2004, from John Jenkins,
head of FDA’s Off ice of New
Drugs, notes that “both [FDA]
divisions and offices responsible
for this application have recom-
mended approval.” Jenkins con-
curred with that assessment and
added his own support for Barr’s
application. Although FDA occa-
sionally overrules its advisory
committees—which in this case
voted 23–4 in favor of OTC sta-
tus—former FDA officials and
those familiar with the agency say
it almost never rejects the consen-
sus of its own staff.

The FDA official who signed
off on the delay—Steven Galson,

head of the Center for Drug Evaluation and
Research—declined through the press office to
be interviewed. Susan Wood, who quit over
Plan B last month, says she spoke with people
below and above Galson prior to the August
announcement, and “no one seemed to know
what the answer was going to be. … The scien-
tific staff were shut out of this decision,” includ-
ing members of the commissioner’s office and
the reviewing staff. Hager says that he was
encouraged by someone at FDA to “write a
minority opinion” on Plan B, which was sub-
mitted to the commissioner’s off ice. He
declines to reveal who made the suggestion.

“I have never seen anything like this hap-
pen before,” says Rarick, now a consultant,
who oversaw approval of both Plan B and
RU-486 for prescription use. At the time, she
says, FDA scientists were shielded from the
politics of drug approval. “You had a buffer
zone,” she says, which has since disappeared. 

Now the question may be whether von
Eschenbach will make a decision. “This will
be [his] first test,” says Wood, “as to whether
he can be independent and … can ensure
that science drives the decision.”

–JENNIFER COUZIN
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Dissenter. Susan Wood oversaw FDA’s Office of Women’s Health until the
agency’s actions on Plan B led her to quit.
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International biologists rejoiced when the
National Biodiversity Institute (INBio) of
Costa Rica was founded in 1989. Although
the fledgling institute was modest—its
f irst building was an idle warehouse for
farm equipment—its vision was enormous:
to inventory each and every
species in Costa Rica, a country
renowned for its biodiversity,
and f ind sustainable ways to
both preserve and use it. “We all
thought: ‘There is an opportunity,
there is hope’ ” for conservation
in the tropics, says Arturo Gómez-
Pompa, a botanist at the Univer-
sity of California, Riverside.

The cornerstone of INBio has
been its pioneering species inven-
tory. In a novel approach, the non-
profit institute trained dozens of
parataxonomists from local com-
munities to collect specimens
across the country. Soon INBio
had amassed major collections,
and from that core it started new
ventures in bioprospecting, pub-
lishing, and ecotourism that were
designed to provide revenues that
could be invested in conservation.
“It takes your breath away to see what they’re
doing there,” says Elizabeth Losos, a forest
ecologist who heads the Organization for
Tropical Studies.

But now, that flagship project is in serious
trouble. Last month, INBio officials began the
process of laying off a third of the 50 taxo-
nomic staff. The proximate cause is that two
major grants, which have funded most of the
inventory work at INBio for the past 7 years,
are running out. INBio officials play down the
implications, saying that it’s just a temporary
funding squeeze. But some outsiders worry
that the problem extends beyond next year’s
budget. They fear a depleted staff may curtail
the organization’s critical survey work and
compromise INBio’s broader goal of fostering
biodiversity conservation. INBio’s shortfall
also underscores the difficulty of raising
money for taxonomy, they say, and the need to
pursue more innovative funding mechanisms.

INBio led the way in showing scientists
and policymakers that it makes economic
sense to preserve biodiversity. “They were the
first out of the gate in terms of trying to sell the
idea of biodiversity,” says Losos. The institute

negotiated savvy deals with pharmaceutical
companies to search for new molecules
(Science, 22 May 1992, p. 1142), and the idea
of nurturing native scientific talent in a devel-
oping country garnered broad appeal within
the research community.

Although taxonomy was always a hard
sell, international donors became more will-
ing to open their wallets after the 1992 Con-
vention on Biological Diversity. INBio won
start-up grants to launch new operations that
capitalized on biodiversity, such as tourism
and education. Many projects now cover
much of their own costs. A nongovernmental
institution, INBio earns half its budget from
revenue-producing activities including royal-
ties from bioprospecting work and relies on
grants for the other half.

Because grants for taxonomy are difficult to
get, especially as donor interests have shifted,
INBio has occasionally trimmed its inventory
staff and scaled back the ambitious plans to sur-
vey absolutely everything. Last year, INBio
decided to jettison its collections of mollusks
and nematodes, which were shipped to Costa
Rican universities, to focus on insects and
plants. “It’s been really a struggle over the past
decade to fund taxonomic inventories,” says
Anne Larigauderie, head of Diversitas, a bio-
diversity network based in Paris.

Some 90% of the inventory program’s
$900,000 budget has come from two 7-year

awards, one from the World Bank’s Global
Environment Facility (GEF) and the other from
the Dutch government. But both grants will
have expired by the end of the year. “They’re
against the wall,” says Daniel Janzen, an ecolo-
gist at the University of Pennsylvania in
Philadelphia and co-founder of INBio, who’s
now an unofficial adviser.

Randall García, INBio’s associate direc-
tor of conservation, says that about a year
ago INBio was discouraged from reapply-
ing for one of the grants because the Dutch
are shifting their grant money from Costa
Rica. Mario Ramos, GEF’s biodiversity pro-

gram manager, says his organiza-
tion’s grant was a one-time infu-
sion to strengthen INBio’s capac-
ity for the inventory of bees,
wasps, beetles, vertebrate para-
sites, and fungi. “The idea is that
the GEF is catalytic,” Ramos
says. “We expect the follow-up
won’t be by us.”

Critics inside and outside of
INBio feel that managers weren’t
very aggressive in seeking other
sources of support. “The current
leadership is not all that interested
in inventory,” says Paul Hanson, an
entomologist at the University of
Costa Rica in San José, whose cura-
tor wife was given a pink slip. Not
so, says García, who points to some
$250,000 the institute has raised in
the last year from the Spanish gov-
ernment, the Nature Conservancy,
and Conservation International.

But those grants don’t cover current inven-
tory costs. So last month, 13 parataxonomists,
curators, and technicians cleaned out their
desks; about five more will be let go in Decem-
ber. The layoffs have been concentrated in ento-
mology, the department that had received the
lion’s share of support from the big grants. “It’s
the best insect collection” in Latin America,
says Hanson. “This is sending tremors through
the taxonomic community.” INBio also shut
down an ecological mapping division.

The layoffs will mean an end to field col-
lecting, including the work of a team of five
parataxonomists who provide information to
the Costa Rican government for decisions on
how to protect its lands. García hopes that
INBio can rehire staff by 2007 if it can nail
down more funding. But Janzen worries that
well-trained staff members may not come back,
taking with them their extensive knowledge of
the collection. Even so, Janzen and others agree
that INBio had no better alternatives.

Administrators say they are pursuing new
grants from conservation organizations and
other governments, as well as trying to spin
grant applications toward donor interests such

Premier Latin American Institute
Loses Grants, Ponders Future
Layoffs hit Costa Rica’s INBio, underscoring the difficulties of funding taxonomists 

Conservat ion B io logy

Pins and needles. INBio is looking for new ways to fund its taxonomic
research, which it has cut as grants expire.
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as poverty alleviation. Longer term, they hope
to further build INBio’s revenue-generating
operations, such as bioprospecting, and invest
profits back into inventory.

Some observers are skeptical that INBio
will ever be able to cover its own inventory
costs. Gómez-Pompa thinks that winning

support from the Costa Rican government
will be vital: “It’s a dream to think that they
will be able to survive for a long time without
government support.”

To Janzen, however, government support
is a mixed blessing because of its unreliabil-
ity. A major endowment—INBio’s García

mentions $21 million as a target for inven-
tory—is the only permanent solution, he says.
To that end, Janzen has agreed to help INBio
pursue major donors. Despite the crowded
playing field, Janzen is optimistic: “INBio is
a first-class product.”

–ERIK STOKSTAD

MOSCOW—It would turn out to be the most
tumultuous meeting of the Russian Acad-
emy of Sciences (RAS) that anyone could
remember. Many of the best scientific minds
in Russia quietly seethed last May as science
minister Andrei Fursenko told them how
things were going to be different. The gov-
ernment would spend more on the sciences
in return for a massive reorganization that
would mean layoffs and many fewer
research institutes.

But before Fursenko could finish, a shrill,
stifling whistle pierced the air. Mathematician
Yuri Osipov, the academy’s president, imme-
diately rose from his chair and said, “I
demand that whoever whistled leave the hall.”
An elderly man with a thick, gray beard—a
well-known specialist in artificial intelli-
gence—stood and left. “The minister made
my blood boil … to such a degree that my fin-
gers wound up in my mouth and a whistle
came out,” Vladimir Arlazarov later told the
newspaper Izvestia.

Arlazarov wasn’t alone in his outrage. But,
in the end, RAS agreed to meet the govern-
ment halfway in reconciling the scientific
legacy of the Soviet Union with the realities of
modern Russia. RAS plans by 2008 to close
or reorganize dozens of its 452 research insti-
tutes and withhold funding from as much as
20% of its staff. Half of that workforce, some
56,000, are researchers. In return, the govern-
ment has promised a 150% rise in state
financing of the sciences, from $1.6 billion to
$3.9 billion. That influx of cash would boost
the average researcher’s monthly salary from
$240 to $1050, and annual per capita spend-
ing on labs and equipment would soar from
$3200 to $26,000.

The academy comprises only 6% of Rus-
sia’s state scientific workforce, but its roster
of Nobel laureates and its commitment to
basic research traditionally have made it the
star of the country’s scientific firmament.

Russia inherited the best institutes and
infrastructure when the Soviet Union split
up. Since then, however, the fortunes of its
scientists have withered as government

financing plummeted, and RAS members
refused to countenance any downgrading of
fundamental research. Yet many institutes
can no longer afford to do any science and
lease their premises to businesses. Many of
those researchers who have remained at
their posts hold second or third jobs.

Last year, government officials began to
argue that a country as poor as Russia could
not afford a system of 2670 scientific organ-
izations with few ties to Russian businesses.
The Ministry of Education and Science drew
up a secret plan to reform and modernize the
sciences that would have all but abolished

the academy, triggering protests nationwide
by trade unions. Nobel laureate Zhores
Alferov pronounced RAS akin to the Russ-
ian Orthodox Church: It neither could be,
nor should be, reformed.

But hostility toward the plan began to
soften as researchers realized that time was
not on their side. With 69 as the average age of
RAS members and only 5% under 35, “every-
one came to the conclusion that reform is nec-
essary and urgent, because any other way sci-
ence will simply cease to exist,” says RAS
spokesperson Irina Presnyakova. Osipov and
Fursenko began to talk seriously.

The final compromise preserves both the
academy and basic science. But the brunt of
the cuts will be borne by thousands of other
scientif ic organizations—those engaged
almost exclusively in applied research—
largely under the control of state industries
and various government ministries. Last
month, Fursenko announced that, by 2010,
the number of such organizations would be
slashed to 1600. “Right now, the government
is trying to restore control,” says Aleksei
Ananchenko, press secretary of the ministry’s
Federal Agency for Science and Innovation,
who expects legislation spelling out the
changes to be presented early next year in the
State Duma, the lower house of Parliament.

The bulk of the institutes still left standing
by 2010 will be compelled to compete for
funds in seven priority areas including infor-
mation technology, ecology, and research in
security and counterterrorism. Ananchenko
says that directors of these institutes would
have to retire at 55, and heads of labs and
departments at 60. Researchers would not
be subject to age limits but would undergo
annual reviews for the first 3 years beginning
in 2006 instead of once every 5 years, as
they do now. There will be special incentives
for researchers between 30 and 35 years old,
and inducements to return for those now
working abroad.

After more than a decade spent defending
their status and livelihood, the old warhorses
of RAS are finally resigned to the inevitabil-
ity of change. “Without science,” says Pres-
nyakova, “we’ll become a Third World coun-
try with missiles.”

–BRYON MACWILLIAMS

Bryon MacWilliams is a writer in Moscow.

Academy Agrees to 
Post-Soviet Crash Diet
Faced with an aging membership and deteriorating infrastructure, the Russian Academy
of Sciences accedes to government calls for reform

Russ ian Sc ience

Cost cutter. Science minister Andrei Fursenko
persuaded the academy to accept cuts.
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The discovery of the gene that causes a life-
threatening disease always sparks a wave of
hope that it will lead to a cure. That certainly
occurred in 1993 when researchers bagged
the gene at fault in Huntington’s disease, an
inevitably fatal neurodegenerative condition
that afflicts about 30,000 people in the United
States alone. The gene hasn’t so far pro-
vided a cure for Huntington’s disease, let
alone a therapy. But in the past few years,
researchers have learned a great deal about
how its product, a protein known as hunt-
ingtin (Htt), malfunctions and kills neurons
when mutated—information that is suggest-
ing therapeutic strategies.

Cell and animal studies have revealed that
mutant Htt disrupts nerve cell function in sev-
eral ways, all of which can contribute to neu-
ronal death. Its actions range from disrupting
normal gene activity patterns to interfering
with the transport of proteins needed for
nerve cell maintenance to overwhelming the
cell with toxic amounts of calcium ions. “Talk
to a dozen people, and you’ll get a dozen dif-
ferent ideas” about what hap-
pens in Huntington’s disease,
says Christopher Ross of
Johns Hopkins University
School of Medicine in Balti-
more, Maryland.

At present, no one knows
whether any particular neu-
ronal insult is primary, with
the rest following as conse-
quences, or whether they oper-
ate independently. “Some peo-
ple believe there is a priming
event you must f ind and
address [for therapy], others
that mutant Htt causes multi-
ple problems,” says Marian
DiFiglia of Harvard’s Mass-
achusetts General Hospital
in Boston.

Despite that uncertainty,
researchers have already iden-
tif ied potential drugs that
counteract some of the neu-
ronal problems caused by
mutant Htt and are beginning
to move them into clinical tri-
als. “It’s an exciting time in
this field. The pace is picking
up, and things look brighter

than they did,” says Steven Finkbeiner of the
University of California, San Francisco.

Getting started

One of the f irst clues to how mutant Htt
causes the brain degeneration of Huntington’s
disease came when researchers created a
mouse model of the disease a few years after
the responsible gene
was discovered. The
mutations causing the
disease occur near the
beginning of the gene,
in a segment that
codes for a repeating
string of the amino
acid glutamine. In the
normal version of Htt,
that string contains
anywhere from six to 35 glutamines, but in
Huntington’s patients, the repeat contains
36 or more, with higher numbers producing
earlier disease onset.

Over the years, researchers have identified

such polyglutamine expansions in the pro-
teins encoded by about nine genes. In all
cases, the gene mutations cause neurodegen-
erative diseases, none of which are com-
pletely understood.

Back in 1997, while trying to find out how
glutamine expansions in Htt lead to the nerve
cell death of Huntington’s disease, Gillian
Bates of King’s College London and her
colleagues introduced into mice the first (or
N-terminal) coding segment of the human Htt
gene bearing glutamine stretches of various
lengths. Rodents with the longer expansions
developed a fatal neurological disease with
symptoms, such as abnormal movement coor-
dination, similar to those of human Hunting-
ton’s disease, the researchers reported.

They also saw
abnormal deposits of
the mutant Htt frag-
ments, along with
other proteins, in the
animals’neurons, and
these so-called inclu-
sion bodies were
present before symp-
toms developed. Sub-
sequently, the Bates

team and others studied brain tissue taken
during autopsies of Huntington’s patients and
found similar clumps in both the cell bodies of
neurons and the long axonal projections
through which they contact their target cells.

These findings suggested that
Htt fragments containing extra
glutamines cause at least some of
the nerve damage of Huntington’s
disease and that their abnormal
clumping contributes to this toxic-
ity. Bolstering the idea that the
fragments are toxic, researchers
found that introducing them into
cultured nerve cells leads both to
clump formation and to the cells’
death and that putting them in
fruit flies produces a Huntington-
like neurodegeneration in the
small creatures. 

Researchers have also found
that numerous protein-splitting
enzymes, including certain cas-
pases, can cleave Htt and release
N-terminal fragments. As shown
in 1996 by Michael Hayden’s
team at the University of British
Columbia in Vancouver, Canada,
this cleavage occurs in the brains
of both normal humans and Hunt-
ington’s patients, although only
the mutant fragment is toxic. 

If the pathology of Hunting-
ton’s disease indeed depends on
Htt being cleaved, then inhibitors

Huntington’s Research Points to
Possible New Therapies
By studying the mutant protein made by the Huntington’s gene, researchers have
identified several candidate drugs that are starting clinical trials

Neurodegenerat ion

Points of contention. Although Htt aggregates (bright dots) in brain neurons
are a common pathological feature of Huntington’s disease, it’s currently
unclear whether they kill the neurons or are protective.

“It’s an exciting time
in this field. The pace is
picking up, and things look
brighter than they did.”

—Steven Finkbeiner
University of California, San Francisco

http://www.sciencemag.org


of the enzymes responsible offer a potential
therapy. In fact, researchers have found that
treatments that inhibit or inactivate caspase
activity decrease the toxicity of mutant Htt in
both cultured cells and Huntington’s mice. 

Although the idea that N-terminal frag-
ments of mutant Htt are toxic has been gain-
ing acceptance, the role of the aggregates
remains controversial. Some evidence indi-
cates that they contribute to Huntington’s
pathology, whereas other findings suggest
that, far from causing harm, they serve to
protect cells from mutant Htt’s toxic
effects. This debate mirrors a similar one in
Alzheimer’s disease in which researchers are
wrestling to determine whether deposits of a
protein fragment called β amyloid are toxic
to brain neurons or are protective because
they take the real culprit—soluble β amy-
loid—out of action.

The evidence that Htt aggregates are
harmful includes demonstrations that
inhibiting their formation reduces the toxic-
ity of mutant Htt. For example, in the 18 Jan-
uary issue of the Proceedings of the National
Academy of Sciences, a multi-institutional
team led by Anne Young and Aleksey
Kazantsev of Massachusetts General Hospi-
tal reported that feeding a compound, called
C2-8, to fruit flies engineered to express
mutant Htt prevents aggregate formation and
reduces neurodegeneration in the insects’
photoreceptor neurons. 

David Rubinsztein of the Cambridge
Institute for Medical Research in the United
Kingdom and his colleagues have also
found that the drug rapamycin suppresses
Htt aggregate formation and decreases
related toxicity in cultured neurons and in
fruit fly and mouse models. The drug seems
to work by enhancing a recycling process

called autophagy that cells use to destroy
excess or damaged proteins. The process
involves moving the proteins into small
membranous sacs called lysosomes, which
are essentially the cell’s garbage-disposal
units. The lysosomes are packed with
enzymes that break down proteins and other
cellular constituents. In the past few years,
researchers, including DiFiglia and Rubin-
sztein, have found that autophagy helps
clear Htt from nerve cells, thereby decreas-
ing aggregate formation in the cells.

But autophagy apparently can’t keep
mutant Htt in check forever. The Rubinsztein
team found that when rapamycin treatment
began 33 hours after introducing DNA
encoding the mutant N-terminal fragment of
Htt into cultured neurons, it had no affect on
aggregation or cell death, whereas it worked

just fine when introduced 15 hours after the
gene transfer. “In the later stages [of Hunt-
ington’s disease], autophagy might fail and
allow the mutant protein to accumulate,”
DiFiglia says. These results suggest that if
drugs such as rapamycin ever reach the
clinic, they will have to be given before such
a stage is reached.

Not all the researchers who have looked
at Htt aggregation have found it harmful,
however. In work described last fall in
Nature, Finkbeiner and his colleagues found
in lab cultures that many mouse neurons die
even though they lack Htt inclusions.
Indeed, the neurons with the inclusions sur-
vived better than those without, whereas
neurons with lots of diffuse Htt had very
poor survival. More recently, the Hayden
group has confirmed this in mice, showing
that animals with massive inclusions show
no signs of neurodegeneration.

Work by Ross with Michelle Poirier and
other Hopkins colleagues has shown that the
inclusions develop in a stepwise process,
with small, soluble aggregates forming first.
The Finkbeiner and Hayden teams’ results
suggest that this diffuse Htt is the toxic form
and that sequestering it in insoluble aggre-
gates actually helps protect neurons. “At the
moment, it looks like earlier forms of certain
kinds of aggregates cause the problems,”
says Erich Wanker of the Max Delbruck
Center for Molecular Medicine in Berlin,
Germany, whose team has also looked at how
the aggregates form.

Into the nucleus

No matter which form of mutant Htt is toxic,
there is no doubt that the extra glutamines in
the protein cause a raft of problems for nerve
cells, including disruption of gene activity.
Normal Htt binds to various transcription
factors, proteins that control gene expres-

sion, and is thus part of the cell’s
gene regulatory machinery.
Researchers, including Ross,
Leslie Thompson of the Univer-
sity of California (UC), Irvine,
and Dimitri Krainc of Massachu-
setts General Hospital, have found
that the mutant N-terminal frag-
ment of Htt disrupts this machin-
ery. In some cases, it does this by
binding to transcription factors
and taking them out of action.
This prevents the factors from
turning on needed genes such as
those encoding certain nerve cell
growth factors. 

Mutant Htt also indirectly
alters gene expression by binding
to and inhibiting a histone acety-
lase, an enzyme that marks genes
for activity by tagging their asso-
ciated histone proteins with acetyl C
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Trouble sign.An area in the brain cortex (yellow) of people who
are carrying a mutant Htt gene but have not yet developed
Huntington’s symptoms has lower activity during a cognitive
task than it does in noncarriers.
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groups. This suggests another way of decreas-
ing Htt’s toxicity. “You can compensate for
the decreased acetylation by using an
inhibitor of the enzyme that removes the
acetyl groups,” says Thompson, who is one of
the researchers who made the histone acety-
lase connection.

A few years ago, Thompson, working
with Lawrence Marsh, also at UC Irvine,
and colleagues, showed that this works in
fruit fly models of Huntington’s disease.
Treating the animals with either sodium
butyrate or a drug known as SAHA, both
of which inhibit  the enzyme that
removes acetyl groups from histone,
slowed down neurodegeneration
in the flies. At about the same
time, Bates and others
obtained similar results
with SAHA in Hunting-
ton’s mice. Both of these
deacetylation inhibitors
are being explored for
use in cancer therapy
and are now also mov-
ing toward clinical tri-
als for Huntington’s
disease.

Mutant Htt may also
cause neuronal damage
by increasing the activity
of certain cell death–related
genes, a new study suggests.
Evidence has accumulated
that the mitochondria, the small
structures that produce most of the
cell’s energy, malfunction in animal
Huntington’s models and in human
patients. In work reported in the 7 July
issue of Neuron, Akira Sawa, working with
Ross, Solomon Snyder, and colleagues at
Johns Hopkins University School of Med-
icine, found that mutant Htt, but not the
normal version, binds to a transcription
factor called p53. Best known as one of the
body’s major tumor suppressors, p53 con-
trols several genes, including some affect-
ing mitochondria. Sawa’s team found that
the increase in p53 activity that occurs
when it binds mutant Htt causes an abnor-
mal flow of calcium ions across the mito-
chondrial membrane, thereby disrupting
function of the organelles and leading to
nerve cell death.

Sawa and his colleagues also showed
that they could prevent the mitochondrial
dysfunction by inactivating the p53 gene in
cultured mouse brain neurons carrying a
toxic Htt N-terminal fragment. Similar p53
inactivation suppresses neurodegeneration
in Huntington’s mice and flies, an indica-
tion that it might be another drug target.
But Sawa cautions, “p53 is so important for
our life that complete p53 suppression
could be bad for us.” Instead, he suggests,

scientists should look for molecules that
either block the p53–mutant Htt inter-
action or inhibit the products of the mito-
chondrial genes activated as a result of
that interaction.

A continuing mystery concerns the fact
that the medium spiny neurons of the stria-
tum of the brain are the first to degenerate in
Huntington’s disease. Hayden’s team, work-
ing with that of Ilya Bezprozvanny at the
University of Texas Southwestern Medical
Center in Dallas and Lynn Raymond of the

University of British Columbia, produced
lab cultures of these neurons from mice car-
rying a full-length mutant Htt and compared
the responses of those neurons to the excita-
tory neurotransmitter glutamate with those
of neurons from normal mice. The modified
medium spiny neurons experienced a much
greater influx of calcium ions—and died—
as a result, the researchers reported in the
15 February Proceedings of the National
Academy of Sciences.

What’s more, Hayden says, these changes
occur very early. They were present in neu-
rons studied just after the animals are born—
well before disease symptoms develop. Hay-
den suggests that the receptors through which
glutamate exerts its effects are possible tar-
gets for Huntington’s therapies. In support
of that idea, he and his colleagues found that
drugs that block their activity suppressed the
glutamate-induced death of cultured
medium spiny neurons.

Protective actions lost

Because the huntingtin mutation is domi-
nant—causing disease if only one gene is
inherited—researchers have focused mainly
on the idea that the mutated protein has
gained a toxic function. But recent work
suggests that glutamine expansions can also
contribute to neurodegeneration by reducing
normal Htt’s protective effects on neurons. 

About a year ago, Frédéric Saudou of the
Institut Curie in Paris and his colleagues
found that normal Htt is part of the machin-
ery that transports a nerve growth factor
called brain-derived neurotrophic factor

(BDNF) along their axons. Because of
the structural changes caused by

the additional glutamines,
mutant Htt can’t perform this

transport function and in
fact disrupts normal Htt

interaction with the
transport machinery. 

As a result, the
neurons lose part of
their supply of BDNF,
which the cells need
to survive. Saudou
speculates that this
may be one reason

that medium spiny
neurons are hit f irst in

Huntington’s disease.
They’re especially depend-

ent on BDNF produced by
other brain cells and taken up

by their axons.
Possibly making matters worse, Htt

mutations may also lead to a decline in
BDNF production by medium spiny neu-
rons. Elena Cattaneo and her colleagues at
the University of Milan, Italy, have found
that normal Htt helps turn up the activity of
genes encoding BDNF and other proteins
needed for neuronal maintenance. As a
result, the BDNF supply will be further
reduced when Htt is mutated, producing a
double whammy for the cells. 

If any of these revelations about the
causes of Huntington’s pathology ever gen-
erate effective treatments, they may have to
be started early in life. Recent brain imag-
ing studies from Ross’s team, including
Sarah Reading and Elizabeth Aylward,
show that the degeneration in the striatum
of the Huntington’s brain is visible at least
11 years before a person develops symp-
toms, usually in their 40s.

Ross notes that this means there is a long
time to try to halt the decline before a person
gets sick. “What I’ve found most gratifying is
that we’ve gone from a single gene to multiple
possible mechanisms,” he says. “Now we
need to find which are most important and
will lead to therapy.”

–JEAN MARX

Many paths.The mutated Htt protein can disrupt
neuronal functioning in several ways, some of
which are shown in this diagram.
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Giant Squid Snapshots
Forget Nessie and Big Foot. For the first
time, scientists have captured pictures of 
a live giant squid (Architeuthis), answering
some of the mysteries about the world’s
largest invertebrate.

Last year, in deep water off Japan’s coast,
a team led by Tsunemi Kubodera, a zoologist
at the National Science Museum in Tokyo,
suspended a camera, depth meter, light, and
a rugged steel lure baited with a common
squid and strong-smelling shrimp pulp. On
30 September 2004, enormous tentacles
appeared out of the gloom 900 meters
below the surface.

The beast is a fast and agile predator.
Some scientists had proposed that the 
giant squid dangles its two longer feeding
tentacles passively the way a jellyfish does,
but this one grabbed the lure with its feed-
ing tentacles and wrapped them into a ball
to bring the lure to its beaked mouth, the
team reports in the 28 September issue of
the Proceedings of the Royal Society of 
London B: Biological Sciences.The 8-meter
squid dragged the apparatus up 300 meters

and then back down again, finally breaking
off a hooked tentacle after 4 hours.

“We are only left with a glimpse of the
monster and more questions than before,”
such as which aspects of the apparatus
actually attracted the squid, says William
Gilly, a marine biologist at Stanford Univer-
sity in Palo Alto, California.

Roots of Hominid 
Evolution?
What caused the split between the first
hominids and early apes 7 million years
ago? According to a new hypothesis, the
ability to survive on roots might have
been the key.

Australopithecus, our earliest known
ancestor, appeared in Africa more than 
5 million years ago. Its teeth were larger 
and thicker
than those 
of modern
humans or
chimps, and the
teeth became
even bigger in
later species.
Such big teeth,
with their
broad, flat
grinding sur-
faces and thick
enamel, are
useful for eating
tough roots.

Now, two anthropologists are proposing
that this dental adaptation helped lead 
to the development of hominids, and 
eventually to modern humans.

In a paper in the October issue of the
Journal of Human Evolution, Greg Laden of
the University of Minnesota,Twin Cities,
and Richard Wrangham of Harvard Uni-
versity propose that big teeth allowed
australopiths to use roots, tubers, and
other “underground storage organs” as
fallback foods that kept them alive.This
enabled them to leave the forest and spread
out onto the savanna, where they could

live on roots
when fruits,
nuts, or game
became scarce.

“I personally
think it’s one 
of the better
[hypotheses]
that we have
now,” says 
Leslie C.Aiello,
a paleoanthro-
pologist at the

Wenner-Gren Foundation
for Anthropological
Research in New York
City. Modern hunter-
gatherers, such as 
forest-dwelling African
pymies, also tend to use
roots as a fallback food
to get them through
lean times, Laden says.
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Edited by Constance Holden

Austrian researchers have uncovered two baby human skeletons buried together at least
27,000 years ago.With red ochre and grave gifts, the site is “clearly … a deliberate burial
connected with a ritual,”says lead scientist Christine Neugebauer-Maresch,a paleontologist
at the Austrian Academy of Sciences.

In 1999, the academy set out to investigate Paleolithic settlements near the Austrian
town of Krems. Extensive excavations hinted at rich settlements in an area where the Krems River flows into the Danube. Last month,
the scientists found a thick cultural layer, 5 meters below the surface, harboring artifacts and animal remains including a shoulder blade
of a mammoth.

The shoulder blade, supported by a large piece of mammoth ivory, protected a 5-centimeter-deep hollow where the two infants’bodies
had been placed side by side covered by red ochre. More than 30 ivory beads were also with the bodies. Both babies’ thighbones measured
71 mm,indicating that they were newborns.DNA and tooth-bud analyses may ascertain if they were also twins,says Neugebauer-Maresch.

The remains still need to be carbon-dated,but nearby remains have been dated to 40,000 to 27,000 years old,near the dawn of “mod-
ern”human behavior when our ancestors acquired hunting skills, rites,and customs.“This impressive result shows that, in this case,babies
were already considered as full members of the glacial group of hunters and gatherers some 27,000 years ago,”says Neugebauer-Maresch.

“This is an outstanding discovery that will contribute very much to our understanding of the evolution of human growth in a time when
modern humans replaced Neandertals in Europe,” says Antonio Rosas González of the National Museum of Natural Sciences in Madrid.

Buried With Care

Chimp (l), Australopithecus, and
human (r) teeth. (Inset) Efe pygmies
use wild yams as fallback food.

http://www.sciencemag.org
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Not so fast. Breaking ranks
with the Bush Administration
and fellow Republicans on 
the issue of climate change,
Senate energy committee
chair Pete Domenici (R–NM)
announced this summer that
he supported capping U.S.
greenhouse emissions. But a
recent exchange with Senator
Dianne Feinstein (D–CA) 
suggests that Domenici isn’t
too comfortable with his new
allies, either.

Arguing in favor of a cap 
at a 20 September hearing,
Feinstein pointed to research
suggesting that global warm-
ing could be fueling storms
like Hurricane Katrina. Her
statement drew the ire of
Domenici, who interrupted
the next speaker to respond
forcefully. “Certainly that’s 
not the consensus opinion,”
he said. “All I did was quote
from a study, Mr. Chairman,”
Feinstein protested. “I could

have had two of them”
saying the opposite,
Domenici responded.
“Let’s proceed.”

Zoo’s who. A career adminis-
trator with a background in
conservation man-
agement took up his
new job last week as
director of the
Smithsonian Institu-
tion’s National Zoo-
logical Park in Wash-
ington, D.C. John
Berry, 46, succeeds
Lucy Spelman, who
left in February 2004 in the
wake of high-profile animal
deaths and attempts to gut the
zoo’s conservation research
programs (Science, 13 April
2001, p. 183).

Berry has been head of the
National Fish and Wildlife
Foundation, a nonprofit organi-
zation that works to protect
U.S. native species. He has also
been a congressional aide and
directed government relations
for the Smithsonian.

One challenge facing Berry
is to strengthen links between
zoo researchers and other
Smithsonian scientists.“That
has so much potential synergy,”
says anthropologist Jeremy
Sabloff of the University of

Pennsylvania in Philadelphia,
who led a 2001–03 review of
the Smithsonian’s scientific
programs. But Kurt Benirschke,

a pathologist at the
University of Califor-
nia, San Diego, who
served on a National
Research Council
panel that evaluated
the zoo last year,
thinks that improving
research will take a
back seat while Berry

tackles needed capital repairs.
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T W O C U L T U R E S

Animating life. Drew Berry
provided the molecular repre-
sentations for the television
documentary DNA,which won
an Emmy Award on 19 Sep-
tember. Berry, who works for
the Walter and Eliza Hall
Institute (WEHI), a medical
research group in Melbourne,Australia,
says he pored over journal articles
to ensure that the depictions were
accurate. It was hard to keep up:“Every
week, papers were coming out that
impacted the animation,”he says.

Berry’s interest in illustrating bio-
logical processes began at the Univer-
sity of Melbourne, where he filmed cells using time-lapse microscopy. After receiving a master’s
degree in cell biology, he left the lab and began working as a graphic artist, doing animations as a
hobby. He later impressed WEHI researchers with a depiction of how the malaria-causing parasite
invades blood cells. His next project involves a virtual trip through a pancreas cell.

Cuban conundrum.To vaccine researchers,Vicente Vérez-Bencomo is
a stellar chemist at the University of Havana whose work on the first
synthetic vaccine against Haemophilus influenzae type B, a deadly
childhood disease,may someday save millions of lives (Science,23 July
2004,pp.460 and 522).But to the U.S.State Department,the 52-year-
old Cuban is an unwelcome visitor whose presence would be “detri-
mental to the interests of the United States.”

Next month,Vérez-Bencomo had hoped to pick up an award from
the Tech Museum in San Diego,California,and
give a plenary lecture at the Society for Glyco-
biology meeting in Boston, Massachusetts.
But that was before the U.S. government
denied his visa request.

Vérez-Bencomo finds that decision mysti-
fying, because he received a visa earlier this
year to attend a chemistry meeting. But his
experience is by no means unique. Cuba’s
Center of Molecular Immunology (CIM), for
example, once had no trouble sending five or
so scientists a year to U.S.meetings.But since

9/11, three-fourths of its visa requests have been denied, says a CIM
official, and none of its scientists has been able to attend the Ameri-
can Society of Clinical Oncology annual conferences. The National
Academies are looking into the problem,says the National Academy
of Sciences’Wendy White.

P O L I T I C S

“Here was the government

putting this skinny 60-year-

old guy into solitary confine-

ment for nearly a year. I have

come to realize that it was

wrong, and I should have 

spoken out more.”

—New Mexico Governor Bill

Richardson, former energy

secretary, on physicist Wen

Ho Lee. Lee, then at Los

Alamos National Laboratory,

pled guilty in 2000 to a single

charge of mishandling 

classified data.
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Retraction

I WISH TO RETRACT THE RESEARCH ARTICLE

“Hairpin RNAs and retrotransposon LTRs
effect RNAi and chromatin-based gene
silencing” (1). My laboratory is unable to
reproduce the observations reported in Figs.
1 and 2 because we do not possess the
plasmid pshura4SE-280 plasmid or fission
yeast strains that contain it. In addition,
attempts to reproduce these observations
with other ura4-hairpin constructs have
failed. I therefore retract the conclusion that
expression of a hairpin RNA homologous to
ura4 RNA results in the production of siRNA
that bring about methylation of histone H3
on lysine 9 and recruitment of Swi6 to the
ura4+ gene in Schizosaccharomyces pombe.
In addition, the data (Figs. 3, 4, and 5) indi-
cating that long terminal repeats (LTRs) are
enriched in H3K9me2 and Swi6 chromatin
and that the expression of genes lying close
to LTRs in cells lacking Ago1, Dcr1, Rdp1,
Clr4 or Swi6 is increased are not repro-
ducible by us or others. I therefore retract
the conclusion that LTRs in S. pombe are
packaged in RNAi-dependent heterochro-
matin and that these LTRs are involved in
the regulation of nearby genes. I deeply
regret any inconvenience that publication
of these data has caused for others. The
f irst author of the original paper, Vera
Schramke, declined to be an author of this
retraction.

ROBIN ALLSHIRE

Wellcome Trust Centre for Cell Biology, Institute of

Cell and Molecular Biology, King’s Buildings,

University of Edinburgh, Edinburgh EH9 3JR, UK.
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Benefits and Risks

in Malaria Control

THE REPORTS BY S. BLANFORD E T A L .

(“Fungal pathogen reduces potential for
malaria transmission,” 10 June, p. 1638)
and E.-J. Scholte et al. (“An entomopatho-
genic fungus for control of adult African
malaria mosquitoes,” 10 June, p. 1641)
identify the fungus Metarhizium anisopliae
as a potentially useful pesticide to combat
malaria. For over a century, M. anisopliae
has been used for agricultural pest control.
To date, it has not been demonstrated to be
either infectious or toxic to mammalian
species. However, our studies (1–3) have
demonstrated that mice exposed via the res-
piratory tract to extracts of M. anisopliae
developed responses similar to those of

human allergic asthmatics. Additionally,
there is anecdotal information as well as
limited clinical data suggesting that some
individuals exposed occupationally to M.
anisopliae have become sensitized (4). The
“active ingredient” for commercial applica-
tion of M. anisopliae is the conidium (asex-
ual spore), a viable reproductive unit, which
is likely to spread, particularly because M.
anisopliae infects a wide range of insects.
In indoor environments, genetically predis-
posed individuals exposed to spores as well
as to mycelium (hyphae) and the inducible
proteases and chitinases may develop an

allergic reaction potentially leading to
asthma. The lives saved by mosquito con-
trol are an important goal. However, it is
important to be aware that there are risks
associated with the possibility of repeated
spraying in indoor environments and the
fact that allergenicity does not necessarily
depend on viability of spores. 
MARSHA D.W.WARD* AND MARYJANE K. SELGRADE*

U.S. Environmental Protection Agency,

Immunotoxicology Branch, 109 TW Alexander

Drive, Research Triangle Park, NC 27711, USA.

*This letter does not reflect EPA policy.
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S. BLANFORD ET AL. (“FUNGAL PATHOGEN

reduces potential for malaria transmission,”
Reports, 10 June, p. 1638) and E.-J. Scholte
et al. (“An entomopathogenic fungus for
control of adult African malaria mosqui-
toes,” Reports, 10 June, p. 1641) describe
the use of entomopathogenic fungi
Beauveria bassiana and Metarhizium
anisopliae as agents for mosquito vector
control to combat malaria. Scholte et al.
hung M. anisopliae–impregnated sheets

within houses in Tanzania. A similar vehi-
cle of delivery is proposed for B. bassiana.
Although we welcome new weapons in the
war against malaria, potential side effects
should be addressed before their deploy-
ment. Two concerns about the use of these
entomopathogenic fungi for mosquito con-
trol have already been raised: the indiscrim-
inate killing of insects within treated
dwellings, and evolutionary effects on
Plasmodium development (1). We have fur-
ther concerns about this proposed mosquito
control method. Some insect groups, such
as locusts, ants, and termites, can become

resistant to M. anisopliae infection (2–4).
The levels of mosquito mortality achieved
by Blanford et al. (~90%) could allow the
selection of fungus-resistant flies. Also, it
takes several days before infected mosqui-
toes die, during which time they are likely
to disperse with the fungi. Previously, these
entomopathogenic fungi have been shown
to kill a wide variety of invertebrates, but
also fish and reptiles (5–7). In addition, M.
anisopliae is toxic to two indigenous
African Sahel invertebrates, the fairy
shrimp Streptocephalus sudanicus and the
backswimmer Anisops sardeus (8).
Worryingly, B. bassiana can infect
immunosuppressed people (9, 10), a partic-
ular concern in many of the malaria-
endemic regions of sub-Saharan Africa
with high HIV/AIDS prevalences. Negative
ecological impacts need to be fully evalu-
ated and weighed against achievable human
health benefits.

OLIVER C. HUTCHINSON AND ANDREW A.

CUNNINGHAM

Institute of Zoology, Regent’s Park, London NW1

4RY, UK.
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Metarhizium anisopliae

LETTERS

www.sciencemag.org SCIENCE VOL 310 7 OCTOBER 2005 49

C
R

ED
IT

:S
V

ET
LA

N
A

 Y
.G

O
U

LI
,U

N
IV

ER
S
IT

Y
 O

F 
V

ER
M

O
N

T
,W

W
W

.F
O

R
ES

T
R

Y
 IM

A
G

ES
.O

R
G

http://www.sciencemag.org


���� ��� 	���

���� ��������	 
������� �� �� ��	 
���
� ���� 

�

�� ��� ���
����� ������ �������� ������� �������� �� ���� ����

������� ���� ��������

���� �������� � � �������� ��� ����� ���� ���
�����

�����
� �� ���
���� ��
�� ��
������ �� ���
����� ��
����

�������� ��� ������ ���������

��� 
������� ������ �������� ��
����� ��
  ��� � �
	 ����!�

�	��" #����    !��������	!���"�������� �� $�� ���

���
 ����� ���� ����� ���
��%

����
�� ��� ��� �� ��������

��������	

�	���
�
�����	

����
�

   !��������	!���"��������

#� ��������	 $��%�� �����

The most accurate genetic 

mouse background testing

service used in association

with speed congenics and

quality control/quality 

assurance - not to mention the

fastest and most cost effective.

Try GenoMouse,  
Risk Free.

For more information visit:

http://www.mouseoftruth.com

International +41 41 747 25 50
USA 1-877-GENOMOUSE

Six (of 96) markers in pairwise
comparison for strains B6 and 129

http://www.mouseoftruth.com
http://www.eppendorf.com/advantage
http://www.eppendorf.com/advantage


4. J. F. A. Traniello et al., Proc. Natl. Acad. Sci. U.S.A. 99,
6838 (2002).

5. F. J. Genthner et al., Appl. Environ. Microbiol. 58, 2840
(1992).

6. R. A. Fromtling et al., J. Am. Vet. Med. Assoc. 175, 934
(1979).

7. J. F. Gonzalez-Cabo, Mycoses 38, 167 (1995).
8. J. Lahr et al., Ecotox. Environ. Safety 48, 66 (2001).
9. D. L.Tucker et al., J. Clin. Microbiol. 42, 5412 (2004).

10. M. O. Henke et al., J. Clin. Microbiol. 40, 2698 (2002).

Response
ANY NOVEL ANTIMALARIA TECHNOLOGIES

must be subject to rigorous public health
cost-benefit evaluations. Given the magni-
tude of the malaria problem, and our cur-
rent understanding of these insect
pathogens, we are cautiously optimistic
that the use of fungal biopesticides for
malaria control will not be curtailed by
their theoretical potential to impact on
human or environmental health in malaria-
endemic regions.

Any small protein-based particles can
act as allergens. Such aeroallergens are
ubiquitous (1). Similarly, common infec-
tious fungal pathogens such as Aspergillus
spp., Fusarium spp., and Penicillium spp.
(2) are abundant and widespread. It seems
unlikely that antimalaria fungal biopesti-
cides would add significantly to this bur-
den. The delivery systems we are investi-
gating use spores formulated in oil. These
oil formulations cause the spores to adhere
to the substrate on which they are applied
and so should not contribute substantially
to spore load in the air. We expect the
majority of infected mosquitoes to die in
the external environment. Studies on the
effects of M. anisopliae on grasshoppers in
Africa indicate that >95% of infected indi-
viduals can be preyed upon before they ever
have a chance to produce new spores (3).
Some mosquitoes may, of course, die in
houses, but spores only appear on insect
cadavers when ambient relative humidity is
very high, and by the time any spores could
appear, scavengers such as ants will likely
have removed any infected corpses that
have evaded routine house cleaning. 

Regarding broader environmental
impact, possible nontarget species within
houses, such as flies and other mosquito
species, are frequently nuisance pests and
sometimes also associated with health risks.
Moreover, contrary to the suggestion of
both sets of Letter writers, fungal host range
is isolate-specific, not species-specific (4);
thus, we as yet know little about host speci-
ficity of the individual fungal isolates we
are investigating. Furthermore, infection
also depends on ecological context. The
study on the impacts of M. anisopliae on
aquatic invertebrates cited by Hutchinson
and Cunningham, for example, used a max-
imum challenge test exposing organisms to
high doses of spore powder (of a completely

different isolate) mixed in water with
detergent (5). Such an exposure route is of
questionable relevance given our intended
use strategy. 

No interventions are risk-free, and it’s
important to evaluate what these risks are.
Indeed, regulatory frameworks rightly
demand it. However, risks should not be
viewed in isolation or evaluated without
proper appreciation of both the ecological
and socioeconomic contexts. 
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Estrogen Receptors 

and Cell Signaling

THE REPORT BY C. M. REVANKAR ET AL. (“A
transmembrane intracellular estrogen
receptor mediates rapid cell signaling,” 11
Mar., p. 1625) presents findings that the G
protein–coupled receptor GPR30 localizes
exclusively to endoplasmic reticulum and
binds an estradiol-Alexa dye conjugate. As
such, they suggest that it signals so-called
estrogen-induced “rapid effects” in estro-
gen receptor (ER)–negative cells. In the
accompanying Perspective (“A new media-
tor for an old hormone?”, 11 Mar., p.
1572), S. C. Hewitt et al. note that there are
earlier reports of estrogen-induced GPR30
signaling, but in these studies, GPR30 was
localized in the plasma membrane, not the
endoplasmic reticulum; other work sug-
gests GPR30-mediated estrogen effects
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but at μM levels  of hormone (1), not the
nM levels seen by Revankar et al. Further,
the GPR30 gene may not be expressed in
most ER-negative breast cancers (2). Also,
Ahola et al. (3) find that estrogen induces
growth in cells treated with GPR30 anti-
sense oligonucleotides, indicating that
GPR30 is not required for this action. The
PI3K assay used by Revankar et al.
addresses PIP3 accumulation in nuclei, but
it is not clear if this means PI3K is acti-
vated at the plasma membrane  by GRP30.
There is no report of high-aff inity, sat-
urable estrogen binding to the endoplasmic
reticulum. Another diff iculty is the
plethora of ER forms; some cells once con-
sidered ER-negative express ERβ or vari-
ant ERs. Also, the biological significance
of estrogen signaling in ER-negative breast
cancers is unknown. Clinical findings on
treatment of breast cancer patients show
significant benefit of hormonal therapy in
those with ER-positive tumors, but little in
those with ER-negative tumors (4).
Evidence suggests that ER associates with
the plasma membrane and is required for
rapid responses to estradiol (5, 6). No
proof has yet been provided that GPR30 is
relevant to estrogen action in ER-positive
breast cancer. A role for GPR30 in cellular
actions of estrogen, as emphasized by
Revankar et al. in ER-negative breast can-
cer cells, remains to be demonstrated. 
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Response
PIETRAS ET AL. SUGGEST THAT IN EARLIER

reports of estrogen-induced signaling,
GPR30 was shown to localize to the
plasma membrane. However, the original
description of GPR30 function (1) did not
examine the receptor’s localization; rather,
it was assumed that it would be expressed
in the plasma membrane. Furthermore, an17050 Montebello Road
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additional study (2) provided no markers
by which to establish the subcellular local-
ization of the diffuse cellular GPR30
staining. The use of membrane prepara-
tions, at times designated as plasma mem-
branes, for binding and functional assays
must also be viewed in light of the fact that
the preparations were either crude (3) or at
best enriched with marker distributions
not presented to demonstrate purity (2).
Our conclusion that GPR30 is expressed
in the endoplasmic reticulum is supported
by multiple independent approaches.
Pietras and colleagues infer that other
work (4) suggests that GPR30-mediated
estrogen effects occur only at μM and not
nM concentrations of estrogen. Robust
GPR30-dependent cellular responses at 1
nM estradiol have been demonstrated [(1,
5–7); our Report]. In addition, the selec-
tivity of 17β-estradiol over 17α-estradiol
has been shown to be in excess of 103 to
104 [(2); our Report], revealing high selec-
tivity for the physiological isomer of estra-
diol. Pietras et al. question whether the
nuclear PIP3 accumulation is due to PI3K
activation—our data demonstrate the de
novo synthesis of PIP3 by PI3K. With
respect to estradiol binding capacity, we
demonstrated that binding of estradiol-
Alexa633 to GPR30 is essentially equimo-
lar with binding to ERα and ERβ (Fig.
2E). Finally, competition binding studies
with 17β-estradiol demonstrated
a Ki of ~6 nM, within twofold the
value recently reported by others
using tritiated estradiol (2).

As Pietras et al. point out,
some cells previously considered
ER-negative may express ERβ or
other ER variants. For these rea-
sons, we expressed GPR30 in
cells that are otherwise unre-
sponsive to estrogen stimulation
and in addition, we depleted
GPR30 in cells expressing endo-
genous GPR30 to confirm that
the only estrogen-responsive
receptor in the cells is GPR30.
We agree that recent evidence
suggests that the classical ER can associate
with the plasma membrane and initiate
rapid signaling, confirming the multiple
mechanisms through which the classical
estrogen receptor is likely to mediate the
effects of this hormone. Such results, how-
ever, do not exclude a possible role for
GPR30 in estrogen biology. 
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What Should

We Call Pluto?

THE DISCOVERY OF 2003 UB313,AN OBJECT

that is larger than and farther away from the
sun than Pluto, has reopened the question
of what is a planet (“Newfound ‘tenth
planet’ puts Pluto behind the eight ball,” R.
A. Kerr, News of the Week, 5 Aug., p. 859).
The International Astronomical Union
(IAU) has suggested the idea of calling
both Pluto and the new object “Trans-
Neptunian planets” (TNPs), including
planet in the name but with a qualifier. This
proposal is worth a try, but it raises some
problems. Pluto, UB313, and other similar

bodies must be named as
asteroids exclusively,
not only because they
are different from the
other eight planets, but
because of their similar-
ity in origin, size, com-
position, and orbital
parameters to hundreds
of thousands of small
rocky objects orbiting
the sun at more than 30
AU, in a region called
the Edgeworth-Kuiper
Belt. If the term “planet”
is still included in the
name, then we could

have hundreds of this new kind of planet in
the solar system in the future. If TNPs are a
class roughly def ined as “large objects
that orbit the sun beyond Neptune,” what
will be the name of similar small rocky
objects that will eventually be discovered
orbiting in the outer regions of stellar sys-
tems other than ours? 

In planetary science, the tools for
examining our cosmic neighborhood con-
tinue to be refined and extended, and so we
are beginning to appreciate that the rich-
ness of our stellar system is much greater
than it appeared to earlier explorers and
name-givers, demanding revisions ofC
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Image of Pluto taken by the
European Space Agency’s
Faint Object Camera on 
21 February 1994, when
Pluto was 4.4 billion km
from Earth.
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which Pluto is an excellent example. As
Confucius said, “The beginning of wisdom
is to call things by their right name.”

ALBERTO G. FAIRÉN

Centro de Biología Molecular,Universidad Autónoma

de Madrid, Facultad de Biología, Laboratorio C-101,
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CORRECTIONS AND CLARIFICATIONS

Table of Contents: (2 Sept., p. 1447). The Brevia
“Major biocontrol of plant tumors targets tRNA
synthetase” by J. S. Reader et al. should have been
listed with the overline of microbiology, and the
one-sentence summary should have read, “A bio-
control agent for crown gall tumors acts by inacti-
vating the transfer RNA synthetase for leucine, an
approach that might be useful in targeting other
plant diseases.”

Reports: “Cladosporium Avr2 inhibits tomato Rcr3
protease required for Cf-2–dependent disease
resistance” by H. C. E. Rooney et al. (17 June, p.
1783). Reference (28) was cited three times in the
Fig. 1 legend, once in the Fig. 2 legend, and once in
the Fig. 3 legend. All of these citations should have
referred to reference (29) , the Materials and
Methods section of the Supporting Online Material.
In addition, on p. 1786, Pseudomonas syringae p.
maculicola should be Pseudomonas syringae pv.
maculicola. The correct sentence should read, “In
the case of RPM1- and RPS2-mediated resistance in
Arabidopsis, the action of the Avr proteins AvrB,
AvrRpm1, and AvrRpt2 on the guardee RIN4 is
thought to trigger the activation of the RPM1
(resistance to Pseudomonas syringae pv. maculic0la
expressing AvrRpm1) or RPS2 (resistance to
Pseudomonas syringae pv. tomato expressing
AvrRpt2) proteins (24–27).”

Reports: “The effects of artificial selection on the
maize genome”by S. I.Wright et al. (27 May,p.1310).
In the first full paragraph of the third column on page
1312, the value of the likelihood ratio (LR) is incor-
rect.The sentence should read, “The LR provides sta-
tistically significant support for the presence of two
gene classes (LR = 6.35, df = 2, P < 0.05).” This cor-
rection does not modify the results or the conclu-
sions in any way. In addition, in the first column of
page 1313, the LR statistic should read “(LR = 4.6, df
= 2, P = 0.10, k1 = 2.45 , k2 = 0.001).”With this cor-
rection, statistical support for the selection model
with the reduced data set is borderline significant.
However, the author’s best estimate of f based on
the reduced data remains 3.6%, and this correction
does not substantially modify the results or the
interpretation, since statistical support for selection
was obtained from the full data set.
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T
hat The Crack at the Edge
of the World is not in any
simple sense of the phrase

a “book about an earthquake”
will not surprise readers familiar
with Simon Winchester’s earlier
works, such as Krakatoa (1).
More than half the book passes
before the best-selling author
begins substantive discussion of
the 1906 San Francisco earth-
quake. Fundamentally, the story
he tells is one of history rather
than science: the history of the
West in general and of San
Francisco in particular, and the
role of the 1906 earthquake in
shaping that history.

To the task of presenting this
tale, Winchester brings not only
his formidable story-telling talents and his
passion for history but also solid earth sci-
ence credentials: an undergraduate degree
in geology from Oxford University. Thus
his treatment of history begins not with the
earliest Spanish explorers or even with the
earliest human inhabitants who presumably
wandered in over the Bering Strait, but at
the time when continents first coalesced out
of the planetary stew. Along the way he
explains how the present-day continents
came to be; how supercontinents formed,
broke apart, and formed again. The narra-
tive journey across present-day North
America follows Winchester’s own journey
east to west, with stops along the way at
several must-see attractions for any self-
respecting geotourist, such as New Madrid,
Missouri, and Yellowstone’s Old Faithful
geyser. The book covers substantial ground
scientifically as well as geographically, yet
remains eminently readable and enjoyable.

Seismologists who read the book look-
ing for nits to pick will f ind a handful,
including the statement that the New
Madrid seismic zone is an incipient (rather
than a failed) rift, and a bit too much sym-
pathy for the enduring myth that animals
are sensitive to impending earthquakes.
Given the sweeping scope of the book, I
suspect that scholars in other fields may
find additional inaccuracies. But the merit

of books like this is not that
they teach science to scientists
nor that they provide a detailed
science education to nonscien-
tists. Rather, the contribution of
such books is that, by taking the
reader on a grand and accessi-
ble adventure, writers like
Winchester can make science
palatable—even attractive—to
readers who would never pick
up even those more focused
books on science that scientists
would consider nontechnical. 

Winchester’s latest offering
is not only readable but also
thought-provoking. After dis-
cussing in some detail the
immediate response to the 1906
earthquake and subsequent

rebuilding efforts, he moves on to draw
more sweeping conclusions about the long-
term impact of the disaster.
Winchester argues that the earth-
quake played a critical role in the
emergence of the Pentecostal
movement. He also concludes that
the 1906 quake—and geological
exigency more generally—caused
San Francisco to cede its early
stature as economic and cultural
capital of the West to Los Angeles,
where devastating earthquakes are
(supposedly) less common. 

The extent to which the earth-
quake provided a catalyst for the
Pentecostal movement is debat-
able. The key hallmarks of Pente-
costal faith, including charismata
(speaking in tongues), have roots
extending back at least into the late
18th century. Although the move-
ment gained substantial momentum in the
southern California town of Azusa in 1906,
its growth was well under way by April 18.
Nine days before the earthquake, the church
had attracted enough followers for leaders to
rent and start to fill a warehouse building in
which the Apostolic Faith mission was born.
And even though great earthquakes are
known to strike terror in the hearts of sinners,
as a rule this effect tends to be short-lived. 

The role of the earthquake in shaping San
Francisco’s fate is probably even more con-
tentious. Many will balk at the notion that the
city ever ceded anything to anyone.

Winchester laments that a proper San
Francisco school of architecture never had a
chance to develop because the city was
patched back together so hastily in the after-
math of the earthquake. Yet, modern urban
woes such as homelessness and AIDS
notwithstanding, many regard San Francisco
as one of America’s most livable, attractive,
and romantic cities. If San Francisco’s growth
has been checked, the earth scientist is
tempted to blame geography rather than geol-
ogy: compared to Los Angeles the city faced
notably non-negotiable boundary conditions.
Nonetheless, cities evolve into megacities,
and even a confirmed Angeleno is hard-
pressed to question the continuing economic
and cultural importance of the powerhouse
that is the modern greater San Francisco Bay
Area. The city that was reduced to ashes 100
years ago grew into the metropolitan area that
gave the world Silicon Valley.

Winchester concludes that human beings
and their cities exist only by the sometimes
ephemeral consent of a dynamic planet. Yet
he also admits that great cities endure great
tragedies, rebounding from hardship by
virtue of the strategic amenities that led to

their becoming great cities in the first place.
Perhaps he underestimates another factor:
the capacity for not only Earth but also its
human inhabitants to rebound. (Cities do
not rebuild themselves.)

Reasonable, informed people can debate
such matters. And here we arrive at the
other important contribution of books such
as A Crack in the Edge of the World. Not
only do they deliver science to a broad audi-
ence, but they can also bring a broader
world to scientists. Whether or not we agree
with Winchester’s conclusions, there is value
as well as fun in going along for the ride.

G E O S C I E N C E

After the Earth Shook
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Shaken and burned. The U.S. Geological Survey described
San Francisco’s City Hall as “a monument of bad design and
poor materials and workmanship” (2).
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Anti-Realism
in Government

Naomi Oreskes

I
n the mid-1990s, a group of scientists led by
Paul Gross and Norman Levitt made a
grand fuss about attacks on science from the

“academic left.” Most of these attacks orig-
inated in France and were linked to the
philosophical question of how well human-
constructed theories can map onto human-
independent reality, an academic anxiety if
ever there was one. But while Gross and his
friends engaged in academic internecine war-
fare over postmodernist theory, a far more seri-
ous attack on science was building on the polit-
ical right here in the United States, with serious
consequences beyond the walls of academe.
This attack is the subject of journalist Chris
Mooney’s The Republican War on Science.

As Mooney recounts, for two decades,
influential Republicans—initially in
Congress and now also in the White
House—in concert with determined allies in
private industry and fundamentalist
Christian organizations, have systematically
denied, disparaged, and misrepresented sci-
entific information on topics relevant to pub-
lic policy. The list is long: acid rain, global
warming, the efficacy of condoms in pre-
venting the spread of sexually transmitted
diseases, the health impacts of excess dietary
sugar and fat, the alleged link between abor-
tion and breast cancer, the status of endan-
gered species, the efficacy of abstinence-
only sex education programs, the therapeutic
potential of adult stem cells, and more. 

On these issues, a strange-bedfellows
alliance has sought to mislead both the vot-
ing public and elected representatives about
the scientific facts: misrepresenting real
debates, exaggerating uncertainty, interfer-
ing with the activities of expert agencies,
trumpeting the views of outlier scientists
whose interpretations are rarely to be found

in the refereed literature, and attacking the
integrity of genuine experts (1). In frighten-
ingly Orwellian fashion, these actions are
carried out in the name of “sound science.”

Much of this will be familiar to those who
read the 2003 report prepared for California
Congressman Henry Waxman, “Politics and
Science in the Bush Administration” (2), or
the 2004 report of the Union of Concerned
Scientists, “Scientific Integrity in Policy-
making: An Investigation into the Bush
Administration’s Misuse of Science” (3). But
Mooney goes further, documenting the roots
of these abuses in the Reagan
administration and the Congress
of Newt Gingrich. Historically,
Republicans have often been
more sympathetic to scientific
elites than populist-oriented
Democrats, but the animus
growing over the past 20 years
has culminated in the present
administration, which, being
unable to control science, seems determined
to undermine it. 

Mooney points out that in many cases, the
same groups and individuals have been
involved in multiple misinformation cam-
paigns. Consider global warming and ozone
depletion. Two leading deniers of the reality
or severity of anthropogenic global warm-
ing—S. Fred Singer and Sallie Baliunas—
previously vociferously denied the link
between chlorofluorocarbons (CFCs) and
depletion of stratospheric ozone. Although
his views lie well outside the mainstream of
expert scientific opinion and it has been a
long time since he regularly published in the
refereed literature, Singer has been repeat-
edly invited to testify in Congress. Both he
and Baliunas have links to the George C.
Marshall Institute, founded in 1984 to defend
Ronald Reagan’s Strategic Defense Initiative
against the majority opinion of expert physi-
cists that it was ill-conceived. Since then, the
institute has claimed to support “sound sci-
ence” in public policy while promoting posi-
tions that run against the mainstream of sci-
entific opinion but are consistent with an
uncompromisingly anti-regulatory ideology.
In recent years, it has received funding from
ExxonMobil, presumably not coincidentally
linked to its efforts to deny global warming
(4). The plot thickens further. One of the insti-
tute’s founders and its current chairman of the
board, Robert Jastrow, has written books pro-
moting intelligent design (5–7). Frederick
Seitz, its chair emeritus, is well known in the
scientific community as a past president of
the National Academy of Sciences. Less well
known is his role in the 1980s as a principal
adviser to the R. J. Reynolds Tobacco
Company in its support of biomedical
research that might cast doubt on the links
between tobacco and cancer (8).

How are denials of global warming, the
impact of CFCs on stratospheric ozone,
and the link between tobacco and cancer;
support of missile defense; and advocacy
of creationism related? On the face of it,
scarcely. But they all involve the promotion
of a right-wing political agenda, and they
all involve grotesque misrepresentations of
scientific evidence. “Doubt is our product”
was the slogan of an internal memorandum
from the Brown and Williamson Corpo-
ration as it set out to deny the scientific evi-
dence linking smoking to cancer well after

the epidemiological evidence
was clear, and the same strategy
underlines anti-scientific cam-
paigns today (9, 10). The con-
nections Mooney discusses are
crucial, because they provide
proof that these actions are
politically and economically
motivated, rather than based on
principled scientif ic worries.

The same people are repeatedly involved in
the same obfuscations.

Scientists have traditionally been loath
to foray into politics for fear of politiciz-
ing science, but Mooney’s book makes it
clear that when sensible people stand on
the sidelines, a great deal of nonsense can
be spread. Scientists and scientific soci-
eties have tried in recent years to correct
misrepresentations and clarify misunder-
standings, but the efforts have been too
few and far between. Those who would
attack science for political gain are orga-
nized, persistent, and well-financed. The
Republican War on Science makes clear
that scientists need to do more to present
their knowledge to the rest of society,
because there is no shortage of people
willing to misrepresent it.
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A
s I write on this late June afternoon, my
heart grieves amid news that a young
couple, dearly loved former research

colleagues living in the north of Panay Island
in the Philippines where I work, had been shot
over a fishpond dispute. The owner, it seems,
did not want them to use a shortcut on his prop-
erty that led to the pond the couple
was renting from him. Bullets shat-
tered the jaw, collarbone, and colon
of the husband, a marine biologist
who miraculously survived, but
they proved fatal to his wife, an
aquaculture nutritionist and univer-
sity instructor.

The incident takes me back
decades to my home island of Min-
danao when rifle bullets strafed our
campus cottage during a short-
lived rebellion. My family and
a neighbor crouched inside the
bathroom, while the battle between
rebels and government soldiers
raged for 4 long hours. The growing insur-
gency forced me to give up my teaching job at
Mindanao State University and flee to the quiet
of the Visayas, in the central Philippines,
where I accepted a research position with the
Aquaculture Department of the South-
east Asian Fisheries Development Center
(SEAFDEC/AQD). 

Fast forward to the present, to another
potential conflict elsewhere in northern Panay.
This one is centered on the small-scale cutting

of trees in and near a magnificent mangrove
stand of Avicennia rumphiana trees, some of
them up to 8 m in circumference. This location
has been among our study sites since 1997.
But to make an official complaint would place
my colleagues and me in harm’s way from
those who earn income by planting the cleared

area with Nypa palm or converting
it to ponds. 

Troubles like these come with
the mission of protecting the
world’s mangroves—the lushly
forested environmental buffer
zones by which the sea meets land
in so many places around the
world—even as these areas be-
come ever more exploited for
aquaculture and other uses. It is a
mission that teeters on the always-
difficult negotiation by which
ecological and environmental
goals, on the one hand, and eco-
nomic, social, and immediate

human needs, on the other, are adjudicated.
I have observed this difficult dynamic

firsthand since the mid-1970s when the
field of aquaculture, the farming of aquatic
and marine plants and animals, was getting
started. Indeed, my first studies in this area—
on the growth and survival of shrimp in
earthen ponds and production of breeders for
hatcheries—contributed to the foundation on
which increasingly efficient shrimp farming
developed, so often, as it has turned out, to

the detriment of
mangrove habitats.

Mangroves at Risk
Aquaculture ranks as a phenomenal success
story in global food production. In 1975,
when I joined the SEAFDEC/AQD, aqua-
culture contributed 8% to the overall yield
of the world’s fish harvest; now it provides
more than one-third of the yield of the
world’s fisheries. Total aquaculture produc-
tion in 2003 was 54.8 million metric tons,
valued at $67.3 billion in U.S. dollars. More
than 90% of this output comes from Asia,
where aquaculture has its origins.

As with land-based agriculture, all of this
aquatic food production and economic activ-
ity has come with environmental problems
and social conflicts. Foremost among these
is the loss or modification of habitat in
places where aquafarmers clear mangroves
for ponds and where they install cages or pens
above seagrass beds and coral reefs. Other
environmental effects include the loss of
bycatch (unwanted fish and invertebrate
species) during the collection of wild “seed”
used for stocking in ponds and of adult brood-
stock for hatcheries, introduction of exotic
species, spread of parasites and diseases, inter-
actions of escapees from ponds or pens with
wild populations, misuse of chemicals and
antibiotics, salinization of soil and water, and
coastal pollution. Many of these ecological
impacts of shrimp aquaculture have brought
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along social problems, among them privati-
zation of public lands and waterways, the
decline of open-sea fisheries, rural unem-
ployment, and social disruption.

Even the seemingly reasonable assump-
tion that aquaculture is an efficient way to
produce new protein is undermined by the
dependence of shrimp, salmon, and other cul-
tured aquatic carnivores on raw fish and on
fish meal and oil in pelleted feeds. Careful
calculations indicate that some cultured
species actually are net consumers of fish.

In the 1980s, I began to ring warning bells
about the perils of runaway shrimp farming.

At the time, aquaculture was perceived as the
coming Blue Revolution that would help solve
world hunger, provide jobs, and fight poverty.
Because of my cautionary views, I became
marginalized in aquaculture circles. At some
meetings I was ostracized and my research
papers sometimes seemed harder to get
through editorial decision-makers than the
reviewers’ comments would have suggested.
Even so, other researchers would subse-
quently confirm my conclusions on, for exam-
ple, the boom-and-bust nature of unplanned
and poorly managed shrimp culture. And in
recent years, momentum to develop sustain-
able aquaculture practices has been building.

For my part, I have received invitations
from foreign groups, including the Global
Wetlands Economics Network and the
International Foundation for Science, to
expose the plight of mangroves and share my
ideas about aquaculture sustainability. At
times, I have done so in high-profile media
outlets, such as a BBC documentary in 2002.
Although I had always been confident that
even my early alarmist attitude was justified, I
received my final peer vindication last year
when Stockholm University presented me
with a Ph.D. in science honoris causa for
showing “… that mangroves are key areas for

recruitment of fish and shrimp and that devel-
opment of conventional shrimp farming may
have far-reaching negative economic and
social implications… .”

For greater sustainability, the aquaculture
industry must acknowledge its interdepend-
ence with fisheries and other stakeholders.
Ecologically damaging practices need to be
replaced with ecologically sound ones, such as
locating culture ponds outside mangroves
where possible, using native species whose
inevitable escapes into nearby waters would be
relatively innocuous, and stocking hatchery fry
rather than wild seed whose collection entails

the loss of bycatch.
Because surrounding water-

ways can be the source as well
as recipient of contaminants and
pathogens, systems of low water
exchange between ponds and the
surrounding environment can
minimize such risks. Levels of
suspended solids or sediment are
reduced if pipes that provide aera-
tion are set on the pond bottom,
rather than on the surface, and also
by means of settling ponds. Water
quality can be maintained with
natural biofilters such as clams and
other bivalves. Probiotics are com-
mercial suspensions of appropriate
types of bacteria added to the pond
that operate on the principle of
competitive exclusion (of harmful

bacteria). The so-called greenwater technique
enhances shrimp growth and survival by
means of a combination of phytoplankton and
the presence of herbivorous fish in the pond.
Finally, lower stocking densities of shrimp
and their polyculture with suitable fish
species can minimize waste levels and pro-
duce synergistic benefits.

Already, the culture of seaweeds and fish in
cages in subtidal bays and rivers is compatible
with adjoining mangroves and suitable for
family-level operations.

But there remains a
need for mangrove-frien-
dly aquaculture technol-
ogy in intertidal forests,
in which mangrove trees
spend high tides with
their roots submerged
and low tides with their
roots exposed. That’s why
one of my current proj-
ects, funded by the Euro-
pean Commission, is to
develop sustainable so-
called aquasilviculture. An
approach I have developed,
which combines the rear-
ing of mud crabs inside

intertidal pen enclosures, has been replicated by
local people’s organizations in the Philippines.
Meanwhile, several studies have shown that
mangrove estuaries can process nutrients, such
as those from fertilizers, in aquaculture pond
effluents at least over short spatial and temporal
scales. That opens up the possibilities of inte-
grating intensive aquaculture with natural or
constructed mangrove wetlands in a way that
could be sustainable through careful manage-
ment and planning. 

A Menagerie of Mangroves 
My earliest training was in zoology, and when
I began studying the taxonomy of mangroves,
I found the diversity of these habitats chal-
lenging. On a trip to the Mai Po, Hong Kong,
mangroves in 1993, experts from Thailand
and Vietnam effortlessly called off the scien-
tific names of mangrove species—Avicennia
marina, Kandelia candel, Aegiceras cornicu-
latum, etc. Feeling ignorant, I vowed to master
the Indo-Pacific species of mangroves. Indeed
it took me 10 years to write and publish, with
UNESCO support, the Handbook of Man-
groves in the Philippines—Panay, which
came out last year. The diversity of mangroves
and their wide distribution in the archipelago
in the past are reflected in the names of many
coastal towns and villages. The name of the
country’s premier city, Manila, derives from
Maynilad, meaning there is nilad, referring to
the mangrove Scyphiphora hydrophyllacea,
which grew profusely along Manila Bay in
pre-Hispanic times.

Mangroves, seagrass beds, and coral reefs
bordering the 7150 Philippine islands have
contributed appreciably to the livelihood and
well-being of coastal communities over the
centuries through their provision of various
goods and services. Foremost among man-
grove products are fish, shellfish, and other
invertebrates that provide the most available
and inexpensive protein in the Filipino diet.
Other natural benefits afforded by mangroves
include coastal protection, erosion control,

sediment trapping, and
recycling of nutrients
from terrestrial run-off
and river discharges. 

Latest estimates, as
of 2000, have placed
the global coverage of
mangroves at 15 million
hectares (ha), a drastic
decline from 18 million
ha in the 1990s. The
losses have been partic-
ularly heavy in South-
east Asia, which hosts a
third of total mangrove
area. The anthropogenic
causes of such losses

Water world. Boys swim in this creek by
a healthy intertidal mangrove during
high tide.
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Vanishing mangroves. The expanse of fish and shrimp pens in
the foreground of this aerial view of Dagupan in the Philippine
province of Pangasinan used to be filled with mangroves.
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include overexploitation of mangroves
and conversion of mangroves to settle-
ments, rice fields, salt beds, tourist
resorts, and industrial facilities. But
brackishwater pond culture, which
dates back to 1400 in Java, has also
taken its toll. Many thousands of
hectares of culture ponds in the Philip-
pines and Indonesia were carved out
of mangrove swamps because these
habitats were considered ideal for
growing milkfish (Chanos chanos), a
food fish favored by local people.
Around half of the 279,000 ha of
Philippine mangroves that disappeared
between 1951 and 1988 were converted
into ponds mainly for milkfish, but
also for shrimp. 

Aggressive mangrove and wet-
lands development became national
policy in the Philippines in the 1950s.
Some of these policies supported
aquaculture development by enforc-
ing a form of rent control on the man-
groves. The original fee for leasing a
pond was PhP50, or about $2/ha per
year. This fee was way out of line with the
estimated values of $538/ha per year and $42
to $156/ha per year, respectively, for fish and
wood harvests from Philippine mangroves.
By underpricing the rights to harvest public
forests and by not penalizing low pond pro-
ductivity, these policies and practices encour-
aged rampant conversion of mangroves to
aquaculture ponds. 

Both a 1991 decree and one in 1992 man-
dated an increase in the rental to PhP1000, or
about $20/ha per year, but its implementation
was delayed indefinitely on both occasions by
a strong fishpond industry lobby. In the past 2
years, the government presented a series of
expert witnesses, including myself, who cited
published valuations from the mangrove litera-
ture and aquaculture studies of mangroves and
fishponds to justify the pond rental increase.
The court is expected to rule within the year.

Actually, numerous laws, decrees, and
ordiances aim to protect remaining mangrove
areas. These include guidelines for mangrove-
pond conversion and reversion of abandoned
ponds to forest. Ownership policies, such as
the Mangrove Stewardship Agreement that
legitimizes de facto claims of local communi-
ties over coastal resources, improve the success
rate of replanting programs. Even so, coordi-
nation is lacking between the national forestry
and fisheries agencies tasked to administer
mangroves and ponds. Legislation to con-
serve, protect, and rehabilitate Philippine man-
groves has not been wanting—it is their imple-
mentation that is generally weak, hampered by
inadequate manpower and resources, and over-
all lack of political will to enforce the laws.

Consider the re-
quirement by a num-
ber of “greenbelt” pro-
mulgations that a man-
grove strip of 20 to
50 m along riverbanks
and one of 50 to 100 m
facing the open seas
be maintained regard-
less of the economic
activity in the area.
Today, an aerial view
of the Philippine coast-
line will show a mono-
tonous succession of
ponds with hardly any
green signs of such
mangroves. 

As the December
2004 tsunami has
shown, this is not
merely a matter of
aesthetics. Man-made
structures such as
shrimp/fish farms and
tourist resorts along

the coastline are no match for rampaging
waters. It is time to enforce these greenbelt and
other mangrove-preserving laws, because only
a solid wall of trees can slow down a moving
wall of water. More than ever, there is a need to
preserve or rehabilitate mangrove-beach for-
ests and coral reefs to serve as natural barriers
that diminish the tremendous wave energy gen-
erated by tsunamis, as well as by typhoons.
Tsunamis appear every 20 to 50 years in the
Philippines, but in a single year 20 typhoons
may devastate the country by inflicting massive
losses of life and property.

Mangrove Sense
Only a fifth of the 500,000 ha of Philippine
mangroves at the turn of the 20th century
remain, whereas brackishwater ponds have
increased almost fourfold, from 61,000 ha
in 1940 to 230,000 ha at present. Many of
these ponds have no associated legal
papers—either the lease has expired or the
application is pending. Often single fami-
lies own up to hundreds of hectares of pond
area. Twenty hectares is the most that a
Filipino pond operator can realistically
manage by himself, so many ponds are
underutilized or abandoned, and productiv-
ity is low compared to that of Thai shrimp
farms, which average 2 ha or less. By reduc-
ing farm sizes, Filipino aquaculturists can
increase pond yields and afford to pay the
still modest lease fee of PhP1000/ha per
year. The remaining areas, especially those
facing waterways, could be reverted to
greenbelts, finally coming into compliance
with Philippine laws. Also, by redressing

the present imbalance between the respec-
tive areas of mangroves and ponds, aqua-
culturists can embrace the more holistic
approach, known as Integrated Coastal
Zone Management, which incorporates an
understanding of the complementary rather
than competing roles of aquaculture and
more traditional open-sea fisheries.

My environmental bias goes back to a
childhood imprinted with mangoes, avocados,
and a dozen other tropical species of backyard
fruit trees, as well as yearly floods due to ram-
pant logging that had denuded the forests in
my home province. The floods were particu-
larly bad and had downed many bridges in
1961 when, as a high school student, I took the
government science examinations. To travel to
the testing center in the next province, my
father and I had to cross rivers on coconut
trunks or bamboo poles. A decade later, my
passion to work for a sustainable environment
was greatly reinforced by my participation in
the historic 1972 U.N. Conference on the
Human Environment in Stockholm.

I am determined to continue mentoring
younger researchers in sustainable aquacul-
ture and mangroves. Sadly, most Filipino stu-
dents of marine biology prefer the “glam-
orous” coral reefs and seagrass beds to
muddy, mosquito-infested mangroves. This is
unfortunate because, given a chance, man-
groves can be thoroughly enchanting, the mud
and insects notwithstanding. Imagine numer-
ous white filaments of Sonneratia alba flow-
ers gently falling from the canopy in the early
morning breeze, or the unspeakable beauty of
thousands of fireflies lighting up Sonneratia
caseolaris trees on a moonless night. 

We scientists in developing countries need
to come down from the Ivory Tower and dis-
seminate results not only in peer-reviewed
journals but also through advocacy and the
popular media. We must not forget our hearts
even as we apply our minds. We do science not
in a vacuum but against the grinding poverty
and environment-unfriendly character of
modern times, and we can use our scientific
knowledge to reduce suffering and make life
more full for fellow humans and creatures.
With a Pew Fellows grant in marine conserva-
tion, I will pursue initiatives in mangrove
management and rehabilitation through edu-
cation and local governance. Success will be
had on the day my grandchildren walk with
me through these habitats, understanding their
importance, appreciating their diversity, and
captivated by their magic.

The author is with the Aquaculture Department,
Southeast Asian Fisheries Development Center,
Tigbauan, Iloilo 5021, Philippines. E-mail: jhprima@
aqd.saefdec.org.ph
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Postharvest portrait. Milkfish,
and perhaps some shrimp and
crabs, have just been harvested
from this drained milkfish pond
in Iloilo Province, central Philip-
pines. With mangrove stumps
now visible, it will be dried,
filled, and restocked with “seed”
organisms for the next crop.
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T
he acid growth theory describes how the
plant hormone auxin (indole acetic acid,
or IAA) stimulates elongation of cells.

Auxin triggers excretion of protons into the
plant cell wall. This acidification loosens the

wall, allowing the cell
to expand [see the
f igure; (1)]. Apart
from this certainly

not exclusive mode of auxin action, many
aspects of plant development such as leaf dif-
ferentiation, root formation, and organ devel-
opment require directed auxin transport (2).
That is, the hormone must get transported
across plant tissue to where it can stimulate
cell growth and proliferation when needed.
Here, another “acid” aspect considered by the
chemiosmotic model of auxin transport
comes into play [see the figure; (3)]. In the
rather acidic cell wall, part of the auxin resides
in its protonated, lipophilic form. Once auxin
exits the cell wall, crosses the plasma mem-
brane, and enters the cytosol, it becomes
deprotonated and this more hydrophilic anion
gets trapped inside the cell. To export auxin in
a directed manner, plants have been proposed
to use efflux carrier proteins that are situated
in the plasma membrane in a polar manner.
Indeed, such efflux carriers have been identi-
fied through genetic approaches in the weed
and model plant Arabidopsis thaliana (2, 4,
5). However, despite decades of acid growth
research (1) and Arabidopsis genetics, func-
tional genetic evidence for a proton pump that
regulates auxin transport or cell wall acidity
has been lacking. 

On page 121 of this issue, Li et al. (6)
report that the Arabidopsis proton pump AVP1
regulates auxin transport and cell wall acidifi-
cation. These findings are surprising because
AVP1 is thought to act as a proton pump that is
driven by pyrophosphate (V-PPase) to acidify
intracellular membrane compartments in plant
cells (7). It has generally been assumed that a
plasma membrane–localized proton pump
fueled by adenosine triphosphate (P-ATPase)
is involved in cell wall acidification and possi-

bly in auxin transport. What evidence leads the
authors to conclude that AVP1 contributes to
auxin-mediated organ development? The
absence of AVP1 in avp1 mutants drastically
affects plant development. A loss-of-function
avp1 mutation causes organ fusions and other
defects that have also been observed in plants
treated with inhibitors of polar auxin transport
(8) and in mutants defective in multiple auxin

efflux components (5, 9). More informatively,
avp1 mutant roots display lower levels of the
auxin efflux carrier PIN-FORMED1 (PIN1)
and reduced polar auxin transport. Con-
sistently, overexpression of AVP1 enhances
polar auxin transport in root tips. This intracel-
lular proton pump somehow modulates the
directed transport of auxin.

Moreover, elevated expression of AVP1
increases leaf and root system size, consis-
tent with impaired leaf and root develop-
ment in avp1 mutants. These opposite phe-
notypes observed with changes in AVP1
expression suggest that a threshold amount
of AVP1 is critical for its function. Thus,
AVP1 may play a regulatory role during
plant growth and development by modulat-
ing polar auxin transport.

Some of the authors’observations are not
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yet easy to comprehend. For example, PIN1
protein expression is low in avp1 mutants, yet
plants overexpressing AVP1 do not really
show the opposite phenotype. Similarly, it is
difficult to explain why auxin transport is
enhanced in the root tip but reduced at the
root-shoot junction upon increased AVP1
expression. Despite these discrepancies, the
authors’ findings clearly support the notion
that AVP1 affects auxin transport. Future
studies may help to explain differences at the
level of specific cell or tissue types. 

In light of its unexpected role in auxin
transport regulation, Li et al. (6) also
address a potential function of AVP1 in cell
wall acidification. Intriguingly, absence of
AVP1 increases the cell wall pH, whereas
overexpression of AVP1 lowers pH. Control
of cell wall pH has been attributed to the
plasma membrane proton pump, P-ATPase.
Indeed, avp1 mutants display reduced P-
ATPase activity, whereas plants overex-
pressing AVP1 have increased P-ATPase
activity and density at the plasma mem-
brane. Thus, Li et al. uncover an unexpected
role for AVP1 in the regulation of cell wall
acidification by modulating P-ATPase lev-
els—“acid growth” revisited? 

Li et al. demonstrate AVP1 action on polar
auxin transport and P-ATPase–mediated cell
wall acidification. In addition, their study
raises exciting questions. The authors report
elongation defects in root cells versus
reduced leaf cell numbers in avp1 mutants
(6). Does this indicate that AVP1-regulated
cell wall acidification mediates cell expan-
sion according to the acid growth theory in
roots but not in leaves? Or does AVP1-medi-
ated regulation of cell wall pH mostly feed
back on auxin transport, taking into account
the chemiosmotic model? Whichever of the
two processes may be primarily affected by
AVP1, it will be interesting to see how cell
wall acidification and auxin transport are
connected. The authors hypothesize that
AVP1 somehow regulates transport of both
P-ATPase and PIN1 to the plasma membrane
by acidifying an unknown subcellular com-
partment along a common transport route.
This idea can now be tested by extending the
loss- and gain-of-function approaches (6) to
detailed cell biological analyses. These
should clarify to what extent AVP1, PIN1,
and P-ATPase take common routes and
whether AVP1 regulates vesicle transport. A
hint of where this V-PPase could act comes

from studies on cauliflower where a V-PPase
pump resides at the trans-Golgi network, in
multivesicular bodies, the vacuole, and at the
plasma membrane (10). Thus, there are sev-
eral options as to where AVP1, PIN1, and P-
ATPase could meet along the secretory or
endocytic pathway. Undoubtedly, the work of
Li et al. (6) opens new views on the regulation
of auxin transport and proton pump action
during plant development. Further detailed
understanding of AVP1 subcellular function
will help to merge or distinguish different
concepts of auxin transport and action.
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C
haracterization of subsurface struc-
ture is critical to almost every area of
science and engineering (1). In biol-

ogy, for example, imaging the structure of
cells has always been a fundamental means
of understanding the relationship between
structure and function. Moreover, every
innovative microscopy technique seems to
highlight new or difficult-to-observe fea-
tures in biological systems. But some prob-
lems, such as finding life-threatening arte-
rial blockages, require much better spatial
resolution (1).

Some key microscopic imaging
methods rely on sound waves rather
than light. Perhaps the most prevalent
application of acoustic microscopes
is for imaging subsurface features in
packaged electronic parts. Sub-
surface voids can be the root cause of
coating delamination or can result in
the fracture of a critical structure

under stress. As Shekhawat and Dravid report
on page 89 of this issue, a novel form of
acoustic holography has now extended the
spatial resolution of this technique, thus
enabling the imaging of subsurface features in
a wide range of applications (2).

A conventional scanning acoustic
microscope focuses acoustic waves under
the surface of a sample by means of a trans-
ducer (often made from sapphire) and scans
the sample under the transducer. The sam-
ple is immersed in water. The spatial resolu-

tion is given by an equation similar to the
Rayleigh criterion for a light microscope,
namely ω = 0.51λ0/NA, where λ0 = v0/f, v0 is
the velocity of sound in the fluid, f is the fre-
quency of the acoustic wave, and NA is the
numerical aperture. For typical acoustic
microscopes, the spatial resolution is close
to 100 μm. Recently, scanning probe
microscopy has extended the spatial resolu-
tion to the nanometer scale (3).

To obtain images of integrated circuit
technology, however, much greater spatial
resolution will be required. The width of
metal lines is quickly approaching 60 nm,
and by the year 2008 memory chips will
have so-called dense metal lines 60 nm wide
with spaces of 60 nm between them.
Previous efforts had already pushed acoustic
imaging resolution well below the limits of
the scanning acoustic microscope. Geer et
al. have demonstrated that the ultrasonic
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force microscope can image
changes in the elastic modu-
lus with a resolution of <10
nm (3). This group ultrason-
ically vibrated the sample at
2.2 MHz while scanning the
surface with an atomic force
microscope (AFM). The
apparatus is similar to that
previously reported by
Dinelli et al. (4). The spatial
resolution was good enough
to observe differences in the
low dielectric constant film
caused by variations in the
processing (3).

Now, Shekhawat and
Dravid have shown how
scanning near-field ultra-
sound holography (SNFUH)
can further improve spatial
resolution and depth infor-
mation (2). In SNFUH,
acoustic waves are launched
on both the probe tip and the
sample at slightly different
megahertz frequencies. The
interference of these two
waves forms a surface acoustic standing wave.
This wave is altered by subsurface features
such as voids, and the change in its frequency

is monitored by the AFM
cantilever. Shekhawat and
Dravid operate the AFM in
the contact mode for hard
materials and the noncontact
mode for biological materi-
als. The next step for this
approach will be to develop
the modeling to determine
the depth dependence of the
response from buried fea-
tures turning two-dimen-
sional maps into three-dimen-
sional tomography maps. 

Shekhawat and Dravid
have also applied their tech-
nology to copper damascene
structures and observed
voids in copper lines (see the
first figure). The direct, non-
destructive observation of a
void in an opaque material
had previously seemed to be
a nearly impossible task. 

But semiconductor structures are not the
only application of near-f ield acoustic
microscopy. Shekhawat and Dravid have

illustrated the imaging capability of SNFUH
for biological samples. In the top panel of the
second figure, a typical AFM (topography)
image shows a mouse cell on a cover slip,
which was treated with phosphate buffer
solution. It only shows the overall outer mor-
phology of the cell. In the middle panel of the
second figure, however, the SNFUH image
appears to reveal the internal substructure of
the cell, including the nucleus. It is instruc-
tive to compare the SNFUH image with a
typical micrograph of an animal cell (the
bottom panel of the second figure). Extra
structure is observed with this additional res-
olution. With further research and develop-
ment, SNFUH should be able to provide even
more information, such as the depth of
buried features and further quantification of
elastic properties. 
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I
recently had the opportunity to conduct
research in a remote village in the West
African nation of Burkina Faso, one of

the countries whose national character was
studied by Terracciano et al. in a report on
page 96 of this issue (1). While there, I was
struck by the degree to which everyone
seemed so different yet so familiar at 
the same time. Despite dramatic differences
in cultural customs and practices, the
Burkinabe people seemed to fall in love,
hate their neighbors, and care for their chil-
dren in much the same way, and for many of
the same reasons, as people in other parts of
the world. Indeed, there is a core to human
mentality and social behavior that cuts
across nations, cultures, and ethnic groups.
Even such profoundly different countries as
Burkina Faso and the United States do not

differ substantially in the average personal-
ity tendencies of their people, as Terracciano
and colleagues have shown (1, 2).

Against this backdrop of human univer-
sals, it is quite clear that individual variability
exists: Some Burkinabe (or Americans) are
shy and others sociable, some friendly and
others disagreeable, and some driven to attain
high status in their community while others
lack the same drive. Of the vast array of
human personality traits, the majority can be
subsumed within five broad domains: extra-
version-introversion, antagonism-agreeable-
ness, conscientiousness, neuroticism, and
openness to experience. Collectively, these
five dimensions predict most of the outcomes
that truly matter in life—health and mortality,
academic success, job performance, the
capacity to have a successful and lasting
romantic relationship, and a wide range of
personal and societal problems, including
drug abuse and criminality (3, 4). Moreover,
personality traits predict such outcomes with

as much precision as many biomedical meas-
ures predict diseases, including the predic-
tion of heart disease by electrocardiogram
stress tests, pregnancy outcomes by ultra-
sound exams, and breast cancer by screening
mammograms (5).

What accounts for individual variability
on the five primary dimensions of personal-
ity? Tensions exist in the scientific literature
between explaining this variability in terms of
basic physiological and genetic processes,
and in terms of situational, social, and cultural
contingencies that vary both within and
across sociocultural groups. An eminent psy-
chologist, John Watson, once famously
claimed, “Give me a dozen healthy infants . . .
and my own specified world to bring them up
and I’ll guarantee to take any one at random
and train him to become any type of specialist
I might select—doctor, lawyer, merchant-
chief, and yes, even beggar-man and thief,
regardless of his talents, penchants, tenden-
cies, abilities, vocations, and race of his
ancestors” (6). We now know that Watson was
wrong. Genetic factors provide constraints on
the way a child develops, and they account for
about half of the variability in personality (in
typical populations and environments).
Identical twins separated at birth tend to have
remarkably similar personalities, despite
vastly different upbringings (7). In short, peo-
ple are not blank slates upon which culture-
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specific experiences inscribe our personali-
ties; rather, we all come into the world with a
preprogrammed set of innate mechanisms and
personal proclivities (8). Using a diverse array
of methods, including survey research, com-
puter simulations, brain imaging, and popula-
tion and molecular genetics, researchers have
shown that personality traits are highly herita-
ble, replicable across a wide range of cultures
and even species, largely stable across the life
span, and linked (albeit weakly) to specific
genes, hormones, neurotransmitters, and
brain activation patterns (1–4, 7, 9).

The fact that individual differences in per-
sonality have a strong genetic foundation does
not imply that cultural or national differences
in aggregate personality levels have any
genetic basis. These group differences may
be, and most likely are, the result of environ-
mental forces. And the results of Terracciano
et al. effectively pull the plug on all claims that
perceived differences in national character
reflect genetic differences between ethnic or
cultural groups. That mistaken belief has
served as the basis for discrimination, inter-
group conflict, and, in some tragic cases,
genocide. In contrast to personality traits—
which reflect actual differences in the way
people think, feel, and behave—stereotypes
about national character seem to be social
constructions designed to serve specific soci-
etal purposes. This juxtaposition reveals a par-
adox at the heart of Terracciano et al.’s find-
ings: People are capable of providing reliable
and valid assessments of a particular individ-

ual’s personality (including their own), but
they are unable to judge accurately the aggre-
gate, or national, character of the people
around them—at least not in the 49 countries
studied by Terracciano et al.

Why are stereotypes about national charac-
ter inaccurate? One possibility is that national
stereotypes are historically accurate but no
longer apply because of cultural changes or
systematic migration patterns. A second possi-
bility is that national stereotypes grow out of
historical conflicts between groups in which
one was dominant and the other subordinate. A
third possibility is that national stereotypes are
accurate at a more specific level of analysis
(e.g., amount of gesturing or the distance peo-
ple typically establish in social interactions)
but not at the level of broad personality dimen-
sions such as extraversion. A fourth possibility
is that stereotypes about the character of other
nations are accurate, but the stereotypes people
hold about their own nation—the stereotypes
studied by Terracciano et al.—are not. Finally,
a large body of research indicates that a host of
cognitive processes maintain inaccurate
stereotypes (10). We are less likely to notice,
encode deeply, and remember information that
violates our stereotypes. For the most part,

when we encounter people who contradict a
stereotype, we perceive them as unique indi-
viduals rather than representatives of their
national or cultural group. Further research is
needed to explore these possibilities. A deeper
understanding of the links among personality,
culture, and national stereotypes is particularly
critical at this time, as countries around the
world adapt to globalization, experience a
“clash of civilizations,” and cope with other
social changes related to intercultural under-
standing (and misunderstanding).
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Expressions of human emotion are universal.
Individuals from Burkina Faso receiving rice in
compensation for participating in a study of emo-
tion recognition. Cross-cultural research suggests
that expressions of sadness, anger, happiness,
pride, and other emotions are universally recog-
nized, despite cultural differences in the condi-
tions under which they are elicited and displayed.

A
t the turn of the millennium, pop sur-
veys placed the wheel as the most
important invention (1). Upon the

foundation of this basic mechanical unit,
many types of macromachines have been
developed. By analogy, some researchers
hope that directable nanoscale wheels will
spawn nanoscale machines. Within such a
mechanism the counterpart to a wheel is a
molecular rotor, capable of specif ic
directed rotation. On the molecular level,
random rotors abound, but coupling spe-
cific chemical reactions to control direc-
tional rotation is rare. On page 80 of this
issue, Fletcher et al. report such a system
and muse upon its implications for the
development of molecular motors (2).

The directed rotor synthesized by
Fletcher et al. rotates among four “sta-
tions”—two open-ring forms and two
closed-ring forms (see the figure). It relies on
a well-known stereoselective ring-opening

reaction to bias the conformational prefer-
ence toward one open atropisomer (that is, a
nonrotating form) of a chiral biaryl system
(3). A series of well-established protection/
deprotection steps ensures the selective
reconnection of the ring in an orientation
internally rotated by 180°. Another stereose-
lective ring opening and protection/deprotec-
tion sequence brings one back to the start in a
directed sense. The hallmark of this work is
not the novelty of its individual pieces but the
molecular mechanical engineering of the
whole (4, 5). This work begins to confront
issues that arise from the idea that molecular
engineers will soon rebuild the mechanical
world in nanoscale effigy (6).

How does this belief in the molecular
engineering analogy of the wheel arise?
Why are some scientists so quick to believe
in such direct parallels between macro- and
nanomachinery? What paradigm could
engender such a devout following? Perhaps
it is the classical handheld molecular model
and its crystallographic and computer-
based legacy (7).

The success of van ’t Hoff’s tetrahedral
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model of carbon, Watson and
Crick’s framework for DNA,
and the colorful Corey-
Pauling-Koltun space-filling
chemical sphere models has
lulled chemists into believing
that these metaphors of mole-
cules are accurate predictors
for the nanoscience of the
future. Without question,
molecular models are useful
tools for the chemist, but
every model has limits and
bounds to be respected. Sym-
metry even in the absence of
specif ic shape accounts for
many observations rational-
ized by models, and a quan-
tum mechanical definition of
molecular shape is at best
ambiguous. What are the
metaphorical infidelities of
the classical molecular model,
and what is their impact on
Fletcher et al.’s molecular
rotor and the dream of nanomachines?

Molecular cognates for the structural
components of machines develop liberally
from physical or computer-generated molec-
ular models and become very seductive tar-
gets for chemical synthesis. Molecular-scale
gears, turnstiles (rotors), springs, propellers,
etc., have been proposed in molecular-model
effigy, fabricated through creative synthetic
strategies, and substantiated statically by
x-ray crystallography (7). All stages of this
structural mimicry are beholden to the phys-
ical molecular model, whether skeletal, ball-
and-stick, or space-filling. But parallels of
form need not be parallels of function, and
the dynamic aspects are the true test of a
molecular machine (8).

Pioneering work on the stereochemistry
of molecular-scale gears realized the idea of
phase-restricted molecular motion by
demonstrating distinguishable dynamic
gearing structures (9). Unlike their macro
counterparts, molecular-scale gears have a
rich dynamic motion owing to their 3n – 6
internal normal modes (where n is the num-
ber of atoms). The amplitude of these
motions is often comparable to that of envi-
sioned “mechanical modes” that lead to
gear slippage. These studies made clear the
importance of tight gear meshing and good
shape (tooth/notch) recognition if gear slip-
ping due to the thermal background motion
was to be avoided, as well as the fact that a
comparable amount of energy is being dis-
tributed into mechanically nonproductive
molecular motion; the systems exist in a
background of high thermal noise (10).

Despite the time-averaged correlated
motion of these gears, their motion is essen-
tially Brownian and without capacity to do

work (11, 12). An asymmetry or directional
character to the motion is needed, which can
be achieved by a Brownian ratchet or
Brownian motor (13). Brownian motors
operate through the cyclic application of a
periodic asymmetric potential to bias an oth-
erwise symmetrically diffusing system of
particles. Application of a periodic asymmet-
ric potential focuses the particles to local
minimum N of the potential. Removal of the
potential allows natural diffusion to ensue
via Brownian motion in a symmetrical way
with respect to the focus point. Reapplication
of the periodic asymmetric potential traps the
particle in wells N – 1, N, or N + 1 unequally.
Over multiple cycles, the position of the par-
ticle is moved in a bias direction. In effect,
motors operating by these mechanisms do
work by using enthalpy to corral entropy,
something clearly different from their
macroscale counterparts.

In contrast, macroscopic machines use
heat flow and momentum as common
design elements, which in principle could
desymmetrize the environment. On the
molecular level, however, thermal gradients
are rapidly dissipated through the internal
normal modes and collisions with solvent
molecules. As such, momentum-based
mechanisms for machines capable of doing
work are unlikely to be feasible on the
molecular scale. The molecular machine
must harness thermal fluctuations to pro-
duce directed motion (14).

Chemical gradients have been used to
create asymmetry in the environment, as in
the case of proton pumps to couple chemi-
cal energy with molecular motion.
Fletcher et al. define the use of a chemical
ligation as a “power stroke” that provides

the bias necessary to surmount
the barrier in a directional way.
Thus, the rotor’s asymmetry
stems from the coupling of the
molecule’s potential energy sur-
face, the sequence of the reac-
tions, and the chemical energy
of reaction (15).  A related
scheme to create directional
cyclic ring motion by selective
protection/deprotection in a
polycatenane system has also
been developed (16).

Unidirectional rotation is but
one of various oscillatory motions
that are nonsymmetrical in time
(e.g., flexible paddle, flapping
wing, or reptating flagella) (13).
Controlled motions of this type
should also lead to directional
molecular motion and the chance
to do mechanical work with chem-
ical energy on the molecular scale.

Numerous possibilities exist
for designing molecular-scale

machines. The appeal of direct molecular
analogs to macroscopic machines makes
paying attention to the distinctions
between macro- and nanoscopic mecha-
nisms all the more crucial. Taming ran-
domness requires more than turning a
molecular crank, and in the development
of molecular machines it is important to
keep in mind that the “room at the bottom”
is not simply a miniaturization of what we
see on top (17).
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Chemical rotor. The nanomachine created by Fletcher et al. (2) relies on a
four-step cycle that pivots the rotor (yellow and blue) attached by a single car-
bon-carbon bond to the stator (red). In step 1, the rotor and stator begin con-
nected by a second bond that holds the conformation in place. This second
bond breaks to allow the initial stage of rotation to take place. Step 2 involves
the creation of a new bond that directs the rotor to the next station. Step 3 is
another bond breaking and step 4 another bond making, each driving the rotor
to the successive stations. Random motion is prevented by structural and steric
constraints. [Adapted from (2)]
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T
his special section on cell signaling features Viewpoints from contributing
authorities who have provided annotated signaling pathways for Science’s
Signal Transduction Knowledge Environment (STKE) Connections
Maps database. These overviews provide a snapshot of the current
understanding of signaling pathways that influence a broad range of
biological processes, from the birth of proliferating stem cells through

cellular destruction by apoptosis. Detailed information on the components that make
up these pathways, and on their relations with one another, can be viewed in the STKE
Connections Map database, a resource available free of charge (with registration) to the
entire scientific community through the Web interface at Science’s STKE.

Many scientists are optimistic that the manipulation of stem cells will allow
marked advances in the treatment of currently intractable diseases. Realizing the
promise of these versatile cells will require understanding of their native control
mechanisms. Members of the transforming growth factor–β (TGF-β) family have
emerged as critical regulators of multiple stages in the life of various stem cells

(Mishra et al., p. 68). TGF-β family members initiate signals that can
regulate the proliferation of stem cells in an undifferentiated

state, specification of or commitment to a particular devel-
opmental lineage, and, in some cases, later differentiation

into mature cells. Analogous effects of TGF-β family
members on proliferation and differentiation are
thought to account for their effects on cancer cells.

Many processes in differentiated cells are regulated by ligands
that bind to receptors coupled to signal-transducing G proteins

(heterotrimeric guanine nucleotide–binding proteins). The vast family
of these receptors in mammals is under intense study, in part because
many currently prescribed therapeutic agents act by modifying signals

from such receptors. Assmann (p. 71) surveys the situation in plants,
where so far just one G protein a subunit has been identified (there
are more than 20 in humans). She asks whether analysis of the
simpler plant systems might provide new insights to investigators
of both the plant and animal systems.

Arguably the most serious signal a cell will ever face is one that sends
it down the path of organized self-destruction known as apoptosis.
Spierings et al. (p. 66) have created a group of large pathways at
the STKE Connections Maps that annotate some of the more than 150
components that are implicated in the signals that result in the disruption

of mitochondrial function and the activation of caspases (proteases that chew up cellular
substrates and lead to cell death). The summary poses the philosophical question of
where this regulatory pathway starts and ends—a matter complicated by the fact that
many if not all cell functions may contribute to signals that ultimately influence the
cell’s choice to live or die.

L. BRYAN RAY, NANCY R. GOUGH, ELIZABETH M.ADLER
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Connected to Death: The (Unexpurgated)
Mitochondrial Pathway of Apoptosis

Diana Spierings, Gavin McStay, Maya Saleh,* Cheryl Bender, Jerry Chipuk, Uli Maurer, Douglas R. Green.-

The mitochondrial pathway of apoptosis in vertebrates is dependent on the process
of mitochondrial outer membrane permeabilization (MOMP), which leads to the
release of proteins from the mitochondrial intermembrane space into the cytosol.
‘‘Upstairs’’ of this event are the Bcl-2 family proteins that regulate and mediate
MOMP; ‘‘downstairs’’ is the activation of caspases that orchestrate the dismantling
of the cell. In the Connections Map database at Science’s Signal Transduction Knowl-
edge Environment (STKE), the pathways that define the mitochondrial pathway of
apotosis are illustrated, with the bulk of control occurring ‘‘upstairs’’ of MOMP.

Cell death is a fundamental fact of life, and

in multicellular organisms it can be critically

important for the organization of cells and

tissues in the body. In animals, the preemi-

nent mechanism of most (but not all) phys-

iological cell deaths is by apoptosis, and in

the vertebrates, most (but not all) apoptosis

proceeds through the mitochondrial path-

way, illustrated in the Connections Map data-

base (1–4) at Science_s STKE. These pathways

present current information on the key ele-

ments of the mitochondrial pathway of apo-

ptosis as they are understood in vertebrate

systems, along with many of the molecules that

may regulate elements of the pathway. The

extent to which this pathway, as we define

it below, is represented in other animals is

controversial. The pathway is ‘‘unexpurgated[

in that most of the protein functions and

protein-protein interactions that have been

described as regulating this process are in-

cluded, regardless of whether they have been

confirmed, challenged, or viewed skeptically

(1–4). In this overview, only the best docu-

mented elements are discussed, although these

too are not without controversy.

The mitochondrial pathway of apoptosis in

vertebrate cells centers on and is defined by a

pivotal event in the cell death process: mito-

chondrial outer membrane permeabilization

(MOMP) (Fig. 1). Proteins sequestered in the

mitochondrial intermembrane space, between

the inner and outer mitochondrial mem-

branes (IMM and OMM, respectively), gain

access to other proteins in the cytosol, and

this results in apoptosis. The mitochondrial

pathway concerns the causes and conse-

quences of MOMP. In describing this path-

way in simplified form, we have an Bupstairs/

downstairs[ situation where, at first pass,

most of the aristocratic decisions are made

before MOMP (upstairs) and the workmanlike

consequences occur thereafter (downstairs).

As in entitled households, of course, this is

only an approximation.

Upstairs of MOMP are the members of the

Bcl-2 family, divided between those that are

antiapoptotic (prevent MOMP) and those that

are proapoptotic (promote MOMP). These

proteins share up to four Bcl-2 homology

domains (BH1 to BH4). The proapoptotic

Bmultidomain[ proteins (sharing BH1, 2, and

3), Bax and Bak, appear to be prerequisite for

MOMP and are likely to directly mediate it by

forming size-indeterminate openings in the

OMM (1, 5). They are present in most cells in

inactive form, and their activation to cause

MOMP is triggered by other proteins, including

a subset of the BBH3-only[ proteins (Bcl-2

family members sharing only the BH3 domain),

but perhaps other non–Bcl-2 proteins as well

(2). This poorly understood activation event is

inhibited by the antiapoptotic Bcl-2 proteins

that sequester the activating proteins and

probably also the active multidomain proteins

(3). This inhibition can be reversed by several

other BH3-only proteins (Bderepressors[ or

Bsensitizers[), as well as by protein modifica-

tions (such as phosphorylation or deamidation)

of the antiapoptotic proteins to control MOMP.

The BH3-only proteins, both Bactivators[ and

Bderepressors,[ are regulated in various ways—

only some of which are fully understood—and

their regulation is likely to represent many of

the major portals through which different sig-

naling events converge on the mitochondrial

pathway of apoptosis (3).

Once MOMP occurs, proteins of the in-

termembrane space are released to the cyto-

sol (4). One is holocytochrome c, which binds

to cytosolic, monomeric apoptotic protease

activating factor–1 (APAF-1). The interaction

with cytochrome c permits a 2¶-deoxyadenosine

5¶-triphosphate (dATP)–mediated conforma-

tional change in APAF-1, promoting APAF-1

oligomerization to form an Bapoptosome.[

The apoptosome then binds the proform of a

protease, caspase-9. The oligomerization of

caspase-9 on the apoptosome activates the

protease; initiator caspases such as caspase-9

can only be activated by dimerization (6). The

active caspase-9 cleaves two other caspases,

caspase-3 and caspase-7. These are ‘‘execu-

tioner[ caspases, and, unlike initiator caspases,

these can only be activated by cleavage at

specific sites, which are targeted by initiator

caspases. Once activated, the executioner

caspases orchestrate apoptosis through the

cleavage of key substrates within the cell,

resulting in demolition and packaging of the

dying cell for removal by phagocytic cells.

The process of apoptosis Bdownstairs[ of

MOMP is regulated at the apoptosome and each

of the caspases. The latter are controlled by

inhibitor of apoptosis proteins (IAPs) that bind

and ubiquitinate the caspases for proteasomal

degradation. The function of the IAPs, in turn, is

blocked by IAP inhibitors. These include Smac

(also known as DIABLO) and Omi (also known

as HtrA2), which compete with caspases for

IAP binding. Like cytochrome c, Smac and

Omi are sequestered in the mitochondrial

intermembrane space and are only available to

regulate the cytosolic IAPs upon MOMP.

Cell death can also proceed downstairs of

MOMP independently of caspase activation. This

may occur through the action of lethal factors

released upon MOMP Efor example, apoptosis-

inducing factor (AIF) and endonuclease G have

been suggested to have this function^ or through

irreparable loss of essential mitochondrial

functions. Such Bcaspase-independent[ death

remains poorly understood (7).

What, then, is connected to death? The

mitochondrial pathway of apoptosis can be

triggered by a bewildering array of conditions,

including virtually anything that contributes to

cellular stress or loss of housekeeping functions

(such as nutrient deprivation, unfolded proteins,

cytoskeletal disruption, DNA damage, ion

imbalance, and toxins), as well as developmental

signals (such as cytokines, steroids, and lipid

mediators) and immunologic effector processes

(such as cytotoxic effector cells and some

cytokines). One important model of tumor

suppression holds that all signals to enter the

cell cycle simultaneously engage the mitochon-

drial pathway of apoptosis as a checkpoint on

tissue expansion (8). With about 100,000

citations to Bapoptosis[ in the scientific litera-
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ture, one might be tempted

to answer the above ques-

tion, Beverything.[

Survival versus death

of a cell is a binary deci-

sion, and as most deaths of

vertebrate cells involve in

some way the mitochon-

drial pathway of apoptosis,

the Connections Map of

this pathway might even-

tually extend to most of

the proteins in the cell. At

first this may seem far-

fetched, but a simple mod-

el experiment shows the

feasibility of this idea.

The Bbutton experiment[

of Kauffman (9) illustrates

the principle. Start with 500

buttons and at random tie

two together with thread.

Now pick up a button at

random and count how

many are tied to it. Repeat.

At first the answer will be

one or two, but at some

point a Bphase transition[

occurs in which most ran-

domly selected buttons are

tied to large numbers of

other buttons. In our ex-

ample, this happens when

there are about half as

many threads as buttons.

By extension to molecules

in a cell, we do not need

many connections to Btie[

all signaling pathways to

one another. Many inputs

will therefore influence the

mitochondrial pathway of

apoptosis, and because the

outcome is control of cell

life and death, the effects

can be obvious and poten-

tially overinterpreted.

This, then, is our prob-

lem. Simply showing that a

molecule (or process, agent,

condition, etc.) influences

apoptosis does not prove

that it directly acts on any

of the key players in the pathway. And even if

a connection with a protein in the pathway is

shown, it need not be pivotal in the outcome

for the cell. The challenge for understanding

how the mitochondrial pathway of apoptosis

is engaged and controlled is to identify themost

important interactions dictating cell life or death

in a given setting, and to extend the pathway

toward those key events. A rigorous investi-

gation of the most relevant relationships is

needed. We have tried to provide a map of the

many roads to cellular ruin through the mito-

chondrial pathway; the ones most traveled in

apoptotic cell death remain to be determined.
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Fig. 1. The vertebrate mitochondrial pathway of apoptosis. At the core of this pathway is the process of mitochondrial outer
membrane permeabilization (MOMP). This is mediated predominantly by the proapoptotic Bcl-2 family members, Bax and Bak,
and inhibited by the antiapoptotic Bcl-2 family proteins. The BH3-only proteins of this family regulate MOMP either by
activating Bax and Bak (activators) or by antagonizing the antiapoptotic Bcl-2 proteins (derepressors). MOMP allows proteins of
the mitochondrial intermembrane space to gain access to the cytosol. Cytochrome c triggers the activation of APAF-1, leading
to formation of the apoptosome followed by recruitment and activation of caspase-9. Caspase-9, in turn, cleaves and activates
the executioner caspases 3 and 7 to orchestrate apoptosis by the cleavage of key substrates. IAP inhibits caspase activation, and
this inhibition can be reversed by IAP antagonists (for example, Smac and Omi) released from the mitochondria upon MOMP.
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V I E W P O I N T

Transforming Growth Factor–b Signaling
in Stem Cells and Cancer

Lopa Mishra,1,3* Rik Derynck,4 Bibhuti Mishra2

Transforming growth factor–b (TGF-b) and TGF-b–related proteins, such as the bone
morphogenetic proteins, have emerged as key regulators of stem cell renewal and
differentiation. These proteins have disparate roles in regulating the biology of em-
bryonic stem cells and tumor suppression, and they help define the selection of cell
fate and the progression of differentiation along a lineage. Here we illustrate their
roles in embryonic stem cells and in the differentiation of neural, hematopoietic,
mesenchymal, and gastrointestinal epithelial stem cells.

Stem cells are characterized by their undif-

ferentiated state, their ability to give rise to

fully differentiated cells, and their capacity

for self-renewal. Embryonic stem (ES) cells

are pluripotent cells derived from the inner

cell mass of a blastocyst. They contribute to

all three germ layers: ectoderm, mesoderm, and

endoderm. A defining feature of ES cells is

their ability to undergo prolonged symmetrical

cell division in culture to produce identical

pluripotent progeny. ES cells have evoked

great interest, given their expected capacity to

self-renew—thus resulting in an expansion

of the cell population—and to differentiate

into desired cell types—thus representing new

sources for cell replacement therapy. Stem

cells share some characteristics of cancer cells,

including their ability to proliferate by a sim-

ilar self-renewal process and the loss of con-

tact inhibition. Furthermore, tumor growth and

cancer progression are, at least in some cases,

thought to be driven by a cancer stem cell

population. Thus, studies of stem cells may

provide guidance for our understanding of

cancer development, and vice versa.

Multiple signaling networks orchestrate the

development and differentiation of ES and so-

matic stem cells into functional neuronal, hem-

atopoietic, mesenchymal, and epithelial lineages.

Among these, the signaling mechanisms acti-

vated by TGF-b–family proteins have emerged

as key players in the self-renewal and mainte-

nance of stem cells in their undifferentiated

state, the selection of a differentiation lineage,

and the progression of differentiation along an

individual lineage. Through gene knockout

experiments and observations with ES cells,

TGF-b–family proteins have emerged as bi-

functional regulators of the maturation of

cells in each of the lineages mentioned above

and as suppressors of carcinogenesis (1). Gra-

dients of signaling, activated by the TGF-b–

related bone morphogenetic proteins (BMPs),

often lead to the selection of a defined

differentiation pathway. TGF-b–family signal-

ing then further drives differentiation along

the lineage and maintains the differentiated

phenotype of epithelial, mesenchymal, and

other cell types, thereby interacting with other

growth factors that help promote expansion of

the cell population. When TGF-b signaling is

disrupted, the imbalance can result in an un-

differentiated phenotype, and cancer may

ensue (2).

The TGF-b family contains about 30 struc-

turally related growth and differentiation fac-

tors that include TGF-bs, activins, nodal and

BMPs (1–3). TGF-b–family signals are con-

veyed through two types (type I and type II)

of transmembrane receptor serine-threonine

kinases, which form a complex at the cell

surface (1, 3). Ligand binding to this com-

plex induces a conformational change that

induces phosphorylation and activation of type

I receptors by type II receptors. Activation of

Smad transcription factors ensues and results

in their nuclear translocation and activation or

repression of gene expression. The Smad acti-

vation and activity are modulated by various

receptor- or Smad-interacting proteins that in-

clude ubiquitin and SUMO (small ubiquitin-

related modifier) ligases, as well as multiple

proteins in the transcription complexes (4).

Depending on the differentiation stage of the

target cell, the local environment, and the

identity and dosage of the ligand, TGF-b pro-

teins promote or inhibit cell proliferation,

apoptosis, and differentiation. The diverse

and often seemingly contradictory TGF-b

functions can be understood by gene dosage;

cross-talk of TGF-b–family signaling through

Smads with other signaling pathways, such

as Wnt and Hedgehog signaling and recep-

tor tyrosine kinase signaling; and interac-

tions of Smads with a multitude of DNA

binding transcription factors, which them-

selves are targeted by signaling pathways

(1–5).

TGF-b–Family Signaling in ES Cells

Although human and mouse ES cells show

substantial differences in their requirements for

factors in the growth medium, TGF-b–family

proteins play a role in both the maintenance

of the cells in their undifferentiated state and

in the initiation of differentiation. Nodal and

activin, two TGF-b–related proteins that share

the same receptors and Smads, are thought to

have a role in human ES cell maintenance;

accordingly, their receptors are expressed and

their Smads are activated in undifferentiated

ES cells (6). The activated Smad pathway

downstream from these ligands is thus likely

to cooperate with Wnt signaling in keeping

the ES cells undifferentiated and pluripotent.

BMP signals, in cooperation with leukemia-

inhibiting factor (LIF), a member of the

interleukin-6 (IL-6) cytokine family, are

required to maintain mouse ES cells in an

undifferentiated state. Apparently, the BMPs

act through activation of BMP Smads, which

in turn activate Id protein expression (6)

transcription.

TGF-b–family signals mediate key de-

cisions that specify germ layer differentia-

tion. Thus, activin induces ventral or dorsal

mesoderm and endoderm in Xenopus explants,

depending on the dosage. In mammals, this

signaling pathway is presumably activated by

nodal or related factors. Conversely, inhibition

of activin or TGF-b, as well as BMP signaling,

gives rise to neuroectoderm formation in

Xenopus, whereas the absence of these factors

also allows neuroectoderm formation from

mouse ES cells in culture. Activin or TGF-b

also induces mesoderm differentiation, whereas

BMP signals confer ectodermal and mesoder-

mal differentiation, of human ES cells (7).

Activin signaling also leads ES cells to dif-

ferentiate into endoderm. Thus, the presence or

absence of TGF-b–family signals is a deter-

minant of both maintenance and initial speci-

fication of ES cells and of the primary cell fate

decision in early embryogenesis that will give

rise to multiple cell lineages and cell fates.

Roles of TGF-b Family Members in
Neural Stem Cells

Neural differentiation from uncommitted ES

cells is thought to occur in the absence of
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exogenous TGF-b–family factors, yet it is also

regulated by other inhibitory factors and cell

adhesion proteins (8). Furthermore, BMPs

inhibit neural differentiation and promote epi-

dermal differentiation in Xenopus embryo ex-

plants; however, a gradient of BMP signaling

does define the dorsoventral patterning of the

neural tube (6). BMPs inhibit proliferation of

ventricular zone progenitor cells at embryonic

day 13 but enhance astroglial and neural crest

cell differentiation at day 16; at higher doses,

inducing apoptosis (9). Intriguingly, BMP-2

suppresses Sonic Hedgehog (Shh)–induced

proliferation of medulloblastoma granule pre-

cursor cells, displaying a tumor-suppressive

role. Additionally, the loss of Cripto, a func-

tional Nodal receptor complex, also enhances

neurogenesis (10), whereas the addition of

Nodal suppresses neural differentiation.

Later in development, TGF-b promotes dif-

ferentiation and lineage expansion of estab-

lished progenitors; for example, by inducing

autonomic gangliogenesis or olfactory neu-

ron proliferation (11). There is a decrease of

cerebellar Purkinje cells in Smad4j/j mice

and a proliferation of precursor cells in the

developing cortex of mice lacking the Smad

adaptor protein ELF (12, 13). Once a pre-

cursor lineage is established, TGF-b signal-

ing appears to accelerate the differentiation

and lineage commitment of precursor cells.

Once cells are fully differentiated, TGF-b in-

hibits the growth of normal glial cells, setting

the stage for malignant transformation into

gliomas, if the growth-inhibitory and tumor-

suppressor role of TGF-b is inactivated. At

later stages of tumorigenesis, in gliomas, when

the growth-inhibitory function of TGF-b is

lost, TGF-b stimulates tumor progression

and invasiveness, concomitantly with the

angiogenic and immunomodulating activities

of increased TGF-b expression by these cells

(12, 14) (Fig. 1).

Roles of TGF-b Signaling in
Hematopoietic Stem Cells

TGF-b–family proteins and their downstream

signaling effectors, the Smads, also have key

roles in hematopoietic differentiation (15, 16).

TGF-b itself inhibits the proliferation of early

multipotent hematopoietic stem cells but not

that of later progenitors. The effects of TGF-b

on more mature progenitor cells are complex

and depend on the presence of other growth

factors (17). In contrast to TGF-b, BMPs, in

combination with cytokines, promote hemato-

poietic specification, differentiation, and pro-

liferation of human ES cells (18). Although

TGF-b acts as a negative regulator of hema-

topoietic progenitor and stem cells in vitro,

impaired TGF-b signaling in vivo does not

affect hematopoietic lineage selection (17). In-

deed, the absence of a functional type I TGF-b

receptor allows for normal development of

hematopoietic progenitors and functional hema-

topoiesis in mouse embryos (19). The absence

of Smad5, an effector of BMP and TGF-b

signaling, enhances the efficiency of hemato-

poietic progenitor cell generation in embryoid

bodies derived from ES cells (20), supporting

the notion that TGF-b accelerates the differ-

entiation and proliferation of committed pre-

cursors (Fig. 2). Signaling by TGF-b–family

proteins through Smads may also regulate

cell fate commitment decisions of myeloid

versus lymphoid precursors. Enhanced mye-

loid differentiation at the expense of lymphoid

commitment is observed when Smad7, which

inhibits Smad activation, is overexpressed

(21). To add to the complexity, the activation

of feedback loops by TGF-b–family signaling

further defines the regulation of hematopoietic

stem cell differentiation. For example, BMPs

activate the expression of the homeobox tran-

scription factor Dlx1, which in turn blocks

activin-induced differentiation of a hemato-

poietic cell line by interacting with Smad4

through its homeodomain (22).

Thus, TGF-b–family signaling through

Smads exerts multiple effects that are depen-

dent on the nature of the activating ligand and

activated Smad pathway, as well as the nature

and differentiation state of the targeted cell.

Plenty of cross-talk of TGF-b-family signal-

ing with other signaling pathways also occurs.

Again, deregulation of TGF-b–family signaling

may lead to malignant transformation and can-

cer progression. For example, expression of

an AML1/EVI-1 chimeric gene that results

from fusion of a segment of the protoonco-

gene Evi-1 to the N-terminal half of AML1,

blocks the antiproliferative activity of TGF-b

(23). This is achieved by the association of

EVI-1 with Smad3, resulting in inactivation of

the transcription function of TGF-b–activated

Smad3.

TGF-b in Mesenchymal Stem Cells

Although mesenchymal stem cells are found

predominantly in bone marrow, they are also

interspersed in muscle, adipose, and connec-

Fig. 1. Regulation of neural and neuronal differentiation by TGF-b–family signaling. The neural crest
originates from the dorsal neural tube during the early stages of embryogenesis in vertebrates. Neural
crest cells migrate to give rise to diverse cell types, including neurons and glia of the peripheral
nervous system, smooth muscle cells, osteoblasts, and melanocytes. CNS, central nervous system;
PNS, peripheral nervous system.
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tive tissues, which are all of mesenchymal

origin. The differentiation of mesenchymal

stem cells into adipose, muscle, bone, or car-

tilage cells is defined by select TGF-b family

members, often in cooperation with other sig-

naling pathways. Although it is stimulatory for

embryonic myoblasts, TGF-b itself inhibits

the progression of differentiation and matura-

tion of myoblasts, osteoblasts, and adipocytes.

Combined with its stimulatory effect on mes-

enchymal cell proliferation, TGF-b signaling

thus allows for an expansion of the mesen-

chymal stem cell population and of the progen-

itors of these different mesenchymal lineages

(24). Because TGF-b expression and signal-

ing are activated in response to injury, this

response may be at the basis of efficient

wound repair in mesenchymal tissues. Myo-

statin, a TGF-b–related factor that acts through

the same type I receptor as TGF-b, is also

emerging as a key regulator of myogenesis

and possibly of fat differentiation. Inactivation

of the myostatin gene confers a phenotype

with excessive muscle mass (25). Conversely,

BMPs drive mesenchymal cells into the osteo-

blast lineage yet can also stimulate fat cell

differentiation under some culture conditions

while antagonizing adipose maturation under

others. BMP signaling may also allow mes-

enchymal cells to switch from an immature

phenotype in one lineage to differentiation

into another lineage. Indeed, BMPs activate

early steps of osteoblast differentiation in myo-

blasts and pre-adipocytes, whereas BMP sig-

naling in combination with retinoic acid

signaling allows pre-adipocytes to differ-

entiate into mature osteoblasts (26). The po-

tent effects of BMPs on the differentiation

of mesenchymal cells are at the basis of

BMPs’ ability to induce ectopic osteoblast

differentiation and bone deposition after ad-

ministration into muscle or connective tissue.

At such sites, BMPs mobilize mesenchymal

cells to differentiate into bone-depositing

osteoblasts.

TGF-b Signals in Gastrointestinal
Tissues and Cancers

TGF-b–family signaling is most prominent

at the interface between development and

cancer in gut epithelial cells. Several TGF-b

signaling components are bona fide tumor

suppressors, with the ability to constrain cell

growth and inhibit cancer development at

its early stages. Inactivation of at least one

of these components (such as the TGF-b

receptors, Smad2, or Smad4) occurs in al-

most all gastrointestinal tumors (2, 27). Al-

so, Smad4þ/j mice develop gastric tumors,

and intercrossing of the Smad4þ/j genotype

into mice with a mutation in the adenomatous

polyposis coli tumor suppressor APCD716 re-

sults in the development of larger and more

invasive colorectal tumors than those observed

in the presence of the two Smad4 alleles (28).

These findings are consistent with the role of

Smad4 in normal gut endoderm development.

Support from genetic studies in the mouse has

been crucial for identifying biologically sig-

nificant proteins regulated by TGF-b in cancer

suppression. Thus, genetic data demonstrate

that only ELF, of the many adaptor proteins, is

a TGF-b stem cell/differentiating factor, with-

out which cancer ensues. Defects in gastro-

intestinal epithelial cell shape and polarity are

also seen in Smad2þ/j/Smad3þ/j double

heterozygous and elfj/j homozygous mice,

further arguing for a role of TGF-b signaling

in normal gastrointestinal epithelial develop-

ment (29).

BMP signaling may also play an active

role in the stem cell compartments of the

colon, presumably by suppressing the effects

of Wnt signaling and consequently limiting

stem cell renewal. Mutations in the BMP re-

ceptor BMPR1A and in Smad4 contribute to

juvenile intestinal polyposis and Cowden dis-

ease, respectively. Furthermore, inactivation of

the gene for one of the type I BMP receptors in

mice allows for an expansion of the stem and

progenitor cell populations, eventually leading

to intestinal polyposis resembling the human

juvenile polyposis syndrome (2, 3).

Finally, TGF-b signaling also appears to

be important for the transition of stem cells to

a progenitor and fully differentiated phenotype

in the liver and biliary system. Accordingly,

Smad2þ/j/Smad3þ/j double heterozygous and

elfj/j homozygous mice all show defective

liver development, with elfþ/j mice de-

veloping hepatocellular carcinoma (27, 30).

Moreover, the TGF-b– and BMP-regulated

protein PRAJA is expressed in hepatoblasts

and modulates ELF and Smad3 (3, 31).The

absence of this drive to normal epithelial dif-

ferentiation may thus favor the formation of

human hepatocellular carcinoma (Fig. 2).

As illustrated in this overview, TGF-b–

family proteins and their signaling pathways

play key roles in the self-renewal and main-

tenance of stem cells in their undifferentiated

state, whereas changes in TGF-b–family signals

drive the selection of defined differentiation

pathways and their progression of differenti-

ation. When deregulated, changes in TGF-b–

family signaling may contribute to impaired

differentiation and allow for the develop-

ment of cancers, thus linking the differen-

tiation of stem cells with the suppression of

carcinogenesis.
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V I E W P O I N T

G Proteins Go Green:
A Plant G Protein Signaling FAQ Sheet

Sarah M. Assmann

Plants, like animals, use signal transduction pathways based on heterotrimeric guanine
nucleotide–binding proteins (G proteins) to regulate many aspects of development and
cell signaling. Some components of G protein signaling are highly conserved between
plants and animals and some are not. This Viewpoint compares key aspects of G
protein signal transduction in plants and animals and describes the current knowledge
of this system in plants, the questions that still await exploration, and the value of
research on plant G proteins to scientists who do not study plants. Pathways in
Science’s Signal Transduction Knowledge Environment Connections Maps database pro-
vide details about the emerging roles of G proteins in several cellular processes of plants.

The turn of the 21st century, accompanied by

completion of the sequencing of the genome of

the model plant species, Arabidopsis thaliana,

and the identification of G protein mutants in

Arabidopsis and rice (Oryza sativa), has marked

the start of a minirevolution in our understand-

ing of G protein signaling in plants. This

Viewpoint highlights the components, mecha-

nisms, and functions of G protein signaling in

plants as compared with metazoans (1–4).

Heterotrimeric G proteins are secondary

messengers composed of three dissimilar sub-

units: Ga, Gb, and Gg. Ga and the nondis-

sociable Gbg dimer link signals emanating from

altered activation states of G protein–coupled

receptors (GPCRs) that contain seven transmem-

brane (7TM) domains to multitudinous intra-

cellular effectors (Fig. 1). In humans, there are

20-some Ga subunits, five Gb subunits, and

about a dozen Gg subunits. G proteins mediate

vision, olfaction, and some aspects of gusta-

tion, and they are intimately involved in numer-

ous neuroendocrine signaling pathways (5, 6).

Thus, it is not surprising that G protein–

centered signaling cascades are targets of an

estimated one-third to one-half of the phar-

maceuticals currently marketed (7, 8).

1) Do plants have heterotrimeric G
proteins and are they essential? The ge-

nomes of diploid plant species encode single

canonical G protein a subunit and G protein

b subunit proteins: GPA1 and AGB1 in Arabi-

dopsis and RGA1 and RGB1 in rice (1, 2).

Two Arabidopsis proteins, AGG1 and AGG2,

are likely Gg subunits on the basis of their

ability to interact with plant Gb subunits,

stretches of sequence similarity with known

Gg proteins including a predicted C-terminal

prenylation site, and structural modeling (9–11).

The corresponding rice homologs are RGG1

and RGG2 (12).

Knockout mutants of GPA1, AGB1, and

the likely plant GPCR, GCR1, as well as their

double- and triple-mutant combinations, are

viable and healthy, although not phenotypi-

cally identical to wild-type plants, under stan-

dard laboratory conditions (Fig. 1, inset) (4).

However, the extent to which such mutations

would confer reduced fitness in the natural en-

vironment awaits assessment (13).

2) Do plants have any noncanonical G
protein subunits? This viability of the G

protein knockouts leads one to ask whether

there are noncanonical G protein subunits in

plants. Indeed, identified in plant genomes are

the Bextra large G protein[ genes (XLGs) (2).

The three XLG proteins of Arabidopsis and the

four rice XLGs are twice as large as the

typical metazoan Ga protein and are typified by

the presence of a carboxy half, with È50%

similarity to the plant Ga subunit GPA1, and a

unique amino half, with a cysteine-rich region

and a nuclear localization site. Arabidopsis

XLG1 has been verified biochemically as a

guanosine 5¶-triphosphate (GTP)–binding pro-

tein. The plant XLG proteins have no se-

quence similarity outside of the Ga domain

with mammalian XLa proteins, which are Ga
s

splice variants (14) and, thus, are unlikely to be

evolutionarily or functionally related.

A group of plant proteins, the RACK1s or

Arcs, with three family members in Arabi-

dopsis, has a predicted three-dimensional struc-

ture similar to that of Gbs (15). However, to

date, there is no evidence that the XLGs or the

RACKs interact with the canonical G protein

subunits (that is XLGs with Gbg and RACKs

with Ga or Gg), so their role as nonconven-

tional subunits remains hypothetical.

3) Do plant genomes encode G protein
regulatory proteins commonly found in
metazoans? In known plant genomes, there

are no obvious homologs of genes encoding

arrestins or GRKs (G protein–coupled receptor

kinase) (3). Plant genomes are rich in kinase-

encoding genes (16), and another class of

kinases may act as GRKs in plants. The Arabi-

dopsis genome contains one RGS (regulator of

G protein signaling) gene, RGS1, which en-

codes a protein with a predicted 7TM domain

structure, followed by a domain containing an

RGS box. On the basis of its unique structure,

it is intriguing to speculate that RGS1 may

have dual function as a receptor and a guano-

sine triphosphatase (GTPase)–activating (GAP)

protein (17).

4) Do plants have GPCRs, and do they
share ligands with mammalian GPCRs?
GCR1 and RGS1 are good candidates for plant

GPCRs because they physically interact with

GPA1 in planta, and because their genetic

elimination affects plant processes, such as

hormone sensitivity and cell division, known

to be regulated by GPA1 (17, 18). The Arabi-

dopsis protein GCR1 has limited similarity

within its predicted 7TM region to the slime

mold cyclic AMP receptor, CAR1 (18, 19).

Because the 800 to 1000 metazoan GPCRs

(20) are typified not by sequence conservation

but rather by their 7TM structure, the absence

in plant genomes of additional genes with
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sequence similarity to metazoan GPCRs does

not necessarily lead to the conclusion that

plants are deficient in these receptors. Indeed,

plants have many predicted 7TM proteins (21).

For one plant 7TM family, the MLO proteins,

the 7TM structure of a family member from

barley has been experimentally confirmed (22);

whether any of the MLOs couple with Ga

awaits evaluation (23). Another question is

whether dimerization, which is recognized for

maturation and signaling of some metazoan

GPCRs (24), is also important for the activity

of plant 7TM proteins.

No ligands of GCR1 or RGS1

have yet been identified by ligand-

binding experiments. However, gpa1

knockout mutants have reduced sen-

sitivity to sphingosine-1-phosphate

(S1P), the ligand of the five mam-

malian S1P Epreviously referred to as

the protein product of the endothelial

differentiation gene (EDG)^ GPCRs

(25), as well as to the related

metabolite, phytosphingosine-1-

phosphate (26, 27); rice mutants in

the Ga subunit gene, RGA1, also

show decreased responsiveness to

sphingolipid compounds (28, 29). In

addition, rgs1mutants exhibit altered

sensitivity to glucose (17), and sug-

ars are ligands for both yeast and

mammalian GPCRs (30). Thus, there

is evidence to suggest that some

molecules act as GPCR ligands in

both animals and plants.

5 ) Do p l a n t s e xh i b i t
signaling by GPCRs through G
protein–independent path-
ways? In Arabidopsis, knockout

mutation of GCR1 results in re-

duced sensitivity of seed germina-

tion to the germination-promotive

hormones gibberellin (GA) and

brassinolide. However, the double

mutants gcr1 gpa1 and gcr1 agb1

have even less sensitivity to these

hormones than the single gcr1

mutants. Epistasis analysis predicts

that, if GCR1 signals only through

the G protein, then these single and

double mutants should exhibit iden-

tical phenotypes, but they do not.

Thus, GCR1 may have a signaling role in-

dependent of the G protein (19), as has also

been observed for some metazoan GPCR-

mediated responses and has been termed

Bsignaling at zero G[ (31).

6) Do plant G proteins exhibit a G
protein cycle of guanine nucleotide ex-
change and GTP hydrolysis? In the classical

paradigm, agonist activation of G protein

signaling is initiated when GTP binds with

Ga and signaling is terminated by the intrinsic

GTPase activity of Ga. Recombinant plant Ga

subunits also exhibit GTPase activity, although

rates are lower than for typical mammalian Ga

subunits (2, 32, 33). Moreover, GTPase activity

of recombinant GPA1 is accelerated when

assayed in the presence of the C4 domain of

Arabidopsis RGS1, which includes the RGS

box (17). Localization of the rice heterotrimer

in the plasma membrane has been verified, and

the a, b, and g subunits cofractionate in gel

filtration experiments (12). This cofractiona-

tion is disrupted when membranes are treated

with the G protein activator, guanosine 5¶-O-

(3¶-thiotriphosphate) (GTP-g-S), or when a

constitutively active version of the Ga protein

is expressed (12). In addition, gpa1 and agb1

knockout plants share a subset of phenotypes

(4). Thus, the classical mode of G protein

signaling is likely to operate in plants, although

the possibility also exists for unique modes of

action, as suggested by the novel bipartite

structure of the Arabidopsis RGS1 protein.

We are learning that Binactive,[ guanosine

diphosphate (GDP)–bound Ga subunits also

can play an active role, e.g., in the regulation

of mammalian cell division through interac-

tion of GDP-bound Ga with proteins that bind

the GDP-bound but not the GTP-bound form

of the subunit (34). There is no experimental

evidence addressing this possibility in plants,

but it is tantalizing that Ga and Gb knockout

mutants both exhibit alterations in cell divi-

sion (11, 35).

7) Do plants and animals share similar
G protein effector proteins? Several plant

effector proteins have been uncovered, and

more are likely to be identified, especially

because, to date, only two direct interaction

partners have been identified for GPA1 and

none for RGA1 or the Gbg dimers. In in vitro

pull-down and yeast two-hybrid assays, Ara-

bidopsis Pirin1, which is a postu-

lated transcriptional cofactor, and

phospholipase D a1 directly bind

to GPA1 (36, 37). Increased phos-

pholipase C (PLC) activity in tobac-

co cell lines overexpressing GCR1

or GPA1 also implicates this class

of lipases as plant G protein targets

(38). In addition, the TUBBY

protein (39), which in mammalian

cells exhibits PLC-b and Ga
q/11

-

dependent translocation from the

plasma membrane to the nucleus,

has plant homologs (40). Through

phenotypic analysis of gpa1 knock-

out plants, inwardly rectifying Kþ

channels and anion channels have

been identified as targets of G

protein signaling in Arabidopsis

(26, 41), and application of re-

combinant tomato Ga protein to

excised plasma membrane patches

increases the open probability of

Ca2þ-permeable channels (32).

Thus, there is some commonality

between plant and animal G protein

effectors.

8) Do G proteins regulate
similar cellular and develop-
mental processes in plants
and animals? Cell division, ion

channel regulation, and disease

response are processes regulated

by G proteins in both plants and

animals. Arabidopsis gpa1 mutants

exhibit decreased cell division

in the hypocotyl (the seedling

stem) and in leaves, and exhibit

a rounded leaf shape (35). agb1

mutants exhibit proliferation of lateral roots,

a phenomenon linked to differential sensitiv-

ity to the phytohormone auxin (11).

An example of ion channel regulation by G

proteins in plants can be seen in guard cells, in

which the responses to another plant hormone,

abscisic acid (ABA), are altered in gpa1 mu-

tants. Guard cells are specialized pairs of cells

in the plant epidermis in which osmotically

driven cell swelling or shrinkage regulates the

width of the stomatal pore found between each

guard cell pair, thereby controlling both carbon

dioxide uptake and water vapor loss through

Fig. 1. The G protein cycle. Components and processes found in both
plants and animals are indicated in green, with darker green indicating more
definitive evidence (in plants) than lighter green. Those components and
processes to date reported only for plants are in purple and those reported
only for animals are indicated in red. GEF (guanine nucleotide exchange
factor) and GDI (guanine nucleotide dissociation inhibitor) are two Ga
binding proteins so far only identified in animals. In addition to desen-
sitization and internalization, arrestins also act as adapter proteins in the
regulation of intracellular signaling. (inset) The round-leaf phenotype ex-
hibited by Ga (gpa1) knockout plants of Arabidopsis (right), in this case, a
plant with the mutant allele gpa1-4, in comparison with a wild-type plant
of the Columbia-0 ecotype (Col-0) (left).
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the pore. ABA inhibits inwardly rectifying

Kþ channels and activates anion channels in

wild-type guard cells, but channels of gpa1

guard cells show decreased ABA responsive-

ness (26, 41).

G proteins have been implicated in many

aspects of human disease (6–8). In plants, rice

Ga mutants exhibit reduced disease resistance

responses to the highly destructive rice blast

fungus and to fungal sphingolipid elicitors

(28, 29), as described in the Connections

Map (42).

9) What is the evidence for species-
specificity in plant G protein function?
Arabidopsis gpa1 knockout plants are within

the normal size range, and the most obvious

phenotype of the mature vegetative plant is that

the rosette leaves are rounded, rather than

lanceolate (Fig. 1, inset). By contrast, rice plants

harboring a nonfunctional RGA1 gene are

dwarfs (3, 4). The dwarfing in rice has been

traced, at least in part, to reduced sensitivity of

the Ga mutant stems to the plant hormone

GA, which promotes cell elongation (43).

With regard to seed germination, pharmaco-

logical and biochemical studies have shown

that the Ga subunit of barley is involved in

transducing the effects of ABA, whereas

Arabidopsis gpa1 mutant seeds exhibit hyper-

sensitivity to this hormone, rather than the in-

sensitivity predicted by the results from barley

(36, 44, 45).

However, not enough is known yet about

the complete signaling pathways to conclude

that these phenotypic differences necessarily

result from fundamentally different G protein

signaling mechanisms in the different species.

It is also important to note that the Ga mutants

of rice and Arabidopsis also show some pheno-

typic similarities, such as reduced sensitivity of

seed metabolism to GA (19, 43, 44). The Con-

nections Maps for rice and Arabidopsis G

protein signaling in seed germination should

prove useful tools for exploring these compar-

isons (46, 47).

10) Do plants have some pathways
that signal through Ga and other path-
ways that signal through Gbg? Some

phenotypes, such as rounded rosette leaves,

are exhibited similarly by both gpa1 and agb1

knockout mutants (35, 48). Plausibly, these

phenotypes are mediated by Ga, and loss of

Gb confers the same phenotype because, in the

absence of Gb, Ga cannot couple appropriate-

ly with its GPCRs, effectors, or both.

For pathways signaling through Gbg, one

might predict that knockout of Ga, which may

increase the availability of free Gbg to interact

with its effectors, would lead to the opposite

phenotype than knockout of Gb, which would

eliminate Gbg-effector coupling. Lateral root

production appears to be one process that is

regulated in this manner: Compared with wild

type, agb1 mutants exhibit increased numbers

of lateral roots while gpa1 mutants show de-

creased lateral root production. These results

suggest that AGB1 acts as a negative regulator

of lateral root production (11). agb1 mutants

also exhibit more damage following acute O
3

treatment, whereas gpa1 mutants exhibit more

resistance than wild type (49). Thus, genetic

evidence indicates that plants, like animals,

have some pathways that signal through Ga and

other pathways that signal through Gbg.

11) What are the advantages to re-
searchers studying nonplant systems of
research on plant G protein signaling?
Plants afford several advantages to the study of

heterotrimeric G proteins over those offered by

other systems. Because of the plethora of G

protein subunits in animals, it is not possible to

create knockout mammals in which the effects

of complete abrogation of G protein signaling

can be assessed. By contrast, because plants

have few G protein subunits, it is feasible to

create knockout plants in which G protein sig-

naling has been genetically eliminated. Plants

and mammals share multicellularity, and some

human disease-related genes are actually more

similar to Arabidopsis genes than to counter-

part genes in other model systems, such as

yeast and C. elegans (16). Because plants and

mammals also share some G protein effectors,

changes in cellular processes detected in G

protein knockout plants may also inform our

knowledge of mammalian G protein signaling.

A second advantage of such knockout plants is

that they can be used as heterologous expression

systems for the study of mammalian G protein

signaling, in the absence of the Bnative[ G pro-

tein subunits that complicate data interpretation

when mammalian subunits are heterologously

expressed in mammalian cell lines. Moreover,

the cost and regulatory burden of maintaining

transgenic plants as seeds is minimal.

Finally, it is worth pointing out that some

exogenous ligands of human GPCRs, includ-

ing key analgesics, are plant metabolites. One

can anticipate that with the growth of the field

of plant metabolomics, more plant-based

GPCR ligands of pharmaceutical interest will

be identified.
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Bottom-Feeding Plesiosaurs
Colin R. McHenry,1* Alex. G. Cook,2 Stephen Wroe3

Long-necked, small-headed elasmosaurid

plesiosaurs were distinctive predators of the

Mesozoic oceans. Historically, on the basis of

morphology and gut contents, they have been

considered specialist hunters of agile fish and

cephalopods (1, 2). Here, we report that the

fossilized stomach contents of two Austra-

lian elasmosaurids are dominated by bottom-

dwelling invertebrates.

The specimens were collected by the Queens-

land Museum (QM) from Early Cretaceous

marine deposits of the Great Artesian Super-

basin. Each was È5 to 6 m long and weighed

È1000 kg.

Specimen QMF33037 is a partially articu-

lated torso with associated limb elements from

the late Aptian Doncaster Formation. Within the

stomach cavity are the remains of many benthic

invertebrates, predominantly bivalve shell frag-

ments but also the remains of gastropods and

pieces of crinoid (Fig. 1A). Two bivalve shells

are referable to Macoyella. Free-swimming taxa

are represented by belemnite endoskeletons and

a single teleost plate. Thirty-five gastroliths are

also present, as is an 18-cm-long bromalite (3),

digested material preserved within the animal_s

alimentary canal or defecated at the time of

death (Fig. 1, B and C). From analysis of a cross

section of the bromalite, we estimate that it

comprises 92% gastropod and bivalve shell and

8% belemnite guards, similar to the proportions

found in the stomach contents. Because belemnite

endoskeletons represent a smaller fraction of the

prey animals_ live weight than do the shells of

the benthic mollusks, these figures underestimate

the proportion of nekton in the diet; however,

gastropods and bivalves were clearly a major

component of the predator_s last meal. There is

no evidence of action by stomach acids on mate-

rial in the bromalite or the stomach cavity.

The second specimen (QMF2100) is an

articulated torso from the late Albian Allaru

Formation. The stomach cavity contains an in-

tact decapod carapace, several crustacean frag-

ments, and a fish scale. There are also È135

gastroliths, the lithology of which is predom-

inantly acid to intermediate volcanic. The

nearest source for the gastroliths was at least

300 km away from the burial site.

The long elasmosaurid neck has been un-

derstood as a specialization for the capture of

free-swimming prey (4), but a large proportion

of epibenthic prey in these specimens suggests

that some individuals were not nekton special-

ists. Elasmosaurid teeth were conical, as in

modern fish- and squid-eaters (5). The gas-

troliths present in the QM specimens were

probably useful for crushing the calcareous

shells of their prey, as has been suggested for

specimens containing mollusks as minor com-

ponents of gut content (6, 7). However, unbroken

shells in the bromalite indicate that not all

material was pulverized (Fig. 1C). Gastroliths

with exotic provenance are common in elasmo-

saurid fossils (1, 8) and have been interpreted as

evidence of deliberate ingestion (6), a behavior

noted in crocodilians (9) that may be related to

buoyancy control or digestion (1, 10, 11).

Stratigraphic analysis of Late Cretaceous

elasmosaurid gut contents suggests that dietary

preferences shifted from nektonic cephalopods

to teleosts (1). Diet may have also varied with

ontogeny (12). Our data raise the possibility that a

more fundamental dietary shift occurred earlier in

the family_s history and suggest that even struc-

tures as apparently specialized as the elasmosaurid

neck do not necessarily indicate narrow ecology.

The success of long-necked plesiosaurs during

the Mesozoic may have been partly due to a

versatile feeding apparatus (Fig. 1D).

References
1. D. J. Cicimurri, M. J. Everhart, Trans. Kans. Acad. Sci.

104, 129 (2001).
2. R. T. Bakker, Geol. Assoc. Can. Spec. Pap. 39, 641 (1993).
3. C. Northwood, Palaeontology 48, 49 (2005).
4. T. Thulborn, S. Turner, Mod. Geol. 18, 489 (1993).
5. J. A. Massare, J. Vertebr. Paleontol. 7, 121 (1987).
6. B. Brown, Science 20, 184 (1904).
7. S. W. Williston, Field Columb. Mus. Publ. Geol. Ser.

2, 1 (1903).
8. S. W. Williston, Science 20, 565 (1904).
9. D. G. Darby, R. W. Ojakangas, J. Paleontol. 54, 548 (1980).

10. D. M. Henderson, Can. J. Zool. 81, 1346 (2003).
11. M. A. Taylor, Nature 290, 628 (1981).
12. J. Wiffen, V. de Buffrenil, A. de Ricqles, J.-M. Mazin,

Geobios 28, 625 (1995).

11 July 2005; accepted 7 September 2005
10.1126/science.1117241

BREVIA

1School of Environmental and Life Sciences (Geology)
University of Newcastle, New South Wales 2308,
Australia. 2Geology, Queensland Museum, Post Office
Box 3300, South Bank, Queensland 4101, Australia.
3Key Centre for Microscopy and Microanalysis, Electron
Microscope Unit, F09, University of Sydney, New South
Wales 2006, Australia.

*To whom correspondence should be addressed.
E-mail: colin.mchenry@newcastle.edu.au

Fig. 1. (A) Close-up of a block containing stomach content from QMF33037. Inset: Interpretation of the
block, showing gastroliths (yellow), molluscan shell (red), and parts of the elasmosaurid’s ribs (blue). The
field of view is 49.8 mm across. (B) Bromalite found in association with QMF33037, composed mainly of
compacted, crushed mollusk shell. Belemnite guards are preserved on the left end of the bromalite. Scale
bar, 5 cm. (C) End-on view of the QMF33037 bromalite; intact bivalve shell is visible to the lower right
of the image. Scale bar, 5 cm. (D) Reconstruction of a Queensland elasmosaurid feeding on the benthos
(Credit: Chris Glen).
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Characterization of the
Reconstructed 1918 Spanish
Influenza Pandemic Virus
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The pandemic influenza virus of 1918–1919 killed an estimated 20 to 50
million people worldwide. With the recent availability of the complete 1918
influenza virus coding sequence, we used reverse genetics to generate an
influenza virus bearing all eight gene segments of the pandemic virus to study
the properties associated with its extraordinary virulence. In stark contrast to
contemporary human influenza H1N1 viruses, the 1918 pandemic virus had
the ability to replicate in the absence of trypsin, caused death in mice and
embryonated chicken eggs, and displayed a high-growth phenotype in human
bronchial epithelial cells. Moreover, the coordinated expression of the 1918
virus genes most certainly confers the unique high-virulence phenotype
observed with this pandemic virus.

The influenza pandemic of 1918 was excep-

tional, resulting in the deaths of up to 50 mil-

lion people worldwide, including an estimated

675,000 deaths in the United States (1, 2).

The pandemic_s most striking feature was the

unusually high death rate among healthy adults

aged 15 to 34 years, which consequently low-

ered the average life expectancy in the United

States by more than 10 years (3). A similarly

high death rate has not occurred in this age

group in either prior or subsequent influenza A

pandemics or epidemics (4).

Genomic RNA of the 1918 virus was recov-

ered from archived formalin-fixed lung autopsy

materials and from frozen, unfixed lung tissues

from an Alaskan influenza victim who was

buried in permafrost in November of 1918 (5, 6).

The complete coding sequences of all eight

viral RNA segments have now been determined,

and analysis of these sequences has provided

insights into the nature and origin of this patho-

gen (5–11). Plasmid-based reverse genetics has

allowed for the generation of recombinant vi-

ruses containing 1918 hemagglutinin (HA) with

or without the 1918 neuraminidase (NA) res-

cued in the genetic background of contemporary

human H1N1 or H3N2 influenza viruses. The

resulting strains were demonstrated to cause

mortality in mice only at high infection doses

(12, 13); however, the virulence of the com-

plete 1918 virus has not been evaluated.

In the present study, we generated a virus

containing the complete coding sequences of the

eight viral gene segments from the 1918 virus in

an effort to understand the molecular basis of

virulence of this pandemic virus. Genes encod-

ing the 1918 influenza virus were reconstructed

from deoxyoligonucleotides and corresponded

to the reported coding sequences of the 1918

virus as previously described (5–11). Because

the 1918 5¶ and 3¶ noncoding regions have not

been sequenced, the genes were constructed such

that they had the noncoding regions correspond-

ing to the closely related influenza A/WSN/33

(H1N1) virus. The 1918 virus and recombinant

H1N1 influenza viruseswere generated using the

previously described reverse genetics system

(8, 14). All viruses containing one or more gene

segments from the 1918 influenza virus were

generated and handled under high-containment

Ebiosafety level 3 enhanced (BSL3)^ laboratory

conditions in accordance with guidelines of the

National Institutes of Health and the Centers for

Disease Control and Prevention (15). Viruses

were grown in Madin-Darby canine kidney cells

(MDCK) cells and/or the allantoic cavity of 10-

day-old embryonated hens_ eggs (table S1).

The control viruses included an avian A/duck/

Alberta/35/76 H1N1 virus, two contemporary

human H1N1 influenza viruses, the wild-type

A/NewCaledonia/20/99 (N.Cal/99,H1N1) virus

and A/Texas/36/91 (Tx/91, H1N1) virus gen-

erated by reverse genetics. The other recom-

binant viruses used were a virus having only

the HA from the Tx/91 virus with the remain-

ing seven genes from the 1918 virus (Tx/91

HA:1918); a virus having the NA from 1918

with the remaining seven genes from the Tx/91

virus (1918 NA:Tx/91); and recombinant vi-

ruses having two 1918 (1918 HA/NA:Tx/91) or

five 1918 genes (1918 HA/NA/M/NP/NS:Tx/91)

with the remaining genes derived from the Tx/91

virus. The HA of the 1918 viruses used through-

out these studies was derived from A/South

Carolina/1/18 strain that was shown to preferen-

tially bind the a2,6 sialic acid (human) cellular

receptor (16). The identity of the 1918 and Tx/91

influenza virus genes in the rescued viruses

was confirmed by reverse transcription poly-

merase chain reaction and sequence analysis.

The infectivity of the 1918 virus and the

ability to form plaques in the presence and in the

absence of the protease trypsin were assayed in

MDCK cells by the plaque method. The proteo-

lytic cleavage of the HA molecule is a prereq-

uisite for multicycle replication, and the ability of

an influenza virus to replicate in the absence of

trypsin has been thought to be an important de-

terminant of influenza virus pathogenicity in

mammals (17–20). In contrast to the contempo-

rary human Tx/91 and N. Cal/99 H1N1 viruses,

which require an exogenous protease source for

their multicycle replication and plaque formation

(Table 1), the 1918 virus and a recombinant in-

fluenza virus bearing the 1918 HA and NA seg-

ments only (1918 HA/NA:Tx/91) formed visible

plaques without the addition of trypsin (Table 1).

Furthermore, a virus having only the 1918 NA

with the remaining genes, including the HA,

from Tx/91 virus (1918 NA:Tx/91) also rep-

licated in the absence of trypsin, which suggests

that the 1918 NA activity facilitates HA cleav-

age. However, the 1918 HA and NA gene se-

quences lack the obvious genetic features that

have previously been associated with the ability
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Table 1. Plaque formation of the 1918 virus in
MDCK cells with or without trypsin. Serial 10-fold
dilutions of virus stocks were prepared before a
standard plaque assay. Duplicate monolayers of
MDCK cells were washed extensively (7 times)
before and after adsorption of virus. An agar overlay
was added with or without trypsin (1 mg/ml, Sigma)
and incubated at 37-C with 5% CO2 for 48 hours.
1918 (1) and (2) represent two independently res-
cued viruses.

Virus
Infectivity titer (PFU/ml)

Trypsin (þ) Trypsin (–)

N. Cal/99 3.6 � 107 -*
Tx/91 1.4 � 107 -
1918 HA/NA:Tx/91 2.4 � 107 2.1 � 107

1918 NA:Tx/91 3.4 � 107 2.5 � 107

1918 (1) 4.8 � 107 4.2 � 107

1918 (2) 1.4 � 108 1.1 � 108

*No visible plaques were formed at the lowest dilution
(1:10) tested.
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to replicate in the absence of trypsin; that is, the

1918 virus has neither a series of basic amino

acids at the HA cleavage site (as seen in highly

pathogenic avian H5 or H7 influenza viruses)

nor mutations (N146R or N146Y) in the NA that

lead to the loss of a glycosylation site like those

that allow the A/WSN/33 virus NA to sequester

plasminogen (6, 7, 17, 18, 20). We will need to

consider other mechanisms of NA-mediated

HA cleavability that may be relevant to the

replication and virulence of the 1918 virus.

To evaluate the pathogenicity of the 1918

virus in a mammalian species, we intranasally

inoculated BALB/c mice with two independent-

ly generated 1918 viruses and then determined

morbidity (measured by weight loss), virus rep-

lication, and 50% lethal dose (LD
50
) titers

(21, 22). For comparison, groups of mice were

infected with a recombinant influenza virus con-

taining five 1918 genes with the remaining three

polymerase genes from Tx/91 (1918 HA/NA/M/

NP/NS:Tx/91) virus or a recombinant 1918 vi-

rus (Tx/91 HA:1918), in which the HA has been

replaced with that of Tx/91 virus. Infection of

mice with the 1918 virus resulted in lung virus

titers, on day 4 post inoculation (p.i.), that were

at least 125 and 39,000 times those of mice in-

fected with the Tx/91 HA:1918 and Tx/91 vi-

ruses, respectively (Fig. 1A). The 1918 HA/NA/

M/NP/NS:Tx/91 virus also replicated efficiently

in the mouse lung, but virus titers were mark-

edly lower than those for mice infected with

the 1918 virus, and the lethality of the 1918

virus (LD
50

0 103.25–3.5) was at least 100 times

that for the 1918 HA/NA/M/NP/NS:Tx/91 virus

(LD
50
0 105.5). Strikingly, the mice infected with

106 PFU (plaque-forming units) of the 1918

virus succumbed to infection as early as 3 days

p.i. (Fig. 1B), and they lost up to 13% of their

body weight 2 days after infection (Fig. 1C). In

contrast to the lethal outcome of the 1918 virus

infection, the Tx/91 HA:1918 virus, like the

wild-type Tx/91 virus, did not kill mice (LD
50
0

1096) (Fig. 1B) and displayed only transient

weight reduction (Fig. 1C). To determine wheth-

er the 1918 virus replicated systemically in the

mouse after intranasal infection with 106 PFU of

virus, we harvested brain, heart, liver, and spleen

tissues from four mice each on days 4 and 5

p.i. All eight mice infected with the 1918 virus

or the Tx/91 control viruses had undetectable

levels Ee100.8 of the 50% egg infectious dose

(EID
50
)/ml determined by serial titration in

chicken eggs^ of virus in these tissues (fig. S1),

which indicated that the 1918 virus did not

spread systemically to other organs in the mouse.

Histopathological analysis of lung tissues

from individuals who died from primary in-

fluenza pneumonia in 1918 frequently showed

acute pulmonary edema and/or hemorrhage with

acute bronchiolitis, alveolitis, and bronchopneu-

monia (23). In mice, the most severe lung le-

sions were observed after infection with the 1918

virus (21). On day 4 p.i., mice infected with the

pandemic strain had necrotizing bronchitis and

bronchiolitis and moderate to severe alveolitis

(Fig. 2A). The alveolitis varied from peribron-

chial to diffuse in distribution and was composed

of neutrophils and macrophages. Accompany-

ing the inflammation was moderate-to-severe

peribronchial and alveolar edema (Fig. 2B) and

alveolar hemorrhage. Neutrophils were the pre-

dominant inflammatory cells, but alveolar mac-

rophages were also prominent (Fig. 2C). As in

autopsy studies performed in 1918, there was no

histological evidence of systemic infection such

as necrosis or inflammation in the liver, kidney,

spleen, heart, and brain tissues of mice infected

with the 1918 virus. In general, the 1918 HA/

NA/M/NP/NS:Tx/91 virus induced less severe

pathology; however, mild-to-moderate peribron-

chial alveolitis with some mild-to-moderate al-

veolar edema was observed (Fig. 2D). The 1918

HA gene was essential for severe pulmonary

lesion development, because the Tx/91 HA:1918

virus produced very mild pulmonary lesions

characterized by minimal, diffuse alveolitis and

mild focal lymphocytic-histiocytic peribronchi-

tis (Fig. 2E). The Tx/91-inoculated mice lacked

noteworthy lesions in the lungs (Fig. 2E).

Since 1918 virus gene sequences are related

more closely to avian H1N1 viruses than any

Fig. 1. Pathogenicity of
H1N1 viruses. Compar-
ison of lung virus titers
(A), lethality (B) and
weight loss (C), in
BALB/c mice (13 per
virus group) intranasal-
ly infected with 106

PFU of Tx/91 (r), Tx/
91 HA:1918 (g), 1918
HA/NA/M/NP/NS:Tx/
91 (&), 1918 (clone 1)
()), or 1918 (clone 2) (D) virus. Four mice from each virus-infected group were killed on
day 4 p.i., and titers of individual lungs were determined in eggs and expressed as the
mean T SD. The limit of virus detection was 101.2 EID

50
/ml. The remaining nine mice from

each group were observed for weight loss and mortality through a 14-day observation
period. *The 1918 virus lung titers are significantly (P G 0.05) different from those of all
other virus infection groups as determined by analysis of variance.

Table 2. Lethality of the 1918 influenza virus for 10-day-old embryonated chicken eggs. Fifty percent
egg infectious dose (EID50) and egg lethal dose (ELD50) titers were determined as described in the text.
For ELD50 titers, embryo viability was visually determined by daily candling. EID50 and ELD50 titers were
determined simultaneously and calculated by the method of Reed and Muench (27). The mean death
time (MDT) of embryo death was calculated by examining embryo viability daily for 7 days. The MDT is the
mean time in days for the minimum lethal dose to kill embryos.

Virus log10 EID50/ml log10 ELD50/ml MDT (day)

N. Cal/99 8.5 e1.2 -
Tx/91 8.7 e1.2 -
Tx/91 HA:1918 9.0 e1.2 -
1918 HA/NA:Tx/91 9.0 e1.2 -
1918 HA/NA/M/NP/NS:Tx/91 8.7 e1.2 -
1918 (1) 9.0 7.2 4.5
1918 (2) 9.5 8.2 4.5
A/duck/Alberta/35/76 9.0 8.5 2
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othermammalianH1N1 strains (5–11), it was of

interest to determine whether the 1918 strain

would be lethal for fertile chicken eggs, a path-

ogenic feature of avian H1N1 viruses. After

serial titration in 10-day-old embryonated chick-

en eggs, the 1918 virus was lethal for chicken

embryos: 50% egg lethal dose (ELD
50
) titers

were similar to those for an avian H1N1 rep-

resentative, A/duck/Alberta/35/76 virus (Table

2). By contrast, neither contemporary human

H1N1 viruses nor any of the 1918 recombinant

viruses containing two, five, or seven genes from

the 1918 virus caused mortality of embryos

by day 7 p.i., which indicated that the 1918 HA

and 1918 polymerase genes were associated

with virulence of chicken embryos.

We evaluated growth and release of the virus

in polarized Calu-3 cells, a human lung epithe-

lial cell line, grown on membrane inserts (24).

Culture medium was collected from the apical

and basolateral chambers at different times after

inoculation and examined for virus production

in the presence or absence of trypsin. With all

viruses tested, titers of progeny virus progres-

sively increased during the first 24 hours p.i.,

and virus was detected almost exclusively in the

apical supernatant (Fig. 3). Regardless of the

presence or absence of trypsin, infectivity titers

of the 1918 virus were significantly higher than

virus titers released in the Tx/91 HA:1918 and

1918 HA/NA/M/NP/NS:Tx/91virus-infected cul-

tures at 12, 16 and 24 hours p.i., which suggests

that the 1918 HA and 1918 polymerase genes

are essential for maximal replication of the

virus in human bronchial epithelial cells. At

16 and 24 hours p.i., 1918 virus release was

at least 50 times that observed in Tx/91 virus-

infected cultures. The evidence of significantly

higher apical release of 1918 progeny virus af-

ter an apical infection supports the hypothesis

of an increase in the amount of virus present in

the infected lung and may provide important

insight into the virulence of this virus.

Until now, the exceptional virulence of the

1918 pandemic influenza virus has been a ques-

tion of historical curiosity. Herein, we demon-

strate the successful reconstruction of the 1918

pandemic virus in order to understand more

fully the virulence of this virus and possibly of

other human influenza pandemic viruses. Be-

cause the emergence of another pandemic virus

is considered likely, if not inevitable (25), char-

acterization of the 1918 virus may enable us to

recognize the potential threat posed by new in-

fluenza virus strains, and it will shed light on

the prophylactic and therapeutic countermeasures

that will be needed to control pandemic viruses.

A number of biological properties associated

with this unusually virulent influenza virus were

found. Comparison of the 1918 viruswith recom-

binant viruses expressing one or more 1918 virus

genes demonstrated that the 1918 HA and poly-

merase genes are essential for optimal virulence

Fig. 2. Photomicrographs of hematoxylin and eosin–stained lung sections. (A to C), lungs from mice
infected with the 1918 influenza virus: (A) necrotizing bronchiolitis and severe alveolitis, (B) severe
alveolar edema and histiocytic alveolitis with scattered neutrophils, and (C) alveolitis, predominantly
neutrophilic, and associated hemorrhage. (D) Moderate alveolitis and edema in lungs from a mouse
infected with 1918 HA/NA/M/NP/NS:Tx/91 virus. (E) Mild peribronchial inflammation with adjacent
minimal alveolitis in a mouse infected with Tx/91 HA:1918 virus. (F) Lung tissue from a Tx/91-
infected mouse showing the paucity of lesions. Scale bars, 25 mm (A) and 15 mm (B to F).

Fig. 3. Release of 1918 influenza virus
from apically infected human bronchial
epithelial cells. Calu-3 cells were grown
to confluency on transwell inserts as
previously described (24). Cells were
infected with Tx/91 (r), Tx/91
HA:1918 (g), 1918 HA/NA/M/NP/
NS:Tx/91 (&), or 1918 (D) virus at an
MOI of 0.01 for 1 hour at 37-C.
Unbound virus was removed by wash-
ing the cells 3 times, and infected cells
were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) medium sup-
plemented with 0.3% bovine serum
albumin in the presence (A) or absence (B) of trypsin (1 mg/ml; Sigma, St. Louis,
MO). Apical and basolateral (not shown) supernatants were collected at the
indicated times and virus content was determined in a standard plaque assay.

The values shown represent the mean virus titer of fluids from three replicate
infected cultures. *The 1918 virus titers are significantly (P G 0.05) different from
those of all other virus infection groups as determined by analysis of variance.
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and that the constellation of all eight genes to-

gether make an exceptionally virulent virus in the

model systems examined. In fact, no other human

influenza viruses that have been tested show a

similar pathogenicity for mice 3 to 4 days after

infection. This information provides a partial ex-

planation for what made this virus so lethal. In

this regard, it should be noted that the U.S. Food

and Drug Administration (FDA)–approved anti-

viral drugs, oseltamivir and amantadine, have

been shown to be effective against viruses car-

rying the 1918 NA and the 1918M gene, respec-

tively (22). Furthermore, vaccines containing the

1918 HA and NA were protective in mice (26).

Note added in proof: This research was

done by staff taking antiviral prophylaxis

and using stringent biosafety precautions

(15) to protect the researchers, the environ-

ment, and the public. The fundamental pur-

pose of this work was to provide information

critical to protect public health and to develop

measures effective against future influenza

pandemics.
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A Reversible, Unidirectional
Molecular Rotary Motor Driven

by Chemical Energy
Stephen P. Fletcher, Frédéric Dumur, Michael M. Pollard,

Ben L. Feringa*

With the long-term goal of producing nanometer-scale machines, we describe
here the unidirectional rotary motion of a synthetic molecular structure fueled
by chemical conversions. The basis of the rotation is the movement of a phenyl
rotor relative to a naphthyl stator about a single bond axle. The sense of ro-
tation is governed by the choice of chemical reagents that power the motor
through four chemically distinct stations. Within the stations, the rotor is held
in place by structural features that limit the extent of the rotor’s Brownian
motion relative to the stator.

One of the most challenging components re-

quired for the fabrication of molecular machines

(1–5) is the rotary motor (6, 7): the element that

converts energy into controlled rotational motion

(8). Natural systems often use adenosine triphos-

phate (ATP) as an energy source. Rotation in

these systems is powered by the energy released

upon the hydrolytic conversion of ATP to the

diphosphate ADP (6, 9, 10). The system intro-

duced here analogously uses exothermic chemical

reactions to power unidirectional rotary motion.

Previous synthetic molecular motor designs

have often relied on external light or voltage as an

energy source. Recent reports include repetitive,

light-driven unidirectional motion about double

bonds (11–13), as well as multistep reaction se-

quences that induce unidirectional (14) and re-

versible (15) mechanical motion in interlocked

molecular rings, partly through photochemistry.

A nanometer-scale rotational actuator based on

multiwalled carbon nanotubes has also been dem-

onstrated (16). Theory further predicts the fea-

sibility of inducing unidirectional rotation about

a single bond in a chiral system by applying

linearly polarized laser pulses within optimized

electric fields (17, 18), and inducing mechanical

motion in a double-walled carbon nanotube by

applying axially varying electrical voltage (19).

Purely chemical strategies have been scarcer

(7, 20, 21). Limited unidirectional (120-) ro-

tation about a single bond in a helically shaped

molecule (22, 23) has been achieved with a

modified molecular ratchet (24–26). Here, we

report a system that uses chemical energy to

achieve unidirectional 360- rotation of one

half of the molecule relative to the other half

(Fig. 1). The rotation is driven by a combi-

nation of chemical reactions and random ther-

mal (Brownian) motion. Understanding these

processes may be relevant to natural molecular

motors, which work on similar principles.

Our system consists of a rotor half and a

stator half, connected by a single carbon-carbon

bond which acts as the axis of rotation (Fig. 1).

Chemical reactions control movement of the

rotor through four structurally distinct stations,

with the net effect of turning the rotor 360-

relative to the stator. Bonding and steric con-

straints limit the extent of the rotor_s uncontrolled

Brownian motion. In two of the stations (Fig. 1,

stations A and C) the rotor_s position is restricted

by the action of additional chemical bonds, al-

though helix inversion can occur. In stations B

and D (Fig. 1), the rotor and stator cannot pass

each other due to nonbonding interactions. Move-

ment between the stations is guided by four

power strokes, or chemically induced rotational

events. The complete cycle involves two bond-

breaking steps (step 1 and step 3) and two bond-

making steps (step 2 and step 4), each of which

provides the driving force for approximately

90- unidirectional rotation to the next station.

Two general mechanisms (27) for the con-

version of energy into mechanical motion have
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been identified: the power stroke (28, 29) and

the Brownian motor (30, 31). The present mo-

tor relies on a power stroke mechanism to

achieve unidirectional motion, the sense of

which is solely dependent on chemical reac-

tivity and not on inherent asymmetry within

the motor itself. In a power stroke mechanism,

the chemical reaction is mechanically coupled

to movement and force is directly generated to

move the motor forward (28, 29).

The locking of the upper rotor and lower

stator was achieved by the presence of a lac-

tone unit (structures 1a and 1c in Fig. 2). The

ortho substituents on the aryl rings in struc-

tures 1b and 1d (Fig. 2) block free axial rota-

tion for steric reasons and thereby prevent

thermal helix inversion in the unlocked stages.

Key to the overall unidirectional motion of

the rotor are asymmetric reductive ring open-

ing reactions of lactones 1a and 1c (32–34).

The use of (S)-2-methyl-oxazaborolidine E(S)-

CBS reagent^ (32) resulted in an excellent en-

antioselectivity (ratio of 96.8:3.2 and 90.3:9.7

starting from 1a and 1c, respectively) and high

preference for the rotor to move in the clockwise

direction (Fig. 2). The sense of rotation induced

in breaking the lactone bond (Fig. 2, step 1, 1aY

1b and step 3, 1c Y 1d) is determined solely by

the chirality of the fuel—i.e., the chiral reducing

agent. Thus (R)-CBS could be used to drive

counterclockwise rotation instead. Similarly, the

sense in steps 2 and 4 is also controlled by the

choice of chemical reagents, in this case the or-

der of deprotection of the rotor_s enantiotopic

hydroxyl groups. After deprotection, the selec-

tively released phenol group undergoes lacto-

nization to return the rotor to 1c or 1a.

The order of the chemical transformations is

essential (Fig. 2). The phenolic alcohols, which

are the initial reduction products of 1a and 1c,

must first be protected at the phenol position.

After protection of the phenol moieties, the al-

cohols must be oxidized to the acids 1b and 1d

before the opposite (orthogonally protected) phe-

nol group is deprotected (in subsequent steps 2

and 4). Oxidation of an unprotected hydroxy

phenol would form a lactol in situ. The rota-

tional barriers of such biphenolic lactols are ex-

pected to be low (34), so the rotor would cross

the plane of the stator and wide-angle oscillation

would occur. When the rotor moves from 1b Y

1c and 1d Y 1a, complete unidirectionality is

achieved by selectively unmasking only one of

the phenolic hydroxyl groups.

Sterically congested 1-(4-methoxybenzyloxy)-

6H-naphthE2,1-c^chromen-6-one (1a) was pre-

pared from 1-bromo-2-naphthoic acid (35). Step

1 entailed first the asymmetric reduction of the

lactone moiety in 1a to a configurationally stable

diol intermediate (34, 36) with a phenol on the

rotor and a benzylic alcohol on the stator. Subse-

quent orthogonal protection of the phenol with

an allyl group, then oxidation of the benzylic al-

cohol provided carboxylic acid 1b (35). In step

2, removal of the para-methoxybenzyl (PMB)

protecting group induced spontaneous cycliza-

tion to lactone 1c. Step 3, like step 1, involved

asymmetric reduction of lactone 1c, protection

of the phenol with a PMB group, and alcohol

oxidation to provide carboxylic acid 1d. Finally,

in step 4, removal of the allyl protecting group is

followed by lactonization to regenerate 1a. The

whole reaction sequence produces a net unidi-

rectional rotation of the rotor about the stator.

Not all of the chemical manipulations in this

cycle actually produce motion; however, each

chemical conversion is currently a necessary

component of the motor_s design. These reac-

tions are used either to interconvert functionality

so that motion is energetically favorable, or to

ensure that the entire 360- rotational process

occurs exclusively in one direction.

Although the lactone bond locks the rotor in

place in 1a and 1c, these species are configura-

tionally unstable and have a low barrier to race-

mization of the atropisomers (Fig. 3) (33, 34).

Because the rotor and stator can pass through

coplanarity by means of limited partial rotation

(shown for 1a in Fig. 3), the lactones exist as

a racemic mixture of rapidly inverting helices.

From this dynamic equilibrium, a stereoselective

Fig. 1. Schematic illus-
tration for the opera-
tion of unidirectional
power stroke motor 1.
A rotor (yellow and
blue) is driven, about
an axis, in the clock-
wise direction relative
to the position of a
stator (red). Four sta-
tions A to D are in-
volved. Directionally
selective bond break-
ing processes (step 1
and step 3) drive move-
ment between stations.
These steps alternate
with directionally selective bond-making chemical reactions (step 2 and step 4). The bond-
breaking processes rely on chiral nonracemic chemical fuel that discriminates between the two
dynamically equilibrating helical forms of A or C. The bond-making processes between the rotor
and the stator use the principle of orthogonal chemical reactivity to achieve unidirectionality:
Either the yellow or the blue end of the rotor can be selectively bound to the stator to form A or C.

Fig. 2. Chemical structures and
reaction scheme for unidirection-
al chemically driven rotary motor
1. The rotary cycle had four steps
employing the following reagents
and conditions (unless otherwise
stated, reactions were carried out
at room temperature, and the per-
centage yields refer to prepara-
tively isolated compounds). Step 1
had two parts: (i) First, 1a was
reduced with (S)-2-methyl-CBS-
oxazaborolidine and BH3ITHF in
toluene and THF at 0-C for 25
min to give a 92% yield of a diol
(bearing a phenol and an alco-
hol). The ratio of molecules that
have undergone rotation in the
indicated direction was 96.8 to
3.2. (ii) The phenol moiety was
then alkylated by allyl bromide in
a suspension of K2CO3 in DMF
over 20 hours. Next, the alcohol moiety was oxidized to an aldehyde by CrO3IH2SO4IH2O in acetone
for 2 hours, and then to an acid by NaClO2 in the presence of 2-methyl-2-butene in AcOH, H2O, and
THF over 1 hour to give 1b in 76% overall yield. In Step 2, the PMB ether was cleaved by Ce(OTf)3 in
MeNO2 in the presence of 1,3-dimethoxybenzene at 60-C for 25 min to give 1c in 76% yield. Step 3
had three parts: (i) First, the lactone was reduced by (S)-2-methyl-CBS-oxazaborolidine and BH3ITHF in
a solution of toluene and THF at 0-C for 7 min to give the diol (again bearing one phenol, one alcohol)
in 56% yield. The ratio of molecules that underwent rotation in the indicated direction was 90.3 to 9.7.
(ii) The phenol moiety was then alkylated by p-methoxybenzyl chloride in a suspension of K

2CO3 and
NaI in refluxing acetone over 30 hours to give the product in 87% yield. (iii) The alcohol moiety was
oxidized first to the aldehyde by MnO2 in CH2Cl2 for 48 hours, then to the acid by NaClO2 in a
solution of 2-methyl-2-butene, AcOH, H2O, and THF for 1 hour to give 1d in 82% overall yield. In Step
4, deprotection of the phenol by removing the allyl group was achieved with Pd(PPh3)4 and HCO2H in
refluxing THF over 24 hours and the product cyclized with N,N ¶-dicyclohexylcarbodiimide over 15 min to
give the lactone 1a in 99% overall yield. [The complete cycle including all intermediates is provided (35).]
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ring opening reaction with homochiral CBS re-

agents leads to unidirectional 90- rotation. In

the open forms 1b and 1d, only partial rotation

around the biaryl single bond can occur (shown

for 1b in Fig. 3); racemization is sterically pre-

cluded at room temperature (34, 36, 37).

The degree to which the rotation was

unidirectional was determined by analyzing

compounds 1b and 1d with the use of high-

performance liquid chromatography (HPLC) with

a chiral nonracemic stationary phase (Fig. 4 and

supporting online material text). To confirm the

location of the rotor relative to the stator, a

mixture of 1b and 1d was prepared indepen-

dently by performing the ring opening sequence

of 1a with racemic fuel (sodium borohydride).

As expected, ring opening of 1a occurred in

both directions to generate an equal mixture of

1b and 1d. These species are enantiomers and

have identical spectral data. Comparison of the

HPLC traces of the racemic mixture with the

HPLC traces of 1b and 1d generated by asym-

metric opening in our motor system revealed

990% directional selectivity for the motor se-

quence (Fig. 4). Thus, although motor 1 does

require a number of synthetic steps, the abso-

lute control in directionality for each of the four

rotational events is between 90 and 100%.

The combination of reactions, purifications,

and the time scale involved for the motor_s func-

tion make it less practical than previously re-

ported light-driven synthetic motors (11–13).

However, this reversible rotary motor does estab-

lish that chemically driven 360- unidirectional

rotation is feasible. The rotation is controlled,

because the chemical events driving rotation are

highly selective for a specific direction. Further-

more, each of the four stations provides a deep

enough thermodynamic well to restrict ther-

mal randomization of the rotational sense.
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Fig. 3. Dynamic processes due to thermal rotary motion around the biaryl single bond in 1.
Projections are along biaryl single bond axis. In station A the lactone moiety locks the rotor in
place relative to the stator. The lactone 1a is configurationally unstable and limited movement in
the form of dynamic helix inversion (biaryl rotation) occurs. In the open form of the motor 1b
partial rotation of the rotor relative to the stator can occur, but for steric reasons the rotor and the
stator cannot pass each other. The same dynamic stereochemistry applies to 1c and 1d.
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Fig. 4. Chiral HPLC chromatograms of 1b and 1d obtained from step 1 and step 3 (Fig. 2),
respectively. Conditions: chiralpak AD column (0.46 � 15 cm); eluant 75:25 heptane-isopropanol;
flow rate 0.6 ml/min; detection at 225 nm, temperature 40-C. The use of achiral NaBH

4
instead of

(S)-2-methyl-CBS-oxazaborolidine produces two peaks of equal intensity (racemic 1b/1d).
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Sequential Proton Transfer
Through Water Bridges in

Acid-Base Reactions
Omar F. Mohammed,1 Dina Pines,2 Jens Dreyer,1 Ehud Pines,2*

Erik T. J. Nibbering1*

The proton transfer mechanism between aqueous Brønsted acids and bases,
forming an encounter pair, has been studied in real time with ultrafast infrared
spectroscopy. The transient intermediacy of a hydrated proton, formed by ul-
trafast dissociation from an optically triggered photoacid proton donor ROH, is
implicated by the appearance of an infrared absorption marker band before
protonation of the base, Bj. Thus, proton exchange between an acid and a base
in aqueous solution is shown to proceed by a sequential, von Grotthuss–type,
proton-hopping mechanism through water bridges. The spectra suggest a
hydronium cation H3O

þ structure for the intermediate, stabilized in the Eigen
configuration in the ionic complex ROjIIIH3O

þ
IIIBj.

Although aqueous proton transfer is one of the

most fundamental chemical reactions (1), many

molecular details remain elusive. Water medi-

ates the transfer of a proton through membrane

protein proton channels (2–4) and in the

photosensor green fluorescent protein (5, 6).

These proton channels function by a sequential

hopping of protons through proton wires

consisting of amino acid side groups and water

molecules. A sequential proton transfer is also

at the heart of the von Grotthuss mechanism of

anomalously high proton mobility in water (7).

Water is considered to play a key role in

aqueous acid-base neutralization reactions,

where a proton is exchanged between an acid

and a base, forming the conjugate base and

conjugate acid, respectively. Theory suggests

that water facilitates an efficient charge separa-

tion when the proton leaves the acid (8–10).

Here, we show compelling experimental evi-

dence that water also functions as a proton

transfer bridge between an acid and a base,

thereby stabilizing both acid and base while

moving the proton along.

Infrared (IR) spectroscopy has been a use-

ful tool to determine the structures of acids and

bases in liquid solution from characteristic

vibrational marker modes. However, it remains

challenging to identify the hydrated proton in

room-temperature aqueous acidic solutions,

even at low pH (11), because the steady-state

infrared spectrum is the result of hydrated

proton species with strongly varying config-

urations. In particular, two different structures

for hydrated proton species have been pro-

posed for aqueous solutions, the Zundel cation

H
5
O
2
þ and the Eigen cation H

9
O
4
þ. In the

Zundel cation the proton resides in between

two water molecules, H
2
OIIIHþIIIOH

2
(11),

whereas the Eigen cation H
9
O
4
þ consists of a

H
3
Oþ core symmetrically solvated by three

additional water molecules EH
3
Oþ(H

2
O)

3
^

(12). Even in the gas phase, a theoretical

analysis of vibrational band patterns of hy-

drated proton clusters is not trivial (13–17).

Experimentally, a recent study of such clusters

has clarified how the hydration environment

influences the infrared-active vibrational reso-

nances of the hydrated proton (18). In liquid

solutions at room temperature, on the other

hand, a continuous dynamical exchange be-

tween all configurations exists (19–21). As a

result, the description of the extremely broad-

ened steady-state IR spectrum of concentrated

acid solutions (11, 22, 23) and the possible

underlying microscopic structures of the hy-

drated protons in solution phase remain de-

bated subjects.

Proton transfer dynamics between acids

and bases in aqueous solution may involve

different reaction pathways and dynamics,

depending on the absolute and relative reac-

tivities and the geometries of the reactants and

the number of water molecules in between acid

and base and their relative orientations. The

inherent complexity of aqueous acid-base

reactions has been analyzed by Rini et al.

(24, 25), who reported on three different types

of acid-base reaction pathways in aqueous

solution: In the case of tight acid-base com-

plexes, where proton donating and accepting

groups are directly linked, transfer of a proton

is ultrafast, accompanied by only modest re-

arrangements of surrounding solvent shells. For

loose (solvent-separated) complexes, where

proton donating and accepting groups are

linked by an intermediate water bridge, proton

transfer may be largely controlled by the sol-

vent. Substantial reorganization of solvent

shells either produces a tight complex or else

stabilizes the charge transport over larger

distances when the proton is channeled

through a water bridge. In the third type, at

low base concentrations, the acid and base

molecules are initially separated by a sub-

stantial distance and must diffuse together,

forming an encounter pair, before proton

transfer can occur. In this case, the diffusion

step is rate-limiting.

Use of a photoacid enables study of these

different proton transfer pathways in real time.

An optical trigger, the pump pulse tuned at the

electronic transition of the photoacid, causes a

pK
a
(where K

a
is the acid dissociation con-

stant) jump of 6 to 7 units in the photoacid,

initiating the proton transfer reaction. A probe

pulse tuned in the mid-infrared then monitors

the reaction progress of both proton-donating

and proton-accepting molecules (24, 25).

For the aqueous neutralization reaction be-

tween pyranine (8-hydroxy-1,3,6-trisulfonate-

pyrene or HPTS) and acetate (jOAc) in D
2
O,

Rini et al. have found that tight HPTSIIIjOAc

complexes transfer the deuteron within 150 fs

(time resolution in the experiments), whereas

encounter complexes formed after mutual dif-

fusion react with an effective first-order time

constant of about 7 ps (24, 25). A more de-

tailed analysis of the kinetics of the proton

transfer reaction to the acetate base at 1 to

4 M base concentration (25) has suggested

the existence of an additional population

(about 7% at 1 M) of preformed solvent-

separated (loose) acid-base complexes that

transfer the proton with a 6-ps time constant,

similar to the proton transfer rate of encoun-

ter complexes formed by diffusion. Therefore

Rini et al. inferred that the encounter reaction

pairs must consist of loose water complexes

of the type HPTSIII(D
2
O)

n
IIIjOAc without

being able to specify the number n of water

molecules linking HPTS and jOAc or to elu-

cidate details of the transfer dynamics of this

complex.

To reveal finer details on aqueous acid-base

reactions and in particular to elucidate the nature

of these loose complexes, we have explored the

carboxylic base family jOOC-CH
(3–x)

Cl
x
be-

cause it offers a simple way to tune reactivity:

with increasing number x of chlorine atoms,

the basicity decreases EpK
a
0 4.75 for acetic

acid and pK
a
0 2.7 for monochloroacetic acid

(x 0 1)^. Lower basicity results in a decrease

in reaction exothermicity and slower proton

transfer rates, opening the possibility of

observing intermediates during the reaction.

Here, we present results obtained for the

reaction of HPTS with monochloroacetate

(jOOC-CH
2
Cl, abbreviated as jOAc-Cl)

(26). The advantage of the base jOAc-Cl

over jOAc in solutions with molar base

concentrations is threefold: The fraction of

water-separated loose complexes is larger,

1Max Born Institut für Nichtlineare Optik und
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the IR transmission for frequencies near

1435 cmj1 is sufficient for detection of the

onset and the rise of a HPTS photobase

marker band (Fig. 1), and slower proton

transfer rates offer a longer window of

observation.

We monitored a sequential proton-hopping

mechanism in the loose complexes of

HPTSIII(H
2
O)IIIjOAc-Cl by following specif-

ic vibrational marker modes with femtosecond

IR spectroscopy. In particular, we detected the

transient IR-active absorption band of the

hydrated proton and found it to be the marker

band of the intermediate species in contact

acid-base reactions: The transient appearance

of the absorption of the hydrated proton is se-

quentially correlated with the transient dis-

appearance of reactant and the appearance of

product bands.

For solutions in D
2
O, we observed the

following IR-active vibrational marker bands

of HPTS in the electronically excited state

(Fig. 1): The decay of the photoacid (HPTS)

band at 1486 cmj1 and the simultaneous rise

of the conjugate photobase (HPTSj) band at

1435 cmj1 indicate when the deuteron leaves

the photoacid (27). The electronically excited

states of HPTS and HPTSj decay with life-

times of 4.8 and 5.3 ns, respectively, and thus

have no influence on the dynamics discussed

here. The rise of the carbonyl stretching band

of chloroacetic acid (HOAc-Cl) at 1725 cmj1

marks the arrival of the deuteron at the base.

Importantly, a previously unobserved transient

absorption band located at 1850 cmj1 revealed

the presence of an intermediate hydrated

deuteron when the deuteron was channeled

through the water bridge (Fig. 2B). This

observation was corroborated by the detection

of the corresponding, isotope-shifted, hydrated

proton band at 2570 cmj1 in H
2
O solutions

(Fig. 2A).

We observed the decay of the photoacid

band at 1486 cmj1 and the rise of the con-

jugate photobase band at 1435 cmj1 on

multiple time scales (Fig. 1, B to D). In

contrast to the situation in pure D
2
O (no base

added, Fig. 1A), about 20 T 5% of the photo-

base signal appears for 1 M jOAc-Cl with-

in our time resolution of 150 fs (Fig. 3A),

indicating prompt deuteron dissociation for

this fraction of HPTS molecules. Because

uncomplexed HPTS does not dissociate on

this time scale in D
2
O (28), the dissociation

should be caused by nearby base molecules.

However, unlike the case with the stronger
jOAc base (24, 25), no significant signal

from the C0O stretching vibration of chloro-

acetic acid is detected for 1 M jOAc-Cl base

concentration until pulse delays of several

picoseconds (Fig. 1, C and D, and Fig. 2B). It

appears that the deuterons already dissociated

from HPTS within 1 ps after excitation are

located on water molecules: Concomitant with

the initial rise of the photobase, we observe a

broad and well-defined band appearing within

time resolution at 1850 cmj1, indicating the

transient existence of hydrated deuterons. We

compare the location of this band with 1 M
jOAc-Cl measurements in H

2
O (Fig. 2A).

The appearance of a transient band at 2570

cmj1 is in full accordance with a H-D isotope

effect of the hydrated proton or deuteron

band, revealing that the band is likely due to

an O-H or O-D stretching transition.

We exclude the possibility of a transient re-

sponse of the O-H stretching band of HPTS in

its photoacid form, because in D
2
O we did not

observe a signal within signal-to-noise around

1850 cmj1 and in H
2
O we have detected a

weaker featureless response with different

transient dynamics (29). Moreover, we mea-

sured the neutralization dynamics of HPTS

with acetate (jOAc) in D
2
O with improved

sensitivity (Fig. 2C). Consistent with previous

estimations (25), the C0O stretching band of

acetic acid reveals two types of acid-base

complexes: 24% of the HPTS population form

tight complexes that promptly transfer the

deuteron to the acetate base, and a small

fraction (È7%) of the HPTS population form

loose HPTSIII(D
2
O)IIIjOAc complexes. These

loose complexes also give rise to the hydrated

deuteron band at 1850 cmj1, although it

decays much more rapidly than the corre-

sponding hydrated deuteron band we monitor

with the jOAc-Cl base.

Because the base-induced dissociation of

the excited photoacid occurs within 150 fs, the

proton-accepting base must be close to the

photoacid, implying a limited number of water

molecules in between acid and base (i.e., n È 1).

Comparison with previously reported IR spectra

of hydrated proton species in well-defined

surroundings (18, 30–34) strongly suggests that

the hydrated deuteron exists as the hydronium

ion, D
3
Oþ (and the hydrated proton as

H
3
Oþ). In particular the position of the hy-

drated proton band observed here for the ionic

complex HPTSjIIIH
3
OþIIIjOAc-Cl is very

similar to that observed for the Eigen cation

H
3
Oþ(H

2
O)

3
as recently measured in spectra

of hydrated proton clusters (18) and calculated

for the Eigen cation in the proton wire of

bacteriorhodopsin (34). Thus, our results are

consistent with the hydrated proton in an

Eigen solvation core with a symmetric hydro-

gen bonding configuration, i.e., (H
3
Oþ)L

3
, with

L representing hydrogen-accepting groups. We

can exclude a role in the proton transfer

dynamics of the Zundel cation H
5
O
2
þ under

our experimental conditions, because its vibra-

tional transitions are located at other frequency

positions (13, 18, 34). An intermediate complex

of the type HPTSjIIIH
3
Oþ(H

2
O)IIIjOAc-Cl,

where the hydronium ion is hydrogen bonded

A

B

C

D

Fig. 1. Transient spectra showing the response of
HPTS photoacid (brown, 1486 cmj1) and HPTSj

photobase (blue, 1435 cmj1) marker modes in
the electronically excited state in the fingerprint
region and the DOAc-Cl (red, 1725 cmj1) and
D3O

þ (green, 1850 cmj1) bands for the case
of HPTS only (no base) (A) and for HPTS with
1 M jOAc-Cl (B to D) in D2O. OD, optical density.

A

B

C

D

Fig. 2. Transient response of the hydronium O-H
stretching band at 2570 cmj1 measured with 1 M
jOAc-Cl in H2O (A), the C0O stretching band of
DOAc-Cl at 1725 cmj1, and the hydronium O-D
stretching band at 1850 cmj1 for 1 M jOAc-Cl
in D2O (B). For comparison, the transient re-
sponse of a solution with 1 M jOAc in D2O is
shown in (C), as well as the steady-state spectra
of DOAc and DOAc-Cl also measured in D2O (D).
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to HPTSj, jOAc-Cl, and an additional H
2
O,

also seems unlikely, because such a complex

would rearrange into HPTSjIIIH
5
O
2
þIIIjOAc-Cl.

We propose that the intermediate complex has a

hydronium ion with an almost symmetrically

hydrogen-bonded Eigen core, where H
3
Oþ

connects to HPTSj with a single hydrogen

bond and in addition links to both oxygen

atoms of jOAc-Cl. With an approximate

negative charge of È0.5e on all three oxygen

atoms linked to the hydronium ion for both

the electronically excited HPTSj anion and

for the delocalized unit charge over two oxy-

gen atoms on jOAc-Cl, the intermediate com-

plex may acquire relative stability.

After the initial sub-time-resolution appear-

ance of the hydrated deuteron (D
3
Oþ), we

observe a picosecond decay of the D
3
Oþ and a

rise of the C0O band of DOAc-Cl. The fastest

decay components of the D
3
Oþ band (up to

5 ps), however, are not accompanied by an

equally fast rising C0O DOAc-Cl band (Fig.

2B). We explain this discrepancy by a solvent

rearrangement around D
3
Oþ affecting the IR

cross section (29, 35). These solvent rearrange-

ments also enable the hydronium ion to

transfer the deuteron in a second step to the

base jOAc-Cl. When comparing the magni-

tude of the D
3
Oþ band at early delays with the

final value reached by the C0O stretching

mode, we can calculate the extinction co-

efficient of the D
3
Oþ band to be e

max
È 900

Mj1 cmj1. Such a value lies in the typical

range for O-H or O-D stretching vibrations,

even when taking into account the initial

decrease in magnitude by a factor of 2 due to

solvent reorganization.

On longer time scales, the D
3
Oþ band dis-

appears completely, whereas the C0O stretch-

ing band of DOAc-Cl as well as the conjugate

photobase band at 1435 cmj1 reach their full

magnitude. Because the observed dynamics

are determined by different species in solu-

tion, we can obtain a consistent interpretation

only by analyzing the dependence on base

concentration. While keeping the HPTS con-

centration fixed at 20 mM, we varied the

concentration of the base jOAc-Cl in the

range from 0.5 to 3 M. In this concentration

regime, we adjusted the relative concentra-

tion of the loose HPTSIII(H
2
O)IIIjOAc-Cl or

HPTSIII(D
2
O)IIIjOAc-Cl complexes. The most

important outcome of the concentration-

dependent measurements is the finding that

the dynamics of the hydrated proton band of

these complexes are independent of base con-

centration, whereas the amplitude of the signal

scales linearly with base concentration (Fig.

3B). At the highest concentrations, we also ob-

served significant signal contributions of tight

HPTSIIIjOAc-Cl complexes, whereas at the

lowest base concentrations the signal contribu-

tions are dominated by the fully separated HPTS

and base and the acid-base population then

shows diffusion-controlled reaction dynamics.

We have modeled the reaction dynamics of

the intermediate species with a kinetic mech-

anism of acid-base proton transfer by using the

reacting model in Eq. 1 (26), which is a

variant of the Eigen kinetic scheme for

general acid-base reactions (12):

reactant Bloose[ complex

RODIIIðD2OÞIII
jOAc<Cl±

k1

k<1

intermediate

ROjIIIðD3OÞ
þ
IIIjOAc<Cl±

k2

k<2

product Bloose[ complex

ROjIIIðD2OÞIIIDOAc<Cl±
k3

k<3

free products

ROj
þ DOAc<Cl

ð1Þ

We calculate a time constant for the initial

photoacid dissociation step, when HPTSjIII

(D
3
Oþ)IIIjOAc-Cl is formed faster than 150 fs,

limited by our experimental resolution. The

second transfer, generating HPTSjIII(D
2
O)III

DOAc-Cl, has a much slower time constant of

25 ps. The observed isotope H-D effect on the

decay constant of the intermediate ionic com-

plex HPTSjIII(D
3
Oþ)IIIjOAc-Cl is governed

by the square root of the ratio of the isotope

masses (m
H
/m

D
)½, k

H
/k
D

È 1.45. With a

diffusion-controlled time constant of 50 ps, the

product complex HPTSjIII(D
2
O)IIIDOAc-Cl

separates into the bulk solution, thus completing

the acid-base proton transfer reaction.

The proton and deuteron transfer dynamics we

observe for the HPTSIII(H
2
O/D

2
O)IIIjOAc-Cl

complex exhibit a von Grotthuss–type sequen-

tial hopping mechanism reminiscent of the re-

sults of a theoretical study of acid dissociation

of hydrogen halides in water (8, 9). For com-

parison, the proton transmission through water

also occurs by sequential hopping to neigh-

boring water molecules (7, 19, 21, 36). Both for

proton transmission in neat water and for hy-

drogen halide dissociation, the primary and sec-

ondary accepting sites are water molecules. In

our experiment we have chemically distinct

reaction partners on the primary (water) and

secondary (base) accepting sites. Optically trig-

gering the proton transfer in our experiment re-

veals the time scales of these sequential stages

of aqueous proton transfer. Whereas the first

proton or deuteron transfer step is faster than

150 fs, indicating a preexisting reaction coordi-

nate with an almost barrierless reaction dynam-

ics, the second transfer takes much longer. The

HPTSjIII(D
3
Oþ)IIIjOAc-Cl complex is rela-

tively long lived, with lifetimes of several tens

of picoseconds (37) contrasting with the È1 ps

lifetimes of the hydrated proton H
3
Oþ in liquid

water (4) as estimated from nuclear magnetic

resonance studies (38) and from theoretical in-

vestigations (20, 21).
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PbSe Nanocrystal Solids for
n- and p-Channel Thin Film
Field-Effect Transistors
Dmitri V. Talapin* and Christopher B. Murray

Initially poorly conducting PbSe nanocrystal solids (quantum dot arrays or
superlattices) can be chemically ‘‘activated’’ to fabricate n- and p-channel field
effect transistors with electron and hole mobilities of 0.9 and 0.2 square cen-
timeters per volt-second, respectively; with current modulations of about 103 to
104; and with current density approaching 3 � 104 amperes per square
centimeter. Chemical treatments engineer the interparticle spacing, electronic
coupling, and doping while passivating electronic traps. These nanocrystal field-
effect transistors allow reversible switching between n- and p-transport,
providing options for complementary metal oxide semiconductor circuits and
enabling a range of low-cost, large-area electronic, optoelectronic, thermo-
electric, and sensing applications.

Solution-based processes such as spin coating,

dip coating, and inkjet printing offer substan-

tial cost reductions for the fabrication of

electronic and optoelectronic devices when

combined with materials such as organic

semiconductors (1), carbon nanotubes (2),

nanowires (3), soluble precursors for inorgan-

ic semiconductors (4), and hybrid organic-

inorganic films (5). However, none of these

approaches can yet enable devices with per-

formance comparable to that of conventional

inorganic crystalline semiconductors. Im-

provement of the electronic performance in

these systems comes at the price of high-

precision and low-throughput fabrication tech-

niques (3) or else requires high-temperature

anneals that limit compatibility with flexible

plastic substrates. The trade-off between

device performance and fabrication costs

motivates the search for new classes of mate-

rials for low-cost electronics. Here, we report

the assembly of solid-state field-effect tran-

sistors (FETs) from solution-processable semi-

conductor nanocrystals.

Charge transport in an array of nano-

crystals separated by insulating capping ligands

(a Bnanocrystal solid[) depends on matching of

the energy levels of neighboring nanocrystals

(site energies, a), on the exchange coupling

energy between the nanocrystals (b), and on the

Coulomb charging energy of the nanocrystal

array (E
c
) (6, 7). For efficient charge transport,

the dispersion of site energies Da should not

exceed b, or Anderson localization will domi-

nate. If b G E
c
, the nanocrystal array can

behave as a Mott insulator (8).

Past studies have revealed low electronic

conductivity in semiconductor nanocrystal

arrays because of poor exchange coupling and

large concentrations of surface dangling bonds

that trap carriers in mid-gap states (9–12).

Sintering individual nanocrystals into a poly-

crystalline film increases film conductance but

leaves structural defects that limit the device

switching speeds (13). Another approach to

enhance electron mobility in a nanocrystal

solid is based on cross-linking of the nano-

crystals by conjugated organic molecules (e.g.,

1,4-phenylenediamine) followed by electro-

chemical charging with several additional

electrons per nanocrystal (14–16). Charge

screening by the electrolyte_s mobile ions

substantially reduces E
c
, facilitating the nano-

crystal charging (12). The mobility increases

because of a combination of trap filling and

the participation of multiple quantum con-

fined electronic states (1S, 1P, etc.) in charge

transport (12, 14). However, technological im-

plementations require FETs with insulated

gates capacitively coupled to the transistor

channel.

We selected PbSe nanocrystals because

they allow smaller Da and E
c
and larger b

values, compared to the extensively studied

CdSe and ZnO nanocrystal solids. In an en-

semble of strongly confined semiconductor

nanocrystals, charge transport occurs between

electronic quantum confined orbitals (12), and

Da can be estimated from the linewidth of the

first excitonic (1S
h
-1S

e
) transition (15). We

optimized the synthesis (16) to obtain mono-

disperse (G5% SD) PbSe nanocrystals, with the

full width at half maximum of the 1S
h
-1S

e

transition below 40 meV (Fig. 1, A and B).

The 1S quantum confined orbitals in rock-salt

PbSe nanocrystals are eight-fold degenerated

(17) versus the two-fold spin degeneracy in

II-VI nanocrystals. Higher degeneracy and nar-

rower linewidth provide a higher density of

electronic states (DOS) available for the charge

transport. In a close-packed array of 8-nm

PbSe nanocrystals, the densities of 1S
h
and

1S
e
states are each È5 � 1020 eVj1 cmj3,

an order of magnitude higher than the DOS

in arrays of CdSe or ZnO nanocrystals of the

same size and È330 times the DOS in amor-

phous germanium (15).

The exchange coupling energy scales ap-

proximately as b È expE–k(d þ d)^, where d is

the nanocrystal diameter, d is the interparticle

spacing, and kj1 describes the length scale of

the wave function leakage outside the nano-

crystal (6, 7). The large Bohr radius of elec-

trons and holes in PbSe (È23 nm in both)

suggests that their wave functions spill far

outside the volume of the nanocrystal, facil-

itating exchange interactions.

The charging energy E
c
of a spherical nano-

crystal can be estimated as E
c
0 e2/(4pe

m
e
0
d)

where e
m
is the dielectric constant of the sur-

rounding medium. The dialectric constant for

bulk PbSe is very high (e È 250, as compared

to e È 6.2 for CdSe), with e 9 100 measured

for individual 12-nm PbSe nanocrystals (18).

This predicts an E
c
of G4 meV for a three-
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dimensional array of 8-nm PbSe nanocrystals,

which is a small fraction of thermal energy at

room temperature (k
B
T, where k

B
is the

Boltzmann constant and T is the temperature)

and an order of magnitude smaller than E
c
for

analogous CdSe nanocrystal arrays (16).

For electronic studies, close-packed PbSe

nanocrystal films, 35 T 10 nm thick, were

deposited on highly doped Si wafers with 100-

nm-thick SiO
2
thermal gate oxide. Source and

drain Ti/Au (75/375 )) electrodes spaced from

4 mm to 40 mm apart were patterned on the

SiO
2
surface before nanocrystal deposition (16).

Small angle x-ray scattering at grazing

incidence (GISAXS) from 8-nm PbSe nano-

crystals assembled in the channel between

parallel electrodes showed well-resolved re-

flections (Fig. 1C), confirming both in-plane

and vertical particle ordering in a film that was

drop-cast from a hexane:octane (9:1 by vol-

ume) solution. The parallel source and drain

electrodes directed the crystallographic ori-

entation of growing superlattices (fig. S1).

Moreover, close-packed PbSe nanocrystals

showed strong preferential orientation of their

atomic lattices, favorable for charge transport

through P-quantized states (figs. S2 and S3)

As-deposited PbSe nanocrystal arrays were

insulating, with a conductance (G) less than

10j11 S cmj1, because of È1.5-nm interpar-

ticle spacing maintained by insulating oleic

acid molecules (Fig. 1B). Thorough washing of

the nanocrystal colloids (16) removed a fraction

of the native capping groups, reducing inter-

particle spacing to È1.1 nm and yielding a

higher conductance of GÈ 3� 10j10 S cmj1.

However, the removal of capping groups in-

troduced pronounced hysteresis in the current-

voltage (I-V) scans (Fig. 2A), probably due to

filling of traps associated with surface dangling

bonds. No gate modulation was observed in the

native nanocrystal films.

The conductance of PbSe nanocrystal solids

increased by È10 orders of magnitude after

treatment with a 1.0 M solution of hydrazine in

acetonitrile (Fig. 2B) (16). The current through

the nanocrystal film can be modulated by

application of a potential to the back gate

electrode, producing an n-FET (1) (Fig. 2C).

Figure 3A shows a current modulation I
on
/I
off

of È2.5 � 103 for a PbSe nanocrystal n-FET,

with minor hysteresis between gate voltage

(V
G
) scans in the forward and reverse di-

rections (fig. S4). In the Bon[ state, low-field

conductance of PbSe nanocrystal film was

È0.82 S cmj2 (V
G
0 40 V), and the current

density in the saturation regime approached

2.7 � 104 A cmj2. Extracting field-effect elec-

tron mobilities (m) from a series of devices

yielded m
lin

È 0.4 cm2 Vj1 sj1 in the linear

regime and m
sat

È 0.7 cm2 Vj1 sj1 in the sat-

uration regime (16). The m
sat

values increased

with nanocrystal size. The highest mobility,

m
sat

0 0.95 cm2 Vj1 sj1, was observed for

9.2-nm PbSe nanocrystals.

Vacuum treatment or mild heating (to

È100-C) of activated PbSe nanocrystal films

switched their conductivity from n-type (Fig.

3A) to ambipolar (Fig. 3B) and, finally, to

p-type (Fig. 3, C and D) as the hydrazine de-

sorbed. The resulting p-FETs showed room-

temperature hole mobilities m
sat

of 0.12 to 0.18

cm2 Vj1 sj1, current modulations of È102

(Fig. 3D), and Bon[ state current densities

approaching È3 � 103 A cmj2. At 120 K,

current modulation increased to È1.6 � 104,

whereas the hole mobility decreased to m
sat

0

0.09 cm2 Vj1 sj1 and was almost independent

of the gate voltage (Fig. 3C). The hole

transport in PbSe nanocrystal solids most

probably occurs through the 1S
h
orbitals (19).

Switching between electron and hole transport

was reversible upon re-exposure to hydrazine,

allowing fabrication of complementary metal

oxide semiconductor circuits.

Scanning and transmission electron micros-

copy (SEM and TEM) and x-ray diffraction

studies showed that the hydrazine treatment did

not change nanocrystal size or shape but mark-

edly reduced the interparticle spacing (Fig. 4A

and fig. S3). The reflections in GISAXS patterns

shifted to higher scattering (2q) angles, showing

that interparticle spacing decreased by 0.8 nm,

i.e., from È1.1 nm to È0.3 nm (Fig. 4B) (16).

Once hydrazine-treated, films neither dissolved

nor swelled on re-exposure to nonpolar solvents.

This allowed us to pattern PbSe nanocrystal films.

Local exposure to hydrazine solutions rendered

the regions conductive, whereas unexposed film

could be lifted off in hexane. Sequential layer-by-

layer deposition would allow different material

combinations, e.g., p- and n-conducting layers for

designing nanocrystal-based photovoltaic cells.

The absorption spectra of the conductive

PbSe nanocrystal films show excitonic peaks

Fig. 1. (A) Optical ab-
sorption spectrum of
a colloidal solution of
8-nm PbSe nanocrys-
tals in tetrachloroeth-
ylene. a.u., arbitrary
units; fwhm, full width
at half-maximum. (B)
TEM image of an array
of 8-nm PbSe nano-
crystals. qy and qz are
the lateral and vertical
components of the mo-
mentum transfer, re-
spectively. (C) GISAXS
pattern of PbSe nano-
crystal film (16).

Fig. 2. (A) I-V scans for a film of 8-nm oleic acid capped PbSe nanocrystals in which the voltage
scan rate is 0.5 V sj1 (black) and 0.025 V sj1 (red) and the channel length L and width W are 6 mm
and 5000 mm, respectively. (B) Conductance G of a PbSe nanocrystal film versus time of exposure
to a 1 M solution of N2H4 in acetonitrile. The error bars show the spread in data from five samples.
(C) Plot of drain current ID versus drain-source voltage VDS, as a function of VG for a nanocrystal
FET with a channel composed of 8-nm PbSe nanocrystals treated with hydrazine solution for 12
hours (L 0 10 mm, W 0 2000 mm, with a 100-nm-thick SiO2 gate dielectric).
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that shifted by È20 meV to lower energy rel-

ative to native insulating films (Fig. 4C). The

persistence of excitonic peaks implies the elec-

tron and hole wave functions either remain

localized on the individual PbSe nanocrystals

or form narrow minibands due to exchange

coupling (20). At low temperatures, charge

transport in PbSe nanocrystal solids occurred

through variable range hopping, as confirmed

by linearization of low-field conductance in the

Mott coordinates (lnG È T –¼) (8) (fig. S5).

The hydrazine treatment can simultaneous-

ly tune b, E
c
, trap density, and the doping level

of a PbSe nanocrystal solid. Hydrazine is a

BrPnsted base and can gently react to remove

and replace the bulky oleic acid capping

ligands from the nanocrystal surface, reducing

the interparticle spacing and increasing b.

Hydrazine is also a strong Lewis base with lone

pairs of electrons that can saturate dangling

bonds at the nanocrystal surface in analogy to

primary amines (21). We might also speculate

about linking PbSe nanocrystals by bidentate

hydrazine molecules, as the mean interparticle

spacing is close to the length of a hydrazine

molecule. Hydrazine is a reducing agent, pre-

venting oxidation of PbSe nanocrystals and

Brepairing[ any oxidized selenium surface sites

that might generate mid-gap levels (22). Re-

placement of oleic acid (e È 2) with hydrazine

(e È 52) also substantially reduces E
c
. The

increase of b and decrease of E
c
helps to close

the Hubbard gap (8), enabling the insulator-

metal Mott transition in the nanocrystal solid.

Finally, hydrazine behaves as a charge-transfer

n-type dopant, as has been observed for PbSe

nanowires (23) and carbon nanotubes (24).

Annealing the activated PbSe nanocrystal

films at È200-C for 1 hour and re-exposing

them to a hydrazine solution allowed us to

achieve degenerate doping and metallic con-

ductivity (G È 8.5 S cmj2) (fig. S6). The

semiconductor-metal transition was revers-

ible, as partial stripping of the hydrazine (6

hours at 40-C under nitrogen) yielded n-type

semiconducting films with high electron mo-

bility (m
lin

È 2.5 cm2 Vj1 sj1) (fig. S7), thus

demonstrating that tailoring of b and the

doping density allows controllable switching

between insulating, semiconducting, and me-

tallic states in PbSe nanocrystal solids.

Colloidal nanocrystals can now enable room-

temperature fabrication of n- and p-channel

field effect devices by inexpensive and high-

throughput solution-based processes. We ob-

served good performance for PbSe nanocrystal

FETs, even for long (e.g., 40 mm) channels

(fig. S8). Such device dimensions are easily

accessible by stamping or inkjet-printing. The

observed field-effect mobilities in PbSe nano-

crystal films are comparable to the hole mo-

bility in pentacene films (2), although lower

than the electron mobility in the best solution-

processed inorganic semiconductors (4).

The hydrazine treatment is a general tech-

nique for increasing conductance in nanocrys-

tal solids. In addition to PbSe FETs, we have

assembled operational solid-state FETs from

PbS, PbTe, CdSe, and InP nanocrystals and

CdSe nanorods, thus demonstrating the appli-

cability of our approach to different materials.
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Nanoscale Imaging of Buried
Structures via Scanning Near-Field

Ultrasound Holography
Gajendra S. Shekhawat1,2 and Vinayak P. Dravid1,2,3*

A nondestructive imaging method, scanning near-field ultrasound holography
(SNFUH), has been developed that provides depth information as well as spatial
resolution at the 10- to 100-nanometer scale. In SNFUH, the phase and am-
plitude of the scattered specimen ultrasound wave, reflected in perturbation
to the surface acoustic standing wave, are mapped with a scanning probe
microscopy platform to provide nanoscale-resolution images of the internal
substructure of diverse materials. We have used SNFUH to image buried nano-
structures, to perform subsurface metrology in microelectronic structures, and
to image malaria parasites in red blood cells.

Nondestructive real-space imaging of deeply

buried or embedded structures and features

with lateral resolution below È100 nm is a

formidable challenge (1–5). Conventional im-

aging with noninvasive radiation, such as light

and acoustic waves, cannot achieve useful res-

olution below 100 nm because of the classical

diffraction limit (6–8). Scanning probe micros-

copy (SPM) and its analogs offer superb spa-

tial resolution but are sensitive only to surface

or shallow subsurface features (9, 10). Near-

field scanning optical microscopy offers sub-

wavelength resolution but is unable to image

optically opaque and deeply buried structures

(11, 12). Thus, with respect to nondestructive

real-space imaging, there is a clear void be-

tween the two ranges of length scales offered

by confocal/photon or acoustic/sonography

techniques (micrometer scale) (13–16) and

SPM (nano- and subnanometer scale) (9, 10),

particularly if the features of interest are buried

deeper into the material, beyond the interaction

range of proximal probes.

The need for nondestructive nanoscale

imaging of buried and embedded structures is

critical for numerous materials, structures, and

phenomena as the scale of fabrication con-

tinues to shrink and the micro/nanofabrication

paradigmmoves fromplanar to three-dimensional

(3D) or stacked platforms. In microelectronics,

for example, such metrology challenges are

well articulated in the International Technolo-

gy Roadmap for Semiconductors (17). The

need for a higher resolution, nondestructive,

real-space imaging approach is equally critical

in biological systems for noninvasive monitor-

ing of signal pathways, cellular transfection,

and other subcellular phenomena.

In conventional nondestructive imaging

approaches based on acoustic and light mi-

croscopy, classical diffraction limits the spatial

resolution in the far-field regime. For example,

the spatial resolution, d, in an acoustic mi-

croscope is given by

d 0 0:51ðvo=fNAÞ ð1Þ

(7, 8), where v
o
is the speed of sound in the

coupling medium, f is the frequency of the

acoustic/ultrasonic wave, and NA is the numer-

ical aperture of the lens. Conventional far-field

approaches are also limited by the need for

liquid lenses and coupling fluid, among other

considerations.

Several SPM-based techniques have been

introduced in recent years with mixed results

in the context of sensitivity to surface nano-

mechanical variations, ability to probe deeply

buried or embedded features, or quantitative

extraction of nanomechanical contrast. Force

modulation microscopy (also called ultrasonic

force microscopy) (18–23) and heterodyne

force microscopy (24) are notable SPM-based

techniques that have enjoyed some success in

nanomechanical mapping of elastic and visco-

elastic properties of soft and hard surfaces.

However, a wider deployment of these tech-

niques is generally marred by lack of reproduc-

ibility, unpredictable environmental effects in

the usual contact mode of imaging, and lack of

compelling evidence for demonstrated sensi-

tivity to buried and embedded structure. More-

over, these techniques use nonlinear tip-sample

interactions, where the origin of the dominant

mechanical contrast in the images ismainly from

differential surface mechanical properties with a

large physical contact between the cantilever and

sample; such methods are therefore not well

suited for imaging of soft materials such as

polymers and biological structures.

Here we introduce an imaging approach,

scanning near-field ultrasound holography

(SNFUH), that is sensitive to deeply buried fea-

tures, offers nanoscale lateral resolution with

depth sensitivity, and is equally amenable to

hard (engineered systems), soft (polymers and

biological structures), and hybrid materials. In

SNFUH, a high-frequency acoustic wave (on

the order of megahertz or higher, substantially

greater than the resonance frequency of the typ-

ical cantilever, f
0
È 10 to 100 kHz) is launched

from the bottom of the specimen while anoth-

er wave is launched on the SPM cantilever,

albeit at a slightly different frequency (Fig. 1).

The interference of these two waves would nom-

inally form a surface acoustic standing wave,

which is analogous to, for example, x-ray

standing waves that result from interference of

scattered and reference x-ray waves (25, 26).

The perturbations to the phase and amplitude

of the surface acoustic standing wave are

locally monitored by the SPM acoustic an-

tenna via the lock-in approach and a SNFUH

electronic module. As the specimen acoustic

wave is perturbed by buried features, the re-

sultant alteration in the surface acoustic stand-

ing wave, especially its phase, is effectively

monitored by the SPM cantilever. Thus, within

the near-field regime (which enjoys superb

spatial resolution), the acoustic wave (which

is nondestructive and sensitive to mechani-

cal and/or elastic variation along its path) is

fully analyzed, point-by-point, by the SPM

acoustic antenna in terms of its phase and

amplitude. Thus, as the specimen is scanned,

a pictorial representation of its acoustic wave

perturbation is recorded and displayed that of-

fers a quantitative account of the internal fea-

tures of the specimen.
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The SNFUH approach, especially its im-

plementation, is quite different from prior

approaches (18–24) that make use of launching

ultrasound frequency on the specimen, the

cantilever, or both. The difference is in the

collective combination of near-field, noncon-

tact, and holography mode for detection, with

noninvasive acoustic waves for depth sensitiv-

ity, as demonstrated below.

A conventional JEOL SPM 5200 scanning

probe microscope system with a modified stage

and cantilever holder system was used to devel-

op the SNFUH mode. The feedback electronics

of the system were also modified, and an elec-

tronic module developed in-house was imple-

mented together with a radio frequency (RF)

lock-in approach to extract the phase and am-

plitude of the acoustic standing wave perturbed

by buried features. Commercial piezoelectric

ceramics were used to provide ultrasonic vibra-

tions to the sample and the cantilever, with out-

of-plane resonances of È2.1 and È2.3 MHz,

respectively. The images were acquired using

soft-contact mode (for hard structures) and

near-contact mode (for biological structures). In

soft-contact mode, the SNFUH feedback con-

troller is used to bring the cantilever toward the

surface, and the contact force is monitored by

the system software. In near-contact mode, op-

tical feedback is used to lift the tip by a small

amount (2 to 5 nm) after it touches the surface.

The SNFUH controller and cantilever mon-

itor the perturbation to the surface acoustic

standing waves, especially their phase, which

carries information about buried structures re-

flected in the scattering of specimen acoustic

waves due to the difference in elastic moduli,

for example. The use of near-contact mode is

particularly suitable for imaging and moni-

toring soft and biological structures in vitro.

Matching piezoceramics were used to keep the

frequency difference below the cutoff frequen-

cy of the SPM photodiode (È1 MHz). The

SPM differential photodiode signal constitutes

an input to the SNFUH electronic module,

which enables simultaneous extraction of all

image data: the topography, amplitude, and

phase of the acoustic standing wave.

Experimentally, the two acoustic oscilla-

tions are applied to the tip and the sample by

two matching piezocrystals attached to the

cantilever and at the base of the sample. Each

piezocrystal is driven by a separate sinusoidal

waveform generated by arbitrary waveform gen-

erators. The SNFUH electronic module moni-

tors the difference frequency input to an RF

lock-in amplifier as a reference for the ex-

traction of the amplitude phase of the acoustic

standing wave.

We used a model polymer-nanoparticle com-

posite to demonstrate the high lateral spatial

resolution and depth sensitivity of the SNFUH

approach. A specimen consisting of gold nano-

particles buried deep beneath a polymer cover

layer was prepared by dispersing colloidal gold

nanoparticles on a silicon substrate coated with

poly(2-vinylpyridine) (PVP). Nanoparticle cov-

erage was measured by Rutherford backscat-

tering spectrometry as described (27). The gold

nanoparticles had an average diameter of 15

nm and were well dispersed on the film sur-

face, as observed previously by transmission

electron microscopy (TEM) (27). The nano-

particles were then fully covered with another

polymer film about 500 nm thick (Fig. 2A).

The normal atomic force microscopy (AFM)

topography scan (Fig. 2B) shows a smooth

featureless surface of top polymeric layer with

surface roughness of È0.5 nm. However, the

phase image of SNFUH (Fig. 2C) clearly shows

well-dispersed gold nanoparticles buried È500

nm deep from the top surface. The contrast in

the phase image of SNFUH arises from the

difference in elastic modulus between the poly-

mer and the gold nanoparticles, which induces

the time-dependent phase delay of the acoustic

waves reaching the sample surface.

As shown schematically in Fig. 2, D and E,

the buried scattering features (the nanoparticles)

perturb the specimen acoustic wave, resulting in

local change in the phase and amplitude of the

acoustic standing wave, which is detected by

the SPM cantilever Bantenna.[ At the operating

frequency of 2.1 MHz, the wavelength of the

specimen acoustic wave is greater than a few

hundred micrometers. Thus, the experimental

conditions are well within the near-field regime,

resulting in minimal diffraction or wide-angle

scattering of the acoustic waves reaching the

top surface. The degradation of spatial resolu-

tion and the depth sensitivity of SNFUHbeyond

the near-field regime requires additional exper-

imental and modeling studies.

The mechanism of the formation of the

acoustic standing wave and the origin of the

contrast and high subsurface sensitivity of

the SNFUH approach can be conceptually

understood as follows (Fig. 2, D and E): In

SNFUH mode, the perturbation to the surface

acoustic standing wave resulting from specimen

Fig. 1. Schematic illustration of the SNFUH
approach. A high-frequency acoustic wave is
launched from below the specimen while another
high-frequency acoustic wave (at a slightly dif-
ferent frequency) is launched on the SPM
cantilever. The SNFUH electronic module is used
to spatially monitor the phase perturbation to the
surface acoustic standing wave that results from
the scattered specimen acoustic wave. The reso-
nant frequency of the typical cantilever, f0, is in
the 10- to 100-kHz range.

Fig. 2. (A) Schematic illustration
of a model nanoparticle system
for validation of SNFUH.Gold nano-
particles dispersed on a polymer-
coated substrate (PV) are buried
under a polymer layer È500 nm
thick. (B and C) A typical AFM
topography image (B) shows a
featureless top polymer surface,
whereas the phase image of
SNFUH (C) clearly reveals the
buried gold nanoparticles with high
definition. (D and E) Schematic
explanation of images in (B) and
(C). In (D), the standing wave is not
perturbed because no subsurface
scattering feature is present; in (E),
the acoustic standing wave is
perturbed as a result of subsurface
scattering, which is monitored by
the SPM tip.
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acoustic wave scattering is monitored by the

SPM acoustic antenna. The resulting cantilever

deflection merely follows the perturbation to the

surface acoustic standingwave, which represents

the dissipative lag/lead in the surface response

with respect to the tip reference frequency (i.e.,

the time-of-flight delay of the specimen acoustic

waves reaching the sample surface). Extracting

the spatial dependence of this phase term

provides image contrast indicative of the relative

elastic response of the buried structures, inter-

faces, and embedded defects to the specimen

acoustic wave to create the resultant perturbation

to the surface acoustic standing wave.

In a homogeneous specimen, the surface

acoustic standing wave is merely the interfer-

ence of the specimen and cantilever acoustic

waves without any local perturbation (Fig. 2D).

However, if a scattering feature is present be-

low the specimen surface, the perturbation to the

specimen acoustic wave results in local pertur-

bation (Fig. 2E) to the surface acoustic standing

wave that is registered by the SPM cantilever

antenna. The contrast variation arises from the

acoustic phase difference between the matrix

and the feature, which in the case of acoustic

wave propagation is directly related to the elas-

tic modulus difference (7, 8). The lateral spatial

resolution is governed by the SPM probe inter-

action with the acoustic standing wave, which

is proportional to the depth of the scattering

features beyond the near-field regime. Within

the near-field regime, the spatial resolution is

limited principally by the SPM tip interactions,

whereas resolution degradation will be com-

mensurate with depth beyond the near-field

regime because of far-field scattering and dif-

fraction. Further, because the acoustic phase in-

formation is spatially recorded, it is possible

to obtain (via modeling) depth distribution

of phase and to convert the data into a 3D

tomography map of the embedded features.

Some of the challenges in the next gen-

eration of microelectronics metrology include

dimensionality and fatigue performance of elec-

trical contacts and interconnects (28, 29), which

are often buried and stacked. The current para-

digm for electrical contact processing calls

for an increase in the aspect ratio of metal con-

tact lines, which in turn requires deposition

of metal into damascene trenches and vias

without leaving any unfilled volume (voids).

The undesirable process defect voids result in

increased resistivity and can cause serious open

circuits and device failure. The major chal-

lenges in this critical microelectronics step in-

clude voiding, delamination, and cracking

at the polymer-trench interface. Conventional

techniques for characterization of voids and

stresses in narrower trenches include destruc-

tive approaches such as cross-sectional scanning

electron microscopy (SEM) or TEM, which

are not only laborious and time-consuming but

require the wafer to be sacrificed. Electrical

testing is nondestructive but spatially insen-

sitive, and it requires contact to the wafer. In

the case of via chains, several metal levels must

be fabricated before the electrical test can

be completed. Clearly, a nondestructive subsur-

face imaging approach is warranted to identify

and isolate such defects or delamination and

thereby improve the process yield.

To demonstrate the efficacy of SNFUH in

identifying underlying defects in narrower

trenches, we fabricated shallow trench struc-

tures as shown in Fig. 3A. The trenches were

etched in SOD (spin-on dielectric) with a 50-nm

layer of low-pressure chemical vapor deposi-

tion (LPCVD) Si
3
N
4
as a capping layer, and

Si
3
N
4
was then etched into the trenches (1

mm deep) by wet processing. A layer of poly-

mer (benzocyclobutene) 500 nm thick was spin-

coated, followed by thermal annealing to cure

the polymer.

A conventional topography scan (Fig. 3B),

7.5 mm by 7.5 mm, shows uniform and contig-

uous polymeric coating on SiN and inside the

trenches. On the other hand, the corresponding

(simultaneously recorded) SNFUH phase image

shown in Fig. 3C reveals phase contrast rem-

iniscent of embedded voiding within the poly-

mer and at the SiN-polymer interfaces. The

dark contrast in the phase image in polymer-
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Fig. 3. (A) Schematic of the model
test sample for detecting embedded
defects/voiding in shallow trenches.
(B) Typical AFM topography image
shows a coating of low-dielectric
material [benzocyclobutene (BCB)],
500 nm thick, uniformly covering
the trenches. Trench width is È400
nm and height is È1 mm. (C) Phase image of SNFUH clearly reveals the surface elastic contrast and
embedded voiding in polymer coating over nitride and hardening of it at the trench walls, a result of its
curing. This is evident from the contrast at the trench walls. (D) The line profile across the void, marked
across X-Y in (C). Remarkably high subsurface phase resolution is achieved.

Fig. 4. AFM topography
images (A and C) and
SNFUH phase images (B
and D) of malaria-infected
RBCs. In (A) and (B), ob-
tained after 24 hours of
incubation, the topography
image shows typical sur-
face features of RBCs with
scan size of 10 mm by 10
mm, whereas the SNFUH
phase image shows re-
markable contrast from
parasites inside the RBC at
nanoscale spatial resolu-
tion. The images in (C)
and (D) show early-stage
parasite infection after 4
hours of incubation.
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coated SiN lines corresponds to voids at SiN-

polymer interfaces (i.e., voiding underneath the

contact). The contrast is due to the distinct

viscoelastic response from the specimen acous-

tic wave from the voids. Interestingly, a notable

hardening of the polymer in the trench and its

sidewall is also evident in the phase image,

which results from thermal annealing and pos-

sibly poor adhesion with SOD. Because it is

nondestructive, SNFUH may be an ideal tool-

set for such subsurface metrology needs.

The efficacy of SNFUH in imaging of

embedded or buried substructures in biology

is demonstrated in Fig. 4, which depicts high

resolution and remarkably high contrast arising

frommalaria parasites inside infected red blood

cells (RBCs). The details of in vitro infection by

malaria parasites are reported in (30); here, we

demonstrate early-stage direct and real-space

in vitro imaging of the presence of parasites

inside RBCs without any labels or sectioning of

cells, and under physiologically viable condi-

tions. Plasmodium falciparum strain 3D7 was

cultured in vitro by a modification of the meth-

od of Haldar et al. (31). Parasites were syn-

chronized to within 4 hours by a combination

of Percoll purification and sorbitol treatments,

cultured to 10% parasitemia, and harvested at

the indicated times.

SNFUH imaging was performed using the

near-contact mode method for imaging soft

structures. The SNFUH electronic module was

used to bring the cantilever into near-contact

mode, and then the sample was scanned over

the RBCs while maintaining the near-field

regime. An AFM topography image and a

SNFUH phase image from infected RBCs are

shown in Fig. 4, A and B, respectively. As

expected, the AFM topography image shows

the typical surface morphology of an infected

RBC, whereas the SNFUH phase image shows

remarkably high contrast from the parasite

residing well inside the RBC. In addition to

several other features reminiscent of membrane

proteins and subcellular contents, multiple para-

sites are clearly evident. The morphology,

spatial scale, and distribution of parasites are

consistent with prior accounts of such infection

(30, 32). To further demonstrate the capability

of SNFUH for early-stage diagnosis of parasite

infection, we examined RBCs incubated for

only 4 hours; infection after such a brief period

is difficult to validate by other noninvasive

techniques such as fluorescence tagging. The

images in Fig. 4, C and D, show that SNFUH

is sensitive to early-stage parasite infection in

RBCs, as reflected by image contrast consist-

ent with parasite infection.

These representative examples of SNFUH

development and applications demonstrate

a versatile toolset for nondestructive, high-

resolution, real-space imaging of diverse mate-

rials systems. We believe the SNFUH approach

fills the critical gap in spatial resolution at the

10- to 100-nm scale for nondestructive sub-

surface imaging in physical sciences, engi-

neered systems, and biology.
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A 5-Micron-Bright Spot
on Titan: Evidence for

Surface Diversity
Jason W. Barnes,1* Robert H. Brown,1 Elizabeth P. Turtle,1

Alfred S. McEwen,1 Ralph D. Lorenz,1 Michael Janssen,2

Emily L. Schaller,3 Michael E. Brown,3 Bonnie J. Buratti,2

Christophe Sotin,4 Caitlin Griffith,1 Roger Clark,5 Jason Perry,1

Stephanie Fussner,1 John Barbara,6 Richard West,2

Charles Elachi,2 Antonin H. Bouchez,7 Henry G. Roe,3

Kevin H. Baines,2 Giancarlo Bellucci,8 Jean-Pierre Bibring,9

Fabrizio Capaccioni,10 Priscilla Cerroni,10 Michel Combes,11

Angioletta Coradini,8 Dale P. Cruikshank,12 Pierre Drossart,11

Vittorio Formisano,8 Ralf Jaumann,13 Yves Langevin,9

Dennis L. Matson,2 Thomas B. McCord,14 Phillip D. Nicholson,15

Bruno Sicardy11

Observations from the Cassini Visual and Infrared Mapping Spectrometer
show an anomalously bright spot on Titan located at 80-W and 20-S. This
area is bright in reflected light at all observed wavelengths, but is most
noticeable at 5 microns. The spot is associated with a surface albedo feature
identified in images taken by the Cassini Imaging Science Subsystem. We
discuss various hypotheses about the source of the spot, reaching the con-
clusion that the spot is probably due to variation in surface composition,
perhaps associated with recent geophysical phenomena.

Large-scale relatively bright and dark regions

are present on Titan_s surface. Two bright

areas particularly stand out: the continent-sized

Xanadu Regio centered at 110-W, 15-S and

the sub-Saturnian mid-south-latitude bright

region (now provisionally named BTsegihi[)
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centered at 15-W, 40-S. Several groups (1–3)

have hypothesized that dark organic haze par-

ticles settling out of the atmosphere might build

up all over Titan_s surface, only to be washed

away during methane rainstorms; thus, the bright

areas would be composed of dirty ice (4) and

the dark areas would be covered by organics.

Other Earth-based observations have showed

evidence for lakes of liquid hydrocarbon (5)

along with methane clouds (6). Hence, Titan

may be the only object other than Earth that

is known to have an active exchange of liquid

between the atmosphere and surface.

Three Cassini instruments can see through

the haze in Titan_s atmosphere. The Visual and

Infrared Mapping Spectrometer (VIMS) uses

spectral image mapping to obtain images in

352 colors simultaneously (7). VIMS_s wave-

length range, 0.3 to 5.2 mm, includes spectral

windows at 0.92, 1.06, 1.26, 1.57, 2.0, 2.7,

and 5.0 mm, where neither haze nor atmospher-

ic absorption completely obscures the sur-

face. The Imaging Science Subsystem (ISS)

is a visible/near-infrared (IR) camera with a

charge-coupled device detector (8). ISS is capa-

ble of observing Titan_s surface through its

0.938-mm filter. Cassini_s radar radiometer in-

vestigates spatial variation in surface properties

with both active and passive modes. At short

range, the radar is operated in active mode as a

2.17-cm synthetic aperture radar (9). At larger

ranges, it can operate in passive mode, mea-

suring the microwave flux from Titan_s surface.

Here we present observations of an unusual

bright region on Titan, southeast of Xanadu.

The bright spot is located at 80-W, 25-S and

became apparent in adaptive optics 1.6-mm

(10) and 2.0-mm imaging from the Keck Ob-

servatory. VIMS obtained its best views of the

area on 31 March 2005 (T4) and 16 April 2005

(T5) (Fig. 1). A bright area consistent with this

one is also present in data taken on 2 July 2004

(T0), 26 October 2004 (TA), and 13 December

2004 (TB), (Fig. 2). Thus, the spot was observed

consistently over 9 months. The spot was near

the sub-solar point during T5, but the spacecraft

trajectory limited views of the spot to emission

angles of over 60- at a spatial resolution of

30 km per pixel in the north/south direction
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Fig. 1. Global image
view (A) and cylindri-
cal map view (B) of T5
(16 April 2005) data
showing the spot.
These color (but not
true color) composites
were created using
data from the 1.57-
mm atmospheric win-
dow as blue, from the
2.0-mm atmospheric
window as green, and
from the 5-mm atmo-
spheric window as
red. The area labeled
1 indicates the area
from which we ob-
tained bright spot spectra. 2 indicates Xanadu, 3 the sub-Saturnian mid-south-latitude bright region ‘‘Tsegihi,’’ and 4 the area representing dark terrain.
Areas 1, 2, and 3 were chosen to have broadly similar emission angles and atmospheric contributions.

Fig. 2. Identifications of the 5-mm-bright spot from Keck AO ground-based imaging on 24
December 2003 and from VIMS during Cassini encounters on 3 July 2004 (T0), 26 October 2004
(TA), 13 December 2004 (TB), 31 March 2005 (T4), and 16 April 2005 (T5). North is at the top in
all images. Keck data were taken through the K¶ filter (1.95 to 2.30 mm) and color-mapped to
produce the upper left image. The VIMS images were generated with 5 mm (VIMS channels 337 to
362 added together) as red, 2.0 mm as green, and 1.57 mm as blue. Spectral coverage for the T0
encounter was limited by bandwidth constraints; for the T0 image, we scaled the available data
to simulate the full spectral window coadditions that were used in the other flybys. The 5-mm-
bright spot shows no spectral or spatial changes between T4 and T5, although the geometry of
the other encounters is poor enough to not rule out changes in spatial coverage.
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and 150 km per pixel in the east/west direc-

tion. Resolution was similar during T4. The

spot_s morphology was the same during both

encounters. These observations are, therefore,

consistent with a static feature.

The 5-mm-bright spot extends 450 km from

north to south and 400 km from Titanian west

to Titanian east. It is brightest in the mid-north.

The spot is brighter than conventional bright

terrain at all wavelengths, and it becomes pro-

gressively brighter than Xanadu beyond 1.6 mm

(Fig. 3). In images created by co-adding all of

the VIMS frames in the 5-mm spectral window,

the spot outshines the sub-Saturnian mid-south-

latitude bright region (BTsegihi[) by 17% and

outshines Xanadu by nearly a factor of 2. The

spot_s spectral signature more closely resem-

bles that of BTsegihi[ than that of Xanadu; even

though the spot might spectrally be yet-brighter

BTsegihi[ terrain, Xanadu_s sharply lower al-

bedo at 5 mm is distinct. At 2.65 mm, the spot

is of similar intensity relative to incoming solar

flux (I/F) relative to other bright terrain, but is

È15% brighter than other terrain at 2.75 mm.

A thin, bright, semicircular feature bounded

the 5-mm-bright spot to the south, as seen by

ISS in December 2004 (TB). This feature (Bthe

Smile[) is 650 km long and up to È90 km

wide. The arc does not continue to the north, so

it does not mark a recent circular impact struc-

ture. It could be a heavily eroded crater, al-

though the old crater idea does not explain why

Bthe Smile[ is so bright. The feature_s symmetry

seems to imply structural control. The ISS im-

age shows a crenulated margin, perhaps due to

surface flows or erosion. ISS also observed this

region in February 2005 (T3) and, within the

limits of resolution, no difference in Bthe Smile[

was detected.

BThe Smile[ is brighter than the rest of

Xanadu (Fig. 4b). In the region where the

5-mm flux is strongest (the area within or

bounded by Bthe Smile[), ISS shows a 300 �

500 km area of high albedo trending northeast-

southwest. The 0.938-mm albedo of this area

is comparable to that in Xanadu. Therefore,

the 0.938-mm and 5.0-mm albedos of this area

interior to Bthe Smile[ are not correlated (Fig.

4C). In contrast, the albedos measured else-

where on the surface of Titan by ISS and

VIMS correlate strongly.

A moderately bright 0.938-mm area under-

lies the triangular tongue that is bright at 5 mm

and stretches toward the southwestern edge of

the H-shaped dark region that was first seen

from Earth (11). But to the northwest, areas

that are somewhat bright at 5.0 mm overlie a

region that is dark at 0.938 mm. This variation

probably reflects resolution differences between

the two data sets. Thin, bright, radial fingers ex-

tend northward from Bthe Smile[_s center of

arc into the dark region in the ISS view. The

superposition of the bright fingers and dark

background probably results in the moderate

5-mm brightness detected by VIMS. If this in-

terpretation is correct, then the increased 5-mm

flux is correlated with ISS bright terrain.

A low-resolution passive radiometry obser-

vation from T4 covers the study area (Fig. 4D)

in one polarization, with a spatial resolution of

about 250 km. A correlation of higher bright-

ness temperature with lower near-IR albedo in

the upper right corner of the map is promi-

nent. This correlation appears to hold for most

of Titan_s surface at these spatial scales.

The spot cannot be specular reflection

because the specular point for flat surfaces

was located thousands of kilometers to the east.

VIMS_s observations span 12- to 57- in phase

angle and show no variation in the spectral

character of the spot; the much better-sampled

ground-based Keck adaptive optics (AO) ob-

servations of the spot also show that its phase

function matches the surrounding terrain be-

tween 0- and 70-.

The low density of craters on Titan (12, 9)

implies a high resurfacing rate that may

involve cryovolcanism (9). We performed ra-

diative simulations that show the bright spot_s

5-mm excess to be consistent with roughly

gray-body thermal emission at a temperature

of È180 K. Some features of the ISS mor-

phology are consistent with the idea that the

5-mm-bright spot represents a volcanic prov-

ince: the bright optical albedo, crenulated mar-

gins, and possible linear flow features.

To test this hypothesis, we calculated bright-

ness temperatures from passive microwave

radiometry obtained by Cassini_s radar during

the T4 encounter. The microwave brightness

temperature depends on polarization, incidence

angle, composition, and physical temperature

(13). The observations in Fig. 4D were made

at incidence angles of around 57-, close to the

Brewster angle for ices and hydrocarbons. At

this angle, vertically polarized radiation is per-

fectly absorbed or emitted by the surface, and

thus (in the absence of subsurface scattering)

the brightness temperature corresponds exact-

ly to the physical temperature. Our observation

with an antenna temperature of È77 K had

the polarization vector about 38- from vertical,

which represents a sum of horizontal and verti-

cally polarized brightness temperatures weighted

(È62%) in favor of the vertical. Application of

the orthogonal polarization, lower-resolution ra-

diometer data (71 K) also taken on T4 suggests

vertical brightness temperature T
b
(V) È 83 K

and horizontal brightness temperature T
b
(H) È

67 K. The vertically polarized value is rather

typical for other regions on Titan and is lower

than the thermodynamic temperature of the sur-

face because of subsurface scattering (which in

effect partly reflects cold sky into the instru-

ment in place of some surface emission). There

is thus no evidence for elevated surface temper-

atures, which rules out the hot spot hypothesis.

If the spot represents a topographic high,

sunlight would pass through less of Titan_s

atmosphere both incoming from the Sun and

outgoing to Cassini. The reduced path length

through the atmosphere would decrease both

scattering by haze particles and absorption by

atmospheric gases, resulting in a higher ob-

served I/F for a surface of a given albedo.

Because the optical depth of Titan_s haze

decreases with increasing wavelength, this

hypothesis has difficulty explaining the spot_s

high 5-mm brightness. In addition, the lack of a

strong negative brightness temperature anom-

aly associated with the feature in radiometry

appears to argue against its being substantially

elevated above surrounding areas. With a dry

adiabatic lapse rate of È0.6 to 0.8 K/km, even

a generous 1 to 2 K temperature drop would

Fig. 3. Spectral compar-
ison of the spot, Xanadu,
the sub-Saturnian mid-
south-latitude bright re-
gion (‘‘Tsegihi’’), and dark
terrains within Titan’s
different spectral win-
dows. All Titanian bright
terrain is not the same:
Xanadu and ‘‘Tsegihi’’ are
distinctly different from
one another. Although
Xanadu is brighter than
‘‘Tsegihi’’ at wavelengths
shorter than 5 mm, it
is dimmer at 5 mm,
which may imply an
icier composition. The
bright spot more closely
tracks Xanadu in its over-
all brightness, but like
‘‘Tsegihi’’ ismuch brighter
than Xanadu at 5 mm.
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permit only 3 km of topography, which is not

enough to account for the spot_s brightness.

Two major lines of reasoning, however, ar-

gue against this feature being a cloud. First, the

spot_s spectrum does not match that of known

clouds; second, the feature has persisted formuch

longer than known clouds. The uniformly high

inferred albedo for the spot across VIMS_s entire

spectral range is consistent with cloud particles.

If the 5-mm-bright spot is caused by methane

condensate, it would have to be in the form of a

persistent low-lying cloud or ground fog.

Keck and Cassini observations have found

this particular spot to be bright and to maintain

its spatial distribution for 4.5 years. Clouds

seen in the past formed and dissipated on time

scales between hours and days. With better

spatial resolution and higher time resolution,

ISS monitoring of this region during TB showed

no apparent changes over tens of hours. If the

spot is a cloud, it must be a cloud that is tightly

controlled by the surface. It could be orographic,

but on Earth and Mars, even though orographic

clouds appear preferentially in certain places,

they still appear, disappear, and change shape

over time. The spot could correspond to fog

overlying a lake, hot springs, or a volcanic field.

However, the higher-altitude clouds that we

have seen so far are much brighter than Xanadu

when viewed by ISS, and although Bthe Smile[

meets this criterion, the interior of the 5-mm-

bright spot does not.

Finally, the 5-mm-bright region may be the

result of a surface albedo marking. As such, it

could represent an area with distinct crustal

composition, an area in an unusual state of

weathering, or a thin surficial coating. Because

water ice is highly absorbing at 5 mm, the 5-mm-

bright area cannot be more water-rich than

either Xanadu or the sub-Saturnian mid-south-

latitude bright region BTsegihi.[ The strong neg-

ative deviation of Xanadu_s spectrum at 5 mm

implies that it is Xanadu that has more water

ice than either the bright spot or BTsegihi.[ It is

not obvious what composition might be both

brighter than Xanadu at long wavelengths where

water absorbs and brighter at short wavelengths

where water strongly reflects. The area could be

in an unusual state of weathering—either very

young geologically or perhaps just recently

cleaned by methane rainfall. Either might alter

the chemistry of the topmost surface layer in a

manner that could reproduce the observed spec-

trum, although it would seem that a recent meth-

ane cleaning would leave the area more icy,

not less. Finally, the spatially localized nature of

the 5-mm excess could be the result of a thin

airfall deposit, perhaps emanating from vents in

Bthe Smile[ and blown northeast by prevailing

winds. However, it is still difficult to conceive

of a substance with the right spectral properties.

If the radiometric brightness temperatures

T
b
(V)È 83 K and T

b
(H)È 67 K are interpreted

as due to emission from a dielectric surface at

83 K (thus taking subsurface scattering crudely

into account), the ratio of the two temperatures

suggests a dielectric constant of È3. This value

is rather higher than that typical for Titan as a

whole, which exhibits polarization that is char-

acteristic of dielectric constants of 2. The value

would be consistent with the study area having

an ice-rich composition, in contrast to the wide-

spread value characteristic of porous ices or

solid or liquid hydrocarbons. Pure ice appears

inconsistent with the VIMS data. However, be-

cause the absorptivity or loss tangent of cold ice

and hydrocarbons is very low (G È 10j4), the

microwave data probe depths of perhaps several

meters. Hence, a thin frost or veneer of material

only a few tens of microns thick could give

the surface a very different near-IR reflectance

from that expected from its bulk composition.

An intriguing possibility for the identity of

the bright spot_s reflecting material is CO
2
ice.

CO
2
ice reflects highly in the same short-

wavelength Titanian atmospheric windows

where water ice reflects, but is more highly

reflective than water ice in the 5-mm window.

Unfortunately, the most diagnostic wavelengths

for carbon dioxide ice are not within Titan_s

spectral windows and thus are not amenable

to remote sensing. Kress and McKay (14) re-

cently predicted an abundance of CO
2
on Titan,

based on chemical modeling of comet impacts

early in Titan_s history. In this scenario, the

bright spot and BTsegihi[ could be either eroded

layers of CO
2
or more recent overlying depos-

its. Observations in the coming years will shed

additional light on this enigmatic feature.
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Fig. 4. Close-up cylindrically projected map views, all with identical footprints from 13-
to 34-S latitude and 59- to 96-W longitude, taken from (A) VIMS during T5, (B) ISS
during TB, (C) VIMS and ISS combined, and (D) radar radiometry during T4. (D) shows
2.2-cm brightness temperatures recorded by the Cassini radar radiometer in one
polarization. Data sampling the same area in an orthogonal polarization are at a much
coarser resolution (È800 km) and are not shown. Part of the SW-NE trend in brightness
is due to the incidence angle, which varies from about 42- at top right to 60- at bottom
left. Spots denote the beam center; diamonds show the approximate instantaneous
footprint of the radiometer beam.
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M. S. Halim,30 M. Hřebı́čková,31 J. Humrichouse,13 H. H. Jensen,32

D. D. Jocic,33 F. H. Jónsson,34 B. Khoury,35 W. Klinkosz,36
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Most people hold beliefs about personality characteristics typical of members
of their own and others’ cultures. These perceptions of national character may
be generalizations from personal experience, stereotypes with a ‘‘kernel of
truth,’’ or inaccurate stereotypes. We obtained national character ratings of
3989 people from 49 cultures and compared them with the average personality
scores of culture members assessed by observer ratings and self-reports.
National character ratings were reliable but did not converge with assessed
traits. Perceptions of national character thus appear to be unfounded stereo-
types that may serve the function of maintaining a national identity.

Beliefs about distinctive personality character-

istics common to members of a culture are

referred to as national character (1) or national

stereotypes (2–4). National stereotypes in-

clude beliefs about social, physical, and men-

tal characteristics, but the present article

focuses on personality traits. Several factors

are thought to influence these beliefs. They

may be generalizations based on observations

of the personality traits of individual culture

members. They may be inferences based on

the national ethos, as revealed in socioeco-

nomic conditions, history, customs, myths,

legends, and values. They may be shaped by

comparisons or contrasts with geographically

close or competing cultures. Stereotypes are

oversimplified judgments, but if they have

some Bkernel of truth[ (5), national character

should reflect the average emotional, inter-

personal, experiential, attitudinal, and motiva-

tional styles of members of the culture.

There have been few attempts to examine

the accuracy of national stereotypes (3, 5–7),

perhaps because researchers lacked appropriate

criteria. However, recent advances in person-

ality psychology and cross-cultural research

make it possible to compare perceived national

character with aggregate personality data (that

is, the means of a sample of assessments of

individuals) across a wide range of cultures.

National character may be a social construc-

tion, but personality traits are rooted in biology.

Most personality psychologists today agree that

the dimensions of the five-factor model (FFM)

of personality—neuroticism versus emotional

stability, extraversion, openness to experience,

agreeableness, and conscientiousness—account

for the covariation of most personality traits (8),

and behavioral genetics studies (9) have shown

that traits from all five factors are strongly

heritable. As products (in part) of the human

genome, traits are universal: Cross-cultural

research suggests that the structure and devel-

opment of personality traits is very similar in

nations as dissimilar as India, Argentina, and

Burkina Faso (10). In every culture examined,

the five factors are hierarchically related to

lower order traits or facets. For example, the

extraversion factor in the Revised NEO Per-

sonality Inventory (NEO-PI-R) (11) is defined

by warmth, gregariousness, assertiveness, ac-

tivity, excitement seeking, and positive emo-

tions facets.

Personality traits can be assessed with stan-

dardized instruments such as the NEO-PI-R,

using either self-reports or observer ratings

from knowledgeable informants. The reli-

ability and validity of individual assessments

made with the NEO-PI-R are well established

(10, 11). Recent cross-cultural data also indi-

cate that aggregate (or mean) NEO-PI-R scores

can be validly used to describe cultures as a

whole. In a study of self-report data from 36

cultures, culture-level scores were generaliz-

able across age groups and gender, and ag-

gregate scores showed meaningful patterns of

convergent and discriminant validity with other

culture-level variables such as individualism-

collectivism (12). Geographically and histori-

cally related cultures (such as Germany and

Austria or the United States and Canada)

showed similar personality profiles (13). Most

of these findings were replicated in a subse-

quent study using observer ratings from 51

cultures (10, 14), and aggregate self-reports

were significantly correlated with aggregate

observer ratings for most of the 30 NEO-PI-R

facets. Assessed aggregate personality scores

from these two studies can thus be used in a

multimethod evaluation of the accuracy of

perceptions of national character.

There is a substantial literature on the

evaluation of the accuracy of stereotypes (3),

showing that they may or may not reflect re-

ality. For example, gender stereotypes depict-

ing women as warm and men as assertive are

widely held around the world (15). Cross-

cultural studies using both self-reports and ob-

server ratings have shown that women in fact

score higher on measures of warmth, whereas

men score higher on measures of assertive-

ness (10, 16). Assessed gender differences

are small but are largely consistent with gen-

der stereotypes (17, 18), so those views ap-

pear to have a basis in the characteristics of

individuals.

The available literature provides less sup-

port for the accuracy of beliefs about national

character. The perceptions of a panel of experts

in cross-cultural psychology did not match be-

yond chance the assessed characteristics in

a sample of 26 cultures (19). Church and

Katigbak (20) identified raters who had lived

in both the United States and the Philippines

and asked them to compare the typical Amer-

ican with the typical Filipino on traits that par-

alleled the 30 NEO-PI-R facets. There was
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considerable consensus among the judges,

but their judgments did not correspond to

differences observed when mean American

self-reports were compared to mean Filipino

self-reports. Another study using the NEO-PI-R

found no support for popular stereotypes of

northern and southern Italians (21).

Here, we examine whether national char-

acter, as described by culture members them-

selves (the in-group), are consistent with

aggregate personality data. Aggregate scores

from self-report and observer ratings on the

NEO-PI-R provide the criteria, but measure-

ment of perceived national character requires a

new instrument.

We designed a short questionnaire, the

National Character Survey (NCS), to describe

the typical member of a culture (22). The NCS

consists of 30 bipolar scales with two or three

adjectives or phrases at each pole of the scale.

For example, the first item asks how likely it is

that the typical member of a culture is anxious,

nervous, and worrying versus at ease, calm,

and relaxed. Each five-point scale taps one of

the 30 facets assessed by the NEO-PI-R, with

six items for each of the five major dimensions

of personality traits. Internal consistency and

factor analysis of the NCS items (22) indicate

that the scales have acceptable psychometric

properties and successfully define the dimen-

sions of the FFM. To the extent that the FFM

is a comprehensive model of personality, the

NCS should capture the essential features of

national character.

Data were gathered from 49 cultures or

subcultures from six continents, using trans-

lations into 27 languages from Indo-European,

Hamito-Semitic, Sino-Tibetan, Uralic, Malayo-

Polynesian, and Altaic families. Most cultures

corresponded to nations; however, where sub-

cultures could be identified on the basis of

history (e.g., England versus Northern Ireland)

or language (e.g., French- versus German-

speaking Switzerland), they were treated as

separate samples. In each sample, we asked

college students to complete the NCS to de-

scribe the typical member of their culture or

subculture and then, as a common basis of

comparison, the typical American.

Analyses of the NCS data in the full sample

(N 0 3989) and in selected subsamples sup-

ported the reliability, generalizability, and va-

lidity of the NCS as a measure of perceived

national character (22). Interjudge reliability

between single raters showed there is only

modest agreement between individual judg-

ments of national character, with coeffi-

cients ranging from 0.09 to 0.30 (median,

0.17). This is roughly half the size of typical

agreement between two judges on a single

person they both know well (23). However,

by aggregating the judgments of an average of

81 raters per culture, highly reliable means

were obtained, with reliability coefficients

ranging from 0.96 to 0.97 for the five factors,

and from 0.89 to 0.97 (median, 0.94) for the

30 facets. These aggregate values correspond

to the shared portion of individuals_ percep-

tions. Men and women provided essentially

the same profile of the typical member of

their culture: When mean scores for female

subsamples were correlated with mean scores

for male subsamples matched on culture, cor-

relations for the five factors ranged from 0.80

to 0.90 (N 0 49; all Ps G 0.001).

Additional analyses comparing NCS pro-

files across groups used T scores (M 0 50,

SD 0 10) based on the grand means and stan-

dard deviations across all raters and samples for

the 30 NCS items. Profile agreement is calcu-

lated as the intraclass correlation (ICC) across

the 30 facets, using the double-entry method

(24). Intraclass correlations are similar to

Pearson correlations, but are sensitive to both
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53Université Paris 10, STAPS Dept., 200 Avenue de la
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the shapes of the profiles and differences in

elevation, and are thus an appropriate metric

for assessing profile similarity. With 30 profile

elements, ICCs above 0.57 are significant at

P G 0.001.

Several comparisons suggested that NCS

means were robust. In Ethiopia and Italy,

samples of adults were used as raters in addition

to college students and yielded similar profiles

(ICCs 0 0.62 and 0.90, respectively). In some

cultures, student data from multiple sites were

available, and intraclass correlations between

these different sites ranged from 0.76 to 0.94

(25). This is illustrated for Canada and the

United States by the dotted lines in Fig. 1 (26).

Mean NCS scores for the 49 cultures are in

table S1; the highest and lowest scoring cul-

tures for each factor are listed in Table 1. It is

perhaps not surprising that Australians see

themselves as extraverts, German Swiss be-

lieve they are typically high in conscientious-

ness, and Canadians describe themselves as

agreeable. But many of the other entries are

nations with which most readers are not fa-

miliar, and it is difficult to judge the plausibility

of these ratings. In any case, individual judg-

ments of national character—including the

reader_s—have low reliability. The data sug-

gest that aggregate values accurately reflect the

way in-group members perceive the personality

of the typical member of their culture.

The primary question this study was de-

signed to address is whether these in-group

perceptions of national character accurately

reflect aggregate judgments of individual per-

sonality traits. A first examination of the data

shows one respect in which they are clearly

different: There is a much greater range of

variation across cultures in perceived traits than

in assessed traits. For example, the typical

German-speaking Swiss is thought to score

28 T score points higher on conscientiousness

than the typical Indonesian, but the largest

difference on observer-rated conscientiousness

between any two cultures was only 8 T score

points. Thus, if national stereotypes are accurate

at all, they clearly exaggerate real differences.

We first examined agreement of trait pro-

files within cultures, correlating NCS facet

scores with assessed mean facet values from

NEO-PI-R observer ratings (N 0 11,479) in 47

cultures (10) and self-reports (N 0 25,732) in

30 cultures (12, 22). ICCs between NCS and

the NEO-PI-R observer rating profiles ranged

from –0.57 for England to 0.40 for Poland

(median, 0.00), and there was a significant

positive correlation in only four cultures (New

Zealand, Australia, Poland, and Lebanon). Ex-

amples of these findings are shown in Fig. 1,

in which the solid lines, representing mean

observer-rated NEO-PI-R profiles, deviate

markedly from the perceptions of national char-

acter, especially with regard to agreeableness

facets. ICCs between NCS and mean NEO-

PI-R self-report profiles ranged from –0.46

for Russia to 0.46 for Poland (median, –0.02),

and only Poland and Japan showed significant

positive correlations (table S1). Thus, only for

Poland were the observer rating findings

replicated. Overall, there is little support for

the view that perceptions of national character

profiles are accurate in any culture.

However, it is possible that agreement

exists for some factors. To determine the de-

gree of agreement for each trait, NCS domain

and facet scores were correlated with NEO-

PI-R observer ratings and self-reports across 47

and 30 cultures, respectively. For the five fac-

tors, correlations with observer ratings ranged

from –0.23 to 0.13, and those with self-reports

ranged from –0.34 to 0.30 (table S2), which

indicates that there is no relation between

aggregate NEO-PI-R data and the NCS on any

of the five major dimensions. (This finding is

illustrated in Table 1, where cultures scoring

high versus low on the five NCS factors do not

differ systematically on mean NEO-PI-R T

Fig. 1. T scores for
NCS and NEO-PI-R
factor and facet scales.
On the left the scores
for the five factors are
plotted; toward the
right are the 30 facets,
grouped by the factor
they define. Dotted
lines show the NCS
profile of the typical
Canadian (top panel)
and American (bottom
panel) as perceived by
students from three
Canadian and four
American sites, respec-
tively. High profile
similarity can be ob-
served among the Ca-
nadian sites (ICCs 0
0.89 to 0.92) and
among the American
sites (ICCs 0 0.76 to
0.89), suggesting con-
sensus on national
character. Solid lines
show mean observer-
rated NEO-PI-R pro-
files. In both Canada
(ICC 0 –0.03) and the
United States (ICC 0
0.23), in-group per-
ceptions of national
character across all
sites do not reflect ag-
gregate assessments
of individual personality traits. The distinction between national character
and mean trait levels can also be seen by comparing top and bottom
panels: The NEO-PI-R profiles of the United States and Canada are similar

(ICC 0 0.66), whereas there is no agreement between their national
character ratings (ICC 0 –0.53). N, neuroticism; E, extraversion; O,
openness to experience; A, agreeableness; C, conscientiousness.
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scores.) There were 11 significant correlations

at the facet level, 5 of which were negative.

The median of the 70 correlations was 0.04.

The only replicated effect was a significant

negative correlation with openness to feelings:

In cultures where people have a sensitive and

rich emotional life, they perceive that their

typical compatriot is emotionally impov-

erished. These analyses, too, provide little

reason to trust national stereotypes (27).

Comparisons across cultures are always

challenging, and several factors may have

limited the association between NCS and

NEO-PI-R profiles, including problems in

translation, response biases such as acquies-

cence (a yea-saying tendency) (29), and the

unfamiliarity of respondents in some cultures

with the use of rating scales (10). Compar-

isons would have been more direct if the full

NEO-PI-R had been used to assess national

character. Yet, the mean NCS scores were

reliable and generalizable across sites and

types of rater and showed the hypothesized

factor structure. Future studies might use more

representative raters, although student and

adult samples gave similar results when both

were available.

In the case of gender differences, widely

held stereotypes are consistent with—although

they may exaggerate—assessed personality dif-

ferences betweenmen andwomen (16–18). That

kernel-of-truth hypothesis does not appear to

apply to national character. Correspondence

between perceived national character traits

and the average levels of traits of individual

members of each culture was found neither

within nor across cultures. Perceptions of na-

tional character are not generalizations about

personality traits based on accumulated ob-

servations of the people with whom one lives;

instead, they appear to be social constructions

that may serve different functions altogether.

Correlations of NCS scores with culture-level

variables might be informative about these

functions. Whatever their origins, stereotypes

may be perpetuated by information-processing

biases in attention/perception, encoding, and

integration of information (2, 30). They be-

come cultural phenomena, transmitted through

media, hearsay, education, history, and

jokes.

However, national character also has a

much darker side. When stereotypes of nation-

al or ethnic groups are unfavorable, they can

lead to prejudice, discrimination, or persecu-

tion, of which history and the world today are

full of tragic examples. The classic analysis of

stereotypes depicted them as the product of

authoritarian (31) or prejudiced (32) person-

alities; more recent approaches have consid-

ered them as the result of general cognitive

processes (2). Although social scientists have

long been skeptical about the accuracy of

national stereotypes, the present study offers

the best evidence to date that in-group per-

ceptions of national character may be inform-

ative about the culture, but they are not

descriptive of the people themselves.

References and Notes
1. D. Peabody, National Characteristics (Cambridge

Univ. Press, New York, 1985).
2. C. N. Macrae, C. Stangor, M. Hewstone, Stereotypes

and Stereotyping (Guilford Press, New York, 1996).
3. Y. T. Lee, L. Jussim, C. McCauley, Stereotype Accu-

racy: Toward Appreciating Group Differences (Amer-
ican Psychological Association, Washington, DC,
1995).

4. S. Madon et al., Pers. Soc. Psychol. Bull. 27, 996
(2001).

5. J. C. Brigham, Psychol. Bull. 76, 15 (1971).
6. C. McCauley, C. L. Stitt, J. Pers. Soc. Psychol. 36, 929

(1978).
7. C. M. Judd, B. Park, Psychol. Rev. 100, 109 (1993).
8. J. M. Digman, Annu. Rev. Psychol. 41, 417 (1990).
9. T. J. Bouchard, Science 264, 1700 (1994).

10. R. R. McCrae et al., J. Pers. Soc. Psychol. 88, 547
(2005).

11. P. T. Costa Jr., R. R. McCrae, Revised NEO Personality
Inventory (NEO-PI-R) and NEO Five-Factor Inventory
(NEO-FFI) Professional Manual (Psychological As-
sessment Resources, Odessa, FL, 1992).

12. R. R. McCrae, in The Five-Factor Model of Personality
Across Cultures, R. R. McCrae, J. Allik, Eds. (Kluwer
Academic/Plenum, New York, 2002), pp. 105–125.

13. J. Allik, R. R. McCrae, J. Cross Cult. Psychol. 35, 13
(2004).

14. R. R. McCrae et al., J. Pers. Soc. Psychol., in press.
15. J. E. Williams, D. E. Best, Measuring Sex Stereotypes:

A Thirty Nation Study (Sage, Newbury Park, CA,
1982).

16. P. T. Costa Jr., A. Terracciano, R. R. McCrae, J. Pers.
Soc. Psychol. 81, 322 (2001).

17. C. L. Martin, J. Pers. Soc. Psychol. 52, 489 (1987).
18. J. K. Swim, J. Pers. Soc. Psychol. 66, 21 (1994).
19. R. R. McCrae, J. Pers. 69, 819 (2001).
20. A. T. Church, M. S. Katigbak, in The Five-Factor Model

of Personality Across Cultures, R. R. McCrae, J. Allik,
Eds. (Kluwer Academic/Plenum Publishers, New York,
2002), pp. 129–154.

21. A. Terracciano, R. R. McCrae, in 113th Annual Con-
vention of the American Psychological Association
(Washington, DC, 2005).

22. Materials and methods are available as supporting
material on Science Online.

23. R. R. McCrae et al., J. Res. Pers. 38, 179 (2004).
24. D. Griffin, R. Gonzalez, Psychol. Bull. 118, 430 (1995).
25. By contrast, distinct cultures within countries showed

different profiles. In the UK, the profiles of England and
Northern Ireland showed no resemblance (ICC 0 –0.01).
Similarly, in the PRC, the profiles of China and Hong
Kong showed no resemblance (ICC 0 –0.25). There is
some resemblance between Czech and Slovakian (ICC 0

0.43, P G 0.05), and Serbian and Croatian (ICC 0 0.43,
P G 0.05) profiles; the separation of those nations is
relatively recent.

26. Additionally, we compared NCS scores from the
Philippines to ratings made by bicultural raters in an
earlier study (20). Because Church and Katigbak used
comparative judgments, we created new NCS scores
by subtracting Filipino ratings of the typical Amer-
ican from Filipino ratings of the typical Filipino. The
correlation of these 30 difference scores with the
Church and Katigbak ratings was 0.76, P G 0.001.

27. Different standards of evaluation across cultures
might have affected the results—that is, raters from
some cultures may have been more generous or
critical in their ratings than raters from other
cultures, distorting the comparison across cultures.
On the assumption that such biases would affect
ratings both of one’s own compatriots and of
Americans, we calculated difference scores by

Table 1. Cultures scoring highest and lowest on five National Character Survey (NCS) factors, with
observer-rated Revised NEO Personality Inventory (NEO-PI-R) factor mean T scores.

Highest NCS scores Lowest NCS scores

Culture NEO-PI-R T score Culture NEO-PI-R T score

Neuroticism
Indonesia 50.0 The Philippines 48.3
Nigeria 47.8 Canada 49.5
Turkey 51.4 New Zealand 47.9
Poland 50.7 Australia 48.6
Japan 50.7 Burkina Faso 53.1

Extraversion
Puerto Rico 51.6 Slovenia 49.5
Australia 53.8 Indonesia 45.4
Spain 50.4 French Switzerland 51.0
New Zealand 52.4 Japan 49.4
Serbia 49.3 Estonia 52.1

Openness
Russia 49.7 P. R. China 50.1
India 48.8 Estonia 46.8
Nigeria 49.1 Chile 51.8
Kuwait 47.6 Turkey 48.2
Puerto Rico 49.7 Japan 51.2

Agreeableness
Burkina Faso 51.3 Czech Republic 54.2
India 51.7 Lebanon 46.4
Canada 49.9 United States 49.1
Botswana 48.0 Argentina 50.6
Russia 50.3 Hong Kong 46.9

Conscientiousness
German Switzerland 53.5 Spain 51.3
Sweden 45.7* Turkey 51.4
Germany 52.3 Croatia 50.3
Burkina Faso 49.7 Chile 52.2
Estonia 50.0 Indonesia 49.6

Median 50.0 49.6

*Observer rating data were unavailable for Sweden; self-report data are shown (12).

R E P O R T S

www.sciencemag.org SCIENCE VOL 310 7 OCTOBER 2005 99

http://www.sciencemag.org


subtracting each judge’s rating of the typical
American from his or her rating of the typical
compatriot for each NCS item. Assuming that
cultures agree on the typical American, this proce-
dure in effect subtracts the bias plus a constant and
leaves a potentially better estimate of national
character. We standardized the differences as T
scores, using difference score normative values from
the worldwide sample, excluding the United States.
The difference scores were highly correlated with
NCS scores (rs 0 0.65 to 0.91, P G 0.001) and
provided essentially the same results. ICCs between
difference scores and NEO-PI-R observer ratings
ranged from –0.44 for England to 0.48 for Lebanon
(median, 0.03). ICCs between differences scores and
NEO-PI-R self-reports ranged from –0.47 for Russia
to 0.53 for Poland (median, 0.01). For the five
factors, correlations with observer ratings across
cultures ranged from 0.08 to 0.23, and those with
self-reports ranged from –0.37 to 0.23. These results
suggest that the lack of correspondence between
NEO-PI-R and NCS profiles is not simply due to
different standards of evaluation in different
cultures. A different issue concerns the reference-
group effect (28), according to which self-reports
and observer ratings of individuals are implicitly
made by reference to the distribution of scores in the
rater’s culture. Such an effect would tend to make
aggregate personality scores uniform for all cultures,
and the failure to find correlations with NCS factors

would be due to a lack of variation in aggregate
NEO-PI-R means. However, NEO-PI-R means in fact
vary systematically across cultures and show strong
correlations across methods and with other culture-
level variables (12, 14). Thus, the reference-group
effect cannot explain the failure to find correlations
with NCS scales.

28. S. J. Heine, D. R. Lehman, K. P. Peng, J. Greenholtz,
J. Pers. Soc. Psychol. 82, 903 (2002).

29. F. van de Vijver, K. Leung, J. Pers. 69, 1007 (2001).
30. D. L. Hamilton, T. L. Rose, J. Pers. Soc. Psychol. 39,

832 (1980).
31. T. W. Adorno, E. Frenkel-Brunswik, D. J. Levinson, R. N.

Sanford, The Authoritarian Personality [Norton, New
York, 1969 (original work published 1950)].

32. F. H. Allport, The Nature of Prejudice (Houghton
Mifflin, New York, 1954).

33. R.R.M. receives royalties from the Revised NEO
Personality Inventory. This research was supported
in part by the Intramural Research Program of NIH,
National Institute on Aging. Czech participation was
supported by grant 406/01/1507 from the Grant
Agency of the Czech Republic and is related to
research plan AV AV0Z0250504 of the Institute of
Psychology, Academy of Sciences of the Czech
Republic. S.G.’s participation was supported by the
Turkish Academy of Sciences. Burkinabè and French
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Transoceanic Migration, Spatial
Dynamics, and Population
Linkages of White Sharks

Ramón Bonfil,1* Michael Meÿer,2 Michael C. Scholl,3

Ryan Johnson,4 Shannon O’Brien,1 Herman Oosthuizen,2

Stephan Swanson,2 Deon Kotze,2 Michael Paterson2.

The large-scale spatial dynamics and population structure of marine top
predators are poorly known. We present electronic tag and photographic
identification data showing a complex suite of behavioral patterns in white
sharks. These include coastal return migrations and the fastest known
transoceanic return migration among swimming fauna, which provide direct
evidence of a link between widely separated populations in South Africa and
Australia. Transoceanic return migration involved a return to the original capture
location, dives to depths of 980 meters, and the tolerance of water temperatures
as low as 3.4-C. These findings contradict previous ideas that femalewhite sharks
do not make transoceanic migrations, and they suggest natal homing behavior.

Great white sharks (Carcharodon carcharias)

occupy the apex of most marine food webs in

which they occur. Their major centers of abun-

dance are in the coastal waters of California–

Baja California, Australia–New Zealand, South

Africa, and, formerly, the Mediterranean Sea

(1–3). Management and conservation of this

threatened species (4, 5) have been limited,

partly because its space utilization and mi-

grations and the linkages between popula-

tions were poorly understood and difficult to

research until the development of sophisticated

telemetry instruments and high-resolution ge-

netic markers for the species (6–9). Long be-

lieved to primarily be shelf inhabitants, white

sharks are now known to be more pelagic and

to travel from California to Hawaii (6). Males

are assumed to move between distant popula-

tions, whereas females have been assumed to

be nonroving and philopatric (9).

We tagged white sharks off the Western

Cape of South Africa between June 2002 and

November 2003 with pop-up archival satellite-

transmitting (PAT) tags (n 0 25), near-real-time

satellite tags (from here onward, Bsatellite

tags[) (n 0 7), and acoustic tags (n 0 25) in

order to study their spatial dynamics (table S1).

Using high-resolution photographic identifica-

tion techniques, we have recorded the daily

presence or absence of individual white sharks

off Gansbaai (34-39¶S, 019-24¶E; Western

Cape) since October 1997 (10).

Electronic tagging and photographic identi-

fication records reveal complex spatial dynam-

ics in white sharks, which we categorized into

four behavioral patterns: rapid transoceanic re-

turn migrations, frequent long-distance coastal

return migrations, smaller-scale patrolling, and

site fidelity. A white shark performed a previ-

ously unknown fast transoceanic returnmigration

spanning the entire Indian Ocean, swimming

coast-to-coast from South Africa to Australia

and back. This È380-cm total length (TL;

measured as a straight line from the tip of the

snout to the end of the upper caudal lobe)

female shark (number P12), PAT-tagged on 7

November 2003 off Gansbaai, traveled in 99

days to a location 2 km from shore and 37 km

south of the Exmouth Gulf in Western Aus-

tralia (22-01¶05µS, 113-53¶13µE; Fig. 1A).

This shark_s course of È11,100 km (11) en-

tailed a counterclockwise displacement of more

than 750 km off the southern tip of Africa,

followed by a remarkably direct path toward

northwestern Australia, indicating that white

sharks do not need oceanic islands as gate-

ways for transoceanic migrations, as previ-

ously hypothesized (12). Shark P12 traveled

at a minimum speed of 4.7 km hourj1 during

its migration to Australia (13), which is the

fastest sustained long-distance speed known

among sharks (14–17) and comparable to
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Bronx, NY, 10460, USA. 2Marine and Coastal Manage-
ment Branch, Department of Environmental Affairs and
Tourism, Private Bag X2, Roggebaai 8012, Cape Town,
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Cape, South Africa; and Department of Zoology, Univer-
sity of Cape Town, Rondebosch 7700, Western Cape,
South Africa. 4Department of Zoology and Entomology,
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that of some of the fastest-swimming tunas

(18, 19). Records obtained through photo-

graphic identification revealed the return of

P12 from Australia back to its original tagging

site on 20 August 2004 (Fig. 2 and fig. S1),

evidencing site fidelity and an outstanding

navigational ability. Shark P12 performed the

fastest transoceanic return migration recorded

among marine fauna (14, 20), taking just

under 9 months to complete a circuit of more

than 20,000 km. Logged records from the

photographic identification study show that

P12 is a seasonal visitor (from June to De-

cember) to the Gansbaai area (table S2). It

has been recorded during 38 different days

spanning 1999–2004, suggesting that it is a

South African shark and that its transoceanic

return migration could be common. A second

PAT-tagged shark (unsexed,È200- to 230-cm

TL; number P3) traveled to an offshore lo-

cation 242 km SE of Port Elizabeth, where its

tag detached on 26 December 2003, in what

might have been the first leg of a migration

toward Australia (Fig. 1A).

Fig. 1. Transoceanic
migration of a white
shark from South Af-
rica to northwestern
Australia and possible
first leg of a second
transoceanic-migrating
shark. (A) Positions of
(dots) and track fol-
lowed by (black line)
shark P12 during coast-
al and transoceanic
movement; geolocation-
estimated positions
were corrected using
SST data to derive
positions shown (11).
The first leg of another
possible transoceanic
migration to Australia
(or an offshore move-
ment toward the north-
east coast of South
Africa) is shown by the
pop-up location of the
PAT tag from shark P3
(blue line and square).
Tagging and pop-up
dates were as follows:
for P12, 7 November
2003 and 28 February
2004; for P3, 14 April
2003 and 25 December
2003. SST is an average
composite at 4 km
resolution for daily
Moderate Resolution
Imaging Spectro-
r a d i ome t e r data
from 23 November
2003 to 28 February
2004. Southwest In-
dian Ridge shown as
white depth contours
(100 to 2000 m). The
scale bar represents
5000 km; the white
arrow marks the tag
deployment location.
(B) Differential time-
at-depth patterns dur-
ing the coastal and
oceanic legs of shark
P12’s trip, showing a
bimodal pattern with a
strong preference for
the depths of 0.0 to
0.5 m and 500 to 750m
during transoceanic
travel. (C) Minimum
(black line and squares)
and maximum (bright
blue line) depths and
minimum temperature
(orange dots) visited during the coastal and oceanic phases of movement; all data are in 6-hour periods.

A

B

C
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Transoceanic returnmigration is previously

unknown in white sharks and only suspected in

other chondrichthyans. Our results provide

direct evidence of a physical link between

two of the most important and widely sepa-

rated white shark populations, and they con-

firm philopatry in white sharks. They also

prove that female white sharks are capable of

transoceanic migrations and indicate that the

sex-biased dispersal of this species (9) is not

necessarily based on differences in the pro-

clivity of either sex to undertake transoceanic

migrations, but is probably attributable to

differences in how these migrants become

reproductively integrated into the Brecipient[

population. In light of our data, the transmis-

sion of nuclear, and not mitochondrial, genetic

material between South Africa and Australia

(9) could be explained if (i) both sexes make

transoceanic migrations, but only males repro-

duce in the recipient population, and/or (ii)

females make transoceanic migrations and

mate with males from the recipient popula-

tion, only to return to their original location to

give birth. Indeed, the migration of P12 from

South Africa to Australia corresponds to what

is thought to be the mating season in this re-

gion (21). An eventual return of this shark to

give birth in South Africa would prove natal

homing in white sharks, as has been sug-

gested for other shark species (22, 23), and

would support recent theories about the simi-

larity of reproductive strategies among a wide

range of marine taxa (24).

The mechanisms used by P12 to navigate to

Australia and back remain unknown; aside

from a few shallow seamounts on the South-

west Indian and Ninety East Ridges, there are

no other topographic features that could be

used for orientation on the route it followed

(Fig. 1A). We analyzed the satellite-transmitted

summary data to reveal the diving pattern of

P12 and found that during eastward trans-

oceanic migration, it made frequent deep dives,

reaching record maximum depths (980 m) (25),

experienced record ambient temperatures of

3.4-C, and spent 18% of the time at depths

of 500 to 750 m (Fig. 1, B and C). This shark

spent considerably more time (61%) just be-

low the surface (0.0 to 0.5 m) while in oceanic

waters than when in coastal waters (23%),

swimming most of the time (66%) above 5 m

during this trip. A strong preference for sur-

face swimming during oceanic travel is a be-

havioral pattern previously unreported in white

sharks (1, 2, 6, 26). We speculate that, like

many other vertebrates (14), white sharks could

be using visual stimuli such as celestial cues

as an important navigational mechanism in

addition to, or instead of, following gradients

in Earth_s magnetic field as is commonly ac-

cepted behavior for sharks (27).

Great white sharks undertake long-distance

return migrations along the South African coast

with relative frequency, as revealed by the track-

ing of satellite tags and by PAT tag pop-up

locations (Fig. 3 and fig. S2). They travel from

high-abundance sites in the Western Cape

(28, 29) to waters as far as 92000 km away off

kwaZulu-Natal and beyond, using underwater

routes along the continental shelf, then return

to their original tagging sites off the Western

Cape after 4 to 6 months. A 284-cm TL female

(S1) was fitted with a satellite tag in Mossel

Bay (34-08¶S, 22-07¶E) on 24 May 2003 and

completed the first tracked long-distance return

migration for a chondrichthyan, moving in

65 days to waters northeast of Delagoa Bay

(Mozambique) and outside the South African

Economic Exclusive Zone, where white sharks

are legally protected (Fig. 3). S1 returned to

Mossel Bay 162 days after being tagged, and

was photographed with its transmitter still at-

tached. Shark S2, a 310-cm TL female double-

tagged with satellite and acoustic tags in Mossel

Bay on 31 May 2003, was tracked for 46

days to the Tugela Bank, then recorded by our

acoustic-tag bottom monitors back in Mossel

Bay 123 days after being tagged (Fig. 3). In

total, 25% of tagged sharks that yielded in-

formation moved from the Western Cape to

kwaZulu-Natal and beyond, and 12.5% showed

return migrations (Fig. 3 and fig. S2). The high

proportion of immature white sharks (table S1,

Fig. 3, and fig. S2) moving to the rich en-

vironment of the Tugela Bank (30, 31) suggests

that these long-distance coastal return migra-

tions might be feeding-related events.

Records obtained from satellite and PAT tags

reflect additional spatial dynamics patterns in

white sharks, including smaller-scale patrolling

behavior and site fidelity (Fig. 3 and figs. S3 and

S4). These patterns and the return migrations

described above suggest a wider and more com-

plex range of behavioral patterns in white sharks

than was previously thought to exist. The dis-

covery of a trans–Indian Ocean return-migrating

white shark after a relatively low tagging effort,

in addition to its periodic absence from Gansbaai

as evidenced through photographic records, im-

plies that the Australian and South African pop-

Fig. 2. Photographic identifi-
cation records of shark P12 at
tagging (7 November 2003) and
upon return to the tagging loca-
tion at Gansbaai (20 August
2004) after its transoceanic mi-
gration to Western Australia. (A)
Trailing edge of the first dorsal
fin, showing a unique notch
pattern allowing identification;
the white lines connect corre-
sponding notches in both photo-
graphs. (B) Right side of the first
dorsal fin, with magnified details
(left insets) showing a unique
black pigmentation pattern aid-
ing identification.
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ulations maintain a physical link within a single

generation and that this return migration might

be more common than is presently known.

Our studies show that we do not have a full

understanding of the ways in which identified

populations are connected. The movement of a

female to a region of Australia known for the

presence of Australian white sharks and its

return to South Africa, in conjunction with pre-

vious genetic studies, implies that earlier hypothe-

ses about sex-biased dispersal might need to be

modified. Males are currently considered to be

the ones who move between populations (9), but

our data suggest that the connectivity between

populations could be facilitated also or exclu-

sively by females. The return of females mating

in Australia to give birth in South Africa would

be consistent with genetic analyses; the finding

of a rare male of South African Borigin[ in

Australia (9) might reflect equally rare birthing

in Australia by South African females.

The discoveries presented here and our lack

of evidence of sex- or size-related patterns of

space utilization in white sharks underscore the

need for additional research. Multidisciplinary

studies integrating population genetic analyses

and electronic tagging, as well as the devel-

opment of improved monitoring instruments,

should be encouraged.

Long-distance and transoceanic migrations

expose great whites to increased risk of mor-

tality as they leave domestically protected

waters in South Africa/Australia and travel into

neighboring or remote countries, sometimes

located across entire ocean basins. An in-

creasing global demand for shark products

(32), coupled with our findings, suggests that

global protective measures, such as the recent

listing of the white shark in CITES Appendix

2 (CITES, Convention on International Trade

in Endangered Species of Wild Fauna and

Flora), are warranted to ensure the effective-

ness of local protective legislation currently in

place in a handful of countries.
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Fig. 3. Northeastward long-distance return migrations of South African white sharks. The figure
shows the tracks of two satellite-tagged sharks showing long-distance return migrations and
crossing to Mozambique. Shark S1 (black trace) left Mossel Bay after tagging (24 May 2004); moved
rapidly to Bird Island, residing within a limited area (385 km2) for 27 days; and continued northeast
along the shelf edge, then in oceanic waters beyond the Agulhas Current, reaching Mozambique 65
days after tagging. Transmissions ceased 11 days later, to resume on Bird Island 62 days later, then
at the original tagging location on 2 November 2003. Shark S2 (white trace), tagged on 31 May 2003
with satellite and acoustic tags, traveled steadily along the coast to the Tugela Bank in 37 days,
where it ceased transmitting 9 days later and was recorded by acoustic bottom receivers back in
Mossel Bay on 1 October 2004. The red star indicates the tagging location; the dashed line indicates
projected movement during long periods without transmissions.

R E P O R T S

www.sciencemag.org SCIENCE VOL 310 7 OCTOBER 2005 103

http://sciencemag.org/cgi/content/full/310/5745/100/DC1
http://sciencemag.org/cgi/content/full/310/5745/100/DC1
http://www.sciencemag.org


Satellite Tagging and Cardiac
Physiology Reveal Niche

Expansion in Salmon Sharks
Kevin C. Weng,1 Pedro C. Castilho,1 Jeffery M. Morrissette,1

Ana M. Landeira-Fernandez,1* David B. Holts,2 Robert J. Schallert,3

Kenneth J. Goldman,4 Barbara A. Block1.

Shark populations are declining globally, yet the movements and habitats of most
species are unknown. We used a satellite tag attached to the dorsal fin to track
salmon sharks (Lamna ditropis) for up to 3.2 years. Here we show that salmon
sharks have a subarctic-to-subtropical niche, ranging from 2- to 24-C, and they
spend winter periods in waters as cold as 2- to 8-C. Functional assays and protein
gels reveal that the expression of excitation-contraction coupling proteins is en-
hanced in salmon shark hearts, which may underlie the shark’s ability to maintain
heart function at cold temperatures and their niche expansion into subarctic seas.

Many sharks are threatened by fishing around

the world (1), and biological knowledge is

urgently needed to design management strat-

egies. Sharks have been tracked using short-

term acoustic telemetry (2) and towed satellite

tags, which are attached to large, slow-moving

basking and whale sharks (3, 4). Pop-up sat-

ellite archival tags (PATs) have also been used

to track sharks (5, 6); however, geolocations

have root mean square errors of 0.89- of

longitude and 1.47- of latitude (7). In this

study, we used a Smart Position Only Tag

(SPOT), designed with a small Argos trans-

mitter, that permits direct attachment to the

shark_s dorsal fin (Fig. 1). This tag enables the

tracking of sharks with near–real-time positions

for multiple years (table S1). SPOT tags greatly

improve geopositioning for sharks. After apply-

ing a filter, 59% of our salmon shark positions

having errors under 1 km, based on Argos

accuracies (Fig. 1 and table S2).

The movements and behaviors of 48

salmon sharks (total length 0 233 T 9 cm,

mean T SD) were recorded by tagging sharks

in Prince William Sound (PWS), Alaska, with

two types of electronic tags. SPOT tags (n 0

38 sharks) uplinked to Argos satellites pro-

vided track lengths of 351 T 38 days (mean T

SE) and 8715 T 747 km (13,335 total days)

(Fig. 1 and fig. S1). The longest distance

traveled by an individual was 18,220 km over

640 days (shark 37380). By double tagging

some sharks with SPOT and PAT tags (n 0 21)

and by tagging some individuals (n 0 10) with

PAT tags alone, we obtained 5048 days of

behavioral and environmental data (mean

length 163 T 14 days). Archival records were

obtained from three sharks recaptured after

tagging in the vicinity of their release location

(table S1). The sharks provided 187,680

measurements of ocean pressure and tempera-

ture from the surface to a depth of 832 m,

demonstrating their value as platforms for

oceanographic observations (Fig. 2).

Salmon sharks undergo a striking seasonal

migration from subarctic to temperate and

subtropical regions, presumably to forage or

give birth to their young (Fig. 1 and fig. S1)

(8). During summer and autumn, the majority

of tagged salmon sharks (all females) were

foraging in PWS and the Gulf of Alaska

(GOA). In winter, some sharks embarked on

their migration to the subtropics, whereas others

remained in GOA waters (overwintering). In

spring, the migrating sharks_ habitat extended

as far south as Hawaii (22-N), a new location

record for the archipelago (9), and from 170-W

to the North American continental shelf,

covering oligotrophic waters in the subtropical

gyre (fig. S2) as well as the productive waters

of the California Current.

Salmon sharks have a broad thermal niche,

and their subarctic winter habitat demonstrates

1Tuna Research and Conservation Center, Stanford
University, Hopkins Marine Station, 120 Oceanview
Boulevard, Pacific Grove, CA 93950, USA. 2National
Marine Fisheries Service, 8604 La Jolla Shores Drive, La
Jolla, CA 92037, USA. 3Monterey Bay Aquarium, 886
Cannery Row, Monterey, CA 93940, USA. 4Alaska
Department of Fish and Game, 3298 Douglas Place,
Homer, AK 99603, USA.

*Present address: Instituto de Bioquı́mica Médica, Rio
de Janeiro, Brazil.
.To whom correspondence should be addressed.
E-mail: bblock@stanford.edu

Fig. 1. Movements of salmon sharks in the eastern North Pacific. (Top) Salmon sharks occupy a broad
region of the eastern North Pacific. Animals were tagged in Alaskan waters in July 2002, August 2003,
and July 2004. Circles indicate SPOT positions and triangles indicate PAT satellite endpoint positions.
(Inset) Photo of a salmon shark with a SPOT3 tag on the dorsal fin. (Bottom) Kernel density plots
reveal extensive seasonal migrations. Salmon sharks used habitats in PWS and GOA most heavily in
the summer and autumn, with some individuals overwintering in Alaskan waters. Sharks expanded
their range southward in the winter and spring, encompassing a wide range of habitats from Hawaii to
the North American coast.
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their tolerance of cold waters (Fig. 2). They

inhabited waters from 2- to 24-C, spending

much of their time (68 T 6%) in waters cooler

than 10-C and 72 T 3% of their time in waters

shallower than 50 m (Fig. 3). The sharks (n 0

26) often remained in subarctic waters during

winter, where they occupied depths from 0 to

368 m in an unstratified water column (Fig.

2A) with ambient temperatures of 2- to 8-C.

PAT tags (n 0 13) showed occupancy of these

waters for mean durations of 53 T 7 days and

up to 96 days (690 total days), with 98 T 1% of

the time in water shallower than 150 m.

Periods of submergence occurred, sometimes

associated with temperature inversions, causing

gaps in SPOT records (Fig. 2B). Salmon sharks

are known to eat salmon (10) and herring (11).

Whereas salmon are abundant in PWS during

the summer and autumn, herring live there all

year (12) and may be a prey species for sharks

that overwinter. These data reveal that salmon

sharks are major apex predators in Alaskan

waters in all seasons, and this information

could improve ecosystem models of PWS (13).

Upon migrating to the subtropical gyre,

salmon sharks (n 0 19) encountered warmer

waters (18- to 24-C) with increased thermal

stratification (Figs. 1 and 2). PAT data (n 0 4,

averaging 43 T 9 days) indicate distinct bi-

modal diving behaviors, with one occupancy

peak in the upper thermocline (100 to 200 m)

at temperatures from 18- to 20-C and another

below the thermocline (300 to 500 m) in 6- to

8-C waters. In these warm waters, salmon

sharks remained submerged for long durations,

possibly because of a physiological limitation,

causing considerable gaps in SPOT records.

Sharks that moved into the eastern Pacific

along the continental shelf (n 0 12) occupied

water with temperatures of 7- to 18-C and

foraged from the surface to 356 m.

For comparison, we tagged blue sharks

(n 0 27; total length 197 T 23 cm, mean T SD)

in the eastern North Pacific (figs. S3 and S4

and table S3), producing track lengths averag-

ing 114 T 14 days (2970 total days). Blue

sharks in the eastern North Pacific inhabit

pelagic and neritic waters from 104- to 157-W

and 4- to 37-N. Blue sharks carrying PAT tags

(n 0 15) spent 74 T 6% of their time in waters

of 14- to 27-C, with 67 T 5% of their time

above 50 m in the upper mixed layer. They

encountered sub-10-C temperatures only on

brief dives beneath the thermocline, which

made up 6 T 2% of their records (Fig. 3E).

Over the range tracked, the occupancy of

waters cooler than 10-C was significantly

greater for salmon sharks than for blue sharks

(Mann-Whitney test, W 0 30.5, P 0 0.001).

The distribution of salmon sharks and their

prolonged occupation of subarctic waters in-

dicate a capacity to sustain cardiac performance

at cold temperatures. Salmon sharks are mem-

bers of the family Lamnidae, renowned for their

endothermic physiology (14). High metabolic

rates combined with extensive counter-current

heat exchangers (14) enable this species to

maintain body temperatures up to 21.2-C above

water temperature (15). As in all endothermic

fishes, the oxygen demands of warm metabol-

ically active tissues are supplied by a heart

Fig. 2. Subarctic and subtropical depth and temperature preferences of salmon sharks. (A) Depth and
temperature profiles of the water column along the track of a shark (41670) that overwintered in
the GOA. The stratified summer water column cooled, and the thermocline dissipated in the
autumn. Black lines show latitude. (B and C) Contour plots made from discrete measurements from
PAT tags of (B) time-at-depth and (C) time-at-temperature show a preference for the shallow
mixed layer through November, followed by deeper diving when an inversion developed in
December and mixed layer waters cooled to 5- to 6-C. (D) The thermal profile slice along the track
of a shark (41675) moving from Alaska to the subtropics shows an increase in temperature and
strong thermal stratification. (E) Depth and (F) temperature preferences of the shark show a
bimodal pattern in the warm subtropical gyre.
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Fig. 3. Thermal and depth habitats of salmon sharks and blue sharks. (A) Thermal habitat for 22
PAT-tagged salmon sharks shows a broad thermal niche of 4-C to 24-C. Some sharks experienced
temperatures that ranged as low as 2- to 4-C. (B) Salmon sharks spent 72 T 3% of their time in
the top 50 m. (C) PAT-tagged salmon sharks remaining in northern waters after the dissipation of
the thermocline (n 0 13) occupied 4- to 8-C waters and (D) occupied depth habitat predominantly
shallower than 150 m. (E) Blue sharks (n 0 15) preferred a warmer thermal environment, spending
44 T 7% of their time in temperatures of 14- to 18-C, and had (F) depth preferences with greater
time near the surface than salmon sharks. Error bars indicate SE.
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operating at ambient temperature (16). We

hypothesize that, similar to the Thunnus lineage

(17), an increased expression of the proteins

required for excitation-contraction coupling in

the heart may underlie the ability to maintain

cardiac contractility in the cold. This physio-

logical trait may be a key specialization

enabling thermal and geographic niche expan-

sion into productive subarctic seas.

We measured the activity and expression of

SERCA2, the sarcoplasmic reticulum (SR) Ca2þ

adenosine triphosphatase (ATPase), which is a

protein important for the maintenance of

intracellular Ca2þ stores vital for beat-to-beat

contractions. Salmon shark atrial SR vesicles

have a high Ca2þ uptake rate, which is an order

of magnitude greater than the rate for blue

sharks (Fig. 4). SERCA2-dependent Ca2þ

uptake could be measured at temperatures as

cold as 5-C in salmon shark atrial and ven-

tricular SR. The increase in the rate of Ca2þ

uptake in the atrial tissues for each 10-C

increase in temperature (Q
10

values, 15- to

25-C) were 2.6 T 0.4 (mean T SE) and 4.8 T

0.02 for salmon shark and blue shark, re-

spectively. Ca2þ uptake was negligible in blue

shark ventricular SR, so for comparison, we

measured Ca2þ uptake rates in rat ventricular

SR. At temperatures below 25-C, the activity

of the SERCA2 enzyme in salmon shark ven-

tricle microsomes was equivalent to that of rat

ventricle vesicle preparations. Activity in the

salmon shark vesicles dropped below that of

the rat vesicles above 25-C. Q
10
values (15- to

25-C) of È3.3 for Ca2þ uptake in ventricular

tissues were similar in salmon shark and rat.

Analysis of SR protein content showed high

expression of SERCA2 and SR Ca2þ release

channel (RyR2) proteins in salmon shark car-

diac tissues (Fig. 4, inset) and in other sharks of

the family Lamnidae (fig. S5). Densitometry

indicated a 1.29 T 0.72–fold greater SERCA2

expression in rat ventricle compared with salm-

on shark ventricle. The cold tolerance of

salmon sharks may be directly related to this

increased expression of SERCA2 and RyR2,

which are crucial for maintaining rhythmic con-

tractions of myocytes, cardiac output, and oxy-

genation of endothermic tissues. Enhanced SR

CA2þ uptake and increased expression of

SERCA2 has been shown to be a cardiopro-

ductive mechanism in hibernating mammals

that are also resistant to cardiac dysfunction at

cold temperatures (18).

Direct satellite telemetry from the dorsal

fins of sharks reveals subarctic-to-subtropical

migrations of salmon sharks over multiple

years. The species_ cardiac specializations and

endothermy underlie its remarkable capacity to

occupy a subarctic niche. Satellite tracking

technologies can be used to rapidly map shark

habitats worldwide, an objective that is critical

to their future protection.
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EGFR Activation Mediates Inhibition
of Axon Regeneration by Myelin and
Chondroitin Sulfate Proteoglycans

Vuk Koprivica,1 Kin-Sang Cho,2 Jong Bae Park,1 Glenn Yiu,1

Jasvinder Atwal,3 Bryan Gore,3 Jieun A. Kim,1 Estelle Lin,1

Marc Tessier-Lavigne,3 Dong Feng Chen,2 Zhigang He1*

Inhibitory molecules associated with myelin and the glial scar limit axon re-
generation in the adult central nervous system (CNS), but the underlying sig-
naling mechanisms of regeneration inhibition are not fully understood. Here,
we show that suppressing the kinase function of the epidermal growth factor
receptor (EGFR) blocks the activities of both myelin inhibitors and chondroitin
sulfate proteoglycans in inhibiting neurite outgrowth. In addition, regeneration
inhibitors trigger the phosphorylation of EGFR in a calcium-dependent manner.
Local administration of EGFR inhibitors promotes significant regeneration of
injured optic nerve fibers, pointing to a promising therapeutic avenue for
enhancing axon regeneration after CNS injury.

Failure of successful axon regeneration in

the CNS is attributed not only to the intrinsic

regenerative incompetence of mature neurons

but also to the environment encountered by

injured axons (1–7). The inhibitory activity

is principally associated with components of

Fig. 4. Rate of SR Ca2þ uptake in
salmon shark heart. Temperature
dependence of Ca2þ uptake cata-
lyzed by SERCA2 in microsomes
from salmon shark atrium (red solid
circles), salmon shark ventricle (red
open circles), rat ventricle (black
triangles), and blue shark atrium
(blue squares). Values represent
mean T SE of experiments per-
formed with preparations from at
least four individuals. Absence of the
appearance of error bars indicates
that the error bars are smaller than
symbol. (Inset) Immunoblot analysis
of atrial (A) and ventricular (V)
microsomes using a SERCA2-specific
or RyR-specific polyclonal antibody.
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CNS myelin and molecules in the glial scar

at the lesion site (1–5). Recent studies have

suggested that three myelin proteins—myelin-

associated glycoprotein (MAG), Nogo-A, and

oligodendrocyte myelin glycoprotein (OMgp)—

collectively account for the majority of the

inhibitory activity in CNS myelin (3–5). The in-

hibitory activity of MAG, OMgp, and the

extracellular domain of Nogo-A (Nogo-66)

may be mediated by common receptor com-

plexes that consist of the ligand-binding Nogo-

66 receptor (NgR) and its signaling coreceptors

p75/TROY and Lingo-1 (8–14). However, the

intracellular mechanisms transducing these

signals to the cytoskeleton remain unclear.

For instance, it is known that MAG and per-

1Division of Neuroscience, Children’s Hospital, Boston,
MA 02115, USA. 2Schepens Eye Research Institute, De-
partment of Ophthalmology, Harvard Medical School,
Boston, MA 02114, USA. 3Division of Research,
Genentech, 1 DNA Way, South San Francisco, CA
94080, USA.

*To whom correspondence should be addressed.
E-mail: zhigang.he@childrens.harvard.edu

Fig. 1. EGFR kinase activity is required for
myelin inhibition. (A to D) Quantitation of the
effect of EGFR inhibitors on neurite outgrowth
from p7-9 CGNs on myelin (A), Nogo-66 (B),
MAG (C), or PDL (D). Data represent mean neurite
lengths derived from at least three individual
experiments, representing a total of about 500
neurons per condition. AG1478 and PD168393
treatments significantly enhanced neurite out-
growth on inhibitors [(A) to (C)] but not on PDL
(D). The concentrations of each drug are as
follows: AG1288: 1 and 10 mM; AG1478: 10 and
100 nM; PD168393: 10 and 100 nM. Statistical
analyses were performed by analysis of vari-
ance (ANOVA) [myelin (A): F 0 64.8, df 0 7, P G
0.0001; Nogo-66 (B): F 0 20.5, df 0 7, P G
0.001; MAG (C): F 0 21.91, df 07, P G 0.0001;
PDL (D): F 0 2.102, df 0 6, P 0 0.1767), followed
by Dunnett’s posttest to compare outgrowth
on each inhibitor with or without drug treat-
ments. Both AG1478 and PD168393 treat-
ments on inhibitors, but not AG1288, were
significant when compared with no treatment
on inhibitors alone (P G 0.001, except for 10 nM
PD168393 on MAG, where P G 0.05) [(A) to (C)].
None of the three drug treatments showed a
significant change in outgrowth on PDL alone
(D). Error bars show mean þ SEM. (E and F)
Effects of PD168393 on retinal neurite out-
growth inhibition by myelin. Retinal explants
from P5-6 mice were cultured within a collagen
matrix with and without myelin (10 mg/ml) in
the presence or absence of PD168393 (10 nM)
for 72 hours. Explants were fixed and stained
with antibodies to tubulin (E). Scale bar, 200
mm. The mean total neurite lengths (þSEM, N 0
10) are shown in (F). PD168393 significantly
promoted outgrowth of explants when com-
pared to myelin alone (*, Student’s t test, P G
0.0001). (G) Wild-type (wtEGFR) and kinase-
deficient EGFR (kdEGFR) HSV-infected CGNs
were stimulated with 1-ng/ml EGF for 5 min
and the lysates were immunoblotted with an
antibody against pTyr1173 EGFR (pEGFR) and
reprobed with antibodies to EGFR. (H) DRGs
were infected with HSV viruses and plated on
control and myelin substrates. Average neurite
lengths from three different experiments (at
least 100 neurons from each experiment) were
obtained as above. kdEGFR significantly pro-
moted DRG outgrowth on myelin when com-
pared with wtEGFR (*, Student’s t test, P G 0.01).
Error bars show means T SEM.
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haps other myelin inhibitors are able to in-

duce an elevation of intracellular calcium levels

(15–17), but it is not known how intracellular

calcium signaling leads to inhibition of axon

regeneration.

In a systematic approach to identify sig-

naling events required for the inhibitory ac-

tivity of CNS myelin, we performed a small

molecule screen to search for compounds

with the ability to neutralize neurite out-

growth inhibitory activity associated with CNS

myelin. We screened approximately 400 well-

characterized small molecules in a neurite

outgrowth assay using cerebellar granule

cells (CGNs) on an immobilized myelin sub-

strate. The majority of compounds tested did

not have a noticeable effect on neurite out-

growth, and a small number of them were

toxic (table S1). Most prominently, several

EGFR kinase inhibitors showed a remarkable

ability to counter the effects of myelin inhi-

bition, suggesting the involvement of EGFR

kinase activity in the inhibitory effects of my-

elin inhibitors.

To confirm our observations, we tested two

well-characterized EGFR inhibitors, a compet-

itive inhibitor AG1478, and an irreversible in-

hibitor PD168393 (18) in neurite outgrowth

assays. Both inhibitors, but not a control com-

pound AG1288, effectively promoted neurite

outgrowth from both CGNs (Fig. 1, A to C)

and dorsal root ganglion (DRG) neurons (fig.

S1) when grown on an immobilized substrate

of either whole myelin or individual myelin

inhibitors. In contrast, none of the treatments

affected neurite outgrowth on a control poly-

D-lysine (PDL) substrate (Fig. 1D). Similarly,

EGFR kinase inhibitors were able to block

neurite outgrowth inhibition by myelin in ret-

inal explant cultures grown in a collagen

matrix laden with myelin (Fig. 1, E and F).

Although retinal explants are mixtures of ret-

inal ganglion cells (RGCs) and other cells,

dissociated cultures contained primarily CGNs

and DRG neurons. Thus, it is likely that EGFR

inhibitors act directly on neurons to block their

inhibitory responses to myelin inhibitors.

To complement our pharmacological re-

sults, we made recombinant herpes simplex

viruses (HSVs) to transduce the expression

of a mutant form of human EGFR in neurons

(19, 20). The kinase deficient EGFR-K721A

(kdEGFR) carries a point mutation in the ki-

nase adenosine 5¶-triphosphate–binding site

(19), and when overexpressed, can inhibit the

activity of endogenous EGFR in a dominant-

negative manner (Fig. 1G) (20). As expected,

DRGs infected with the mutant but not with

wild-type EGFR exhibited extensive neurite

outgrowth on myelin (Fig. 1H). Taken togeth-

er, these results suggest that EGFR kinase ac-

tivity is required for myelin-dependent neurite

outgrowth inhibition.

We next examined the expression of EGFR

in the adult nervous system. Using in situ hy-

bridization, we found that EGFR is expressed

in most parts of the mature nervous system,

including the cerebral cortex, cerebellum, most

DRG neurons, and RGCs (fig. S2, A to C).

Furthermore, immunostaining with antibodies

to EGFR demonstrated the presence of EGFR

protein in both cell bodies and neurites of cul-

tured DRG neurons (fig. S2D) and retinal ex-

plants (fig. S2E).

To examine whether myelin inhibitors di-

rectly influence the activity of EGFR in myelin-

responsive neurons, we treated serum-starved

CGNs with recombinant soluble myelin inhib-

itors and assessed the phosphorylation of the

endogenous EGFR receptor. By blotting neu-

ronal lysates with antibodies directed against

phosphorylated EGFR, we found that both

Nogo-66 and OMgp triggered rapid EGFR

phosphorylation (Fig. 2, A to B). However,

neither control alkaline phosphatase (AP) pro-

tein nor the chemorepellant Semaphorin3A

induced detectable levels of EGFR phospho-

rylation (Fig. 2B). Additional evidence for

EGFR activation was obtained by observing

that Nogo-66–dependent extracellular signal–

regulated kinase 1/2 mitogen-activated protein

kinase (ERK1/2 MAPK) activation occurred in

an EGFR kinase-dependent manner (Fig. 2C).

How do myelin inhibitors activate EGFR

in cultured neurons? Previously, we devel-

oped a truncated form of NgR that can bind

to ligands but not its signaling coreceptors

(9–11). When overexpressed, the truncated

receptor can compete with the endogenous

NgR for ligand binding, thus blocking the

signaling pathways induced by myelin inhib-

itors (9–11). We found that expression of the

truncated but not the full-length NgR effi-

ciently blocked the EGFR phosphorylation

triggered by Nogo-66 (Fig. 2D), suggesting

that EGFR activation is NgR-complex depen-

dent. Next, we performed cell surface binding

and coimmunoprecipitation experiments but

failed to detect either direct binding of EGFR

to inhibitor ligands or a physical association

with receptor components NgR or p75 (fig.

S3). These results suggested that EGFR is not

a likely receptor for myelin-derived inhibitors

or part of the NgR receptor complex. It is

known that in addition to activation by its

cognate ligands, EGFR phosphorylation can

also result from Btrans-activation[ by other

signaling pathways (21–23). Failure to detect

EGFR in the NgR receptor complex suggests

Fig. 2. EGFR activation by myelin inhibitors. (A) Serum-starved CGNs were stimulated with 5 nM AP–
Nogo-66 for durations indicated. Lysates were blotted with an antibody to pEGFR, stripped, and re-
blotted with an antibody to EGFR, as in Fig. 1. (B) CGNs were stimulated with AP (5 nM), Semaphorin3A
(Sem, 100 ng/ml), AP–Nogo-66 (N66, 5 nM), AP-OMgp (OM, 5 nM), and EGF (1 ng/ml) for 4 min, and
the lysates were probed as above. (C) Nogo-66 activates ERK1/2 MAPKs in an EGFR-dependent manner.
CGNs were preincubated (30 min) with AG1478 or PD16933 (both at 100 nM) and stimulated with
Nogo-66 for 10 min. Lysates were blotted with antibodies against phospho-ERK1/2 and ERK1/2. (D)
NgR-dependent EGFR activation. CGNs were infected with lentiviruses expressing full-length (FL NgR) or
dominant-negative NgR (DN NgR) (10, 12) and stimulated with AP–Nogo-66 as in (B). The lysates were
blotted with an antibody to pEGFR and an antibody to NgR. (E and F) CGNs were preincubated with
AG1478 (100 nM), EGTA (3 mM), BAPTA-AM (5 mM), Go6976 (100 nM), TAPI-0 (1 mM), PTX (100 ng/
ml), PP2 (10 nM), and GM6001 (100 nM) and stimulated with AP–Nogo-66 (5 nM) (E) or EGF (1 ng/ml)
(F) for 5 min.
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trans-activation of EGFR by means of sig-

naling pathways downstream of the active

NgR receptor. In support of this, we found

that the extent of EGFR phosphorylation

triggered by optimal concentrations of mye-

lin inhibitors was comparable to that result-

ing from low concentrations (1 to 2 ng/ml) of

epidermal growth factor (EGF) (Fig. 2B), rem-

iniscent of what has been reported previously

for EGFR trans-activation (22).

Several signaling molecules have been im-

plicated in EGFR trans-activation, including

calcium, protein kinase C (PKC), nonreceptor

tyrosine kinases (Src and Pyk2), G protein–

coupled receptors, and metalloproteases

that generate EGF-like ligands (21–23).

We examined whether any of these mech-

anisms are involved in NgR-dependent EGFR

trans-activation by inhibiting specific signal-

ing pathways pharmacologically. As shown

in Fig. 2E, only the calcium chelators EGTA

and 1,2-bis(2-aminophenoxy)ethane-N,N,N ¶,N ¶-

tetraacetic acid tetra(acetoxymethyl)ester

(BAPTA-AM) substantially decreased EGFR

phosphorylation resulting from Nogo-66 treat-

ment. In contrast, a PKC inhibitor Go6976,

metalloprotease inhibitors TAPI and GM6001,

an Src inhibitor PP2, and pertussis toxin had

no effect on Nogo-66–elicited EGFR phos-

phorylation. In further support of the idea of

EGFR trans-activation, neither EGTA nor

BAPTA-AM had any effect on EGF-induced

EGFR phosphorylation (Fig. 2F). Moreover,

treatment of cultured neurons with EGF or

heparin-bound EGF triggered robust EGFR

phosphorylation but did not inhibit neurite

outgrowth (24), suggesting that EGFR activation

may be a required, but not sufficient, signaling

step in the response to myelin inhibitors.

In addition to myelin inhibitors, chondro-

itin sulfate proteoglycans (CSPGs) in the

glial scar represent another major hurdle for

regenerating axons. Consistent with previous

observations that CSPGs induce an elevation

in calcium levels in responding neurons

(25), we found that EGFR inhibitors could

neutralize the neurite outgrowth inhibitory

activity of chicken brain-derived CSPG prep-

arations in which the major components in-

clude neurocan, phosphacan, versican, and

aggrecan (Fig. 3, A and B). Furthermore, sol-

uble CSPGs added to serum-starved CGNs

also elicited EGFR phosphorylation in a

calcium-dependent manner (Fig. 3C). In con-

trast, neither growth cone collapse nor repulsive

responses induced by Semaphorin3A were

affected by EGFR inhibitors (Fig. 3, D to G).

Because Semaphorin3A has previously been

suggested to act independently of intracellular

calcium (26), these results support the idea that

EGFR might be a calcium-specific signaling

molecule in axon guidance pathways.

We next examined whether EGFR inhib-

itors introduced at a CNS lesion site could

promote axon regeneration in an optic nerve

crush model (27–29). Immediately after in-

jury in adult mice, gelfoam soaked in a solu-

tion containing PD168393 or vehicle Edimethyl

sulfoxide (DMSO)^ was placed around the

crush site of the nerve and replaced after

three days. The extent of axonal regrowth was

assessed 2 weeks after injury by immunohisto-

chemistry, which used antibodies to GAP-43

to detect regenerating axons. Although little

regeneration was detected in DMSO-treated

Fig. 3. Requirement of EGFR activity for CSPGs and Nogo-66 inhibition but not Semaphorin3A
repulsion. (A) Retinal explants were grown in collagen gels with and without CSPGs (200 ng/ml,
Chemicon) and PD168393 (100 nM) for 3 days, fixed and stained with antibodies to tubulin. Scale
bar, 200 mm. (B) Average total neurite lengths of retinal explants in the conditions described in (A).
PD168393 significantly increased neurite length of explants when compared with CSPGs alone (*,
Student’s t test P 0 0.0015). Error bars show means þ SEM. (C) CSPGs activate EGFR in a Ca2þ-
dependent manner. Serum-starved CGNs were stimulated with CSPGs for 5 min with and without
3 mM EGTA and the lysates were blotted. (D and E) Growth cone collapse after 30-min addition of
AP–Nogo-66 (È5 nM) and Semaphorin3A (Sema3A) (100 ng/ml) to embryonic day 13 (E13) chick
DRG cultures infected with or without HSVs expressing wtEGFR or kdEGFR. Representative growth
cone morphology is shown in (D) and the average percentage of collapsed growth cones þ SEM
from quadruplicate experiments in (E). kdEGFR significantly decreased growth cone collapse in
response to Nogo-66 when compared with wtEGFR (ANOVA, F 0 298, df 0 8, P G 0.001, using
Dunnett’s posttest). (F and G) EGFR inhibitors did not affect the repulsive activity of Semaphorin3A.
E14 rat DRGs were embedded in collagen adjacent to 293 cells expressing Sema3A. AG1288 (10 mM)
and PD168393 (PD, 100 nM) were added at the same time, and cells were grown for 48 hours.
Neurites were visualized by anti-tubulin staining. Representative images are shown in (F) and the
quantitation from quadruplicate experiments in (G). Repulsive effects were quantified by comparing
the ratio of proximal to distal neurite length (P/D) with respect to the 293 cell aggregates. No
significant differences between AG1288 or PD168393-treated groups and their controls were detected
by Student’s t test. Error bars in (G) show means þ SEM.
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control mice (Fig. 4, A, C, and E), PD168393

treatment resulted in substantial axonal regrowth

with a ninefold increase in the number of re-

generating axons 0.25 mm beyond the injury

site, as compared with control mice (Fig. 4,

B, D, and E). To test the possibility that the

observed axon regrowth after PD168393 treat-

ment was a consequence of improved cell sur-

vival, we stained retinal sections with the

antibody to the tubulin Tuj1, which stains

RGCs in the retina, and counted surviving

RGCs. No detectable effect of PD168393 on

RGC survival was found (Fig. 4, F and G).

The extent of axon regeneration observed after

PD168393 treatment was comparable to that

induced by a Rho inhibitor C3, but less than

the combined effect of C3 and lens injury, a

procedure that can enhance the regenerative

capacity of RGC axons (28). We estimated

that about 0.5% of RGC axons regenerated

beyond the lesion site after PD168393 treat-

ment. This low percentage of axon regeneration

may be explained by previous observations

that a small portion of postnatal RGCs re-

tains rapid axonal growth ability (6 ). Inde-

pendent experiments suggested that locally

administrated AG1478 also induced signifi-

cant regeneration of injured optic nerve fibers

(fig. S3). In comparison with PD168393, the

relatively weaker effects of AG1478 might

reflect the reversible EGFR inhibition mech-

anism of this compound. These findings sug-

gest that local blockade of EGFR activity could

alleviate inhibitory influences and promote

the regeneration of lesioned CNS fibers in

adult mice.

Taken together, our results suggest that

EGFR activation might be a critical signaling

event downstream of the intracellular calcium

influx produced by myelin inhibitors and

CSPGs. Interestingly, we found that Erlotinib

(Tarceva), an EGFR inhibitor approved for

the treatment of cancer (30), could also block

neurite outgrowth inhibition by myelin inhib-

itors (fig. S5). Thus, such compounds might

prove useful for promoting axon regeneration

after brain and spinal cord injury.
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Fig. 4. PD168393 promotes optic nerve regeneration. (A to D) Repre-
sentative images of optic nerves stained with antibodies to GAP43 from
control [(A) and (C)] or PD168393-treated [(B) and (D)] mice. The injury site
was identified visually and with lectin staining (marked by C). The images
(C) and (D) are magnified views of the postcrush area. (C) The control nerve
where few GAP-43 fibers are evident. (D) Numerous regenerating fibers,
including some that have turned (filled triangle) as well as those that are
straight (open triangle). Scale bar, 100 mm in (A) and (B) and 50 mm in (C)
and (D). (E) Quantitation of regenerating fibers in control and PD168393-
treated mice. Fibers were counted at 250-mm intervals from the crush site
from three nonconsecutive sections and the number of fibers at a given
distance was calculated as (27). There is a significant difference between
DMSO and PD168393 treatment groups by ANOVA (F 0 63, df 0 1, P G
0.001, n 0 6 for each group), with Bonferroni posttests at each distance
indicating a significant difference between DMSO and PD168393 treatment

at 250 mm (P G 0.001) and 500 mm (P G 0.01). Error bars show means T
SEM. (F and G) Anti-tubulin stained RGCs in control and PD168393-treated
retinas. Note large axon bundle (filled triangle) and retinal ganglion cell
(open triangle) in (F). Scale bar, 10 mm. (G) Quantitation of surviving RGCs
in control and PD168393-treated mice revealed no difference in survival
between the two groups (Student’s t test, P 0 0.349). The results are plotted
against the results from noncrushed controls. Error bars show meansþ SEM.

R E P O R T S

7 OCTOBER 2005 VOL 310 SCIENCE www.sciencemag.org110

http://sciencemag.org/cgi/content/full/310/5745/106/DC1
http://sciencemag.org/cgi/content/full/310/5745/106/DC1
http://www.sciencemag.org


Retinoic Acid Signaling Affects
Cortical Synchrony During Sleep

Stéphanie Maret,1 Paul Franken,1,2 Yves Dauvilliers,1,3

Norbert B. Ghyselinck,4 Pierre Chambon,4 Mehdi Tafti1*

Delta oscillations, characteristic of the electroencephalogram (EEG) of slow
wave sleep, estimate sleep depth and need and are thought to be closely
linked to the recovery function of sleep. The cellular mechanisms underlying
the generation of delta waves at the cortical and thalamic levels are well
documented, but the molecular regulatory mechanisms remain elusive. Here
we demonstrate in the mouse that the gene encoding the retinoic acid re-
ceptor beta determines the contribution of delta oscillations to the sleep EEG.
Thus, retinoic acid signaling, which is involved in the patterning of the brain
and dopaminergic pathways, regulates cortical synchrony in the adult.

EEG oscillations in the delta frequency range

(1 to 4 Hz) mark slow wave sleep (SWS) and

represent widespread synchronized firing

patterns of cortical and thalamocortical neu-

rons (1). Activity in the delta range, quantified

as power by the Fourier transform, is a mea-

sure of SWS depth and consolidation (2, 3). It

is considered to be a reliable indicator of time

spent awake (4) and has been proposed to

reflect a homeostatic need for sleep (5).

In mice, the EEG characteristics of sleep are

strongly affected by genetic factors (6). For

instance, strain differences in the frequency of

theta rhythms (5 to 9 Hz) are controlled by a

single gene (7). In contrast to other inbred

strains, DBA/2J (D2) mice show reduced delta

activity during SWS, and the EEG is dominated

by theta activity instead (6) (Fig. 1, A and B).

Sleep is abnormally fragmented in D2 mice,

and the rate at which SWS need accumulates is

significantly reduced in this strain when com-

pared with that in most other inbred strains (4).

To better quantify the altered EEG pattern in

D2 mice, we defined a theta/delta ratio (q/d);

that is, power in the theta peak frequency range

(6 to 7 Hz)/power in the delta peak frequency

range (3 to 4 Hz) (fig. S1). In D2mice, q/d was

more than 5 standard deviations (SDs) higher

when compared with that in B6 mice (1.5 T 0.1

versus 0.9 T 0.1; P 0 3 � 10j7; n 0 7 mice per

strain) (Fig. 1C). In B6 � D2 F
1
(heterozy-

gous) mice, q/d was identical to that in B6

mice (1.0 T 0.07; n 0 5) and highly sig-

nificantly different from that in D2 mice (P 0

1 � 10j5), indicating a complete dominance

of the B6 alleles. Tomap the underlying genes,

we recorded sleep in 25 BXD-recombinant

inbred (RI) strains (n 0 110; 4 to 6 mice per

strain) (Fig. 1D). Analysis of variance in these

strains indicated that 70% of variance was due to

the additive effects of genes (broad sense

heritability). Genomewide linkage analysis indi-

cated a single, highly significant locus on

chromosome 14 Ebest markers: D14Mit48,

j99, j109; 0 to 3 cM according to the mouse

consensus map, logarithm of the odds ratio for

linkage (lod) score 0 4.9, P G 2 � 10j6) (Fig.

1E)^ that explained more than 55% of the total

variance in q/d, indicating the presence of an

autosomal recessive gene. The q/d ratio was a

robust EEG trait in that strain differences were

not affected by 6 hours of sleep deprivation,

and the same unique localization was found for

q/d during recovery sleep (fig. S2).

To verify that a single gene was responsible

for our phenotype in inbred mice, we screened

a panel of 30 inbred strains with 10 Mit mark-

ers from our linkage region and identified

D14Mit78 as a unique biallelic marker (either

D2 or B6 type). Therefore, we recorded sleep in

three other, unrelated inbred strains (LP/J,

C3H/HeJ, and SPRET/Ei) with D2-type

D14Mit78. The q/d ratios were similar to those

in D2 mice (1.6 T 0.1, 1.8 T 0.1, and 1.5 T 0.1,

respectively), providing additional evidence

that a single gene in this region is segregating

with the q/d trait. By using other polymorphic

markers, we constructed a minimal chromo-

some 14 centromeric haplotype in four inbred

strains of B6 phenotype EB6, AKR/J (AKR),

BALB/cByJ (C), A/J (A)^ and four of D2

phenotype (D2, LP, C3H, SPRET). A 350-kb

region was identified as the smallest genomic

region associated with q/d (Fig. 1F).

Among candidate genes in the region, a re-

striction fragment length polymorphism of the

retinoic acid receptor beta (Rarb) showed a

perfect match with D14Mit78. Although Rarb

and D14Mit78 are placed 1.5 cM apart according

to the mouse consensus map, D14Mit78 is

located within the 5¶ region of the second Rarb

promoter (P2). Retinoic acid, a vitamin A

derivative, activates a signaling pathway in-

volving genes for retinoic acid receptors (Rara,

Rarb, and Rarg) and retinoid-X receptors

(Rxra, Rxrb, and Rxrg). These nuclear recep-

tors form RAR-RXR heterodimers and play

important roles during ontogenesis as ligand-

dependent transcriptional regulators (8, 9).

Retinoic acid receptors are highly expressed

in the brain (10) where they are involved in

the regulation of neural functions such as the

control of locomotion (11) and long-term po-

tentiation or depression (12), possibly through

their effect on dopaminergic and cholinergic

neurotransmission (11, 13, 14). On the basis of

the tight linkage between D14Mit78 and q/d

in inbred and RI strains and the fact that

D14Mit78 is located within the Rarb locus,

and given the role of the Rarb in the central

nervous system (CNS) functioning, we further

investigated the role of Rarb in shaping the

sleep EEG.

Rarb extends over 650 kb with two major

promoters directing the transcription of four

transcripts (P1 for transcripts Rarb1 and 3, P2

for transcripts Rarb2 and 4) that differ only in

their N terminal and 5¶-untranslated region

(5¶-UTR). All four transcripts were amplified

by reverse transcription polymerase chain

reaction (RT-PCR) and sequenced in D2 and

B6 mice to test for mutations or polymor-

phisms segregating with the q/d trait. In

addition to D14Mit78, six previously un-

known polymorphisms were identified. One

was localized in the coding region but was

silent, four were in the 5¶-UTR of Rarb1 and

3, and one was in the 3¶ region of all four

transcripts. These polymorphisms were typed

in 37 inbred strains and, except for the most

proximal one, a (CT)
n
, all others were either

of B6 or D2 type, confirming the presence of

only two Rarb variants (Fig. 1F).

EEG recordings were then performed in

mice with a targeted deletion of the Rarb1,3

(n 0 7), Rarb2 (n 0 7), and Rarb1-4 genes

(all four transcripts; n 0 6) and in their wild-

type littermates (n 0 7). Only Rarb1-4 mu-

tants had a significantly lower q/d ratio when

compared with that in all other strains (Fig.

2A). We next produced hemizygous mice by

crossing Rarb mutant mice with either D2 or

B6 mice. A significant recovery of q/d was

observed in D2 hemizygous mice, with max-

imal recovery in Rarb1,3-D2 hemizygotes

(Fig. 2A). This finding adds further evidence

that Rarb is the gene underlying the differ-

ences in q/d.

We verified whether Rarb polymorphisms

between high- and low-q/d strains affect Rarb

transcription in vivo. Using real-time RT-

PCR, we quantified the relative expression

of the three major Rarb transcripts (Rarb1, 2,

and 3) in the brain of D2 and B6 mice (n 0 9

per strain). All three Rarb transcripts were

expressed at significantly higher levels in D2

mice (Fig. 2B), strongly suggesting that poly-
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morphisms in Rarb gene (as found in the 5¶-

UTR of Rarb1,3) affect its transcription.

Subsequently, we measured the relative brain

expression of Rarb transcripts in the other six

inbred strains and found that only Rarb1

expression consistently varied with q/d (8.0 T

1.4, 8.9 T 2.2, and 6.7 T 2.1 in low-q/d strains

C, AK, and A, respectively; 11.3 T 2.6, 11.7 T

1.6, and 23.0 T 2.5 in high-q/d strains C3H,

LP, and SPRET, respectively; n 0 3 to 4 mice

per strain; P G 0.05 for all comparisons). The

wild-derived SPRET/Ei strain has higher

levels of expression for all Rarb transcripts

as compared with that in all other inbred

strains.

In summary, changes in the relative contri-

bution of delta oscillations to the SWSEEG are

linked to Rarb gene and more specifically to

Rarb1. Vitamin A and its derivatives play

essential roles during embryogenesis, particu-

larly in the development of the CNS, as re-

vealed by a large spectrum of abnormalities

known as vitamin A–deficient syndrome (15).

A major role for RARB receptors in the

mesolimbic dopaminergic pathway, which is

involved in the control of locomotion (11) and,

possibly, in the neurobiology of Parkinson_s

disease, schizophrenia, Alzheimer_s disease,

and addiction, was suggested on the basis of

Rarb mutant mouse models or hypothesized

on the basis of human genetic linkage studies

(11, 16). In all cases, RARB receptors are

thought to influence complex behaviors by

affecting either brain development and plastic-

ity or dopaminergic neurotransmission. Sleep

and the sleep EEG are developmentally reg-

ulated (17–19) and affect neuronal plasticity

(20–22). Further, aging is accompanied by

Fig. 1. Mapping of a gene regulating the
relative contribution of theta and delta oscil-
lations to the sleep EEG. (A) Eight-second EEG
samples for SWS from representative C57BL/6J
(B6) and DBA/2J (D2) mice. (B) EEG power
spectra of SWS during the 12-hour light-period
recordings (29). In D2 mice, the contribution of
power in the theta (5 to 8 Hz) frequency range is
larger than that of the delta (1 to 4 Hz)
frequency range. (C) The q/d ratio in D2 mice is
more than 5 SDs higher than in B6 mice; in
contrast, the q/d ratio in heterozygous BXD-F1
mice is similar to that in B6 mice, indicating that
the D2 alleles are recessive. (D) The q/d ratios
(þ1 SD) in BXD-recombinant inbred strains used
for mapping. Black and gray bars indicate those
strains with the B6- or D2-type allele at the
linked marker on chromosome 14, respectively.
(E) Interval mapping of the q/d gene on
chromosome 14. Permutation test (n 0 10000)
established a significant level for lod scores 9
3.76. The maximum lod score of 4.9 at marker
D14Mit251 corresponds to an empirical genome-
wide P value of 0.006 (Map Manager QTXb20).
(F) Haplotype of the identified region on chro-
mosome 14 over È 6 Mb. Numbers indicate the
allele size for the Mit markers in the two groups
of inbred strains (B6, C57BL/6J; C, BALB/cByJ; AK,
AKR/J; A, A/J; D2, DBA/2J; C3H, C3H/HeJ; LP,
LP/J; Spr, SPRET/Ei). a and b (under Il3ra) indicate
the presence or absence of a spontaneous loss-
of-function mutation in the interleukin-3 recep-
tor a chain. A and T [under Rarb (Ex-2)] indicate
a single-nucleotide polymorphism in the second
untranslated exon of the Rarb gene. This poly-
morphism and D14Mit78 clearly distinguish low-
q/d (B6 type) and high-q/d (D2 type) groups.
Rarb gene is represented on top with its 11 exons. Exon 1 starts with a variable (CT)n sequence showing a strain distribution pattern similar to that of marker
D14Gu103, indicating that the biallelic conserved region starts between (CT)n and exon 2 and ends between D14Mit78 and D14Mit98 (È300 kb).

Fig. 2. Rarb regulation of theta and delta
oscillations during sleep. (A) Targeted dele-
tion of all Rarb transcripts (Rarb1-4 j/j)
but not Rarb2 (Rarb2 j/j) or Rarb1 and 3

(Rarb1,3 j/j) results in a significant decrease in q/d [* indicates a significant difference (P G 0.05)
with all other strains]. The q/d ratio in hemizygous Rarbj/B6 mice is similar to that in B6 mice (B6 0
0.9 T 0.1, Rarb1-4 j/B6 0 1.0 T 0.1, Rarb1,3 j/D2 0 1.1 T 0.2), whereas in hemizygous Rarb j/D2
mice, there is a partial (Rarb1-4 j/D2) or complete recovery (Rarb1,3 j/D2) of the q/d ratio
(** indicates a significant difference with heterozygous BXDF1 mice but no difference with D2 mice.)
(B) Real-time quantitative RT-PCR measurements of Rarb transcripts in whole brain of B6 and D2
mice indicate a significant increase in expression in D2 strain (note that Rarb1 is the second most
abundant transcript, whereas Rarb3 expression is very low). Values are normalized relative to those
for the house-keeping gene ribosomal protein S9 and corrected for each transcript amplification
efficiency (29).
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profound changes in both sleep (23) and the

sleep EEG (24, 25), with a major decrease in

delta activity and increase in sleep fragmenta-

tion being the hallmarks of older age in

humans (26). These changes parallel those of

Rarb expression (27) in rats, suggesting a cor-

related tuning of both variables. We also

hypothesize that both sleepiness and slow

waves in the EEG induced by dopaminergic

drugs (28) might be explained by the close in-

teraction between the retinoic acid receptors and

the mesolimbic dopaminergic pathway (11).
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Astrocytic Purinergic Signaling
Coordinates Synaptic Networks

Olivier Pascual,1 Kristen B. Casper,2 Cathryn Kubera,1 Jing Zhang,1

Raquel Revilla-Sanchez,1 Jai-Yoon Sul,1 Hajime Takano,1

Stephen J. Moss,1 Ken McCarthy,2 Philip G. Haydon1*

To investigate the role of astrocytes in regulating synaptic transmission, we
generated inducible transgenic mice that express a dominant-negative SNARE
domain selectively in astrocytes to block the release of transmitters from these
glial cells. By releasing adenosine triphosphate, which accumulates as adenosine,
astrocytes tonically suppressed synaptic transmission, thereby enhancing the
dynamic range for long-term potentiation and mediated activity-dependent,
heterosynaptic depression. These results indicate that astrocytes are intricately
linked in the regulation of synaptic strength and plasticity and provide a
pathway for synaptic cross-talk.

After the discovery that neuronal transmitters

evoke Ca2þ elevations in astrocytes (1, 2),

several laboratories demonstrated that astro-

cytes release chemical transmitters, including

adenosine triphosphate (ATP) (3), glutamate

(4), and D-serine (5). Although gliotransmit-

ters synchronize neuronal activity (6) and

modulate synaptic transmission (7–10), the

role of gliotransmission in synaptic networks

is undefined, in part because neurons and

astrocytes use similar chemical transmitters

and receptors. Accumulating evidence sup-

ports the idea that gliotransmitters are released

through soluble N-ethylmaleimide–sensitive

factor attachment protein receptor (SNARE)

protein-dependent mechanisms (11–13). To

investigate the role of gliotransmitters in

synaptic networks, we generated transgenic

mice in which the SNARE-dependant release

of gliotransmitters was selectively impaired in

astrocytes (14).

We expressed the cytosolic portion of the

SNARE domain of synaptobrevin 2 (amino

acids 1 to 96) selectively in astrocytes, a ma-

nipulation that blocks gliotransmission (15). We

developed two lines of transgenic mice. In the

first, GFAP.tTA, the astrocyte-specific glial fi-

brillary acidic protein (GFAP) promoter drives

the expression of the Btet-Off[ tetracycline

transactivator (tTA). The second, tetO.SNARE,

contains a tet operator (tetO)–regulated SNARE

domain and lacZ and enhanced green fluo-

rescent protein (EGFP) reporter genes (Fig.

1A). Crossing lines yields mice in which

SNARE, LacZ, and EGFP transgenes are ex-

pressed in GFAP-positive astrocytes, not in

neurons (Fig. 1B and E to J, and fig. S1), and

in which transgene expression is suppressed

by doxycycline (Dox) (Fig. 1, C and D, and fig.

S1). We refer to these animals as dominant-

negative SNARE (dn-SNARE) mice.

We determined if astrocyte-specific expres-

sion of the dn-SNARE domain affects synaptic

transmission and plasticity by using acutely

isolated hippocampal slices. The slope of

Schaffer collateral–evoked field excitatory post-

synaptic potentials (fEPSPs) was significantly

larger (P G 0.02) in dn-SNARE mice express-

ing the transgene (n 0 10 mice) compared to

either dn-SNARE mice maintained on Dox to

prevent transgene expression (n 0 9 mice) or

wild-type littermates (Fig. 2, A and B) with no

change in the fiber volley (fig. S2). Thus, a

SNARE-dependent process in astrocytes influ-

ences basal synaptic transmission.

To ask whether astrocytes also modulate

synaptic plasticity, we studied long-term poten-

tiation (LTP). Theta-burst stimulation applied

to wild-type brain slices potentiated fEPSP

slope by 232 T 18%. The magnitude of LTP

was significantly less (P G 0.05) in mice ex-

pressing dn-SNARE (172 T 11%, n 0 10 mice)

(Fig. 2, C and D). Because the magnitude of

LTP in wild-type mice was unaffected by

maintenance on Dox, and yet this treatment

prevented the change in LTP magnitude ob-

served in dn-SNARE mice, we suggest that

astrocytes control the available range for syn-

aptic plasticity, by regulating the strength of

basal synaptic transmission.

We evaluated potential roles for three glio-

transmitters known to be released from as-

trocytes and asked whether they coordinately

regulate baseline f EPSP slope and the mag-

nitude of LTP. D-2-amino-5 phosphonopenta-

noate (D-AP5, 50 mM, n 0 4 mice) to block

N-methyl-D-aspartate (NMDA) receptors, the
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target of glial-derived D-serine and glutamate,

did not change fEPSP slope (Fig. 2E) and

blocked LTP (Fig. 2F). Because glial gluta-

mate preferentially activates NR2B subunit–

containing NMDA receptors (6), we tested

ifenprodil (10 mM, n 0 9 slices), an NR2B

subunit–containing NMDA receptor antago-

nist, and found actions on neither the fEPSP

slope (Fig. 2E) nor LTP (Fig. 2G). The P2

receptor antagonists pyridoxal-phosphate-6-

azophenyl-2¶,4¶-disulfonic acid (PPADS) (50

mM, n 0 5 slices) and reactive blue–2 (RB-2)

(2 mM, n 0 4 slices) had little effect on fEPSP

slope (Fig. 2E), suggesting that ATP does not

directly activate P2 receptors to mediate astro-

cytic potentiation of fEPSP and depression

of LTP.

Released ATP can be converted into aden-

osine by ectonucleotidases (16). Because there

is a tonic level of extracellular adenosine

that acts through the A1 receptor to persist-

ently suppress excitatory synaptic transmis-

sion (17–20), we asked whether adenosine

mediated the effects of astrocyte-specific dn-

SNARE expression. The A1 receptor antagonist

Fig. 1. Astrocyte-specific
expression of the dn-
SNARE domain. (A) Two
lines of animals were
generated, hGFAP.tTA
and tetO.SNARE. When
these lines are crossed,
Dox suppresses SNARE,
EGFP, and lacZ expres-
sion. (B) b-galactosidase
(b-Gal) expression on a
parasagittal section of
dn-SNARE mouse brain
(scale bar, 1 mm). (C and
D) Slices from dn-SNARE
mice (TDox) show trans-
gene regulation by Dox
as reported by b-Gal (scale
bar, 200 mm). (E) EGFP
and b-Gal fluorescence
and (F) GFAP immunore-
activity demonstrate ex-
pression of gene products
in astrocytes. (G) Merged
(E) and (F) images. (H to J)
In hippocampal CA1, (H)
EGFP and b-Gal trans-
genes are not expressed in neurons identified by (I) NeuN immunoreactivity. (J) Merged (H) and
(I) images.
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Fig. 2. Astrocytes regulate synaptic transmission and modulate plasticity
through the control of extracellular adenosine. (A and B) Slope of Schaffer
collateral CA1. fEPSP slope was larger in slices from dn-SNARE mice
expressing this transgene (–Dox, n 0 10 mice) compared to dn-SNARE
controls (þDox, n 0 9 mice) and wild-type (wt) littermates (þDox, n 0 9
mice; –Dox, n 0 10 mice). **, P G 0.02; scale bars, 1 mV, 10 ms. Stim, the
dashed line represents the stimulus voltage (Stim) used to evoke the
individual example traces shown as inserts. (C and D) The magnitude of
theta-burst LTP was smaller when dn-SNARE was expressed in astrocytes

(dn-SNARE – Dox, n 0 10 mice; dn-SNAREþ Dox, n 0 9 mice; wt þ Dox, n 0
9 mice; and wt – Dox, n 0 10 mice). *, P G 0.05. (E) DPCPX (800 nM)
augmented the slope of the fEPSP in slices from wild-type (**, P G 0.05)
but not dn-SNARE (–Dox) mice. (F to H) The amplitude of theta-burst LTP
in slices from wild-type animals was (F) blocked by D-AP5 (50 mM, n 0
4 slices), (G) essentially unchanged by ifenprodil (10 mM, n 0 9 slices)
and (H) reduced to an extent similar to that observed in dn-SNARE mice
(–Dox) by incubation in DPCPX (800 nM, n 0 6 mice). Data are presented
as mean T SEM.
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8-cyclopentyl-1,3-dipropylxanthine (DPCPX)

(800 nM) increased the fEPSP slope of wild-

type slices by 67 T 19% (n 0 6 mice) (Fig. 2E)

and decreased the amplitude of LTP (n 0 6

slices) (Fig. 2H) to 146 T 20%, values sim-

ilar to those measured in hippocampal slices

obtained from dn-SNARE mice. In contrast,

DPCPX (800 nM) had no effect on baseline

synaptic transmission in slices from dn-SNARE

mice (3 T 14%, n 0 4 slices) (Fig. 2E). The

A1 agonist 2-chloroN6-cyclopentyladenosine

(CCPA, 10 nM) reversed the actions of dn-

SNARE expression by reducing the amplitude

of the baseline fEPSP (n 0 7 slices) (Fig. 3A)

and augmenting the amplitude of LTP (n 0 7

slices) (Fig. 3B).

There are two potential sources of astro-

cytic adenosine: loss from the cytosol through

equilabrative transporters and accumulation

resulting from ectonucleotidase-dependent

hydrolysis of released ATP. Blockade of

equilabrative nucleoside transporter 1 (ENT1)

with S-(4-nitrobenzyl)-6-thioinosine (NBMPR,

100 nM), a highly selective ENT-1 antagonist

(21), led to a further reduction in basal synaptic

transmission (fig. S3), which is consistent with

a role for ENT-1 in the uptake rather than the

release of adenosine. We therefore studied

the release of ATP from astrocytes as the

potential source of adenosine accumulation,

by using synaptic transmission as a sensitive

assay for this nucleotide. Because P2 re-

ceptor antagonists do not change the magni-

tude of synaptic transmission (Fig. 2E), there

is insufficient extracellular ATP under normal

circumstances to activate synaptic P2 recep-

tors. We asked whether the ectonucleotidase

inhibitor ARL67156 (50 mM) would lead to

an accumulation of ATP that would modu-

late baseline fEPSP amplitude. Superfusion

of ARL67156 caused an inhibition of synap-

tic transmission (Fig. 3C), an action that was

reversed by the P2 antagonist RB-2 (2 mM,

n 0 3 slices). If adenosine accumulation is

mediated by the hydrolysis of ATP released

from astrocytes, we would predict that the

ARL67156-induced synaptic suppression would

be absent in slices from dn-SNARE mice.

Superfusion of ARL67156 did not sig-

nificantly change (9 T 22%) fEPSP slope in

dn-SNARE slices, compared to a –56 T 8% re-

duction in wild-type slices (Fig. 3C). Luciferin/

luciferase imaging of extracellular ATP de-

tected significantly less (P G 0.05) extracellular

ATP in slices from dn-SNARE mice (12 T 7

counts sj1, n 0 4 mice) compared to wild-type

(26 T 8 counts sj1, n 0 4 mice). These results

are consistent with dn-SNARE blocking a

previously described vesicular mode of ATP

release from astrocytes (22). We then asked

whether exogenous ATP would restore A1

receptor-mediated, adenosine-induced synap-

tic suppression. In the presence of RB-2, to

block direct actions of ATP on P2 receptors,

application of exogenous ATP to dn-SNARE

(n 0 4 slices) or wild-type (n 0 4 slices) slices

similarly induced a reduction in fEPSP slope

that was reversed by the A1 antagonist

DPCPX (Fig. 3D and fig. S4).

Tetanic stimulation of Schaffer collaterals

causes an adenosine-mediated, heterosynap-

tic depression of neighboring unstimulated

synapses (23). However, the source of the

adenosine remains an enigma. Because stim-

ulation of the Schaffer collaterals induces

Ca2þ signals in astrocytes (24), which in turn

evoke the release of gliotransmitters (6), and

because heterosynaptic suppression has been

indirectly linked to a glial-dependent mecha-

nism (25), we used the dn-SNARE mice to

ask whether astrocytes mediate heterosynaptic

depression. Two independent pathways (S1

and S2) were each stimulated at 30-s intervals

Fig. 3. dn-SNARE expres-
sion in astrocytes re-
duces extracellular ATP, a
source of adenosine that
regulates synaptic trans-
mission. (A and B) CCPA
(10 nM) reverses the ef-
fects of dn-SNARE ex-
pression by (A) reducing
the fEPSP slope and (B)
augmenting theta-burst–
induced LTP (n 0 7 slices;
scale bar, 1 mV, 10 ms).
(C) The ectonucleotidase
inhibitor ARL67156 (50
mM) reduces fEPSP slope
in wild-type slices (n 0 3
slices), an action reversed
by the P2 antagonist RB-2
(2 mM). ARL67156 does
not change the fEPSP
slope of dn-SNARE slices
(n 0 4 slices), demon-
strating an absence of
background ATP when
dn-SNARE is expressed
in astrocytes. (D) ATP, in
the presence of RB-2 to
block P2-mediated ac-
tions, reduces fEPSP slope
in dn-SNARE mice (n 0 4 slices), an action reversed by DPCPX (800 nM). Data are presented as
mean T SEM.
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Fig. 4. dn-SNARE expression in astrocytes prevents
adenosine-mediated heterosynaptic depression. (A)
Schematic representation of the experimental
setup, showing two independent pathways S1 and
S2. Stimulation of pathway S1, 50 ms before S2
(top trace), does not change the amplitude of S2
fEPSP compared to stimulation of S2 alone (middle
trace). The lower trace shows the top and middle
traces superimposed. (B and C) A 100-Hz, 1-s
tetanus delivered to pathway S1 evokes a depres-
sion of the S2 fEPSP (n 0 4 mice). DPCPX (800 nM)
(B) reduces heterosynaptic depression (n 0 4
slices), which (C) is absent in slices from dn-SNARE
(n 0 5 mice) compared to wild-type slices (n 0 6 mice). Data are presented as mean T SEM.
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to monitor baseline synaptic transmission

(Fig. 4A). In wild-type slices, tetanic stimula-

tion of pathway S1 (100 Hz, 1 s) evoked

homosynaptic LTP together with a hetero-

synaptic depression of the neighboring S2

pathway. The addition of an A1 antagonist

(DPCPX, 800 nM) prevented heterosynaptic

depression (Fig. 4B). To control for effects of

enhanced baseline transmission that result in

the presence of DPCPX, we switched from

normal artificial cerebrospinal fluid (ACSF) to

one containing 2.4 mM Ca2þ and 0.6 mM

Mg2þ, which enhanced synaptic transmission

to 172 T 8.9% (n 0 3 slices) of that in control

mice. We still found heterosynaptic depression

to be intact (64.9 T 8.2%, n 0 3 slices) com-

pared to ACSF controls (72.0 T 8.6%, n 0 3

slices). To determine whether astrocytes medi-

ate adenosine-dependent depression, we re-

peated this study using dn-SNARE slices and

found a virtual absence of heterosynaptic de-

pression (Fig. 4C).

These studies place the astrocyte at cen-

ter stage in the control of adenosine. Glial-

released ATP, which is rapidly hydrolyzed to

adenosine, leads to a persistent synaptic sup-

pression mediated by A1 receptors. Because

adenosine is implicated in the control of wake-

to-sleep transitions (26, 27) as well as re-

sponses to hypoxia, the identification of the

central role of the astrocyte in regulating

this nucleoside offers mechanistic insights into

these processes.

The kinetics of ATP hydrolysis and aden-

osine accumulation provide a synaptic net-

work with unique spatiotemporal conditions

to control synaptic transmission. Fast-acting

synaptic transmitters such as g-aminobutyric

acid and glutamate have high-affinity uptake

systems in the vicinity of the synapse that

constrain the time and distance over which a

transmitter acts. Synaptic activation of an

astrocyte to release ATP removes these con-

straints, because it takes È200 ms before

adenosine begins to accumulate (28). This

provides time for ATP diffusion to distant

sites, where it depresses synaptic transmission

through accumulated adenosine, thereby pro-

viding a mechanism for cross-talk to distant

synapses. In addition to activity-dependent

actions, astrocytes, by persistently suppressing

excitatory synaptic transmission, enhance the

capability of synapses to express synaptic

plasticity. Thus, the integration of synaptic

activity by the astrocyte leads to a widespread

coordination of synaptic networks. By sup-

pressing excitatory transmission, astrocytes

regulate the degree to which a synapse may

be plastic, and during the induction of LTP,

astrocyte-derived adenosine depresses neigh-

boring unstimulated pathways.
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Failure to Detect Mismatches
Between Intention and Outcome

in a Simple Decision Task
Petter Johansson,1* Lars Hall,1*. Sverker Sikström,1

Andreas Olsson2

A fundamental assumption of theories of decision-making is that we detect
mismatches between intention and outcome, adjust our behavior in the face of
error, and adapt to changing circumstances. Is this always the case? We
investigated the relation between intention, choice, and introspection. Partic-
ipants made choices between presented face pairs on the basis of attractiveness,
while we covertly manipulated the relationship between choice and outcome
that they experienced. Participants failed to notice conspicuous mismatches
between their intended choice and the outcome they were presented with, while
nevertheless offering introspectively derived reasons for why they chose the way
they did. We call this effect choice blindness.

A fundamental assumption of theories of de-

cision making is that intentions and outcomes

form a tight loop (1). The ability to monitor

and to compare the outcome of our choices

with prior intentions and goals is seen to be

critical for adaptive behavior (2–4). This type

of cognitive control has been studied ex-

tensively, and it has been proposed that in-

tentions work by way of forward models (5)

that enable us to simulate the feedback from

our choices and actions even beforewe execute

them (6, 7).

However, in studies of cognitive control,

the intentions are often tightly specified by the

task at hand (8–10). Although important in

itself, this type of research may not tell us

much about natural environments where in-

tentions are plentiful and obscure and where

the actual need for monitoring is unknown.

Despite all its shortcomings, the world is in

many ways a forgiving place in which to

implement our decisions. Mismatches between

intention and outcome are surely possible, but

when we reach for a bottle of beer, we very

seldomly end up with a glass of milk in our

hands. But what if the world were less for-

giving? What if it instead conspired to create

discrepancies between the choices we make

and the feedback we get? Would we always
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be able to tell if an error were made? And if

not, what would we think, and what would

we say?

To examine these questions, we created a

choice experiment that permitted us to surrep-

titiously manipulate the relationship between

choice and outcome that our participants ex-

perienced. We showed picture pairs of female

faces to 120 participants (70 female) and asked

them to choose which face in each pair they

found most attractive. On some trials, imme-

diately after their choice, they were asked to

verbally describe the reasons for choosing the

way they did. Unknown to the participants, on

certain trials, a double-card ploy was used to

covertly exchange one face for the other (Fig.

1). Thus, on these trials, the outcome of the

choice became the opposite of what they in-

tended. Each subject completed a sequence of

15 face pairs, three of which were manipulated

(M). The M face pairs always appeared at the

same position in the sequence, and for each of

these pairs, participants were asked to state the

reasons behind their choice. Verbal reports

were also solicited for three trials of non-

manipulated (NM) pairs (11).

The experiment employed a 3-by-2,

between-group factorial design, with delibera-

tion time and similarity of the face pairs as

factors. For time, three choice conditions were

included: one with 2 s of deliberation time, one

with 5 s, and one where participants could take

as much time as they liked. Participants gen-

erally feel that they are able to form an opinion

given 2 s of deliberation time (supporting online

text). Nevertheless, the opportunity for partic-

ipants to enjoy free deliberation time was

included to provide an individual criterion of

choice. For similarity, we created two sets of

target faces, a high-similarity (HS) and a low-

similarity (LS) set (fig. S1). Using an interval

scale from 1 to 10, where 1 represents Bvery

dissimilar[ and 10 Bvery similar,[ the HS set

had a mean similarity of 5.7 (SD 0 2.1) and the

LS set a mean similarity of 3.4 (SD 0 2.0).

Detection rates for the manipulated pictures

were measured both concurrently, during the

experimental task, and retrospectively, through

a post-experimental interview (11) (supporting

online text). There was a very low level of

concurrent detection. With a total of 354 M

trials performed, only 46 (13%) were detected

concurrently. Not even when participants were

given free deliberation time and a set of LS

faces to judge were more than 27% of all trials

detected this way. There were no significant

differences in detection rate between the 2-s

and 5-s viewing time conditions, but there was

a higher detection rate in the free compared to

the fixed viewing time conditions Et(118) 0

2.17, P 0 G 0.05). Across all conditions, there

were no differences in detection rate between

the HS and the LS sets (Fig. 2A). In addition,

there were no significant sex or age differences

in detection rate. Tallying all forms of detec-

tion across all groups revealed that no more

than 26% of all M trials were exposed.

However, these figures are inflated even so.

The moment a detection is made, the outlook

of the participants changes: They become

suspicious, and more resources are diverted to

monitoring and control. To avoid such cascad-

ing detection effects, it is necessary to discard

all trials after the first detection is made. Figure

2B shows detection rates with this correction in

place. The overall detection rate was signifi-

cantly lower Et(118) 0 3.21, P G 0.005^, but

none of our prior conclusions are affected by

the use of this data set (the percentage of

participants that detected the manipulation is

shown in fig. S2).

Our experiment indicates that the relation-

ship between intentions and outcomes may

sometimes be far looser than what current theo-

rizing has suggested (6, 9). The detection rate

was not influenced by the similarity of the face

pairs, indicating the robustness of the finding.

The face pairs of the LS set bore very little

resemblance to each other, and it is hard to

imagine how a choice between them could be

confused (fig. S1 and supporting online text).

The overall detection rate was higher when

participants were given free deliberation time.

This shows the importance of allowing indi-

vidual criteria to govern choice, but it is not

likely to indicate a simple subjective threshold.

The great majority of the participants in the 2-s

groups believed themselves to have had enough

time to make a choice (as determined by post-

test interviews), and there was no difference in

the actual distribution of choices among the

pairs from fixed to free deliberation time.

Next, we examined the relationship be-

tween choice and introspective report. One

might suspect that the reports given for NM

and M trials would differ in many ways. After

all, the former reports stem from a situation

common to everyday life (revealing the

reasons behind a choice), whereas the latter

reports stem from a truly anomalous one (re-

vealing the reasons behind a choice one

manifestly did not make).

We classified the verbal reports into a

number of different categories that potentially

could differentiate between NM and M reports.

For all classifications, we used three independent

blind raters, and interrater reliability was

consistently high (supporting online text and

table S1). We found no differences in the num-

ber of empty reports (when participants were

unable to present any reasons at all) or in the

Fig. 1. A snapshot sequence of
the choice procedure during a
manipulation trial. (A) Partici-
pants are shown two pictures of
female faces and asked to choose
which one they find most at-
tractive. Unknown to the partic-
ipants, a second card depicting
the opposite face is concealed
behind the visible alternatives.
(B) Participants indicate their
choice by pointing at the face
they prefer the most. (C) The
experimenter flips down the
pictures and slides the hidden
picture over to the participants,
covering the previously shown
picture with the sleeve of his
moving arm. (D) Participants pick up the picture and are immediately asked to explain why they
chose the way they did.

Fig. 2. Percent detection, divided into deliberation time and similarity, for (A) all trials and (B)
trials corrected for prior detections. Sim, similar (HS); Dis, dissimilar (LS). Error bars indicate the
standard deviation of the means.
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degree to which reports were phrased in present

or past tense (which might indicate whether the

report is made in response to the present face or

the prior context of choice). Neither did the

length of the statements, as measured by number

of characters, differ between the two sets (NM 0

33, SD 0 45.4; M 0 38, SD 0 44.4), nor the

amount of laughter present in the reports (with

laughter being a potential marker of nervousness

or distress). We found significantly more dy-

namic self-commentary in the M reports

Et(118) 0 3.31, P G 0.005^. In this type of

commentary, participants come to reflect

upon their own choice (typically by question-

ing their own prior motives). However, even

in the M trials, such reports occurred infre-

quently (5% of the M reports).

We rated the reports along three dimensions:

emotionality, specificity, and certainty (using a

numeric scale from 1 to 5). Emotionality was

defined as the level of emotional engagement in

the report, specificity as the level of detail in the

description, and certainty as the level of con-

fidence in their choice the participants ex-

pressed. There were no differences between

the verbal reports elicited fromNMandM trials

with respect to these three categories (fig. S3).

Seemingly, the M reports were delivered with

the same confidence as the NM ones, and with

the same level of detail and emotionality. One

possible explanation is that overall engagement

in the task was low, and this created a floor

effect for both NM and M reports. However,

this is unlikely to be the case. All three

measures were rated around the midline on

our scale (emotionality 0 3.5, SD 0 0.9;

specificity 0 3.1, SD 0 1.2; certainty 0 3.3, SD 0

1.1). Another possibility is that the lack of

differentiation between NM andM reports is an

indication that delivering an M report came

naturally to most of the participants in our task.

On a radical reading of this view, a suspicion

would be cast even on the NM reports. Con-

fabulation could be seen to be the norm and

truthful reporting something that needs to be

argued for.

To scrutinize these possibilities more close-

ly, we conducted a final analysis of the M re-

ports, adding a contextual dimension to the

classification previously used. Figure 3 shows

the percentage of M reports falling into eight

different categories. The Bspecific confab-

ulation[ category contains reports that refer

to features unique to the face participants

ended up with in a manipulated trial. As these

reports cannot possibly be about the original

choice (i.e., BI chose her Ethe blond woman^

because she had dark hair[), this would indeed

be an indisputable case of Btelling more than

we can know[ (12). Equally interesting is the

Boriginal choice[ category. These are reports

that must be about the original choice, because

they are inconsistent with the face participants

ended up with (i.e., BI chose her because she

smiled Esaid about the solemn one^[. Here,

despite the imposing context of the manipu-

lated choice, vestiges of the original inten-

tion are revealed in the M reports. Analogous

to the earlier example of confabulation, this

would be an unquestionable case of truthful

report.

In summary, when evaluating facial attract-

iveness, participants may fail to notice a radical

change to the outcome of their choice. As an

extension of the well-known phenomenon of

change blindness (13), we call this effect

choice blindness (supporting online text). This

finding can be used as an instrument to es-

timate the representational detail of the de-

cisions that humans make (14). We do not

doubt that humans can form very specific and

detailed prior intentions, but as the phenome-

non of choice blindness demonstrates, this is

not something that should be taken for granted

in everyday decision tasks. Although the cur-

rent experiment warrants no conclusions about

the mechanisms behind this effect, we hope it

will lead to an increased scrutiny of the concept

of intention itself. As a strongly counterintuitive

finding, choice blindness warns of the dangers

of aligning the technical concept of intention

too closely with common sense (15, 16).

In addition, we have presented a method for

studying the relationship between choice and

introspection. Classic studies of social psy-

chology have shown that telling discrepancies

between choice and introspection can some-

times be discerned in group-level response pat-

terns (12) but not for each of the individuals at

hand. In the current experiment, using choice

blindness as a wedge, we were able to Bget

between[ the decisions of the participants and

the outcomes with which they were presented.

Fig. 3. Frequency distribution of the contents of the M reports aligned along a rough continuum from
confabulatory to truthful report. Sample sentences (translated from Swedish) are drawn from the set
of reports for the displayed face pair. Letters in brackets indicate whether the report was given by a
male (M) or a female (F) participant. The specific confabulation (Conf.) category contains reports that
refer to features unique to the face participants ended up with in an M trial. The detailed and
emotional confabulation categories contain reports that rank exceptionally high on detail and emo-
tionality (94.0 on a scale from 1 to 5). The simple and relational confabulation categories include
reports where the generality of the face descriptions precluded us from conclusively associating them
with either of the two faces (i.e., everybody has a nose, and a personality). The category of uncertainty
contains reports dominated by uncertainty (G2 on a scale from 1 to 5). The dynamic reports are
reports in which participants reflect upon their own choice, and the final category contains reports
that refer to the original context of choice.
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This allowed us to show, unequivocally, that

normal participants may produce confabula-

tory reports when asked to describe the reasons

behind their choices. More importantly, the

current experiment contains a seed of system-

aticity for the study of choice and subjective

report. The possibility of detailing the proper-

ties of confabulation that choice blindness

affords could give researchers an increased

foothold in the quest to understand the pro-

cesses behind truthful report.
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Sexual Selection Can Resolve
Sex-Linked Sexual Antagonism

Arianne Y. K. Albert* and Sarah P. Otto

Sexual selection is a potent evolutionary force. However, very few models
have considered the evolution of female preferences for traits expressed in
both sexes. Here we explore how female preferences coevolve with sexually
antagonistic traits, which involve alleles that are beneficial to one sex but
harmful to the other. We show that with a sexually antagonistic trait on the X
chromosome (males XY, females XX), females evolve to prefer mates carrying
alleles beneficial to daughters. In contrast, with a Z-linked trait (males ZZ,
females ZW), females more often evolve mating preferences for mates car-
rying alleles beneficial to sons (that is, flashy displays).

Evolutionary biologists have long puzzled over

how and why female preferences drive the

evolution of exaggerated male traits. General-

ly, female preferences are thought to enhance a

female_s long-term fitness by increasing her

offspring_s fitness, either directly or through

genetic associations between preference and

trait loci (1, 2). Nearly all models assume that

females do not initially express the male dis-

play trait, or else they assume that the fitness

effects are the same in males and females (3).

However, traits subject to sexual selection will

often be sexually antagonistic, for example,

with Bsexy[ male traits benefiting males but

reducing female fitness (4–6). If a trait in-

creases male reproductive success at the cost

of female viability, females must then choose

between having attractive sons (and unfit

daughters) and having ugly sons (but un-

encumbered daughters). As long as females

can detect the genotypic differences among

males at sexually antagonistic loci, we expect

mating preferences to evolve as described by

the models explored here.

Theory predicts that sexually antagonistic

loci are more likely to remain polymorphic on

the sex chromosomes (4, 5). Furthermore, re-

cent empirical work suggests that many sex-

ually selected traits in animals are located on

the X chromosome (7, 8) and that most poly-

morphic sexually antagonistic traits are located

on the X chromosome in Drosophila (5, 9).

There is also evidence to suggest that a female_s

mate choice may result in a tradeoff in the

fitness between her daughters and sons (10).

Several recent theoretical examinations of

the evolution of female preferences have

explored sex linkage of the trait and/or pref-

erence (11–14). However, these models, with

the exception of Reeve and Pfennig_s (12),

assume that sexually selected traits have male-

limited expression and therefore no fitness

consequences when in females, and none has

addressed sexual antagonism. Here we address

the question of how female preferences evolve

for traits that have contrasting fitness effects in

each sex.

With sexual antagonism, chromosomal loca-

tion should strongly affect the evolution of

female preferences. Simply put, an X-linked

male trait is never passed on from an attractive

father to his sons, whereas his daughters suffer

the cost of carrying the display trait (5, 9).

Offspring in XY species therefore do not gain

a fitness benefit from females preferring males

with a more extreme X-linked display trait. In

contrast, both males and females contribute a

Z chromosome to sons in ZW species. Thus,

females preferring a Z-linked display trait

receive the fitness benefit of sexy sons, even

though their daughters suffer a fitness cost

(5, 9). This cost is lessened by the fact that

daughters inherit only one of their father_s Z

chromosomes. With autosomal inheritance,

these asymmetries in inheritance are absent.

To verify the verbal argument laid out above,

we present the results of two-locus models that

follow the fate of a newly arisen preference

allele p in a population that is at a polymorphic

equilibrium at a trait locus. We assume that

Table 1. Male and female fitness components in male heterogametic (XY) and female heterogametic
(ZW) species.

X-linked trait Z-linked trait

Male trait
T t TT Tt tt

Female preference PP 1 1 þ a
PP

P 1 1 þ da
P

1 þ a
P

Pp 1 1 þ a
Pp

p 1 1 þ da
p

1 þ a
p

pp 1 1 þ a
pp

Male viability 1 – sy 1 1 – sz 1 – hsz 1

Female trait
TT Tt tt T t

Female viability 1 1 – hsx 1 – sx 1 1 – sw
Female preference

PP Pp pp P p
Female cost 1 – ka

PP
kk 1 – ka

Pp
kk 1 – ka

pp
kk 1 – ka

P
kk 1 – ka

p
kk
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bia, Vancouver, British Columbia V6T 1Z4, Canada.

*To whom correspondence should be addressed.
E-mail: albert@zoology.ubc.ca

R E P O R T S

www.sciencemag.org SCIENCE VOL 310 7 OCTOBER 2005 119

http://sciencemag.org/cgi/content/full/310/5745/116/DC1
http://sciencemag.org/cgi/content/full/310/5745/116/DC1
mailto:albert@zoology.ubc.ca
http://www.sciencemag.org


allele T is most fit in females (Bfemale-benefit

allele[) and allele t is most fit in males (Bmale-

benefit allele[), with this tradeoff mediated by

natural selection, sexual selection, or both. In

the X-linked model, females with a tt genotype

suffer a fitness disadvantage of 1 j s
x
relative

to TT females, where s
x
is the strength of se-

lection in females, and the fitness of Tt females

is given by 1 j hs
x
, where h is a dominance

coefficient. In the absence of sexual selection,

males carrying the T allele have a relative fit-

ness of 1j s
y
relative to males with the t allele

(Table 1). Note that s
y
can be positive or neg-

ative, allowing for natural selection either for or

against the trait allele t in males. The mating

preference of a female of genotype i at the pref-

erence locus is given by a
i
, which describes the

relative increase (or decrease) in the female_s

probability of mating with males carrying allele

t (Table 1) (3). We also allow for selection

against the female preference by reducing fe-

male fitness by an amount proportional to her

choosiness and a cost parameter, k (15). The

fitness scheme in the Z-linked model is similar

(Table 1). However, an additional parameter, d,

is required to describe female preferences for

heterozygous males when the preference locus

is Z-linked. When both trait and preference loci

are sex-linked, recombination occurs at a rate r

between them; autosomal preference loci were

also considered, in order to examine the influ-

ence of physical linkage on the results. Finally,

both autosomal preference and trait loci were

modeled. The analytical solutions for the poly-

morphic equilibria and the invasion rate of a new

preference allele, p, are approximated assuming

weak selection (s
x
, s

y
, a

i
, and k are small).

There are three ultimate fates for sexually

antagonistic genes: (i) the fixation of the allele

with the higher fitness across both sexes, (ii)

the evolution of sex-specific expression, or (iii)

polymorphism (4, 5). A polymorphic equilib-

rium for an X-linked trait is maintained by

sexually antagonistic selection in the X-linked

model with allele P fixed as long as

2hsx G ðaPP þ syÞ G 2sxð1 j hÞ ð1Þ

which requires that the male-benefit allele, t,

be wholly or partially recessive in females (h G

1/2). As long as Eq. 1 holds, the model allows

for the maintenance of polymorphism either

by sexually antagonistic natural selection (s
y
9

0) and/or by sexual selection opposing natural

selection (a
pp

9 0). Similar criteria for main-

taining a polymorphic equilibrium at a Z-

linked trait locus are presented in (15).

Performing a stability analysis, a new pref-

erence allele, p, invades a population that is

polymorphic for an X-linked trait locus when-

ever it confers a stronger preference for males

bearing the female-benefit allele, T (a
Pp

G a
PP
).

This result holds regardless of the physical

location of the preference locus. Whereas re-

combination breaks apart genetic associations,

it also places preference alleles on the same

chromosome as the trait alleles that have been

preferred and is therefore critical to the de-

velopment of genetic associations. These two

factors balance, causing the level of genetic

associations to be fairly insensitive to the re-

combination rate.

In contrast to the X-linked case, when both

the trait and preference loci are Z-linked, allele

p can invade a population only when it confers

a stronger preference for the male-benefit

allele, t (a
p
9 a

P
). Again, the recombination

rate does not alter the range of conditions

under which invasion occurs. However, when

the trait locus is Z-linked and the preference

locus is autosomal, p invades only when it

increases the preference for the female-benefit

allele, T (a
Pp

G a
PP
), as in the X-linked case.

Adding a cost of female preference to both the

X- and Z-linked models just slows the spread

of stronger preference alleles, as long as the

costs are not too strong relative to selection

acting on the trait locus (15).

Finally, if all of the loci are autosomal,

there is no longer any selection for females to

prefer traits that help only one sex, and the

invasion of any particular preference allele

depends crucially on the level of linkage (15).

This is consistent with a previous model (16),

which found that sexual selection could re-

solve a polymorphism of a male-limited trait

either in favor of T or t.

To understand the selective forces at work,

we performed a quasi–linkage equilibrium

analysis (17). When females carrying a new

allele p preferentially mate with males carrying

T, for example, a positive genetic association

develops between the p and T alleles. In the

homogametic sex (either XX females or ZZ

males), both cis and trans linkage disequi-

librium are present and approximately equal in

magnitude, but only cis disequilibrium can be

Fig. 1. Simulation results for the evolution of female preferences in male heterogametic species (XY).
All simulations were started under conditions allowing a polymorphic equilibrium at an X-linked trait
locus with P fixed. (A) A new allele p that prefers males carrying the female-benefit allele, T, is
introduced and sweeps to fixation, leaving T polymorphic at a higher frequency and improving the
fitness of daughters (a

PP
0 0.1, a

Pp
0 0, a

pp
0 –0.1). (B) A preference allele favoring the T allele

sweeps to high frequency, driving T to fixation. Sexual antagonism is thus completely resolved in
favor of females (aPP 0 0.1, aPp 0 –0.1, app 0 –0.2). Both loci are X-linked, with r 0 0.5, h 0 0.1, sx 0
0.2, and sy 0 0.2. The frequency of T is shown in thin curves, and males are shown with dashed
curves. The frequency of p is in bold, with indistinguishable curves for males and females.

Fig. 2. Simulation results for the evolution of female preferences in female heterogametic species
(ZW). (A) A new allele p that prefers males carrying the male-benefit allele, t, sweeps to fixation,
driving t to high frequency and improving the fitness of sons (a

P
0 –0.1, a

p
0 0.08). (B) A preference

allele p favoring the t allele sweeps to high frequency, driving t to fixation (a
P
0 –0.1, a

p
0 0.2).

Sexual antagonism is thus completely resolved in favor of males. Both loci are Z-linked, with r 0 0.5,
d 0 0.5, h 0 0.2, sw 0 0.224, and sz 0 0.3. The curve types are the same as in Fig. 1.
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present in the heterogametic sex (either XY

males or ZW females when the preference is

Z-linked). Consequently, the new preference

allele rises by association with T in XX

females (in whom T is favored) by twice the

amount that it goes down in XY males (in

whom t is favored), explaining the spread of

female preferences for the trait favored in

females among XY species. Conversely, when

both the trait and preference are Z-linked, the

new preference allele declines by association

with T in ZZ males (in whom t is favored) by

twice the amount that it goes up in ZW

females (in whom T is favored), explaining

why sexual selection does not favor prefer-

ences for the allele beneficial to daughters.

When the trait is Z-linked but the pref-

erence locus is autosomal, the situation is

slightly more complex. Both sons and daugh-

ters now inherit two copies of the preference

allele, but daughters inherit only one copy of

the trait allele. Because daughters_ trait alleles

are only inherited from their father, stronger

trans disequilibrium develops between the pref-

erence allele inherited from their mothers and

the trait allele inherited from their fathers. The

stronger genetic associations that develop in

daughters than in sons again favor the spread

of preferences for the female-benefit allele, T.

The conditions for the invasion of a new

preference allele were determined assuming

weak selection. How robust are these results to

stronger selection? Simulations with selection

coefficients on the order of 10 to 30% were

explored; selection coefficients in this range

are not uncommon (18). Invasion depends only

on how the new preference allele changes

female mating preferences and not on the

strength of selection, confirming our analytical

results (Figs. 1 and 2)

Our results point to a potentially large effect

of the sex-determination mechanism on how

female preferences evolve for sexually antago-

nistic traits. Over long time scales, evolutionary

changes in female preferences will lead to the

fixation of the trait alleles most fit in females in

XY systems and ZW systems when the pref-

erence is autosomal, but the trait allele most fit

in males in ZW systems with Z-linked pref-

erences. Thus, sexually antagonistic selection is

always resolved in favor of females in XY

species (Fig. 1B), but in favor of males in ZW

species when the preference is Z-linked (Fig.

2B). This process can occur very rapidly if the

new allele has a strong effect on preferences.

Assuming the conditions of our model, we

predict that the difference in fitness between

daughters and sons should be greater for

females that choose mates relative to females

mating at random. Choosy females should

produce daughters that are more fit than sons

in XY systems and vice versa in ZW systems.

Another prediction of our model is that female

preferences can evolve more easily for male-

benefit alleles in ZW species, which is con-

sistent with the greatly exaggerated displays

observed in groups such as birds and butter-

flies (12). This prediction calls for phyloge-

netic analyses of the association between flashy

displays and sex determination. Finally, our

model predicts that sex-linked polymorphisms

maintained by sexually antagonistic selection

should disappear faster when sexual selection is

present and as long as the females can detect

the polymorphism. Once female preferences

have resolved sexually antagonistic selection

and become established within a species, they

could cause the further evolution of flashy male

displays at loci throughout the genome (11).
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Arabidopsis Hþ-PPase AVP1
Regulates Auxin-Mediated

Organ Development
Jisheng Li,1* Haibing Yang,1* Wendy Ann Peer,3 Gregory Richter,2

Joshua Blakeslee,3 Anindita Bandyopadhyay,3

Boosaree Titapiwantakun,3 Soledad Undurraga,1

Mariya Khodakovskaya,1 Elizabeth L. Richards,3 Beth Krizek,4

Angus S. Murphy,3 Simon Gilroy,2 Roberto Gaxiola1.

The transport of auxin controls developmental events in plants. Here, we report
that in addition to maintaining vacuolar pH, the Hþ-pyrophosphatase, AVP1,
controls auxin transport and consequently auxin-dependent development.
AVP1 overexpression results in increased cell division at the onset of organ
formation, hyperplasia, and increased auxin transport. In contrast, avp1-1 null
mutants have severely disrupted root and shoot development and reduced
auxin transport. Changes in the expression of AVP1 affect the distribution and
abundance of the P–adenosine triphosphatase and Pinformed 1 auxin efflux
facilitator, two proteins implicated in auxin distribution. Thus, AVP1 facilitates
the auxin fluxes that regulate organogenesis.

The phytohormone auxin Eprincipally indole

acetic acid (IAA)^ plays a fundamental role in

the formation of all plant organs, and gradients

of auxin have been shown to be essential to

polarity of development (1, 2). Because IAA is

a weak acid (pK
a
4.75, where K

a
is the acid

dissociation constant), a chemiosmotic model

describes polar auxin uptake and efflux driven

by a plasma membrane Hþ gradient (3). In the

acidic apoplast, an enrichment of the lipophilic

protonated species of IAA facilitates its entry

into the cell. The same gradient motivates

efflux of anionic (non–lipid soluble) IAA–

retained in the neutral cytoplasm by means of

polarly localized efflux complexes (4). Thus,

the transporters responsible for setting cyto-

plasmic and apoplastic pH are likely to have

key roles in driving this polar flux of auxin.

Plants have three distinct membrane Hþ-

pumps capable of generating pH gradients (5).

The P-type Hþ–adenosine triphosphatase

(P-ATPase) is a single-subunit protein that

energizes transport across the plasma mem-

brane (PM) by extruding Hþ from the cell (6).

The vacuolar Hþ-ATPase (V-ATPase) com-

plex, encoded by at least 26 genes, acidifies
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the vacuole and other intracellular trafficking

compartments and is known to be required for

embryonic development and cell expansion

(7, 8). Hþ-pyrophosphatases (Hþ-PPases) are

single-subunit proteins that also generate

proton gradients in endomembrane compart-

ments with the use of pyrophosphate (PP
i
)

instead of ATP (9). The Arabidopsis genome

contains one type I Hþ-PPase, AVP1 (10), and

one type II, AVP2/AVPL1, which shares 35%

amino acid identity with AVP1 (11). AVP1

has been traditionally viewed as a vacuolar

Hþ-pump and has not previously been im-

plicated in hormone transport or developmen-

tal regulation.

However, we observed that alterations in

AVP1 expression produce plants with morpho-

genetic variations typical of hormonal defects.

Thus, the AVP1 overexpressing plants

(AVP1OX) AVP1-1 and AVP1-2 had more

rosette leaves (3 and 16, respectively; table

S1) and significantly greater leaf area (60 and

40%, respectively, P G 0.05) than wild-type

plants (Fig. 1B and fig. S1) as a result of

increased cell numbers (figs. S2 and S3).

Furthermore, AVP1-1 and AVP1-2 exhibited

enhanced root growth (Fig. 1C) and dry

weight (2.6 and 9.4 heavier, P G 0.01; table

S2) compared with wild-type plants. Thus,

AVP1 appears to function in both shoot and

root development.

To further assess the role of AVP1 in or-

gan development, we analyzed avp1 loss-of-

function mutants. avp1-1 is a recessive mutant

with a transferred DNA insertion in the

predicted fifth exon of the AVP1 gene. This

lesion impairs full-length transcription (fig.

S4). Consistent with avp1-1 being a knockout

allele, the 81-kD AVP1 protein was not

detected in Western blots of microsomal

fractions isolated from avp1-1 homozygotes.

(Fig. 1G). However, a faint band at È84-kD

was observed in the avp1-1 microsomal

fraction, consistent with detection of AVP2/

AVPL1, which is È3 kD larger than AVP1

(11). Immunoblot analysis with an antibody

raised against the V-ATPase B subunit de-

tected the expected 60-kD band in both wild-

type and avp1-1 plants (Fig. 1G).

Homozygous avp1-1 seedlings showed

altered root and shoot development: Cotyle-

dons were either normal (È1%), cup-shaped

(È1%), or heart-shaped (È98%) similar to

cup-shaped cotyledon mutants (12) (Fig. 1A).

Only 30% of the avp1-1 plants initiated

flower development, and none developed

fully (Fig. 1, D to F). Most formed small

cuplike structures (Fig. 1E) that had no floral

organs or occasionally contained a small pistil

(G10%) (13).

Consistent with the increase in leaf size due

to increased cell number seen in AVP1OX,

rosette leaf size in avp1-1 was È20% that

of the wild-type leaf size (Fig. 1D). How-

ever, the average size of avp1-1 mesophyll

cells was unchanged from that of the wild-

type cells (Col-0 0 782 T 196 mm2, n 0 476;

avp1-1 0 741 T 343 mm2, n 0 251, P 9 0.05,

Student_s t test, errors are SD), suggesting a

reduction in cell number in this mutant. Vas-

cular patterning and mesophyll cell organiza-

tion along the leaf blade were also disordered,

resulting in thicker leaves with uneven margins

(Fig. 1D and fig. S5). No abnormalities in cell

organization were visible in shoot apical

meristems in avp1-1 during early development

(fig. S6), but disrupted growth later became

evident (Fig. 1, D and E).

The Arabidopsis root tip is a highly

ordered structure with a well-defined root

cap, three columella cells layers, and a layer

of peripheral or tip cells covering the apical

meristem (14) (Fig. 1H). However, the cells of

the avp1-1 root apex were small, the colu-

mella was reduced to two layers, and the root
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ment, Pennsylvania State University, University Park,
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Fig. 1. Phenotypes associated with AVP1 gain- and loss-of-function mutants. (A) Seven-day-old
avp1-1 plants grown on plates. Scale bar, 2.5 mm. (B) Rosettes from 45-day-old, soil-grown Col-0
(WT) and AVP1OX plants. (C) Root systems from 50-day-old, hydroponically grown Col-0 and
AVP1OX plants. Scale bar in (B) and (C), 1 cm. (D) A 70-day-old avp1-1 plant grown on plates. (E)
avp1-1 inflorescence. Scale bar in (D) and (E), 1 mm. (F) Wild-type flower. Scale bar, 0.5 mm. (G)
Immunoblots of Col-0 and avp1-1 membrane proteins probed with antisera to AVP1 and V-ATPase.
(H and I) Root apices from 7-day-old Col-0 (H) and avp1-1 (I). m, meristem; ci, columella initial; S1
to S3, stories of columella cells; tc, tip cells. (J) A 35-day-old avp1-1 root apex. (K) Root of AVP1-
RNAi plant 7 days after induction. Scale bar for (H) to (K), 20 mm. (L and M) Six-day-old roots
from Col-0 (L) and avp1-1 (M) grown on plates. (N) A 6-day-old Col-0 root grown with 25-mM
NPA. Scale bar for (L) to (N), 200 mm. (O) avp1-1 mutant is complemented with pINDEX3-AVP1
construct after 12 days of induction. Plant at day 1 (inset). Scale bar, 0.5 cm.
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cap was reduced and deformed (Fig. 1I),

eventually collapsing (Fig. 1J), as reported in

the auxin-related pin4 and tt4 mutants (15, 16).

Disrupted cell elongation was also evident in

the upper portions of avp1-1 roots (Fig. 1, L

and M) which exhibited swelling similar to

wild-type roots treated with the auxin-efflux

inhibitor N-1-naphthylphthalamic acid (NPA)

(Fig. 1N).

Comparison with AVP1 RNA interference

(RNAi) lines and complementation confirmed

that the avp1-1 phenotypes were due to a

lesion in the AVP1 gene. Thus, AVP1 RNAi

lines exhibited impaired shoot development

and disordered root cell patterns similar to

avp1-1 (Fig. 1K and fig. S7). Further, wild-

type shoot and root phenotypes were restored

in dexamethasone (DEX)–treated homozy-

gous avp1-1 seedlings (Fig. 1O, inset) carry-

ing a DEX-inducible AVP1 cassette (Fig. 1O

and fig. S8). These observations strongly

suggest that the organogenesis-related pheno-

types seen in avp1-1 are attributable to the

lesion in AVP1.

The phenotypes of both gain- and loss-of-

function AVP1 mutants suggest that AVP1

functions in organ development. In situ

hybridization revealed that AVP1 is expressed

in all shoot meristems as well as the

endodermal/pericycle ring of mature roots,

developing leaves, sepals, petals, stamens, and

carpels (Fig. 2, A to J). The reported ex-

pression patterns of the CAMATA and VOZ

transcription factors (17) predicted to bind a

38–base pair cis-acting region of the AVP1

promoter are also consistent with these AVP1

expression patterns.

To better understand how a Hþ-PPase could

impact developmental programs, we analyzed

the subcellular distribution of AVP1. In ad-

dition to vacuolar membrane (tonoplast)

localization, immunolabeling revealed a punc-

tuate AVP1 signal throughout wild-type and

AVP1-2 young roots (Fig. 2, K and L). This

signal was absent in avp1-1 (Fig. 2M) and

strongly increased in cortical cells above the

elongation zone in AVP1OX roots (Fig. 2, K

and L, insets). Western blots of wild-type and

AVP1OX root microsomal fractions separated

by discontinuous sucrose density gradients

detected AVP1 signal in tonoplast, endosome,

and PM fractions (Fig. 3, A and B). The PM

and the endosomal AVP1 signals in AVP1OX

roots were 60 and 80% greater than Col-0,

respectively (Fig. 3, A and B). Microsomal

fractions from AVP1OX plants also exhibited

increased PM P-ATPase protein abundance

(È70%) and activity (È100%) (Fig. 3, C and D),

whereas the decreased P-ATPase activity

observed in avp1-1 seedlings (Fig. 3D) was

consistent with a reduced P-ATPase signal

detected in immunofluorescence imaging of

avp1-1 root tips (Fig. 3F).

The phenotypes of AVP1 gain- and loss-of-

function mutants are consistent with altera-

tions in auxin-mediated development but

apparently do not reflect altered auxin synthe-

sis. Total free auxin levels in AVP1OX and

avp1-1 whole seedlings were comparable to

those in the wild-type seedlings (13). However,

the increased lateral root proliferation and rates

of gravitropic bending observed in AVP1OX

(fig. S10) are consistent with enhanced cellular

auxin uptake and efflux (18). Consistent with

this interpretation, free auxin levels in hypo-

cotyls of AVP1OX were È60 T 17% those of

the wild type. Altered auxin uptake was also

suggested when we observed that avp1-1 seed-

lings treated with either IAA or the synthetic

auxin naphthalene acetic acid (NAA) formed

calli rather than the hairy root systems usually

seen in auxin-treated wild-type plants (Fig. 4A

and fig. S11).

To further investigate the effects of AVP1

activity on auxin distribution, we used the

synthetic auxin-responsiveDR5::GUS reporter

(19). Wild-type seedlings transformed with

DR5::GUS exhibited GUS signal in root

apices, vascular tissue, and cotyledonary

margins (Fig. 4, B and D) (2). In contrast,

the DR5::GUS signal in avp1-1 roots was

restricted to the meristem with no signal in the

stele (Fig. 4C). Notably, a strong DR5::GUS

signal was observed in the abnormally

developed vascular systems in the avp1-1

fused cotyledons (Fig. 4E). These aberrant

DR5::GUS patterns and altered vascular

development observed in avp1-1 roots and

cotyledons, respectively, further suggested to

us that alterations in auxin transport and

accumulation were occurring when AVP1

expression was altered (20).

To directly test this hypothesis, basipetal

transport of IAA from the shoot tip to both the

root-shoot junction and the root tip was

assayed in AVP1 overexpression and loss-

of-function mutants. Auxin transported to

AVP1-1 root tips was 46% greater than in

wild-type plants (P G 0.05) (Fig. 4F); trans-

port to the root-shoot junction was approx-

imately 20% less than in wild-type plants

(P G 0.05), suggesting a higher rate of auxin

transport in AVP1OX seedlings. Conversely,

transport of auxin to the root tip and the root-

shoot junction was significantly reduced in

avp1-1 seedlings (27 and 50%, respectively,

of transport in the wild-type seedlings; P G

0.05) (Fig. 4F). These data are consistent

with the DR5::GUS patterns and suggest that

auxin transport is responsive to AVP1 levels.

PM-localized Hþ-PPases are unlikely to

function directly in apoplastic acidification

(21). However, the altered P-ATPase abun-

dance and activity seen with AVP1OX and

avp1-1 plants could alter apoplastic pH and

affect intracellular proton homeostasis and gra-

dients and so alter the driving forces for auxin

Fig. 2. AVP1 expression patterns at the messenger RNA and protein levels. [(A), (C), (D), (F), (H) to
(J)] AVP1 antisense probe. [(B), (E), (G)] AVP1 sense probe. Scale bar, 50 mm. (A) AVP1 is expressed
in the parenchyma cells surrounding the vasculature in roots. (B) No signal was detected with
AVP1 sense probe. (C) AVP1 is expressed in the shoot apical meristem and young leaf primordia at
13 days but restricted to the adaxial side of older leaves (D). (E) No signal was detected with AVP1
sense probe. (F) AVP1 is expressed in inflorescence meristems, floral primordia, and procambium
cells (arrows). (G) No signal was detected with AVP1 sense probe. (H) Longitudinal section of a
stage 6 flower. (I) AVP1 expression remains high in petals, anthers, and carpels in stage 10 flowers.
(J) At stage 12, AVP1 is only detected in petals and carpel. SAM, shoot apical meristem; lp, leaf
primordia; St 2, stage 2 floral meristem; St 4, stage 4 flower; IM, inflorescence meristem; Se, sepal;
Pe, petal; St, stamen; Ca, carpel. (K to M) Confocal immunohistochemical images of 5-day-old
seedlings. Scale bar, 50 mm. (K) AVP1 localization is punctuate in Col-0 root tip and at the plasma
and vacuolar membranes in epidermal cells (inset). (L) AVP1 signal is increased in AVP1-2 root tip
and epidermal cells (inset). (M) AVP1 signal is not observed in avp1-1 root tips.
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transport. Vacuolar, cytosolic, and apoplastic

pH were therefore measured in root elongation

zone cells of wild-type, AVP1OX, and avp1-1

seedlings to test whether alterations in AVP1

expression might directly or indirectly influence

pH homeostasis.The apoplastic pH was signif-

icantly more acidic in AVP1OX (pH 5.1 T 0.05)

and more alkaline in avp1-1 (pH 5.8 T 0.06)

than in wild-type plants (pH 5.6 T 0.05) (P G

0.05, Student_s t test) (Fig. 3E). No difference

in cytosolic pH was detected (fig. S9A).

However, the vacuolar pH of the avp1-1

Fig. 3. P-ATPase levels and activity in AVP1
gain- and loss-of-function mutant plants. (A)
Microsomal fractions from Col-0 (WT) and
AVP1-2 hydroponically grown roots were
separated on discontinuous sucrose density
gradient (22% tonoplast, 32% endosomes,
and 38% plasmalemma) and immunoblots
analyzed with polyclonal antisera to the PPi
binding site of AVP1 and the P-ATPase and
monoclonal antibodies to the V-ATPase B
subunit (26). Relative densities of AVP1 (B) and
P-ATPase (C) were quantified with Bio-Rad
Quantity One software. Values are means T SD
of three independent experiments. (D) P-ATPase
activity (micromol Pi per milligrams protein per

minute) of microsomal fractions from Col-0, avp1-1, and AVP1-2. Data are means T SD of three independent experiments. (E) Apoplastic pH was
determined at the root elongation zone from Col-0, avp1-1, and AVP1-2 6-day-old seedlings with the use of Oregon Green. Values represent means T SD
of five measurements from Q10 individual plants. (F) P-ATPase immunohistochemical localization at the plasma membrane in 5-day-old Col-0 and avp1-1
root tips. Scale bar, 50 mm.

Fig. 4. Auxin transport, PIN1 localization and traffickingmodel in AVP1 gain-
and loss-of-function seedlings. (A) Shoot and root development of 53-day-
old Col-0 (WT) and avp1-1 plants with 5 mM IAA. Scale bar, 1 cm. GUS
staining in 6-day-old roots of Col-0 DR5::GUS (B) and avp1-1DR5::GUS (C).
GUS staining in 6-day-old cotyledons of Col-0 DR5::GUS (D) and avp1-
1DR5::GUS (E). Scale bar in (B) to (E), 50 mm. (F) Basipetal IAA transport
from shoot apex to root-shoot junction and root tips of 5-day-old avp1-1
and AVP1-1 seedlings. Values are percentage of Col-0 control, and means T

SD of two assays of 10 seedlings each. PIN1 (G) localization in root tips of
5-day-old Col-0, avp1-1, and AVP1-1. Scale bar, 50 mm. AVP1 function
regulates trafficking of Hþ-ATPase and PIN1. (H) Loss of AVP1 function
results in decreased Hþ-ATPase and PIN1 abundance on the PM;
overexpression results in increased abundance; Hþ-ATPase and PIN1 traffic
in the same vesicles (23). Resultant changes in pH alter chemiosmotically
driven auxin flux through the cells (arrows). In avp1-1, auxin levels do not
fall below the threshold required for increased PIN1 redistribution (16).
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seedlings was more alkaline than that in wild-

type seedlings (P G 0.05, Student_s t test) (fig.

S9B). The observed changes in P-ATPase ac-

tivity and cell wall acidification suggest an ex-

planation for at least some of the observed

avp1-1 and AVP1OX phenotypes. Thus, altered

apoplastic acidity in avp1-1 and AVP1OX

would be expected to result in consequent

changes in chemiosmotic motivation of polar

auxin transport. Furthermore, because at nor-

mal apoplastic pH (5.5), only È16% of the

extracellular IAA is protonated, even a small

change in pH would be expected to have a

pronounced effect on IAA uptake.

In addition to apoplastic acidification, other

regulatory factors involved in auxin transport

might be affected by altered AVP1 activity.

Alterations in speciation and distribution of

flavonoids are thought to regulate auxin

transport (16). Altered flavonoid accumula-

tions were observed in avp1-1 but appeared to

be a response to altered auxin accumulations

and PM P-ATPase activity (22) rather than a

factor contributing to altered auxin transport

(fig. S12).

The Pinformed 1 (PIN1) facilitator compo-

nent of the auxin efflux carrier is also essential

for polar auxin transport from the shoot tip to

the root tip (4) and correlations between PIN-

dependent auxin efflux, auxin gradients, and

primordia development have been documented

in organ formation (1). PIN1 has been shown

to dynamically cycle together with P-ATPases

between the PM and endomembrane compart-

ments in a manner that is sensitive to auxin

efflux inhibitors, the membrane trafficking

inhibitor brefeldin A, and levels of auxin itself

(4, 23, 24). PIN2 is also dynamically cycled,

but by a different mechanism. To determine

whether AVP1 activity influences subcellular

localization of auxin efflux carriers, PIN1 and

PIN2 were immunolocalized in root tips. PIN2

localization and abundance were similar to

those in the wild-type plants (fig. S13). PIN1

distribution was also similar to that in the wild-

type plants (23, 24) in avp1-1, but the signal

intensity was decreased, suggesting decreased

plasma membrane abundance. In AVP1OX, the

PIN1 signal intensity increased, but was re-

stricted to the apical portion of the vascular

cylinder (Fig. 4G). PIN1 expression in avp1-1,

as determined by quantitative real-time fluores-

cence polymerase chain reaction, was not dif-

ferent from expression in wild-type plants;

however, it was decreased in AVP1OX (13).

The AVP1OX results are consistent with auxin-

responsive reduction of PIN1 expression in

nonvascular tissues and increased PM stabi-

lization of PIN1 and P-ATPases observed in

root apical tissues (16, 24). Furthermore, the

decreased PIN1 signal observed in avp1-1 can-

not be attributed to reduced auxin transport

to the root, as this is expected to result in an

increased PIN1 signal (16). Instead, this re-

sult suggests that loss of AVP1 activity di-

rectly affects PIN1 trafficking or stability. A

direct role in the increased PM abundance of

PIN1 seen in AVP1OX vascular tissues also

cannot be ruled out.

The data presented here indicate that

although classically thought of as a tonoplast

resident proton pump responsible for acid-

ifying the vacuole, AVP1 also contributes to

the regulation of apoplastic pH and to auxin

transport, likely by mediating the trafficking of

the PM P-ATPase and associated proteins,

including PIN1 (Fig. 4H). Changes in intra-

cellular auxin levels are also known to alter

the expression of P-ATPase genes (25),

establishing a feedback loop where AVP1

activity can regulate both targeting and level

of the PM proton pump. Thus, in addition to

its established role in the maintenance of

vacuolar pH, our data reveal a previously

unrecognized role for AVP1 in facilitating

auxin transport and the regulation of auxin-

related developmental processes.
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German poet Johann Wolfgang von Goethe put it best: “The scientist is wiser not to with-

hold a single finding or a single conjecture from publicity,” he wrote in his Essay on

Experimentation. Unfortunately, German academic scientists haven’t had enough to publi-

cize in recent years. “We have excellent, internationally respected research institutes out-

side the universities, and we have many good universities,” says Edelgard Bulmahn, feder-

al minister of science and education. “What we lack, however, are leading research univer-

sities with a strong international reputation.” Marion Müller, director of Berlin office of the

German Research Foundation (Deutsche Forschungsgemeinschaft or DFG, Germany’s

equivalent of the United States National Science Foundation), agrees. “We need to raise

the profile of research in Germany’s chronically underfunded universities,” she says. “We

need to encourage cooperation between universities and nonuniversity institutions.”

As its vehicle for doing so, the federal government has set up an “Excellence Initiative”

competition. Conducted by the DFG and the German Science Council, it aims to strength-

en German universities and to make them more competitive in a global context by sup-

porting new graduate schools and dedicated centers of excellence. All told, Müller says,

“The initiative will potentially create between 5,000 and10,000 jobs for young scientists.”

The federal government isn’t alone in overseeing new initiatives. Individual universities,

research institutes, and companies have started their own efforts to improve the output and

quality of their research and, especially, to encourage young scientists to stay in Germany and

persuade those who have gone abroad to return. Observers see those steps as essential to

safeguard the country’s economic future. “In a country like Germany where natural resources

are scarce, we have no other choice than a knowledge based economy,” says Michel Pairet,

head of research for Boehringer Ingelheim Germany. “We have always relied on innovative

masterminds, and in future we will increasingly need to do so.”
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Low Rankings
That need has become particularly obvious in

German universities. “If you look at international

rankings, German universities are far behind,” says

Johannes Dichgans, professor of general neurolo-

gy at the Hertie Institute for Clinical Brain

Research. “Only Munich is among the first 50.” In

science only Heidelberg featured among the top

50 in the world last year.

Why do German universities rank so low in science? “In my judg-

ment, the main reasons are structure and financing,” Dichgans contin-

ues. “And German departments usually have only one head and no

other independent positions, so that young scientists can’t work inde-

pendently.” Peter Comba, vice rector for information management at

the University of Heidelberg, agrees – and adds another reason. “Our

universities are underfinanced,” he says. “And there’s no real differenti-

ation among universities.”

Indeed, several observers blame German universities’ low achieve-

ment in science on an emphasis on equality among institutes of high-

er education, in both the number of subjects taught and researched

and the amount of government financing. “There’s a lack of specializa-

tion at German universities; each institution has a tendency to evenly

cover as many scientific areas as possible,” declares Andreas Herz,

spokesman for Berlin’s Bernstein Center for Computational

Neuroscience. “Germany is too small to create and support excellence

and critical mass in 80 universities,” adds Detlev Ganten, director of

Berlin Charité Medical University. “We will have to accept that a few

regions, cities, and universities have greater potential than others to

develop into internationally competitive centers.”

In addition, German higher education frequently fails to focus on

interdisciplinary studies, which form the core of much modern research.

“Science today is fast paced and interdisciplinary,” says Svante Pääbo,

professor of genetics and evolutionary anthropology at the Max Planck

Institute for Evolutionary Anthropology. “The challenge for Germany is

to maintain its traditional areas of excellence while quickly fostering

new areas of research.” Boehringer Ingelheim’s Pairet makes a similar

point. “We sometimes see a lack of sufficient interaction between dis-

ciplines,” he says. “Increasingly, young scientists go abroad to broaden

their scope and to find positions with solid financial support, which is

increasingly difficult to find in German universities and institutes.”

Changing the Perception
Jochen Feldmann, vice president for research at Munich’s Ludwig-

Maximilians University (LMU), suggests a way to change the perception

of German academic science. “Germany can strengthen its scientific and

technological productivity and visibility only by a more focused financial

support of clearly identified centers of excellence,” he says. “The entire

process of identifying and supporting scientific centers of excellence

must exclusively be driven by the goal that each center represents one

of the worldwide leading research clusters in its respective field.”

That provides a prescription for the new federal competition. “The

aim of the Excellence Initiative competition is to strengthen our uni-

versities significantly – to make them more competitive and to position

them more favorably at international level,” Bulmahn explains. “Our

aim is to sharpen the profile of our universities in order to develop lead-

ing universities with internationally regarded research strengths. For

this reason, the Excellence Initiative is not just about extra funding for

clusters of excellence and graduate schools; its innovative core is our

additional support for a selected number of the best universities that

present further innovative and promising research strategies.”

Funding nevertheless represents the core of the initiative. To achieve

its goals, the competition will provide up to one million euros ($1.23

million) apiece for 40 new graduate schools that will offer excellent

research conditions for doctoral students and give them more inde-

pendence than they have traditionally enjoyed in Germany. The com-

petition will also provide up to 6.5 million euros ($8 million) annually

to so-called clusters of excellence. The third part of the competition will

fund the development of new centers of research excellence within uni-

versities that include innovative measures for promoting young

researchers; it will provide up to 21 million euros annually per univer-

sity, including graduate schools and clusters of excellence.

Bulmahn emphasizes that the competition will preserve Germany’s

strong heritage in research. “We’re starting from a sound basis with our

system of research and innovation,” she says. “It is one of the most effec-

tive in the world, and the Excellence Initiative will enhance this.

Resources and potential will be brought together. The initiative tran-

scends the strict division between university and non-university research

that is typical of Germany. Competition will break through these hard

boundaries – and that is most important if we are to succeed.”

Applications for the Competition
The call for applications to the competition went

out in July 2005, with a view to making the first

grants next fall. To minimize political input, the DFG

will judge the applications in collaboration with the

German Science Council. “The DFG has many years

of experience with the promotion of leading-edge

research and enjoys an excellent international rep-

utation,” Bulmahn notes. “Assessments will be carried out by interna-

tionally recognized experts with many years of experience abroad in

research, college management, or business.”

The DFG’s Müller outlines the ways in which the new graduate

schools will be able to provide greater independence and better oppor-

tunities for doctoral students. “They will do so by integrating the doc-

toral theses into a comprehensive, outstanding research program; by

actively involving doctoral students in a structured study program; by

establishing transparent and innovative advisory structures; and by pro-

viding incentives to encourage mobility and networking in the interna-

tional scientific community,” she says. “Hence, the
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International
Max Planck Research Schools
in Germany
Earn your doctoral degree in an exciting research environment

International Max Planck Research Schools (IMPRS), jointly conducted by Max Planck Institutes and Universities, form
educational centers of excellence in vibrant, innovative and interdisciplinary research environments.

The IMPRS offer outstanding graduate students from all over the world the opportunity to earn their doctoral degree in
structured programs providing excellent research conditions. To date, 37 Research Schools have been established, covering a wide
range of disciplines and topics.

To learn more about International Max Planck Research Schools, please visit www.imprs.mpg.de

Max Planck Society for the Advancement of Science www.maxplanck.de

Chemistry, Physics & Technology
� Advanced Materials, Stuttgart  www.imprs-am.mpg.de

� Astronomy and Cosmic Physics at the University of Heidelberg
www.mpia-hd.mpg.de/imprs-hd

� Astrophysics at the Ludwig Maximilian University Munich
www.imprs-astro.mpg.de

� Atmospheric Chemistry and Physics, Mainz
www.atmosphere.mpg.de/school

� Biomimetic Systems, Potsdam www.imprs.org

� Bounded Plasmas, Greifswald
www.bounded-plasmas.de

� Complex Surfaces in Material Science, Berlin
www.imprs-cs.mpg.de

� Computer Science, Saarbrücken www.imprs-cs.de

� Dynamical Processes in Atoms, Molecules and Solids, Dresden
www.imprs-dynamics.mpg.de

� Earth System Modelling, Hamburg
www.EarthSystemSchool.de

� Elementary Particle Physics, Munich www.imprs-epp.de

� Geometric Analysis, Gravitation and String Theory, Potsdam
www.aei.mpg.de/imprs

� Mathematics in the Sciences, Leipzig www.imprs-mis.mpg.de

� Moduli Spaces, Bonn
www.imprs-modulispaces.mpg.de

� Physical Processes in the Solar System and Beyond at the
Universities of Braunschweig and Göttingen
www.solar-system-school.de

� Polymer Materials Science, Mainz
www.mpip-mainz.mpg.de/documents/imprs/start.html

� Radio and Infrared Astronomy at the Universities
of Bonn and Cologne www.mpifr-bonn.mpg.de/imprs

� Science and Technology of Nanostructures, Halle
www.nano-imprs.mpg.de

� Surface and Interface Engineering in Advanced Materials,
Düsseldorf, Mülheim a. d. Ruhr, Bochum, Beijing, Shanghai,
Xiamen www.imprs-surmat.mpg.de

Biology & Medicine
� Chemical Biology, Dortmund www.mpi-dortmund.mpg.de/imprs

� Computational Biology and Scientific Computing, Berlin
www.imprs-cbsc.mpg.de

� Environmental, Cellular and Molecular Microbiology, Marburg
www.mpi-marburg.mpg.de/imprs

� Exploration of Ecological Interactions with Molecular and
Chemical Techniques, Jena imprs-jena.ice.mpg.de

� Marine Microbiology, Bremen www.marmic.mpg.de

� Molecular and Cellular Life Sciences:
From Biology to Medicine, Munich www.imprs-ls.de

� Molecular Biology, Göttingen www.gpmolbio.uni-goettingen.de

� Molecular Cell Biology and Bioengineering, Dresden
www.imprs-mcbb.de

� Molecular Plant Science, Cologne
www.mpiz-koeln.mpg.de/english/studentInformation

� Neural and Behavioural Sciences, Tübingen
www.uni-tuebingen.de/neuroschool

� Neurosciences, Göttingen www.gpneuro.uni-goettingen.de

� Structure and Function of Biological Membranes, Frankfurt
www.mpibp-frankfurt.mpg.de/research-school

� The Leipzig School of Human Origins, Leipzig
www.leipzig-school.eva.mpg.de

Human Science
� Maritime Affairs, Hamburg www.maritimeaffairs.de

� Demography, Rostock www.imprs-demogr.mpg.de

� Comparative Legal History, Frankfurt
web.uni-frankfurt.de/fb01/imprs/

� The Leipzig School of Human Origins, Leipzig
www.leipzig-school.eva.mpg.de

� History and Transformation of Cultural and Political Values in
Medieval and Modern Europe, Göttingen
www.imprs-hist.mpg.de

� The Life Course: Evolutionary and Ontogenetic Dynamics 
(LIFE). Berlin www.imprs-life.mpg.de
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time it takes to receive a Doctorate will be short-

ened. The age at which students are conferred their

Doctorates will be lower. And the overall appeal of

the Doctorate will become greater.”

The clusters of excellence envisioned by the ini-

tiative will also play a critical role in increasing the

profile of German academic science in specific

fields. “The best possible networking between uni-

versities, research institutes, and business will be promoted and new

scientific talent supported by the expansion of structured doctoral pro-

grams,” Bulmahn explains. “Excellent funding of interdisciplinary

research should set developments in motion that will create interna-

tionally recognized leading universities.” The clusters, Müller adds, “will

attract young scientists, from abroad as well as Germany. We expect the

initiative to bring in young talent from around the globe.”

Speaking about the third part of the competition, LMU’s Feldmann

sketches out the bases of the centers of academic research excellence

envisioned by the initiative. “A center of excellence at a university must

integrate the most successful research groups from other research insti-

tutes, such as the Max Planck Institutes, and from industry, creating an

efficient local network with a coherent research goal,” he explains.

“This integrating task is one of the major challenges in developing true

centers of excellence.”

Potential Problems
The initiative will inevitably face problems. “The cre-

ation of centers of excellence may be a way to fos-

ter flexibility and interdisciplinarity,” says Pääbo of

the Max Planck Institutes. “However, this depends

on whether they manage to break down hierarchical

structures and traditional divisions between depart-

ments and between universities and other research

institutions. To my mind, the major challenge is to break down divisions

between research institutions and to create a system that allows small-

er and more flexible research groups to flourish.”

The Bernstein Center’s Herz pinpoints another issue, specifically

related to universities chosen as centers of excellence. “There is a cer-

tain risk that two parallel but mutually dependent administrations will

emerge within each of the top universities – one for the excellence pro-

grams and one for the weaker departments and general university pro-

grams,” he warns. “This may cause internal frictions and increase the

overall bureaucratic burden.”

Ganten of Berlin Charité points out the difficulty of overcoming

what he calls “the exaggerated federalism and egotism” of the 16

German states. “The federal government has few possibilities to influ-

ence German state universities except for awarding research grants,” he

comments. Institutions can act in an equally parochial manner.

“Unfortunately, some of the research organizations also follow more

institutional than strategic lines of thought,” Ganten continues. “This

particularism, and sometimes egotism, of the various institutions needs

to be overcome in favor of a more strategic national and international

orientation and competitiveness.”

On the other hand, Boehringer Ingelheim’s Pairet worries that

increased federal influence on research might create new problems.

“The federal administration should avoid the natural trend of too

tight regulation and control,” he says. “Setting guidelines for research

and defining ethical standards is meaningful. But overregulation to

which we sometimes tend in Germany reduces research productivity

too much.”

Universal Responsibility
As Müller of the DFG sees it, everyone involved 

in German science has a responsibility to help

make the Excellence Initiative work. “Government

on both the federal and state level must step up to

the plate  and show their commitment,” she says.

“Administrators must create a level playing 

field, and academics must come to the game

prepared to collaborate. And industry must find new ways of interact-

ing with academia. Politicians, researchers, and administrators alike

must cooperate to create the best possible hothouse in which 

increasingly international, complex, and interdisciplinary science 

can thrive and bring about a healthy crop of brilliant and motivated

young scientists.”

Fortunately, the country doesn’t lack precedents. In 2001, the DFG

began a program to set up academic research centers. “The thematic

foci are to incorporate a high degree of interdisciplinary cooperation

and to network with other research institutions [such as local high tech-

nology businesses],” Müller explains. “The centers have to enhance the

research profile of the whole university.”

To date, the DFG has set up six research centers. They focus on

marine geosciences (in Bremen); functional nanostructures

(Karlsruhe); experimental biomedicine (Würzburg); mathematics for

key technologies (Berlin); molecular physiology of the brain

(Göttingen); and regenerative therapies (Dresden). They have already

shown plenty of promise. “Indicators for the centers’ success are not

only excellent research results but also international recruitment, a

massive oversubscription of their graduate training programs, and

industry’s heightened awareness of opportunities for collaboration

and interaction,” Müller says.

Some German universities have organized their own multidiscipli-

nary centers. The Hertie Institute in Tübingen, for example, stemmed

from a perceived need to apply a multidisciplinary approach to medical

research. “I considered it absolutely necessary to merge clinical scien-

tists and basic researchers in a single center and to create positions for

specialists,” Dichgans recalls. “We also wanted a building with lab

space. While we were distributed in 12 places around the city, we now

have it all in a single building.”

The Institute has already notched one significant success. “We found

a new gene for Parkinson’s disease,” Dichgans reports. “This is only pos-

sible if you have several disciplines in one place.” The Institute also

changed working patterns. “We increased mobility between the clinic and

the Institute,” Dichgans continues. “And research was done in the evening

after patient work – completely new in Germany.”

detlev ganten
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Multidisciplinary Projects
The Bernstein Center in Berlin also concentrates

closely on multidisciplinary projects. “Biological sys-

tems are characterized by nonlinearities and feed-

back on many spatial and temporal scales,” Herz

explains. “Understanding the resulting complexity

is not possible with heuristic approaches, but rather

requires a thorough data analysis, detailed quanti-

tative modeling, and guiding theoretical concepts. Close collaboration

between our experimentalists and theoreticians provides a vital basis

for this enterprise.”

During the past two years, meanwhile, LMU has undergone its own

reorganization. “With this process, named “LMUInnovativ,” LMU has

achieved on a university scale what Germany now plans on a national

scale,” Feldmann says. “It has initiated enthusiastic discussions

between the disciplines about common research strategies. Fascinating

projects such as “brain and mind” have been set up by the disciplines

of the natural sciences, medicine, and the humanities.”

The multidisciplinary message has reached individual scientists. “As

a result of LMUInnovativ, biologists, chemists, and physicists noticed

that they needed more intense networking between their disciplines,”

Feldmann continues. “A common School of Science, instead of individ-

ual faculties, will now put into action the needs of researchers, teach-

ers, and students of the natural sciences to face future research and

technology challenges. The School of Science will also enable us to give

answers to the more pressing questions that have become too complex

to be answered by a single discipline.”

The University of Heidelberg continually works on strengthening its

research profile. “We have stringent efforts to stay at the top or advance

in each of our subjects,” Comba says. “Only a few years ago we started

information sciences – a small, specialized department, but top in what

it’s doing. It’s networked to mathematics and to scientific computing in

physics, chemistry, and astronomy. We also build networks externally, to

the Max Planck Institutes and other centers. And we’re trying to set up

interdisciplinary departments, such as one on human dignity.”

In one trailblazing initiative, Heidelberg recognizes the need for good

early instruction in science. “We think of our university as research ori-

ented,” Comba continues. “But we are trying to set up a school for edu-

cating high school teachers. If you want to have good scientists, you

have to have good students. If you want to have good students at uni-

versity, you have to have good students at high schools. We are planning

to reorganize the training of high school teachers and already have pro-

grams to support them once they are out in the schools.”

New Management Structure
Charité, the joint medical school of Berlin’s Free University and

Humboldt University, is also reorganizing. “The 128 current clinics and

institutes will be transformed into 17 Charité Centers with a complete-

ly new management structure,” Ganten says. “The goal is to create prof-

it centers with a maximum of autonomy and decision making but

closely monitored and controlled by the Charité board of directors with

respect to the overall Charité strategy.” The new centers include both

research laboratories and clinics, some of which will

act in part as profit oriented companies.

In addition to the Excellence Initiative, the federal

government has concluded what it calls the Pact for

Research and Innovation in Germany. “This guaran-

tees nonuniversity research organizations a year-on-

year increase in funding of at least 3 percent through

to 2010,” Bulmahn says. In combination, the two ini-

tiatives will help Germany to reach the goal, agreed to in 2000 by mem-

ber countries of the European Union, of spending 3 percent of gross

domestic product on R&D by 2010. Boehringer Ingelheim’s Pairet out-

lines the wider implication of Germany’s federal efforts in the context of

European initiatives. “Combined with the European Innovative Medicine

Initiative, which supports the development of European networks of

excellence and public-private partnerships,” he explains, “the federal ini-

tiatives should revitalize biopharmaceutical research in Europe.”

Nonuniversity institutions have also started to participate in collab-

orative ventures. “We are already structurally integrated with the

University of Leipzig, for example, in that we run a transgenic animal

facility together,” Pääbo of the Max Planck Institute for Evolutionary

Anthropology says. “We will take an active part in the development of

approaches that focus on the interdisciplinary study of higher cognitive

function from an evolutionary as well as an ontogenic perspective.”

Commercial organizations also recognize the need to cooperate

across institutions and disciplines. “We foster broad thinking across

therapeutic areas and scientific disciplines,” Pairet says. “We also foster

collaborations with academic research and biotech companies. We see

it as important to integrate enabling technologies as a complement –

not a substitute – to established and validated technologies.”

The Young Beneficiaries
Who will benefit most from Germany’s new

approaches to research? “The excellence programs

are a first important step to attract the best young

scientists from all over the world to Germany,” Herz

says. Ganten takes a similarly optimistic view. “I defi-

nitely hope that the development of centers of excel-

lence with better supported research, improved tech-

nology transfer, fewer regulations, and the proximity of flourishing new

businesses will create new job opportunities in research and teaching, as

well as in technology-driven businesses,” he says. And Dichgans sees the

entire effort leading to a surge in well-trained scientists. “At the moment,”

he points out, “we face a diminishing tendency to become a scientist. We

hope by way of better education and creating new positions for young

and independent people to make the field more attractive.”

That outcome will, of course, benefit the country as a whole. “The

Excellence Initiative will improve the international competitiveness of

German universities,” Bulmahn says. “Through it, we also want to

strengthen Germany as a center of scientific activity in the long term.”

A former science editor of Newsweek, Peter Gwynne (pgwynne767@aol.com) 

covers science and technology from his base on Cape Cod, Massachusetts, U.S.A.
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Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Forschungszentrum Karlsruhe is a national research 
institution with about 3,600 employees and member of
the Hermann von Helmholtz Association of National
Research Centers (HGF). 

Our Institute for Biological Interfaces (IBG) is a dynamic and
excellently equipped biophysical research unit located within
the campus of the Forschungszentrum Karlsruhe. The IBG
interacts intensively with the Institute of Toxicology and
Genetics with its focus on basic biomedical research.
Current research includes a variety of topics in regenerative
medicine from developmental biology, molecular genetics,
regeneration, nutrition and aging, cancer research, toxico-
logy, cell biology, cell culture systems, cell signalling via
cell-cell- and cell-matrix-interactions to stem cell biology.
The Forschungszentrum offers excellent animal facilities
currently housing mouse, rat, zebrafish and Drosophila
colonies.

We are looking for a

The candidate should hold a PhD, obtained no longer than
six years ago, and should have an excellent scientific
record. The successful candidate is expected to establish a
research group on stem cell biology, and to perform 
independent research in this area. A strong commitment to
interdisciplinary research, active collaboration and 
significant contributions to the research goals of the insti-
tute are expected. 

The position includes an attractive package with full salary
of a group leader for the maximum of five years, scientific
and technical personnel, equipment as well as consumables
on the basis of an approved research plan. The position will
be supplemented with lab space, access to central facilities
and running budget. 

Applications are invited from candidates in regenerative 
medicine and stem cell research. Preference will be given
to those whose research interests complement existing
research topics. 

Informal enquiries can be made to: 

Prof. Dr. Dr. Ralf-Peter Franke, phone: +49 7247 82-3000, 
email: franke@ibg.fzk.de or Dr. Karl F. Weibezahn, 
phone: +49 7247 82-3709, email: weibezahn@ibg.fzk.de.

Interested candidates are invited to send copies of degree 
certificates, a CV, a list of publications (with an indication
which are considered to be the best five), a brief summary
of intended research and the names and addresses of two or
three referees to:

Forschungszentrum Karlsruhe GmbH
Attention Mrs. Batsch
Personnel Department
P. O. Box 3640
76021 Karlsruhe

Information about the Forschungszentrum Karlsruhe is 
available on the internet 

Internet: www.fzk.de

Junior Group Leader IBG

Universität Ulm

The School of Engineering Sciences invites
dynamic scientists with a creative vision to apply
for a tenured appointment as 

professor and 
founding director 
of the Institute of Biosystems Engineering at the
University of Ulm. The successful candidate will
lead a world-class research program straddling the
interface between engineering and life sciences,
specializing in one or more of the following areas:
• biosensor technology (e.g. cell-based sensors)
• in-vitro diagnostics (e.g. lab on a chip)
• drug delivery (e.g. microinjection and dosing)
• implantable microsystems.

Interdisciplinary collaboration with the schools of
medicine, natural sciences and computer science
at the University of Ulm is highly desirable. With
active support from the School of Engineering
Science’s microfabrication facility, the candidate
will be expected to initiate the fabrication of novel
devices for innovative life science applications.

We seek an individual with a passion for teaching,
qualified to instruct undergraduates in the basics
of electrical engineering and committed to the de-
velopment of new graduate-level courses in
biosystems engineering.

Appointment will be made at the tenured W3
level of the German civil service pay scale (tenure-
track in the event of a first-time professorship,
though this may be waived for candidates from
outside Germany or from non-academic posi-
tions). Conditions for appointment include an
earned doctorate, a manifest aptitude for teaching
and a distinguished record of accomplishment in
independent research. 

It is a priority of the University of Ulm to increase
the representation of women in research and
teaching; therefore, the University expressly en-
courages qualified female scientists to apply for
this position. Physically disabled applicants re-
ceive favorable consideration in the event of equal
qualification.

Interested candidates should submit their curricu-
lum vitae, publication list, a summary of current
and proposed research programs and a brief des-
cription of teaching interests by October 31st, 2005

to Prof. Dr. Klaus Dietmayer, Dekanat der Fakultät
für Ingenieurwissenschaften, Universität Ulm,
Albert-Einstein-Allee 39, D-89081 Ulm, Germany.
Inquiries regarding the application procedure
should be directed to dekanat@e-technik.uni-ulm.de
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The CMPB is one of five DFG Research Centers
funded by the German Research Foundation
(Deutsche Forschungsgemeinschaft, DFG). It
concentrates scientific expertise in innovative
research fields of the neurosciences. The Georg-
August-University Göttingen, with a prominent
medical school and its departments of biology and
physics, the Max Planck Institutes for Biophysical
Chemistry and Experimental Medicine, as well as
the German Primate Center form the framework of
the CMPB. Research in the CMPB focusses on the
analysis of molecular processes that determine
normal and pathologic functions of neural cells, with
the long term goal to develop and improve therapies
for psychiatric and neurological disorders. As a tool
of modern molecular physiology, technical
advancements in microscopy at the nanometer
scale are pursued.

The CMPB supports the advancement of junior
scientists at all levels - from high school students to
junior group leaders.

To learn more about the CMPB, please visit
www.cmpb.org

 DFG Research Center
for Molecular Physiology

of the Brain (CMPB)

The European Neuroscience Institute Goettingen is a cooperation
project between the Faculty of Medicine, University of Goettingen
and the Max-Planck-Society. It also obtains financial support
from Schering AG. ENI-G, which presently houses three
Independent Junior Investigator Groups, just moved to a new
building. This will allow the establishment of up to three new
junior groups. ENI-G offers space and infrastructure to host
holders of Young Investigator Grants, such as those of the
Marie Curie Excellence Grant scheme of the European Union or
the Emmy Noether Program of the Deutsche Forschungs-
gemeinschaft.

ENI-G offers:
�new well-equipped laboratories and start-up funds
�infrastructure and joint facilities, e.g. generous space for

stock keeping, behaviour and physiological studies on mice
�independence for young investigators to develop their own

team and research program
�possibilities for international contacts within a European

network of Neuroscience institutions
(see: http://www.eni-net.org)

�support by a mentor for ease of integration into the local
research scene

�a campus with a broad spectrum of research on
neurocience and beyond (e.g. the newly established DFG-
research center on ‘Molecular Physiology of the Brain’.)

ENI-G aims at a ‘European mix’ of group leaders. In exceptional
cases ENI-G can finance a group from in-house funds. Such
grants will be limited to 5 years and typically consist of the
group leader‘s position, equipment, additional personnel
(1 postdoc, 1 technician, 1 student), and a budget for running
costs. Group leaders are expected to supplement the basic
support by funds from other sources.

Applicants experienced in any topic in the cellular & molecular
Neurosciences, which complements those of the existing groups
(Neuroendocrinology, Neuroplasticity, Cell Biophysics, see
www.eni.gwdg.de) or which is within the range of topics of
the DFG Research Center on Molecular Physiology of the Brain,
CMPB (http://www.cmpb.org) are preferred. CMPB offers
proteomics/transcriptomics facilities and covers research areas
from Molecular Signaling to Protective and Restorative Therapies.

ENI is an Equal Opportunity Employer. Interested candidates
preferentially younger than 35 years are asked to contact the
ENI-coordinator (Wiebke Heinrich) at the address given below.

More information on ENI-G and the ENI-Network is available
at http://www.eni.gwdg.de

For contact: Ms. Wiebke Heinrich, European Neuroscience
Institute Göttingen, Waldweg 33, 37073 Göttingen

tel: +49/551/3912344   email: eni@gwdg.de

Young Investigator Groups at
the European Neuroscience

Institute in Goettingen

PhD Scholarships in

Chemistry and Physics

Several 3-year scholarships available
to start throughout 2006

Applications are invited from outstanding chemistry and physics
students holding a Masters or equivalent degree to work in
synthetic polymer and biopolymer spectroscopy and dynamics,
including the study of low molecular weight model compounds.
Strongly interdisciplinary projects are available in the Göttingen
research training group on “Spectroscopy and dynamics of
molecular coils and aggregates”, supervised by Prof. B. Abel,
Dr. M. Baldus, Prof. M. Buback, Dr. H. Grubmüller, Prof. C.
Griesinger, Prof. H.-U. Krebs, Prof. K. Samwer, Prof. M. A. Suhm,
and Dr. P. Vana.

Details and an online application form can be found under
http://www.pcgg.de

These positions are open to international chemistry and physics
candidates with a first class degree and a strong background
in several fields among vibrational spectroscopy, NMR, mass
spectrometry, molecular dynamics, synthetic polymers,
biopolymers, hydrogen bonding, molecular clusters. Funding is
subject to admission to the local graduate school and to
continued support by the DFG (German Research Foundation).
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RUHR-UNIVERSITÄT BOCHUM, GERMANY

Graduate School of Chemistry and Biochemistry

8 PhD Positions in Supramolecular Chemistry

Selected by the German Research Foundation (DFG) and the
German Academic Exchange Service (DAAD) as centre of research
excellence, the Graduate School of Chemistry and Biochemistry
provides interdisciplinary research opportunities in molecular and
biomolecular chemistry, materials and life science. From April
2006 GSCB will be hosting an additional EU Marie-Curie Early

Stage Research Training in supramolecular chemistry: Non-

Covalent Interactions in Chemistry and Biochemistry

(INTCHEM).

INTCHEM applicants must be fluent in English and hold a very
good M.Sc. degree in chemistry, biochemistry or strongly related
field. Preference for 8 Marie Curie PhD fellowships will be given
to applicants from EU member and associated states. Additional
research assistantships may be offered to suitable candidates
from other nations. There are two deadlines for application: 31
January and 31 May 2006. Latest starting date is 1 October 2006.
Details regarding application procedure and individual INTCHEM
research projects are available on the GSCB website.

Contact and further details:

Dr. Thomas Koch
Graduate School of Chemistry and Biochemistry

Ruhr-Universitaet Bochum (NC 02/169)
D-44780 Bochum

Germany

URL: www.rub.de/gscb    E-Mail: gscb@rub.de

Tel: +49 234 32 24374     Fax: +49 234 32 14749

The Department of Chemistry invites applications for a professorship
(W3 position and chair) in

Biophysical Chemistry

to be filled by October 1, 2006.

Candidates are expected to have demonstrated excellence in research in
one or several areas of Biophysical Chemistry, with emphasis on the
structure and dynamics of complex systems. The successful candidate
will complement the research focus “Biological Chemistry” of the Depart-
ment of Chemistry. A strong commitment to teaching is essential. Teaching
responsibilities will cover the whole spectrum of Physical Chemistry for
the students of Chemistry, Biochemistry, Food Chemistry, and Molecular
Biotechnology.

Interdisciplinary research activities with the Department of Physics and the
Center of Life Sciences of the TUM are encouraged.

Requirements for employment are: an academic degree from an institute of
higher education, a PdD degree, research qualifications which are equiva-
lent to the German degree of Habilitation, as well as proven teaching
qualifications. At the time of the appointment, the candidate must not be
older than 52 years. Under certain circumstances, exceptions can be
made regarding the age limit.

The Technische Universität München is committed to increasing the propor-
tion of female faculty members and thus expressly invites the application of
qualified female candidates for this position. In cases of equal qualifications,
preferential consideration will be given to physically disabled candidates.

Applications with the usual supporting information (curriculum vitae, certifi-
cates, list of publications, reprints of the five most relevant publications,
and a resume of planned research activities) should be sent by Novem-
ber 11, 2005 to: Dekan der Fakultät für Chemie, Technische Universität
München, Lichtenbergstr. 4, D-85747 Garching or by email to:
dekanat@ch.tum.de

TECHNISCHE   UNIVERSITÄT   MÜNCHEN
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The Research Center Ocean Margins (RCOM) at the

University of Bremen, Germany, was established in

2001 and is one of six centers of excellence funded

by the Deutsche Forschungsgemeinschaft (DFG).

RCOM research focuses on marine geosciences at

the transition zone between oceans and continents.

Currently the RCOM has openings for

in

in

We encourage applications from enthusiastic and

dynamic individuals with a demonstrated record in

interdisciplinary marine research. Applicants should

be aware that it is necessary to read the full text for

the offered positions before applying. Please find the

full notice with further information at
www.rcom-bremen.de/Jobs.html

For enquires about the RCOM please contact

Director Gerold Wefer at gwefer@rcom-bremen.de

14 Ph.D. Positions

1 Postdoc Position

Marine Geology Paleoceanography arine

Geochemistry and Biogeochemistry arine

Geotechnology Sediment-Transport Modeling

Marine Biogeochemistry
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Call for Proposals
BMBF Competition “ExistGo-Bio”

The German Federal Ministry of Education and Research (BMBF)
intends to give younger scientists from Germany and abroad,
with experience in heading a research group, the opportunity to
work on new, applied research oriented approaches in the
biosciences in Germany, independently and in their own team in
order to translate their inventive research activities into new
entrepreneurial initiatives (e.g. formation of a company, spin off).

The teams (staff: 1 group leader, 2 postdoctoral research
fellows, 2 Ph.D. students, 2 FTE physicians and/or engineers, 2
technical assistants and, for the second half of the project,
additional management expertise e.g. a business economist)
are to work for a period of up to 6 years on topics on the
frontiers of biology and neighbouring disciplines in order to
improve the application (proof of concept) and commercialization
(proof of technology) potential of the selected subjects.

The projects will be selected by a jury. Project funding will be in
the form of non-repayable grants.

Deadline: February 28, 2006 (first call)
Further information:

http://www.fz-juelich.de/ptj/ExistGo-Bio
Forschungszentrum Jülich GmbH,

Projektträger Jülich PtJ,
D-52425 Jülich

e-mail: ptj-existgobio@fz-juelich.de

Dr. R. Jossek
Tel: +49 (0) 2461 61-3720    Fax: +49 (0) 2461 61-2690

e-mail: r.jossek@fz-juelich.de

Postdoctoral Research Fellowships
The Max Planck Institute for Human Development in Berlin, Germany,
is seeking applications for two 2-3 year postdoctoral research positions at
the Center for Lifespan Psychology beginning July, 2006; earlier starting
dates are encouraged and can be arranged.

Applicants must have a doctoral degree either in psychology, cognitive
neuroscience, developmental neuroscience, physics, mathematics, computer
science, or related disciplines. People who are working in one or both of the
following fields of research and have a strong interest in mechanisms of
developmental change during any period of the life course, especially childhood
and old age, are particularly encouraged to apply.

(1) Cognitive Neuroscience
For this position we are seeking researchers with training and expertise in
using EEG or MEG brain signals to investigate brain mechanisms during
perception, attention, learning, and memory. We are particularly interested in
applicants specializing in multivariate spectral analysis of electrophysiological
signals to investigate the behavioral function of spatiotemporal (bi-)coherence,
synchronicity, and dimensional complexity of brain activity. Prior MRI
experience would be of advantage but is not required.

(2) Developmental Dynamics
For this position we are seeking researchers with training and expertise in
multivariate  statistics, mathematical/computational psychology,
neuroinformatics, algebra (e.g. homotopy methods), or non-linear dynamic
systems to investigate within-person patterns of long-term change as well as
short-term fluctuations and couplings in cognitive, sensorimotor, or other
domains of functioning.

The salary range is in line with international standards for postdoctoral
positions. We strongly encourage applications from women, and members
of minority groups.

Applications should be received by December 1, 2005 in order to ensure
full consideration. Applicants should send a cover letter describing their
research interests, a curriculum vitae, 3 letters of recommendation, and
reprints to: Max Planck Institute for Human Development, Postdoctoral
Fellow Search Committee, c/o Helena Maravilla, Center for Lifespan
Psychology, Lentzeallee 94, 14195 Berlin.

The Department of Chemistry invites applications for the chair in

Biochemistry (W3)

Cand idates should have an excellent research record in
biochemistry (e.g. the structure and function of enzymes, the
biosynthesis of complex compounds, the analysis of regulatory
mechanisms). The area of research should complement the
research focus “Biolog ical Chemistry” established at the
Department of Chemistry. The interdisciplinary cooperation with
the Department of Physics and the Life Science Center
(Wissenschaftszentrum Weihenstephan) is desired.

The successful candidate will contribute to the teaching in all
areas of biochemistry for students of biochemistry, chemistry,
biology, food chemistry and molecular biotechnology.
Requirements for employment are: successful completion of
academic studies, Ph.D./doctorate and a postdoctoral lecturing
qualif ication or certif ication of an equivalent academic
achievement. At the time of appointment, applicants should not
be older than 52 years. Under certain circumstances,  exceptions
can be made regarding the age limit.

The Technische Universität München is striving to increase the
proportion of women in research and education and thus strongly
invites qualified female scientists to apply for this position.

In cases of essentially equal qualif ication, preferential
consideration will be given to physically disabled candidates.

Applications with the usual supporting information (curriculum
vitae/resume, photograph, certificates, testimonials, list of grants
obtained, list of publications/patents and a short resume of the
candidate’s plan for future research) should be sent by November
11, 2005 to: Technische Universität München, Dekan der Fakultät
für Chemie, Lichtenbergstr. 4, D - 85747 Garching or by email
to: dekanat@ch.tum.de

TECHNISCHE   UNIVERSITÄT   MÜNCHEN
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Experimental Neuroimaging 

Cellular and Molecular Imaging

With nation-wide responsibility for improving the health and well being of all Ameri-

cans, the Department of Health and Human Services oversees the biomedical research 

programs of the National Institutes of Health and those of NIH’s research Institutes.

The Experimental Neuroimaging Section (ENS) in the Laboratory of Diagnostic

Radiology Research is now seeking qualified applicants for the following positions:

•  Staff Scientist, Cellular and Molecular Imaging 

•  Post Doctoral Fellow, Cellular and Molecular Biology

•  Post Doctoral Fellow, Magnetic Resonance (MR) Microscopy

The ENS is a multidisciplinary section that develops novel approaches for cellular and 

molecular imaging. ENS current research interests are in gene therapy and cellular 

treatments for various CNS and autoimmune diseases, angiogenesis or malignancy 

and in cell labeling techniques for cellular trafficking and treatment. We are seeking 

individuals with experience in experimental disease models using magnetic resonance 

microscopy or boptical imaging for a Staff Scientist position. A PhD, or MD/PhD and 

at least 5 years experience and track-record of independent research is required.

We are also seeking a Post Doctoral Fellow with training in cellular and molecular 

biology, hematopoietic and neural stem cell biology, homing, gene functional study 

including gene transfection, promoter construct and screening. We are also seeking a 

Post Doctoral Fellow with training in magnetic resonance microscopy and/or optical 

imaging would be ideal to participate in translation research on cellular imaging in 

various disease models.

Salary for positions is commensurate with experience.  Candidates should send a 

cover letter, curriculum vita and names and addresses of three references to: Joseph

A. Frank MS MD, Chief, Experimental Neuroimaging Section, LDRR, Building 

10, Room B1N256, 10 Center Drive, MSC 1074, Bethesda, Maryland 20892-1074 

or jafrank@helix.nih.gov

Genetics and Molecular Biology Branch

National Human Genome Research Institute

Post-doctoral Positions Available

The Immunologic Genetics Section within the Genetics and Molecular Biology Branch of the National Human Genome Research Institute is seeking 

post-doctoral fellows to fill the positions below. This outstanding scientific opportunity provides an exciting research environment and unique access to 

clinical samples. 

1.  Bioinformatics in Immunologic Genetics.  Projects will include evaluation of genetic modifi ers of single gene disorders such as Autoimmune Lym-

phoproliferative Syndrome.  The incumbent must have a background in molecular biology and genetics with documented experience in bioinformatics. 

Expertise is required in gene expression profiling and proteomics using statistical and bioinformatics tools as well as facility with DNA sequencing, geno-

typing, and structure/function analysis of proteins. A strong knowledge of immunology, including signal transduction pathways is desirable. Candidates 

must have solid computer and biostatistics skills. 

2. Genetics and Genomics of Primary Immune Disorders.  Projects will include combinations of traditional methods, such as linkage analysis,

with development of genomic approaches for detection of abnormalities in sporadic cases of primary immune disorders in humans and mouse

models, such as Hyper-IgE syndrome, mucocutaneous candidiasis and severe combined immunodeficiency. The incumbent must have a back-

ground in molecular techniques, mouse experimentation, flow cytometric cellular assays, and genetics, as well as facility with bioinformatics tools.

3. Immunologic Genetics and Genomics to work on development of new screening and diagnostic approaches for human primary immune disorders. 

Projects will include the development of chip-based mutation detection of mutations that lead to severe combined immunodefi ciency. Specifi c muta-

tion detection will be compared with detection of T cell receptor excision circles and/or other cellular products. Pilot newborn screening programs will 

be planned and undertaken with the leading technologies. The incumbent will need to be familiar with methods in molecular biology, immunology and 

genomics as well as adept at mining genomic databases and tracking large data sets with statistical analysis. 

Candidates must have an M.D. and/or Ph.D. degree and have less than 5 years of postdoctoral experience.  A record of relevant peer-reviewed publications 

and the ability to speak and write effectively in English are essential.  Please send a CV, 1-page description of your research interests and goals, and 3 

letters of reference to:  Dr. Jennifer Puck c/o Peggy McKoy, NHGRI/NIH, 49 Convent Drive, Building 49, Room 4A14, Bethesda, MD 20892-4442.

Or e-mail:  mckoyp@mail.nih.gov.

National Human
Genome Research 
Institute

mailto:jafrank@helix.nih.gov
mailto:mckoyp@mail.nih.gov
http://mcl1.ncifcrf.gov/waugh.html
http://mcl1.ncifcrf.gov/waugh.html
mailto:waugh@ncifcrf.gov


Investigator Recruitment in Cancer Genetics

National Human Genome Research Institute

The Cancer Genetics Branch (CGB) of the National Human Genome Research Institute (NHGRI) is seeking to recruit outstanding 

tenure-track investigators to pursue innovative, independent research in cancer genetics. General areas of interest include, but are 

not limited to:

•   Cancer gene discover •   Cancer pharmacogenomics

•   Comparative cancer genomics •   Molecular profiling in tumors

•   Cancer in model organisms •   Functional genomics of cancer

•   Cancer proteomics •   Genomic instability in cancer

•   Genetic epidemiology •   Markers for early detection

The successful candidate will be able to take advantage of interactions with a highly collegial group of scientists within NHGRI and 

the NIH campus as a whole. In addition, the successful candidate will have access to NHGRI’s outstanding core laboratories.

Candidates must have a Ph.D., M.D., or equivalent degree, as well as comprehensive, advanced training and a record of accomplish-

ment in one of the targeted areas. This position includes a generous start-up allowance, an ongoing commitment of research space, 

laboratory resources, and positions for personnel and trainees.

Interested applicants should submit a curriculum vitae, a three- page description of proposed research, and three letters of recom-

mendation through our online application system at http://research.nhgri.nih.gov/apply. The closing date is December 1, 2005.

For more information on CGB and NHGRI’s Intramural Program, please see http://www.genome.gov/Research. Specifi c questions 

regarding the recruitment may be directed to Dr. Paul Meltzer, the Search Chair, at pmeltzer@mail.nih.gov or by fax 

(301-480-3281). Questions may also be directed to Dr. Elaine Ostrander, the CGB Branch Chief, at eostrand@mail.nih.gov

National Human
Genome Research 
Institute

Investigator Recruitment in Bioinformatics and Computational Biology

The Genome Technology Branch (GTB) of the National Human Genome Research Institute (NHGRI) is seeking to recruit outstanding 

tenure-track or tenured investigators to pursue innovative, independent research using computational approaches to study complex 

biological problems. General areas of interest include, but are not limited to:

• Comparative and/or large-scale sequence analysis              • Modeling and simulation of complex biological networks

• Computational functional genomics             • Expression profi ling

• Genome annotation             • Evolutionary biology

• Structural prediction, protein folding, and molecular dynamics    • Database design and data mining

The successful candidate will be able to take advantage of interactions with a highly collegial group of scientists within NHGRI, 

the NIH Intramural Sequencing Center (NISC), the National Center for Biotechnology Information (NCBI), and the NIH campus 

as a whole. In addition, the candidate will have access to NHGRI’s established and robust bioinformatics infrastructure, as well as 

resources made available through NIH’s Center for Information Technology (CIT).

This position includes a generous start-up allowance, an ongoing resource commitment of research support and space, laboratory 

resources (as needed), and positions for support of personnel and trainees. Candidates must have a Ph.D. or equivalent degree, as 

well as comprehensive, advanced training and accomplishment in one of the targeted areas. Interested applicants should submit a

curriculum vitae, a three-page description of proposed research, and three letters of recommendation through our online application 

system at http://research.nhgri.nih.gov/apply

The closing date for this position is December 1, 2005.

For more information on GTB and NHGRI’s Intramural Program, please see http://www.genome.gov/Research/ Specifi c questions 

regarding the recruitment may be directed to Dr. Andy Baxevanis (Search Chair) at andy@nhgri.nih.gov or by fax (301-480-2634).

National Human
Genome Research 
Institute

http://research.nhgri.nih.gov/apply
http://www.genome.gov/Research
mailto:pmeltzer@mail.nih.gov
mailto:eostrand@mail.nih.gov
http://research.nhgri.nih.gov/apply
http://www.genome.gov/Research/
mailto:andy@nhgri.nih.gov
http://www.nih.gov/


Department of Health and Human Services (DHHS)
National Institutes of Health (NIH)

National Cancer Institute (NCI)
Coordinating Center for Clinical Trials

Announcement Numbers:  NCI-05-95178

Position:  Director, Coordinating Center for Clinical Trials 

We are searching for an M.D. and/or Ph.D. physician/scientist of national stature to serve as the Director of the Coordinating Center 

for Clinical Trials (CCCT), with overall responsibility for implementing, managing, and evaluating all functions of the CCCT.  The 

Director will serve as an authoritative source of scientific expertise on the development and administration of a national clinical 

trials enterprise, to include solutions to a myriad of regulatory issues.  The CCCT has been charged with implementing the rec-

ommendations of the National Cancer Advisory Board’s chartered Clinical Trials Working Group (CTWG) on the development, 

conduct, infrastructure, and support necessary for the optimal coordination and future progress of the entire range of intramural 

and extramural clinical research trials supported by the NCI, including diagnosis, treatment, and prevention studies.

The CCCT will implement four critical initiatives in order to design a restructured national clinical trials enterprise that is not only 

more efficient and coordinated but founded on the best science.  The first initiative is to improve coordination and cooperation among

the functionally diverse components of the current system, including industry and Federal regulatory agencies. The second initiative

is to improve prioritization and scientific quality by developing an open and transparent process for the design and prioritization 

of clinical trials that are science-driven and meet the needs of patient care. Additional initiatives that the CCCT will implement 

include improving standardization of tools and procedures for trial design, data capture, data sharing, and administrative functions 

to minimize duplication of effort, and to facilitate development of a shared infrastructure to support an integrated national cancer 

clinical trials network. Another major initiative includes improving operational efficiency by increasing the rate of patient accrual 

and reducing operational barriers so that trials can be initiated and executed in a timely, cost-effective manner.  More information 

regarding these initiatives can be found in the final report of the CTWG at:  http://integratedtrials.nci.nih.gov/ict/. 

Total annual compensation will be commensurate with education and experience.  Various incentives may apply in individual 

circumstances based on experience and expertise to increase total compensation to $200,000.  A recruitment incentive and reloca-

tion expenses may also be available to the selectee.  Full Federal benefits including health and life insurance options, retirement,

paid holidays, vacation and sick leave will be provided. 

To obtain the application requirements and other necessary information, please visit: http://jobsearch.usajobs.opm.gov/a9nih.

asp and search for Vacancy Announcement (VA) NCI-05-95178.  For more information regarding application procedures, please 

contact Ms. Mary Lou Weathers at (301) 402-5059.

Please send, at a minimum, your C.V., Bibliography and Response to the Selective Factor to:

Ms. Mary Lou Weathers

Human Resources Specialist

NIH, OHR, CSD, NCI HR Operations Branch

6120 Executive Boulevard, Room 550

Rockville, MD  20892

Responses to the selection criteria are encouraged. Application materials may also be faxed to (301) 402-9333 or emailed to 

weatherm@mail.nih.gov.  

APPLICATIONS MUST BE RECEIVED BY NOVEMBER 14, 2005

http://integratedtrials.nci.nih.gov/ict/
http://jobsearch.usajobs.opm.gov/a9nih.asp
http://jobsearch.usajobs.opm.gov/a9nih.asp
mailto:weatherm@mail.nih.gov


Staff Scientist in Molecular Regulation of Cytochrome P450s

Research Triangle Park, North Carolina

The Laboratory of Pharmacology and Chemistry at the National Institute of Environmental Health Sciences is recruiting a staff scientist in support 

of the Human Metabolism Group headed by Dr. Joyce Goldstein.  The recruit will be responsible for individual research and collaborative efforts 

involving some oversight of the molecular biology and genetics efforts by the group.  In particular, the incumbent will focus efforts on generating 

clones of regulatory regions in appropriate vectors for studies in cell culture models and genetically modified mice to investigate the mechanisms 

through which drugs, hormones, physiological stimuli regulate CYP genes through receptors, regulatory elements and transcription factors.  Current 

major projects include: regulation of human and murine CYP2C genes by drugs, hormones, and physiological changes via elements within promoter 

regions which bind nuclear receptors and transcription factors such as CAR, PXR, HNF4 and coregulators.  The successful candidate is expected 

to work with minimal guidance, carry the research to publishable stages and work on these and other projects as defined by the group leader.  

Minimum qualifi cations include a doctoral degree, successful completion of postdoctoral training, strong publication record and experience in 

biochemistry and molecular biology, emphasizing molecular techniques involved in studying gene regulation, such as construction and use of 

luciferase-promoter constructs for use in cell models and murine models, expression vectors for nuclear receptors, construction of clones containing 

large complex regulatory regions, and use of multi-component plasmid vectors.  Specific familiarity with cytochrome P450 regulation by nuclear 

receptors, antioxidant elements and background in protein chemistry related to identification of corepressors and coactivators of receptors (e.g. 

DNA chromatography, ChIP assays, yeast-two hybrid assays, GST pulldown) as evidenced by publication record is desirable.   

For additional information, contact  Dr. Joyce Goldstein at 919-541-4495 or goldste1@niehs.nih.gov.  For additional information concerning the 

research projects and publications of the Human Metabolism Group, visit the following website: http://dir.niehs.nih.gov/dirlpc/. Applications

from women and minorities are particularly encouraged. To apply, submit a curriculum vitae, bibliography, references, brief statement of research 

interests and arrange for three letters of recommendation to be sent by November 15, 2005, to the following address.  Applications received after 

that date will be considered as needed: 

Ms. Lisa Rogers (DIR05-09), National Institutes of Health, National Institute of Environmental Health Sciences,  P.O. Box 12233, Maildrop,

A2-06, 111 Alexander Drive, Room A208, Research Triangle Park, NC 27709, E-mail: dir-appls@niehs.nih.gov

Department of Health and Human Services
National Institutes of Health
National Institute of Allergy and Infectious Diseases

Tenure Track Position in Immunology

The Laboratory of Immunology, Division of Intramural Research, National Institute of Allergy and Infectious Diseases, National Institutes of Health invites applications
for a tenure track position in immunology. While applicants in any area of immunological science will be considered, those interested in the immunology of infectious
diseases, in B-cell biology or in innate immunity are particularly encouraged to apply. Applicants should have a Ph.D., M.D. or equivalent degree and a strong record 
of post-doctoral scientific accomplishment. The successful candidate will be expected to establish an independent research program. Support for salary, technical 
personnel, post-doctoral fellows, equipment and research supplies will be provided. Current PIs in the Laboratory of Immunology are: Ronald Germain, Michael Lenardo,
Rose Mage, David Margulies, William Paul, and Ethan Shevach. Active areas of research include lymphocyte development and dynamics; B-cell development, selection
and diversification processes; MHC molecule, NK cell receptor and T cell receptor structure and function; dendritic cells and antigen processing; T cell and cytokine
receptor signal transduction; cell death in normal immune responses and in HIV infection; regulation of cytokine expression and activity of cytokines; regulatory T cells
and control of autoimmune responses; advanced imaging of immune cell interactions; and mathematical modeling of signal transduction in immune cells. Applicants
should send a CV and bibliography, outline of a proposed research program (no more than two pages), and three letters of recommendation to Dr. Jonathan Ashwell,
Chair, NIAID Search Committee, C/O Mrs. Lynn Novelli, Committee Manager, 10 Center Drive MSC 1356, Building 10, Room 4A26, Bethesda, Maryland 20892-1356.
Applications must be received by October 30, 2005.

A full package of benefits (including retirement, health, life and long term care insurance, Thrift Savings Plan participation, etc.) is available.

We invite to you explore our Institute and other opportunities at http://healthresearch.niaid.nih.gov/science.

Please reference “Science” on your resume

mailto:goldste1@niehs.nih.gov
http://dir.niehs.nih.gov/dirlpc/
mailto:dir-appls@niehs.nih.gov
http://healthresearch.niaid.nih.gov/science
http://www.nih.gov/


Memorial Sloan-Kettering Cancer Center is seeking an innovative individual, for a
tenure-track position at the Assistant or Associate Member level, with strong research
accomplishments in biochemistry, pharmacology, prevention or chemical biology who
wishes to address problems of relevance to cancer research or cancer drug discovery and
development. We have a graduate school in biomedical sciences, a joint graduate
program with Cornell University Medical College and also participate in a Tri-
Institutional graduate training program in Chemical Biology with Cornell-Ithaca, Cornell
Medical College and Rockefeller University. Faculty will be eligible to hold appointments
in the newly established Gerstner Sloan-Kettering Graduate School of Biomedical
Sciences as well as the Weill Graduate School of Medical Sciences of Cornell University.

MSKCC offers a unique and exciting research environment with programs in Immunology,
Pharmacology, Chemistry, Molecular Biology, Informatics, Genetics, Cell Biology,
Developmental Biology, Cellular Biochemistry and Structural Biology. The presence of
world-renowned clinical programs in cancer research, treatment and prevention offers
unique opportunities for creative collaboration.  

Applicants should have a Ph.D. degree, postdoctoral experience, and dedication to
important problems at the interface of biology, biochemistry and chemistry as they relate
to cancer pharmacology. 

Candidates should send by December 31, 2005 their curriculumvitae, research objectives
and the names of three scientists who can evaluate their accomplishments and potential to
molphar@mskcc.org. Application material can also be submitted to: David Scheinberg,
MD, PhD, c/o Marie Aiello/Box 428, Molecular Pharmacology and Chemistry Program,
Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, New York, NY  10021.
Memorial Sloan-Kettering Cancer Center is an affirmative action, equal opportunity employer.

Faculty Position 
in Biochemistry, Pharmacology,

Pharmacogenetics, or Prevention

Memorial Sloan-Kettering 
Cancer Center
The Best Cancer Care. Anywhere.
www.mskcc.org
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CANCER GENOMICS

POSTDOCTORAL POSITION

IN ITALY

Postdoctoral and research assistant po-
sitions are available in the areas of Cancer
Genomics. The focus of the research is
mapping genotype/phenotype correlations
by mining the genome of cancer cells us-
ing post-genomic applications.

The approach is based on innovative
genomic technologies to profile fully char-
acterized tumour databases to identify can-
cer-associated alleles. Functional
characterization of the mutated alleles will
involve the use of an innovative “knock in”
technology to introduce single point muta-
tions in human somatic cells. The project
will be carried out at the Departments of
Genetics and Oncological Sciences (Uni-
versity of Torino School of Medicine, Italy

see www.ircc.it/basic/ogc.html for more

details). Successful candidates will join a

team of highly motivated international sci-

entists and will benefit from the new genome

analysis facilities of the host laboratories.

The positions are open to candidates

from all countries and holding the equiva-

lent of a MD or PhD degree. Applications

should be submitted electronically to:

a.bardelli@unito.it
and barbara.pasini@unito.it

and should include: curriculum vitae, sum-

mary of past accomplishments, the names

and contact information for three refer-

ences and reprints of at least two peer-re-

viewed articles.

EVOLUTIONARY GENETICS: 

THREE FACULTY POSITIONS

UNIVERSITY OF CALIFORNIA

 IRVINE

The Department of Ecology and Evolu-
tionary Biology seeks to fi ll three assistant
professor tenure-track positions in the area
of Evolutionary Genetics. Possible areas of 
specialization include population genetics
and molecular evolution, broadly defi ned. 
Applicants interested in theory and model-
ing, as well as those conducting experimental,
laboratory or natural population studies will 
be considered. Each successful candidate
will be expected to teach in undergraduate 
and graduate courses in evolutionary genetics.
Applications will be accepted until the posi-
tions are fi lled, but will be considered starting 
on December 1, 2005.

Please submit letter of application, curriculum
vitae, a sample of relevant publications and 
arrange to have three letters of recommenda-
tion sent to: Evolutionary Genetics Search 

Committee, Department of Ecology and

Evolutionary Biology, 321 Steinhaus Hall, 

University of California, Irvine, CA 92697-

2525. Information about the Department can 
be obtained at http://ecoevo.bio.uci.edu/.

The University of California, Irvine has an 
active career partner program, is an Equal 

Opportunity Employer committed to 
excellence through diversity, and has a 
National Science Foundation Advance 

Gender Equity Program.

mailto:molphar@mskcc.org
http://www.mskcc.org
http://www.ircc.it/basic/ogc.html
mailto:a.bardelli@unito.itand
mailto:barbara.pasini@unito.itand
http://ecoevo.bio.uci.edu/
http://www.sandia.gov/employment/special-prog/truman
http://www.sandia.gov


1 Pathologist  Södertälje

We are seeking a qualified pathologist to support our preclinical research

projects in Sweden. You will be working in a team of pathologists, toxico-

logists, project scientists and associated support staff in Sweden and with

colleagues in UK and US. The holder of this position will be reading and

evaluating toxicological regulatory studies and to provide intellectual input

to the research teams. For this position DVM, MD or equivalent qualifica-

tions are required with in depth knowledge in pathology and well-develo-

ped diagnostic skills and preferably a PhD in preclinical science.

Experience of toxicological pathology and molecular pathology techniques

are considered as additional qualifications.

For additional information please contact, Ronny Fransson-Steen,

+46 8 552 546 34.

Please send your application and CV marked “10-9712 PAT” no later than

october 19 via www.astrazeneca.se “sök jobbet direkt/apply now”

Further information regarding this and other available jobs can be found

on our website.

I want to be creative.

www.astrazeneca.se

http://www.astrazeneca.se
http://www.astrazeneca.se
http://www.medimmune.com
mailto:jobopenings@medimmune.com


A new Neuroscience Initiative at Columbia University is recruiting
faculty with interests in the analysis of neural circuitry through molecu-
lar, genetic, cellular electrophysiological and/or imaging approaches. 
We are particularly keen to attract individuals whose research program
explores neural circuits in genetically tractable model systems and in the
context of well-defined behaviors. We encourage applications for posi-
tions at the Assistant Professor level, but will also consider applications
from more senior investigators for positions at the level of Associate or
full Professor.

Columbia University currently has a world-renowned program in
neurobiology and behavior and the new Neuroscience Initiative aims to
enhance interactions between basic and clinical neurosciences, and link
the neurosciences to other scientific disciplines within the University.
Faculty will be affiliated with the Center for Neurobiology and Behavior,
and there will be opportunities for strong ties with scientific departments
and programs on the Morningside Heights campus.

Applications for this round of recruitment are requested by
November 18, 2005. A C.V., cover letter including statement of interests,
and three letters of reference under separate cover should be emailed
care of Dr. Sarah Caddick, dgl2102@columbia.edu. In addition,
please mail a hard copy of these documents to:

Chair, Neuroscience Search Committee
c/o Dr. Sarah Caddick
Columbia University

Hammer Health Sciences Center
Room 2-205G

701 West 168th Street
New York NY 10032

Columbia University takes affirmative action to ensure equal employment opportunity.

Neuroscience Faculty Recruitment

COLUMBIA UNIVERSITY
IN THE CITY OF NEW YORK
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CARDIOVASCULAR PHYSIOLOGY AT UCLA

Assistant or Associate Professor

The Department of Physiology at the David Geffen School of Medicine

at UCLA invites applications for a tenure track faculty position, prefer-
ably at the level of Assistant or Associate Professor.

Candidates interested in cardiovascular physiology utilizing novel model
systems and approaches are encouraged to apply. The Department of 
Physiology at UCLA has a long tradition of excellence in cardiovascular 
research with interests in molecular biophysics, regenerative myocardial 
biology, and proteomics. We are particularly interested in individuals who
complement existing programs; however, all applicants with research 
interests broadly related to the cardiovascular system will be consid-
ered. Candidates are expected to have a strong background in cellular 
and molecular biology and a demonstrated interest in some aspect of 
cardiovascular physiology.

The successful candidate will be expected to develop an independent 
research program and participate in the teaching mission of the Depart-
ment for medical, dental, and graduate students.

Interested applicants should email their curriculum vitae, a letter with a 
statement of research interests and career goals, and the names of three 
references to: Dr. Robb MacLellan at PhysiologySearch@mednet.

ucla.edu. Applicants should also arrange for three letters of reference to 
be sent to Dr. MacLellan at the same email address. 

UCLA is an Affi rmative Action/Equal Opportunity Employer. 
Women and minorities are encouraged to apply.

VERTEBRATE ECOLOGIST
The Department of Biology invites applications for a faculty
position in vertebrate ecology with research interests in terrestrial
or riparian systems. Area of specialization is open. Primary
teaching responsibilities will include general ecology and an upper
level course in applicant’s area of specialization. This is a nine-
month, tenure-track position to be filled contingent upon funding
at the rank of Assistant Professor, although other ranks may be
considered. The successful applicant will be expected to develop a
productive, externally funded research program and direct
graduate students through the Ph.D. level.  Postdoctoral experience
expected and demonstrated evidence of excellence in scholarship
and teaching required. Competitive start-up funds available.

Virginia Commonwealth University has an enrollment of 29,000
students, including over 900 undergraduate majors and graduate
students in Biology. The Biology Department
(www.has.vcu.edu/bio) has 32 faculty members with diverse
research interests. Research opportunities are available through the
Center for Environmental Studies (http://www.vcu.edu/cesweb)
and at the Rice Center, VCU’s nearby field station on the James
River. Submit vitae, statement of research and teaching interests,
and three letters of reference by November 21, 2005 to: Stephanie
Millican, Department of Biology, Virginia Commonwealth
University, Richmond, VA 23284-2012.

Virginia Commonwealth University is an Equal Opportunity/
Affirmative Action Employer. Women, minorities, and persons

with disabilities are encouraged to apply.

Virginia Commonwealth University

VCU

mailto:dgl2102@columbia.edu
mailto:PhysiologySearch@mednet.ucla.edu
mailto:PhysiologySearch@mednet.ucla.edu
http://www.has.vcu.edu/bio
http://www.vcu.edu/cesweb
http://www.licr.org
mailto:hrsearch@licr.org


UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
Offi ce of Research and Development  

National Health and Environmental Effects Research Laboratory

POST-DOCTORAL RESEARCH PROGRAM
RESEARCH THAT MAKES A DIFFERENCE IN THE WORLD

HIGH PRIORITY RESEARCH OPPORTUNITIES

• Research spans all levels of biologic organization from the genome to 
populations, communities and ecosystems

• Research results contribute to protecting human health and the environ-
ment

• Facilities and equipment are state of the art
• Resources are reserved for your work -- no need to write a grant!
• Mentors are nationally known and care about your career
• Research opportunities are now available in these exciting areas: Coastal

and Freshwater Wetlands Indicator Development • Alternative Methods 
for Developmental Neurotoxicity Testing • Spatially Explicit Population
and Community Modeling • Dose-response Relationships for Biomark-
ers of Cancer at Low Exposures to Polycyclic Aromatic Hydrocarbons 
• Using Macroinvertebrate Assemblages to Contribute to Assessing the 
Ecological Condition of the Nation’s Freshwater Aquatic Resources • 
Environmental Factors in Reproductive and Perinatal Epidemiology:
The National Children’s Study (NCS) • Immunological Changes in
Humans and Cultured Human Cells Following Exposure to Air Pollut-
ants • Proteomic Analysis of Cellular Responses to Environmental Agents 
by Immunochemistry, Affi nity Enrichment, Stable Isotope Labeling and 
LC/MS/MS • The Development of Non-tumor Data for Use in Cancer 
Risk Assessments

UNSURPASSED FEDERAL EMPLOYEE BENEFITS

• Starting salary-- $41,772 for new Ph.D.; up to $78,745 for post-doctoral 
experience

• Full three-year appointments
• Paid relocation to EPA duty location
• Vacation and sick leave
• Federal health benefi ts, life insurance, and retirement program
• Travel to professional scientifi c meetings
• Active Post-doctoral Trainee Organization, onsite at RTP, NC

EASY APPLICATION PROCESS–MAIL US BY OCTOBER 31, 2005

• Up-to-date CurriculumVitae
• Letter of recommendation from your research advisor or 

comparable offi cial
• Cover letter indicating positions and locations of interest
• DD-214, if claiming veteran’s preference
• Preference is given to U.S. Citizens

To learn more about our current research projects and application requirements, please visit the NHEERL Internet site at http://www.epa.gov/nheerl/

postdocs/  or contact Ms. Dorothy Carr at (800) 433-9633, or via email at carr.dorothy@epa.gov.

The U.S. EPA is an Equal Opportunity Employer.
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Assistant/Associate Professor [No. 212226S]
Chemical Physics 

Opportunity for a full-time, nine-month, tenure-track Assistant or
Associate Professor (rank determined by experience) beginning Academic
Year 2006-2007 in the Chemical Physics Interdisciplinary Program.
Responsibilities include: conducting innovative research, supervising
graduate students, teaching masters and doctoral level classes in the
Chemical Physics Interdisciplinary Program/Liquid Crystal Institute with
emphasis on soft matter physics. Collaborations are encouraged with
colleagues in other departments at Kent State University, other Ohio and
U.S. universities, and government and industrial laboratories.
Qualifications: Ph.D. in Physics, Chemical Physics, Materials Science or
related field required. Applicants must also have an established record of
high quality scholarly research and teaching.
Application Deadline: Review of applicants will begin October 1, 2005,
and continue until the position is filled. To apply, please submit a letter of
application, curriculum vitae, and contact information for three (3)
references to: 

Professor Oleg D. Lavrentovich, Chair, Recruiting Committee
Chemical Physics Interdisciplinary Program

Liquid Crystal Institute
Kent State University

P. O. Box 5190, Kent, OH 44242-0001
Email: odl@lci.kent.edu

For additional job opportunities, please visit our jobsite at:
http://jobs.kent.edu.
Kent State University enrolls more than 36,000 students on eight campuses
throughout Northeast Ohio, making it the second largest public university
in the state.
All documents submitted to Kent State University for employment
opportunities are public records and subject to disclosure under the Ohio
Public Records Law.

Equal Opportunity/
Affirmative Action Employer

change the world?Why notWhy not

POSTDOCTORAL POSITION TO MEASURE CONFOR-
MATION AND DYNAMICS OF PROTEIN CLEAVAGE
USING BIOPHYSICAL METHODS

In a collaborative research project with geneticists, structural 
biologists, molecular modelers and chemical engineers, an 
immediate opening for a biophysicist/chemist is available to 
measure intein conformational dynamics during the cleavage 
reaction (pH- or temperature-triggered protein cleavage) using
hydrogen/deuterium (H/D) exchange with time-resolved 
electrospray ionization-mass spectrometry (ESI-MS) and atomic
force microscopy (AFM, in the force mode). The objectives of the
research are to follow the global structural change and the 
secondary structural changes occurring within the intein during
cleavage in conjunction with X-ray crystallographic information.
Using the cleavage and splicing mutant mini-inteins developed in
our lab (with X-ray crystallographic details), we will follow the
dynamics of cleavage as a function of pH and temperature (trigger
intensity) for inteins with mutations at or near the cleavage/splicing
junctions. Experience with ESI-MS, AFM and/or with the 
thermodynamics and kinetics of protein folding will be useful. The
appointment is for one year with the possibility of extension
dependent on performance. FAX or E-mail curriculum vitae and
names of two references with telephone numbers and e-mail
addresses to: Sharon Sorell, Howard P. Isermann Department of
Chemical and Biological Engineering, Rensselaer Polytechnic
Institute, Troy, NY 12180-3590. FAX: 518-276-4030; E-mail:
sorels@rpi.edu 

Rensselaer Polytechnic
Institute is an 

Affirmative Action/Equal 
Opportunity Employer.

Biophysicist/Chemist

USF College of Medicine
Center for Basic and Translational Research

Faculty Positions in Vascular Science
The University of South Florida, College of Medicine is establishing a Center
for Basic and Translational Science (CBATS) to serve as a focus for interdis-
ciplinary research in targeted areas of relevance to medicine. The initial area
of recruitment is for an Interdisciplinary Program in Vascular Science.  We
seek applications from outstanding candidates to fill tenure-earning faculty
positions at all levels (Assistant/Associate/Full Professors). Successful candi-
dates (Ph.D. or M.D./Ph.D.) should have an outstanding research record in the
broad area of vascular science and demonstrated ability to attract federal fund-
ing. Academic appointments will be in one of the following basic science depart-
ments: Anatomy, Biochemistry & Molecular Biology, Medical Microbiology &
Immunology, Pathology, Pharmacology & Molecular Therapeutics, or
Physiology & Biophysics. Successful candidates will be expected to have extra-
mural research support or to establish an independently funded research program
conducting cutting-edge research. Members of the Interdisciplinary Program in
Vascular Science will have the opportunity to participate in teaching and training
programs of the college and will interact extensively and collaborate with mem-
bers of a newly established Clinical and Research Integrated Strategic Program
in Cardiovascular Services (CRISP). Research and Clinical affiliations of the
USF College of Medicine include the H. Lee Moffitt Cancer Center, the Johnnie
B. Byrd Sr. Alzheimer’s Research Institute, Tampa General Hospital, All
Children’s Hospital, Shriner’s Hospital, Pepin Heart Research Center, and the
James A. Haley and Bay Pines VA Medical Centers. Competitive start-up pack-
ages and salaries will be provided commensurate with experience.  

Interested applicants should send (or email) their current CV, a short statement of
research interests and names of five references to: Phillip J. Marty, Ph.D., Vice
President for Research, USF College of Medicine, 12901 Bruce B. Downs
Blvd, MDC 61, Tampa, FL 33612, Pjmarty2@hsc.usf.edu, 813-974-5200

Review will begin October 15, 2005 and continue until all positions are filled.
For more detailed information, applicants are encouraged to visit our website:
hsc.usf.edu/medicine/index.html

The University of South Florida is an Equal Opportunity, Affirmative Action, and
Equal Access Institution. For disability accommodations, contact Charmaine
Disimilie at (813) 974-5200 a minimum of 5 working days in advance. According
to Florida law, search records, including applications and search committee 
meetings, are open to the public.

USF UNIVERSITY OF
SOUTH FLORIDA

MICROBIAL ECOLOGIST
The Department of Biology invites applications for a faculty position
for a microbiologist addressing ecological, environmental or
evolutionary questions. Research system and area are open and may
include prokaryotes, fungi, protists or pathogens. Primary teaching
responsibilities will include participating in the department’s core
curriculum and upper level courses in the applicant’s area of
specialization. This is a nine-month, tenure-track position to be filled
contingent upon available funding at the rank of Assistant Professor,
although other ranks may be considered. The successful applicant will
be expected to develop a productive, externally funded research
program and direct graduate students through the Ph.D. level.
Postdoctoral experience expected and demonstrated evidence of
excellence in scholarship and teaching required. Competitive start-up
funds and excellent core facilities are available.
Virginia Commonwealth University has an enrollment of over 900
undergraduate majors and graduate students in Biology. The Biology
Department (www.has.vcu.edu/bio) has 32 faculty members with
diverse research interests. Faculty members have access to colleagues
and core facilities in the Center for Environmental Studies
(http://www.vcu.edu/cesweb), the Center for the Study of Biological
Complexity (www.vcu.edu/csbc) and the Rice Center, VCU’s nearby
field station on the James River (http://www.vcu.edu/rice/). Submit
vitae, statement of research and teaching interests, and three letters of
reference by November 21, 2005 to: Stephanie Millican,
Department of Biology, Virginia Commonwealth University,
Richmond, VA 23284-2012. 

Virginia Commonwealth University is an Equal Opportunity/
Affirmative Action Employer. Women, minorities, and persons with

disabilities are encouraged to apply.

Virginia Commonwealth University

VCU

mailto:odl@lci.kent.edu
http://jobs.kent.edu
mailto:sorels@rpi.edu
mailto:Pjmarty2@hsc.usf.edu
http://hsc.usf.edu/medicine/index.html
http://www.has.vcu.edu/bio
http://www.vcu.edu/cesweb
http://www.vcu.edu/csbc
http://www.vcu.edu/rice/


THE UNIVERSITY OF KANSAS ANNOUNCES TWO POSITIONS 
IN SYSTEMATICS

Assistant Professor/Assistant Curator – Systematic Ornithology

The Department of Ecology and Evolutionary Biology and the Natural History Museum and Biodiversity
Research Center at the University of Kansas invite applications for a tenure-track position as Assistant 
Professor/Assistant Curator in the area of systematic ornithology beginning 18 August 2006. The ideal 
candidate will have a systematic and phylogenetic focus on questions regarding the evolution of avian 
diversity, using specimen-based research methods. Required qualifi cations: Ph.D. (by date of appoint-
ment); active research program in systematics of birds; commitment to ornithological research collections;
commitment to teaching and mentoring undergraduate and graduate students; ability to teach courses in 
ornithology, organismal biology, and area of expertise. Preferred qualifi cations: postdoctoral research 
experience; ability to secure extramural funding; curatorial experience; well-developed research program
involving detailed, specimen-based fi eld work; teaching experience and a candidate who will contribute 
to the climate of diversity in the College, including a diversity of scholarly approaches.

Assistant Professor - Theoretical Systematist

The Department of Ecology and Evolutionary Biology at the University of Kansas invites applications for
a tenure-track position as Assistant Professor in the area of theoretical systematics. We encourage applica-
tions from outstanding candidates with research interests in all areas of theoretical systematics. These may
include, but are not limited to, theoretical phylogenetics, computational phylogenetics, or development of
new methods within the broad framework of evolutionary biology. The successful candidate is expected 
to pursue an active research program and to teach at undergraduate and graduate levels. Required quali-
fi cations: Ph.D. (by date of appointment) with expertise in systematics, computational phylogenetics or a 
related fi eld; commitment to excellence in research, service and undergraduate/graduate education; ability
to teach courses in undergraduate biology and area of expertise; and commitment to seeking extramural 
funding. Preferred qualifi cations: postdoctoral experience, demonstrated ability to secure extramural 
funding, teaching experience, and interest in collaborative research and a candidate who will contribute 
to the climate of diversity in the College, including a diversity of scholarly approaches. 

TO APPLY FOR EITHER POSITION: send curriculum vitae (with e-mail address), reprints of key 
papers, statements of current and future research plans, teaching philosophy that includes course-devel-
opment interests, and have at least three letters of recommendation sent to: Dorothy Johanning (email: 

jdorothy@ku.edu), University of Kansas, Department of Ecology and Evolutionary Biology, 1200 

Sunnyside Avenue, Rm 2041, Lawrence, KS 66045-7534. Review of applications will begin 11 Novem-

ber 2005, and continue until position is fi lled. Both positions include a competitive start-up package. For 
more information visit http://www.ku.edu/~eeb. Paid for by KU. 

The University of Kansas is an EO/AA Employer.

THE UNIVERSITY OF SOUTH DAKOTA
SCHOOL OF MEDICINE

PSYCHIATRY VICE-
CHAIR OF RESEARCH

Department of Psychiatry
Sioux Falls, South Dakota

Responsibilities will include increasing the
Department’s research portfolio, developing
translational research opportunities and involve-
ment in the School’s new MD/Ph.D. program.
The Department of Psychiatry, located in Sioux
Falls, South Dakota, will be moving into a 110
bed, newly-constructed state of the art academ-
ic/psychiatric facility in April, 2006. M.D./Ph.D.
or M.D. with R01 funding or equivalent required.
Salary commensurate with education and experi-
ence. To apply for this position, submit a letter of
application, vita, and names, addresses and
phone numbers of three professional references
to: The University of South Dakota, Lisa
Sorensen, Human Resources, Vice Chair of
Research Psychiatry Search, 414 E. Clark
Street, Vermillion, SD 57069, Email:
hr@usd.edu, Phone: 605-677-5671, Fax: 605-
677-6330. The Disabilities Services (TDD) num-
ber for USD is 605-677-6389.
Screening of applications will begin on October 15,
2005 and continue until a suitable candidate is hired.
The University of South Dakota is an Equal
Opportunity/Affirmative Action Employer
committed to increasing the diversity of its
faculty, staff and students.

FACULTY POSITIONS

DEPARTMENT OF PHYSICS

THE UNIVERSITY OF TEXAS 

AT AUSTIN

The Department of Physics at The University
of Texas at Austin is seeking candidates for
tenure track assistant professorship positions
in physics starting in September, 2006. In
special cases, appointments at more senior
levels will be considered. Successful candi-
dates will assume full teaching responsibilities 
for undergraduate and graduate courses in the 
Department of Physics and are also expected to 
conduct vigorous research programs. Research 
areas of current highest priority for the Depart-
ment are Biophysics/Soft-Condensed Matter
Experiment, Cosmology/Relativity/Theoretical 
Physics, AMO/Quantum Information Science,
Condensed Matter/Nanoscience Experiment, and
Particle/Astrophysics Experiment. Outstanding 
candidates in other areas of departmental focus 
will also be considered. Excellent English
language communication skills are required.
Applicants must have a Ph.D. (or equivalent)
and a demonstrated potential for excellence in 
teaching and research. 

Interested applicants should send a curriculum 
vitae, a list of publications, a statement of
research interests, a research plan, and should 
arrange for at least fi ve letters of recommen-
dation to be sent to: Prof. John T. Markert,

Chair, Department of Physics, The University

of Texas at Austin, 1 University Station C1600,

Austin, TX 78712-0264. Review of completed 
applications will begin in October, 2005. 

The University of Texas at Austin is an Equal 
Opportunity/Affi rmative Action Employer.

Announcement of Opportunities in the WVNano Initiative
for Nanoscale Science, Engineering, and Education

www.wvu.edu/~wvnano

West Virginia University has embarked on a fi ve year initiative to accelerate its research program 
in nanoscale science, engineering, and education. Information on positions may be found at
www.wvu.edu/~wvnano/positions.

The WVNano Initiative is targeting eight new faculty positions with recruitment for these tenured 
or tenure track positions proceeding over the next two years to extend and enhance current efforts. 
This year WVNano seeks to fi ll fi ve of these eight positions with specializations in (1) Structural 
Biology/Biophysics, (2) Nanostructure Fabrication, (3) Optical Spectroscopy, (4) Surface Modifi -
cation Chemistry, and (5) Theoretical Condensed Matter Physics/Chemistry. Interested applicants 
are directed to www.wvu.edu/~wvnano/positions for detailed information on current recruitment 
activity and application guidelines.

West Virginia University is a comprehensive land grant research institution with Carnegie Doctoral
Research Extensive classifi cation enrolling over 26,000 students covering 113 degrees. The colleges
of Arts and Sciences, Engineering, Human Resources and Education, and the schools of Medicine 
and Pharmacy are participating in WVNano. This initiative cuts across all these disciplines and 
forges a team composed of science, engineering, and health specialists. More information on West 
Virginia University may be found at www.wvu.edu.

Review of completed applications will begin on November 1, 2005, but the positions will remain 
open until fi lled. For further information, please contact Lawrence Hornak, Ph.D., Offi ce of the 

Vice President for Research and Economic Development, Lawrence.Hornak@mail.wvu.edu

(304-293-8281) or visit the WVNano web site at www.wvu.edu/~wvnano.

West Virginia University is an Affi rmative Action, Equal Opportunity Employer dedicated to 
building a culturally diverse and pluralistic faculty and staff committed to teaching and working 
in a multicultural environment. Applications are strongly encouraged from women, minorities, 

individuals with disabilities and covered veterans.

mailto:hr@usd.edu
http://www.wvu.edu
mailto:Lawrence.Hornak@mail.wvu.edu
http://www.wvu.edu/~wvnano
http://www.wvu.edu/~wvnano
http://www.wvu.edu/~wvnano/positions
http://www.wvu.edu/~wvnano/positions
http://www.ku.edu/~eeb
mailto:jdorothy@ku.edu


WANT TO PLUG THE POWER 

OF SCIENCE INTO PUBLIC POLICY?

Become a AAAS Science & Technology Policy Fellow.

Enhancing Public Policy, Advancing Science Careers

www.fellowships.aaas.org

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 • Energy,

Environment, & Natural Resources 

• Revelle Global Stewardship. 

Stipends begin at $64,000.

Work in 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

you add valuable new perspective to

your scientific training. 

Join a Network 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.S. 

citizenship is required and federal

employees are not eligible. Since 1973,

AAAS Fellows have benefited from a grow-

ing and diverse network of colleagues.

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 202-326-6700

E-mail fellowships@aaas.org

Website www.fellowships.aaas.org

Eureka! You’ve found the perfect 

connection between science and policy. 

http://www.fellowships.aaas.org
mailto:fellowships@aaas.org
http://www.fellowships.aaas.org


Harvard University 
FAS Initiative in Systems Biology

Faculty Positions

The Faculty of Arts and Sciences (FAS) at Harvard University is creating an initiative to bring together
scientists involved in research on systems biology, broadly defi ned as the study of how the properties
of biological systems arise from the interaction of components that themselves lack these properties. 
We envision hiring faculty working in the following areas: (a) analysis of the properties of biologi-
cal systems; (b) synthetic biology and bioengineering; (c) technology development for biology; and 
(d) computational biology and theory. The FAS systems biology initiative will foster interactions 
across disciplinary boundaries, with faculty from a spectrum of academic departments housed in 
common research space. This effort will work in close collaboration with the newly established 
Department of Systems Biology at Harvard Medical School to build a campus-wide community of 
faculty, postdoctoral fellows, and students working on systems biology. 

We expect to make as many as ten new appointments over the next few years. Each new faculty 
member will hold an academic appointment in a participating department, such as Molecular and 
Cellular Biology, Organismic and Evolutionary Biology, Physics, Chemistry and Chemical Biology, 
or the Division of Engineering and Applied Sciences (which includes Applied Mathematics and 
Computer Science). Appointments in relevant Medical School Departments such as the Department 
of Systems Biology are also possible. Links to other Centers at Harvard including the Bauer Center 
for Genomics Research, the Center for Nanoscale Systems, the Broad Institute, and the Center for 
Brain Science will provide resources, facilities, and opportunities for collaborative research and 
technology development. 

We are particularly interested in applications for faculty positions at the rank of assistant professor 
(tenure track), but will consider exceptional candidates at other ranks. Because of the opportunity 
for synergistic appointments, we encourage applicants to inform us of other exceptional candidates 
including present or potential collaborators. Although the search will be ongoing, the fi rst round of 
applications is due by December 15, 2005. Please send a cover letter, curriculum vitae, copies of 
1-3 publications, and 3 letters of recommendation to: Erin K. O’Shea, FAS Initiative in Systems 

Biology Search Committee, Attn: Julia Blackbourn, Rm. 167 MCB, Harvard University, 7 

Divinity Avenue, Cambridge, MA 02138. 

Applications from, or nominations of, women and minority candidates are encouraged. 
Harvard is an Affi rmative Action/Equal Opportunity Employer.

Faculty of mathematics and Natural Sciences

Professor of Fish Health
at the Department of Biology
Deadline for submission: 1. November 2005

uib.no/stillingFor more information - see the web site:
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U n i v e r s i t y  o f  B e r g e n
is a city university.  Parts of the campus are in fact situated in the town centre.
We have about 17.000 students and nearly 3000 employees.  UiB is renowned for its research 
which holds a high European standard and we have three Centres of Excellence (CoE).
The University of Bergen has a strong international profile which entails close co-operation 
with universities all over the world.

UNIVERSITY OF CALIFORNIA

SAN DIEGO

FACULTY POSITIONS IN 

ORGANIC CHEMISTRY

The Department of Chemistry and Biochemis-
try of UC San Diego (http://chem.ucsd.edu)
invites applications for faculty positions in
organic chemistry at all levels. A Ph.D. or
equivalent degree in one of the chemical
sciences is required. Preference will be
given to candidates at the full professor
rank. Such candidates are expected to have 
a distinguished internationally recognized
track record and a demonstrated ability for 
teaching at the undergraduate and graduate
levels. Salary, commensurate with qualifi ca-
tions and experience, is based on University 
of California pay scale. 

Candidates should send a curriculum vitae, 
a summary of research plans, and a list of
publications to: Chair, Organic Search 

Committee 4-618S, University of Califor-

nia, San Diego, Department of Chemistry 

and Biochemistry, 9500 Gilman Drive, Mail

Code 0332, La Jolla, CA 92093-0332. Appli-
cants at the assistant professor level should 
arrange for three letters of recommendation to
be sent directly to the same address. Review 
of applications begins November 1, 2005 and 
will continue until the position is fi lled. 

UCSD is an Equal Opportunity/Affi rmative 
Action Employer with a strong institutional 
commitment to the achievement of diversity 

among its faculty and staff.

Faculty Position in Structural 
Biology of Infectious Diseases

Wayne State University
School of Medicine

The Department of Biochemistry and Molec-
ular Biology (http://www.med.wayne.edu/

biochem) seeks applicants with a strong
record of research accomplishments for a
tenure-track position to study the pathogen-
esis and biology of infectious diseases at the 
structural level. Preference will be given to 
investigators who use NMR or X-ray crys-
tallography to determine macromolecular
structure and mechanism. The position is
available at any level; junior candidates are 
particularly encouraged to apply. Core facili-
ties include 600 and 700 MHz spectrometers, 
Rigaku FR-D generator and HTC area detec-
tor, high performance fl uorescence and CD 
spectrometers. The successful candidate will
have guaranteed access to the Michigan Life 
Sciences Corridor 900 MHz NMR facility in
Lansing or the LS-CAT at Argonne APS. 

Email a statement of research interests,
CV and names of three or more references 
as a single PDF fi le to: Domenico Gatti,

Chair of the Search Committee, mimo@ 

boatman.med.wayne.edu.

Wayne State University is an Equal 
Opportunity Employer and encourages 

applications from women and minorities.

http://chem.ucsd.edu
http://www.med.wayne.edu/biochem
http://www.med.wayne.edu/biochem
mailto:mimo@boatman.med.wayne.edu
mailto:mimo@boatman.med.wayne.edu
http://uib.no/stilling


Professor
Faculty of Medicine

Centre for Research in Neurodegenerative Diseases

Job Description: The Centre for Research in Neurodegenerative Diseases 
in the Faculty of Medicine at the University of Toronto invites applications 
for a position at the Professorial level which will hold the Jeno Diener Chair 
of Neurodegenerative Diseases. The Centre for Research in Neurodegenera-
tive Diseases is a multi-disciplinary basic and applied research Centre which
conducts internationally recognized basic research on neurodegenerative 
diseases. The successful candidate will have a PhD or MD with an extensive
research record and an excellent publication record. The successful applicant
will have an interest in prion-related diseases, and will have an interest in 
key areas such as structural, molecular and cellular biology, animal model-
ing, and proteomics, and will have applied these to understand the etiology, 
mechanism, diagnosis, and/or treatment of prion-related disorders. The 
successful candidate will be expected to establish an independent research 
program, compete effectively for external funding, and contribute actively 
to mentoring of junior colleagues but will have only limited administrative 
and teaching loads. 

Applicants should arrange to have 3 letters of reference sent directly to the 
mailing address below. In addition, applicants should send their curriculum 
vitae, copies of signifi cant publications, and a 2-3 page description of their 
research program by either E-mail to CRND.admin@utoronto.ca or by
mail to: Director, Centre for Research in Neurodegenerative Diseases, 

Tanz Neuroscience Building, University of Toronto, 6 Queen’s Park

Crescent West, Toronto, Ontario M5S 3H2, Canada. The closing date for
applications is December 1, 2005 or until the position is fi lled.

The University of Toronto offers the opportunity to teach, conduct research 
and work in one of the most diverse cities in the world.

The University of Toronto is strongly committed to diversity within its 
community, and especially welcomes applications from women, visible 
minority group members, Aboriginal persons, persons with disabilities, 

members of sexual minority groups, and others who may contribute to the 
further diversifi cation of ideas. All qualifi ed candidates are encouraged 

to apply; however, Canadians and permanent residents will be given 
priority.

FACULTY POSITION IN ECOLOGICAL GENETICS

The Departments of Molecular Biology and Botany at the University of
Wyoming are seeking to fi ll a joint tenure-track position at the assistant
professor level. We seek an interactive colleague with broad interests 
using innovative genetic or genomic approaches to study ecological 
questions. We are especially interested in individuals committed to 
studying ecological genetics in the context of community dynamics 
and/or global change. However, all qualifi ed candidates will be consid-
ered. This position is the fi rst of fi ve to be fi lled in a new, NSF funded 
interdisciplinary Program in Ecology (http://uwadmnweb.uwyo.edu/

botany/Ecology/). Candidates must hold a Ph.D. in an appropriate 
fi eld and have at least 2 years of postdoctoral experience. Evidence of 
accomplishments in both research and teaching will be essential. The 
successful candidate will be expected to establish an independently 
funded research program and participate in both the undergraduate 
and graduate teaching programs. The new faculty member would be 
expected to teach a genetics course for one semester and an additional 
course in his or her specialty area. The Departments are presently com-
posed of 26 faculty members with diverse research interests supported 
by numerous grants. Salary and start-up packages will be competitive. 
The University enrolls 12,000 students including approximately 2500 
graduate students. Laramie is located in southeastern Wyoming about 
120 miles from Denver, Colorado. For additional information about the
University and departments, see http://www.uwyo.edu/ag/molecbio/

mobio.html and http://www.uwyo.edu/Botany/. Any questions can 
be directed to uwmbio@uwyo.edu.

Candidates should email a curriculum vitae, descriptions of research 
plans and teaching philosophy, and three letters of recommendation to 
uwmbio@uwyo.edu. PDF formatting is preferred for these documents.
Screening of applications will begin on November 1, 2005 and continue
until a suitable candidate is identifi ed.

The University of Wyoming is an AA/EEO Employer.

PALEOBIOLOGIST
School of Integrative Biology

University of Illinois at Urbana-Champaign

The School of Integrative Biology (www.life.uiuc.edu/sib/), in collaboration 
with the Department of Geology, at the University of Illinois in Urbana-Cham-
paign invites applications for a nine-month, tenure-track position as Assistant 
Professor of Paleobiology. Particularly outstanding candidates, with appro-
priate experience, may be considered at the Associate Professor level. The 
anticipated starting date is August 16, 2006, but the date is negotiable. We 
seek a broadly trained biologist (or biologist-geologist) who uses innovative, 
interdisciplinary approaches to understand issues such as paleoecology, bio-
geochemistry, ecophysiology and evolutionary biology, and/or global change 
from the paleorecord. A Ph.D. in a relevant fi eld is required, and postdoctoral 
experience is preferred. This position will be based in the Department of Plant 
Biology (www.life.uiuc.edu/plantbio/). If appropriate, the successful candi-
date may also hold an additional appointment in the Department of Geology 
(www.geology.uiuc.edu). The successful candidate must demonstrate an ability:
(1) to establish a creative, externally funded research program; (2) to teach at 
the undergraduate and graduate levels in subject areas such as paleobotany, 
introductory organismal biology or ecology, plant structure and geobiology, 
and to develop new courses of their own choosing. The University of Illinois 
provides a highly collaborative and supportive academic environment, with 
opportunities for interactions with the Program in Ecology and Evolutionary 
Biology (www.life.uiuc.edu/peeb/), the Beckman Institute for Advanced Sci-
ence and Technology (www.beckman.uiuc.edu/), the Institute of Genomic 
Biology (www.igb.uiuc.edu/), the National Center for Supercomputer Appli-
cations (www.ncsa.uiuc.edu/), and the Illinois State Geological and Natural 
History Surveys (www.isgs.uiuc.edu/; www.inhs.uiuc.edu/). Salary is com-
mensurate with experience.

To ensure full consideration, applications must be received by November 

18, 2005. Applicants should submit a vitae, statements of research and teach-
ing interests, copies of three representative publications, and names of four 
individuals from whom letters of recommendation can be requested to: Dr. 

Stephen Long, Chair, Paleobiology Search Committee, School of Inte-

grative Biology, University of Illinois, 286 Morrill Hall, 505 S. Goodwin 

Ave., Urbana, IL 61801 (phone: 217/333-3044; fax: 217/244-1224; email: 

sib@life.uiuc.edu).

The University of Illinois is an Affi rmative Action/Equal Opportunity Employer.

mailto:CRND.admin@utoronto.ca
http://uwadmnweb.uwyo.edu/botany/Ecology/
http://uwadmnweb.uwyo.edu/botany/Ecology/
http://www.uwyo.edu/ag/molecbio/mobio.html
http://www.uwyo.edu/ag/molecbio/mobio.html
http://www.uwyo.edu/Botany/
mailto:uwmbio@uwyo.edu
mailto:uwmbio@uwyo.edu
http://www.life.uiuc.edu/sib/
http://www.life.uiuc.edu/plantbio/
http://www.geology.uiuc.edu
http://www.life.uiuc.edu/peeb/
http://www.beckman.uiuc.edu/
http://www.igb.uiuc.edu/
http://www.ncsa.uiuc.edu/
http://www.isgs.uiuc.edu/
http://www.inhs.uiuc.edu/
mailto:sib@life.uiuc.edu
http://www.calwater.ca.gov
http://www.cps.ca.gov/ExecutiveSearch/Recruitments/Brochures/LS_CBDA.pdf
mailto:resumes@cps.ca.gov
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Multiple Faculty Positions
Biology

The Biology Department at Georgia Southern
University seeks candidates to fi ll four tenure-
track faculty positions in the areas of: 

(1) Assistant or Associate Professor/
Genetics

(2) Assistant Professor/Invertebrate Ecology
(3) Assistant Professor/Biology Education
(4) Assistant Professor/Evolutionary Biology

We seek applicants who will secure external 
funding and contribute to the Department’s 
research groups of coastal plain biology and 
vector biology. The starting dates are August 
1, 2006. 

The positions will remain open until fi lled; 
however, applicants are encouraged to submit
materials by November 15, 2005. Full text 
advertisements, including all requirements,
application instructions, and information
about the department and faculty, are available
at http://www.bio.georgiasouthern.edu.

For more information about the University, 
see http://www.georgiasouthern.edu.

Georgia Southern is an open records state; 
AA/EO Institution. Individuals who need 

reasonable accommodations under the ADA
should contact the appropriate search.

FACULTY POSITIONS IN STEM CELL RESEARCH
Ottawa Health Research Institute

The Ottawa Hospital / University of Ottawa
http//www.ohri.ca

Innovative and creative scientists are invited to apply for faculty positions in 
the new Centre for Stem Cell Research, adding to an exciting multidisciplinary
group of investigators that includes molecular biologists, cell biologists,
bioinformaticists and clinician researchers. The newly constructed Centre 
opening summer of 2006 contains fully equipped laboratories together with 
genomic, proteomic, imaging, and cell sorting core facilities. Members will 
hold appointments at the Assistant or Associate Professor level in the Fac-
ulty of Medicine at the University of Ottawa. Physician scientists will hold 
a clinical appointment at the Ottawa Hospital. Central core facilities and
resources along with competitive start-up packages will be provided. Stem 
cell biologists, translational scientists and clinician scientists working with 
stem cell populations of relevance to regenerative medicine are particularly 
encouraged to apply. 

The successful applicants will be expected to conduct a vigorous program of 
independent, externally funded research and to teach at the graduate level. 
Candidates must have a PhD, MD or equivalent degree and postdoctoral
experience demonstrating outstanding achievement in their fi eld. All qualifi ed 
candidates are encouraged to apply; however, Canadians and permanent 
residents will be given priority. Applicants should forward by December 15, 

2005 a CV, copies of representative reprints, statement of research interests, 
and arrange to have three letters of reference sent to:

Dr. Michael A. Rudnicki, Senior Scientist & Director

Molecular Medicine Program

Ottawa Health Research Institute

501 Smyth Road Ottawa, Ontario

Canada, K1H 8L6

Assistant or Associate Professor

PLANT DEVELOPMENTAL BIOLOGY

The Division of Biological Sciences (www.biology.missouri.edu) at 
the University of Missouri-Columbia invites applications for a tenured 
or tenure-track position. Candidates should use state-of-the-art cellular, 
molecular, genetic, and/or systems approaches to study mechanisms that
regulate growth and development of plants. The successful candidate will
establish a research program that complements our existing strengths 
in developmental biology, genetics, functional genomics/proteomics 
and evolution. S/he will join a diverse group of biologists in the Life 
Sciences Center (lifesciences.missouri.edu), a state-of-the-art, multi-
disciplinary facility and a hub of life science research on campus. The 
university also features strong interdisciplinary programs in Plant
Biochemistry/Molecular Biology/Physiology (www.plantgroup.org),
Molecular Biology, and Genetics. 

We offer a highly competitive salary and start-up package, an active 
doctoral program with institutional support for students and postdoctoral
associates, and a highly interactive faculty. 

Send application by e-mail to: pltdvp@missouri.edu. Attach a single 
Adobe Acrobat PDF or Microsoft Word document that includes your 
vitae and statement of research and teaching interests. Have three letters
of reference mailed to: John David, Chair, Division of Biological Sci-

ences, 105 Tucker Hall, University of Missouri-Columbia, Columbia,

MO 65211-7400. Review of applications will begin December 1, 2005.
To request ADA accommodation, contact Julie Harding at 573-882-

6650 or hardingja@missouri.edu.

MU is an Equal Opportunity-Affi rmative Action Employer. 
We are fi rmly committed to fostering ethnic, racial and gender 

diversity in our faculty and thus strongly encourage applications from 
women and members of groups underrepresented in science.

http://www.bio.georgiasouthern.edu
http://www.georgiasouthern.edu
http://www.ohri.ca
http://www.biology.missouri.edu
http://lifesciences.missouri.edu
http://www.plantgroup.org
mailto:pltdvp@missouri.edu
mailto:hardingja@missouri.edu
mailto:facultyrecruit@qatar-med.cornell.edu
http://www.qatar-med.cornell.edu


Faculty Position

The Johns Hopkins University
Institute for Computational Medicine 

(www.icm.jhu.edu)

This newly-formed Institute’s mission is to develop quantitative 
approaches for understanding the mechanisms, diagnosis and treatment
of human disease through application of mathematics, engineering and 
computer science. The Institute builds on internationally recognized 
research programs based in both The Johns Hopkins University School 
of Medicine (www.hopkinsmedicine.org) and the Whiting School of 
Engineering (www.wse.jhu.edu). Research areas of particular relevance
to the goals of the Institute include: (a) biological systems modeling that
can enhance our understanding of disease mechanisms; (b) mathematical
and computational analysis of anatomic structure/function and its varia-
tion in health and disease; and (c) bioinformatics, including biomedical
applications of statistical learning.

The Institute invites applications for a tenured or tenure-track faculty 
position in one of these three broad research areas. New faculty will 
be appointed in an appropriate department of the Whiting School of 
Engineering and will be located in the new Computational Sciences 
and Engineering Building, now under construction on the University’s 
Homewood campus. Successful applicants will be expected to establish
independently funded research programs and will participate in the 
graduate educational activities of the Institute.

In order to ensure full consideration, applications should be received no
later than January 15, 2006. Please submit, via email and in MS Word 
or PDF format only, a curriculum vitae, a statement of research goals, 
and the names, e-mail addresses and phone numbers of three references
to: Dr. Raimond L. Winslow, icm@jhu.edu.

The School of Engineering is committed to building a diverse educa-
tional environment; women and minorities are strongly encouraged 

to apply. The Johns Hopkins University is an EEO/AA Employer.

Burnett College of Biomedical Sciences
University of Central Florida
Chair, Molecular Biology and 

Microbiology Department 
and Associate Dean, 

Burnett College of Biomedical Sciences

We seek a nationally recognized biomedical scientist with an active funded 
research program to lead and expand the Department and to serve as a part-
ner in the building of a vibrant biomedical research and education enterprise 
in this college. The four research areas chosen for development are cancer, 
cardiovascular diseases, infectious diseases and neurodegenerative diseases. 
The College is actively building partnerships with the other major technol-
ogy initiatives in the University in areas such as biophotonics, nanomedicine, 
biomaterials, bioinformatics, etc. as well as the two major hospital systems, 
Orlando Regional Medical Center and Florida Hospitals. This growing program
has recently added 15 faculty positions and many new faculty positions are 
available with a new 150,000 sq.ft. research building about to start construction
to expand the College. The Department has nearly 1400 majors, a graduate 
program integrated with the interdisciplinary PhD program in Biomolecular 
Science administered by the College). This position will provide a real oppor-
tunity to build a strong department and college. An attractive package and new
laboratories will be provided.

The University of Central Florida has over 45,000 students and an outstand-
ing technology-based infrastructure. It is located in Orlando, a dynamic and 
progressive metropolitan region, a major player in high-tech industry, and 
adjacent to a top ranked Research park including the “National Technology 
Incubator of the Year” and a great place to live and work. For more information 
please refer to the College’s website at (www.biomed.ucf.edu).

Review of the candidates will begin December 1, 2005. Please send a cur-
riculum vitae, a two page summary of research plans and the names and
contact information of three or more referees to: Chair Search Committee 

(biomed@mail.ucf.edu) 4000 Central Florida Blvd., HPAII, 335, Univer-

sity of Central Florida, Orlando, FL 32816-2360.

The University of Central Florida is an Affi rmative Action/Equal 
Opportunity Employer. As a member of the Florida State University System, 

all application materials and selection procedures are 
available for public review.

Assistant or Associate Professor

FUNCTIONAL NEUROSCIENCE

The Division of Biological Sciences (www.biology.missouri.edu) at 
the University of Missouri-Columbia invites applications for a tenured 
or tenure-track position. We seek an individual employing molecular 
and genetic approaches to study mechanisms underlying the genera-
tion of neural circuits in the vertebrate central nervous system, with 
relevance to CNS disorders and/or behavior. The successful candidate 
will establish a research program that complements our existing strengths
in developmental, cell and molecular biology, genetics, genomics, and 
neurobiology. S/he will join a diverse group of neuroscientists in the Life
Sciences Center (lifesciences.missouri.edu), a state-of-the-art, multi-
disciplinary facility and a hub of life science research on campus. The 
university also features strong interdisciplinary programs in Neurosci-
ence (www.neurosci.missouri.edu), Molecular Biology, Genetics, and 
Pathobiology.

We offer a highly competitive salary and start-up package, an active 
doctoral program with institutional support for students and postdoctoral
associates, and a highly interactive faculty. 

Send application by e-mail to: neuro@missouri.edu. Attach a single 
Adobe Acrobat PDF or Microsoft Word document that includes your 
vitae and statement of research and teaching interests. Have three letters
of reference mailed to: John David, Chair, Division of Biological Sci-

ences, 105 Tucker Hall, University of Missouri-Columbia, Columbia,

MO 65211-7400. Review of applications will begin December 1, 2005.
To request ADA accommodation, contact Julie Harding at 573-882-

6650 or hardingja@missouri.edu.

MU is an Equal Opportunity-Affi rmative Action Employer. 
We are fi rmly committed to fostering ethnic, racial and gender 

diversity in our faculty and thus strongly encourage applications from 
women and members of groups underrepresented in science.

Assistant Professor
Faculty of Medicine

Centre for Research in Neurodegenerative Diseases

Job Description: The Centre for Research in Neurodegenerative Diseases at 
the Faculty of Medicine at the University of Toronto invites applications for a 
position at the Assistant Professor level. The Centre for Research in Neurode-
generative Diseases is a multi-disciplinary research Centre with an international
reputation for excellence in research in neurodegenerative diseases. 

The successful candidate will possess a PhD or MD degree, at least 2 years 
post-doctoral training, and an excellent publication record. The Centre for
Research in Neurodegenerative Diseases is interested in building strength in 
the use of model organisms to explore the biological processes involved in 
neurodegenerative diseases. The successful applicant will have an established 
research interest in the use of vertebrate or invertebrate model organism to 
explore biochemical pathways. The successful applicant might also have
expertise in signal trandsduction, genetics, genomics, proteomics and neu-
robiology of model organisms. The successful applicant will be expected to 
establish excellence in an independent research program, to compete effectively 
for external funding, but will have limited undergraduate, graduate and post-
graduate teaching loads.

Applicants should arrange to have 3 letters of reference sent directly to the 
mailing address below. In addition, applicants should send their curriculum 
vitae, copies of signifi cant publications, and a 2-3 page description of their 
research program by either E-mail to CRND.admin@utoronto.ca or by mail 
to: Director, Centre for Research in Neurodegenerative Diseases, Tanz 

Neuroscience Building, University of Toronto, 6 Queen’s Park Crescent 

West, Toronto, Ontario M5S 3H2, Canada. The closing date for applications
is December 1, 2005 or until the position is fi lled.

The University of Toronto offers the opportunity to teach, conduct research 
and work in one of the most diverse cities in the world.

The University of Toronto is strongly committed to diversity within its com-
munity, and especially welcomes applications from women, visible minority 

group members, Aboriginal persons, persons with disabilities, members 
of sexual minority groups, and others who may contribute to the further 

diversifi cation of ideas. All qualifi ed candidates are encouraged to apply; 
however, Canadians and permanent residents will be given priority.

http://www.icm.jhu.edu
http://www.hopkinsmedicine.org
http://www.wse.jhu.edu
mailto:icm@jhu.edu
http://www.biomed.ucf.edu
mailto:biomed@mail.ucf.edu
http://www.biology.missouri.edu
http://lifesciences.missouri.edu
http://www.neurosci.missouri.edu
mailto:neuro@missouri.edu
mailto:hardingja@missouri.edu
mailto:CRND.admin@utoronto.ca


SLOAN-KETTERING INSTITUTE  
CELL BIOLOGY PROGRAM
Tenure-Track Faculty Positions

The Cell Biology Program, Sloan-Kettering Institute (www.ski.edu)
has initiated a search for tenure-track faculty members. We are
interested in outstanding individuals who have the potential to
develop an innovative, independent research program that
complements and enhances our existing strengths. Candidates
with research interests in exciting areas of eukaryotic cell biology
and using a variety of experimental approaches and systems are
encouraged to apply. New faculty will be eligible for appointment
in the recently established Gerstner Sloan-Kettering Graduate
School of Biomedical Sciences as well as the Weill Graduate
School of Medical Sciences of Cornell University. Sloan-Kettering
has an outstanding infrastructure and state-of-the-art core
resources. Construction of a new 21-story laboratory tower to be
completed in early 2006 will allow significant expansion of our
research programs.

Interested individuals should e-mail their CV, a description of
past research accomplishments and proposed research,
selected reprints and the names and contact details of three
referees to: cellbio@mskcc.org. Materials can also be submitted
to Alan Hall, PhD, Chair, Cell Biology Program, c/o Stephanie
Miranda, Memorial Sloan-Kettering Cancer Center, 1275 York
Avenue, Box 428, New York, NY, 10021. Specific inquiries can
also be made to Dr. Hall or Ms. Miranda at cellbio@mskcc.org.
The application deadline is November 17, 2005. EOE/AA.

Memorial Sloan-Kettering 
Cancer Center
The Best Cancer Care. Anywhere.
www.mskcc.org

Memorial Sloan-Kettering Cancer Center is seeking an innovative
individual, for a tenure-track position at the Associate Member or
Member (professor) level, with strong research accomplishments in
synthetic or mechanistic organic chemistry, or chemical biology who
wishes to lead a research program which addresses problems relating to
bioorganic chemistry and cancer research. A doubling of chemical
research resources and core facilities will be available next year in a new
research facility on campus. We have a graduate school in biomedical
sciences, a joint graduate program with Cornell University, and a
graduate training program in chemical biology with Cornell-Ithaca,
Cornell-Medical College and Rockefeller University. Faculty will be
eligible to hold appointments in the newly established Gerstner Sloan-
Kettering Graduate School of Biomedical Sciences as well as the Weill
Graduate School of Medical Sciences of Cornell University.

MSKCC offers a unique and exciting research environment with basic
research programs in Immunology, Pharmacology, Molecular Biology,
Cancer Biology and Genetics, Cell Biology, Developmental Biology,
Informatics and Structural Biology. The presence of world-renowned
clinical programs in cancer research, treatment and prevention offers
additional opportunities for creative collaboration.  

Applicants must have a Ph.D. degree in chemistry, a dedication to
problems at the interface of biology and chemistry, a record of
achievement, mentorship and funding. 

Candidates should send by December 31, 2005 their curriculum vitae,
research objectives and the names of five scientists who can evaluate their
accomplishments and potential to chembio@mskcc.org. Application
material can also be submitted to: Drs. Samuel Danishefsky and David A.
Scheinberg c/o Marie Aiello, BOX 428 Molecular Pharmacology &
Chemistry Program Memorial Sloan-Kettering Cancer Center 1275 York
Avenue New York, NY 10021. Memorial Sloan-Kettering Cancer Center is
an affirmative action, equal opportunity employer.

Faculty Position
in Chemistry or Chemical Biology

Memorial Sloan-Kettering 
Cancer Center
The Best Cancer Care. Anywhere.
www.mskcc.org

Experimental Pathologist
The Department of Pathology

University of California, San Francisco

The Department of Pathology at the University of California, San
Francisco, is seeking outstanding candidates for a tenure track posi-
tion in experimental pathology, specifi cally in the areas of cell injury, 
host response and infl ammation, at the level of Assistant or Associate 
Professor. The successful applicant will be provided a start-up package
and space to establish a strong independent research program and will 
be a member of the Biomedical Sciences Graduate Program. Partici-
pation in attending on the Autopsy Service and teaching pathology 
to fellows, residents, and students will be expected. Applicants must 
have the MD or MD/PhD degrees, be eligible for California medical 
licensure and be Board certifi ed or eligible in Anatomic Pathology. 
Salary and appointment rank will be commensurate with the applicant’s 
experience and training.

Applicants should send curriculum vitae, a brief statement of research
plans and contact information for three letters of recommendation by 
January 31, 2006 to:

Chair of Search Committee, Search #M-2723

Attn: Dr. T. S. Benedict Yen

C/O Shirley McFaden, Personnel Manager

University of California San Francisco 

Department of Pathology at Mount Zion

1600 Divisadero Street, Campus Box 0506

San Francisco, CA 94143-0506

UCSF is an Affi rmative Action/Equal Opportunity Employer. 
The University undertakes affi rmative action to assure equal 

employment opportunity for underutilized minorities and women, 
for persons with disabilities, and for Vietnam-era veterans and 

special disabled veterans.

CENTER FOR STEM CELL BIOLOGY

The Life Sciences Institute and the University of Michigan
Medical School invite applications for tenure track ASSISTANT
PROFESSOR positions. We are seeking outstanding scholars, 
with Ph.D., M.D. or equivalent degrees and relevant postdoc-
toral experience, who show exceptional potential to develop an 
independent research program that will address fundamental
issues in any aspect of stem cell biology. Applicants who have 
already established successful independent research programs 
will be considered for tenured ASSOCIATE PROFESSOR or
PROFESSOR positions. 

Applicants should send a curriculum vitae, copies of up to
three reprints, a one- to two-page summary of research plans, 
and arrange to have three letters of reference sent directly by 
November 15, 2005 to: 

Stem Cell Search Committee 
c/o Erin Stephens

Life Sciences Institute 
University of Michigan 
210 Washtenaw Avenue 

Ann Arbor, Michigan, 48109-2216

The University of Michigan is an Affi rmative Action/
Equal Opportunity Employer.

http://www.ski.edu
mailto:cellbio@mskcc.org
mailto:cellbio@mskcc.org
http://www.mskcc.org
mailto:chembio@mskcc.org
http://www.mskcc.org


POSITIONS OPEN

FACULTY POSITION IN MOLECULAR
VIROLOGY/VIRAL HOST INTERACTIONS

The Department of Microbiology and Immu-
nology in the Faculty of Medicine at Dalhousie
University is inviting applications for a full-time,
tenure-stream faculty position at the level of AS-
SISTANT PROFESSOR. The appointed individu-
al will be expected to develop a nationally competitive
research program investigating virus-host and/or
virus-host cell interactions.

Dalhousie University is a research-intensive uni-
versity located in Halifax, a cosmopolitan port city
and capital of Nova Scotia (website: http://www.
halifaxinfo.com). The Department of Microbiology
and Immunology enjoys a vibrant and collegial at-
mosphere, where collaboration between disciplines
is encouraged and supported. Recent multidisci-
plinary developments include the establishment
of a Centre for Functional Genomics and Host
Defence (including a state-of-the-art proteomics fa-
cility), and the Canadian Centre for Vaccinology.
The Department wishes to enhance existing research
strengths in molecular virology, viral pathogenesis,
vaccines, viral oncolysis, and virus-cell interactions.
Information on faculty research interests can be
found at website: http://microbiology.medicine.
dal.ca.

Applicants must have a Ph.D. or equivalent, ex-
tensive postdoctoral experience, demonstrated re-
search potential, and an interest in contributing
to teaching in the Department_s undergraduate/
graduate virology program. Closing date for ap-
plications is December 31, 2005. Please send curric-
ulum vitae, a two-page description of your proposed
research program, and the names and contact in-
formation of three references to:

Christine Anjowski, Administrator
Department of Microbiology and Immunology

Dalhousie University
5850 College Street
Halifax, Nova Scotia
Canada B3H 1X5

E-mail: c.anjowski@dal.ca

All qualified candidates are encouraged to apply;
however, Canadians and permanent residents will be
given priority.

Dalhousie University is an Employment Equity/Affirma-
tive Action employer. The University encourages applications
from qualified Aboriginal people, persons with disabilities, mi-
norities, and women.

The Department of Biological Sciences at Murray
State University is seeking candidates for a full-time,
tenure-track faculty appointment at the ASSIST-
ANT PROFESSOR level. The applicant must have
a Ph.D., research interests at the cellular level, and a
strong commitment to establishing a research pro-
gram involving undergraduate and graduate stu-
dents. Preference will be given to candidates with
postdoctoral research and teaching experience, a sol-
id publication record, and evidence of the ability
to attract extramural funding. Research areas are
open, but preference will be given to individuals
with an interest and record of achievement in mech-
anisms of gene expression.

Teaching responsibilities will include introducto-
ry biology and cellular and molecular biology at the
undergraduate and graduate levels. The Depart-
ment of Biological Sciences has 17 faculty with grad-
uate program concentrations in cell and molecular
biology, physiology, ecology, and organismal biol-
ogy. Application Deadline: November 1, 2005. To
apply: submit a letter of interest, curriculum vitae,
statements of teaching interests and philosophy,
description of research, relevant reprints, copies of
transcripts, and three letters of recommendation
to: Dr. Timothy Johnston, Search Committee
Chair, Department of Biological Sciences, 334
Blackburn Sciences Building, Murray State Uni-
versity, Murray, KY 42071.

Women and minorities are encouraged to apply. Murray
State University is an Equal Education and Employment Op-
portunity, Minorities/Females/Persons with Disabilities, Af-
firmative Action Employer.

POSITIONS OPEN

ASSISTANT PROFESSOR
Human Anatomy and Physiology

Tenure-Track Position to Begin Fall 2006
Keene State College

The Department of Biology at Keene State Col-
lege (KSC) invites applications for a tenure-track po-
sition at the Assistant Professor level beginning fall
2006.

The ideal candidate will coordinate and teach
two-semester lecture and laboratory courses in
human anatomy and physiology annually to un-
dergraduates in the allied health programs, in ad-
dition to teaching courses in neurobiology, cell
biology, and introductory biology to biology majors
and supervising undergraduate research. Qualifi-
cations: Require Ph.D. completed by August 2006
in vertebrate biology or related field; strong com-
mitment to undergraduate teaching, to liberal arts
education, and to an integrated biological perspec-
tive; a good general knowledge of biology; and a
minimum of four years full-time experience coor-
dinating and teaching human anatomy and physiol-
ogy to undergraduates. Preference will be given to
candidates with research experience in neurobiology.
Knowledge of a specific vertebrate group is desirable.
Current rank minimum salary /48,750 for Assistant
Professor; increase in minimum subject to collective
bargaining.

Keene State College is a public liberal arts college
of the University System of New Hampshire with
an enrollment of 5,235 students. The College is lo-
cated in the scenic Monadnock Region of southwest
New Hampshire, near experimental forests and
national forests. The Biology Department, which
moved into a modern Science Center in August
2004, prides itself on its strong curriculum and
vigorous commitment to undergraduate liberal
arts education, including student research partic-
ipation. To learn more about Keene State College,
the University System of New Hampshire, and the
Keene community, visit websites: http://www.
keene.edu, http://www.usnh.unh.edu, or http://
www.ci.keene.nh.us. To learn more about The
School of Science and Social Science at KSC visit
website: http://www.keene.edu/science.

For full consideration, submit letter of applica-
tion, curriculum vitae, clear description of under-
graduate teaching experience, statement of teaching
philosophy/methods, statement of research in-
terests, and three letters of reference (at least two
addressing candidate_s undergraduate teaching ex-
perience in some detail) to: Human Anatomy and
Physiology Search Committee, FAC#05, Office
of Human Resource Management, Keene State
College, 229 Main Street, Keene NH 03435-
1604. Review of applications will begin immediate-
ly; all application materials must be received by
November 4, 2005.

Keene State College is a member of the Council
of Public Liberal Arts Colleges, a national alliance of
leading liberal arts colleges in the public sector. The
College is accredited by NEASC and its education
programs are NCATE-accredited. As an Affirmative
Action/Equal Opportunity Employer, Keene State College is
engaged in an effort to build a community that reflects the
diversity of society.

RESEARCH ASSOCIATE and POSTDOC-
TORAL POSITIONS are available to study chro-
matin remodeling and nuclear receptor/coregulator
functions in stem cell differentiation and neuronal
gene regulations (Mol. Cell 19:643, 2005; J. Neuros.
25:3350, 2005; Mol. Cell. Proteom. 4:300, and 975,
2005). Multi-disciplinary approaches are taken, in-
cluding biochemical, molecular, cellular, imaging
and biophysical methods. Ph.D. in biological sci-
ences or biophysics is required. Evidence of compe-
tence, such as publications, is required. Interested
applicants should send curriculum vitae, statement
of research interests, and names of three references
to: Dr. Li-Na Wei, Department of Pharmacology,
University of Minnesota Medical School, 6-120
Jackson Hall, 321 Church Street SE, Minneapo-
lis, MN 55455, U.S.A. E-mail: weixx009@umn.
edu. Fax: 612-625-8408. The University of Minnesota
is an Equal Opportunity Educator/Employer.

POSITIONS OPEN

DEAN, SCHOOL OF SCIENCE

Saint Mary_s College of California seeks a leader
who will build upon a record of success and lead the
School of Science to its next level of academic ex-
cellence. With strong institutional support, the Dean
will continue to develop our outstanding undergrad-
uate science and mathematics programs and our
national reputation as a leader in undergraduate
science education.

The Dean, as the primary academic advocate and
administrative officer of the School, promotes the
vitality, integrity, and advancement of all programs
and ensures that the programs and the policies of the
School are consistent with the College_s mission.

The School has a full-time faculty of nearly 50,
representing the disciplines of biology, chemistry, com-
puter science, mathematics, physics, psychology,
environmental science, and three-plus-two engineer-
ing, as well as a consortium arrangement with Samuel
Merritt College of Nursing. The faculty is committed
to teaching effectiveness and scholarly research;
providing our students with outstanding educational
experiences; vibrant and innovative teaching; person-
al contact between professor and student; collabora-
tive research projects that convey the excitement and
hands-on nature of all scientific investigations.

Earned doctorate in an appropriate field; distin-
guished record of teaching, service, and scholarship
commensurate with rank of full Professor.

Deadline: Review for the position begins October
15, 2005. The position is opened until filled.

To apply: A complete application includes a letter
of application, a current curriculum vitae, the names
and contact information of five references, and any
other materials the applicant deems relevant. Send to:

Frances Sweeney, Ph.D.
Vice Provost of Academic Affairs
Saint Mary_s College of California

P.O. Box 4228
Moraga, CA 94575-4228

Website: http://www.stmarys-ca.edu

An independent institution, Saint Mary_s draws
upon three principal traditions: the liberal arts,
Catholicism, and the LaSallian education vision of
Saint John Baptist DeLaSalle.

Saint Mary_s College of California is an Equal Opportu-
nity Employer, committed to diversity and encourages Christian
Brothers, women, minorities, persons with disabilities, and
veterans to apply. The College seeks faculty, staff, and ad-
ministrators who espouse or respect the Catholic tradition.

Faculty Position, Radiobiology Section, Depart-
ment of Therapeutic Radiology, Yale University
School of Medicine. The Department of Therapeutic
Radiology at Yale University School of Medicine
invites applications for a faculty position in Thera-
peutic Radiology at the ASSOCIATE or FULL
PROFESSOR level. Appointments will be made
that are commensurate with experience and creden-
tials. Applicants with a research interest in cancer
biology, cancer genetics, radiobiology, DNA repair,
signal transduction, and related areas are encouraged
to apply. Applicants should have demonstrated re-
search productivity. The current research interests
of the department include tumor hypoxia, genomic
instability, structure and function of DNA poly-
merases, recombination, mutagenesis, RNA pro-
cessing, DNA repair, gene targeting, gene therapy,
novel strategies for tumor targeting, and skin can-
cer. The Department of Therapeutic Radiology is
a bridge department within a matrix of a broader
group of investigators interested in cancer biology
and DNA metabolism. A competitive startup pack-
age, access to several outstanding core facilities, and
newly renovated laboratory space are available. By
November 30, 2005, please send curriculum vitae,
a brief statement of current research activities and
future goals, and three letters of reference from in-
dividuals who know your work to: Search Commit-
tee Chair, Department of Therapeutic Radiology,
Yale University School of Medicine, 15 York
Street, HRT, Room 313, P.O. Box 208040,
New Haven, CT 06510. Yale University School of Med-
icine is an Equal Opportunity/Affirmative Action Employer.
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ASSISTANT PROFESSOR, CANCER BIOLOGY

The Salk Institute invites applications for an Assistant Professor position
in cancer biology. The appointee will be a member of the Molecular 
and Cell Biology Laboratory (MCBL) and the Salk Institute Cancer
Center, and will occupy newly renovated laboratory space in the Renato 
Dulbecco Laboratories for Cancer Research. This recruitment is part 
of a new initiative to build a group studying fundamental questions
in cell biology. Appointees will be expected to establish independent 
research programs aimed at understanding the molecular and cellular 
basis of cancer. Present members of MCBL, and their research interests, 
are Andrew Dillin (genetics of aging and metabolic regulation in C.
elegans and mice), Walter Eckhart (cell communication and growth 
control in human cells), Martin Hetzer (organization and assembly of 
the nuclear envelope), Tony Hunter (molecular mechanisms of growth 
control and cell cycle regulation), Vicki Lundblad (telomere biology 
in yeast and human cells), Reuben Shaw (mouse models of tumor sup-
pressor function) and Bart Sefton (protein phosphorylation and signal 
transduction). The Salk Institute offers a highly interactive environment 
with a number of research groups working in areas of genetics, molecular
biology and neuroscience.

The Salk Institute offers a competitive salary and excellent benefi ts. 
Applications will be reviewed beginning November 30, 2005, and will 
be accepted until the position is fi lled. Qualifi ed candidates are invited 
to submit curriculum vitae, description of present and future scientifi c 
endeavors, and three letters of recommendation to: Chair, Cancer Biol-

ogy Search, The Salk Institute, 10010 North Torrey Pines Road, La 

Jolla, CA 92037, USA. Applications may also be submitted electronically
to: urbach@salk.edu; www.salk.edu.

Salk Institute is an Equal Opportunity Employer.

Hebrew University,

Jerusalem, Israel

The Faculty of Science of the Hebrew University,
Jerusalem, Israel invites applicants for one or more
tenure-track Lecturer or Senior Lecturer positions, for
biologists working with natural history collections.

Applicants should have advanced taxonomic training,
employ contemporary technology, and be prepared to
work with and take curatorial responsibility for one or
more of the following collections (total 5 mill ion
specimens from the Levant): Herbarium, paleontology,
archaeo-zoology, aquatic invertebrates, ichthyology,
herpetology. Research interests may include, but are
not necessarily limited to ecology, evolution, systematics,
behavior. Also searching for a bioinformatics specialist
covering all our natural history collections.

Candidates must have a PhD and postdoctoral training,
and be prepared to develop a strong, independently
funded research program, direct doctoral student
research and give undergraduate and graduate courses.

Send letter of application, CV, and statement of
research plans, plus name, address, e-mail and Fax of
5 potential referees, to: Professor Jeffrey Camhi, Life
Sciences Institute, Hebrew University, Jerusalem
91904, Israel.

Review of applicants will begin immediately and will
continue until appropriate candidates are found.

Faculty Position in 
Theoretical

or
Computational Neuroscience

The Department of Physiology and Neuroscience Graduate Program
at the University of California, San Francisco, search for an assistant
professor, tenure track, with a broad range of accomplishment in 
theoretical approaches to neuroscience. A successful applicant will 
be expected to mount an exciting research program, to participate 
in graduate and postdoctoral training in neuroscience and theory, to 
teach in graduate and professional school courses, and to assume 
a position of leadership in UCSF’s neuroscience programs. The 
research program should emphasize theoretical and computational 
approaches, with or without an experimental component. 

The search will remain open until an appointment is made, but com-
plete applications should be received by December 1, 2005, to ensure
full consideration. Please send a curriculum vitae, reprints of one or 
two key publications, a two-page summary of past research and future 
goals, and have three letters of recommendation sent to:

Theoretical or Computational Neuroscience 
Search Committee
c/o Janet Williams

Department of Physiology
1550 4th Street, Rock Hall, Room 183

University of California
San Francisco, CA 94143-2610

UCSF is an Affi rmative Action/Equal Opportunity Employer. The 
University undertakes affi rmative action to assure equal 

employment opportunity for underutilized minorities and women, 
for persons with disabilities, and for Vietnam-era veterans and 

special disabled veterans.

COLLEGE OF OSTEOPATHIC MEDICINE  OF THE PACIFIC

Faculty Positions      Basic Medical Sciences     Gross Anatomy

The College of Osteopathic Medicine of the Pacifi c of Western University 
of Health Sciences has implemented a strategic 10 year plan to signifi cantly 
increase faculty numbers and expand in the areas of research and medical educa-
tion. Competitive start-up support, abundant laboratory space, and salary will be
offered. Preference will be given to applicants with a Ph.D. or equivalent who 
currently have an extramurally (NIH/NSF) funded research program or come 
from a postdoctoral program with the ability to obtain such grants. Teaching 
in the medical program will be required. Innovative curriculum development 
in the candidate’s area of expertise will be encouraged. The faculty invites 
applications and nominations for the following positions:

Basic Medical Sciences Positions      Gross Anatomy Positions

The faculty of Western University of Health Sciences, College of Osteopathic 
Medicine of the Pacifi c invites applications and nominations for qualifi ed per-
sons in any of the following areas: Molecular Biology, Biochemistry, Cell 

Biology, Immunology, Epidemiology/Public Health/Biostatistics, Pharma-

cology, Physiology, Genetics and Gross Anatomy for full time, tenure-track 
Assistant/Associate/Full Professor positions in either the Department of Basic 
Medical Sciences or Department of Anatomy. 

Applicants should submit a cover letter expressing their interest and qualifi ca-
tions along with curriculum vitae, current support, and three references to the 
appropriate Chair listed below:

Nissar Darmani, Ph.D. Chair, Department of Basic Medical Sciences

or

James May, Ph.D., Chair, Department of Anatomy

Western University of Health Sciences

College of Osteopathic Medicine of the Pacifi c

309 E. Second St.

Pomona, CA 91766-1854

mailto:urbach@salk.edu
http://www.salk.edu


POSITIONS OPEN

DIRECTOR
KOFFLER SCIENTIFIC RESERVE

University of Toronto

The Department of Botany and the Department
of Zoology at the University of Toronto invite ap-
plications for a tenured or tenure-track faculty
position as Director of the Koffler Scientific Re-
serve, effective 1 July 2006. The rank of the posi-
tion is open (ASSISTANT, ASSOCIATE, FULL
PROFESSOR) and the area of specialization in-
cludes all areas of ecology and evolution. Details
are at website: http://link.library.utoronto.ca/
academicjobs/display_job_detail_public.cfm?
JOBID01812.

The successful applicant will have a Ph.D., post-
doctoral or relevant experience, an outstanding
academic record, and evidence of potential for ex-
cellence in teaching. The appointee will be expected
to build an active, externally funded, and inter-
nationally recognized research program and to
contribute to the education and training of under-
graduate and graduate students. Responsibilities as
Director include all administrative aspects of the
reserve, including coordinating the research and
teaching at the station, database management, grant
writing, advancement activities, liaison with the
local community, and supervising staff. Details on
the reserve can be found at website: http://www.
zoo.utoronto.ca/jokershill/jh.html.

Applications will be accepted until December 15,
2005. Applicants should provide curriculum vitae,
statement of teaching philosophy and interests, and
an outline of their proposed research and should
arrange to have three confidential letters of recom-
mendation sent on their behalf to: Professor
Robert L. Baker, Chair, Department of Zoology,
University of Toronto, Toronto, Ontario, Canada
M5S 3G5. The University of Toronto offers the op-
portunity to teach, conduct research, and live in one
of the most diverse communities in the world.

The University of Toronto is strongly committed to diversity
within its community and especially welcomes applications from
visible minority group members, women, Aboriginal persons,
persons with disabilities, members of sexual minority groups,
and others who may contribute to the further diversification of
ideas. All qualified candidates are encouraged to apply; how-
ever, Canadians and permanent residents will be given priority.

ASSISTANT/ASSOCIATE PROFESSOR OF
COASTAL PHYSICAL OCEANOGRAPHY

The Department of Ocean Earth and Atmospher-
ic Sciences (OEAS) at Old Dominion University
(websites: http://www.odu.edu/sci/oceanography
and http://www.ccpo.odu.edu) invites applications
for a tenure-track Assistant or Associate Professor
(beginning fall 2006) in physical oceanography, with
interests in physical processes of estuaries and the
coastal ocean. In particular, we seek applicants with
experience in observational physical oceanography
and coastal observing systems. It is beneficial to
have experience working in a multi-disciplinary envi-
ronment. The successful candidate will be expected
to develop an externally funded research program,
publish in peer-reviewed journals, direct graduate
students, and teach classes at the graduate and un-
dergraduate level.

Qualifications for appointment at the Assistant
Professor level include a Ph.D. in oceanography or
related science, postdoctoral experience, and a dem-
onstrated ability to publish in peer-reviewed jour-
nals. Appointment at the rank of Associate Professor
will be considered for candidates demonstrating the
existence of an active, independent research program
and commensurate teaching experience.

Applicants should submit curriculum vitae, a
statement of research interests, and contact infor-
mation for three references to: Search Committee
Chair, Department of OEAS, Center for Coastal
Physical Oceanography, Crittenton Hall, Old
Dominion University, Norfolk, VA 23529. Re-
view of applicants will begin November 1, 2005, and
continue until the position is filled. Old Dominion
University is an Equal Opportunity/Affirmative Action In-
stitution and requires compliance with the Immigration Reform
and Control act of 1986.

POSITIONS OPEN

ASSISTANT OR ASSOCIATE PROFESSOR
IN WILDLIFE ECOLOGY

The Department of Biology and Wildlife and the
Institute of Arctic Biology at the University of
Alaska, Fairbanks seek applications for a tenure-
track faculty position in wildlife ecology. Applicants
must have earned a Ph.D. in wildlife ecology or a
related discipline. Preference will be given to appli-
cants with postdoctoral and teaching experience, a
record of extramural funding and publication, the
ability to supervise graduate students, collaborate
with fellow faculty, and interact with state and fed-
eral natural resource management agencies.

We seek a broadly trained scientist who uses and
develops quantitative tools to address basic and ap-
plied questions relevant to wildlife ecology, which
have applicability at the state, national, and in-
ternational levels. This position is 50% research
and requires a teaching load of two courses per
year, to include an undergraduate wildlife course
and development and collaboration on graduate
offerings. Numerous field stations and laboratory
facilities are available at IAB to conduct research on
captive and wild animals, including the R.G. White
Large Animal Research Station, Animal Quarters,
Toolik Field Station, Bonanza Creek LTER site,
Spatial Ecology Laboratory, Alaska Center for En-
vironmental Statistics, Alaska Geobotany Center,
and the DNA Sequencing Core Facility. Exten-
sive collections are available for study at the Uni-
versity of Alaska Museum of the North. The
successful candidate will have the opportunity to
interact and collaborate with 53 faculty colleagues
studying a diverse array of topics. The Biology and
Wildlife Department has approximately 325 un-
dergraduate and 150 graduate students, including
40 Ph.D. students. Applicants are encouraged to
consult the Institute/Departmental website and
faculty profiles at website: http://mercury.bio.
uaf.edu before applying.

The closing date is 1 December 2005. To be con-
sidered for this position apply online at: website:
http://www.uakjobs.com/applicants/jsp/
s h a r e d/ f r ame s e t /F r ame s e t . j s p ? t im e =
112777334588. Please provide a cover letter, cur-
riculum vitae, statement of research interests, and
statement of teaching interests. Letters from three
references need to be submitted to: Mark Lindberg,
c/o UAF Human Resources, P.O. Box 757860,
Fairbanks, Alaska 99775-7860, telephone: 907-
474-7700, fax: 907-474-5859, e-mail: fyjobs@
uaf.edu. Please reference: PCN 204260. If you have
specific questions about this announcement, please
contact: Mark Lindberg, 907-474-6598, e-mail:
ffmsl1@uaf.edu.

The University of Alaska Fairbanks is an Equal Opportu-
nity/Affirmative Action Employer and Educational Institution.
Women, protected, and minority applicants are encouraged to
apply.

BIOLOGY EDUCATION POSITION AT THE
ASSISTANT PROFESSOR LEVEL

The Biology Department at Southern Connect-
icut State University in New Haven, CT, invites
applications for a full-time, tenure-track Assistant
Professor position starting August 28, 2006. We
seek a biology education specialist able to develop
and coordinate courses in support and enhance-
ment of biology education and certification pro-
grams. The position requires a strong commitment
to teaching and education on both the under-
graduate and graduate levels. Biology specialization
is open but the candidate will be expected to teach
general zoology or general botany.

Minimum requirements include a Ph.D. in biol-
ogy. The successful candidate will teach 12 weighted
contact hours a week, hold five office hours, and
actively participate in our general biology program.
Applicants should submit: letter highlighting rel-
evant experience, resume, and letters of recommen-
dation from three professional references. Please
mail materials to: Dr. Dwight G. Smith, Chair-
man, Biology Department, Southern Connecticut
State University, New Haven, CT 06515. Search
will continue until a suitable candidate is found.

POSITIONS OPEN

FISH ECOLOGIST
George Mason University

The Department of Environmental Science and
Policy invites applications for a tenure-track AS-
SISTANT PROFESSOR position in fish ecology
for fall 2006. The successful candidate will be ex-
pected to pursue an active externally funded research
program, aspire to excellence in teaching, and
engage in interdisciplinary collaboration. Teaching
duties will include graduate courses and under-
graduate courses in fish ecology and ichthyology, as
well as participation in the introductory animal
biology or ecology courses for biology majors. Ap-
plicants with interest in fisheries management, ap-
plication of statistical techniques, or estuarine and
coastal processes are particularly encouraged. A
Ph.D. is required.

The Department offers interdisciplinary M.S. and
Ph.D. degrees in environmental science and policy,
BA and B.S. degrees in biology (jointly with other
units) and undergraduate degrees in earth and
science. Additional information on the Department
and the University may be found at website: http://
mason.gmu.edu/Èespp and http://www.gmu.
edu, respectively.

Candidates should submit curriculum vitae, letter
of intent including statements of research inter-
ests and teaching goals, and names and contact in-
formation for three references to: Dr. R. Christian
Jones, Chair, Department of Environmental
Science and Policy, M.S. 5F2, George Mason
University, 4400 University Drive, Fairfax, VA
22030-4444. Review of applications will begin
October 31, 2005.

George Mason University, Virginia_s largest pub-
lic university, is located just 15 miles from the U.S.
Capitol, close to laboratories ranging from the
National Institutes of Health, NASA, and the God-
dard Space Flight Center, to the Howard Hughes
Medical Institute_s new Janelia Farms facility.
George Mason is one of the fastest growing research
universities in the country. George Mason University is
an Affirmative Action/Equal Opportunity Employer. We
strongly encourage women and minority candidates to apply.

FACULTY POSITIONS
Virology and Immunology,

Vaccine Development

Simon Fraser University is in the planning stages
of an integrated graduate program in infectious dis-
eases, to be mounted jointly in the Faculty of Sci-
ence and its new Faculty of Health Sciences (FHS).
Two tenure-track faculty positions are available at
the ASSISTANT PROFESSOR level; one may be
filled at a higher level or as a Canada Research Chair.
Laboratory space in a new building under construc-
tion. Primary research expertise is sought in two
areas: virology and the development of engineered
viral vaccines; immunology and the development of
antiviral antibody responses. Applicants should have
postdoctoral experience and demonstrated research
expertise. Teaching at the undergraduate and grad-
uate levels will be expected. Primary appointments
will be in the Department of Molecular Biology and
Biochemistry, with joint appointments in the FHS.

Applicants should submit curriculum vitae, three
letters of reference, up to four representative pub-
lications, and statements of research interests/plans
and teaching philosophy to:

Virology/Immunology Search Committee
MBB, Simon Fraser University

Burnaby, British Columbia, V5A 1S6 Canada

Review of applications will begin on November 1,
2005, and will continue until the positions are filled.
See the employment section of website: http://
www.sfu.ca/mbb/ for more information.

All qualified candidates are encouraged to apply;
however, Canadians and permanent residents will be
given priority. Simon Fraser University is committed to an
equity employment program that includes special measures to
achieve diversity among its faculty and staff. We therefore par-
ticularly encourage applications from qualified women, First
Nations people, persons with disabilities, and members of vis-
ible minorities.
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Assistant Professor
Molecular Physiology 
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DIRECTOR OF 
CANCER BIOSTATISTICS

James Graham Brown Cancer 
Center and 

Department of Bioinformatics 
and Biostatistics

University of Louisville

The Department of Bioinformatics and Bio-
statistics (DBB) and the Brown Cancer Center
(BCC) at the University of Louisville (UofL) 
are developing a new core facility for biostatis-
tics and data management. We are seeking an 
experienced biostatistician to serve as Director
of Cancer Biostatistics and Core Leader for 
an upcoming P30 grant application in which 
the BCC will seek designation as an NIH-des-
ignated Comprehensive Cancer Center. The
BCC is the recipient of a P20 planning grant, 
and it has more than $40 million in research 
funding with 125 members. The BCC has out-
standing research programs in experimental
therapeutics, molecular targets, growth fac-
tors, stem cell biology, cancer prevention and 
control, and structural biology.

The successful candidate will be appointed to 
a faculty position within the DBB at a rank 
commensurate with qualifi cations and will
report administratively to the Chair of the
DBB. He/she will assume academic as well as
collaborative responsibilities in cancer-related 
investigations. The individual who assumes
this leadership position will have an opportu-
nity to develop a strong collaborative program
in biostatistics for the BCC, having defi ning 
roles in organization, budgeting, recruitment, 
and education. There will be opportunities to 
work with researchers in all aspects of cancer 
as well as in bioinformatics.

The DBB is one of fi ve departments in the
School of Public Health and Information
Sciences. There is an MPH program with a 
concentration in Biostatistics, and also MSPH
and Ph.D. programs in Biostatistics and Deci-
sion Science. There is extensive collaboration 
with other groups on the UofL Health Sciences
Campus, including the Schools of Medicine, 
Dentistry, and Nursing. The DBB is involved 
with the Departments of Biochemistry, Com-
puter Science and Computer Engineering,
and Mathematics, and also with the Center
for Genetics and Molecular Medicine in
developing an interdisciplinary program in
Bioinformatics.

Qualifi cations for this position include knowl-
edge and experience in cancer clinical trials 
and epidemiological investigations, a strong 
record of collaborative research, evidence of 
interest in methodology, and sound manage-
ment skills.

Interested candidates should submit a cur-
riculum vitae, a letter of interest including
a statement of research interests, and three
letters of reference to: Rudolph S. Parrish. 

Ph.D., Chair, Department of Bioinformatics 

and Biostatistics, School of Public Health 

and Information Sciences, University of

Louisville, 555 S. Floyd St., Louisville,

KY 40292.

The University of Louisville values diversity 
and is an Affi rmative Action/
Equal Opportunity Employer.

The Ohio State University
Director, Aquatic Ecology
Laboratory
Associate or Full Professor, 
Aquatic or Fisheries Ecology
The Department of Evolution, Ecology, and Organismal Biology
(EEOB) seeks an outstanding senior aquatic or fisheries
ecologist as Director of its Aquatic Ecology Laboratory (AEL).
The Director will begin in EEOB on October 1, 2006 with
tenure as an Associate or Full Professor.
The successful applicant will have maintained an extramurally
funded research and graduate/post-doctoral training program
that complements ongoing research in the department. The
Director will provide intellectual and administrative leadership
to a well-established, productive OSU-Ohio Department of
Natural Resources partnership that seeks to understand the
ecological mechanisms underlying structure and function of
fish communities, and their associated management, in rivers
and streams, Lake Erie, and in inland reservoirs. Ongoing,
block funding that exceeds $1M annually from the Ohio DNR
currently provides baseline support for AEL operations and
research. The AEL provides a collegial environment comprised
of faculty, post-doctoral scientists, graduate and
undergraduate students, and administrative staff in a well-
funded, well-equipped laboratory. The successful applicant will
direct graduate students and contribute to the undergraduate
and graduate teaching programs in EEOB.
Applicants should forward a current CV, statements of
research and teaching interests, and three letters of reference
to: Chair, Aquatic Ecology Search Committee, Department
of Evolution, Ecology, and Organismal Biology, The Ohio
State University, 318 W. 12th Avenue, Columbus, OH
43210. Review of applications will begin on November 15,

2005 and will continue until a suitable
candidate is identified. Flexible work
options are available.

To build a diverse workforce Ohio State
encourages applications from individuals
with disabilities, minorities, veterans, and
women. EEO/AA employer.

http://www.lbl.gov
http://www.udel.edu/bio/news/facultysearch
http://www.udel.edu/bio/news/facultysearch
http://www.udel.edu/


POSITIONS OPEN

TENURE-TRACK ASSISTANT PROFESSOR
IN THE PHYSICS OF BIOLOGY

The Department of Physics and Astronomy
(website: http://www.physics.sunysb.edu/
Physics/) at Stony Brook University anticipates
hiring a tenure-track Assistant Professor in the phys-
ics of biology. We anticipate the appointment begin-
ning in fall 2006. We expect the selected candidate
to carry out an independent research program that
will engage physics students and use their special
ways of attacking problems in biological physics.
We expect that s/he will be successful in attracting
federal grants to support the particular research
program, which could be experimental work or the-
oretical work involving computation/simulation.

The selected candidate will have a Ph.D. and rel-
evant postdoctoral experience that jointly dem-
onstrate research excellence in physics applied to
biological problems. S/he will contribute to the
teaching activities in the Department at the under-
graduate and graduate levels among faculty and
students conducting experimental and theoretical
research in a broad range of physics and astronom-
ical topics both on campus and at laboratories
around the world. Candidates should send curric-
ulum vitae, list of at least five references, list of
publications, statement of teaching philosophy,
statement of current research interests, and proposed
program for future research to: Professor Peter
Koch, Chair, Department of Physics and Astron-
omy, Stony Brook University, Stony Brook NY
11794-3800.

If the proposed program meshes well with De-
partmental strength (website: http://xray1.physics.
sunysb.edu/) in using X-ray probes at Brookhaven
and other national laboratories, this should be made
clear. Applications and reference letters should be
submitted by December 15, 2005, but later sub-
missions will be considered until an appointment is
made. Visit our website: http://www.stonybrook.
edu/cjo for employment information. Affirmative
Action/Equal Opportunity Employer.

FACULTY POSITION
Plant Molecular, Cellular, and

Developmental Biology

The Genetics, Development, and Cell Biology
Department (GDCB) at Iowa State University (ISU)
seeks to fill a tenure-track faculty position at the
ASSISTANT PROFESSOR level in plant molec-
ular, cellular, and developmental biology with re-
search and teaching interests in the area of plant
responses to biotic stress, especially pathogens. ISU
provides state-of-the-art facilities and competitive
startup and salary packages, and the successful ap-
plicant will be eligible for affiliation with the Plant
Sciences Institute (website: www.plantsciences.
iastate.edu), an umbrella organization for plant re-
search at ISU. For more information on GDCB and
ISU visit website: http://www.gdcb.iastate.edu.
Candidates will be expected to establish a vigorous,
extramurally funded research program and to con-
tribute to the department_s undergraduate and grad-
uate teaching mission. A Ph.D. in biological sciences
or related field, postdoctoral experience, and evi-
dence of innovative research accomplishments are
required. Preferred qualifications include proven
ability to obtain external grant funding; university
level teaching experience; strong publications in in-
ternationally recognized journals; recognized re-
search interests and experience in plant molecular,
cell, and/or developmental biology that comple-
ment existing strengths at ISU. Review of appli-
cations will begin on December 1, 2005, and will
continue until the position is filled. To apply, send
curriculum vitae and statements of research and
teaching interests to, and have three professional
reference letters sent to: GDCB Plant Search, 1210
Molecular Biology Building, Iowa State Uni-
versity, Ames, IA 50011. E-mail: GDCBsearch@
iastate.edu. Iowa State University is an Equal Opportunity/
Affirmative Action Employer. Applications from women and
minority candidates are especially encouraged.

POSITIONS OPEN

CELL AND MOLECULAR BIOLOGY
TENURE-TRACK FACULTY POSITION

Biology Department
Williams College

The Biology Department at Williams College in-
vites applications for a tenure-track position at
the level of ASSISTANT PROFESSOR to begin
July 2006. We are seeking a broadly trained Cell
or Molecular Biologist who could teach upper-level
courses in their area of specialty, contribute to in-
troductory courses in cellular and molecular biol-
ogy, and participate in interdisciplinary programs
in biochemistry, molecular biology, and/or bioin-
formatics. The successful candidate is expected to
establish a research program that involves talented
Williams College undergraduates and attracts ex-
tramural funding. Applications from outstanding
candidates with expertise in any cell or molecular
biology discipline will be considered; areas of par-
ticular interest that would complement existing
strengths in the Department are immunology, mi-
crobiology, functional genomics, or signal transduc-
tion. Ph.D., postdoctoral experience, and a strong
research record are required. Appointment is nor-
mally at the beginning Assistant Professor level, al-
though a more senior appointment is possible under
special circumstances.

Williams College is a premier liberal arts college
with a longstanding tradition of excellence in the
sciences. Startup funds and internal funding for
research are available. Institutional support for fac-
ulty research includes core facilities for tissue culture,
confocal and electron microscopy, and automated
DNA sequencing. Faculty members typically teach
one course and two laboratories, or the equivalent,
each semester.

Applicants should submit curriculum vitae, brief
statements of teaching and research interests, and
arrange for three letters of recommendation to be
sent to: Marsha Altschuler, Chair, Department
of Biology, Williams College, Williamstown,
MA 01267. To be assured of full consideration,
all materials should be received by November
11, 2005. Website: http://www.williams.edu/
Biology.

An Equal Opportunity/Affirmative Action Employer,
Williams College especially welcomes applications from women
and minority candidates.

Grand Valley State University, Chemistry De-
partment, invites applications for tenure-track AS-
SISTANT PROFESSOR positions in analytical
chemistry and biochemistry to begin August 2006.
The positions require a Ph.D. and a strong com-
mitment to and demonstrated excellence in under-
graduate teaching and research. Responsibilities
include teaching in all levels in the area of expertise
and directing undergraduate research. Biochemistry
faculty are encouraged to participate in the inter-
disciplinary Cell and Molecular Biology Program.
Application review will begin November 1, 2005,
and continue until the position is filled. Applications
must be made on-line at website: http://www.
gvsujobs.org. Applicants must also arrange for three
letters of recommendation to be sent separately to:

Todd A. Carlson
Chair, Chemistry Department
Grand Valley State University

Allendale, MI 49401

Positions are subject to availability of funding.
GVSU is an affirmative action, equal opportunity institution.

ASSISTANT PROFESSOR OF BIOLOGY,
tenure-track, Ph.D. in biological science with em-
phasis in plant physiology or plant physiological
ecology. Department of Biology, California State
University, 9001 Stockdale Highway, Bakers-
field, CA 93311-1099. See website: http://
www.csub.edu/Biology for additional informa-
tion. CSUB is an Affirmative Action/Equal Opportunity
Employer.

POSITIONS OPEN

FACULTY POSITIONS IN NEUROBIOLOGY
AND ENDOCRINOLOGY

University of Michigan

The Department of Molecular, Cellular, and De-
velopmental Biology at the University of Michigan
solicits applications for two faculty positions in
neurobiology and/or endocrinology. We antici-
pate hiring at the ASSISTANT PROFESSOR lev-
el, but appointment at a more senior level is possible
for applicants with suitable experience. The Depart-
ment of Molecular, Cellular, and Developmental Bi-
ology is a unit of the College of Literature, Science,
and the Arts.

We seek individuals who use molecular ap-
proaches with model systems to address fundamental
questions in neurobiology or endocrinology. The
successful candidate will join a vibrant group with
strengths in developmental neurobiology and genet-
ics, synapse and neural circuit formation and func-
tion, ion channel biophysics, neuroendocrinology,
and the molecular biology of hormone action. Mem-
bers of the department have strong ties with other
life science units at the University of Michigan.

We seek applicants with a doctoral degree and
postdoctoral studies in the life sciences or a related
field who have demonstrated excellence in research.
The successful candidate will be expected to have a
strong commitment to instruction of both under-
graduate and graduate students and to establish a
vigorous, extramurally funded research program.

To apply, candidates should send a cover letter,
curriculum vitae, copies of reprints, brief summaries
of recent research and future research plans, and a
statement of potential teaching interests at both
the undergraduate and graduate levels. Candidates
for appointment as an Assistant Professor should
also have at least three letters of reference sent im-
mediately to the Department. All materials should
be sent to: Search Committee, Department of
Molecular, Cellular, and Developmental Biology,
University of Michigan, 830 N. University Ave-
nue, Ann Arbor, MI 48109-1048. Or submit via
e-mail: mcdb-search@umich.edu. Applications
and letters of reference should be received by No-
vember 4, 2005.

Women and members of groups that are currently un-
derrepresented in the life sciences are encouraged to apply. The
University is supportive of the needs of dual career couples. The
University of Michigan is an Affirmative Action/Equal Op-
portunity Employer.

THREE TENURE-TRACK
FACULTY POSITIONS

in Zoology, Weber State University

Ecology (two positions – one aquatic and one ter-
restrial): Potential areas of expertise include any of
the following: ichthyology, entomology, herpetology,
or behavior.

Human physiology and anatomy: Broadly trained
physiologist or anatomist with teaching to include
human physiology, human anatomy (with cadaver
laboratory), and upper-level courses in specialty area.

Ph.D. is required and development of a research
program that includes undergraduates is expected.
To be considered for this position, all applicants
must complete an application online at website:
http://jobs.weber.edu. Send curriculum vitae,
statements of teaching and research interests, up to
three reprints, and three reference letters, at least
one of which addresses teaching, to:

Dr. Sam Zeveloff, Chair
Department of Zoology
Weber State University
2505 University Circle
Ogden, UT 84408-2505

E-mail: szeveloff@weber.edu

Application review begins October 31, 2005.
These positions begin fall 2006 or possibly earlier.
See website: http://departments.weber.edu/
zoology for complete job description and infor-
mation about the Department of Zoology. Weber
State University is an Affirmative Action/Equal Opportu-
nity Employer.
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Faculty Positions 
University of Chicago

The Section of Dermatology is expanding its
mission for basic and translational research and 
seeks two new faculty members. The fi rst posi-
tion is for an MD and/or PhD with a research 
focus on melanoma. The second opening is for 
a physician-scientist with research interests in 
any area of dermatology including cancer biol-
ogy. This position requires board certifi cation in 
dermatology and limited clinical responsibilities.
Both positions are eligible for a generous start-up
package, competitive salary, a collegial environ-
ment, and the benefi t of being located within the
dynamic metropolitan environment of Chicago. 
Rank will be commensurate with experience.
Opportunities for membership at the University 
of Chicago Cancer Center and participation in 
graduate programs are available. A large pool of 
highly qualifi ed trainees, including medical and 
graduate students, clinical residents, and fellows
is available for recruitment of trainees.

Candidates should submit (preferably by PDF) a
complete curriculum vitae, statement of research
goals, and contact information for three refer-
ences to : 

Dermatology Faculty Search Committee

c/o Jacob Plummer

University of Chicago

Section of Dermatology

5841 South Maryland Ave

MC 5067, Room L504

Chicago, IL 60637

jplummer@medicine.bsd.uchicago.edu

The University of Chicago is an Affi rmative 
Action/Equal Opportunity Employer.

Director, CalCOFI Program
Scripps Institution of Oceanography 
University of California, San Diego

CalCOFI (California Cooperative Fisheries Investigations, http://www-

mlrg.ucsd.edu/calcofi .html) was established in 1949 and remains a unique
partnership among the NOAA National Fisheries Service, the California 
Department of Fish and Game, and Scripps Institution of Oceanography. 
The Program has long been a major focus of marine environmental
research off the California coast, but its scope, breadth and infrastructure 
are anticipated to evolve dramatically over the next decade with new
opportunities and challenges in Long-Term Ecological Research (http:

//www.lternet.edu/sites/cce/) and Ocean Observing Systems (http://

www.pacoos.org/) in the California Current ecosystem. Scripps Institu-
tion of Oceanography is therefore seeking a forward-looking Director to 
take an active leadership role in program development, management and 
creative scientifi c research relating to the SIO component of CalCOFI. 
Applicants should have interests and experience in some combination of 
pelagic ecology, physical-biological coupling, and climate-related research
in biological oceanography. Appointment will be on an academic year 
basis, with the possibility of 1-2 months of institutional summer salary 
support. This is a research series appointment, at the associate or full rank,
with 50% salary support (subject to availability of institutional funds). 
Candidates with interests in contributing to the educational program
may also seek appointment as Professor in Residence. Rank and level of 
appointment, salary, and initial support and start-up package are negotiable,
consistent with applicant qualifi cations and experience and University of 
California guidelines. 

Application review will begin November 15, 2005 and the job will remain
open until fi lled. Applicants should send a letter describing interests and 
relevant experience, a list of publications, immigration status, and names 
of three potential referees to: CalCOFI Director Search Committee, 

Integrative Oceanography Division, Mail Code 0227, Scripps Insti-

tution of Oceanography, University of California at San Diego, La 

Jolla, CA 92093.

UCSD is an Equal Opportunity Employer.
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POSITIONS OPEN

The Biology Department at the University of Ar-
kansas, Little Rock invites applications for a tenure-
track ASSISTANT PROFESSOR position to
begin the spring/fall term of 2006. We seek an
organismal biologist with ability to teach an annual
undergraduate course in histology or neurobiology.
We are especially interested in individuals working
at the interface between physiological and organis-
mal responses. Special consideration will be given to
candidates who augment the expertise of the De-
partment. The successful candidate will also teach
an annual freshman or sophomore course and will be
expected to develop an upper division or graduate
course appropriate to his or her discipline. The
department offers B.S. degrees in biology with three
concentrations (general biology, fisheries and wild-
life management, and molecular biotechnology),
and environmental health sciences (four options).
The department has a M.S. program in biology and
offers the Ph.D. through a joint program with the
Applied Science Department. The successful can-
didate must have a strong commitment to under-
graduate and graduate education and is expected
to develop an extramurally funded research pro-
gram. Applicants must have a Ph.D. in the biolog-
ical sciences. Postdoctoral experience is expected.
The University of Arkansas, Little Rock (website:
http://www.ualr.edu) is a metropolitan, state-
supported university with an enrollment of nearly
12,000 students. The Biology Department consists
of 15 full-time faculty members and 350 majors.
Applications must include a letter of intent, curric-
ulum vitae, statements of teaching philosophy and
research interests, undergraduate and graduate tran-
scripts, and three letters of reference. Review of the
applications will begin on 31 October 2005 and will
continue until the position is filled. Send applica-
tions and have letters of reference forwarded by
traditional mail to: Dr. John Bush, Faculty Search
Committee, Biology FH-406, University of Ar-
kansas, Little Rock, 2801 S. University Avenue,
Little Rock, AR 72204-1099. Informational
inquiries may be made by e-mail: jmbush@ualr.
edu. Under Arkansas law, applications are subject
to disclosure. Persons hired must have proof of
legal authority to work in the United States. The
University of Arkansas, Little Rock is an Equal Opportunity,
Affirmative Action Employer and actively seeks the candidacy
of minorities, women, and persons with disabilities.

POPULATION GENETICIST,
TENURE-TRACK

The Department of Biology at California State
University, Fresno is hiring a tenure-track Popula-
tion Geneticist at the ASSISTANT PROFESSOR
level. The successful applicant will be broadly trained
in molecular techniques and be expected to establish
an externally funded research program involving
graduate and undergraduate students and to teach
courses in our core and in his/her area of special-
ization. Ph.D. in genetics or a closely related field
required. Postdoctoral experience preferred. Send a
letter of application, curriculum vitae, statements
of research interests and teaching philosophy, and
three letters of reference to: Dr. Jim Prince at the
Department of Biology, California State Uni-
versity, Fresno, Fresno, CA 93740, or to e-mail:
jamespr@csufresno.edu. Telephone: 559-278-
2559; fax: 559-278-3963. For full consideration,
all materials must be received by November 7, 2005.
California State University, Fresno is an Equal Opportunity
Employer.

SCIENCE DIRECTOR/
SENIOR PROJECT ADMINISTRATOR

Coordinates the research program associated with
the Mid-Atlantic Bight National Undersea Research
Center at Rutgers University, including research pro-
gram development and management. Requires M.S.
in marine science/policy or related field. Knowledge
of undersea research technology/platforms required.
For more details, please visit our website: http://
uhr.rutgers.edu/jobpostings/aps/APSMain.asp.
Employment eligibility verification required. Rutgers
is an Affirmative Action/Equal Opportunity Employer.

POSITIONS OPEN

STEM CELL, CYTOSKELETON
RESEARCHER

Temple University School of Medicine is current-
ly seeking a researcher (Ph.D. or M.D.) at the
ASSISTANT or ASSOCIATE PROFESSOR level
who is trained in cell or molecular biology (prefer-
ably with a history of grant funding) and whose
research interests lie in the area of stem cell research
(as related to cancer, including ovarian and breast
cancer) and research into the cell cytoskeleton
(including the effect of antimitotic drugs) as related
to cancer and its treatment.

Please send curriculum vitae and bibliography to:
Henry Simpkins, M.D., Ph.D., Professor and
Chairperson, Department of Pathology and Lab-
oratory Medicine, Temple University Hospital,
3401 North Broad Street, Philadelphia, PA
19140. Temple University is an Equal Opportunity/
Affirmative Action Employer and strongly encourages applica-
tions from women and minorities.

VERTEBRATE ECOLOGIST

The Department of Biology at Appalachian State
University (ASU) (website: http://www.biology.
appstate.edu) seeks to fill a tenure-track position
in vertebrate ecology at the ASSISTANT PRO-
FESSOR rank. Strong quantitative skills and the
ability to teach introductory ecology are required.
Preference will be given to candidates who can also
teach at least one of the following: ornithology, be-
havior, conservation biology. We seek a teacher-
scholar who will combine excellence in teaching at
the undergraduate and graduate (Master_s) levels
with strong externally-funded research. Applicants
should have postdoctoral experience.

ASU is a highly ranked comprehensive university
located in the mountains of northwestern North
Carolina. The regional environment is notable for
its variety of habitats which supports high bio-
diversity, and provides a readily accessible outdoor
laboratory for coursework and research. ASU has
an enrollment of over 14,600 students and is a
member institution of the 16-campus University of
North Carolina system.

To apply, send a cover letter, curriculum vitae,
statement of research interests, statement of teach-
ing interests and philosophy, and contact informa-
tion for at least three references (name, address,
telephone, e-mail address) to: Dr. Robert Creed,
Chair, Vertebrate Ecologist Search Committee,
Department of Biology, 572 Rivers Street, Ap-
palachian State University, Boone, NC 28608 or
submit applications electronically to e-mail: creedrp@
appstate.edu; electronic applications accepted in
PDF format only. Position will remain open until
filled; review of applications begins November 15,
2005. The University and Department are committed to in-
creasing diversity and welcome applications from members of
minority and underrepresented groups. Appalachian State Uni-
versity is an Affirmative Action/Equal Opportunity Employer.

CELL AND DEVELOPMENTAL BIOLOGY
PROGRAM

Tenured and Tenure-Track FACULTY POSI-
TIONS are available at Fox Chase Cancer Center.
We are seeking outstanding applicants with a Ph.D.
or M.D. degree for appointment in the Basic Science
Division. The successful applicant will receive a gen-
erous startup package to develop a vigorous, extra-
murally funded research program. The research
should complement and expand our current interests
in mechanisms of gene regulation, cell biology, and
development. See website: http://www.fccc.edu/
cdb. Applications will be reviewed starting Novem-
ber 15, 2005. To apply please send curriculum vitae,
description of research plans, and three letters of
recommendation to: Dr. Ken Zaret, CDB Program
Leader, c/o Dr. A.M. Skalka, VP Basic Science
Division, Fox Chase Cancer Center, 333 Cottman
Avenue, Philadelphia, PA 19111. Equal Opportunity
Employer.

POSITIONS OPEN

STANFORD UNIVERSITY
Department of Molecular Pharmacology

The Department of Molecular Pharmacology at
Stanford University School of Medicine invites ap-
plications for two tenure-track or tenured positions
(MP1 and MP2) at the ASSISTANT or ASSOCI-
ATE PROFESSOR levels. For position MP1, can-
didates whose research interests lie at the interface of
biomedical and physical sciences (e.g., chemical bi-
ology, quantitative biology, systems biology, and/or
combinatorial biochemistry) are particularly encour-
aged to apply. For position MP2, outstanding ap-
plicants in any area of signal transduction or cellular
regulation are welcome. Stanford offers an outstand-
ing environment for creative interdisciplinary bio-
medical research. Rank and salary are dependent on
the candidate_s qualifications. The predominant cri-
terion for appointment in the University Tenure Line
is a major commitment to research and teaching.

Candidates should have a Ph.D. and/or M.D. de-
gree and postdoctoral research experience. Candi-
dates should reference the appropriate position code
(MP1 or MP2) and send curriculum vitae, a descrip-
tion of future research plans, and the names of three
references to:

Daria Mochly-Rosen, Ph.D.
c/o Jean Kavanagh, FAA

Department of Molecular Pharmacology
269 Campus Drive

CCSR Building, Room 3145A
Stanford University
School of Medicine

Stanford, CA 94305-5174

Selection begins on October 15, 2005. Stanford Uni-
versity is an Equal Opportunity/Affirmative Action Employer.

FACULTY POSITIONS IN BIOLOGY AND
CHEMISTRY

American University of Beirut

The Faculty of Arts and Sciences at the American
University of Beirut invites applications for academic
positions in the Department of Biology, in the fields
of molecular biology; cell biology; plant science or
microbiology; and in the Department of Chemistry
in the fields of analytical chemistry and experimental
physical chemistry.

All positions are normally at the ASSISTANT
PROFESSOR level to begin September 15, 2006.
Appointments are for an initial period of three years.
Visiting appointments and/or appointments at high-
er ranks may also be considered. The usual teaching
load is not more than nine hours a week. Sabbatical
visitors are welcome. The language of instruction
is English. All advertised positions require a Ph.D.
by the time of appointment. For more informa-
tion please visit website: http://www.aub.edu.lb/
Èwebfas/.

To apply, please send a cover letter, curriculum
vitae, and arrange for three letters of reference to
be sent to: Dean, Faculty of Arts and Sciences,
American University of Beirut, c/o New York
Office, 3 Dag Hammarskjold Plaza, 8th Floor,
New York, NY 10017-2303, U.S.A. or Dean,
Faculty of Arts and Sciences, American Universi-
ty of Beirut, Beirut, Lebanon. Electronic submis-
sions may be sent to e-mail: as_dean@aub.edu.lb.
All application materials and letters of reference
should be received by January 6, 2006.

The American University of Beirut is an Affirmative Action,
Equal Opportunity Employer.

The Department of Biology at Valdosta State
University in Valdosta, Georgia is seeking appli-
cations for three tenure-track faculty positions at
the ASSISTANT PROFESSOR level to begin in
August 2006. Positions are in the following areas:
microbiology; genetics/developmental biology;
and marine physiology. Review of applications
will begin November 6, 2005. For full job descrip-
tions and application details visit our website:
http://services.valdosta.edu/databases/jobs/.
Valdosta State University is an Equal Opportunity Educa-
tional Institution.
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FACULTY POSITION IN STEM CELL BIOLOGY

Applications are invited for a tenure track faculty position at the rank
of Assistant Professor in the Vanderbilt Center for Stem Cell Biology. 
We seek an individual who will complement existing strengths in 
the areas of pancreatic beta cell biology, endoderm differentiation 
and progenitor cell fate specifi cation, and hepatic regeneration.
Candidates whose research emphasizes the directed differentiation 
of human or mouse ES cell lines, nuclear reprogramming of somatic
cells or analysis of cellular plasticity and phenotypic commitments 
at the earliest developmental time points are particularly encouraged
to apply. Academic appointments will be in the Department of Cell 
and Developmental Biology. Candidates must have either a Ph.D. or
M.D. degree, at least two years of postdoctoral experience, a strong 
publication record, and the potential to compete successfully for 
extramural funding. The successful candidate will receive a gener-
ous start-up package and be housed in new research space. There 
is a strong institutional commitment to core facilities and graduate 
and post-graduate training.

Complete application packages should include a curriculum vitae, 
reprints of recent publications, a brief summary of past and future 
research plans, and three letters of recommendation. Please send 
all materials by December 15, 2005 to: Stem Cell Biology Search 
Committee, Vanderbilt Center for Stem Cell Biology, Vanderbilt 
University Medical Center, 802 Light Hall, Nashville, TN 37232-
0225; or by email to pamela.uttz@vanderbilt.edu.

Vanderbilt University is an Equal Opportunity, Affi rmative Action 
Employer with a strong institutional commitment to diversity.

Brown University
Environmental Change Initiative,

Tenure track Assistant/ Associate Professor

As part of its plan for academic enrichment, Brown University has recently
launched a multi departmental Environmental Change Initiative aimed
at fostering interdisciplinary research and education in the area of the
environmental sciences. Brown University is making major investments 
in the ECI, including additional faculty appointments, new resources for 
interdisciplinary research training, and a new cooperative graduate program
with the Marine Biological Laboratory (MBL) at Woods Hole. For more 
information about the ECI visit http://www.brown.edu/Research/ECI.

In connection with this initiative, the University seeks a faculty member at 
the ASSISTANT/ASSOCIATE PROFESSOR level with broad interests in
environmental sciences as well as public policies related to environmental 
issues. This appointment will be tenure track in either the Department of 
Geological Sciences or Ecology and Evolutionary Biology depending on 
the background and research record of the candidate with a joint appoint-
ment in the Center for Environmental Studies. We seek candidates that 
can integrate their research efforts with environmentally relevant social 
sciences spanning economics, sociology, international studies, or health 
sciences. The start date for this position is 1 July, 2006 or as soon thereafter
as is feasible. Requirements include a PhD in an environmentally related 
discipline, a strong record of research and peer reviewed publications,
commitment to excellence in graduate and undergraduate teaching, and 
potential to contribute to the ECI by building interdisciplinary interactions 
with current areas of faculty strength.

To apply, please send a letter describing research and teaching interests and
the fi t of the candidate with the ECI, a current CV, and 3 letters of reference
to: Professor Osvaldo Sala, Director Environmental Change Initiative,

Box 1943, Brown University, Providence, RI 02912. For further inquiries,
please contact Osvaldo_Sala@Brown.edu. Applications will be reviewed
starting 15 November 2005 and accepted until the position is fi lled. 

Brown University is an EEO/AA Employer.

mailto:pamela.uttz@vanderbilt.edu
http://www.brown.edu/Research/ECI
mailto:Osvaldo_Sala@Brown.edu
http://www.celatorpharma.com
mailto:careers@celatorpharma.com
http://www.biosci.utexas.edu/mgm
http://www.icmb.utexas.edu/


POSITIONS OPEN

CELL BIOLOGIST

California State University, Fullerton, Department
of Biological Science, is seeking applicants for a
full-time, tenure-track position at the ASSISTANT
PROFESSOR level with expertise in cellular biolo-
gy, to begin August 2006. Preference will be given
to candidates in cellular neurobiology or develop-
mental biology. Applicants must have a Ph.D. and
postdoctoral research experience. The successful
candidate will be expected to develop an active, ex-
ternally funded research program involving under-
graduate and Master_s level students and must be
committed to excellence in teaching at both levels.
The successful candidate will participate in the de-
partment_s Cell and Developmental Biology con-
centration, will be expected to teach upper-division/
Master_s level courses and contribute to our inquiry-
based, lower-division core courses, and may join
the Center for Applied Biotechnology Studies. Send
(1) curriculum vitae (including a history of grant
support), (2) a statement of research plans, (3) three
related publications, (4) a three-part statement on
teaching including (a) philosophy with description
of pedagogical approaches, (b) experience, and (c)
preferences for upper-division elective courses, and
(5) three letters of recommendation to:

Chair, Cell Biology Search
Department of Biological Science

California State University, Fullerton
P.O. Box 6850

Fullerton, CA 92834-6850

Review of applications will begin 1 December
2005 and continue until a suitable candidate is ap-
pointed. See website: http://biology.fullerton.
edu. Women and minority candidates are particularly en-
couraged to apply. Affirmative Action/Equal Opportunity
Employer/ADA Employer.

FACULTY POSITION in
INORGANIC CHEMISTRY
University of California, Irvine

The Department of Chemistry at the University
of California, Irvine invites applications for a tenure-
track position at the ASSISTANT PROFESSOR
level in the field of inorganic chemistry. We are
seeking a Ph.D. level scientist who will establish a
vigorous research program related to any aspect of
inorganic chemistry. A strong commitment to teach
at the undergraduate and graduate levels is also re-
quired. Applications should contain a cover letter,
curriculum vitae, list of publications, statement of
research, and at least three letters of recommenda-
tion. Completed applications should be sent elec-
tronically, instructions are to be found at website:
http://ps.uci.edu/employment/apply.html. To
ensure full consideration, applications and sup-
porting materials should be received by December
1, 2005. The University of California, Irvine is an Equal
Opportunity/Affirmative Action Employer committed to
excellence through diversity.

CELL BIOLOGY/PHYSIOLOGY
ASSISTANT PROFESSOR

Ashland University

TENURE-TRACK POSITION begins August
2006. Ph.D. and ability to teach courses in cell bi-
ology, human anatomy and physiology, and gen-
eral introductory courses for major and nonmajors
required. Undergraduate teaching experience and
postdoctoral experience desired. Establishment of
ongoing research program and direction of under-
graduate research required. Send application letter,
statement of teaching philosophy and research in-
terests, curriculum vitae, transcripts, and three letters
of recommendation to:

Cell Biology Search
Department of Biology/Toxicology

Ashland University
Ashland, OH 44805

Deadline for applications is October 31, 2005.
Website: http://www.ashland.edu. Ashland Univer-
sity is an Equal Opportunity Employer and is committed to
diversity in the workplace.

POSITIONS OPEN

PLANT MOLECULAR BIOLOGIST

The Department of Botany, University of
Wisconsin-Madison (website: http://www.botany.
wisc.edu), invites applications for a PROFESSOR
of ANY RANK to begin as early as August 2006.
The individual who fills this position will be ex-
pected to establish an exciting, high-impact research
program in any area of plant genetics, molecular bi-
ology, biochemistry, or cellular biology. The in-
dividual would join a strong, interactive community
of plant biologists on a campus hosting state-of-
the-art facilities and opportunities. Teaching re-
sponsibilities could include contributions to an
introductory biology class, undergraduate plant
physiology, and/or a graduate level specialty course.
Applicants should submit their curriculum vitae
and statements of research and teaching goals and
should arrange for the delivery of three letters of
recommendation. Senior-level applicants need not
supply letters of recommendation at the time of ap-
plication. Applications should be received by De-
cember 1, 2005. Send materials to: Plant Molecular
Biologist Search Committee, Department of Bot-
any, University of Wisconsin, 430 Lincoln Drive,
Madison, WI 53706.

The University of Wisconsin is an equal opportunity em-
ployer. We promote excellence through diversity and encourage
all qualified individuals to apply.

The interdepartmental Computational Biology
Program of the University of Colorado School of
Medicine is soliciting applications for computational
biology and bioinformatics FACULTY at the junior
and senior levels. The recruitment spans all depart-
ments, and is open to scientists doing outstanding
computational research relevant to any aspect of hu-
man health. Topics of interest include (but are not
limited to): whole genome comparison, polymor-
phism analysis, informatics related to type 1 diabetes
or autoimmune diseases, cancer informatics, neuroin-
formatics, and mass spectrometry informatics. Recruit-
ment packages include substantial startup resources
and extensive space at the new Fitzsimons campus. To
apply, please send your curriculum vitae, names of at
least three references, and a statement of teaching and
research interests to: Bioinformatics Search Com-
mittee, c/o Kathy Thomas, University of Colorado
Health Sciences Center at Fitzsimons, Mailstop
8303, P.O. Box 6511, Aurora, CO 80045-0511.
Or send to e-mail: kathy.r.thomas@uchsc.edu. Re-
view of applications will begin immediately and
continue until the position is filled. The University
of Colorado offers a full benefits package. Informa-
tion on University benefits programs, including
eligibility, is located at website: http://www.uchsc.
edu/pbs/. The University of Colorado is committed to
Diversity and Equality in Education and Employment.

ASSISTANT PROFESSOR
Ecology or Behavior

The Biology Department at Duke University
invites applications for a faculty position in ecology
or behavior at the Assistant Professor level. Appli-
cants working in any area of ecology or behavior
will be considered. Areas of interest include, but are
not limited to, animal behavior, microbial ecology,
ecology of infectious diseases, and ecological link-
ages between populations, communities, and eco-
systems. The successful candidate must hold a Ph.D.
and demonstrate the potential to build an outstand-
ing research program, to obtain external funding
commensurate with their research specialty, and to
contribute to teaching at both the undergraduate
and graduate levels. To apply, please send curriculum
vitae, statements of research and teaching interests,
and three representative reprints and arrange to have
three letters of recommendation sent to: Ecology/
Behavior Faculty Search, Biology Department,
Duke University, Box 90338, Durham, NC
27708-0338. Application materials can also be
submitted electronically to e-mail: ecobehavsch@
duke.edu. Applications received by November 15,
2005, will be guaranteed consideration.

Duke University is an Equal Opportunity/Affirmative
Action Employer.

POSITIONS OPEN

PLANT MOLECULAR BIOLOGIST

The Department of Biology at Appalachian
State University (website: http://www.biology.
appstate.edu) seeks to fill a tenure-track position
in plant molecular biology at the ASSISTANT
PROFESSOR rank, as part of a molecular biology
initiative. We seek a teacher-scholar who will com-
bine excellence in teaching at the undergraduate and
graduate (Master_s) levels with a strong, externally
funded research program. Applicants should have
postdoctoral experience and interest in using mo-
lecular techniques to bridge biological disciplines
and should be able to contribute to the botany
curriculum.

Appalachian State is a highly ranked compre-
hensive university in the mountains of northwestern
North Carolina, a member institution of the 16-
campus University of North Carolina system, with
an enrollment of over 14,600 students.

To apply, send a cover letter, curriculum vitae,
statement of research interests, statement of teach-
ing interests and philosophy, and contact infor-
mation for at least three references (name, address,
telephone, e-mail address) to: Dr. Howard S.
Neufeld (e-mail: neufeldhs@appstate.edu), Chair,
Plant Molecular Biology Search Committee,
Department of Biology, 572 Rivers Street, Ap-
palachian State University, Boone, NC 28608.
Electronic applications accepted in PDF format
only. Position will remain open until filled; review
of applications begins October 31, 2005. The Uni-
versity and Department are committed to increasing diversity
and welcome applications from members of minority and under-
represented groups. Appalachian State University is an Af-
firmative Action/Equal Opportunity Employer.

SYSTEMATIC HERPETOLOGIST

The American Museum of Natural History
(AMNH) seeks applications for a tenure-track po-
sition of ASSISTANT CURATOR OF HERPE-
TOLOGY. Candidates must have a demonstrated
ability to conduct collections-based systematic re-
search on recent reptiles and/or amphibians; an
ambitious field program, collection management
experience, and a record of successful grantsman-
ship are strongly preferred. The successful appli-
cant will be expected to maintain a strong research
publication output, accept joint responsibility for
management of the recent reptile and amphibian
collections, and participate in AMNH graduate stu-
dent and postdoctoral training programs. Evalua-
tions will begin 1 January 2006 and appointment
will be made no earlier than 1 July 2006; a Ph.D. is
required. Applicants should provide the following:
curriculum vitae including e-mail address; state-
ment of research interests and goals; copies of all
relevant publications; and confidential letters of
recommendation from at least three qualified re-
viewers. All materials should be sent to:

Dr. Nancy Simmons
Chair, Division of Vertebrate Zoology
American Museum of Natural History

New York, NY 10024
E-mail: simmons@amnh.org

Equal Opportunity/ Affirmative Action.

RESEARCH ASSISTANT PROFESSOR
PHARMACOLOGY

A position is available to provide research sup-
port and conduct studies on biophysics of ion chan-
nels and mechanism of ion permeation based on
electrophysiological analysis. This individual will also
have responsibility for some teaching of medical
and graduate students. Qualifications include: Ph.D.
in pharmacology or neuroscience, a background in
molecular biology techniques, previous experience in
analyzing single channel currents, and familiarity with
SigmaPlot and Excel software. Deadline to apply:
November 7, 2005.

Send current curriculum vitae and names of three
references to: Richard Herndon, Department
of Pharmacology, Southern Illinois University
School of Medicine, P.O. Box 19629, Springfield,
IL 62794-9629.

7 OCTOBER 2005 VOL 310 SCIENCE www.sciencecareers.org162

http://biology.fullerton.edu
http://biology.fullerton.edu
http://ps.uci.edu/employment/apply.html
http://www.ashland.edu
http://www.botany.wisc.edu
http://www.botany.wisc.edu
mailto:kathy.r.thomas@uchsc.edu
http://www.uchsc.edu/pbs/
http://www.uchsc.edu/pbs/
mailto:ecobehavsch@duke.edu
mailto:ecobehavsch@duke.edu
http://www.biology.appstate.edu
http://www.biology.appstate.edu
mailto:neufeldhs@appstate.edu
mailto:simmons@amnh.org
http://www.sciencecareers.org


The University of California (UC) seeks a new
Director of the University of California
Observatories/Lick Observatory (UCO/Lick).
UCO/Lick is a UC Multi-campus Research
Unit providing optical and infrared observing
facilities to astronomers on nine UC campuses
and the Lawrence Livermore and Lawrence
Berkeley National Laboratories; its headquar-
ters are located at UC Santa Cruz.

The UCO/Lick Director consults with optical
and infrared astronomers throughout the UC
system to set priorities and develop resources
for UC optical/infrared facilities, leads the sci-
entific, technical, and administrative staff of
the observatories, and is a member of the board
of directors of the California Association for
Research in Astronomy (the oversight body of
the Keck Observatory) and of the board of the
Thirty Meter Telescope project. The Director
has a faculty appointment at UC Santa Cruz.

UNIVERSITY 
OF CALIFORNIA 

UC OBSERVATORIES/
LICK OBSERVATORY-DIRECTOR

For full position description,
qualifications, and applica-
tion information, refer to

http://www2.ucsc.edu/ahr/
UCOLickDirector.pdf.

Screening of applications
will begin 12/1/05.

UC is an EEO/AA employer.

Faculty Positions 
in

Computational
Bioengineering

The Department of Bioengineering at Rice
University seeks to hire creative and pro-
ductive individuals to fi ll a tenure-track or 
tenured faculty position in the area of com-
putational bioengineering. Applications will
be accepted until 15 December 2005. Areas 
of interest include, but are not limited to,
statistical mechanics, immunology, cancer, 
other unsolved international health issues,
neuroengineering, and systems biology. 
Interested individuals are encouraged to send a
letter briefl y outlining career plans, a statement
of research and teaching interests, curriculum 
vitae, and names and contact information for 
3 to 5 references to 

Professor Michael W. Deem 

Computational Bioengineering 

Search Committee Chair 

Department of Bioengineering 

Rice University 

6100 Main Street - MS 142

Houston, TX 77005-1892

Rice University is an Equal Opportunity, 
Affi rmative Action Employer.

UNIVERSITY OF
MISSOURI-COLUMBIA

ASSISTANT/ASSOCIATE
PROFESSOR OF

MEDICINE
Full time position for a physician scientist
who is board eligible/certified in
rheumatology as Assistant/Associate
Professor of Medicine in the Division of
Immunology and Rheumatology,
Department of Internal Medicine, 
University of Missouri-Columbia. Primary
responsibility will be to develop an
independent research program. Generous
start up package, laboratory space, and
protected time will be provided. Additional
responsibilities will include teaching
fellows, residents, and students, and caring
for rheumatic disease patients. Collaborative
opportunities exist for basic and clinical
research in a variety of fields, including
autoimmunity, molecular biology, human
cellular immunology and animal models.
For inquiries and ADA accomodations
contact Jessica Hosey, Human Resource
Manager, Department of Internal
Medicine, UMC, MA438 Medical Science 
Building, Columbia, MO 65212.
hoseyj@health.missouri.edu.

The University of Missouri-
Columbia is an Equal
Opportuni ty /Af f irmat ive  
Action employer.

Visit the University of Missouri-Columbia's
Web site at http://mujobs.missouri.edu

Postdoctoral Position in 
Psychology or Psychiatry

Mood and Anxiety Disorders 
Research Program

National Institute of Mental Health
Bethesda, MD

DHHS and NIH are Equal 

Opportunity Employers

The Section of Developmental Genetic
Epidemiology in the Mood and Anxiety
Disorders Program at the National Institute of
Mental Health is recruiting a postdoctoral fel-
low in experimental psychology, biological
psychology/psychiatry, clinical psychology,
neuro-psychology/psychiatry, or related field.
The focus of the section is genetic epidemio-
logic and community studies, particularly
family and high-risk studies of the correlates
and risk factors for the development of mood
and anxiety disorders. The candidate must have
a Ph.D. in psychology or a M.D. with psychiatry
residency, and some research experience is
preferred. Preference will be given to candi-
dates with a background and interest in the
fundamentals of stress, the autonomic ner-
vous system, and/or reproductive endocrinol-
ogy/hormones.  Applicants should send a cur-
riculum vitae, statement of research interests,
and three letters of reference to Dr. Kathleen R.
Merikangas, Chair Search Committee, National
Institute of Mental Health, 35 Convent Drive,
Bldg 35 Room 1A201, MSC-2370, Bethesda,
MD 20892-3720.  

FACULTY POSITION

CENTER FOR MICROBIAL PATHOGENESIS

The CENTER FOR MICROBIAL PATHOGENESIS at Columbus Children’s Research Institute, 
Columbus Children’s Hospital, and the Department of Pediatrics, College of Medicine and Public 
Health, The Ohio State University seek PhD, MD, or MD/PhD candidates for intermediate and senior
level tenure-track positions to develop and conduct independent research programs in the fi elds of 
cellular and molecular microbiology as well as innate and acquired immunity. Areas of emphasis 
include bacterial pathogens causing disease in the respiratory and genitourinary tracts. Research space
is available within the Columbus Children’s Research Institute. The recruitments are part of a larger 5
year planned expansion of research initiatives by the institution and include the recruitment of 40 new
investigators and the recent construction of a new 160,000 square foot fi ve-story research building 
that houses 48 state-of-the-art laboratory modules, completed in January of 2004. The Institute is 
equipped with a state-of-the-art mouse facility and DNA sequencing, fl ow cytometry, informatics, 
histopathology, transgenic, microarray, ES cell, and transgenic cores. Joint appointments within 
graduate departments of The Ohio State University are available. It is anticipated that remaining 
positions will be fi lled at the appropriate Associate, or Full Professor level.

For more information, please visit our website at www.ccri.net.

Address correspondence with three references and curriculum vitae to:
Lauren O. Bakaletz, Ph.D. 

Director, Center for Microbial Pathogenesis

Columbus Children’s Research Institute

700 Children’s Drive

Columbus, OH 43205

Phone: (614) 722-2915 FAX: (614) 722-2818

E-mail: bakaletl@ccri.net

The Ohio State University is an Equal Opportunity, Affi rmative Action Employer. 
Women, minorities, veterans, and individuals with disabilities are encouraged to apply.
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POSITIONS OPEN

FACULTY POSITIONS
Microbiology and Immunology

The Department of Microbiology and Immunol-
ogy invites applications for faculty positions at the
PROFESSOR, ASSOCIATE PROFESSOR
AND ASSISTANT PROFESSOR level. We are
interested in investigators with strong research
programs in molecular microbiology or molecular
pathogenesis, including bacteriology, parasitology,
mycology and virology; and molecular immunology.
Candidates at the Professor and Associate Professor
levels must have significant research accomplish-
ments, active competitive grants, and a strong and
consistent record of peer reviewed funding. Can-
didates at the Assistant Professor level should have
the ability to establish and maintain a vigorous re-
search program supported by peer-reviewed fund-
ing. Candidates must demonstrate a commitment to
excellence in educating graduate and professional
students. Startup funds and newly renovated labora-
tory space is available for the appointed investigators.
The Department of Microbiology and Immunology
is supported by extensive peer-reviewed funding (in
excess of /400,000 per faculty position) and has a
very strong graduate program supported by an NIH
Training Grant.

Candidates should submit curriculum vitae, a
statement of research accomplishments and future
research plans, and should arrange for four letters of
reference to be sent to: Dr. Chris D. Platsoucas,
Professor and Chairman, Department of Micro-
biology and Immunology, Temple University
School of Medicine, 3400 North Broad Street,
Philadelphia, PA 19140. Temple University is an Equal
Opportunity/Affirmative Action Employer and specifically in-
vites and encourages applications from women and minorities.

FACULTY POSITION in Macromolecular
Structure and Mechanism, Department of Bio-
chemistry, Brandeis University. The Department
of Biochemistry at Brandeis University is a group
of biochemists and biophysicists whose research is
focused on understanding the fundamental mecha-
nisms by which macromolecules or macromolecular
assemblies underlie biological function. We are seek-
ing candidates with demonstrated research accom-
plishments in this field for a tenure-track faculty
position, preferably at the ASSISTANT PROFES-
SOR level, to begin fall 2006. In addition to being
outstanding researchers, candidates for this position
should possess commitment to and skills for gradu-
ate and undergraduate teaching. To apply send cur-
riculum vitae, along with a summary of current and
proposed research and three letters of reference to:

Professor Christopher Miller
Howard Hughes Medical Institute

Mailstop 013
Department of Biochemistry

Brandeis University
Waltham, MA 02454-9110

First consideration will be given to applications
received by October 31, 2005. Brandeis University is an
Equal Opportunity Employer, committed to building a cul-
turally diverse intellectual community, and strongly encourages
applications from women and minority candidates.

ASSISTANT/ASSOCIATE PROFESSOR
Department of Ophthalmology

Emory University
School of Medicine

Invites applications for a tenure-track faculty mem-
ber at the rank of Assistant/Associate Professor. We
seek an outstanding scientist to perform research in
a field relevant to glaucoma or neural science, with
opportunities to interface with leading researchers in
visual sciences and related fields. Endowed funds are
available to support the position.

Please send curriculum vitae, a one- to two-page
summary of your research contributions with plans
for future work, and a list of three references to:
Mrs. Patricia Bennett, Emory Eye Center, Emory
University, 1365B Clifton Road, NE, Suite
B4500, Atlanta, GA 30322. Emory University is an
Affirmative Action/Equal Opportunity Employer.

POSITIONS OPEN

Department of Molecular Biology and Genetics
School of Medicine

The Department invites applications from out-
standing candidates for a tenure-track faculty po-
sition at the level of ASSISTANT PROFESSOR.
The faculty includes molecular and developmental
biologists, geneticists, and biochemists working
on fundamental problems in biology. Applicants
should send curriculum vitae, a statement of cur-
rent research interests and long-range goals, and
should arrange for four letters of recommendation
to be sent. All items should be submitted by e-mail:
mbgfacultysearch@bs.jhmi.edu.

Please submit all materials by December 15, 2005.
For further information about our department, please
visit the website: http://www.mbg.jhmi.edu.

The Johns Hopkins University is an Equal Opportunity/
Affirmative Action Employer.

The Department of Psychology, University of
Pennsylvania invites applications for a tenure-track
ASSISTANT PROFESSOR in Behavioral Neuro-
science. Exceptional candidates at a more senior level
will also be considered. Applicants should have a
Ph.D. and postdoctoral experience in psychology,
biology or neuroscience, and an active, high quality
research program with potential for extramural
funding. Of special interest will be candidates whose
expertise and interests complement our existing
strengths in the study of homeostasis, motivated
behaviors, and neuroendocrinology. Such areas
include the neurobiology of stress, emotion, social
behaviors, and mental illness. Behavioral neuro-
science faculty participate actively in the university-
wide Institute of Neurological Sciences. Teaching
responsibilities will include undergraduate courses
in psychology and in the biological basis of behav-
ior program, as well as graduate courses in psychol-
ogy and in the neuroscience graduate program.
Candidates should submit curriculum vitae, selected
preprints and reprints, and a statement of research
and teaching interests. Candidates for an assistant
professorship should also arrange for three letters
of recommendation to be sent. Materials should
be sent to: Behavioral Neuroscience Search Com-
mittee, Department of Psychology, University
of Pennsylvania, 3720 Walnut Street, Philadel-
phia, PA 19104-6142. Screening of applicants will
begin November 1, 2005, and continue until the po-
sition is filled. The University of Pennsylvania is an Equal
Employment Opportunity/Affirmative Action Employer.

The Department of Chemistry at the University
of California, Irvine (UCI) seeks to continue build-
ing on its existing breadth and strength in the-
oretical chemistry by making three new FACULTY
APPOINTMENTS. Applications are invited from
both junior and senior ranks in all areas of the-
oretical and computational chemistry, including, for
example, methods development and application in
the traditional areas of electronic structure, statistical
mechanics, and dynamics, as well as interdisciplinary
areas interfacing with biophysics, chemical biolo-
gy, chemical engineering, materials science, chemical
physics, nanotechnology, and bioinformatics. Can-
didates should have a visionary research program,
and commitments to teaching and to the creation
of a center of excellence in theoretical chemistry at
UCI. A Ph.D. degree is required. To apply, elec-
tronically submit curriculum vitae, statements of
research and teaching interests, and at least three
letters of recommendation. Application instruc-
tions may be found at website: http://ps.uci.edu/
employment/apply.html. Review of applications
will begin November 15, 2005. UCI has an active
Career Partners Program and has a National Science
Foundation ADVANCE Gender Equity Program.
The University of California, Irvine is an Equal Opportunity/
Affirmative Action Employer committed to excellence through
diversity.

POSITIONS OPEN

The Department of Biochemistry and Biophys-
ics at Texas A&M University invites applications
for a tenure-track faculty position with emphasis
on genomics, metabolomics, or proteomics. Re-
search areas of interest include but are not limited
to protein-protein interactions, elucidation or reg-
ulation of metabolic pathways, identification of pro-
tein function, and evolution of enzyme activity.
Applications at the ASSISTANT PROFESSOR
level are particularly sought, but outstanding senior
candidates will be considered. In addition to es-
tablishing a vigorous independent research pro-
gram, the successful candidate will be expected to
teach at the undergraduate and graduate levels.
Candidates should submit curriculum vitae, a brief
description of research plans (not to exceed three
pages), and arrange for three letters of recommen-
dation to be sent to:

Dr. Paul Fitzpatrick
Proteomics/Genomics Search Committee

Texas A&M University
Department of Biochemistry and Biophysics

2128 TAMU
College Station, TX 77843-2128

Review of applications will begin November 15,
2005, and will continue until the position is filled.
Texas A&M University is an Equal Opportunity/Affirmative
Action employer, committed to diversity.

SOIL ECOLOGY SCIENTIST POSITIONS

The Holden Arboretum, website: http://www.
holdenarb.org, is building an interdisciplinary re-
search program in stress biology of fragmented
urban forests. We are seeking applicants at all lev-
els for the following positions: (1) Soil Biogeo-
chemist, with a research focus in terrestrial forest
ecosystems; and (2) Rhizosphere Biologist, with a
research focus in mycorrhizal and/or microbial sys-
tems of forests, and experience in advanced molec-
ular techniques. Applicants should have a Ph.D.
in soil science, forest ecology, or related disciplines;
two years of postdoctoral experience are preferred.
Review of applications will begin November 7,
2005. Interested applicants should send a cover let-
ter, statements of research interests and teaching
philosophy, curriculum vitae, and names and ad-
dresses of three references to:

Mr. Douglas Dykes
The Holden Arboretum

9500 Sperry Road
Kirtland, OH 44094-5172

E-mail: ddykes@holdenarb.org
Telephone: 440-602-3856

Electronic submission of application package is
encouraged. The Holden Arboretum is an Equal Opportu-
nity, ADA Employer and drug-free workplace.

ASSISTANT PROFESSOR
Microbiology

Ashland University

Tenure track position begins August 2006. Ph.D.
and ability to teach courses in microbiology, emerg-
ing pathogens, immunology, virology, molecular
biology, and general introductory courses for major
and nonmajors required. Undergraduate teaching
experience and postdoctoral experience desired. Es-
tablishment of ongoing research program and di-
rection of undergraduate research required. Send
application letter, statement of teaching philosophy
and research interests, curriculum vitae, transcripts,
and three letters of recommendation to:

Microbiology Search
Department of Biology/Toxicology

Ashland University
Ashland, OH 44805

Deadline for applications is October 31, 2005.
Website: http://www.ashland.edu. Ashland Univer-
sity is an Equal Opportunity Employer and is committed to
diversity in the workplace.
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Nanoscience Technology 
Faculty Positions 

The University of Central Florida is seeking faculty for the NanoScience 
Technology Center (www.nanoscience.ucf.edu) to build on existing inter-
disciplinary expertise in nanoscale science in photonics, quantum computing
and biomolecular science. This recently established Center currently has 11 
new faculty, 12 staff members and 16 graduate students. We seek candidates 
for positions with research interests in any of the following areas:

1. Biophotonics: Application of photonics to signifi cant biomedical problems
2. Nanomedicine: Biomedical applications of nanoscience
3. Nanoscience applications in optoelectronics
4. Quantum teleportation/quantum computing
5. Nanoscience applications in advanced materials

The Center is emphasizing the recruitment of faculty from the engineering 
disciplines but exceptional candidates from any discipline will also be con-
sidered. Faculty of all ranks are eligible for this solicitation and candidates 
with outstanding records can be considered for Provost’s Research Excellence
Professorships. Candidates who have an interest in commercial applications 
of their work or existing commercial ventures are encouraged to apply. UCF 
supports such enterprises through the UCF Technology Incubator (recipient of
the NBIA Technology Incubator of the Year award in 2004) in its top-ranked 
research park. Competitive salaries, startup funds, new laboratories, access 
to shared core instrumentation facilities will be provided. The University 
of Central Florida has over 45,000 students and is located in Orlando, a
dynamic and progressive metropolitan region that is an excellent place to 
live and work. 

Review of candidates will begin on October 15, 2005. Please send application
with curriculum vitae, summary of research plans, and three or more refer-
ences to: Ms. Rajeswari Natarajan, Program Coordinator, 12424 Research 

Parkway, Suite 400, Orlando, FL 32826 (rnataraj@mail.ucf.edu).

UCF is an Affi rmative Action Employer. Women and minorities are 
encouraged to apply. As an agency of the State of Florida, UCF makes 

all application materials, including transcripts, and all search materials, 
available for public review upon request, as provided by Florida’s open 

records law.

Cell Biology
Faculty Position
Department of Biology
University of Pennsylvania

We seek a colleague employing modern methods to study fundamental
problems in cell biology using any experimental system (animal, fungal, 
plant, microbial). Possible areas of interest include but are not limited to: 
cytoskeleton organization and dynamics; cellular adhesion and motility; cell
division and cell cycle regulation; signal transduction, cell growth, survival 
and death; organelle organization and membrane traffi cking; cell-cell or
host-pathogen interactions. 

Applicants are expected to have demonstrated excellence and productivity in
research and a desire to teach at the undergraduate and graduate levels. We 
anticipate that this appointment will be made at the Assistant Professor level,
but outstanding senior candidates will be given serious consideration.

Applicants are encouraged to email their cover letter, CV, description of 
research interests and up to three reprints as pdf fi les to: PennBiologySearch

@sas.upenn.edu with Cell Biology in the Subject line. Alternatively, these 
documents may be sent to: Cell Biology Search, Department of Biology, 

University of Pennsylvania, Philadelphia, PA 19104-6018.

Applicants at the Assistant Professor level should also arrange for at least 
three letters of reference to be sent to the email address above (as pdf fi les) 
or to the postal address. Review of applications will begin November 15, 

2005 and continue until the position is fi lled. The anticipated start date for 
this position is July 2006. 

The University of Pennsylvania is the home of a vibrant and collegial
group of cell biologists housed in several Schools and Departments across 
an attractive campus. 

Further information about the Department of Biology can be found at
www.bio.upenn.edu.

The University of Pennsylvania is an Affi rmative Action/Equal Opportu-
nity Employer. Women and minorities are encouraged to apply.

Chief Advancement Offi cer
Carnegie Institution of Washington

The Carnegie Institution of Washington invites applications for the position 
of Chief Advancement Offi cer. Carnegie is dedicated to investigating funda-
mental questions in the fi elds of biology, earth sciences, and astronomy and 
is one of the most distinguished science research institutions in the nation. 
Headquartered in Washington, DC, Carnegie operates six major laborato-
ries, located in Washington, Baltimore, and Palo Alto, and observatories in 
California and Chile.

The Chief Advancement Offi cer will hold a newly created position, reporting
to the President and bringing together overall responsibility for an integrated
advancement program, including fund raising, marketing, and communica-
tion efforts. Based in Washington, DC, the Chief Advancement Offi cer will 
supervise a small team of development and communications professionals 
and work closely with the President and trustee leaders in planning and 
executing the next phase of Carnegie’s growth, including a campaign.

Candidates should have at least seven years of successful experience in fund
raising, including positions of senior responsibility, preferably in higher 
education or a research institution. They should present a track record of 
success in the management of volunteers and in the solicitation of major gifts
from individual donors and demonstrate the ability to build and manage an 
integrated advancement program. Although not required, some background 
or interest in science will be helpful in understanding Carnegie’s work and 
communicating its importance to external constituencies. A bachelor’s degree
is required and a graduate degree is preferred.

Compensation is competitive and Carnegie’s benefi t program is generous. 
Applications, including a cover letter and resume, may be directed to: Cady

Canapp, 1530 P Street, NW, Washington, DC 20005, or by e-mail to 
ccanapp@pst.ciw.edu.

Carnegie is being assisted in its search by Michael J. Worth & Associates, 
LLC. Preliminary inquiries, nominations, and requests for further informa-
tion may be directed in complete confi dence to Michael J. Worth, Principal,

Michael J. Worth & Associates, LLC at mjw@michaeljworth.com.

Equal Opportunity Employer.

change the world?Why notWhy not

Rensselaer Polytechnic Institute has an immediate opening for an Imaging
Core Director to facilitate and promote the development of state of the art
microscopy and imaging facilities at the recently opened Center for
Biotechnology and Interdisciplinary Studies. The successful applicant will
oversee the day-to-day management of an advanced core facility, which
includes confocal and two-photon microscopy (Zeiss LSM 5510 Meta and
Zeiss LSM 510 Meta NLO), flow cytometry (BD FACS Aria and BD LSR
II), and electron microscopy. Extensive experience in advanced
microscopy, use and administration of image analysis software and 
archiving are essential.  Previous FACS experience is not required, as 
training will be provided. Salary commensurate with experience.
Qualifications: B.S. or B.A. degree minimum, M.S. or Ph.D. preferred.
Extensive microscopy experience and familiarity with confocal 
microscopes and digital imaging, computer (PC) and instrumentation
skills, organizational and strong interpersonal skills and the desire and 
ability to work well in a team environment. 
Applications including a letter of interest, CV, evidence of expertise in
microscopy, and three letters of recommendation should be sent to:

Joelle Willis
BT-ADMN-2

Center for Biotechnology and Interdisciplinary Studies
Rensselaer Polytechnic Institute

110 8th Street
Troy, NY 12180-3590

Rensselaer offers a highly competitive salary and benefits package.
Rensselaer Polytechnic Institute is a top 50 national university and is
ranked #2 Best Private Sector Employer in the Capital Region. 

Rensselaer Polytechnic
Institute is an 

Affirmative Action/Equal 
Opportunity Employer.

Microscopy Core
Director
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POSITIONS OPEN

The Department of Psychology at the University
of Maryland, College Park has a tenured position
at the ASSOCIATE or FULL PROFESSOR level
for a cognitive psychologist or cognitive scientist
in areas such as, but not limited to, decision pro-
cesses, memory, judgment, attention, categoriza-
tion, psycholinguistics, higher mental processes,
and perception. The ideal candidate will have a re-
search program that combines empirical work with
computational, mathematical or neural modeling,
excellent research productivity, a strong history of
external support, and demonstrated interest in
forming collaborative research ties within and across
programs and departments. Salary is highly compet-
itive, research conditions are excellent, and there
are extensive opportunities for interdisciplinary col-
laboration both on campus and at universities and
Federal laboratories in the Washington, DC met-
ropolitan area. Teaching will be at both the grad-
uate and undergraduate levels. College Park is
located just outside of Washington, allowing easy
access to all the intellectual, cultural, and gastro-
nomic opportunities of this vibrant area. Please
send curriculum vitae, a statement of research and
teaching interests, and arrange to have three letters
of recommendation sent to: Ms. Peggy Barott,
Cognitive Psychology Search Committee, De-
partment of Psychology, University of Maryland,
College Park, MD 20742. Address inquiries to:
Dr. Thomas S. Wallsten at e-mail: twallsten@
psyc.umd.edu or 301-405-3562. Search Extended
to November 30, 2005. The University of Maryland is
an Affirmative Action/Equal Employment Opportunity
Employer.

The Department of Biochemistry and Biophysics
at Texas A&M University invites applications for a
tenure-track faculty position in plant biochemistry
and molecular biology, including but not limited
to areas such as genomics and gene expression, me-
tabolism and RNA biology. Applications at the
ASSISTANT PROFESSOR level are particularly
sought, but outstanding senior candidates will be
considered. In addition to establishing a vigorous
independent research program, the successful can-
didate will be expected to teach at the undergrad-
uate and graduate levels. Candidates should submit
curriculum vitae, a brief description of research plans
(not to exceed three pages), and arrange for three
letters of recommendation to be sent to:

Plant Biochemistry Search Committee
Texas A&M University

Department of Biochemistry and Biophysics
2128 TAMU

College Station, TX 77843-2128

Review of applications will begin November 15,
2005, and will continue until the position is filled.
Texas A&M University is an Equal Opportunity/Affirmative
Action Employer committed to diversity.

TENURE-TRACK FACULTY POSITION
UCLA

Department of Molecular, Cell,
and Developmental Biology

The Department of Molecular, Cell and Develop-
mental Biology is searching for one faculty appoint-
ment; either senior or junior levels will be considered.
Research in any area of modern plant biology will be
considered, especially those using molecular genetics,
genomics, or proteomics approaches to study basic bi-
ological process in Arabidopsis or other model plants.

Curriculum vitae, summary of research plans, and
at least three letters of reference should be sent to:
MCDB Faculty Search (Plant Biology), c/o
Grace Angus, Molecular, Cell and Developmental
Biology, UCLA, 621 Charles E. Young Drive,
South Los Angeles, CA 90095-1606. Telephone:
310-825-4373. Wewill begin reviewing applications
on November 1, 2005. Visit us at website: http://
www.mcdb.ucla.edu; also see website: http://
www.uclaaccess.ucla.edu/UCLAACCESS/Web/
Default.aspx. UCLA is an Equal Opportunity/Affirmative
Action Employer. Women and minorities are encouraged to apply.

POSITIONS OPEN

DEPARTMENT OF OBSTETRICS
AND GYNECOLOGY

University of Pennsylvania_s
School of Medicine

Seeks candidates for an ASSOCIATE or FULL
PROFESSOR position in the tenure track. Rank
will be commensurate with experience. Applicants
must have an M.D. or Ph.D. or M.D./Ph.D. de-
gree. Preference may be given to M.D. or M.D./
Ph.D. candidates. Candidates should be established,
independent investigators capable of assuming a
leadership role in the Department as Director of
the Center for Research on Reproduction and
Women_s Health (CRRWH) and Vice-chair for Re-
search. The Center has an international reputation
for its research in reproduction, pregnancy com-
plications, fetal development, gynecologic oncolo-
gy, reproductive toxicology, reproductive behavior,
contraception, endocrinology, and infertility. The
Center has numerous training grants for students,
fellows, and young physician-scientists. The can-
didate will be expected to participate in research,
clinical activities, and the educational training of
fellows, residents, and students. Please submit cur-
riculum vitae and a brief statement of research in-
terests to: Deborah A. Driscoll, M.D., Chair, c/o
A. Simpson, Faculty Coordinator, 3400 Spruce
Street, 5 Dulles, Philadelphia, PA 19104. E-mail:
asimpson@obgyn.upenn.edu; telephone: 215-
662-4144. The University of Pennsylvania is an Equal
Opportunity, Affirmative Action Employer. Women and mi-
nority candidates are strongly encouraged to apply.

TENURE-TRACK FACULTY POSITION
Molecular Genetics

The Department of Biology, Villanova University,
invites Molecular Geneticists to apply for a tenure-
track position at the ASSISTANT PROFESSOR
level to begin August 2006. The successful candidate
will contribute to teaching of undergraduate and
graduate offerings in genetics and laboratory courses
in the molecular area, develop an active research pro-
gram, seek external funding, and mentor under-
graduate and graduate student research. For more
information, see website: http://www.biology.
villanova.edu/molgen.html. Ph.D. and post-
doctoral experience required. Submit application let-
ter, curriculum vitae, research plans, statement of
teaching philosophy, and official undergraduate and
graduate transcripts and have three letters of recom-
mendation sent to: Dr. Janice Knepper, Depart-
ment of Biology, Villanova University, Villanova,
PA 19085. Review of completed applications be-
gins October 31, 2005. Villanova University is a
Roman Catholic university sponsored by the Au-
gustinian Order. An Affirmative Action/Equal Employ-
ment Opportunity Commission Employer, Villanova seeks a
diverse faculty committed to scholarship, service, and especially
teaching, who understand, respect, and contribute to the Uni-
versity_s mission and values.

BIOLOGY

Department seeks candidates for a tenure-track
ASSISTANT PROFESSOR in vertebrate physiol-
ogy position starting August 2006. Responsibilities:
Instruction of a junior/senior level animal physiol-
ogy course, a graduate course in environmental phys-
iology, and introductory courses for both majors
and nonmajors. Qualifications: A Ph.D. from an ac-
credited institution completed by December 31,
2005. A successful demonstration of teaching ef-
fectiveness and a scholarly seminar will be required
as part of the on-campus interview. All applicants
must furnish proof of eligibility to work in the U.S.
upon appointment. Applicants should send curric-
ulum vitae, official undergraduate and graduate
transcripts, a statement of teaching philosophy and
research interests, plus the names, addresses, and
telephone numbers of three references to: Biology
Search Committee, 1871 Old Main Drive, Ship-
pensburg, PA 17257. Review of applications be-
gins November 15, 2005, and will continue until the
position is filled. Shippensburg University is an Equal
Opportunity Employer.

POSITIONS OPEN

POSTDOCTORAL POSITION
Biodiversity and Climate Change

Woodrow Wilson School of Public and
International Affairs
Princeton University

We seek applications from natural or social sci-
entists with innovative approaches to addressing the
relationship between global climate change and the
loss of biodiversity. An interest in public policy is
important. The successful candidate will work closely
with Professors Michael Oppenheimer and David
Wilcove. Applicants must have completed a Ph.D. in
a natural or social science relevant to this field. Ex-
amples of relevant expertise include, among others,
conservation biology or ecosystem ecology, climate
modeling, and international relations. A competitive
salary, commensurate with experience and excellent
benefits will be offered. The initial appointment is
for one year with the possibility of extension to two
or more years. The application deadline is Novem-
ber 15, 2005. Send expressions of interest includ-
ing curriculum vitae to: Geraldine Rhodes, 447a
Robertson Hall, Princeton University, Princeton,
NJ 08544. E-mail: grhodes@princeton.edu. For
more information about applying to Princeton, please
link to website: http://web.princeton.edu/sites/
dof/ApplicantsInfo.htm. Princeton University is an
Equal Opportunity/Affirmative Action Employer.

Tufts University, Department of Biomedical En-
gineering, is seeking candidates for a faculty ap-
pointment at the ASSISTANT, ASSOCIATE, or
FULL PROFESSOR level. Rank will be deter-
mined by experience and accomplishments. Pref-
erence will be given to candidates whose research
interests involve regenerative medicine. The success-
ful candidate will join an active Ph.D. granting
Department and must demonstrate the potential
to develop an outstanding, internationally recog-
nized research program, excel in teaching, and de-
velop strong interschool collaborations. Teaching
responsibilities include graduate and undergradu-
ate courses. A doctorate is required and postdoc-
toral experience is desirable. Additional information
about the department can be found at website:
http://ase.tufts.edu/biomedical/. Interested ap-
plicants should send curriculum vitae, cover letter,
research plan, and names of three references to:
Faculty Search Committee, Department of Bio-
medical Engineering, Tufts University, 4 Colby
Street, Medford, MA 02155. Evaluation of candi-
dates will begin at the end of October 2005 and
continue until the position is filled. Tufts University is
an Affirmative Action/Equal Opportunity Employer. We are
committed to increasing the diversity of our faculty. Applica-
tions from women and members of underrepresented groups are
strongly encouraged.

ASSISTANT OR ASSOCIATE PROFESSOR
EVOLUTIONARY MORPHOLOGY

The Department of Zoology at the University
of Florida seeks an Evolutionary Morphologist
broadly defined as one who studies morphology
in an evolutionary context, from the functional,
comparative, or developmental perspective. Candi-
dates will be evaluated on innovation as well as
productivity. Teaching requirement includes com-
parative/functional vertebrate morphology. Please
submit curriculum vitae, a maximum of three re-
prints, and statements of research interests and
teaching philosophy, both as hard copy and in
PDF format on a compact disk, and have three
letters of reference sent to: Evolutionary Morphol-
ogy Search Committee, Department of Zool-
ogy, P.O. Box 118525, University of Florida,
Gainesville, FL 32611-8525. Applications must be
received by November 4, 2005. For more informa-
tion, contact e-mail: evomorphsearch@zoo.ufl.
edu or visit website: http://www.zoo.ufl.edu/
evomorphsearch. Our Department is committed to diver-
sity as a component of excellence. Women, minorities, and mem-
bers of other underrepresented groups are particularly encouraged
to apply. The University of Florida is an Equal Opportunity
Institution.
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UNIVERSITY OF CALIFORNIA

SAN DIEGO

FACULTY POSITIONS IN BIOCHEMISTRY

The Department of Chemistry and Biochemistry of UC San Diego (http:

//chem.ucsd.edu) invites applications for tenure-track/tenured faculty 
positions in Biochemistry with a strong preference for candidates at the 
Assistant Professor level. Candidates must have a Ph.D. and a demon-
strated ability for creative research and teaching at the undergraduate 
and graduate levels. The Department will consider applicants in all areas
of biochemistry and biophysics, particularly the following: structure of 
supramolecular machines; proteomics/mass spec; molecular evolution/
protein design; signaling at membranes; carbohydrate biochemistry; and 
quantitative analysis and modeling of complex molecular ensembles. 
Salary commensurate with qualifi cations and based on University of 
California pay scale. 

Candidates should send a curriculum vitae, list of publications, reprints 
of up to fi ve representative papers, and a summary of research plans to: 
Chair, Biochemistry Search Committee 4-600S, University of Cali-

fornia, San Diego, Department of Chemistry and Biochemistry, 9500

Gilman Drive 0332, La Jolla, CA 92093-0332. Candidates should also
arrange to have three letters of reference sent under separate cover. The 
deadline for applications is November 1, 2005, but until positions are 
fi lled, all applications received will be assured full consideration. 

UCSD is an Equal Opportunity/Affi rmative Action Employer with 
a strong institutional commitment to the achievement of diversity 

among its faculty and staff.

RESEARCH ASSOCIATE 

PROFESSOR OR 

RESEARCH PROFESSOR

The Department of Pathology and Labora-
tory Medicine at the University of North 
Carolina at Chapel Hill seeks a Research 
Associate Professor or Research Profes-
sor to manage a drug clinical trial. Salary 
will be commensurate with experience.
The successful candidate must have a
Ph.D. or M.D. degree or equivalent and 
experience with clinical trial management,
a pharmaceutical background and a record
of peer-reviewed publications. Experience
in infectious diseases and knowledge of 
Microsoft Project Manager Software
would be helpful but not required. The 
initial appointment will be one year, 
renewable.

Send CV and names of four references
to:

Dr. Richard Tidwell, Search Chair 
Department of Pathology 
and Laboratory Medicine 

School of Medicine, CB# 7525 
University of North Carolina 
Chapel Hill, NC 27599-7525

The University of North Carolina is an 
Equal Opportunity Employer. 

Brown University
Assistant Professor 

Molecular Phylogenetics

The Department of Ecology and Evolution-
ary Biology at Brown University seeks a
plant evolutionary biologist using modern
molecular phylogenetic methods to under-
stand evolutionary mechanisms and organ-
ismal diversity. We particularly welcome
applicants whose interests complement
existing faculty strengths in evolutionary
biology, ecology, and plant biology, as well 
as ongoing university initiatives in environ-
mental change, genomics, and computational 
biology. Requirements include a Ph.D., a
strong record of research excellence, and
potential for excellence in teaching. The new
hire will be expected to develop a strong, 
externally funded research program, teach 
courses such as phylogenetics or plant diver-
sity, and contribute to graduate training. 

To apply, please send a curriculum vitae,
statement of research and teaching interests,
and representative publications, and arrange
to have 3 letters of recommendation sent to: 
Johanna Schmitt, Chair, Molecular Phy-

logenetics Search Committee, Box G-W, 

Brown University, Providence, RI 02912.
Applications received by 1 December 2005

will receive full consideration. 

Brown University is an 
EEO/AA Employer.

The newly established Black Family 
Stem Cell Institute at the Mount Sinai
School of Medicine, NY, is recruit-
ing faculty at the level of Assistant 
or Associate Professor. Areas of 
interest include, but are not limited 
to, embryonic and adult stem cell
biology, mouse development and

regenerative processes in adult tissues. Appli-
cants should have outstanding ongoing federally 
funded research programs (Associate Professor
level) or have demonstrated substantial scientifi c 
productivity during postdoctoral training (Assis-
tant Professor level).

The Black Family Stem Cell Institute is an inter-
departmental institute that provides an outstanding 
interactive environment for the development of 
highly competitive research programs in both
embryonic and adult stem cell biology within
the Mount Sinai School of Medicine. The Mount 
Sinai School of Medicine has state-of-the art-core
facilities, including microarray, mouse genetics, 
microscopy, microsurgery, fl ow cytometry and
a newly established training facility for human 
embryonic stem cell research. The successful
applicant will be appointed as Black Family
Scholar in an appropriate department within
the school. 

Applications should include CV, a brief descrip-
tion of current research and future research plans, 
3-5 key reprints and names and contact informa-
tion for 3 referees. Please send applications to: 

Dr. Gordon Keller

Director, Black Family Stem Cell Institute

Department of Gene and Cell Medicine

Mount Sinai School of Medicine

One Gustave L. Levy Place

Box 1496

New York, NY 10029

Faculty Position in 
Mammalian Neurogenetics

McLaughlin Research Institute has opened a search 
for an innovative scientist applying mammalian
genetics to biological problems in the neurosciences. 
Candidates for this Assistant Professor level position 
should possess a doctoral degree and a record of
research excellence as a postdoctoral fellow or newly 

independent investigator. The applicant should be capable of developing
a productive independent research program that can compete successfully 
for grant funding. Applicants with interests in neurodegenerative diseases, 
stem cell biology, protein or organelle traffi cking, or hearing are particularly 
encouraged to apply. 

McLaughlin Research Institute (www.montana.edu/wwwmri/) offers a
unique opportunity for mouse genetic research. The Institute is a small
non-profi t organization and offers a non-bureaucratic, interactive research 
environment. The Institute is housed in a spacious modern research build-
ing with an excellent mouse facility that includes a transgenic and gene-
targeting core. The successful candidate also will become a member of
the University of Montana’s NIH-funded Center of Biomedical Research 
Excellence (COBRE) in Structural and Functional Neuroscience (http:

//www.umt.edu/csfn/) offering additional technologies and opportunities
for multidisciplinary collaborations.

For specifi c questions about the Institute contact George Carlson, Pin-Xian 
Xu, John Mercer, or John Bermingham at MRI, or any of the following
members of our Scientifi c Advisory Committee: Irv Weissman, David Bal-
timore, David Cameron, Neal Copeland, Jeff Frelinger, Leroy Hood, Nancy 
Jenkins, or James Spudich. 

Applications, including names of individuals we may contact for references, 
should be sent to:

George A. Carlson, Ph.D.

Director, McLaughlin Research Institute

1520 23rd Street South

Great Falls, MT 59405

An Equal Opportunity/Affi rmative Action Employer.

http://chem.ucsd.edu
http://www.montana.edu/wwwmri/
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http://chem.ucsd.edu
http://www.umt.edu/csfn/


POSITIONS OPEN

STRUCTURAL BIOLOGY
FACULTY POSITION

The Structural Biology Program at Florida State
University invites applications to fill a tenure-track
ASSISTANT PROFESSOR position, beginning
July 1, 2006, or later. Exceptional applicants at a
more senior level may also be considered. Applicants
should have research interests that complement and
extend existing program strengths in membrane
protein structural biology, contractile proteins, pro-
tein dynamics, computational structural biology,
and protein-nucleic acid interactions. Candidates
must have a Ph.D., postdoctoral training, the ability
to communicate effectively with colleagues and stu-
dents, and a record indicating outstanding po-
tential for an independent research career. The
successful candidate is expected to develop and
maintain a vigorous research program supported by
extramural funding, to train graduate students, and
to participate in undergraduate and graduate level
teaching. The candidate_s laboratory will be in the
Institute of Molecular Biophysics, while the primary
departmental affiliation will be determined by the
relevance of the applicant_s research program to the
initiatives and focus of the home departments. Please
send curriculum vitae, concise description of planned
research, and three letters of recommendation to:
Chair, Structural Biology Search Committee,
Institute of Molecular Biophysics, Kasha Labo-
ratory, Florida State University, Tallahassee, FL
32306-4380. Review of applications will begin
November 11, 2005, and continue until the position
is filled. Florida State University is an Equal Opportunity/
Access/Affirmative Action Employer.

MICROBIOLOGIST/VIROLOGIST. The
Department of Biological Sciences, California State
University, East Bay is initiating a search for a
Microbiologist/Virologist for appointment to a
tenure-track position at the level of Assistant Pro-
fessor beginning September 2006. We seek someone
who investigates the basic nature and mechanism of
viral infection in any host system. We encourage ap-
plications from individuals who are committed to
teaching excellence and maintenance of an inno-
vative, externally funded research program at an in-
stitution that is intent on fostering a culturally
diverse intellectual community. The position re-
quires teaching in undergraduate and Master_s level
microbiology and virology courses. A Ph.D. and
postdoctoral experience are required. Send curricu-
lum vitae, research and teaching plans, selected
reprints, and three letters of recommendation, in
hard copy form, to: 06-07 BIOLOGICALSC-TT,
Microbiologist/Virologist Search Committee,
Department of Biological Sciences, California
State University, East Bay, 25800 Carlos Bee
Boulevard, Hayward, CA 94542. Review of ap-
plications will begin on December 1, 2005, and will
proceed until the position is filled. Questions re-
garding the position should be directed to: Chair of
the Search Committee at e-mail: carol.lauzon@
csueastbay.edu. Equal Opportunity Employer.

ASSOCIATE RESEARCH SCIENTIST

The Hatch Research Center in the Department of
Radiology at Columbia University invites applica-
tions for a full-time Associate Research Scientist to
work on simultaneous acquisition of FMRI/EEG
and fusion of MRI with other methodologies ap-
plied to studies of human cognition. The ideal
candidate must have a Ph.D. in bioengineering,
biomedical physics or a related field, and three years
postdoctoral experience in multi-modal hardware
development, data acquisition, post-processing, and
analysis. Salary will be commensurate with qualifica-
tions and experience. Please send curriculum vitae
and names of three references to: Dr. Truman R.
Brown, c/o Ms. Eulalia Santin, Administrative
Assistant, Columbia University, Hatch Research
Center, Box 148, 710 W. 168th Street, New
York, NY 10032. E-mail: es119@columbia.edu.
Columbia University is an Affirmative Action/Equal Oppor-
tunity Employer.

POSITIONS OPEN

Department of Molecular, Cell, and
Developmental Biology and

Institute for Stem Cell Biology and Medicine

The Department of Molecular, Cell, and Devel-
opmental Biology and the Institute for Stem Cell
Biology and Medicine at UCLA is seeking to fill one
faculty appointment. Both senior and junior levels
will be considered. Investigators interested in using
embryonic and adult stem cells to answer basic bi-
ological questions are particularly encouraged to
apply. Research interests can include, but are not
be limited to, human stem cells.

UCLA offers a highly collaborative research en-
vironment that promotes interactions between fac-
ulty in School of Medicine, College of Letters and
Science, the Jonsson Comprehensive Cancer Center
and the California NanoSystems Institute.

Curriculum vitae, summary of research plans, and
at least three letters of reference should be sent to:

MCDB Faculty Search
Chair: Luisa Iruela-Arispe

Molecular Cell and Developmental Biology
UCLA

621 Charles E. Young Drive South
Los Angeles, CA 90095-1606
Telephone: 310-825-4373

We will begin reviewing applications on No-
vember 21, 2005. Visit us at website: http://www.
mcdb.ucla.edu, also see website: http://www.
uclaaccess.ucla.edu. UCLA is an Equal Opportunity/
Affirmative Action Employer. Women and minorities are
encouraged to apply.

ASSISTANT PROFESSOR OF NEUROLOGY
(Spinal Cord Injury/Pain Physiology)

The Center for Neuroscience and Regeneration
Research of the Department of Neurology at Yale is
recruiting for an assistant professor (Ph.D. or M.D.
or equivalent) to join an ongoing program focusing
on pain in spinal cord and nerve injury, with an
emphasis on molecular substrates for central (dorsal
horn/thalamic) hyperactivity and apoptosis of fol-
lowing SCI. Experience with SCI models and their
behavioral/electrophysiological assessment, meth-
ods for studying sodium channel expression (in situ
hybridization, immunocytochemistry, and anti-
sense knock-down), unit recording from upstream
(thalamic) neurons following SCI, and assessment
of apoptosis is essential. Experience with cell trans-
plantation after SCI, and with assessment of
agents such as sodium channel blockers in SCI, is
highly desirable. Incumbent must have a record
of competing successfully for outside funding,
and will be expected to compete for his/her own
grant funding for salary support. Send curriculum
vitae, statement of interest, and three letters of
reference by November 15, 2005 to: Stephen G.
Waxman, M.D., Ph.D., Chair, Department of
Neurology, LCI 708, Yale University School of
Medicine, P.O. Box 208018, New Haven, CT
06520-8018. Women and members of underrepresented
minority groups are encouraged to apply. Affirmative Action/
Equal Opportunity Employer.

Energetic and self-driven POSTDOCTORAL
FELLOWS are invited to join an exciting laboratory
with the following three active research areas: (1)
Ty1 transcriptional silencing of S. cerevisiae (Genes Dev.
16:467–78, 2002); (2) slow DNA-induced filamen-
tous growth of S. cerevisiae (Mol. Biol. Cell 14:5116–
24, 2003); (3) novel peptide antibiotics.

Interested persons may send curriculum vitae and
three letters of recommendation to: Yiwei Jiang,
Department of Medical Biochemistry and Genet-
ics, Texas A&M University System Health Sci-
ence Center, 1114 TAMU, College Station, TX
77843-1114. Telephone: 979-845-5058; e-mail:
ywjiang@medicine.tamhsc.edu. Affirmative Action/
Equal Opportunity Employer.

POSITIONS OPEN

MOLECULAR GENETICS
FACULTY POSITION

JOB ID #15584
University of Illinois at Chicago

The Department of Biological Sciences and the
Laboratory for Molecular Biology at the Univer-
sity of Illinois at Chicago (UIC) invite applications
for an ASSISTANT PROFESSOR position. This is
a tenure-track faculty position starting August 16,
2006.

We are searching for outstanding candidates using
eukaryotic or prokaryotic systems to study any area
of molecular genetics. We particularly encourage ap-
plications from researchers using molecular ap-
proaches in the areas of nuclear and chromatin
structure/function, genomics/proteomics, or evolu-
tionary developmental biology. Excellent facilities
and resources are available. Successful applicants will
pursue a vigorous independent research program
and will contribute to the department_s undergrad-
uate and graduate teaching efforts. Candidates must
have a Ph.D. in molecular biology or a related sci-
ence field and significant postdoctoral experience.

UIC is among the top 50 national universities
in federal research funding and is located in vi-
brant downtown Chicago. Visit our website:
http://www.uic.edu/depts/bios. For fullest con-
sideration, please send curriculum vitae, a brief
summary of research plans, and at least three let-
ters of recommendation to: JOB ID #15584,
Ms. Stephanie Davis, UIC, Department of Bio-
logical Sciences, MC 066, 845 W. Taylor Street,
Chicago, IL 60607 or e-mail: sydavis@uic.edu.
Application deadline is November 15, 2005. UIC
is an Affirmative Action/Equal Opportunity Employer.

ECOLOGY/EVOLUTION
FACULTY POSITION

JOB ID #15608
University of Illinois at Chicago

The Department of Biological Sciences at the
University of Illinois at Chicago (UIC) invites ap-
plications for an ASSISTANT PROFESSOR posi-
tion. This is a tenure-track faculty position starting
August 16, 2006. We seek outstanding candidates to
establish a vigorous, extramurally funded research
program in an area that complements the existing
strengths of the ecology and evolution program.
Potential research areas include, but are not limited
to, theoretical or empirical studies of evolutionary
genetics, ecosystem processes, or landscape ecology.
The successful candidate will contribute to the de-
partment_s undergraduate and graduate teaching
efforts. Candidates must have a Ph.D. in ecological
and/or evolutionary biology or a related science
field and significant postdoctoral experience.

UIC is among the top 50 national universities in
federal research funding, and is located in downtown
Chicago. Visit our website: http://www.uic.edu/
depts/bios. For fullest consideration, please send
curriculum vitae, a brief summary of research plans,
and at least three letters of recommendation to:
JOB ID #15608, Ms. Stephanie Davis, UIC,
Department of Biological Sciences, MC 066, 845
W. Taylor Street, Chicago, IL 60607 or e-mail:
sydavis@uic.edu. Review of applications will be-
gin November 15, 2005. UIC is an Affirmative Action/
Equal Opportunity Employer.

Additional job postings not featured in this issue
can be viewed online at website: http://www.
sciencecareers.org. New jobs are added daily!

Manage your job search more effectively by creating
an account at website: http://www.sciencecareers.
org. You can post your resume (open or confiden-
tially) in our database and use it to apply to multiple
jobs simultaneously. Track the jobs you have applied
to in special tracking folders. Plus, you can create
Job Alerts that will e-mail you notification of jobs
that match your search criteria.
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FACULTY POSITION IN 
MOLECULAR PHARMACEUTICS 

UNIVERSITY OF CALIFORNIA, IRVINE 

The Program in Pharmaceutical Sciences within the College
of Health Sciences, in collaboration with the Department of
Molecular Biology and Biochemistry in the School of Biological 
Sciences, seeks applications for a tenure-track investigator at the 
ASSISTANT PROFESSOR level. Applicants should hold a
Ph.D., M.D. or equivalent degree. The Department and Program 
particularly encourage applicants who are interested in the structural,
biophysical, and/or molecular biological aspects of macromolecules 
with an emphasis on membrane proteins. The successful candidate 
is expected to establish a vigorous research program and participate
in undergraduate and graduate teaching. In addition the successful 
candidate will have an opportunity to play a signifi cant role in the 
development of the new Program in Pharmaceutical Sciences.

Applicants should submit a description of their research accom-
plishments including future plans, a Curriculum Vitae, and a list 
of at least four references. Please send, fax, or email (preferred) to: 
Chair, Molecular-Pharmaceutics Search Committee, Box 301, 
Department of Molecular Biology and Biochemistry, University
of California, Irvine CA 92697-3900, Fax: 949-824-8551, E-mail
in MS Word, NotePad or pdf format: tcollica@uci.edu.

DEADLINE FOR RECEIPT OF APPLICATIONS: Review of 
applications will begin October 15, 2005 and the recruitment will 
remain open until a suitable candidate has been hired. 

The University of California has an active career partner 
program and an NSF ADVANCE Program in Gender Equity and 

is an Equal Opportunity Employer committed to 
excellence through diversity.

Structural and Computational Biology

The Wadsworth Center invites applications for the following tenure-track
positions:
• Molecular Modeling: an individual experienced in modeling, fi tting and 

molecular dynamics simulations, with an interest in large macromolecular 
assemblies.

• Biomolecular NMR: an individual experienced in the use of multidimen-
sional high-fi eld NMR to study macromolecular structure, dynamics and
interactions.

Successful candidates will join an outstanding group of structural biologists 
who use the tools of cryo-electron microscopy, NMR, x-ray crystallography, 
and computational biology to explore the structure of macromolecules and 
large assemblies; and will have opportunities to collaborate with researchers 
in molecular genetics, infectious disease, and immunology. The Wadsworth 
Center is home to the Resource for Visualization of Biological Complexity

(www.wadsworth.org/rvbc), an NIH P41 center specializing in three dimen-
sional reconstruction of cells and macromolecular assemblies by cryo-EM. The 
NMR facility includes Bruker Avance 500 and 600 MHz spectrometers, the 
latter equipped with cryoprobe. The Wadsworth Center is a founding member 
of the New York Structural Biology Center (www.nysbc.org), which provides
our scientists access to its 800 and 900 MHz spectrometers, and additional 
advanced cryo-EM facilities.

Applicants should mail (Wadsworth Center, Empire State Plaza, Box 509, 

Albany, NY 12201-0509) or email curriculum vitae and statement of research 
interests, and arrange for three letters of recommendation to be sent to the chair
of the corresponding search committee:
• Molecular Modeling Search: Dr. Joachim Frank (joachim@wadsworth.org) 
• Biomolecular NMR Search: Dr. David LeMaster (lemaster@wadsworth.org) 

Applications received by December 1, 2005 will receive full consideration.

The Wadsworth Center is an Affi rmative Action/
Equal Opportunity Employer. Women and 
minorities are encouraged to apply. 

2004 Best Places to Work in Academia • 2005 Best Places to Work for Postdocs

USF College of Medicine Seeks
Outstanding Biomedical Sciences Faculty

The University of South Florida, College of Medicine seeks outstanding
candidates at the Assistant/Associate Professor level in the biomedical sci-
ences to enhance basic and translational research programs. Applicants
must have significant research experience and the potential to attract fund-
ing in Developmental Biology, Molecular Medicine, Pharmacogenomics,
Structural Biology, Systems Biology, and/or Vaccine Biology/
Immunotherapy.  Faculty will receive a primary appointment in an appropri-
ate basic science department, establish independently-funded cutting edge
research programs, and participate in teaching and training.  Research and
clinical affiliations include the H. Lee Moffitt Cancer Center, the Johnnie B.
Byrd Sr. Alzheimer’s Research Institute, Tampa General Hospital, All
Children’s Hospital, Shriner’s Hospital, Pepin Heart Research Center, and the
James A. Haley and Bay Pines VAMedical Centers.  

All candidates with outstanding research potential in biomedical sciences will
be considered.  Appointment at the rank of Assistant Professor requires a doc-
toral degree and two years of postdoctoral experience. Appointment at the
Associate Professor level requires a minimum of 5 years of continuing and pro-
ductive service as an Assistant Professor. Positions are tenure-track earning and
competitive start-up packages and salaries will be provided commensurate
with experience. 

Interested applicants should send (or email) their CV, a short statement of research
interests, and names of three references to: Dr. Phillip J. Marty, Vice President
for Research, USF College of Medicine, 12901 Bruce B. Downs Blvd, MDC
61, Tampa, FL 33612, Pjmarty1@hsc.usf.edu, Tel: 813-974-5200

Review begins October 15, 2005 and continues until all positions are filled.
For more information, see: hsc.usf.edu/medicine/index.html

The University of South Florida is an Equal Opportunity, Affirmative
Action, and Equal Access Institution. For disability accommodations,
contact Charmaine Disimile at (813) 974-5200 a minimum of 5 working
days in advance. According to Florida law, search records, including
applications and search committee meetings, are open to the public.

USF UNIVERSITY OF
SOUTH FLORIDA
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POSITIONS OPEN

The Program in Molecular Neuroscience is re-
cruiting FACULTY with research interests in the
molecular and cellular organization of the nervous
system. Areas of interest include, but are not limited
to synaptic physiology, cellular neurobiology, neural
development, and neurodegeneration. The NYU
School of Medicine has an established and out-
standing multidisplinary research program in the
basic and clinical neurosciences with predoctoral and
postdoctoral training programs. We are particularly
interested in recruiting faculty whose research will
complement and extend strong research programs
in molecular neurobiology and developmental ge-
netics at the Skirball Institute and in the Physiology
and Neuroscience Department and the adjacent
floor of Smilow Research Center. Interested inves-
tigators are encouraged to visit website: http://
www.med.nyu.edu/smilowcenter/ to learn more
about the NYU Program in Molecular Neurosci-
ence, qualifications for candidates and our recruit-
ment process. Qualified candidates can apply by
following the instructions found on that website.

ASSISTANT PROFESSOR
EVOLUTIONARY ECOLOGIST

Rutgers University, Newark

Applications are invited for a tenure-track Assist-
ant Professor position in the Department of Bio-
logical Sciences (website: http://newarkbiosci.
rutgers.edu), a federated department of Rutgers
University and the New Jersey Institute of Technol-
ogy. The successful candidate will join the Ecology
and Evolution Research Group that currently spans
ecophysiology, community ecology, theoretical ecol-
ogy, and large-scale ecology. We are particularly in-
terested in candidates utilizing molecular methods
and/or strong computational/genomic approaches
in areas including, but not limited to, microbial
ecology, evolutionary development, and ecological/
environmental genomics. In addition to a competi-
tive startup package, the candidate will move into
newly renovated laboratory space housing the E&E
Group. Applicants must have a Ph.D., postdoctoral
training, a record of research accomplishment, and
the ability to develop an externally funded program
of research. Applications will be reviewed starting
November 15, 2005, and will be accepted until the
position is filled. Curriculum vitae, statements of
research and teaching interests, and three letters of
recommendation should be sent to:

Ecology Search Committee
Dr. Edward Bonder

Chairman, Department of Biological Sciences
Rutgers University
101 Warren Street
Smith Hall 135

Newark, NJ 07102, U.S.A.

Electronic submissions via PDF files are encour-
aged, e-mail: sdrivera@rci.rutgers.edu. Rutgers Uni-
versity is an Affirmative Action/Equal Opportunity Employer.

Southern Illinois University Cancer Institute is re-
cruiting two tenure-track, basic science faculty
members at the ASSISTANT PROFESSOR level.
We seek candidates with strong postdoctoral can-
cer research experience in the broad areas of signal
transduction and transcriptional regulation in any
of the major forms of epithelial cancer. Successful
candidates should have a strong publication record
and are expected to establish a vigorous extramu-
rally funded research program. SIU Cancer Insti-
tute is a young and growing institution and offers
a competitive salary/benefit and startup package.
Please send curriculum vitae with a statement of
research objective, and the names of three refer-
ences to: Dr. Subhas Chakrabarty, Associate Di-
rector of Basic Science, SIU Cancer Institute,
P.O. Box 19677, Springfield, IL 62794-9677.

POSITIONS OPEN

ASSISTANT PROFESSOR TENURE-TRACK,
BIOLOGY

The joint Biology Department of the College of
St. Benedict and St. John_s University announces
a full-time, tenure-track Assistant Professor posi-
tion in biology beginning academic year 2006-2007.
The successful candidate will teach an upper-division
survey course in microbiology as well as a microbi-
ology course intended for students pursuing ca-
reers in allied health. The expertise to teach a course
in immunology, biochemistry, virology, or environ-
mental microbiology is desirable. Teaching in the
core curriculum and a commitment to undergrad-
uate research are expected. Ph.D. is required.

St. John_s University, a liberal arts college for
men, and the College of St. Benedict, a liberal arts
college for women, are located four miles apart in
central Minnesota just outside metropolitan St.
Cloud and 70 miles from Minneapolis. Both are
Catholic colleges in the Benedictine tradition, which
emphasize quality teaching and a commitment to
intercultural learning.

Please send letter of application, curriculum
vitae, three recent letters of reference, statement of
teaching philosophy, evidence of excellence in teach-
ing and research, and copies of transcripts, (official
transcripts required for interview) to:

Human Resources
Saint John_s University

P.O. Box 7188
Collegeville, MN 56321

E-mail: mergen@csbsju.edu

Applications received after December 1, 2005,
cannot be guaranteed full consideration. For more
information, please visit our website: http://
www.csbsju.edu/biology/.

Women and people of diverse racial, ethnic, and cultural
backgrounds are encouraged to apply. The College of Saint
Benedict/Saint John_s University are Equal Opportunity/
Affirmative Action Employers.

ASSISTANT OR ASSOCIATE PROFESSOR
OF BIOLOGY

The Department of Zoology and the Depart-
ment of Botany-Microbiology at the University of
Oklahoma invite applications for a position as a
jointly-appointed tenure-track Assistant or Associ-
ate Professor to begin in fall 2006. The successful
candidate will develop and teach a new course in
introductory biology for nonmajors, participate in
a new introductory biology course for majors, and
coordinate online biology course offerings. Candi-
dates must have a Ph.D. in biology or one of its
subdisciplines, and a record of excellence in teach-
ing and research. Although the primary responsibil-
ity will be in teaching, the selected individual will
also be expected to develop a research program in
biology or biology education. Information about the
Departments is available at websites: http://www.
ou.edu/cas/botany-micro/ and http://www.ou.
edu/cas/zoology/.

Applications must include complete curricu-
lum vitae, a description of teaching experience and
philosophy, a description of research interests, and
representative reprints. Applicants should also ar-
range to have three confidential letters of rec-
ommendation, which include evaluations of the
applicant_s ability and potential to fill this position,
sent directly to the address below. The applicant
should also list the names and contact information
of the individuals asked to send recommendation
letters.

Application materials should be sent to: Chair,
Introductory Biology Search Committee, Depart-
ment of Zoology, University of Oklahoma, 730
Van Vleet Oval, Room 314, Norman, Oklahoma
73019. The Search Committee will begin screening
applicants on December 16, 2005 and continue
until the position is filled.

The University of Oklahoma is an Equal Opportunity/
Affirmative Action employer. Women and minorities are strong-
ly encouraged to apply.

POSITIONS OPEN

The VA San Diego Healthcare System is currently
seeking applications for the ASSOCIATE CHIEF
OF STAFF for Research Service. This position may
be filled by an academic physician or a Ph.D.-
prepared medical scientist. A medical research back-
ground is essential. The Chief of Staff is responsible
for the Medical Center_s /50 million research pro-
gram. We offer excellent education, teaching, and
clinical practice opportunities in an interdiscipli-
nary collaborative setting. Comprehensive benefits
package. Must be U.S. Citizen. Direct questions to:
Jan Stock, telephone: 858-552-8585, ext. 7859.
Equal Opportunity Employer.

ASSISTANT PROFESSOR
MICROBIOLOGY

The Department of Biological Sciences, Ohio Uni-
versity, Athens invites applications for a full-time,
tenure-track microbiology position at THE AS-
SISTANT PROFESSOR level beginning fall
2006.

Candidates with research interests and expertise
in all areas of microbiology are invited to apply. A
doctorate in microbiology or related field of biol-
ogy, postdoctoral experience, and evidence of schol-
arly research activity are required. Candidates are
expected to develop an independent, fundable re-
search program. The individual filling this position
will teach general microbiology and an advanced
microbiology course. Candidates with the ability to
teach immunology are encouraged to apply. Salary
and startup funds are competitive; benefits pack-
age is excellent. Additional information about the
Department of Biological Sciences can be viewed at
website: http://www.biosci.ohiou.edu/. To re-
ceive full consideration please submit a letter of ap-
plication, curriculum vitae, summary of research
program and future interests, teaching experience,
and the names and addresses of three references by
December 15, 2005, to:

Dr. Don Holzschu
Chair, Microbiology Search Committee

Department of Biological Sciences
Ohio University
107A Irvine Hall

Athens, OH 45701-2979

Ohio University is an Affirmative Action/Equal Opportu-
nity Employer.

Tennessee Technological University, Department
of Biology, Cookeville, TN, is seeking an ASSIST-
ANT PROFESSOR, botany, nine-month, tenure-
track position, beginning August 2006.

Responsibilities: The successful candidate will
teach an introductory biology course, systematic bot-
any, plant ecology, and advanced botany courses.
Develop an externally funded research program.
Serve as curator of the herbarium and an advisor
to undergraduate and graduate students. Direct
thesis research of M.S. and/or Ph.D. level graduate
students.

Qualifications: Ph.D. in botany or a related dis-
cipline. Demonstrated potential to teach system-
atic botany and plant ecology, develop a funded
research program, and serve as advisor to under-
graduate and graduate students. Research interests
that complement those of current faculty.

Screening date: To ensure full consideration, all
application materials should be received by October
24, 2005. Position opened until filled.

Contact: Submit a resume, letter of application
describing teaching and research interests, copies
of all transcripts, TTU faculty application, and
names of three references to: Botany Search Com-
mittee, Department of Biology, Box 5063, Ten-
nessee Technological University, Cookeville, TN
38505.

For complete position summary, see website:
http://www.tntech.edu/jobs.

Affirmative Action/Equal Employment Opportunity.

The Program in Molecular Neuroscience is
recruiting FACULTY with research interests
in the molecular and cellular organization of
the nervous system. Areas of interest include,
but are not limited to synaptic physiology, cel-
lular neurobiology, neural development, and
neurodegeneration. The NYU School of Med-
icine has an established and outstanding mul-
tidisplinary research program in the basic and
clinical neurosciences with predoctoral and
postdoctoral training programs. We are par-
ticularly interested in recruiting faculty whose
research will complement and extend strong
research programs in molecular neurobiology
and developmental genetics at the Skirball
Institute and in the Physiology and Neuro-
science Department and the adjacent floor
of Smilow Research Center. Interested inves-
tigators are encouraged to visit website:
http://www.med.nyu.edu/smilowcenter/
to learn more about the NYU Program in
Molecular Neuroscience, qualifications for can-
didates and our recruitment process. Qualified
candidates can apply by following the instruc-
tions found on that website.
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UNIVERSITY OF CALIFORNIA

SAN FRANCISCO

CELL BIOLOGIST

The Department of Anatomy and the Cardio-
vascular Research Institute (CVRI) at UCSF 
requests applications for a faculty position at 
the Assistant, Associate, or Full Professor

level. The successful candidate will hold an
M.D. and/or Ph.D. and is expected to establish 
an exciting, independent research program in 
any area broadly related to lung biology and 
to contribute to Department, CVRI, and gradu-
ate training programs. Laboratory space and 
salary support will be provided by the CVRI. 
Areas of interest include, but are not limited 
to mammalian lung development, epithelial or 
stem cell biology, airway-related immunology, 
genetics and/or pathophysiology of pulmonary
diseases, pulmonary development and disease 
and lung cancer. 

Please submit by November 15, 2005, a
curriculum vitae, summary of research
accomplishments and plans, reprints of major 
publications, and three to fi ve letters of rec-
ommendation to: Zena Werb Ph.D., c/o Julie 

Tom, CVRI (Search# M-2508), University of

California, 500 Parnassus, MU 410W, San 

Francisco, CA 94143-1303.

The University of California, San Francisco 
is an Equal Opportunity/Affi rmative Action 

Employer. Women and minorities are 
encouraged to apply.

Evolutionary Ecology

Department of Biology
University of Massachusetts 

Amherst

The Biology Department at the University of 
Massachusetts Amherst invites applications
for a tenure-track position at the Assistant
Professor level. We seek a field-oriented
biologist whose research addresses funda-
mental questions in ecology and evolution-
ary biology. Specifi c areas of interest include,
but are not limited to, population genetics,
adaptation, speciation, and the evolution of 
species interactions. We expect this individual
to develop an internationally recognized,
externally funded research program, to have 
a strong commitment to research and to under-
graduate and graduate education. Competitive
salary and startup package. 

Applicants should mail a curriculum vitae,
statement of research plans and teaching
philosophy, and arrange for three letters
of reference to be sent to: Evolutionary 

Ecology Search #R23805, c/o Ms. Karen 

Nelson, Biology Department, University

of Massachusetts, Amherst, MA 01003-

9297. Review of applications will begin 
November 14, 2005 and continue until the
position is fi lled.

The University of Massachusetts is an 
Affi rmative Action Equal Opportunity 

Employer. Women and members of minority 
groups are encouraged to apply.

UNIVERSITY OF KENTUCKY COLLEGE OF MEDICINE

TENURE-TRACK POSITIONS IN 

SPINAL CORD AND BRAIN INJURY RESEARCH 

The Spinal Cord & Brain Injury Research Center (SCoBIRC) in the
University of Kentucky College of Medicine invites applications for two
tenure-track positions at the ASSISTANT or ASSOCIATE PROFESSOR
levels. Competitive start up funding, salaries and state of the art facilities
are available. Applicants should have a Ph.D. and/or M.D. and multiple 
years of postdoctoral research experience in neuroscience or a related 
discipline. They will be expected to develop and maintain innovative, 
extramurally funded neurotrauma-focused research programs. Success-
ful applicants will join a growing interdisciplinary spinal cord and brain 
injury research team and will have an appointment in a basic science or 
clinical department in the College of Medicine. Areas of particular inter-
est for these positions include CNS neural plasticity and regeneration, 
neural and glial precursor cell transplantation, neuroimmunology and 
in vitro injury models. However, neurotrauma investigators working in 
other research areas will also be considered. Interested individuals should
submit a curriculum vitae, statement of research interests and future direc-
tions and the names and addresses of at least three references. 

Applications should be sent (E mail preferred) to: Edward D. Hall,

Ph.D. Director, Spinal Cord & Brain Injury Research Center (SCo-

BIRC), University of Kentucky Medical Center, B383 Biomedical 

& Biological Sciences Research Building, Lexington, KY 40536-

0509, Telephone: (859) 323-4678, FAX: (859) 257-5737, E mail:

edhall@uky.edu.

Women and minority candidates are encouraged to apply. 
The University of Kentucky is an Affi rmative Action/

Equal Opportunity University.

Research Leader, Crop Diseases, Pests 
and Genetics Research Unit, Parlier, CA

Salary Range of 
$85,123.00 - $130,173.00 PA

The USDA, Agricultural Research Service, is
seeking a scientist to fi ll a leadership position in 
the Crop Diseases, Pests and Genetics Research 
Unit, located at the San Joaquin Valley Agricul-
tural Sciences Center, Parlier, California. Incum-
bent leads a multidisciplinary team of research
scientists to (1) develop a better understanding of 
plant-pest interactions associated with emerging 
plant diseases and invasive plant pests and (2)
develop improved grape, almond and other stone 
fruits with enhanced yield, quality and pest resis-
tance. The incumbent will develop an individual 
research program to (1) determine the biotic and 
abiotic factors that affect development of emerging
plant diseases and invasive insect pests (including
vectors of plant pathogens) , and (2) mitigate the 
impact of these on horticultural crop production. 
The current emphasis is on Xylella fastidiosa and 
the glassy-winged sharpshooter. 

For more details and application directions,
see www.afm.ars.usda.gov/divisions/hrd/

index.html Announcement number is ARS-

X5W-0425 This announcement is open until
fi lled. For questions you may contact: Dr. Ed 

Civerolo, Center Director at 559-596-2702 or

e-mail: eciverolo@fresno.ars.usda.gov. U.S.
Citizenship is required. 

USDA, ARS is an Equal Opportunity 
Employer and Provider.

www.ars.usda.gov
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POSITIONS OPEN

TENURE-TRACK POSITION IN
MARINE CHEMISTRY

The University of Texas invites applications for
a Marine Chemist at the rank of ASSISTANT PRO-
FESSOR in the Department of Marine Science
and RESEARCH ASSISTANT PROFESSOR
in the Marine Science Institute. The position is
based at the Institute (website: http://www.utmsi.
utexas.edu) in Port Aransas, TX. The area of research
is open but should complement existing expertise in
isotope geochemistry, organic geochemistry, nutrient
dynamics, and tracer biogeochemistry. Candidates
must have a Ph.D. degree at the time of appoint-
ment. Postdoctoral experience and a strong research
and publication record are preferred. The successful
candidate will be expected to develop an externally
funded research program, teach graduate and under-
graduate classes, and supervise graduate students.
Applicants should send a PDF file containing a
statement of research and specific teaching inter-
ests (three pages maximum) and curriculum vitae to
e-mail: facsearch@utmsi.utexas.edu, and have at
least three letters of recommendation mailed to:
Chemistry Search, The University of Texas Ma-
rine Science Institute, 750 Channel View Drive,
Port Aransas, TX 78373-5015. The application
must demonstrate how the candidate_s expertise
complements that of current faculty and contributes
to our graduate program in marine science. Review
of applications will start November 1, 2005, and
continue until the position is filled. A background
check will be conducted on the applicant selected.
The University of Texas at Austin is an Affirmative Action/
Equal Opportunity Employer.

HARVARD UNIVERSITY
BULLARD FELLOWSHIPS IN

FOREST RESEARCH

Each year Harvard University awards a limited
number of Bullard Fellowships to individuals in bio-
logical, social, physical, and political sciences to
promote advanced study, research, or integration of
subjects pertaining to forested ecosystems. The
fellowships, which include stipends up to /40,000,
are intended to provide individuals in mid career with
an opportunity to utilize the resources and to interact
with personnel in any department within Harvard
University in order to develop their own scientific and
professional growth. In recent years Bullard Fellows
have been associated with the Harvard Forest, De-
partment of Organismic and Evolutionary Biology,
and the J. F. Kennedy School of Government and
have worked in areas of ecology, forest management,
policy, and conservation. Fellowships are available
for periods ranging from six months to one year af-
ter September 1, 2006. Fellowships are not intended
for graduate students or recent postdoctoral candi-
dates. Information and application instructions are
available on the Harvard Forest website: http://
harvardforest.fas.harvard.edu. For additional infor-
mation contact: Committee on the Charles Bullard
Fund for Forest Research, Harvard University,
Harvard Forest, 324 North Main Street, Peter-
sham, MA 01366 U.S.A. or e-mail: hfapps@fas.
harvard.edu. Annual deadline for applications is Feb-
ruary 1. Applications from international scientists, women, and
minorities are encouraged.

BIOLOGY

The Biology Department of The College of St.
Scholastica announces a tenure-track faculty position
(available fall 2006) at the level of ASSISTANT
PROFESSOR. The position is for teaching course-
work in molecular cell biology for biology majors,
cell biology for health science students, and other
courses as the need arises. Must have evidence of
ability to work effectively with students and a strong
commitment to undergraduate teaching. Student
involvement in research is highly desirable. Ph.D. is
required. All applicants must be authorized to work
in the United States at the time of an offer of em-
ployment. Apply on-line at website: http://www.
csshrjobs.com. Application materials received by
December 31, 2005 will receive full consideration.
Affirmative Action/Equal Opportunity Employer.

POSITIONS OPEN

POSTDOCTORAL POSITION is available
immediately to study the inflammatory responses
mediated by nuclear receptors and Toll-like recep-
tors. Areas of research include macrophage and
mucosal mass spectrometry-based quantitative pro-
teomics. Applicants should have a Ph.D. and
experience in biochemical and/or molecular biology
methods, experience with cell culture systems of
lymphocyte origin preferred. No experience with
mass spectrometry is necessary, but willingness to
master mass spectrometry is expected. Send curric-
ulum vitae and contact information for three
references to: Dr. Illarion V. Turko, Center for
Advanced Research in Biotechnology, 9600
Gudelsky Drive, Rockville, MD 20850. E-mail:
turko@umbi.umd.edu.

UMBI is an Affirmative Action/Equal Opportunity
Employer Employer.

ASSISTANT OR ASSOCIATE PROFESSOR
Physiological Biochemistry
Colorado State University

We invite applications from individuals with
expertise in biochemical processes and state of the
art analytical techniques and from those who can
provide leadership for research proposals in the area
of biotechnology. The successful candidate will
focus on conducting interdisciplinary research in
nutrition, muscle biochemistry, growth and devel-
opment, food safety, reproduction or genetics. He/
she will obtain funding to develop a basic research
program that fosters collaborative research and will
be expected to teach in their area of expertise. Qual-
ifications: Ph.D. with extensive training in bio-
chemistry and/or molecular biology, animal science
or related background preferred. Deadline: Appli-
cations will be considered until the position is
filled; applicants should submit applications by
October 30, 2005, for full consideration. Candi-
dates should submit a letter of application, official
transcripts, resume, and a description goals and
objectives. The candidate should provide three
names of individuals to write letters of reference.
Send all application information to: Dr. Jason
Bruemmer, Associate Professor and Chair, Search
and Screen Committee, Department of Animal
Science, Colorado State University, Fort Collins,
CO 80523-1171. E-mail: Jason.Bruemmer@
ColoState.edu. Complete description at website:
http://www.ansci.colostate.edu. Colorado State
University is an Equal Opportunity/Affirmative Action
Employer.

POSTDOCTORAL FELLOW and
RESEARCH ASSOCIATE

Pathology and Laboratory Medicine
University of Pennsylvania_s

School of Medicine

Positions are available at the Postdoctoral or Re-
search Associate level for candidates eligible for
support on an NIH training grant (U.S. citizen or
approved green card). Opportunities exist to work in
fields of autoimmunity, inflammation, and throm-
bosis. There are opportunities and expectations that
the candidates will develop independent basic or trans-
lational research projects within these areas. Can-
didates must have an M.D., Ph.D., or equivalent
degree with a strong record of productivity in basic
research. Experience in fundamentals of molecular
biology, biochemistry, and transgenic mouse models
desirable. Please send curriculum vitae and a brief
letter of intent with three names of reference to:

Douglas Cines, M.D.
Pathology and Laboratory Medicine

University of Pennsylvania
School of Medicine

513A Stellar-Chance, 422 Curie Boulevard
Philadelphia, PA 19104-6160

Affirmative Action/Equal Opportunity Employer.

POSITIONS OPEN

Two POSTDOCTORAL POSITIONS in the-
oretical evolutionary/population genetics are avail-
able beginning January 1, 2006. The positions will
be based in the Center for Evolutionary Functional
Genomics, the Biodesign Institute of Arizona State
University, Tempe, Arizona. Required: doctorate in
biology (population genetics; molecular evolution;
evolutionary theory; statistical genetics; compu-
tational biology) or other related fields (statistics;
applied math or physics including stochastic pro-
cesses; bioinformatics). Desired qualifications: dem-
onstrated knowledge of population genetics and
molecular evolution; excellent programming expe-
rience; record of scientific publication.

The position is to work closely with the Princi-
pal Investigator (Yuseob Kim) on projects in the
following areas: 1. Modeling adaptive evolution, in-
cluding dynamics of adaptive substitutions in vari-
ous genetic/demographic settings. 2. The effect of
adaptive substitutions on sequence variation and
codon bias. 3. Mapping genes that have experienced
recent natural or artificial selection using population
genetic data. This work will be performed using
mathematical analysis, computer simulations, and/
or bioinformatic analysis. The successful applicant
may also conduct independent research in related
fields. Opportunities for collaboration exist with
the research groups of Sudhir Kumar and Michael
Rosenberg (statistical genomics) and Brian Verrelli
(experimental population genetics) in the Center
for Evolutionary Functional Genomics (EFG)
(website: http://www.biodesign.org/efg).

The EFG Center is housed in the Biodesign In-
stitute, a state-of-the-art research building newly
constructed on ASU_s main campus. An excellent
computing facility is provided to accommodate the
large-scale, computationally intensive research.
The EFG Center and the School of Life Sciences
(website: http://sols.asu.edu) of ASU boasts a
strong and dynamic group of evolutionary biologists.

Candidates must submit curriculum vitae and a
statement of research interest to Yuseob Kim (e-mail:
ykim@mail.rochester.edu). Initial deadline for
application is November 30, 2005; if not filled,
monthly until search is closed. Informal inquiries are
encouraged. A background check is required for em-
ployment. Arizona State University is an Equal Opportunity/
Affirmative Action Employer.

TENURE-TRACK FACULTY POSITION
Molecular Biology/Bioinformatics

(HHMI-Supported)

Humboldt State University (HSU), Department
of Biological Science is seeking applicants for an
HHMI-supported, full-time, tenure-track position
at the ASSISTANT PROFESSOR level with ex-
pertise in molecular biology and bioinformatics, to
begin August 2006. Applicants must have a Ph.D.
with postdoctoral or equivalent experience pre-
ferred, a strong background in molecular biology
and the use of bioinformatics tools to solve bi-
ological problems. The successful candidate will be
expected to develop an active, externally funded re-
search program involving undergraduate and grad-
uate students, and be committed to excellence in
teaching at both levels. The successful candidate will
be expected to teach courses in molecular biology
and genetics and bioinformatics, and to contribute
to our inquiry-based, lower-division core courses.
Please send curriculum vitae (including a history of
grant support); statement of research plans; three
related publications; three-part statement of teach-
ing, including philosophy, experience (especially
with nontraditional pedagogy), and preferences
for upper-division elective courses; and three let-
ters of recommendation sent to: Bioinformatics
Search Chair, Department of Biological Sci-
ences, Humboldt State University, One Harpst
Street, Arcata, CA 95521-8299, Job# 7324. For
additional information regarding the position see
websites: http://www.humboldt.edu/Èfacpers/
facvac.html and http://www.humboldt.edu/
Èbiosci/. Complete applications received by No-
vember 7, 2005 will be given full consideration.
HSU is an EO/Title IX/ADA employer.

POSTDOCTORAL POSITION is avail-
able immediately to study the inflammatory
responses mediated by nuclear receptors and
Toll-like receptors. Areas of research include
macrophage and mucosal mass spectrometry-
based quantitative proteomics. Applicants
should have a Ph.D. and experience in bio-
chemical and/or molecular biology methods,
experience with cell culture systems of lym-
phocyte origin preferred. No experience with
mass spectrometry is necessary, but willing-
ness to master mass spectrometry is expected.
Send curriculum vitae and contact infor-
mation for three references to: Dr. Illarion
V. Turko, Center for Advanced Research
in Biotechnology, 9600 Gudelsky Drive,
Rockville, MD 20850. E-mail: turko@umbi.
umd.edu.

UMBI is an Affirmative Action/Equal Opportunity
Employer Employer.
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Evolutionary Genomics

Department of Biology
University of Massachusetts 

Amherst

The Department of Biology at UMass
Amherst invites applications for an Open
Rank, Tenure-Track Faculty Position in the 
area of Evolutionary Genomics. We seek 
candidates whose research and teaching
expertise addresses questions in the areas
of evolutionary development, systematics, 
molecular evolution or population genetics
using comparative genomics and related
methodologies. The successful candidate is
expected to establish an externally funded
research program and to be actively com-
mitted to teaching at both the undergraduate 
and graduate levels. Competitive salary and 
startup package.

Applicants should mail a curriculum vitae,
statement of research plans and teaching
philosophy, and arrange for three letters of
reference to be sent to: Evolutionary Genom-

ics Search #R23811, c/o Ms. Karen Nelson, 

Department of Biology University of Mas-

sachusetts, Amherst, MA 01003. Review of 
applications will begin November 14, 2005

and continue until the position is fi lled.

The University of Massachusetts is an 
Affi rmative Action Equal Opportunity 

Employer. Women and members of minority 
groups are encouraged to apply.

Research Scientist in Pancreatic Development

The Division of Pediatric Surgery within the Department of Surgery 
at the University of Pittsburgh is seeking a qualifi ed applicant for a 
position as a research scientist in the fi eld of pancreatic development, 
with a particular focus on the insulin-producing pancreatic beta cells. 
The research program strives to understand the mechanisms of beta 
cell formation from the undifferentiated endoderm and early pancreatic
epithelium. Transgenic mouse models, potentially with in utero interven-
tions, cell lines, and histological techniques are employed. The success-
ful candidate will be integrated into a well-funded, growing laboratory 
based at the Rangos Research Building and will be offered a high level 
of independence. In addition, technical and managerial support will be 
plentiful within the laboratory environment, and there will be ample 
opportunity to advance to the position of Assistant Professor within the 
University of Pittsburgh system.  

Qualifi cations: Individuals with an interest in cell differentiation
and/or treatment strategies of diabetes are encouraged to apply. A PhD 
or equivalent is required, ideally with some additional post-doctoral 
training in the biological sciences. Experience with stem cells is a plus. 
Strong emphasis will be placed upon the candidate’s ability to design 
and carry out multiple research projects concurrently.  

Candidates should reply with a current CV to: 
George K. Gittes, MD

Surgeon-in-Chief, Children’s Hospital of Pittsburgh

Professor of Surgery

Division Chief, Pediatric Surgery

Department of Surgery, University of Pittsburgh

3705 Fifth Ave.

Pittsburgh, PA 15213

Email: george.gittes@chp.edu

The University of Pittsburgh is an Affi rmative Action, 
Equal Opportunity Employer.

The Department of Psychological and Brain 

Sciences at Dartmouth College is seeking 
applicants for a senior faculty appointment in
cognitive neuroscience and to be Director of the 
Center for Cognitive Neuroscience. The success-
ful candidate is expected to have a distinguished 
record of accomplishments, including a demon-
strated commitment to training students and post-
doctoral fellows, as well as a strong potential
for sustained external funding. Applications 
representing any sub-specialization in cognitive 
neuroscience, broadly defi ned, are welcome.
We are particularly interested in applicants who 
not only complement our current strengths in
memory, cognition, perception and human func-
tional brain imaging, but also make connections 
to other departmental faculty. The department is 
housed in a state-of-the-art research and teaching
facility that includes a dedicated research MRI 
scanner for brain mapping research. 

Please send a letter of application and a cur-
riculum vitae to: Dr. Scott Grafton, Chair, 

Cognitive Neuroscience Search Committee,

Department of Psychological and Brain Sci-

ence, 6207 Moore Hall, Dartmouth College, 

Hanover, NH 03755. Informal inquiries regard-
ing the position are also welcome (scott.grafton

@dartmouth.edu). Review of applications will 
begin December 1, 2005 and continue until the 
position is fi lled.

With an even distribution of male and female 
students and over a quarter of the undergradu-

ate student population members of minority 
groups, Dartmouth is committed to diversity 

and encourages applications from women and 
minorities. Dartmouth College is an Equal 
Opportunity, Affi rmative Action Employer.

For further Information contact
Denise Leonard, M.S.
Environmental Health Sciences Morrill I, N344
University of Massachusetts, Amherst, MA 01003
Phone: 413-545-1239 • Fax: 413-545-4692 
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Conference Co-Directors:
Edward J. Calabrese, Ph.D. and Paul T. Kostecki, Ph.D.
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Harold M. Weintraub Graduate Student Award

The Fred Hutchinson Cancer Center is seeking nominations for out-
standing Graduate Students for the Harold M. Weintraub Graduate
Student Award to recognize outstanding achievement during Graduate 
Studies in the Biological Sciences. Awardees will participate in a two-
day scientifi c symposium honoring Hal Weintraub and his commitment
to innovative science.

The seventh annual Award Symposium will be held May 5-6, 2006. 
Graduate Student Awardees will be selected from among those nomi-
nated on the basis of quality, originality, and signifi cance of their work,
as well as to represent a diverse range of research topics. The Hutchinson
Center Weintraub and Groudine Fund, established to foster intellectual 
exchange through the promotion of programs for graduate students, 
fellows and visiting scholars, will cover expenses for the Graduate
Student Awardees.

One nomination may be submitted per Department or Program. A letter 
of nomination should be submitted by the Department/Program Chair-
person and include the student’s CV, a one page description of the thesis
work conducted, and a recommendation letter from the student’s mentor. 
Additional information concerning the Award and nomination process 
can be found at: http://www.fhcrc.org/science/basic/weintraub/

The nomination should be submitted by December 15, 2005 to:
Harold M. Weintraub Graduate Student Award

Fred Hutchinson Cancer Research Center

Division of Basic Sciences; A2M-015

P.O. Box 19024

1100 Fairview Avenue North

Seattle, WA 98109-1024

Questions regarding this Award should be addressed to Susan 

Parkhurst (susanp@fhcrc.org).

AWARDS

ANNOUNCEMENTS

mailto:george.gittes@chp.edu
mailto:scott.grafton@dartmouth.edu
mailto:scott.grafton@dartmouth.edu
http://www.HormesisSociety.com
http://www.fhcrc.org/science/basic/weintraub/
mailto:susanp@fhcrc.org
mailto:dleonard@schoolph.umass.edu
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