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for larger proteins, and top-down approaches
are usually limited to proteins with masses below
50 kilodaltons (kD). Han et al. (p. 109; see the
Perspective by Chait) extend this approach to
proteins with masses in excess of 200 kD by
adding small molecules to the electrospray solu-
tion that inhibits folding and by activating the
ions through heating and collisions induced by
voltage acceleration. This process creates hun-
dreds of interresidue cleavages at the C- and N-
terminal ends of the chain that allow for identifi-
cation of larger proteins and pro-
vides sufficient mass resolution
to assign features such as disul-
fide linkages.

Monsoon
Forecasting
The agricultural output of India
depends heavily on the strength
of the summer monsoon. Most seasonal fore-
casts scale the strength of the monsoon to the
intensity of the El Niño−Southern Oscillation, a
strategy that works well enough predicting
heavy rains when equatorial Pacific sea surface
temperatures are cold but not nearly as well in
predicting drought when temperatures are
warm. Krishna Kumar et al. (p. 115, pub-
lished online 7 September) used Indian rainfall
records extending back more than 130 years
and an atmospheric general-circulation model
to show that drought occurrence in central
India depends on whether the warmest sea sur-
face temperatures occur in the central or the
eastern parts of the equatorial Pacific Ocean.
Incorporating this result into forecasts of the

Relativity Tests
The double-pulsar system PSR J0737-3039A/B,
which comprises two radio pulsars that orbit one
another quickly and with high acceleration, is
the best system that has been identified for tests
of general relativity. Kramer et al. (p. 97, pub-
lished online 14 September; see the 15 Septem-
ber news story by Cho) report precision timing
observations for a 3-year period. With mass
measurements possible, four independent tests
confirm the validity of general relativity at the
0.05% level in the strong-field regime. 

From Cradle to Museum
For most major groups of organisms, diversity
decreases from the tropics to the poles, which
may either reflect greater rates of speciation or
of species persistence in the tropics. A large-
scale analysis of the fossil record of marine
bivalves by Jablonski et al. (p. 102; see the
Perspective by Marshall) shows that the present-
day latitudinal gradient in biodiversity reflects
both higher originations in the tropics and pole-
ward expansions of distributional limits of taxa
over time.  Thus, the tropics are both a cradle
and a museum of biodiversity.

Unraveling Protein Analysis
Mass spectrometry is a rapid method for pro-
teomic analysis and for identifying posttransla-
tional modifications. Identification is less
ambiguous for “top-down” approaches, where
the entire protein is introduced into the gas
phase (as opposed to bottom-up approaches that
analyze proteolytic fragments). However, frag-
mentation of the protein becomes more difficult

monsoon could have a significant effect on
economic planning and risk mitigation.

Magnetic Loops
The center of the Milky Way Galaxy not only har-
bors a black hole, but within the inner hundreds
of parsecs lie many unusual features, including
oddly shaped gas filaments and regions of hot
molecular gas with very violent motions. Fukui et al.

(p. 106; see the Perspective by Morris) obtained a
sequence of CO
spectral-line images
of the region taken
at millimeter wave-
lengths that reveal
vast loops of fast-
moving molecular
gas. They suggest
the loops are
expelled by magnetic
buoyancy effects

similar to those on the Sun’s surface. Modeling
shows that this magnetic picture can explain the
high velocity dispersions of the hot-gas regions.

Gradual Versus 
Punctuational Evolution
Punctuational evolution has been a contentious
idea, but recently, it has become possible to detect
signals of punctuational and gradual evolution on
molecular phylogenetic trees. Pagel et al. (p. 119)
show that bursts of evolution associated with spe-
ciation across a wide range of organisms account
for approximately 20% of the nucleotide substitu-
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Boron Goes Negative
The chemistry of boron is generally characterized by elec-
tron deficiency. Neutral boron compounds tend to be
strong Lewis acids, and in borate anions, the B center is

typically electropositive, which is reflected in the utility of
borohydride salts as hydride (H−) donors. Segawa et al. (p. 113;

see the Perspective by Marder) have prepared a molecule that
inverts this reactivity pattern. By reductive cleavage of a B−Br

bond in a cyclic precursor, they isolate a boryl lithium com-
pound in which the negatively charged B center acts as a
base and nucleophile. The compound is stabilized by elec-
tron-donating nitrogens that flank the B atom, in analogy

with the isoelectronic N-heterocyclic carbenes that have
recently been prepared as ligands. 

Continued on page 15
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This Week in Science

tions in published gene-sequence alignments, the remainder being attributable to more gradual forces of
evolution. These “punctuational” effects are more frequent in plants and fungi, compared with animals,
presumably because of their higher rates of polyploidy and hybridization. 

Tale of Two Two-Timing Proteins
Cells put many proteins to more than one use, including the transcription factor TFII-I. Caraveo et al.

(p. 122; see the Perspective by Park and Dolmetsch) found that TFII-I may inhibit calcium entry into cells
by interacting with another protein that itself has dual roles in regulating cellular calcium concentra-
tions—phospholipase C–γ (PLC-γ). PLC-γ promotes the generation of inositol-1,4,5-trisphosphate, a
second messenger that causes calcium release from intracellular stores, and also interacts with the
membrane calcium channel TRPC3 and promotes insertion of the channel into the plasma membrane.
The interaction of TFII-I with PLC-γ appears to depend on TFII-I’s phosphorylation, which may keep PLC-γ
from interacting with the TRPC3 channel and thereby limit calcium entry through the plasma membrane. 

Immune Gene Therapy for Cancer 
Cancer immunotherapy is based on the premise that the sometimes reluctant immune system can 
be cajoled into efficiently destroying tumors, either through vaccination or the adoptive transfer of
cancer-killing cells. Morgan et al. (p. 126, published online 31 August; see the Perspective by
Offringa) genetically modified T cells to express a T cell receptor (TCR) with strong specificity for a
selected melanoma tumor antigen. Peripheral blood lymphocytes isolated from patients with
advanced metastatic melanoma were transduced with a retroviral vector containing genes of the two
chains of the TCR. After re-infusion, the transgenic cells were maintained and, encouragingly, 2 of
the original 17 patients carrying the highest numbers of cells also responded with a noticeable
regression of their established tumors. 

Channeling Local Translation
Local, activity-dependent changes in excitability are thought to play a role in various aspects of
neuromodulation. Translation of dendritically localized messenger RNAs is one way for a neuron

to modify its excitability and
signal processing machinery at
or near active synapses. Raab-

Graham et al. (p. 144) used
photoconvertible fluorophores
to show that potassium chan-
nels are locally translated in
dendrites. This local translation
is regulated by N-methyl-D-

aspartate receptor activation via the mammalian target of rapamycin/phosphatidylinositol 3-
kinase signaling pathway.

Chronic Wasting Disease Transmission
Chronic wasting disease (CWD) is a fatal prion disease found in deer and elk. Its transmission between
animals seems to be much easier than that of so-called mad cow disease between cattle. Mathiason

et al. (p. 133) demonstrate the presence of infectious prions capable of transmitting CWD in body
fluids, including the saliva and the blood, of CWD-infected cervids. The results emphasize the need
for caution regarding contact with body fluids of infected animals.

Anxious Mice and Men
The genes that contribute to depression and anxiety disorders are still unknown, but the recently dis-
covered single-nucleotide polymorphism (Val66Met) in the brain-derived neurotrophic factor (BDNF)
gene may be related to mood and anxiety disorders common in human populations. Chen et al.

(p. 140) report that, in transgenic mice expressing the variant BDNF
Met

version, there are alterations
in brain anatomy and memory as has been described in humans. This allelic variant also reproduces
the phenotypic hallmarks of anxiety in humans, but these mutant mice did not respond to a common,
widely used antidepressant.

Continued from page 13
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EDITORIAL

Prying Open the Black Box
IF THE ABSTRACTS FOR THIS YEAR’S ANNUAL MEETING OF THE SOCIETY FOR NEUROSCIENCE 
(later this month in Atlanta, Georgia) are any indication, collaboration between experimentalists
and theoreticians is thriving. This is good news for neuroscience, given that not so long ago,
neuroscientists who did experiments the old-fashioned way—recording single-cell activity in
living, often behaving experimental animals—had little tolerance for theoreticians of the brain.
Both groups hoped to understand how the brain works, but the theoreticians apparently wanted to
achieve that goal while ignoring the complex and dynamic ways in which neurons communicate.
The pervasive view among the experimentalists was that for the theoreticians, the brain may
as well be a black box. Well, that sentiment is no longer pervasive. Rather, computational
neuroscience (see the special section in this issue) has made great strides in the past decade, and
the field is poised to resolve a spectrum of stubborn mysteries of the brain. 

The sources of the old experimental/theoretical divide are understandable.
Most neuroscientists trained in the 1960s, 1970s, and 1980s were comfortable
with mathematical representations of basic neuronal phenomena, such as the
ionic basis for resting membrane potential. They were awed by the elegant
Hodgkin-Huxley equations that explained and predicted the ionic basis for the
action potential (based, of course, on an ideal experimental model, the squid
giant axon). Experimental neuroscience even embraced the quantal theory of
neurotransmitter release by neurons. However, when the theorists began
turning their attention to how the cerebellum or hippocampus works, these
theories that avoided the complexities of neuronal circuitry and synaptic
interactions were suddenly regarded as too speculative and not testable. 

During the past decade, there has been a robust explosion of methods
to characterize the functional and structural details of neurons and their
interconnected cellular networks. We can finally realistically simplify the
essential features of neuronal ensembles and test theories about what specific neuronal circuits
may do. In other words, we can ask why specific cortical pyramidal neurons and interneurons
underlie processes such as “edge detection.” A wealth of quantitative data on signaling mechanisms,
ion-channel behavior, neuron populations, and morphological features has made possible the
development of neuronal and synaptic models that are rigorously constrained by the biochemical
and structural properties of specific types of neurons. Such models have wedged open the black
box, allowing experimentalists and theoreticians to collaborate. And, as reflected by the Society for
Neuroscience meeting agenda, the targets of computational neuroscience are wide-ranging,
speaking not only to age-old questions about the possible information encoded in intervals of
electrical activity in neurons but also to decision-making and risk/reward assessment and
neurological (mainly epilepsy) and psychiatric (schizophrenia and depression) diseases.
Computational neuroscience permits us to ask what structural principles explain the selective and
redundant wiring diagrams of single-sense pathways and those that integrate multiple senses.

Computational neuroscience is also attempting to incorporate the burgeoning field of
neuroinformatics and the growing body of electronic databases into its evolution. This is
where some of the next great challenges lie. We need to develop and implement uniform,
standardized modes of data presentation in neuroscience, so that data from individual
research papers can be readily scanned and integrated into more comprehensive databases.
This will be fundamental to developing more accurate and useful models of brain function.
For many years, the U.S. National Institutes of Health funded the Human Brain Project to
nurture this field, and comparable efforts were established globally. However, the funds for
ongoing maintenance do not exist, and past investments are endangered.* If adequate funding
over a prolonged period of time is not secured, new principles of education, psychology, and
social science that are based on neuroscience are in jeopardy.

– Floyd Bloom

10.1126.science.1135216

*M. S. Gazzaniga et al., Science 311, 176 (2006).
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experimental data for 14 ionic liquids composed
of the most commonly used cations (substituted
imidazolium, pyrrolidinium, pyridinium, and
ammonium) and anions [BF

4
–, PF

6
–, CF

3
SO

3
–, and

(CF
3
SO

2
)
2
N–]. — JSY
J. Am. Chem. Soc. 128, 10.1021/ja0619612

(2006).

V I R O L O G Y

Caught in the Act

Real-time intracellular imaging allows detailed
visualization of viral entry mechanisms.  Arhel 
et al. have attached a tetracysteine tag to the
integrase protein of human immunodeficiency
virus–1 (HIV-1). The tagged viruses retain infec-
tivity and can be labeled with a fluorophore,
allowing real-time tracking of indi-
vidual viral DNA–containing com-
plexes in the cytoplasm and nucleus
of human cells. Before entering the
nucleus, the viral particles exhibited
actin- and microtubule-based move-
ment from the periphery toward the
nucleus. Their mobility was restrained
as they docked with and crossed the
nuclear envelope, and the particles
were then able to move diffusively
once inside the nucleus itself. This
type of technology will be important
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M A T E R I A L S  S C I E N C E

Stretchy Clay Composites

Clays are considered useful reinforcing materials on account of
the individual platelets exposed through exfoliation; these
platelets offer a large surface area for chemical bonding.  How-
ever, the synthesis of a composite material by the addition of
large amounts of clay to a polymer is problematic because of
dispersion or aggregation effects that lead to poor mechanical
or optical properties.  Haraguchi et al. used gel formation in an
aqueous medium to create a composite of hydrophobic poly(2-
methoxyethyl acrylate) and hydrophilic hectorite clay.  During

the polymerization, the clay platelets were excluded from the
polymer particles and instead formed a shell around them.  Once dried, the clay shells comprised a three-dimen-
sional network, which the authors structurally characterized using transmission electron microscopy.  

A surprising feature of the composites was the ability to undergo huge elongations when subjected to stress.
After an initial irreversible necking deformation, subsequent applied large strains were shown to be reversible,
with good shape recovery observed on release.  The composites were also transparent, with greater than 90%
light transmission independent of clay concentration (up to 30 weight %).  Unlike many clay composites, these
materials did not reswell on exposure to water, nor did they dissolve in organic solvents that could solubilize the
pure polymer.  — MSL

Adv. Mater. 18, 2250 (2006).

Clear and flexible.

C H E M I S T R Y

Salt Solution

Ionic liquids (ILs), or more specifically cation-
anion pairs that form a stable fluid near room
temperature, are playing an increasingly practical
role as chemical reaction solvents, electrolytes,
and heat-transfer media on scales that range from
the laboratory bench to industrial manufacturing
processes.  Their advantages include miniscule
vapor pressure, high polarity, and relative inert-
ness.  However, efforts to fine-tune IL properties
by structural modification are hindered by a lim-
ited understanding of why specific cation-anion
combinations melt at such low temperature. 

Krossing et al. have developed a simple pre-
dictive framework for calculating the melting
point of a given IL with knowledge of the dielectric
constant, or conversely estimating dielectric prop-
erties from the melting point.  Their method
involves computing the free energy of fusion
using a thermodynamic cycle that adds the lattice
energy (required to move ions from the lattice to
the gas phase) to the compensating stabilization
energy arising from naked ion solvation in a
dielectric medium.  Enthalpic and entropic param-
eters are calculated using a combination of quan-
tum chemical methods and volume-based-ther-
modynamics approximations.  The modeling
scheme proved highly effective in reproducing

for identifying the itineraries of viruses during
infection and for testing potential interventions
that would interfere with the establishment of
productive infections. — SMH

Nat. Methods 3, 817 (2006).

O C E A N  S C I E N C E

Shallow Chills

Observations show that the world oceans as a
whole have been warming for the past 50 years.
This result is an important confirmation of global
warming inferences based on surface atmospheric
temperature measurements, as the oceans have
more than a thousand times the heat capacity of
the atmosphere.  The rise in ocean heat content
has not been spatially or temporally uniform, how-

ever, and because most models do not
reproduce such unforced variations,
their origin remains an open question.  

Lyman et al. have taken advantage
of the rapidly expanding network of
Argo autonomous profiling floats to
present a global temperature data set
for the upper 750 m of the world
oceans.  The study reveals a large
cooling since 2003.  These data also
have implications beyond the pattern
and extent of cooling.  For instance,

EDITED BY GILBERT CHIN AND JAKE YESTON
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because it is unlikely that so much heat was trans-
ferred so quickly to the deeper ocean, the meas-
urements indicate that a whole-ocean cooling has
occurred, a phenomenon expected to induce a
decrease in sea level due to thermal contraction of
the water.  Sea level rise has not slowed during the
time period, however, suggesting that other factors
such as increased rates of glacial melting are more
than adequate to compensate for the thermal
effect on volume. — HJS

Geophys. Res. Lett. 33, L18604 (2006).

B I O C H E M I S T R Y

How to Handle Methane

The biological oxidation of methane to carbon
dioxide proceeds sequentially—through methanol,
formaldehyde, and formic acid. Carrying out these
reactions under mild conditions demands exquisite
control, which generally translates into precisely
structured metal centers and diffusion-restricted
intermediates. Myronova et al. have isolated an
enzyme complex containing the membrane-bound

(or particulate) form of
methane monooxygenase
(pMMO) and methanol dehy-

drogenase (MDH), and they map
its structure using cryoelectron

microscopy. They are able to
fit three copies of the pre-
viously solved crystal
structure of pMMO, an
enzyme with mononu-

clear and binuclear copper
centers, into the body of a
500-kD assembly; likewise,
three copies of the crystal
structure of MDH can be fit-
ted into the cap, which is
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connected to the body via three arms. This
supramolecular organization may facilitate the
controlled transfer of electrons, which appears to
be a common theme among membrane-bound
enzymes catalyzing redox chemistry. — GJC

Biochemistry 45, 10.1021/bi061294p (2006).

G E N E T I C S

Silencing in Triplicate

The movement and activity of transposons, also
known as jumping genes for their ability to repli-
cate and move throughout the genome, have long
fascinated biologists. In some cases, transposon
activity is reduced, and more recently it has been
demonstrated that this reduction is often due to
epigenetic silencing and paramutation: the epige-
netic change in expression of one allele effected by
another.

Woodhouse et al. propose that the establish-
ment, maintenance, and inheritance silencing of
the MuDR transposon in maize are due to multiple
genes. These genes include Mu killer, a transcribed
template for RNA interference silencing that initi-
ates silencing; a homolog of the Arabidopsis RDR2
gene, named ZmRDR2/Mediator of paramutation
1, which is required to initiate silencing in the
cases where a double-stranded RNA hairpin is lack-
ing and perpetuates silencing through RNA-direct-
ed DNA methylation; and two maize homologs of
nucleosome assembly protein 1, which maintain
heritable silencing, most likely by modification of
the chromatin structure. The redundant mecha-
nisms involved in regulating transposon activity
demonstrate the importance of controlling the
replication of parasitic DNA elements within the
host genome, which has been suggested as the 
raison d’être for epigenetic silencing. — LMZ

PLoS Biol. 4, e339 (2006).

Continued from page 19
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<< Inflammatory Pores
As part of the process of infection, pathogenic microbes secrete protein
toxins, such as aerolysin, that form pores in the target cell’s membrane.
Gurcel et al. show that exposure of mammalian cells to aerolysin
increased the activity of the transcription factor SREBP-2 (sterol
response element–binding protein-2), as assessed by a selective

increase in gene expression and an increase in total cellular cholesterol as a consequence of both
increased biosynthesis and uptake (the low-density lipoprotein receptor is encoded by a SREBP-
responsive gene). In addition, exposure of cells to a K+-selective ionophore triggered SREBP-2
activation, and a decrease in intracellular K+ (caused by leakage through the pores) is known to
activate the protease caspase 1 via the assembly of inflammasomes containing IPAF, an intracel-
lular pattern recognition receptor. SREBP-2 was not cleaved directly by caspase 1; instead, cas-
pase 1 activated the SREBP-activating pathway that involves SCAP (an escort protein) and S1P and
S2P (the two enzymes responsible for SREBP proteolysis and release). Using various pharmacolog-
ical and RNA interference approaches, the authors showed that activation of the inflammasome,
caspase 1, and the SREBPs was required for cell survival after exposure to aerolysin. — NRG

Cell 126, 1135 (2006).

www.stke.org
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1 μl samples � No cuvettes � 10-second measurements � Broad spectral output

Small footprint. Revolutionary technology. The NanoDrop®

ND-3300 Fluorospectrometer is a powerful new tool for 

fluorescence spectrometry. Choose from many pre-defined 

methods or configure your own.

• Nucleic acids: Determine concentration of dsDNA using

PicoGreen® assay (2 pg), Quant-iT™ DNA assay or Hoechst

33258 dye; RNA using RiboGreen® dye

• Proteins: Determine concentration using Quant-iT™

protein assay

• More: FITC (fluorescein), Cy-Alexa Fluor dyes, 

B-Phycoerythrin, Quinine Sulfate, Sulforhodamine and 4-MU

Measurement is as easy as pipette and read, requiring only 

1-2 μl of sample. No cuvettes are necessary — simply wipe the

optical surfaces and you’re ready for your next sample. A broad

excitation range is achieved using UV, blue and white LED sources.

The uniquely clean optics of the patented retention system, 

combined with proprietary white LED signal processing, enables

measurements across a wide range of wavelengths without 

the need for filter changes. The ND-3300 is small, simple and 

powerful enough for your most challenging and precious samples.

And for the power of small in absorbance measurement, the

NanoDrop® ND-1000 UV/Vis Spectrophotometer can detect down

to 2ng/μl and up to 3700 ng/μl of dsDNA without dilutions.

Ready to experience the power of small? Contact us today and

try the ND-3300 or ND-1000 in your own lab.

The power of small2
NanoDrop introduces a Fluorospectrometer

FREE one week evaluation

Call for details (302)479-7707   www.nanodrop.com

new!

http://www.nanodrop.com


It’s a new day
in miRNA detection
when you can do it

in one day.

4 2 1 0.5 0.25 0.125 0

detection
in HeLa total RNA (μg)

miRtect-IT™

Northern Blot

6 hrs

3 days

Total Time

Start to Finish

For more information on miRtect-IT™

call 800.321.9322 or visit www.usbweb.com/mirtect-it
In Europe: +49(0)76 33-933 40 0 or visit www.usbweb.de/mirtect-it

Announcing USB’s new miRtect-IT™ miRNA Labeling and Detection Kit. 
This highly sensitive, novel method is fast and easy, allowing you to 
achieve direct labeling and quantitative measurement of miRNAs in less
than one day. So don’t waste another 3 days using the old Northern 
Blot method — go to our website today to learn more.

miRtect-IT™ miRNA Labeling and Detection Kit

• Based on splinted-ligation technology — A bridge oligo hybridizes 

to a specific miRNA and a labeled detection oligo

• miRNA becomes directly labeled by ligation, then visualized

Benefits

• Speed - capture and label miRNA in just over 2 hours

• Sensitivity - detect miRNA in as little as 50 ng or less of total RNA

• Quantitative Results - accurate miRNA measurement in 6 hours

miR-21

http://www.usbweb.com/mirtect-it
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NETWATCH

Send site suggestions to >>
netwatch@aaas.org

Archive: www.sciencemag.org/netwatch

E D I T E D  B Y M I T C H  L E S L I E

I M A G E S

Time for a Close-Up
A freshwater shrimp (Macrobrachium amazonium) goggles at
the camera through a square pupil (below). The shot by pho-
tographer Alex Griman
of São Paulo, Brazil,
nabbed one of the top
places in this year’s
Small World contest,
sponsored by the cam-
era company Nikon.
Held annually since
1974, the competition
showcases photo-
graphic artistry through
the microscope. Visitors
can browse a gallery of
this year’s best sub-
missions or check out pre-
vious winners. Peruse the backgrounders if you’re curious
about winning techniques such as stereomicroscopy, which
Griman used to capture the shrimp image. >>
www.nikonsmallworld.com/index.php

T O O L S

Weighing the Alternatives
Yield isn’t everything when choosing how to synthesize an organic compound. Safety,
cost of raw materials, the ease of isolating the products, and other considerations
matter, too. To help evaluate these factors, fire up the calculator EcoScale, devised by
chemists in Belgium, the United States, and Switzerland. Users key in the reactants,
products, and details of the procedure, such as whether it requires specialized 
glassware or high pressure. EcoScale then rates each reaction from 0 to 100. 
Risky protocols reduce the scores by the largest amount. Explosive reagents blast 
10 points off the final tally, for example. >> www.ecoscale.org

R E S O U R C E S

Bioinformatics for Dummies
Want a rundown on the differences between the UniProt, PROSITE, and PDB
protein databases? Wondering how to find a paper that doesn’t show up in
PubMed? Try a session with the 2can primer from the European Bioinformatics
Institute (EBI) in Hinxton, U.K. The site guides newbies and intermediate users
who want a little help through a host of databases, online tools, and additional
resources from EBI and other institutions. In the databases section, for example,
you can learn when you might need PROSITE. It’s useful for analyzing new
proteins because it organizes molecules by characteristic sequences, or motifs,
that can point to their functions. The tutorials pages offer detailed how-tos on
several EBI programs. >> www.ebi.ac.uk/2can/home.html

E X H I B I T S

Building a 

Better …
Vannevar Bush (1890–1974)
made magazine covers for
directing the United States’s
scientific efforts during World
War II. But he was also an
inventor whose differential
analyzer was a mechanical
forerunner of the computer.
At this site from the National
Inventors Hall of Fame* in
Akron, Ohio, you can read
more about Bush and other

scientists and engineers whose innovations had an impact.
The hall inducts a new class of inventors every year. This
year’s honorees include the German chemist Fritz Haber
(1868–1934), who discovered a method for making ammo-
nia to produce fertilizer, and modern inventors such as
Robert Gore, who created the waterproof fabric GORE-TEX.
You’ll find similar profiles at the Inventor of the Week†

archive from the Massachusetts Institute of Technology. >> 
* www.invent.org  † web.mit.edu/invent/i-main.html

W E B  P R O J E C T S

RECALLED TO LIFE
Extinction isn’t forever, at least on the Internet. After vanishing briefly, a popular fossil
encyclopedia known as Palaeos has reappeared as a user-written wiki.* Paleontology
buffs Toby Young and M. Alan Kazlev launched the trove of information on life’s 
history 4 years ago, exploring topics as diverse as systematics techniques and the
Cenozoic era (65 million years ago to the present), when this mastodon (above)
stomped around North America. But Palaeos went offline this spring because
it required too much work. Bloggers lamented, so Kazlev started a wiki. 
Users are invited to help transfer information from the old site and revamp
the content. To browse the remains of the old Palaeos, click here.† >>
* www.palaeos.org        † www.palaeos.com
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mailto:netwatch@aaas.org
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http://www.nikonsmallworld.com/index.php
http://www.ecoscale.org
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RANDOMSAMPLES

E D I T E D  B Y C O N S TA N C E  H O L D E N

Over the next few years, a full-scale replica of the Alhambra—the famed 14th
century Moorish fortress in Spain—will rise in the bucolic hills south of San Jose,
California. This summer, the city of Morgan Hill approved the building, which
will house the American Institute of Mathematics (AIM). The castle is the brain-
child of John Fry of Fry’s Electronics, who in 1994 founded AIM and bought the
77-hectare grounds. For the past 9 years, as his dream—cost undisclosed—
made its way past legal and technical hurdles, AIM has been running
24 seminars a year from a windowless warehouse in Palo Alto, California. 

AIM Director Brian Conrey now expects the institute to move into its new
15,000-m2 quarters by autumn 2009. Facilities will include a 150-seat lecture
hall, a golf course, and eight gardens, including a reconstruction of Monet’s
garden in Giverny. The building’s grandest space is reserved for a library with
rare books and artifacts. Fry, who likes to model his stores on historical themes,
“has talked for years about building this immense mathematical library—the
equivalent of the Alexandrian library in the ancient world,” says AIM board
chair Gerald Alexanderson of Santa Clara University in California.

Polly Pachyderm

As the globe continues to heat up, the U.S. Congress holds more and more
hearings that address the issue—including six last month. As of this week,
according to the National Environmental Trust, Congress has held 233 hear-
ings on global climate change since 1975. But although it’s been authorizing
more research, some complain that bold action to limit greenhouse gas emis-
sions has been scarce. “Hearings don’t do anything,” says David Doniger of
the Natural Resources Defense Council in Washington, D.C. “Legislation
changes the marketplace, and that’s what we need.”

<<AS EARTH WARMS, 
CONGRESS LISTENS
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A couple of years ago, an elephant trainer at South Korea’s zoo in
Everland Resort outside Seoul thought he heard a human voice
coming out of an elephant stall. The sounds turned out to be
coming from one of his charges, Kosik. 

Putting the end of his trunk into his mouth, the 15-year-old
Indian elephant can say short words such as bal (foot), joa
(good), and anja (sit). Elephants normally make sounds through
their trunks, without using their mouths. Scientists believe that
Kosik blows air out of his trunk, modifying its flow by aiming at
different places in his mouth and thereby generating sounds
through friction with molars, inner tusks, and tongue. 

Zoo veterinarians and engineers from Soongsil University in
Seoul have conducted tests with Kosik. The acoustical properties
of the sounds he makes are similar to those of sounds made by
his trainer, Jong Gap Kim. In effect, the scientists say, Kosik is
acting like a parrot. Scientists plan to conduct further studies to
find out how Kosik
came to mimic his
trainer. Veterinarian
Yang Bum Kim says
elephants, who are
about as smart as
human toddlers, are
very group-oriented
and tend to copy
those closest to them,
suggesting that Kosik
has a strong bond
with trainer Kim. 

Kosik’s parroting
is not the first case
of elephant mimicry.
Last year, Nature pub-
lished a paper on
an African elephant
that made “rumbling”
sounds like a truck. 

Scientists in Canada claim that trout exposed to x-rays can pass on
the effects to nonirradiated fish. 

Research in cell cultures has shown that low doses of ionizing radi-
ation have “bystander” effects—causing damage to nearby, unex-
posed tissues. But there’s been little evidence of this in live animals. A
team led by radiation biologists Colin Seymour and Carmel Mothersill
of McMaster University in Hamilton, Canada, theorized that this effect
might also occur in fish, via the chemicals they release in the water.
They gave a moderate dose of x-rays to eight rainbow trout swimming
in a tank. They then put these fish in a tank with eight untreated trout
and put eight other fish into the water that had held the irradiated fish. 

After 2 hours, the scientists killed the fish. They found similar
radiation effects in all three groups: Cells in several organs had died,
and other cells were expressing proteins indicating radiation dam-
age. The data suggest that bystander effects should be taken into
account in assessing radiation risks to humans and animals, the team
reports online 27 September in Environmental Science & Technology.
Mary Helen Barcellos-Hoff, a biologist at Lawrence Berkeley National
Laboratory in California, says it’s possible “that such a phenomenon
occurs between fish.” But to prove it, the chemicals involved need
to be identified. 

Secondhand Radiation? Kosik and

trainer Kim. 

http://www.sciencemag.org
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A public brawl has broken out
between deCODE Genetics,
the Icelandic firm that created
a country-wide DNA database
to investigate diseases and
develop drugs, and a U.S. hos-
pital that recently announced
the launch of the world’s
largest genotyping project
focused on children’s health.
DeCODE has sued to stop the
project, claiming it is built on
information “stolen” by for-
mer deCODE employees. 

In papers f iled in a U.S.
District Court and made public last week, the
company accuses four employees of Chil-
dren’s Hospital of Philadelphia (CHOP) and
one consultant—all ex-deCODE workers—
of a “plot” to “steal deCODE’s most prized
assets” to create a commercial rival. Claim-
ing that computer f iles and data were
removed from Iceland, deCODE seeks an
immediate court order to prevent CHOP
from moving forward with its Center for
Applied Genomics, a $39 million project to
gather and analyze DNA from 100,000 chil-
dren (Science, 16 June, p. 1584). 

In a response filed with the Philadelphia
court, CHOP denies the allegations and
warns that if the court sides with deCODE,
it could “paralyze … critical research into
the genetic basis for childhood diseases.”
The court began a public hearing on the case
on 26 September. No decision on an injunc-
tion had been announced as Science went to
press, and some geneticists outside the fray
are watching closely. Rory Collins of the
University of Oxford, principal investigator
for a massive new U.K. DNA bank, says of
the CHOP project, “It would be a shame to
lose a key resource such as this. It’s hard
enough to get the research started and
approved; we need as many as we can get.”

Officials at deCODE and CHOP have
declined to comment on specifics of the law-
suit, but court documents indicate that the
fight erupted after the deCODE employees

moved to CHOP this summer. According to
the legal complaint filed by deCODE, Hákon
Hákonarson, an M.D.-Ph.D. and former
deCODE vice president for business develop-
ment, in September 2005 discussed a “busi-
ness plan” with CHOP to create a large DNA
data bank and genetics research center in
Philadelphia. DeCODE alleges that Hákonarson
negotiated a $100,000 “signing bonus” for
himself and signed an employment letter with
CHOP in December 2005, agreeing to head
its fledgling DNA project. Hákonarson sub-
mitted his resignation in January and left
deCODE in late May. However, the brief says,
he did not fully inform deCODE’s chief exec-
utive, Kári Stefánsson, about his intentions. 

In the intervening months, according to
deCODE, Hákonarson “on at least 60 occa-

sions … exceeded his authorization to access
deCODE’s computer system by attaching
removable storage devices” to obtain com-
pany research and business information that
could be used to help set up CHOP’s center.
(DeCODE does not contend that any person’s
DNA sequences were copied.) “Dr. Hákonarson
acted as a double agent for CHOP while
appearing to remain a loyal employee,”
deCODE’s brief alleges; it asserts that he
recruited three other deCODE employees and
a deCODE consultant to CHOP’s payroll. In
addition to seeking unspecified damages,
deCODE asks the court to block the new
Philadelphia center from competing with it
for grants or business for at least 2 years.

In its rebuttal brief, CHOP dismisses
these “strident allegations” as “simply not
true.” The filing acknowledges that “some
allegedly confidential information was inno-
cently transferred to Dr. Hákonarson” at a
time when “a proposed collaboration
between deCODE and [CHOP] was in the
making.” But the information was “trivial,”
CHOP’s brief says. The brief denies that
CHOP’s genetics research unit would be a
commercial rival to deCODE.

According to CHOP, relations soured
when Stefánsson ordered Hákonarson’s name
removed from an “important” scientific paper.
“Hákonarson had been considering leaving
deCODE,” the brief says, and told Stefánsson
in January 2006 that he would resign—but at
Stefánsson’s request stayed on. Hákonarson
and Stefánsson discussed the idea of deCODE
and CHOP collaborating, according to the
hospital’s brief, but Stefánsson eventually
rejected this and “fired” Hákonarson in May
after becoming “angered over a review article
Dr. Hákonarson published in a medical jour-

nal.” CHOP blames the defection
o f  d e C O D E  e m p l oye e s  o n
the  f irm’s boss. “Because of
Dr. Stefánsson’s tempestuous
behavior, the working environ-
ment at deCODE could be brutal,”
the CHOP brief says.

According to a deCODE state-
ment, the company “believes it is
in a strong position to secure its
intellectual property and intends
to do so.” CHOP meanwhile
asserts in a press release that “the
claims against its researchers are
without merit.”   –ELIOT MARSHALL

Seeing a ‘Plot,’ deCODE Sues to
Block a DNA Research Center

GENETICS
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“The defendants, led by Dr. Hákonarson
and CHOP, plotted from at least September
2005 through May 2006 to steal
deCODE’s most prized assets and
remove them to CHOP.” —deCODE

“No software was taken. … deCODE’s
database of genetic information of the
Icelandic population was not taken. …
No ‘espionage’ took place, and no
trade secrets were ‘stolen.’ ” —CHOP

http://www.sciencemag.org
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Members of Congress left town last week to
campaign for reelection with little to show
from a yearlong push for legislation aimed at
bolstering U.S. competitiveness. But rather
than being depressed, science advocates are
hoping that the best is yet to come. The cause
of their optimism: Senate leaders last week
introduced a sprawling, bipartisan bill that
would authorize $20 billion in new spending
over 5 years to strengthen science and math
education and expand federal research pro-
grams. Advocates hope the Senate will pass
the measure, dubbed the American Competi-
tiveness and Innovation Act, when Congress
returns for a lame-duck session
after the 7 November election.
But persuading the House
to approve a comprehensive
innovation bill before the end
of the year could be difficult. A
different and much slimmer
version has been languishing
there for more than 3 months.

Last week, five influential
lawmakers appealed to the
community for help in getting
the job done, appearing sepa-
rately during a 1-day meeting at
the National Academies that
turned into an impromptu pep
rally. “We need you to talk to
your elected officials, and to the
president, and tell them to support this bill,”
declared Senator Lamar Alexander (R–TN).
The meeting marked the first anniversary of
the publication by the academies of a widely
acclaimed report—from a panel chaired by
Norman Augustine and entitled Rising Above
the Gathering Storm—that shaped the Senate
bill (Science, 21 October 2005, p. 423).

It should be an easy sell, Senator Jeff
Bingaman (D–NM) told the 600 university
and corporate research leaders. “It’s rare to
get people on both sides of the aisle and on
both sides of Capitol Hill to be singing from
the same hymnal,” said Bingaman, one of
32 co-sponsors of S. 3936, introduced
26 September by Senate Majority Leader
Bill Frist (R–TN) and his Democratic counter-
part, Senator Harry Reid of Nevada. “But
that’s the case with this topic and this bill.”

“This bill contains almost all of the rec-
ommendations in the academies’report, and
we’re ready to move on it,” proclaimed
Senator Pete Domenici (R–NM), chair of
the Energy and Natural Resources Commit-
tee. He proudly ticked off provisions that
would authorize doubling the budget for the
National Science Foundation over 5 years,
doubling the budget for the Department of
Energy’s Office of Science over 10 years,
and a slew of programs to train better sci-
ence and math teachers and to attract more
students into science, technology, engineer-
ing, and math fields.

Then he added a caveat. “I also lead one
of the appropriations subcommittees—
Energy and Water—that has to fund a lot of
what is in this bill, and we don’t have money
for everything. I have promised to do it by
taking money from other areas. But I don’t
know if I will be able to hold on in upcom-
ing negotiations with the White House and
my colleagues. So I’m going to close my
eyes and do my best.”

Representative Sherwood Boehlert
(R–NY), who chairs the House Science
Committee, was equally candid about the
hurdles in the House. Boehlert, whose
retirement this fall  after 24 years in
Congress will further drain an already shal-
low pool of moderate House Republicans,
has pushed unsuccessfully for floor debate
on two bills that would expand existing

research and education programs, H.R. 5356
and H.R. 5358, which in June cleared his
committee. “Our bill includes a lot of
what’s in the Gathering Storm report,” he
said, “but, unfortunately, the bill has been
stalled by a handful of conservative mem-
bers who don’t want to see any new spend-
ing and by some ideological forces in the
White House. And the House leadership
hasn’t been willing to move it ahead.” On
the bright side, however, Boehlert said that
the existence of  a  Senate bi l l ,  af ter
months of wrangling over its content,
improves the odds that “we will be able to

work something out during
the lame-duck session.”

That postelection session
poses its own problems.
Beyond clearing must-pass
spending bills and other leg-
islation left over at the tail
end of the 2-year congres-
sional term, legislators must
reconcile the House and Sen-
ate bills. Although they share
the same party aff iliation,
Representative Boehlert and
Senator Alexander don’t
exactly see eye to eye.

“I’d like to see a more
streamlined version [of the
209-page Senate bill]. They

need to set some priorities,” says Boehlert.
“The Senate bill doesn’t have a prayer in the
House. But I think we can pass something
once we come to our senses.”

For his part, Alexander predicts that
S.  3936 “will go through the Senate
quickly” once the Senate reconvenes on
14 November. “Then, the House could just
pass our bill, and we’d be done.” He also
offered some not-too-subtle advice about
winning over House Speaker Dennis
Hastert (R–IL), whose district includes
Fermi National Accelerator Laboratory.

“Suppose one of you lives in a district
that contains a national lab and which hap-
pens to be represented by the Speaker of the
House,” Alexander said to laughter from the
audience. “Maybe you could make a call.”

–JEFFREY MERVIS

Hopes for Innovation Bill Rest on Lame-Duck Congress 
U.S. COMPETITIVENESS

A strong lineup. From left, NAS President Ralph Cicerone, Norman Augustine, 
NAE President Bill Wulf, and Senator Lamar Alexander enjoy the National Academies’
convocation on competitiveness.

NCI’s
new chief

40
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Mars (Sand) Bars
Now that the Opportunity rover has reached
the edge of Victoria Crater on Mars, its han-
dlers have some major decisions ahead. “It’s
not abundantly clear Opportunity can get in,”
says rover science team leader Steven Squyres
of Cornell University, “nor is it abundantly
clear it can get out.”

Opportunity once spent 5 weeks getting
itself off a sand ripple, but the 21-month trek
to Victoria made clear how few alternative
study sites are nearby. So the rover will circle
the crater rim in the coming months to help
scientists balance potential science to be done
against the hazards of negotiating steep,
sandy slopes. The attitude of some? Damn the
dunes, full speed ahead. –RICHARD A. KERR

Gravity Research Pulled Together
An agreement to share data could turn the
world’s gravitational-wave observatories into
one big instrument. It would allow researchers
working with the Virgo detector near Pisa,
Italy, and their counterparts with the Laser
Interferometer Gravitational-Wave Observa-
tory (LIGO) in the United States to share data
and jointly publish all results, says Benoit
Mours, Virgo spokesperson and a physicist at
the Annecy-le-Vieux Particle Physics Labora-
tory in France. LIGO has already joined forces
with GEO 600, a smaller gravitational-wave
detector near Hannover, Germany. The new
deal must still be approved by the Italian and
French agencies that fund Virgo, but Mours
says he’s confident that will happen.

–ADRIAN CHO

In the Crosshairs: Pork
Last week, the U.S. Congress put off until
November a move to increase transparency on
earmarks, the controversial projects that law-
makers write into spending bills without peer
review or merit competitions. Universities,
often the recipients of earmarks for research,
were unhappy when spending hawk Senator
Tom Coburn (R–OK) queried schools on the
practice in a probe last month (Science,
8 September, p. 1374). Last week, however, 
a House-Senate conference stripped language
from a military spending bill Coburn wrote
that would have required the Pentagon to
make its earmarks details public. So Coburn
threatened to hold the important bill up for
final vote, winning a promise that Congress
would revisit the issue in a November lame-
duck session. “The American people should
not have to obtain a search warrant to know
how we are spending their money,” says a
Coburn spokesperson. –ELI KINTISCH

SCIENCESCOPE

Despite the United States’s growing eco-
nomic, military, and scientific interests in
the polar regions, for the past 2 years the
National Science Foundation (NSF) has
relied on a rented Russian icebreaker to
make sure that the U.S. research stations in
Antarctica don’t run out of fuel. The need to
have a former Cold War archrival protect
U.S. strategic interests is more than simple
irony, however. A new report by the National
Academies says that it’s unacceptable—and
that the federal government should build
and deploy two new icebreakers in the next
decade to make sure that the United States
has full and timely access to the region. But
finding the political will—and the money—
to get the job done is another matter.

The report, from a panel of the Polar
Research Board that was chaired by com-
puter engineer Anita
Jones of the Univer-
sity of Virginia in
C h a r l o t t e s v i l l e ,
scolds the govern-
ment for allowing the
current four-ship U.S.
icebreaking fleet to
deteriorate and rec-
ommends that the
Bush Administration
review its recent
decision to shift man-
agement and f iscal
responsibilities for
icebreaking from the
Coast Guard, where they have historically
resided, to NSF, which coordinates U.S. polar
research and runs the Antarctic program
(Science, 16 December 2005, p. 1753).
Jones says the $1.4 billion cost of two new
ships is a small price to pay to ensure U.S.
access to both polar regions, noting for exam-
ple that accelerated melting of sea ice has
focused new global interest on the Arctic. 

“I’m concerned about the diminishing
capacity of our current fleet,” says Repre-
sentative Don Young (R–AK), chair of the
House Transportation Committee, whose
Coast Guard and maritime subcommittee
held a hearing last week on the academies’
report. The Alaskan legislator, who had
requested the report, noted that global
warming presents an unprecedented oppor-
tunity for the United States to develop ship-
ping lanes and natural resources in the

Arctic, and that he’s been frustrated by the
inaction of the Bush Administration in ren-
ovating the icebreaking fleet: “Maybe this
report will help.”

One major issue for the panel is the coun-
try’s ability to maintain open water each
winter for oil tankers to resupply McMurdo
Station, the largest of the three U.S. stations
on the Antarctic continent and the staging
area for activity at the South Pole. The main-
stays of the U.S. fleet are the Polar Sea and
Polar Star, the world’s most powerful non-
nuclear icebreakers. Both are now at the end
of their expected 30-year life spans. Their
increasing fragility, combined with unusu-
ally thick pack ice in the Antarctic, forced
NSF to rent the Russian icebreaker Krasin
for several weeks during the past two win-
ters. (The Coast Guard also operates the

Healy, a 7-year-old research icebreaker used
mainly for Arctic missions, and NSF leases
the Nathaniel B. Palmer, which has limited
icebreaking capabilities, for Antarctic
research cruises.) NSF has lined up a Swedish
icebreaker for this winter’s Antarctic chores.

“Congress likes to wait until there’s a cri-
sis, and unfortunately, that’s what it has
come to,” says Representative Frank
LoBiondo (R–NJ), chair of the maritime
subcommittee. Mead Treadwell, chair of the
U.S. Arctic Research Commission and a
witness at the hearing, hopes the report will
help the scientific community pressure the
Bush Administration to address the issue.
“The first step would be $30 million in the
[president’s 2008 budget request] for a
design study,” says Treadwell. “If it’s not
there, then we’ll have to start screaming.”

–JEFFREY MERVIS

POLAR RESEARCH

U.S. Needs New Icebreakers, 
Report Tells Congress

With a little help … Russian icebreaker Krasin
clears path to NSF base.
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Over beer and coffee, in labs and at scien-
tific conferences, the speculation has been
intense for years: Who in the RNA interfer-
ence (RNAi) f ield, biologists wondered,
would win the Nobel Prize, and when? Sci-
ence’s ultimate accolade was considered
increasingly inevitable as the gene-silencing
method revolutionized genetics, spurred
development of new medical
treatments, and transformed
our understanding of cellu-
lar behavior. But, under
Nobel rules, the prize can go
to no more than three people.
Yet many had made seminal
contributions to the discovery
and understanding of RNAi.

Early Monday morning,
several years earlier than many
expected, the guessing game
came to an end. Two Ameri-
cans—Craig Mello of the Uni-
versity of Massachusetts
(UMass) Medical School in
Worcester and Andrew Fire of
Stanford University in Palo
Alto, California—learned that
they had won this  year’s
$1.37 million Nobel Prize in
physiology or medicine. Like many Nobel
winners before him, Fire, who was woken by
a phone call from Sweden, wondered at first if
he was dreaming, or the caller had the wrong
number. Although many had predicted that he
and Mello would be winners, Fire still felt a
“certain amount of disbelief,” he said during a
press conference. “We looked at this very,
very complex jigsaw puzzle and put in a sig-
nificant piece,” he said. 

That piece came in 1998, when the pair,
with colleagues, reported in Nature that
injecting double-stranded RNA into
worms silenced genes. That nailed down
the mechanism for seemingly disparate
and baffling observations others had made
in plants, worms, and even mold over pre-
vious years. It also laid the groundwork for
subsequent RNAi findings, including the
discovery of the phenomenon’s natural
roles in mammalian cells—guiding early
development, for example—and ways to
manipulate it  ar tif icially. Today, it’s
thought that one type of RNA, microRNA,
depends on RNAi to control upward of a
quarter of the human genome.

Although Fire said at a press conference
that, given the strides made by others in the

f ield, “I feel slightly guilty to be here,”
Phillip Zamore, who works with Mello at
UMass, calls the award “one of the most
well-deserved Nobel Prizes ever given.”
The Nature paper, Zamore notes, prompted
him to leap into the RNAi field at the end of
his postdoc 8 years ago, much as it inspired
many other young researchers. Mello, he
says, “is a scientist’s scientist. … He’s

always stretching me intellectually.”
Adds Phillip Sharp of the Massachu-

setts Institute of Technology in Cambridge,
who himself won a Nobel 13 years ago for
RNA discoveries and now works with
RNAi, “The avalanche was started down
the hill by this paper.” 

Fire, who at the time was based at the
Carnegie Institution of Washington in Balti-
more, Maryland, and Mello resolved the
mystery of RNAi while experimenting with
ways to control levels of a muscle protein in
worms by ramping up or down its RNA.
Like others, they recorded puzzling results
when injecting either “sense” or “antisense”
RNA into cells. These single strands of
RNA were thought to either boost or reduce
levels of messenger RNA that had matching
or complementary sequences, but they did
not act predictably. When Fire and Mello
combined the strands of RNA into a double-
stranded helix, they were taken aback by its
power to dampen gene expression in their
worms reliably and specifically. 

Several years later, Thomas Tuschl, who
is now at Rockefeller University in New
York City, translated the findings to mam-
malian cells. Dozens of companies are now

seeking to apply RNAi to medical condi-
tions as diverse as cancer and hepatitis,
using the method to turn off oncogenes or
shut down viral replication, for example.
Meanwhile, labs around the world routinely
test the function of proteins in cells or gen-
erate animal models of diseases by using
RNAi to silence genes.

While RNAi researchers praised Mello
and Fire’s experiments and
deemed them a key turning
point for the field, some also
voiced quiet disappointment
t h a t  t h e  c o m m i t t e e  h a d
decided not to share the prize
with a third person. One RNAi
researcher, who asked not to
be named, even told Science
that “plants got screwed.” 

It was observations in
plants that f irst hinted at a
mysterious gene-silencing
method. But the findings were
puzzling, disparate threads
that never quite tied together.
In the early and middle 1990s,
researchers such as David
Baulcombe of the Sainsbury
Laboratory in Norwich, U.K.,

determined that adding genes into plants
sometimes turned off the endogenous coun-
terparts, a phenomenon then described as
cosuppression (Science, 26 May 2000,
p. 1370).Baulcombe and others suspected that
RNA was behind this gene silencing but
were unable to control the outcome of their
experiments reliably. Around the same time,
Victor Ambros of Dartmouth Medical
School in Hanover, New Hampshire, and
Gary Ruvkun of Harvard Medical School in
Boston identified in worms a natural gene-
silencing RNA that would later become
known as microRNA. 

At a plant conference in 1995, Ruvkun
discussed his worm work, recalls Richard
Jorgensen, a plant geneticist at the Univer-
sity of Arizona, Tucson, who made some of
the earliest discoveries of RNAi. “We talked
about it, and we kind of shrugged our shoul-
ders. We couldn’t figure out what the con-
nection was,” he says.

It took Mello and Fire’s results with
double-stranded RNA for that light bulb to
go on. Baulcombe, who many cited as
deserving Nobel recognition, too, graciously
acknowledged that, calling the pair’s work
“immensely significant.” –JENNIFER COUZIN

Method to Silence Genes Earns Loud Praise
NOBEL PRIZE: PHYSIOLOGY OR MEDICINE
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PHYSIOLOGY or MEDICINE

Silence is golden. Andrew Fire (left) and Craig Mello learned this week that they’d won
the Nobel Prize for their groundbreaking discovery of RNAi’s gene-quelling power.
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Cell Work Halted …
AMSTERDAM—A clinic in the Netherlands
was ordered to stop administering controver-
sial treatments with umbilical cord blood cells
on Monday after an investigation concluded
that the $23,000 injections may expose
patients to serious risks.

The Preventive Medicine Center (PMC) in
Rotterdam was one of several clinics and com-
panies around the world offering stem-cell
treatments that many mainstream scientists
and physicians consider unproven and poten-
tially harmful (Science, 14 July, p. 160). In a
letter, the Dutch Health Care Inspectorate con-
cluded that PMC cannot document the “origin,
suitability and safety” of the cells it injects,
and that as a result, patients risk being
infected with HIV, hepatitis, and Creutzfeldt-
Jakob disease and developing tumors. One
patient had to be hospitalized recently with
acute allergic reactions, the letter noted.

“This is justice, finally,” says neurologist
Rogier Hintzen of Erasmus Medical Center in
Rotterdam, who had prodded the inspectorate
to take action. PMC did not return calls
requesting comment. The investigation into a
second Dutch stem-cell company,
Cells4Health, is continuing, an inspectorate
spokesperson says. –MARTIN ENSERINK

… And Sought
Wisconsin has taken a new step to lure stem-
cell science to the Badger State. Last week, the
Wisconsin Alumni Research Foundation
(WARF)—which holds the U.S. patents on
human embryonic stem cell technology—
announced that it will no longer charge 
licensing fees, which range from $75,000 to
$400,000, to companies in the state that spon-
sor research at universities and other nonprofit
organizations. WARF says only two Wisconsin
companies currently do such research.

Governor Jim Doyle announced the policy
as part of an economic development package
that includes grants of up to $250,000 for
stem-cell companies that move to the state.
Doyle is in a tight election race with Republi-
can Mark Green, who supports work on exist-
ing lines but opposes work on stem cells cre-
ated by destroying embryos.

Jerry Flanagan, head of the California-
based Foundation for Taxpayer and Consumer
Rights, which has filed administrative chal-
lenges on WARF’s patents (Science, 21 July, 
p. 281), says the new policy “is an acknowl-
edgment that the overly broad WARF patents
stymie research and delay cures.” 

–CONSTANCE HOLDEN

SCIENCESCOPE

The 2006 Nobel Prize in physics honors two
astrophysicists who first mapped the afterglow
of the big bang—the so-called cosmic
microwave background (CMB). Using an
instrument on NASA’s Cosmic Background
Explorer (COBE) satellite, John Mather, 60, of
NASA’s Goddard Space Flight Center in
Greenbelt, Maryland, and colleagues measured
the precise spectrum of the microwaves. Using
another instrument on COBE, George Smoot,
61, of Lawrence Berkeley National Laboratory
and the University of California, Berkeley, and
colleagues detected slight variations in the tem-
perature of the CMB, signs of the clumping of
matter that would produce galaxies.

The portrait of the universe as a young
fireball paved the way for today’s studies
of how the cosmos evolved, says George
Efstathiou, an astrophysicist at the Univer-
sity of Cambridge in the U.K. The spectrum
“verified beyond any reasonable doubt that
the cosmic microwave background radia-
tion was created very early in the universe’s
history,” he says, and “the discovery of tem-
perature ripples gave us the first probe of
the exotic physics that occurred within 10–35

seconds after the big bang.”
According to the big bang theory, the

universe burst into existence and has been
expanding and cooling ever since. Almost
14 billion years later, radiation from the pri-
mal explosion lingers, although it has
cooled to a frigid 2.725 kelvin as its wave-
length has stretched to the microwave
range. Physicists Arno Penzias and Robert
Wilson discovered those microwaves by
accident in 1965 and won the Nobel Prize
13 years later. But when NASA launched
COBE in 1989, scientists were still puz-
zling over the CMB’s properties.

Mather’s team showed that the spectrum of
the radiation fit a so-called blackbody spec-
trum that describes a glowing body in thermal
equilibrium. That meant that the radiation was
released quickly and that the early universe was
very hot and dense, as the big bang theory pre-
dicted. “In the beginning, I was just trying to
get the job done, and I didn’t think about how
important [the measurement] was,” Mather
says. “But since then, I’ve realized that it is an
essential piece of the history of the universe.”

Smoot’s team found that the temperature
of the radiation varied from place to place in
the sky by about one part in 100,000—just

enough to be detected. “It was close,” Smoot
says. “We had about a factor of 2 margin” in
sensitivity. The small size of the variations
indicated that the gravity from ordinary mat-
ter would not suffice to explain the structure
of the universe; some form of unobserved
dark matter must have sown the seeds for the
galaxies and clusters, Smoot says.

Mather and Smoot were postdocs in the
1970s when they proposed their experiments.
“NASA was taking a big chance on us,”
Smoot says. Since COBE produced its first
results in 1992, the CMB has borne still more

fruit. Three years ago, NASA’s

Wilkinson Microwave Anisotropy Probe
satellite obtained a more-detailed map,
which revealed the precise age and composi-
tion of the universe. And next year, the Euro-
pean Space Agency will launch Planck, a
satellite that will map the polarization of the
microwaves, which could reveal signs of
gravitational waves in the primordial uni-
verse. “I think there [are] many things left to
learn about the CMB,” Mather says. And per-
haps more Nobels to come. –ADRIAN CHO

With reporting by Daniel Clery.

Astrophysicists Lauded for First 
Baby Picture of the Universe

NOBEL PRIZE: PHYSICS

PHYSICS

First light. Astrophysicists John Mather (top) and
George Smoot and colleagues probed the details of
the afterglow of the big bang.
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NEWS OF THE WEEK

The planet orbiting the dwarf star SWEEPS-10
is probably lifeless. But if you were born
there, you would celebrate your “birthday”
every 10 hours and 11 minutes. That’s all the
time it takes the Jupiter-like planet to com-
plete one revolution. In addition to smashing
the old record for shortest-period planet,
SWEEPS-10 B—along with 15 other new
exoplanets discovered by the Hubble Space
Telescope—gives astronomers the first evi-
dence that extrasolar planets are just as abun-
dant in the center of the Milky Way galaxy as
they are in the neighborhood of our sun.

A team led by astronomer Kailash Sahu
of the Space Telescope Science Institute in
Baltimore, Maryland, used Hubble to moni-
tor 180,000 extremely faint dwarf stars in the
core of the Milky Way, some 30,000 light-
years away. Most of the 200 or so previous
exoplanets were spotted by periodic Doppler
shifts: changes in the wavelength of their
stars’ light that result from stellar wobbles
caused by a planet’s gravitational pull. That
method limited astronomers to nearby stars,
the only ones bright enough to be studied
spectroscopically. The new search was based
on a different principle: If a star has a close-
in planet with an orbit seen edge-on, the
planet should periodically block a small part
of the star’s light. The results of the week-
long Sagittarius Window Eclipsing Extra-
solar Planet Search (SWEEPS), carried out
in February 2004, are published in this
week’s issue of Nature. The haul of 16 planet
candidates includes five that orbit their stars
in less than an Earth day.

“It’s a very tantalizing result,” says
astronomer Don Pollacco of Queen’s Uni-
versity Belfast in the U.K., “but you have
to be cautious. These stars are so faint that
it’s incredibly tough to do follow-up obser-
vations” to prove that the brightness dips
are indeed caused by transiting planets and
not by binary companion stars or other
effects. Pollacco is the project scientist of
SuperWASP, a ground-based search for
transiting exoplanets that recently pub-
lished its first two detections.

SWEEPS’s five ultrashort-period plan-
ets all seem to orbit stars that are signifi-
cantly less massive than the sun. Because
low-mass stars are also cooler and less lumi-
nous, the new exoplanets are about the same
temperature (some 2000 kelvin) as the
many “hot Jupiters” that have been found at

slightly larger distances from brighter, hot-
ter stars. Planet hunter William Cochran of
the University of Texas, Austin, speculates
that 2000 K may mark the highest tempera-
ture a “gas giant” planet can reach before its
atmosphere evaporates, leaving only a
small, rocky core.

In the near future, two space missions
will also look for transiting exoplanets. The
French COROT satellite is scheduled for
launch in late November this year, fol-
lowed by NASA’s Kepler mission in 2008.
Cochran, who is a co-investigator on
Kepler, says the Hubble results are “of sig-
nificant importance” for the space missions,
because they seem to confirm that the statis-

tics of extrasolar planets are the same
throughout the galaxy. –GOVERT SCHILLING

Govert Schilling is an astronomy writer in Amersfoort,
the Netherlands.

Speedy Planets Near Galactic Center
Show Sun’s Region Is No Fluke

ASTRONOMY

Playing with fire. Record-setting exoplanets may
show how close to a star “gas giants” can orbit and
live to tell the tale. 

Has Lazy Mixing Spoiled the Primordial Stew?
Last year, geochemists working out how the
solar system was cooked up 4.6 billion years
ago thought they had found some missing
ingredients. A slightly skewed isotopic com-
position of meteorites suggested that some
elements had been dragged into the deep
Earth early on, in zones of rock that remain
undetected to this day. That “layer cake”
model of Earth’s interior solved a number of
problems for terrestrial geochemists. But
two more isotopic studies published online
by Science this week (www.sciencemag.

org/cgi/content/abstract/1131708 and
www.sciencemag.org/cgi/content/abstract/
1132595) indicate that the notion of perma-
nent layering in Earth’s depths may rest on
shaky assumptions about the chemistry of
the early solar system.

The new papers agree that some isotopes
vary in abundance among meteorites (and
thus among the asteroids they came from),
or between meteorites and Earth. Those
variations imply that isotopic composition
varied from place to place in the swirling

disk of gas and dust that gave
rise to planets and asteroids.
Last year’s paper, by contrast,
assumed that the solar nebula
was thoroughly mixed (Science,
17 June 2005, p. 1723).

That paper’s authors, geo-
chemists Richard Carlson of the
Carnegie Institution of Wash-
ington’s Department of Terres-
trial Magnetism and Maud
Boyet, now at University Jean
Monnet in St. Etienne, France,
found a previously unrecog-
nized difference in the isotopic
composition of the element
neodymium between mete-
orites and rocks from Earth.
The meteorites were so-called
chondrites,  l i t tle-altered
building blocks of the rocky
planets. Geochemists have

GEOCHEMISTRY

A planetary mixing bowl. Geochemists had assumed that the swirling
solar nebula thoroughly stirred in all the planetary ingredients, but
meteoritic isotopes now show the mixing was incomplete.

▲
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long thought they have the same composition
as Earth’s rock. So Boyet and Carlson assumed
that the newly recognized neodymium gap
arose soon after Earth formed, as a result of
chemical reactions that separated samarium
from other elements. Samarium is a radioac-
tive progenitor of neodymium.

But in one of this week’s papers, geo-
chemists Michael Ranen and Stein Jacobsen
of Harvard University report that the solar
nebula was isotopically heterogeneous in
the first place. The evidence comes from
barium, one of the elements that swirled into
the solar nebula after being forged by
nuclear reactions in a dying star. The authors
find more of some barium isotopes in chon-
dritic meteorites than in rocks on Earth even
though the barium isotopes—unlike the
neodymium isotopes—are not the products
of radioactive decay. Somehow, they say,
some of the newly minted elements did not
get thoroughly mixed into the nebula before
the asteroids formed. As a result, the chon-
dritic meteorites cannot be trusted as a
benchmark for the starting composition of
the whole Earth, they conclude, contrary to
Boyet and Carlson’s assumption. Earth’s ini-
tial composition “becomes a more compli-
cated puzzle to figure out,” Jacobsen says.

The authors of the second online
paper—geochemists Rasmus Andreasen
and Mukul Sharma of Dartmouth Col-
lege—also found signs of a heterogeneous
solar nebula, but with a twist. They revisited
the neodymium and samarium isotopes of
chondritic meteorites. They found that the
most primitive sort, the carbonaceous chon-
drites from the far edge of the asteroid belt,
contain a mix of neodymium isotopes dif-
ferent from that in ordinary chondrites from
the inner part of the belt.

Carbonaceous chondrites are definite
oddballs, Andreasen and Sharma conclude.
But they see signs in neodymium and samar-
ium isotopes that Earth and ordinary chon-
drites grew from the same sort of stuff. The
difference in neodymium isotopes that Boyet
and Carlson noted could indeed have resulted
from the early separation of elements on
Earth, they say. Andreasen and Sharma’s
analyses “bolster our claim” about a layered
deep Earth, says Carlson. Sharma agrees.

The two new isotopic studies agree in one
respect. “What was supposed to be a homo-
geneous stew was not,” says geochemist Gerald
Wasserburg, professor emeritus at the Cali-
fornia Institute of Technology in Pasadena. “I
don’t know whether Boyet and Carlson are
right or not, [but heterogeneity] threatens all
the things one does in that area. Pandora’s box
is clearly open.”

–RICHARD A. KERR
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NEWS OF THE WEEK

Running late? Add more delay, and you can
end up right on time—if you happen to be
a chaotically varying beam of laser light.
When three lasers in a row shine into one
another in just the right way, they can forge
a connection in which the intensities of the
first and last lasers vary in unison, physi-
cists report. That’s weird because if the
researchers couple only two lasers, the
variations of one simply lag those of the
other by the amount of time it takes light to

pass between them, as anyone might
expect. The strange new effect could shed
light on how the hemispheres of the brain
stay in sync, researchers say.

“These guys have shown experimentally
that this happens,” says Rajarshi Roy, a
physicist at the University of Maryland,
College Park. “Explaining mathematically
why this is possible is an open question.”

When two lasers shine into each other,
their intensities can start to vary randomly.
The heart of each laser is a “resonant cav-
ity” in which light begets more light in a
process called stimulated emission. Within
one laser, light from the other laser can
interfere with the light already in the cav-
ity, either increasing or decreasing the
overall intensity. That change, in turn,
increases or decreases the output of the
laser and hence the amount of light beam-
ing back into the other one. Such feedback
can trigger chaotic oscillations in the
intensities of both.

Ingo Fischer of the Free University of
Brussels, Belgium, and colleagues previ-
ously had shown that when two lasers cou-
ple, the fluctuations in one always lagged
the other. But when the researchers added a
third laser to the chain—so that the lasers
on the ends shone into the one in the mid-
dle and the one in the middle shone into
those on the ends (see diagram)—they got
a surprise. The laser on one end instanta-
neously reproduced the variations of
the laser on the other end, even as the
middle laser trailed behind by 3.65 nano-
seconds, the time it took light to travel the
1.1 meters between neighboring lasers, the
team reports in the 22 September Physical
Review Letters.

The effect might conjure up thoughts of
faster-than-light communication, but that’s
not possible, Fischer says. The random vari-
ations are produced by the system as a
whole, so it is impossible to feed a message
into one end of the chain and immediately
extract it from the other, he says.

Although it may not challenge the laws
of physics, the experiment could help deci-
pher the synchronization of nerve signals in
the brain, says Wolf Singer, a neuroscientist
at the Max Planck Institute for Brain
Research in Frankfurt, Germany. In 1986,
Singer and colleagues showed that networks
of neighboring neurons tend to fire at the
same time, and 5 years later they showed
that such tight synchrony extends to the
opposite hemispheres of the brain—even
though it takes 6 to 8 milliseconds for nerve
impulses to propagate that far.

Such synchronization may help define
individual neural circuits, Singer says, and
researchers can already explain how local
networks of neurons get in sync. “What is
less well understood is how remote sites get
synchronized,” Singer says, “and that’s
where this work may be relevant.”

Analyzing the effect may not be easy,
says Jürgen Kurths, an expert in nonlinear
dynamics at the University of Potsdam in
Germany. Without the delays, the coupled
lasers can be described with a finite number
of equations. Add the delays, and “in theory
you have an infinite number of equations, so
it becomes quite diff icult,” Kurths says.
Understanding will come, he says, but it
may take time.

–ADRIAN CHO

Bizarrely, Adding Delay to Delay 
Produces Synchronization

NONLINEAR DYNAMICS
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Tag team. When three lasers couple, the outer two
(red and green) stay in sync as the middle one lags. 
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Congratulations to Dr. Doris Tsao on

winning the 2006 Eppendorf & Science

Prize for her work in determining the

neural basis for face perception. Dr. Tsao’s

findings represent the first direct demonstration that a

dedicated brain area, consisting almost entirely of face cells,

exists to carry out face processing. Systematically probing

how these face cells vary their responses to changes in facial

form should allow us to understand how a complex form such

as a face is encoded by single neurons.

The annual $25,000 Eppendorf and Science Prize honors young

scientists for outstanding contributions to neurobiology research.

Dr. Tsao is the fifth recipient of this prestigious award, and she will be

honored at a ceremony held during the week of the 2006 Annual Meeting 

of the Society for Neuroscience.

$25,000

Prize

You could be next.

If you have received your Ph.D. or M.D. within the past 10 years, you may

be eligible to win the 2007 Prize. Entry deadline is June 15, 2007.

For more information: www.eppendorf.com/prize

or www.eppendorfscienceprize.org
“I feel incredibly 

honored to receive this 

prestigious prize.”

2006 Winner

Doris Tsao, Ph.D.

Institute for Brain Research

University of Bremen

Germany

9700-A130 © 2002, 2006 Eppendorf AG. Eppendorf® is a registered trademark of Eppendorf AG. The title AAAS is a registered trademark of the AAAS.

Background image: Electron Micrograph © Dennis Kunkel Microscopy • www.denniskunkel.com

And the 2006 winner is...

Doris Tsao, Ph.D.
University of Bremen, Germany

http://www.eppendorf.com/prize
http://www.eppendorfscienceprize.org
http://www.denniskunkel.com
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FLEURANCE (GERS), FRANCE—French scien-
tists can barely believe it. In the run-up to the
April-May 2007 presidential elections,
research appears to be shap-
ing up as a serious issue. The
evidence: A parade of presi-
dential hopefuls traveled to
this tiny village 700 kilome-
ters south of Paris last week-
end—joining a retreat of the
movement known as Sauvons
la Recherche (SLR)—to en-
gage scientists in debate and
promise them better times.

True, the two hottest candi-
dates were absent. Nicholas
Sarkozy, the populist minister
of the interior and the front-
runner in the conservative
party UMP, had declined the
invitation. Media darling
Ségolène Royal, the leading
Socialist Party (PS) candi-
date—who would be France’s first female
president if elected—agreed to come months
ago but canceled at the last minute, angering
some of the more than 400 participants.

But that left seven candidates, spanning
the political spectrum from the Revolution-
ary Communist League—a Trotskyist
group whose candidate, Olivier Besancenot,
is a 32-year-old mailman—to the centrist
Union for French Democracy (UDF). The
result was a lively, occasionally raucous
exercise in democracy, with most candi-
dates fielding tough questions for almost an
hour each while they were mocked real-time
by a cartoonist whose drawings were pro-
jected on a giant screen behind them.

Politicians have reason to court scien-
tists this year. An SLR-led revolt against
budget cuts and poor prospects for young
researchers brought tens of thousands to
the streets and may have helped defeat the
governing UMP in regional elections in
2004. In response to the uprising, President
Jacques Chirac offered a research reform
bill, dubbed the “Pact for Science,” which
the National Assembly approved this
spring. Touted as an unprecedented shot in
the arm for French science, the bill raises
the overall research budget about 20% and
creates thousands of new jobs. But SLR,
which objected to some elements such as
the new National Research Agency, says
the bi l l  fal ls  shor t  of  what’s  needed
(Science, 10 March, p. 1371).

The candidates who came to the meeting
agreed—and they knew how to flatter. “You
are one of the two or three keys to the future

of France,” said UDF leader François Bayrou,
adding that if elected, he would not only
offer a 10-year investment program includ-
ing 5% annual budget growth but also boost
the image of science in French society.
“Your community has been the victim of

unjust and deleterious measures,” said
former prime minister and PS candidate
Laurent Fabius, who proposed the most
detailed package, including a 10% annual
budget increase and a program to boost the
life sciences, with emphasis on stem cells,
antibiotics, and DNA tests.

The pols did not escape criticism, how-
ever. Biologist and former SLR spokes-
person Alain Trautmann argued that
PS heavyweights such as Fabius and Royal
could have done more to improve the science bill
during debate on it. And Dominique Voynet,
the candidate for the Greens, came under fire
for her party’s hostility toward nuclear energy
and genetic modification. But in the end, the
audience liked most of what it heard.

Whether the researchers will make a differ-
ence in the election is anything but certain.
Except for Fabius, none of the candidates has
a real shot at the presidency, and in the end,
science will likely remain an electoral side-
show compared to issues such as the economy,
joblessness, and immigration, concedes phys-
icist and SLR president Bertrand Monthubert.
Still, the fact that politicians are paying
attention is an important step in the right direc-
tion, he says: “We have never had an opportu-
nity like this before.” –MARTIN ENSERINK

Presidential Hopefuls Discover a New Issue: Science
FRANCE

On the stump. François Bayrou was one of seven presidential candidates
who sought support at a meeting of researchers last week.

House Passes Plan for Drug, Vaccine R&D
Hoping to plug holes in the nation’s bio-
defenses, the U.S. House of Representatives
last week approved a plan to create a new
body to coordinate and finance the develop-
ment of drugs and vaccines. 

The measure is meant to improve on Pro-
ject BioShield, a $5.6 billion procurement
fund that critics say has been slow to add
new countermeasures to the nation’s stock-
pile (Science, 7 July, p. 28). H.R. 5533 creates
a Biomedical Advanced Research and
Development Authority (BARDA) within
the Department of Health and Human
Ser vices (HHS) to oversee and fund
t h e  development of defenses against
bioweapons and natural outbreaks. The bill
authorizes $160 million a year in 2007 and
2008 to help companies through the “valley
of death”—manufacturing scale-up and
clinical trials—before applying to BioShield.
It sets up an advisory board with industry
members to help identify new threats, and it
allows BioShield payments when compa-

nies meet “milestones” instead of only when
they deliver the final product. 

One controversial provision would exempt
HHS from releasing information obtained
through BARDA that could “reveal vulnerabil-
ities” to bioweapons. Groups such as the
Washington, D.C.–based Center for Arms
Control and Non-Proliferation say that’s too
vague and could keep important research secret.

The Senate has begun considering a sim-
ilar bill, S. 2564, sponsored by Richard Burr
(R–NC). Supporters are hopeful that it will
pass during the Senate’s lame-duck session
after the November elections. Differences in
the two bills—for instance, the Senate ver-
sion includes antitrust provisions—would
have to be reconciled in a conference.

Meanwhile, HHS promises to spell out
details of the existing BioShield program,
such as exactly which biological agents
HHS is interested in and whether it wants
oral or injected vaccines, in an implementa-
tion plan in early 2007. –JOCELYN KAISER

BIODEFENSE

http://www.sciencemag.org
www.sciencemag.org/archive/
www.sciencemag.org/archive/


6 OCTOBER 2006 VOL 314 SCIENCE www.sciencemag.org40

NEWSFOCUS

A Physician-Scientist
Takes the Helm of NCI
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John Niederhuber applies a 

hands-on approach to running NIH’s

largest institute—and retains ties to

the lab and the cancer clinic

IN THE SUMMER OF 2005, 67-YEAR-OLD 

cancer surgeon John Niederhuber was ready
for a new chapter in a career spent hopscotch-
ing across the country in academic medicine.
His wife had died of breast cancer a few years
earlier, and his son would soon head off to
college. So when Andrew von Eschenbach,
director of the National Cancer Institute
(NCI), asked him to join his staff as a deputy
director, Niederhuber left his job as a surgery
and oncology professor at the University of
Wisconsin, sold his house in Madison, and
headed to Washington, D.C.

The idea was to get back into the lab as
well as to coordinate NCI’s translational and
clinical programs. But that plan was
scrapped after President George W. Bush
asked von Eschenbach to f ill a sudden
vacancy at the top of the Food and Drug
Administration, then nominated him as FDA
commissioner. In August, the White House
quietly announced that Niederhuber, then
acting NCI chief, would become the insti-
tute’s 13th director. “Why I’m here, I don’t
know,” he tells Science in an interview in his
off ice suite on the National Institutes of
Health (NIH) campus in Bethesda, Maryland.
“One of those fates in life has put me
here. I’ll do my damnedest to do the best job

I can … to serve the American people and the
research community.”

Longtime colleagues say such modesty
and dedication are hallmarks of the tall, soft-
spoken, Ohio-born biomedical research
administrator, who by turns has headed a
large cancer center, been an outstanding
oncologic surgeon, and run an immunology
lab. “John understands the politics of cancer,
the patient care aspect of cancer, the basic
science. He has a unique combination of
talents,” says Allen Lichter, who recently
stepped down as dean of the University of
Michigan Medical School to become chief
executive officer of the American Society of
Clinical Oncology in Alexandria, Virginia.
“I don’t think you could find someone who
was better prepared.” 

Niederhuber inherits NIH’s largest insti-
tute, but one whose $4.8 billion budget has
been flat 2 years running and is likely to
remain so in 2007. One of his first moves has
been to scrap the management model favored
by von Eschenbach, who considered himself
a big-picture CEO representing NCI in the
cancer community while entrusting daily
management to top-level deputies. Instead,
Niederhuber interacts daily with the insti-
tute’s seven division directors. Together, the

team is rating existing programs and looking
for cuts throughout the institute, including the
$240 million in administrative funds that now
go to the director’s office. Niederhuber also
has declined to embrace one of his predeces-
sor’s most visible—and controversial—goals:
to eliminate suffering and death from cancer
by 2015. Instead, Niederhuber says he prefers
to “lessen the burden of cancer”—without
setting a target date.

Some of his moves seem designed to
send a message to the cancer community.
His decision to set up his own small lab with
a staff scientist and two postdocs to study
the role of stem cells in tumor growth is
seen by NCI intramural scientists as a signal
that he’s one of them. And a 3-year, $9 mil-
lion pilot project to bring cutting-edge can-
cer treatments to community hospitals
reflects his strong belief that giving the
average patient access to new science will
lower mortality rates. 

One von Eschenbach priority that he
supports is a collection of big new technol-
ogy programs such as nanotechnology and
bioinformatics. Some researchers say the
programs are taking money from the bread-
and-butter R01 grants to individual investi-
gators and would like to see an outside

http://www.sciencemag.org


review of their value. Instead, Niederhuber
has resisted calls to shift funds wholesale to
the R01 pool, citing the need to stay in line
with NIH-wide policy to keep grant num-
bers steady rather than have pay lines that
vary widely among institutes.

Friends and colleagues are pleased with his
appointment. “I think he’s going to be a terrific
director at a really difficult time. I hope the
outside community appreciates how talented
he is,” says Bruce Chabner, clinical director at
the Massachusetts General Hospital Cancer
Center and a former NCI division director on
whose board Niederhuber chaired. Robert
Wiltrout, head of the institute’s $367 million
intramural Center for Cancer Research, says,
“I think we’re very lucky to have found John.
He focuses attention on those around him,
which builds morale.” And John Mendelsohn,
president of the University of Texas M. D.
Anderson Cancer Center in Houston, calls
Niederhuber “a calming influence. [He is]
reaching out and bringing into his delibera-
tions advice from just about all the stakehold-
ers I can think of. We’re all ready to roll up our
sleeves and work with him.”  

Traveling man
Niederhuber’s roots as a physician-scientist
go back to Bethany College, a small liberal
arts school in West Virginia, where as an
undergraduate he had his own chemistry lab.
After picking up a medical degree from Ohio
State University, he considered a Ph.D. pro-
gram, partly to avoid being drafted for the war
in Vietnam. When the Army eliminated that
exemption, he instead joined as an officer and
wound up at the U.S. Army Biological Labo-
ratory at Fort Detrick, Maryland, for 2 years.
After a postdoc in immunology at the
Karolinska Institute in Sweden, he completed
a residency at the University of Michigan and
then joined its faculty, garnering an NIH
career-development award and then an R01 in
immunology while also pioneering pumps
that can be implanted under the skin to deliver
drugs directly to the liver. His 14 years at
Michigan, he says, “gave me an appreciation
for why both basic scientists and clinicians
get up in the morning.”  

Lured to Johns Hopkins University in
Baltimore, Maryland, in 1987, he conducted
both clinical and basic research, studying the
role in cell growth of tyrosine kinases—
including blk, an oncogene his lab discovered.
But after 4 years, he headed west to join
Stanford University School of Medicine
Dean David Korn in building an academic
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Back to basics. Niederhuber reviews results from his
small NCI research lab.
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Budgets, Patients, Managing Conflicts
In a 21 September interview with Science, John Niederhuber talked about major issues facing the
National Cancer Institute (NCI).

ON MANAGEMENT:

My style is more to work directly with the division leadership. We’ve moved our executive committee
meetings to almost once a week from twice a month before. … We have great leadership across the divi-
sions at this time. I’m not going to have that layer of what’s called the senior management team. …

Intramural and extramural [division directors are rating each other’s programs by anonymous
ballot]. Yesterday, we decided there are certain concepts we wouldn’t take forward to the BSA
[Board of Scientific Advisors] … [because] we couldn’t really give them a high enough priority.
We’re also trying to say, is there something that’s outlived its usefulness. This may also be an extra-
mural activity which … we can begin to plan how to phase out. … I have been tremendously
impressed with how well the division leadership have been willing to work together in a very colle-
gial way to make collective decisions, hard decisions. 

ON THE R01 PAY LINE:

This is a very stressful time, budgetwise. I know full well,
because I’ve lived through those periods of single-digit
pay lines [the funding cutoff for grant applications, as
ranked by peer review] in my own lab. … A big part of my
responsibility is to help the leadership of NCI manage that
[congressional] appropriation as effectively as we can. 

[But regarding efforts to raise the pay line], a lot of that
decision is made at the NIH level. We don’t want to have one
institute having a 5% success rate and another one 20%. At
NIH, we want to try to minimize that variability as much as
we can. And so we try to make corporate-level decisions and
targets. Some of those are to try to maintain the same num-
ber of competing awards that we had in the previous year,
just as an example. … We would probably … try to keep the
size of those grants about the same.

ON CONFLICT-OF-INTEREST RULES:

I feel sad in many ways about Tom [Walsh, an NCI expert on fungal diseases who violated rules on
reporting outside income] and some of the other individuals. I think these are very well-meaning peo-
ple. Certainly, Tom couldn’t be a harder worker in terms of delivering outstanding patient care. He’s
as committed as anyone to NCI, NIH. … 

But you know, there are rules and regulations, and none of us, no matter how good we are, are
above those rules and regulations. … It’s always easy to look for excuses, and maybe one of the
excuses is the environment perhaps was not paying as close attention as it should have. There is
sometimes a little bit of this absent-minded professor issue. … Even in academia and universities,
many of us have struggled with this. 

ON PRIORITIES:

I have been talking a lot about a continuum in this process of research and science that leads to
impacting on patient outcome. … What I call a chemical space, … a biologic space, and a trans-
lational space. One of the things we’re going to work hard on is the integration of those spaces. I
see that integration process driven by our investment and work in technology development. … 

The community [cancer centers] program is important as an underpinning of that because one of the
greatest challenges for us in the future will be getting science to patients where they live. … If we work
in this continuum, we can do a lot to drive down the cost of drug discovery. … I think you’re going to see
that dramatically change with the technology developments and investments that we’ll make. 

ON HIS LAB:

It’s exciting for me to get the lab going again. … Monday morning, we have a very formal almost
3 hours, then I’ll pop over at the end of the day every now and then. … The team here knows that
that [scheduled lab] time can’t be violated, even by the president. –J.K.

http://www.sciencemag.org
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surgery department. Dealing with sensitive
tasks such as merging Stanford’s faculty prac-
tice plan with  its hospital took a toll, however,
and after Korn left in 1995, Niederhuber
headed to the University of Wisconsin to “get
back into the cancer business.” 

At Wisconsin, he oversaw a challenging
merger of basic and clinical cancer centers
while coping with a recurrence of his wife’s
breast cancer; she died in 2001. After clash-
ing with the medical school dean over raising
money for the cancer center, Niederhuber
stepped down as director by “mutual deci-

sion” and let his R01 lapse. Then last year, he
answered the call from von Eschenbach, with
whom he was already working as chair of the
presidentially appointed National Cancer
Advisory Board. 

His ascension to the directorship wasn’t a
shoo-in, however. Last spring, 62 prominent
cancer researchers urged the White House to
conduct a broad search after von Eschenbach
was tapped for the FDA post (Science, 21 April,
p. 357). Several candidates were interviewed,
although no official search committee was
formed. One of them, Joseph Pagano, the

74-year-old former director of the Wake Forest
Lineberger Cancer Center in North Carolina,
said he told his interviewers that the president
should appoint someone younger. Pagano likes
Niederhuber’s “excellent scientific intellect”
and grounding in basic science, something that
he says von Eschenbach lacked. “I think he’s a
very good man.”

Niederhuber, for his part, says he feels he’s
been warmly welcomed by both the basic and
clinical cancer communities. “I haven’t
sensed that I have to prove anything,” he says. 

–JOCELYN KAISER

As we grow older, we face a host of dis-
eases that can rob us of our mental vigor.
Alzheimer’s is the best known of these
neurodegenerative diseases, but others can
be just as devastating. Take the group of
diseases collectively known as the fronto-
temporal lobar dementias (FTLDs). 

As the name suggests, these conditions
stem from degeneration in the frontal and
temporal lobes of the brain, areas that con-
trol behavior, emotions, and
language. The symptoms, which
usually develop when people are
in their 50s or early 60s, include
language difficulties and inap-
propriate behavior. Patients with
early-stage FTLD typically can’t
control their impulses and may
shoplift, overeat, and show
excessive interest in sex. A
decline in personal hygiene is
also a frequent symptom.

Once thought to be rare,
FTLDs are gaining new respect
as a significant cause of demen-
tia.  Good estimates of their
prevalence are hard to come by.
But Andrew Kertesz, an FTLD
expert at the University of West-
ern Ontario in London, Canada,
says that about 12% of patients
treated at dementia clinics have
FTLDs. He notes, however, that
this could be an underestimate
because the conditions may be

misdiagnosed as psychiatric disorders,
a t  least  in their  early stages,  or as
Alzheimer’s disease. 

Several recent reports, including one on
page 130 of this issue, are beginning to identify
the genetic and biochemical abnormalities
underlying FTLDs. Neurobiologist Michael
Hutton of the Mayo Clinic College of Med-
icine in Jacksonville, Florida, is impressed
with the speed of the discoveries. “It’s like

compressing 10 years
of Alzheimer’s dis-
ease research into
6 months,” he says.

In addition, some
of the work has solid-
if ied a connection
between FTLDs and
a n o t h e r  n e u r o -
degenerative disorder,
amyotrophic lateral
sclerosis (ALS), bet-
ter  known as Lou
Gehrig’s disease. It
suggests  tha t  the
underlying pathology
may be similar in both
sets of diseases. If so,
therapies directed at
one might also work
on the others. Because
neither FTLDs nor
ALS can be treated
now, both are ulti-
mately fatal.

Pick’s disease
Alzheimer’s disease deserves its widespread
notoriety, but the lesser known FTLDs have a
longer history. The Czech neurologist Albert
Pick described the first case in 1892, 16 years
before Alois Alzheimer discovered the
dementia that bears his name. 

For decades, cases of dementia caused
by frontotemporal lobe damage were
known simply as Pick’s disease, but neurol-
ogists gradually learned that the condition
is very heterogeneous. “Even in the same
family, siblings have different symptoms,”
says neurobiologist Virginia Lee of the Uni-
versity of Pennsylvania School of Medicine
in Philadelphia.

The variation in FTLD symptoms may
reflect differences in brain pathology that
neurobiologists are f inding. As with
Alzheimer’s disease, ALS, and many other
neurodegenerative diseases, FTLDs are
characterized by the presence of abnormal
protein deposits in affected neurons. Begin-
ning about 15 years ago, researchers
showed that in about half the people with
FTLD, the deposits contain the protein tau,
which has also been implicated in
Alzheimer’s pathology. Eight years ago,
several teams provided genetic evidence
that mutations in the tau gene itself can
produce this particular form of FTLD,
which includes the classic Pick’s disease. 

The identities of the proteins in the inclu-
sions of the remaining half of FTLD cases
have been harder to pin down. Researchers
did f ind, however, that the inclusions in
these tau-negative cases are tagged with
ubiquitin, a small protein that the cell uses
to mark proteins for destruction. 

Even within this subclass of FTLDs,
researchers are now finding pathological
variations. Using antibodies that recognize
ubiquitin, Lee, John Trojanowski, also at the
University of Pennsylvania School of Medi-
cine, and their colleagues examined the

Picking Apart the Causes of 
Mysterious Dementias
Researchers are identifying the genetic and biochemical underpinnings of

frontotemporal lobar dementias, incapacitating and ultimately fatal conditions

NEURODEGENERATIVE DISEASES

Overlap. In FTLD cells, ubiquitin (green)
and TDP-43 (red) colocalize (yellow).
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structure and distribution pat-
terns of the inclusions in brains
taken from such FTLD patients
at autopsy. They found three dis-
tinct patterns, indicating that the
cases could be subdivided into
subtypes. (The findings appear
in this week’s American Journal
of Pathology.)

Now, the Lee-Trojanowski
team has used two of the same
antibodies to identify the f irst
protein, beyond ubiquitin, in the
tau-free inclusions. As described
on page 130, the researchers
found a protein called TDP-43
that, Lee says, “was present in all
the brains of patients with all sub-
types” of FTLD with ubiquitin-
positive, tau-free inclusions.
What’s more, Lee and her col-
leagues detected TDP-43 in the
ubiquitinated inclusions within
the neurons of ALS patients. 

FTLDs and ALS had already
been linked clinically. ALS is best
known as a destroyer of the body’s
motoneurons, ultimately leading to death as
the muscles lose all ability to contract. But
many people with ALS also develop demen-
tia. Conversely, people with FTLDs fre-
quently develop motoneuron disease similar
to that of ALS. 

The identif ication of TDP-43 in both
FTLD and ALS inclusions now provides a
biochemical link between the two conditions.
They “could be different parts of a spectrum
of diseases,” says Ian Mackenzie of the Uni-
versity of British Columbia in Vancouver,
Canada, who is a co-author of the Lee paper. 

Neurobiologists are hopeful that the TDP-
43 finding can help unravel the underlying
causes of both neurodegenerative diseases.
Robert Brown, an ALS expert at Harvard’s
Massachusetts General Hospital in Boston,
points out that the appearance of threads of
ubiquitinated protein in neurons is “one of the
earliest signs of pathology in ALS, and we
had no hint at all of what the abnormal protein
is.” The Lee team’s observation, he adds,
“means that we have some clue of what dis-
tinguishes ALS neurons as being abnormal.”

At present, however, TDP-43’s function in
neurons and elsewhere is pretty much a mys-
tery; PubMed contains only 12 references to
the protein. There are some indications that it
functions in the nucleus, perhaps as a regula-
tor of gene expression or as a structural pro-
tein or both. And in the current work, the Lee
team found that levels of nuclear TDP-43 are
much lower in FTLD neurons than in normal

ones; the protein is instead concentrated in
inclusions, which are located in the cyto-
plasm. It remains unclear whether the FTLD
neurons die because the inclusions are some-
how toxic or because TDP-43’s nuclear func-
tion has been lost. 

Help from genetics
Both FTLD and ALS are known to run in
families, and researchers are making progress
in identifying the genes at fault in these hered-
itary cases. One such discovery, from John
Collinge and colleagues at University College
London in the United Kingdom, buttresses the
link between FTLD and ALS. Last year, the
team reported that mutations in a gene called
CHMP2B cause FTLD in a Danish family. In
work reported this summer in Neurology, the
researchers have now linked CHMP2B muta-
tions to two cases of ALS. “It supports the
view that [FTLD and ALS] may have com-
mon etiologies,” Collinge says.

So far, CHMP2B mutations appear to be a
rare cause of FTLD, but the past 6 months
have seen the identification of two additional
FTLD genes—perhaps another indication of
the dementia’s heterogeneity. In the June
issue of the Journal of Neuropathology &
Experimental Neurology, Virginia Kimonis of
Children’s Hospital Boston and colleagues
link a subset of cases to mutations in the gene
for the valosin-containing protein (VCP). And
in work published online by Nature in July,
two independent teams, one led by Mackenzie

and Hutton and the other by
Christine van Broeckhoven of the
University of Antwerp, Belgium,
connect a different subset to
mutations in the gene for a protein
called progranulin. Since then, at
least three more groups have
weighed in with progranulin
mutations in FTLD cases. 

Neither VCP nor progranulin
appears to be located in FTLD
inclusions. In the case of progran-
ulin, there’s a good explanation,
says Mackenzie. The progranulin
gene mutations identified result
in loss of protein production.

At present, the supposition is
that loss or alterations in protein
function caused by the various
mutated FTLD genes trigger
changes in neurons that some-
how lead to formation of the
abnormal inclusions containing
ubiquitinated TDP-43. Although
no one yet knows how that hap-
pens, the nature of the proteins
normally encoded by the mutant

genes points to the possibility that their
malfunction leads to an abnormal buildup of
proteins that have to be removed—a process
for which ubiquitin addition is the first step.  

VCP and CHMP2B, for example, are
directly involved in protein folding and
trafficking in the cell. As for progranulin, it is
a growth factor that might be needed for
neuronal maintenance, although it is also a
promoter of blood vessel formation. Failure
to maintain a normal blood supply to cells can
produce oxidative stress, a known inducer of
the so-called unfolded protein response,
which has been linked to neurodegeneration
(Science, 15 September, p. 1564). 

A similar mechanism may also come into
play in ALS. Brown and Orla Hardiman of
the Royal College of Surgeons in Ireland in
Dublin this spring identified mutations in the
angiogenin (ANG) gene as a cause of ALS in
Irish and Scottish populations. ANG, like pro-
granulin, encourages blood vessel growth.
And previously identif ied ALS-causing
mutations in the SOD1 gene may lead to
oxidative stress, too.

Neurobiologists clearly have a lot to do
before they can explain the causes of tau-
negative FTLDs and ALS, but the flurry of
recent advances has made them hopeful.
“We’ve got a genetic cause, and we know
what protein is accumulating,” Hutton says.
“Now we have to connect the dots.” Pick
would be proud.

–JEAN MARX
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Brain damage. Compared to a normal brain (bottom images), a brain from
someone with FTLD shows shrinkage of the frontal and temporal lobes (upper left)
and an enlarged ventricle (upper right).
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A broad array of nanotechnology experts agree
that the United States needs to spend more
money on understanding potential health and
environmental dangers of exposure to materi-
als engineered on the scale of a few clumps of
atoms. But just how that research should be pri-
oritized and organized is a topic of increasingly
fierce debate.

The potential adverse impacts of nanotech-
nology sprang to the fore again at a sometimes-
contentious hearing of the U.S. House Science
Committee on 21 September. At the hearing,
leaders of the Nanotechnology Environmental
and Health Implications (NEHI) working
group—an interagency panel that coordinates
federal funding on health and environmental
risks of nanotechnology—released a long-
overdue report outlining research needed to
buttress regulation of products in the field. But
critics both inside and outside Congress blasted
the report as a jumbled wish list. “The govern-
ment needs to establish a clear, prioritized
research agenda and fund it adequately. We still
haven’t done that, and time is a-wasting,” says
committee chair Sherwood Boehlert (R–NY).

There is certainly plenty riding on how nano-
technology is regulated. More than 200 nano-
technology products are already on the market,
including sunscreens and cosmetics, light-
weight bicycle frames, and car wax, and they
accounted for more than $32 billion in sales last
year. A recent market survey by Lux Research,
a nanotechnology research and advisory firm in
New York City, predicts that by 2014, a whop-
ping $2.6 trillion worth of manufactured goods
will incorporate nanotechnology. “The nano-
technology industry, which has enormous eco-
nomic potential, will be stymied if the risks of
nanotechnology are not clearly addressed and
understood,” Boehlert says.

That is already happening, says Lux
Research Vice President Matthew Nordan. At
the hearing, Nordan said that Lux has learned
through its private consulting work that some
Fortune 500 companies are already backing
out of nanotechnology research because of real
and perceived risks of nanomaterials and
uncertainties over how they would be regu-
lated. Venture-capital funders and insurers
have also pulled their services for some clients
for the same reason, Nordan says, although he
didn’t offer specifics.

To stem this tide, Nordan and other experts
argue that nanotoxicology research funding
should be increased dramatically. According to
figures from the U.S. National Nanotechnology
Initiative, federal agencies currently spend
a combined $38.5 million annually
on environmental, health,
and safety research
on nanotechnology.
Last year, however,
researchers at the
Woodrow Wi l son
International Center
for Scholars’ Project on
Emerging Nanotech-
nologies in Washington,
D.C., concluded that only
$11 million went to “highly
relevant” research focused on
understanding and dealing with
the risks of nanomaterials (see table). At a con-
gressional hearing last year, nongovernmental
experts called for raising funds for such studies
to between $50 million and $100 million a year
(Science, 9 December 2005, p. 1609). Both the
NEHI report and another report released on
25 September by the National Research Council
echoed calls for expanding research in the field.

But there is far less agreement on how
that money should be spent and coordinated.
“Nanotech [environmental health and safety]
research in government agencies, academic

institutions, and industry is being performed in
an ad hoc fashion according to individual pri-
orities,” Nordan says. That scattershot
approach has left broad gaps between what the
agencies are pursuing and what is needed to
tune regulations to products already on the
market, argues Andrew Maynard, chief scien-
tist of the Wilson Center’s Project on Emerging
Nanotechnologies. For example, Maynard
says, carbon-based nanomaterials are incorpo-
rated into only about one-third of nanotech
products. Yet the vast majority of nanotoxicol-
ogy studies focus on those materials, while
ignoring broad classes of other materials
already on the market.

To avoid such discrepancies, agencies
need a more centralized

top-down research
approach, Nordan and
Maynard argue. “What
is missing is not [an]
ingredients list but a
specific game plan for

accomplishing this research,” Nordan says.
But NEHI leaders and other agency brass

say a federal priorities list is coming and main-
tain that the current coordination scheme is the
best way to implement it. “The coordination
that is taking place is working,” argues Celia
Merzbacher, a member of the President’s
Office of Science and Technology Policy as
well as the co-chair of the Nanoscale Science,
Engineering, and Technology (NSET) Sub-
committee of the National Science and Tech-
nology Council. Furthermore, she adds, “our
approach achieves the buy-in of the agencies.”
In addition to the NEHI working group, she
notes, there is already a full-time National
Nanotechnology Coordination Off ice
(NNCO) within NSET. “We don’t need
another coordination office,” she says. But
Nordan counters that coordinating bodies
such as NEHI and NNCO have no authority to
mandate priorities and can’t allocate funding.

With the strongest calls for reform still
coming from outside government, a shakeup
of nanotechnology research looks unlikely
anytime soon. At the hearing, Boehlert did
argue that “current coordinating mechanisms
clearly are inadequate.” But Boehlert is retiring
at the end of his current term on 31 December.
And it remains to be seen whether other con-
gressional science leaders will emerge to pick
up the baton.

–ROBERT F. SERVICE

U.S. Federal Nanotech Risk R&D
(Fiscal Year 2006; in $ millions)

                         NNI      “Highly Relevant” R&D

Agency              (est.)      (Project on Emerging Nanotech) 

NSF 24.0 2.5 

DOD 1.0 1.1 

DOE 0.5 0.0  

NIH 3.0 3.0

NIOSH 3.07 1.9

DOC 0.9 0.0

USDA 0.5 0.0

EPA 4.0 2.3

DOJ 1.5 0.0

Total $38.47 $10.8

Stopgap. Little nano-risk research is conducted by
agencies that oversee health and environmental
regulations.

Chorus  l i ne .  Two
new reports cal l  for
increased funding for
nano-safety studies.

Priorities Needed for Nano-Risk
Research and Development
Nanotechnology observers are split over the best way to ensure that the up-and-coming

industry remains safe for both people and the environment
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The estimated 25% of the world’s
people without electricity face a
nearly inescapable cycle of
poverty, poor health, and lack of
education. Unfortunately, large-
scale centralized power plants are
expensive, and efforts to tap wide-
spread natural low-temperature
heat sources such as geysers, hot
springs, and peat bogs to run gen-
erators have largely proved inef-
fective. But new work offers a
different way to squeeze at least a
modest amount of electricity
from those hot spots.

At the meeting, Roman
Boulatov, a chemist at the Uni-
versity of Illinois, Urbana-
Champaign (UIUC), reported a
new device akin to a fuel cell that
uses reactions of charged com-
pounds to create electricity. But
whereas a fuel cell mines energy from chem-
ical fuel such as hydrogen gas, the new
device—called a thermally regenerative
solution concentration cell (TRSCC)—is
recharged using freely available heat. The
TRSCC is only 1% efficient at turning heat
to electric power, so it won’t be charging any
major cities. But because it can be made
from cheap materials, it could be a godsend
to those who have few other options.
“Clearly, this is an interesting idea,” says
Paul Kenis, a fuel cell expert at UIUC, who
is unaffiliated with Boulatov’s work. “It may
be a solution for developing countries or
remote areas of the world that lack access to
the power grid.”

Boulatov made the device along with
Michal Lahav when both were postdoctoral
assistants in the group of Harvard Univer-
sity chemist George Whitesides. Like a fuel
cell, it consists of two compartments—each
with an electrode submerged in water—sep-
arated by a semipermeable membrane. In
Boulatov’s TRSCC, the side containing the
positively charged anode is spiked with a
high concentration of sodium iodide (NaI),
which in solution dissolves into a mixture of
positively charged sodium ions (Na+) and
negatively charge iodide (I-). The other
chamber contains the same salt at thousands
of times lower concentration. Both cham-
bers also contain a small amount of neutrally
charged iodine (I2). The large I- concentra-

tion difference drives the solutions to equil-
ibrate. But because the negatively charged
I- ions can’t move through the membrane,
they must carry out their task at the elec-
trodes. In the chamber with the high I- con-
centration, the positively charged anode
swipes an electron from two iodides, gener-

ating an I2 molecule. The electrons then
move through a wire, where they can be
used to do work en route to the other cham-
ber. When they reach the negatively charged
cathode, they combine with a molecule of
I2, which splits into two I- ions. Meanwhile,
positively charged sodium ions move
through the membrane to maintain the elec-
trical neutrality of each solution.

On its own, this reaction would quickly
balance out the amount of iodide and iodine
in each chamber, and the cell would go dead.
To keep it running, the researchers heat the
high-I- chamber. Water and I2 evaporate
from the solution and then, by design, con-
dense in the second chamber. As the level of
solution in the cathode chamber rises, it
flows over a barrier between the two cham-
bers, carrying with it regenerated I- as well
as Na+ to replenish NaI on that side. The
upshot is that the added heat maintains a dif-
ference in concentration of I- between the
chambers, thereby keeping the reaction
going. In initial tests, Boulatov says his
TRSCC has kept running for 350 hours.

If several dozen such chambers were set
up side by side, they could provide enough
power at a high enough voltage to run simple
machines such as telephones, water puri-
fiers, and refrigerators, Boulatov says. That
could begin to help large numbers of people
climb out of hopeless poverty. 
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Energy solution. Free heat can
regenerate iodide (I-) ions, which can
be stripped of their electrons to create
a current.

When Rice University chemist Richard
Smalley died of cancer last  October,
nanotechnology lost  one of  i ts  most
adept practitioners and inspiring vision-
aries. High on Smalley’s wish list for the
field was a way to produce just one type
of carbon nanotube at a time. 

Nanotubes are made from sheets of car-
bon atoms rolled up into tubes. But just how
those sheets roll up makes some tubes
behave like metals and others like semi-
conductors. That difference is critical for
researchers hoping to use nanotubes to
make ultrasmall transistors and sensors and
long wires and cables. Conventional
schemes for making the purest form of
nanotubes, called single-walled nanotubes
(SWNTs), create blends of all the possible
varieties. So Smalley emphasized the need
to isolate just one electronic flavor.

At a 4-day symposium dedicated to
Smalley, who shared the 1996 Nobel Prize
in chemistry for his discovery of fullerenes,
a collaboration of four research groups at

Rice in Houston,
Texas, reported dis-
covering a way to
clone just a single
electronic type of

Variety pack. A new
technique amplifies a
single electronic flavor
of nanotubes.

Power to the (Poor) People 

Cut-and-Copy Approach Clones Nanotubes
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nanotube, leaving the others out. If the new
scheme can be scaled up to produce indus-
trial quantities, it could open up a wide vari-
ety of electronics applications of carbon
nanotubes. “It’s very promising,” says Jie
Liu, a chemist at Duke University in
Durham, North Carolina. However, he cau-
tions that the Rice team still has a way to go
to prove that the process does indeed pro-
duce just a single type of tube.

The teams took their cue from a technique
that uses tiny nano-sized catalyst particles to
seed the growth of tubes. About 5% of catalyst
particles in a reactor give rise to new tubes,
from hundreds of nanometers to micrometers
long, says Andrew Barron, a Rice University
chemist, whose group, along with those of
James Tour, Ed Billups, and Smalley’s own
former group, carried out the new work.
Barron and his colleagues set out to improve
the “seeding” step by making better use of the
small percentage of tubes that do grow well. 

They started by isolating bunches of
SWNTs with different electronic properties.
They then cut the tubes into tiny straws,
most of which were about 40 nanometers
long, and reacted them with a compound
that left carboxylic acid groups attached to
the ends of the tubes. They added the tubes
to a vacuum chamber with catalytic iron
oxide nanoparticles, which readily adhere to
the carboxylic acids. Once the catalysts were
attached, they removed the intervening car-
boxylic acids by heating the tubes, either
alone or with hydrogen. Finally, they added
a carbon gas feedstock, such as carbon
monoxide, methane, or acetylene, at 900°C.
At that temperature, the feedstock gases
break apart, and carbon atoms insert them-
selves between the catalyst particles and the
starting portion of the tube, extending the
tubes to long lengths.

Before-and-after images of the tubes using
Raman fluorescence, a technique sensitive to
the arrangement of carbon atoms in the tubes,
didn’t detect any change in the type of tubes in
the mix or in their relative abundances, Barron
says. Still, the technique works only with
semiconducting tubes, not the metallic vari-
ety, so the Rice team is working to verify that
all the tubes are indeed clones.

If they are, and if the technique can be
scaled up, that would be a boon to researchers
looking to weave millions of SWNTs
together to make long, thick power cables
with minute electrical resistance. Well-sorted
nanotubes could also make possible a new
generation of sensors and tiny nanoelectronic
devices. Those would go a long way toward
fulfilling Smalley’s vision.

–ROBERT F. SERVICE
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Snapshots From the Meeting >>

First nanotube textile. Not a bad way to get your career in
science off the ground. Plano, Texas, high school student
Diane Chen is shown here weaving the first ever carbon
nanotube–based textile. For a summer research project,
Chen used a conventional wooden loom strung with poly-
ester yarn and wove in 10-ply yarn made from multiwalled
carbon nanotubes synthesized in the lab of Raymond
Baughman, a materials scientist at the University of Texas, Dallas. Although Baughman said his
team has yet to measure the properties of the fingernail-sized swatch of fabric, nanotube textiles
are expected to be extremely strong and flexible and have the potential to be used for energy
storage, sensors, and even artificial muscles. 

Scribble, scribble. Ever since
researchers at IBM first used a scan-
ning probe microscope to write
their company logo in xenon atoms
back in 1990, critics have com-
plained that the probe’s single tip
made the technique far too slow.
Not any more. Chad Mirkin and col-
leagues at Northwestern University
in Evanston, Illinois, and NanoInk
Inc. reported at the meeting that they’ve created an array of 55,000 microscopic tips that can spot
down different chemicals simultaneously, covering a full square centimeter at time.                 –R.F.S.
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Evolving better hydrogenases. Bacteria figured out the route to clean, green energy more
than a billion years ago. Escherichia coli and many other microbes harbor enzymes called
hydrogenases that use iron and nickel to split water to generate hydrogen gas, from which
they then extract energy. Researchers would love to be able to employ such catalysts on a
massive scale to generate fuel to power the hydrogen economy in the future. One big chal-
lenge is that hydrogenases don’t work in the presence of oxygen, a trait that makes them hard
to exploit industrially. 

Researchers at Stanford University in California, however, have begun tackling that prob-
lem. They’ve devised a “cell-free” way to synthesize large numbers of mutant proteins—in this
case hydrogenases—and rapidly screen them for catalytic activity. So far, they’ve turned out
some 40,000 mutant hydrogenases, a small percentage of which are able to tolerate the pres-
ence of oxygen. However, their catalytic rate is still low. But if scientists find one that’s both
oxygen-tolerant and highly active, it could help solve one of the biggest stumbling blocks on
the road to abundant carbon-free energy.

http://www.sciencemag.org
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NEWSMAKERS
EDITED BY YUDHIJIT BHATTACHARJEE

BEAUTIFUL BRAINS. To neuroscience researchers, the
human brain is a complex organ riddled with mystery. But to
developmental psychologist Marjorie Taylor and psychia-
trist Karen Norberg, it’s also an inspiration for unique quilts,
knitting, and other work that they showcase in an online
museum of “scientifically accurate fabric brain art.” 

The two were drawn to the niche independently. Taylor
(right), a professor at the University of Oregon, Eugene, had
been making quilts on the side for years before she turned
her needle to neuroscience. Struck by the cover images of
journals like Cerebral Cortex, she began reproducing them
in fabric, creating pieces that—for example—show positron
emission tomography scans of the brain’s response to hear-
ing or seeing words. 

Karen Norberg (left), who works at the National Bureau
of Economic Research in Cambridge, Massachusetts, says
she began knitting a brain (above) to kill time when she was
undergoing clinical training in child psychiatry. The product
now resides at the Boston Museum of Science.

“Building a brain with yarn and knitting needles turns
out to follow many of the same pathways as actual brain
development,” says Norberg. Her and Taylor’s work can be
seen at harbaugh.uoregon.edu/Brain/index.htm.

A W A R D S
DIGITAL PATHWAY. Stanford University
electrical engineer John Cioffi, who helped
bring Internet connections to millions of
people through the digital subscriber line

(DSL), has won the
2006 Marconi Prize.  

In 1993, Cioffi
(left) and his team
built a high-speed
modem for communi-
cating data through
phone lines that
eventually became
the standard for
broadband Internet
connection. He later
created Dynamic
Management

Spectrum, which offers more bandwidth 
than DSL. In addition to holding more than 
70 patents, Cioffi also owns several compa-
nies. He plans to give his $100,000 prize,
from the Marconi Society at Columbia
University, to his research group. 

STICKING WITH CDC. Efforts to prepare the
U.S. and the world for a flu pandemic have won
Nancy Cox, a top flu expert at the Centers for
Disease Control and Prevention (CDC) in

Susan Wood made a stir a year ago when she quit the U.S.
Food and Drug Administration (FDA) in protest after the
agency refused to make emergency contraception available
over the counter. (FDA later reversed its decision.) Now, Wood
is back in the news as a co-founder of Scientists and Engineers
for America (SEA), a political action committee backing pro-
science congressional candidates in next month’s elections. 

Q: What does SEA hope to accomplish?
There’s a range of issues, from environment to health to education, where science is critical. I hope the
public will become aware of the importance that the correct use of science in policy has on people’s lives,
that this will have an impact in the appropriate use of science by our government leadership.  

Q: Last month, you joined the Project on Scientific Knowledge and Public Policy at
George Washington University in Washington, D.C. Are you better able to initiate
change being outside FDA?
Oh dear. [Laughing.] Well, I don’t know that I can. Right now, many of the innovative ideas on how
to address these issues at FDA [are] coming from outside the agency. We’ll see what happens.

Q: Thinking about your activism makes us wonder: Do you feel like a superhero?
I don’t. To my mind, my resignation was a small thing. But if it helped give energy to others, then
that is well worth it.

Three Q’s >>

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

Atlanta, Georgia, the title of “Federal Employee
of the Year.” The award is issued every year by
the Partnership for Public Service, a nonprofit.

Cox, 58, joined CDC in 1975 and has been
at the helm of its influenza program since

1992. Although CDC has suffered an exodus
of veteran scientists recently in the wake of a
reorganization, Cox says it’s a good place to
work: “As a child, I never dreamed I’d have the
opportunities I’ve had while working at CDC.” 
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Post-Fire Logging Debate Ignores
Many Issues

RECENT CONTROVERSY CONCERNING POST-FIRE LOGGING IN OREGON
is emblematic of the problems of “salvage logging” globally (1).
Although tree regeneration after disturbances in forested areas is
important (2–4), a narrow view of this issue ignores important eco-
logical lessons, especially the role of disturbances in diversifying
and rejuvenating landscapes. Scientific advances in recent decades
demonstrate that disturbances are not catastrophes, trees in these
landscapes are not wasted if they are not harvested, and post-fire
logging is not forest restoration (5).

Fires (6), floods (7), volcanic eruptions (8), hurricanes (9), and

insects (9) create and sustain the structure and composition of
forests; disturbed areas also support species that are rare or absent
from closed-canopy forests, including many that are restricted to
recently burned areas (6). The extraordinary habitat mosaics of
southwest Oregon’s Biscuit fire area (10) and characteristic post-
disturbance communities present in forests throughout the world
(11) are in large part due to periodic “catastrophic” disturbances.
Relative to naturally disturbed forests, intensively managed forests
and plantations lack biological legacies, including intact understory
vegetation, snags (standing dead trees) and logs, and patches of
undisturbed or partially disturbed forest (11). Additionally, the het-

erogeneity associated with natural disturbances typically includes areas
of low tree density and high shrub cover (12), which results in structural
complexity required by many elements of the forest biota (13).

Ecological damage caused by post-disturbance logging may 
outweigh short-term economic benefits. If conducted improperly,
timber harvest of any kind damages soils and below-ground
processes, spreads invasive species, increases sediment delivery to
streams, and destroys or degrades key environments for terrestrial
and aquatic species. With post-disturbance logging, however, these
impacts occur when forest recovery is most vulnerable to the effects
of additional, especially anthropogenic, disturbances, creating
cumulative effects not associated with logging in undisturbed forests
(14, 15). Such effects can extend for a century or more, because of
the removal of long-persisting and functioning biological legacies
(11). Moreover, a focus on post-disturbance logging will divert the
attention of forest managers from conducting legitimate fuels reduc-
tion in fire-prone areas by, for example, thinning overly stocked trees
and undergrowth, especially within at-risk rural communities,
thereby exacerbating the already existing problem of declining local
agency staffing and budgets.

The effects of post-disturbance logging require careful consider-
ation of whether to log at all, and if so, how to conduct such logging
to minimize negative consequences. If we must conduct post-distur-
bance logging for timber production, stringent ecological safeguards
must be in place to minimize impacts to terrestrial (14) and aquatic
(15) ecosystems. When viewed through an ecological lens, a recently
disturbed landscape is not just a collection of dead trees, but a unique
and biologically rich environment that also contains many of the
building blocks for the rich forest that will follow the disturbance. 

DOMINICK A. DELLASALA,1* JAMES R. KARR,2 TANIA SCHOENNAGEL,3 DAVE

PERRY,4 REED F. NOSS,5 DAVID LINDENMAYER,6 ROBERT BESCHTA,7 RICHARD

L. HUTTO,8 MARK E. SWANSON,9 JON EVANS10

1National Center for Conservation Science and Policy, Ashland, OR 97520, USA. 2Professor
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4Professor Emeritus, Ecosystem Studies, Department of Forest Science, Oregon State
University, Corvallis, OR 97331, USA. 5Davis-Shine Professor of Conservation Biology,
University of Central Florida, Orlando, FL 32816, USA. 6Centre for Resource and
Environmental Studies, The Australian National University, Canberra, ACT 0200, Australia.
7Professor Emeritus, College of Forestry, Oregon State University, Corvallis, OR 97331,
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COMMENTARY

Two views of forests after the Biscuit fire of 2002 in the Siskiyou National Forest,
southwest Oregon: (left) unlogged botanical reserve with legacy trees present
and (right) adjacent logged area with legacy trees removed and soils damaged
(blackened areas) by burning of logging slash. [Photos taken November 2005.]
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Preventing HIV/AIDS in

Adolescents

I WAS PLEASED TO SEE THAT THE UNITED
Nations Population Fund (UNFPA) is cooper-
ating with the Interreligious Committee in
Honduras without compromising its own
principles, particularly as regards the effec-
tiveness of condoms in fighting HIV/AIDS

(“Mission possible: integrating the Church
with HIV/AIDS efforts,” J. Cohen, Special
Section on HIV/AIDS: Latin America &
Caribbean, 28 July, p. 482). UNFPA has taken
on a special mandate to work with the world’s
staggering numbers of adolescents who need
scientifically based information and the
wherewithal to make responsible decisions. 

In 2002, Lois Abraham and I started 34
Million Friends, a grassroots organization
that raises money and awareness of UNFPA
(1). I have witnessed UNFPA youth centers
in Mali and Senegal where the young are
enticed by sports and perhaps a cyber cafe
and then are deluged with information and
peer counseling about sexual matters. Lois
has witnessed the same dedication toward
AIDS prevention in Nicaragua. The Bush
Administration has withheld $34 million
from UNFPA every year since 2002 and touts
“abstinence only” policies abroad, which do
not take into account forced early marriage of
girls to older, more sexually experienced men
and often their need to trade sex for food or
school tuition. The United States should fully
support the UNFPA in its human rights–
based work for sexual health. UNFPA works

in 140 countries at their invitation. Last year,
171 countries contributed to UNFPA, but not
the United States. For shame! 

JANE ROBERTS

Redlands, CA, USA. 

Reference
1. See www.34millionfriends.org.

On Purpose in Conservation

THE EMPHASIS ON THE PRESERVATION OF
biodiversity as the objective of conservation
(“Global biodiversity conservation priori-
ties,” T. M. Brooks et al., Review, 7 July,
p. 58) has three distressing faults.

First, species contain ecotypes that are
unique to their locales. As the range of the
species is restricted, ecotypes are lost and
the functional integrity of the natural com-
munities in that region suffers. Although the
ecotypes may be reproducible over many
generations from a population residual in a
protected “hot spot,” the reproduction is not
guaranteed and is certain to be slow. 

Second, the very best efforts in preserv-
ing species in parks will be defeated if we
allow the environment to erode out from

http://www.sciencemag.org
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http://www.criver.com
mailto:info@sutter.com
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under them. The issues are not simply cli-
matic disruption, but also include physical,
chemical, and biotic disruption. 

Finally, the focus on biodiversity by well-
financed and obviously influential scientists
appears to be an authoritative statement that
the needs of conservation are finite and can
be met adequately by establishing parks to
preserve species in hot spots. The fact is that
these objectives are appropriate but com-
pletely inadequate and, presented without
elaborated conditions, become distracting to
the point of being misleading.

The objective of conservation is the preser-
vation of a fully functional biosphere as the
only human habitat. That entails preservation
of the full range of genetic potential in species,
the species in all of its intrinsic diversity. This
argument presents a far more aggressive mis-
sion for conservation, one much closer to the
objective recognized, at least nominally, by
Brazil in preserving by law a high fraction of
each land holding in forested regions as intact
forest and by New York State’s Adirondack
Park, which embraces villages, towns, and
businesses operating under special rules gov-
erning forested land over 6 million acres.
Success also entails immediate implementa-
tion of the Framework Convention on Climate
Change to stabilize the heat-trapping gas con-
tent of the atmosphere at levels safe for nature
and for people. Conservation as a whole
demands a new design on how to manage the
world, not one based on parks alone, which are
bound to fail.

GEORGE M. WOODWELL

Woods Hole Research Center, Woods Hole, MA 02543, USA.
E-mail: gmwoodwell@whrc.org

Response
WOODWELL’S DISTRESS APPEARS TO STEM
from confusion about the objective, strategy,
and scale of conservation addressed by our
Review. As suggested by our title, our aim
was to review biodiversity conservation as
an objective, and prioritization as a strategy,
at the global scale. First, other conservation
objectives beyond biodiversity are also
valid, such as cultural diversity (1) and eco-

system services (2). Happily, there are many
synergies between these objectives and that of
biodiversity conservation, because they have
similar distributions and threats and can there-
fore harness similar conservation responses.

Second, Woodwell’s assertion that con-
servation should represent the “preservation
of the full range of genetic potential in
species, the species in all of its intrinsic
diversity” is in no way antagonistic to the
strategy of prioritization, as others have mis-
takenly claimed (3). Representation is about
conserving everything; prioritization is
about what to conserve first (4).

Third, the scale of coverage of our review
was global: which regions should be the first
targets for flexible resources worldwide?
Woodwell concentrates his criticism on the
scale of individual parks; we agree with him
that this is not the only scale at which biodiver-
sity conservation must be implemented. At the
broadest, planetary scale, tackling the effects
of climate change (5) will require intergovern-
mental policy instruments to reduce green-
house gas emissions (6). At intermediate
scales, management needs to maintain the
landscape/seascape-level ecological pro-
cesses on which biodiversity depends (7).
However, at the finer, pragmatic level of much
current conservation implementation, clear
targets for safeguarding individual sites of
global biodiversity significance are essential.
This is the case whether the appropriate con-
servation tactic is the establishment or better
management of protected areas, or the imple-
mentation of other site-scale efforts. 

The “Key Biodiversity Areas” approach,
for instance, is being used to identify sites
through local and national processes and
ownership, but following global standards
and criteria (8). This work uses two decades
of experience in 170 countries in identifying
“Important Bird Areas” (9) as a foundation to
incorporate newly available comprehensive
data for mammals, amphibians, and other
taxa (10). Major efforts are now under way
through the Species Survival Commission of
IUCN (the World Conservation Union) to
compile equivalent data sets for reptile, plant,
marine, and freshwater biodiversity [e.g., (11,
12)]. A particularly urgent subset of Key
Biodiversity Areas are the 595 sites identified
by the “Alliance for Zero Extinction” and
endorsed by more than 60 biodiversity con-
servation organizations (13, 14).

We respectfully refer Woodwell to the
last four paragraphs of our paper, and refer-
ences therein, for further discussion of
these points.
T. M. BROOKS,1,2,3 R. A. MITTERMEIER,1 G. A. B. DA

FONSECA,1,4 J. GERLACH,5,6 M. HOFFMANN,1
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TECHNICAL COMMENT ABSTRACTS

COMMENT ON “Pairing and Phase
Separation in a Polarized Fermi Gas”

Martin W. Zwierlein and Wolfgang Ketterle 

Partridge et al. (Reports, 27 January 2006, p. 503)
reported pairing and phase separation in a polarized
Fermi gas. We argue that it is not possible to distinguish
the superfluid from the normal regimes in the pre-
sented data, or to discern which clouds were phase-
separated. Some of the reported conclusions are incon-
sistent with recent experiments. 

Full text at www.sciencemag.org/cgi/content/full/314/
5796/54a

RESPONSE TO COMMENT ON “Pairing and
Phase Separation in a Polarized
Fermi Gas”

Guthrie B. Partridge, Wenhui Li, Ramsey I.

Kamar, Yean-an Liao, Randall G. Hulet 

Zwierlein and Ketterle fail to establish that trap anhar-
monicities or other objective mechanisms affect the
conclusions of our report. Instead, they make the sub-
jective assertion that our claims are not supported by
the data. In emphasizing discrepancies between our
results and theirs, they ignore potentially important dif-
ferences in physical parameters. We stand by the state-
ments and claims made in our report. 

Full text at www.sciencemag.org/cgi/content/full/314/
5796/54b
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This field is very important. The better

we can model water waves, the better

we can predict the patterns of

beach erosion and natural

disasters.

Being a member of AAAS
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areas of interest I might not
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me valuable opportunities 

to exchange ideas with col-

leagues in other fields. And this helps

me find new approaches to my

own work.
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Imagine a trolley whose brakes have failed
is about to run over five men who work on
the tracks. However, the trolley could be

redirected onto a side track where
only one worker would be killed.
Is it morally right to throw the
switch? How about a similar situa-
tion in which one worker could be
thrown off a bridge onto the tracks
where he would be killed but
would save the five by stopping
the train with his weight? Most
people have different intuitions
about these cases, although both
describe cases in which five people could be
saved by harming one. Moral dilemmas can
be challenging. Is it permissible to remove life
support when somebody is in an irreversible
coma? Is collateral damage in Iraq
acceptable? Should we deny ex-
pensive medical care to the elderly
and instead use the money for cur-
ing young children? May I lie to
my spouse to avoid hurting her?
We often have fast gut reactions to
these situations without being able
to give coherent justifications.

If you are interested in where
our intuitions in these and other
moral situations come from, you
must read Marc Hauser’s Moral
Minds: How Nature Designed
Our Universal Sense of Right and
Wrong. Written for a wide audi-
ence, the book provides a superb
overview of one of the hottest
topics in the life sciences. Hauser
(a professor of psychology and
director of the Cognitive Evo-
lution Laboratory at Harvard Uni-
versity) presents a multitude of
empirical studies on the cognitive
foundations of moral intuitions and
actions. He discusses moral cog-
nition in adults, the development of moral
competencies in infants and young children,
and precursors of morality in animals. 

Readers expecting only a discussion of
studies narrowly focused on morality are in
for a treat. Moral reasoning requires a large

number of competencies, including the abil-
ities to comprehend goal-directed actions, to
distinguish between intended and merely

foreseen side effects, to
resist impulses and wait
for gratifications, to under-
stand what others are think-
ing or intending, to feel
empathy, to cooperate, to
deceive, and to feel emo-
tions relevant for moral
judgments (such as envy,
pleasure, and pity). Hauser
presents a balanced re-

view of research on humans and nonhuman
animals about all these topics in an emi-
nently readable and scholarly way. He not
only focuses on what is currently known but

also points out limitations of the studies and
sets goals for future research.

The book’s central aim is to provide
answers to fundamental questions about
the psychological and biological basis of
morality: How does our brain generate
moral intuitions? Do humans and other ani-
mals have an innate sense of morality? Or
are moral behavior and moral reasoning
based on learning? 

Hauser begins the book with a bold theo-
retical claim: “we evolved a moral instinct, a
capacity that naturally grows within each
child, designed to generate rapid judgments
about what is morally right or wrong based
on an unconscious grammar of action.” Of
course, the author does not believe that we
are born with specific moral rules (e.g., “do
not cheat on your spouse”), because this
would not explain why different cultures
have created different moral systems. Rather,
his theory draws from an analogy to linguis-
tics. In the 1950s, the MIT linguist Noam
Chomsky began developing the view that
humans possess a “language organ” that
contains a universal grammar. This gram-
mar, in Chomsky’s explanation, consists of
universal syntactical rules and parameters
that encode differences among languages.
Learning the syntax of a specific language
mainly involves setting the parameters of the
universal grammar to the language-specific
values. Using this theory as a blueprint for
his own account, Hauser argues that we are

endowed with an abstract univer-
sal moral grammar with parame-
ters that encode cultural differ-
ences. [This argument has also
been developed by John Mikhail
in his doctoral dissertation (1)
and a forthcoming book (2).] The
moral grammar along with a vari-
ety of cognitive competencies
underlies our morality.

Unfortunately, Hauser never
explains what the rules and pa-
rameters of the moral grammar
precisely look like. Findings that
show that different cultures gen-
erate similar intuitions (as in
the trolley problems above) are
viewed as evidence for universal
rules, whereas other studies show-
ing huge cultural differences are
interpreted as evidence for the
role of parameters. This flexibil-
ity of the theory makes it hard to
envision what could constitute a
strict empirical test of the theory.

Indeed, many of the empirical
studies that Hauser discusses could even be
taken as evidence against the moral gram-
mar view. The book is full of examples
showing that different cultures have differ-
ent notions of fairness. In most cultures
harming other people is prohibited, but in
some cultures female family members may
be killed when they are suspected to be
unchaste. Some societies allow their mem-
bers to brutally kill the children of neighbor-

A Case for the Moral Organ?
Michael R. Waldmann

NEUROSCIENCE

Moral Minds

How Nature Designed

Our Universal Sense of

Right and Wrong

by Marc D. Hauser

Ecco (HarperCollins), New

York, 2006. 511 pp. $27.95,

C$35.95. ISBN 0-06-078070-3.

To save five, would you push one? Bystander Frank’s dilemma.

The reviewer is at the Department of Psychology, University
of Göttingen, Gosslerstraße 14, 37073 Göttingen, Germany.
E-mail: michael.waldmann@bio.uni-goettingen.de

http://www.sciencemag.org
mailto:michael.waldmann@bio.uni-goettingen.de


6 OCTOBER 2006 VOL 314 SCIENCE www.sciencemag.org58

BOOKSETAL.

ing tribes or to torture crime suspects. In the
chapter on the trolley problem, Hauser
argues that an abstract rule explaining our
intuitions could be that harming people can
be justified when the harmful act is not
intended, but is rather a bad side effect of an
act with good intentions. Again there are
counterexamples: Some people feel that it is
okay to hurt somebody’s leg to save a life or
that a physician should be held accountable
for bad side effects that he did not intend.
Hauser would probably argue that these are
all parametric variations, but if so it is then
hard to discern the underlying common
abstract moral rule.

Although Hauser is not shy about his
theoretical preferences, he presents alterna-
tive theories in a fair manner. One plausible
alternative postulates cultural learning
mechanisms (3) that draw on various gen-
eral capacities, such as our abilities to
understand other people as intentional
agents and to imitate them—to mention just
two of the capacities whose existence in
children and some animals Hauser elo-
quently describes. Moral judgments need
not be based entirely on reflective applica-
tions of explicit rules. They may draw on
unconscious analogical reasoning, simple
heuristics, and gut feelings. General cogni-
tive mechanisms, such as attention, may
also influence our judgments. For example,
different causal representations of similar
situations may highlight different aspects of
the moral dilemmas (4).

Some of these components may be in part
innate, although they need not necessarily
be specific to the moral domain.
Constraints on moral systems
may also have historically devel-
oped as a result of cultural evolu-
tion. For example, it is hard to
imagine a society that would sur-
vive if it created a moral system
that punishes cooperation. Thus,
there is certainly a place for both
nature and nurture, and Hauser and his crit-
ics would agree that various competencies
that are not specific to morality play an
important role. Where they part company is
on whether a dedicated cognitive system
devoted to a moral grammar is also
required (5, 6).

Regardless of how convincing Hauser’s
theory eventually proves, its boldness turns
reading Moral Minds into a suspenseful expe-
rience. Near the end, Hauser reveals that he
does not expect a definitive resolution soon
and that he considers his theory a framework
for future research rather than a summary of a
finished project: “By leaning on the linguistic

analogy, however, we open the door to these
questions, and wait for the relevant theoretical
insights and observations.” 
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The Powers of Rhythm
Pascal Fries

György Buzsáki’s Rhythms of the
Brain is an excellent compendium
on the rapidly expanding research

into the mechanisms and functions of neu-
ronal synchronization. Buzsáki presents
such synchronization as a binding glue that
integrates many levels of neuroscientific
investigation with one another and with
neighboring disciplines. The text refers
to more than a thousand articles and
books. For many of these, the author pro-
vides a mini-review in a few sentences, and
he summarizes selected references in
informative f igures. For this reason, the

book might well have
been subtitled “everything
you ever wanted to know
about how the brain works
but never found the time
to look up and read in the
original literature.”

All the same, the book
is much more than a giant

review. Buzsáki (a professor at Rutgers
University’s Center for Molecular and
Behavioral Neuroscience) manages to ele-
gantly integrate insights from physics, engi-
neering, and cognitive psychology with con-
tributions from cellular, systems, cognitive,
and theoretical neuroscience. By connecting
the pieces, he produces a whole that greatly
exceeds the sum of its parts. His narrative
begins and ends with neuronal synchroniza-

tion, and he presents that as the key to under-
standing how everything comes together to
make the brain work. The book suggests that
Buzsáki has already arrived at integrative
neuroscience, currently a much-sought tar-
get of funding and research organizations.

The book is organized into 13 chapters,
which the author calls “cycles.” The first
introduces relevant general concepts such
as periodicity and prediction. Here Buzsáki
also presents his notion that most of the
brain’s activity is generated from within,
whereas external inputs cause perturba-
tions that are only minor albeit essential for
rendering the brain’s internal operations
ecologically useful. He ends the chapter
with an excellent summary of Rhythms of
the Brain:

The topics discussed in this book—
emergence of spontaneous order,
oscillations, synchrony, structure–
function relationships, and represen-
tation and storage by cooperating cell
assemblies—represent the middle
grounds of brain activities between
the microscopic mindless neurons
and the wise, performing brain. My
goal is to disclose how the brain gains
its smartness from the organized
complexity of its constituents. What
follows is a progress report on the fas-
cinating endeavors of neuroscience, a
tour of fields that are usually not
linked together in a single piece of
scientific writing.

Behavior established through synchrony. “If you
have seen Luis Bravo’s Broadway extravaganza
Forever Tango, you can picture the qualitative
essence of neuronal synchrony: coupling through
time by some invisible links.”
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After exploring the principles that link
structure to function, Buzsáki reviews the
essentials of cortical microcircuitry, focus-
ing on the important role that neuronal inhi-
bition plays in functional diversity and the
generation of rhythms. Introducing the
methods currently used for measuring and
analyzing rhythmic brain activity, the author
discusses their relation to the underlying cel-
lular and synaptic biophysics. He then pres-
ents the phenomenology of rhythms (from
the circadian cycle to 600-Hz neuronal
oscillations) and considers the fundamental
scaling laws that connect them. The chapter
“Synchronization by Oscillation” moves
from the phenomenology to the underlying
physiology and from oscillations to syn-
chronization. Its revealing exploration of the
mechanistic consequences of synchroniza-
tion is one of the book’s highlights. 

Following discussions of sleep-related
brain rhythms and the role of sleep rhythms
for consolidating waking-time experiences,
Buzsáki introduces gamma-band synchro-
nization and the theories about its function.
A chapter on perceptions and actions reviews
the influence of brain states on brain rhythms
and in turn on behavior. In “Oscillations
in the ‘Other Cortex,’” Buzsáki describes
his “home turf ”: the hippocampus, its
rhythms, and their putative functions for
hippocampal coding and memory formation.
He then turns to synchronization between
hippocampus and neocortex and its putative
function for coordination and for memory.
Although many of the topics he addresses in
these chapters have been reviewed exten-
sively elsewhere, Buzsáki takes the discus-
sions to a new level by assuming a bird’s-eye
perspective and integrating observations and
concepts that have not previously been
brought together. A final chapter offers
some thoughts on a sample of remaining
“tough problems,” which range from the
role of brain rhythms in the cerebellum and
basal ganglia to their potential function in
consciousness.

All  of the chapters have a two-part struc-
ture: the main text and very extensive foot-
notes. Buzsáki reserves the former for an
uninterrupted flow of thought. Although full
of deep insights, this main text avoids techni-
calities and expert terminology; therefore, it
should be understandable to any curious and
open-minded reader. Through this approach,
Buzsáki succeeds in following his credo that
“discoveries and insights realize their power
only when understood by others.”

Even though the book is structured to
reward nonspecialists, it is also a must-read
for interested neuroscientists. My own

research focuses on neuronal
synchronization; nevertheless, I
learned something from almost
every paragraph. At some places,
Buzsáki filled gaps in my knowl-
edge; at others, he made me rec-
ognize overarching principles.
For the expert neuroscientist, the
footnotes add full scientific
depth to Rhythms of the Brain. Branching
from the main text, they provide extensive
references, deepened discussions, and vari-
ous historical anecdotes. There is bias
toward Hungary and its scientists, but that
becomes fully understandable reading this
masterful book.

10.1126/science.1133986
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From the Dark Side to
the Bright Side of Drug
Addiction
Barry J. Everitt

The timely appearance of this ambi-
tious book emphasizes how rapidly
the neurobiology of addiction has

emerged and grown as a research field.
Some 30 years ago, we knew almost nothing
about the neurobiological mechanisms of
addiction. The rapid advances in our under-
standing owe much to the important inter-
play between animal experimentation and
the scientific study of drug addiction in
humans. Studies in humans, which allow
measurements of subjective experi-
ence, have been greatly facilitated by
the advent of functional imaging tech-
niques. The text’s authors, George
Koob and Michel Le Moal, have made
major contributions, both experimental
and conceptual, to the field. In Neuro-
biology of Addiction, they review how
we have come to understand the spe-
cific molecular mechanisms underly-
ing the effects of the major classes of
addictive drugs. They describe the cel-
lular and molecular adaptations to
chronic self-administration of drugs
and discuss the neural systems that
mediate the effects of addictive drugs
as well as their withdrawal. The authors

also outline the learning
mechanisms engaged (per-
haps aberrantly) by these
drugs. 

Koob and Le Moal first
met in the late 1970s in
Koob’s lab at the Salk
Institute in La Jolla, Cali-
fornia; there soon fol-

lowed a reciprocal visit by Koob to Le Moal
in Bordeaux. Neurobiology of Addiction is a
fitting culmination to the productive, long-
term collaboration that grew out of these
initial exchanges. This substantial volume
succeeds both as a reference work—with
chapters devoted to each of five major
classes of drug (psychostimulants, opioids,
alcohol, nicotine, cannabinoids)—and as a
state-of-the art review of theories of drug
addiction. The five chapters on drugs repeat
a common structure, which makes them
easy to follow. Once one gets used to it, the
authors’ approach provides a very helpful
framework within which to consider the
commonalities and differences among these
classes of powerfully addictive drugs.

Koob made some of the fundamental
observations showing that the mesolimbic
dopamine neurons that innervate the nucleus
acumbens mediate the acute reinforcing
effects of addictive drugs. Collaborating
with Le Moal, he subsequently focused
on the “opponent motivational processes”
through which addiction is hypothesized to
originate (that is, through avoidance of the
aversive effects of drug withdrawal). The
authors developed their theory in the context
of Richard Solomon’s earlier ideas (1),
which had suggested that drugs like heroin
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caused a rapidly occurring, affectively hedo-
nic (“pleasurable”) “a” process. They argued
that it is succeeded by a slower onset but
longer-lasting “b” process (of opposite
affective sign) that is a manifestation of
withdrawal. In a key advance, Koob and Le
Moal and their colleagues (including Athina
Markou) defined the b process not in terms
of the physical concomitants of withdrawal
(which until then had been a key diagnostic
feature of addiction) but as an aversive
motivational state. This state is seen exper-
imentally as raised reward thresholds [meas-
ured with intracranial self-stimulation (2)]
and revealed behaviorally as conditioned
aversive responses. 

The authors’ subsequent research has
defined the neurochemical and molecular
correlates of this opponent b process, which
they have called “the dark side” of drug
addiction. These include counteradaptations
in the brain’s reward system (characterized
by decreased, rather than increased, dopa-
mine and serotonin in the nucleus accum-
bens) as well as increased activity in the
brain’s stress and what they have termed its
“anti-reward” systems. The latter is charac-
terized by increased corticotropin-releasing
factor and dynorphin within the extended
amygdala, a neuroanatomical construct
introduced by George Alheid and Lennart
Heimer and embraced enthusiastically by
Koob and Le Moal. More recently, these
ideas have been augmented by applying to
drug addiction the concept of “allostasis,” a
“state of chronic deviation of the regulatory
system from its normal (homeostatic) oper-
ating level.” In this view, repeated drug tak-
ing leads to (doomed) attempts by the brain
to maintain stability through counteradapta-
tions in its reward system and recruitment of
antireward or stress systems. The “residual
deviation from normal brain reward thresh-
old regulation is termed an allostatic
state”—an altered hedonic set point that
cannot be normalized by taking more drug.

The authors have never been shy in vigor-
ously promoting their allostatic theory of
addiction, but then other theorists have often
been equally robust in promoting theirs.
Thus the balanced and appreciative way in
which Koob and Le Moal consider the other
contending theories is both refreshing and
rewarding. In revealing the commonalities
among many current theoretical approaches,
they perhaps miss a trick in not fully consid-
ering them within the framework of the
extended amygdala. And they cannot dis-
guise their antipathy to the highly influential
“incentive sensitization” theory of Terry
Robinson and Kent Berridge, arguing that

the unquestionable occurrence of behavioral
sensitization not only is biased by the focus
on stimulant drugs but also does not easily
explain the escalation of drug intake that
characterizes addiction. Robinson would no
doubt strongly contest the assertion that rats
that have escalated their drug intake are not
sensitized—but the book may have gone to
press before Robinson’s recent paper show-
ing sensitized motor stereotypy in escalated
subjects (3) was published.

Readers will find Koob and Le Moal pro-
vide more than a reference source on neuro-
biological mechanisms and a review of cur-
rent theories of addiction that champions
their own. The first chapter offers a consid-
eration of various definitions of addiction,
which includes an attempt to explain the
continuing and still puzzling use of “sub-
stance dependence” rather than “addiction”
in the fourth edition of the Diagnostic and
Statistical Manual of Mental Disorders
(DSM-IV). The authors’discussion of differ-
ent animal models of addiction is especially
valuable because they address head on the
definition of addiction when applied to ani-
mals and note that modeling this state
requires chronic and probably escalating
self-administration of the drug. That impor-
tant aspect of drug addiction forms the cen-
tral point of the final, engrossing chapter,
which pits allostatic and incentive sensitiza-
tion theories against one another. There the
authors also consider the problem of vulnera-
bility and the way that variation in the propen-
sity to escalate drug intake might interact with
the consequences of chronic drug taking (e.g.,
the impairment of frontal lobe executive func-
tions) to result in compulsive drug seeking. 

Here there arises a paradox that the
authors do not address directly: Elegant
work by Pier Vincenzo Piazza, Le Moal, and
colleagues has shown that some animals
within a population of laboratory rats have
the propensity (presumably genetically de-
termined) to self-administer very low doses of
drugs whereas others do not, and it has been
argued that this models the vulnerability
to addiction. But subsequent research by
Piazza and colleagues has shown that this
behavioral trait does not predict the develop-
ment of compulsive drug seeking after
chronic drug self-administration, as meas-
ured by its persistence in the face of adverse
circumstances such as punishment (4, 5).
(Such criteria are a diagnostic feature of
substance dependence in DSM-IV and the
International Classification of Diseases,
10th edition.) Clearly, much remains to be
done to explore the validity of models of
vulnerability to addiction. 

The final chapter also presents Koob
and Le Moal’s “world view”of addiction, a
step toward consensus theorizing that is to
be applauded.

Neurobiology of Addiction is a major
achievement and will rapidly become a
must-have book on the shelves of addiction
researchers. It is pleasingly free of errors (but
it would be nice to know what Figure 3.13
should be). Although it includes much with
which readers will disagree and argue, there
is also much to relish in Koob and Le Moal’s
thought-provoking and scholarly text.
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How Does the Brain
Deal with the Social
World?
Sarah Jayne Blakemore

In a very short time, social neuroscience
has come from almost nothing to be one
of the most flourishing research topics in

neurobiology. Over the last five years, sev-
eral neuroscience journals have devoted
special issues to the biological underpin-
nings of social behavior. This past year has
seen the launch of two specialist journals
that cover the neural basis of social and emo-
tional behaviors (Social Neuroscience
and Social Cognitive and Affective Neuro-
science). The increasing interest in the field
is captured in MIT Press’s Social Neuro-
science series of edited volumes. For Social
Neuroscience: People Thinking About Think-
ing People, the third title in the series,
editors John Cacioppo, Penny Visser, and
Cynthia Pickett have recruited contributors
from a range of disciplines (including psy-
chology, psychiatry, neurology, radiology,
and neuroscience) to focus on social behav-
ior and cognition in humans.

One of the volume’s central questions is
whether dedicated cognitive and neural
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mechanisms exist for understanding and
interacting with other people. As Jason
Mitchell and his colleagues remark in their
chapter, “In being governed by complex
mental states, other people are a unique kind
of stimulus.” The statement is
supported by neuroimaging stud-
ies that show the brain is acti-
vated differently when subjects
make judgments about a human
than when they make the same
judgments about inanimate ob-
jects. The brain areas involved in
making judgments about a
human overlap with those in-
volved in thinking about other
people’s mental states (i.e., in-
volved in what is known as
“theory of mind”) (1). One of
these brain regions is the medial
prefrontal cortex, a large area
whose exact role in social cogni-
tion is elusive (2). Further research by
the Mitchell group cast doubt on the idea
that the role of the medial prefrontal cor-
tex is simply to  think about people. In a
second study, the region was activated
whenever subjects made mental state
judgments, whether about a
human or an animal.

In a chapter on the differ-
ential roles of brain regions
(including the medial pre-
frontal cortex) that are acti-
vated in theory of mind tasks,
Rebecca Saxe reevaluates ex-
isting research on theory of
mind. She suggests that a dif-
ferent part of the network, the
temporo-parietal junction, is
the more critical region impli-
cated in reasoning about mental states.
Another hypothesis on the medial prefrontal
cortex’s function is put forward by Debra
Gusnard, who discusses activation of the
region in “rest” conditions and in tasks
in which subjects think about the self.
Disentangling methodological problems of
theory of mind research, Valerie Stone con-
cludes that the executive function demands
of theory of mind tasks might induce activity
in the medial prefrontal cortex. Although the
reader is not left with a single compelling
and indisputable theory, the divergence
among the explanations of medial prefrontal
cortex function illustrates that the contribu-
tions to the book reflect the cutting edge of
social neuroscience research.

Another question that the contributors
return to throughout the volume is whether
social cognitive processes are fundamentally

different from general cognitive processes
such as attention, perception, and memory.
Ralph Adolphs asks, “Is social cognition a
particular type of cognition?” Again, the
answer is not clear cut and seems to depend

on what aspect of social cognition we are
talking about. Thinking about other people’s
mental states might be one area of social cog-
nition that involves special mechanisms and
cannot be explained by component cognitive
processes. Whereas other aspects of thinking

about people (for example,
social exclusion and racial
bias) may rely on mechanisms
that are not unique to social
cognition. Matthew Lieberman
and Naomi Eisenberger de-
scribe their clever neuroimag-
ing experiment in which sub-
jects played a computerized
ball game with two other “vir-
tual” people. Under one condi-
tion, the two other players
stopped throwing the ball to

the subject. This social exclusion condition
was associated with activity in the brain’s
pain network. Lieberman and Eisenberger
argue that feeling the pain of being
excluded by others involves the same mech-
anisms as those underlying physical pain.
Three chapters focus on stereotype biases,
including gender and racial prejudices. In
one, Elizabeth Phelps and Mahzarin Banaji
suggest that stereotype bias is a form of clas-
sical conditioning. 

Investigating the neural mechanisms that
underly complex social capacities is an
ambitious remit and one that would not be
possible without the ability to scan people’s
brains. Marcus Raichle quotes Ivan Pavlov:
“If we could look through the skull into the
brain of a consciously thinking person, and if
the place of optimal excitability were lumi-
nous, then we should see playing over the

cerebral surface, a bright spot with fantastic,
waving borders constantly fluctuating in size
and form.” Neuroimaging has undoubt-
edly revolutionized cognitive neuroscience.
Nonetheless, a recent paper by Cacioppo and

his colleagues warns against
using neuroimaging simply to
show that there are neural cor-
relates of social perception
and behavior (3). It is an on-
going challenge to ensure that
tasks and stimuli are both
highly controlled and at the
same time have some ecologi-
cal validity. Even when these
challenges are met, it is im-
portant that neuroimaging
analyses do not stand alone.
The advantages of taking mul-
tiple approaches are demon-
strated by the study of emotion,
which is briefly described

in Ralph Adolphs’s elegant chapter. In this
f ield, our understanding has benefited
from the application of many different
methodologies.

Clearly, a relatively brief volume such as
this cannot be exhaustive. One topic of
social neuroscience research noticeably
absent from the book is the mirror neuron
system (4). The system, which includes pre-
motor cortex and inferior parietal cortex in
monkeys and humans, is activated by execu-
tion of action and by the mere observation of
action. Recently, it has been proposed that
the mirror neuron system plays a role in
social cognition: in the decoding of others’
actions and the understanding of the inten-
tions, goals, and desires that lie behind the
actions (5). Two other broad topics not dis-
cussed to any substantial extent in the book
are disorders characterized by social impair-
ment (such as autism and psychopathy) and
the development of the social brain. I look
forward to finding coverage of these topics
in future volumes of the series. In the mean-
time, researchers and students will find
Social Neuroscience a valuable introduction
to the neurobiological foundations of inter-
actions among humans.
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Having recently observed the 20th
anniversary of the Chernobyl
nuclear reactor disaster of 26

April 1986, we now have an opportunity
to mitigate and assess the health effects
of radiation and other environmental
exposures objectively and carefully in a
controlled and longitudinal fashion at
the same site. Thousands of workers will
soon descend upon Chernobyl once
again. The original 1.1-billion-ton tem-
porary “sarcophagus” designed to con-
tain the reactor site, as well as to limit the
long-term consequences of the accident,
is on its last legs: Its roof is no longer
sealed, its structural integrity has been
compromised, and the water accumulat-
ing under the reactor may be highly irra-
diated (1). The original structure is
slated to be replaced by an $800 million
New Safe Confinement shelter (NSC,
also often called “the Ark”) measuring 885
feet wide and 360 feet high. Construction is
expected to commence soon and to be com-
pleted by 2010 (2).

Workers constructing the NSC and
demolishing the residual nuclear power
plant (under the auspices of the Shelter
Implementation Plan or SIP) will be ex-
posed to a number of risks, primarily ioniz-
ing radiation. These workers present a
unique opportunity to examine the genome,
environmental exposures, and their interac-
tion and impact on human health. We believe
it is imperative to establish a research and
clinical framework to learn about human
health effects of radiation during the con-
struction of the Ark—first and foremost to
protect Ukrainian workers, but also to man-
age future nuclear disasters.

What Do We Know Now About the Effects
of Exposures at Chernobyl?

Last fall, the Chernobyl Forum, a consor-
tium of eight United Nations agencies and
the governments of Ukraine, Belarus, and
Russia, released the most comprehensive

report to date on the long-term health, envi-
ronmental, and socioeconomic impacts of
the Chernobyl disaster (3). Following explo-
sion of the unit 4 reactor, Soviet military
officials dispatched more than 600,000
rescue personnel, or “liquidators,” to extin-
guish the fire in the reactor core, to consoli-
date radioactive waste, and to begin con-
struction of the concrete and steel sarcophagus
(4, 5). The full health effects of the liquida-
tors’ exposure remain the subject of much
debate. It is not clear, for example, whether
Chernobyl cleanup workers have experi-
enced an increase in hematological malig-
nancies (6) or cancers of the thyroid, brain,
and other solid tumors (7). Indeed, there has
been no systematic, comprehensive evalua-
tion—nor means to carry out such an evalu-
ation—for those working and living at or
near the site.

As summarized in the Chernobyl Forum
report and elsewhere (3, 8), epidemiological
investigations of the consequences of
Chernobyl radiation exposure, by definition,
could not be carried out in a controlled fash-
ion. Dosage, duration, and proximity were
often crudely estimated. In addition, wide-
spread ignorance of the effects of radiation
and the imposition of a 2-year information
blackout by the Soviet government hampered
attempts to carry out an honest and open

inquiry into radiation-related health out-
comes (5, 8).

Worker Safety and Other Ethical Issues

It is entirely possible, if not probable, that
workers at the NSC site will be in close prox-
imity to a number of sources of radioactivity,
including (i) contaminated groundwater; (ii)
radioactive waste that has been sitting in
trench and landfill facilities; and (iii) substan-
tial quantities of cesium-137, which has a
half-life of 30 years (3, 9). During NSC con-
struction, remotely operated equipment will
be deployed to minimize worker exposures.
To its credit, the SIP provides for equipment
designed to enhance worker safety (9).
Because radiation exposure can be monitored
closely with conventional dosimetry, it should
be possible to minimize health risks. How-
ever, novel molecular technologies will be
needed to provide a precise biologic measure
of radiation dose and host reaction (10, 11).

Any long-term initiative centered on Ark
workers should have as its foremost goal the
monitoring, maintenance, and improvement
of worker health. Aggressive surveillance of
premalignancies, malignancies, cataracts,
cerebrovascular and cardiovascular diseases,
immune dysfunction, and other known indi-
cators of radiation exposure must be para-
mount. Ideally, workers at risk for higher lev-
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els of radiation exposure will have samples of
their stem cells collected. In case those work-
ers are exposed to myeloablative radiation
doses [>400 cGy (centigray, absorbed dose of
ionizing radiation) total], they could then be
reinfused with their own peripheral blood
stem cells (12).

Opportunities for Information Gathering
and Scientific Inquiry

Assessing individual radiation responses
among the 1400 workers per shift in the con-
struction area (9) should be tremendously
valuable for understanding the biology of
low-level radiation exposure, as well as
for developing novel biomarkers to monitor
future radiation-intensive events, be they
accidental, a consequence of war, or the
result of terrorist activities. We envision
measuring a broad range of biological mark-
ers of exposure before, during, and after the
project, as well as health outcomes with
which those markers can be correlated.
Preliminary retrospective biomarker studies
of Chernobyl cleanup workers have already
correlated Chernobyl exposure with cytoge-
netic abnormalities (13).

To conduct a meaningful scientific in-
quiry, a research study and health care–deliv-
ery infrastructure must be created. A hospi-
tal in nearby Slavutich is set to provide basic
safety training, medical screening, and radi-
ation surveillance and monitoring (9), but a
robust system needs to be established for
collecting and storing reliable clinical data
and for preserving biological samples. Data
collection and tracking systems will be
essential to handle hundreds of thousands
of data points.

To establish baseline measures among the
several thousand workers rotating through the
site, essential clinical and demographic infor-
mation should be collected at time zero and
thereafter at regular intervals. A key com-
ponent would be a guideline-compliant,
privacy-protected biospecimen resource
to facilitate the study of gene-environment
interactions. Genomewide assessments have
already provided detailed molecular pheno-
types for ionizing radiation dosage (14) and
other occupational exposures (15). Data from
blood cells should offer critical insights into
the hematopoietic and immune-system health
of Ark workers. In particular, serial cyto-
genetic and gene-expression profiling of
peripheral blood mononuclear cells will help
define physiological and cellular changes
resulting from radiation exposure (16). An
important goal at Chernobyl will be to closely
monitor and systematically correlate health
status with promising biomarkers and to

translate these findings into protective prac-
tices such that worker safety can be assured.

Exposure to ionizing radiation is well
known to induce DNA damage in mam-
malian germ cells and can adversely affect
those exposed and their offspring (17).
Fertility and reproductive health monitoring
are therefore likely to be crucial components
of any large-scale study of Ark workers.

Cognition and mental health may be more
important still (3, 18). The relation between
cognitive abilities and low-dose ionizing
radiation is unclear; however, radiation is
known to exert profound effects on the brain
(19). Cognitive function should be measured
in workers before exposure and regularly
thereafter. Mental health and social dynam-
ics can also be assessed to understand the
factors that might contribute to fear, anxiety,
depression, and other affective symptoms.

Considerations for the Future

This will be more than just a technical chal-
lenge, but a social, political, and ethical one
as well. Jobs are scarce in the Chernobyl area,
and workers will have incentives to take risks
with their own health. Effective interventions
to prevent radiation-related illnesses will
need to link indicators of exposure to meas-
ures that reduce exposure, such as change of
job or location, in a way that workers support
and that is mindful of their best interests.
Among the challenges of such a public health
study will be reconciling individual workers’
roles as employees with their status as
research participants. At every stage, we
would expect the guiding principle to be that
a worker will be no worse off for having par-
ticipated in the study.

In our view, the science needs to be tightly
linked to health services, which is no mean
task even in the best of circumstances in
advanced economies. But most of all, the sys-
tem should be constructed in a way that war-
rants workers’ trust.

The issue of cost cannot be ignored. In
light of the uncertainties surrounding radia-
tion dosimetry, as well as the timeline and
scope of the NSC construction job itself, it is
difficult to pinpoint a bottom-line figure for
an undertaking like the one we propose. We
can imagine the sponsors of such a project
working with Ukrainian public health
off icials and other regional institutions to
develop a framework that includes a consen-
sus limit on acceptable exposures such as
the one advocated by the International
Commission on Radiological Protection
(50 millisieverts per year, which measures
the biological effects of radiation) (20). It
should then be possible to estimate the per-

worker cost of averting higher cumulative
doses a priori (21), while also providing for
the construction of a lasting scientific in-
frastructure at the reactor site. If multiple
nations are willing to collectively provide as
much as $1 billion to secure Chernobyl for
the next 100 years by building the Ark,
surely they can also see the logic of support-
ing a once-in-a-lifetime scientific effort to
produce an unprecedented knowledge base
for a small fraction of the total construction
costs. Moreover, even without the research
benefits, worker health must be protected,
and that will require new technologies.

Facilitating cutting-edge genomic re-
search while deploying state-of-the-art public
health measures in Chernobyl presents an
extraordinary opportunity for science and
medicine to clarify the impact of measured
exposures on human health. It might further
help quell anxiety in the event of future large-
scale exposures to radiation both in the
Ukraine and around the world, and without a
20-year learning curve.
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It has long been known that calcium chan-
nels activate cellular signaling pathways
that regulate transcription factors, but on

page 122 of this issue, Caraveo et al. (1) turn this
signaling paradigm on its head. They report that
TFII-I, a ubiquitously expressed transcription
factor, regulates the activity of TRPC3, a cell
surface Ca2+ channel. Remarkably, the tran-
scription factor affects the Ca2+ channel not
through its effects on gene expression, but by
competing with the channel for binding the
enzyme phospholipase C (PLC). This mecha-
nism of channel regulation reveals an entirely
new way by which the TFII family of transcrip-
tion factors can control cellular physiology and
development. TFII-I thus joins a small group of
transcription factors that function in both the
nucleus and the cytoplasm. 

TFII-I belongs to a family of general tran-
scription factors, three of which are found in the
7q11.23 chromosomal region that is deleted
in the congenital developmental disorder
Williams-Beuren syndrome (2). Symptoms of
this disease include hypersociability, mental
retardation, and cardiac anomalies. The cardiac
deficiencies are probably caused by deletion of
the elastin gene (3), but the neurological and
psychiatric symptoms might be due to deletion
of neighboring genes such as TFII-I (4). TFII-I
regulates transcription both by constitutively
binding to the core sequence (Inr) found in the
minimal promoter of most genes and by bind-
ing to other regulatory sites that lie in gene
enhancers (5). Intriguingly, TFII-I is phospho-
rylated by Bruton’s tyrosine kinase (Btk) (6), a
protein that is important for B lymphocyte acti-
vation and which is mutated in X-linked agam-
maglobulinemia.

Agonist-induced activation of certain cell
surface receptors is coupled to the activation
of PLC, which leads to the release of Ca2+

from intracellular stores and Ca2+ influx
across the plasma membrane (7). The result-
ing rise in intracellular Ca2+ is essential for
many cell functions. Agonist-controlled Ca2+

entry depends on several types of ion channels
including members of the transient receptor
potential (TRP) family (8). TRPC3, the chan-

nel studied by Caraveo et al., has been impli-
cated in axon guidance (9) and in the develop-
ment of cardiac hypertrophy (10).

How PLC activates TRPC3 is somewhat
controversial. PLC normally acts by cleaving
phosphatidylinositol 4,5-bisphosphate to gener-
ate inositol trisphosphate and diacylglycerol.
However, the authors previously reported that
PLC-γ activates TRPC3 independently of its
enzymatic activity (11) by binding to TRPC3
and increasing channel insertion into the plasma
membrane. Among the five PLC subfamilies,
PLC-γ members have a unique structure con-
sisting of two separated halves of a pleckstrin
homology (PH) domain, a conserved lipid-
binding motif. Receptor activation causes the

C-terminal half of the PH domain in PLC-γ to
bind a PH-like “half domain” in TRPC3, thus
increasing the plasma membrane insertion of
TRPC3 and increasing Ca2+ influx (12).

Hints of a functional link between TFII-I
and the TRPC3 channel came from the dis-
covery that TFII-I binds the TRPC3 regulator,
PLC-γ. When phosphorylated by Btk, TFII-I
binds to a Src homology 2 (SH2) domain on
PLC-γ. In addition, TFII-I binds to PLC-γ
through an interaction between the partial PH
domains in TFII-I and PLC-γ. Because the PH
domain of PLC-γ is important for regulating
TRPC3 at the cell surface, the authors investi-
gated whether TFII-I expression regulates
TRPC3 function. They found that reducing
TFII-I protein levels increases Ca2+ influx
whereas TFII-I overexpression reduces it, sug-
gesting that TFII-I is a negative regulator of
agonist-controlled Ca2+ entry. Deletion of a
nuclear localization sequence did not affect
the ability of TFII-I to reduce agonist-con-
trolled Ca2+ entry, indicating that the tran-
scription factor’s function in the cytoplasm
and nucleus are independent of each other. 

Because PLC-γ regulates agonist-con-
trolled Ca2+ entry by controlling the amount of
TRPC3 at the cell surface, Caraveo et al.
determined whether TFII-I regulates TRPC3
insertion into the plasma membrane by bind-
ing to PLC-γ. Reduced expression of TFII-I
increased TRPC3 at the cell surface whereas
overexpression of TRPC3 had the opposite
effect. This depended on the partial PH domains
in TFII-I and PLC-γ. Thus, cytoplasmic TFII-I
can bind to the PH domain of PLC-γand prevent
PLC-γ from causing TRPC3 insertion in the
plasma membrane. 

So how does the interaction of TFII-I and
PLC-γ regulate the physiology of cells? In
Williams-Beuren syndrome, reducing the
amount of TFII-I and its closely related family
members might lead to overactivity of TRPC3,
to errors in axon pathfinding, and to other
developmental defects that depend on recep-
tor-controlled calcium entry. Mutations of the
voltage-activated L-type Ca2+ channel are
associated with autism (13), suggesting that
Ca2+ signaling can cause subtle effects on
nervous system development that can result in
cognitive disorders. 

The study by Caraveo et al. raises several
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Although transcription factors had been thought
to act only in the nucleus, new evidence that they
can regulate calcium channels in the cytoplasm
represents a mechanism for two-way communica-
tion within cells. 
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Two jobs. (Top) Upon activation of specific receptors
at the cell surface, PLC-γ binds to TRPC3 channels,
causing insertion of the channels into the plasma
membrane, where they mediate Ca2+ entry. (Bottom)
The kinase Btk phosphorylates the transcription fac-
tor TFII-I, causing it to dissociate from Btk and bind
to PLC-γ as well as enter the nucleus. By preventing
PLC-γ from binding to TRPC3, TFII-I reduces the
number of TRPC3 channels at the cell surface and
inhibits agonist-controlled Ca2+ entry.
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interesting questions. How is the relative
abundance of TFII-I in the cytoplasm and
nucleus determined? TFII-I phosphorylation
causes TFII-I translocation into the nucleus
(14), and yet this phosphorylated form of the
protein also binds to PLC-γ in the cytoplasm.
Understanding precisely how these two pools
of TFII-I are regulated will reveal how the
two functions of the molecule are controlled.
PLC-γ also plays a key role in activating
many signaling enzymes, including protein
kinase C, and TFII-I may regulate many of
these signaling events at the plasma mem-
brane. The existence of proteins such as TFII-I

and DREAM/KChIP (15, 16) that regulate
both transcription and ion-channel function
support an emerging paradigm whereby pro-
teins that function both in the nucleus and in
the cytoplasm of cells coordinate the overall
ability of a cell to respond to membrane stim-
uli and to activate gene expression. 
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The current revolution in proteomics
and systems biology is driven by new
analytical tools that are both fast and

sensitive. Among these tools, mass spectrom-
etry has become the method of choice for
rapidly identifying proteins and determining
details of their primary structures (1).
Currently, there are two complementary lines
of attack for the mass spectrometry analysis
of proteins: the bottom-up and top-down
approaches. On page 109 of this issue, Han
et al. (2) extend the range of the top-down
approach to proteins with molecular masses
as high as 229 kD.

The bottom-up approach (see the figure,
top panel) is widely used for identifying pro-
teins and determining details of their sequence
and posttranslational modifications (1). In this
approach, proteins of interest are digested with
an enzyme such as trypsin, and the resulting
“tryptic peptides” are analyzed by electrospray
ionization (ESI) or matrix-assisted laser
desorption/ionization (MALDI). These mass
spectrometry techniques allow peptide and
protein molecular ions to be put into the gas
phase without fragmentation (3). The ESI– or
MALDI–mass spectrometry analyses take
place in two stages. First, the masses of the
intact tryptic peptides are determined; next,
these peptide ions are fragmented in the
gas phase to produce information on their
sequence and modifications. 

The bottom-up approach is especially use-
ful for identifying proteins, because tryptic
peptides are readily solubilized and separated,
tasks that are considerably more difficult for
the parent proteins. In addition, many tryptic
peptides can be readily analyzed by mass
spectrometry analysis, providing useful frag-
mentation ladders (4) that often yield suffi-
cient information to identify the parent pro-
tein. Unfortunately, only a small fraction of
the tryptic peptides are normally detected, and
only a fraction of these yield useful fragmen-
tation ladders. The bottom-up approach is
therefore suboptimal for determining modifi-
cations and alternative splice variants (5). It is

a little like having a jigsaw puzzle, where
many of the pieces are missing. 

But even if we had all the pieces, the pic-
ture would still be incomplete, because—to
produce a sufficient number of tryptic pep-
tide ions to allow for their detection by mass
spectrometry—it is currently necessary to
examine the pieces of a billion or more copies
of the protein of interest. So really we have a
billion jigsaw puzzles, some of which are the
same, but many of which are slightly differ-
ent, because they correspond to copies of the
protein containing different modifications.
Thus, if the pieces are relatively small (as they
usually are for tryptic peptides), we will lose

Mass Spectrometry: Bottom-Up
or Top-Down?
Brian T. Chait
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A novel approach to mass spectrometry
involving fragmentation of intact proteins in
the gas phase promises to greatly improve our
ability to determine protein modifications.

Dissecting the primary structures

of proteins by mass spectrometry.

In the widely used bottom-up
approach (top), proteins of interest
are digested in solution with an
enzyme such as trypsin, and the
resulting peptides are analyzed in the
gas phase by mass spectrometry in
two stages. In the first (labeled “MS”),
the masses of the intact tryptic pep-
tides are determined; in the second
(labeled “MS/MS”), these peptide ions
are fragmented to produce informa-
tion on the identity and sequence of
the protein as well as its modifica-
tions. In the top-down approach (bot-

tom), intact protein ions are intro-
duced into the gas phase and are

fragmented and analyzed in the mass spectrometer, yielding the molecular mass of the protein as well as pro-
tein ion fragment ladders; this information can be used to deduce the complete primary structure of the pro-
tein. Both methods make extensive use of correlations of the mass spectrometric data with protein and
whole-genome sequence databases.
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correlations that may exist between these
modifications on disparate portions of the
protein. Such correlations may exist, for
example, on a subpopulation of the protein
that carries a phosphate moiety at two or
more sites simultaneously.

In the top-down approach (see the figure,
bottom panel), intact protein ions are intro-
duced into the gas phase by ESI and are subse-
quently fragmented in the mass spectrometer,
yielding the molecular masses of both the pro-
tein and the fragment ions. If a sufficient num-
ber of informative fragment ions are observed,
this analysis can provide a complete description
of the primary structure of the protein and
reveal all of its modifications, as well as any
correlations that exist between these modifica-
tions. Although the molecular masses of intact
proteins have been successfully measured by
MALDI– and ESI–mass spectrometry for
some time (3), it has proved difficult to produce
extensive gas-phase fragmentation of intact
protein ions, especially from large proteins. 

Han et al. now demonstrate that they can
obtain highly informative fragmentation for
proteins with molecular masses extending to
more than 200 kD. The authors achieve this
remarkable feat by pumping relatively large
amounts of energy into the ionized protein
throughout the ion injection and collisional
dissociation steps, apparently maintaining
the protein in an unfolded and conformation-
ally uncollapsed state. In so doing, they con-
siderably improve the prospects for the top-
down approach.

Together with the recent introduction of
two other highly effective methods for frag-
menting large peptides and proteins—elec-
tron capture dissociation (6) and electron
transfer dissociation (7)—this critical frag-
mentation component of the top-down
approach now appears within reach. However,
other formidable challenges remain to be
overcome before the top-down approach can
be considered truly robust for proteomics
studies, rather than a technique for studying
single purified proteins. 

One major challenge is the need to separate
small quantities of complex mixtures of pro-
teins prior to mass spectrometric fragmenta-
tion. The distinctly different physico-chemical
properties of different proteins make them dif-
ficult to handle as mixtures without incurring
overwhelming losses of certain components or
rendering the proteins incompatible with ESI-
mass spectrometry. This problem has been
successfully addressed with sodium dodecyl
sulfate–polyacrylamide gel electrophoresis
(SDS-PAGE), because the association of the
detergent SDS with proteins tends to nullify
their individual properties. Unfortunately, the

presence of ionic detergents, such as SDS, is
not compatible with ESI, and this option is
therefore not open to top-down proteomic
studies. Other possibilities that are compati-
ble with ESI–mass spectrometry include
chromatography in agents that keep a wide
range of proteins in solution (8), separations
within the mass spectrometer based on mass
(9) or ion mobility (10), or combinations of
these methods. 

Equally challenging is the need to separate
slightly different forms of the same protein
that differ as a result of modifications and in
vivo proteolytic processing. Sensitivity is also
a major challenge, because effective fragmen-
tation of a high-molecular-mass protein
implies that the protein will break up in a very
large number of different ways. Thus, the
intensity of any given fragment will be weak
compared to that from small low-molecular-
mass peptides.

Despite these challenges, it seems likely
that the bottom-up and top-down approaches
will continue to coevolve. Perhaps they will
initially meet halfway as a hybrid approach, in

which large fragments or whole domains of
proteins are analyzed intact. Ultimately,
developments such as those described by Han
et al. should allow us to analyze and describe
in detail the complete primary structures of
proteins on a proteomic scale. 
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Most groups of organisms show a pro-
nounced decrease in biodiversity
from the tropics to the poles.

Understanding this long-recognized latitudi-
nal biodiversity gradient requires unraveling
the evolutionary dynamics behind it.
Typically, work has centered on whether the
tropics have unusually high origination rates
(in which case they are a cradle of biodiver-
sity), or unusually low extinction rates (in
which case they represent a museum of biodi-
versity). On page 102 of this issue, Jablonski
et al. (1) add a new wrinkle to understanding
the evolutionary dynamics of latitudinal
diversity gradients by showing that much of
the diversity of bivalves outside of the tropics
is driven by the expansion of the geographic

ranges of species that originated in the tropics.
Thus, they argue that the tropics are both a
cradle of biodiversity and a museum.

Most studies ignore the possible role of
migration in latitudinal diversity gradients.
Jablonski et al. report the first comprehensive
analysis of the fossil record to document the
patterns of origination, extinction, and migra-
tion. With a meticulously standardized taxon-
omy, they analyzed the fossil record of 163
genera and subgenera of bivalve mollusks that
originated since the beginning of the late
Miocene, 11 million years ago. 

However, using the fossil record is not
straightforward. Jablonski et al. had to over-
come the relatively poor fossil record of the
tropics. The lack of outcrop, the deep weather-
ing of tropical rocks, and the dearth of
research effort in the tropics have led to the
recovery of, at the very least, 25 times as many
bivalve fossils from the extratropics as from
the tropics [see note 43 in (1)]. Thus, even if a

Over the past 11 million years, most bivalves that originated in the tropics expanded their ranges
out of the tropics, where they now dominate the living extratropical fauna.
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genus originated in the tropics and then
expanded into temperate latitudes, the fossil
record would most likely record the opposite
signal—an extratropical origin, followed by a
range expansion into the tropics. Jablonski et
al. work around this problem by using genera
from only the best-preserved families, those
that have at least 75% of their living genera
represented in the fossil record. Using this
subset of taxa, they show that ~80% of genera
that originated in the tropics later expanded
into the extratropics (see the figure). This rep-
resents so many taxa that only about a third of
extratropical genera actually had their origins
there. Strikingly, there are virtually no cases of
the reverse scenario—extratropical origins
followed by range expansions into the tropics.

The recognition of this expansion out of
the tropics has led Jablonski et al., via a new
route, to corroborate an emerging conclusion
(2–4): that the tropics are both a museum and
a cradle of biodiversity. From an extratropical
perspective, the tropics (at least for bivalves
over the past 11 million years) are a cradle,
given that so many genera found in the extra-
tropics have their origins in the tropics, and a
museum, given that the earliest history of
much of the extratropical fauna is tropical. 

Importantly, the exact meanings of “cra-
dle” and “museum” depend on when the terms
were used historically, and on the data being
analyzed. For example, in the first clear discus-
sion of the tropics as a cradle and/or museum,
Stebbins (5) argued that the tropics were a
museum because, in his view, the tropical taxa

were primitive in nature. In the modern lan-
guage of cladistic systematics, where groups
are identified on the basis of evolutionary
innovations rather than overall similarity, this
translates into the claim that the tropics are a
museum because they have a disproportionate
number of plesiomorphic taxa (those that
retain primitive characteristics while lacking
evolutionarily derived characteristics). 

In contrast, McKenna and Farrell (4),
using a temporally calibrated molecular
phylogeny, identified the tropics as a
museum given their finding of an acceler-
ated rate of diversification early in their leaf
beetles’ history. More typically, the tropics
may be characterized as a museum if they
have low extinction rates (5–8) [which is
equivalent to Stebbins’s (5) notion of a
museum if the low extinction rates translate
into the persistence of plesiomorphic taxa],
and as a cradle (4) if they have high origina-
tion rates (9–15). Finally, whether a region
is a cradle or a museum may depend on the
taxonomic level of analysis. For example, if
a clade originated extratropically, migrated
to the tropics and radiated there, and then if
some of those species migrated back into
the extratropics, then the extratropics would
be the cradle at a higher taxonomic level,
whereas the tropics would be the cradle at a
lower taxonomic level.

For the bivalves, the tropics’ status as
museum may depend on the criterion used for
identifying museums. For example, Jablonski
et al. show that the tropics are a museum in the

sense that most extratropical taxa have tropi-
cal origins. But they also show that for the liv-
ing genera, the extratropical ones are typically
older. This suggests that the extratropics might
have lower per-lineage extinction rates. If
true, then the tropics would not be a museum
according to the extinction rate criterion.
To determine which geographic region is a
museum by the extinction rate criterion, we
need to know the relative extinction rates of
tropical and extratropical endemics. Jablonski
et al. provide an estimate of the number of
tropical endemic extinctions, but are unable to
disentangle the extinction rate for the extra-
tropical endemics from that for the cosmopol-
itan taxa (those that are found both tropically
and extratropically). 

Jablonski et al. conclude by arguing that a
major extinction in the tropics would have a
major effect on the extratropics as well. This
raises interesting questions about the effect of
tropical invasions in the extratropics. If there
were no tropical invasions, would the diversity
in the extratropics be greatly reduced or would
there simply be a greater number of extratrop-
ical originations? If the latter were the case,
what is it about the tropical invaders that sup-
presses the origination of new genera in the
extratropics? Perhaps a way of teasing apart
this issue is to compare terrestrial systems, in
which migrations out of the tropics appear
quite limited (2, 16, 17), with marine systems,
in which expansion out of the tropics may be
pervasive.
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The concept of manipulating the human
immune system to fight cancer has
spawned many avenues of potential

immunotherapy, from cytokine, drug, and
antibody-based treatments to cancer vaccines

and gene therapy.
Ever since the
identification of

the first human
melanoma molec-

ular marker, or anti-
gen, in the early 1990s (1), tumor immunolo-
gists have attempted to boost the numbers of
tumor-specific T cells in melanoma patients.
The study by Morgan et al. on page 126 in this
issue (2) is the first to combine four previously
tested cancer treatments—vacci-
nation, genetic engineering,
adoptive cell transfer, and cyto-
kine treatment—to tackle human
melanoma, or any human cancer
for that matter (see the figure).
The results are promising, in that
two patients who had failed pre-
vious therapies showed durable
regression of metastatic mela-
noma. But the success rate of
2 out of 15 patients is disappoint-
ing given that all presently avail-
able immune weaponry was
brought into play. That latter
notion raises the question of
whether we have now witnessed
the maximal potency of cancer immunother-
apy. There are many reasons to believe that
this is not the case.

Increasing the number of desired tumor-
targeting T cells can be achieved in two ways:
by vaccination with a tumor-specific antigen
or by the adoptive transfer of tumor-specific
lymphocytes that have been expanded in cell
culture. In the case of tumor-associated
autoantigens—those molecules also present
on one’s normal cells—the breadth and qual-
ity of one’s T cell repertoire may be limited by
self-tolerance. This knowledge has prompted
researchers to replenish this repertoire
through the introduction of genes encoding
tumor-specific T cell receptors into primary

T lymphocytes (3, 4). Furthermore, various
strategies, such as depletion of host lympho-
cytes and cytokine therapy, have been
explored to overcome suppression of the
T cell response by immunoregulatory and
homeostatic mechanisms. In recent years, the
efficacy of these strategies, and combinations
thereof, has been tested extensively in pre-
clinical murine tumor models. These animal
studies have demonstrated that even though
each of the single strategies may affect tumor
growth, successful eradication of preexisting
malignant tumors requires combination ther-
apies (5). Because immunotherapy studies in
human cancer patients exploiting single
strategies have shown very little clinical effi-

cacy, it was important to test the clinical
impact of combination therapies. In this
respect, the work by Morgan et al. represents
a milestone.

As noted by Morgan et al., genetic engi-
neering of antitumor T cells can be improved.
Vectors used to transfer transgenes can be
optimized to prevent silencing of the trans-
genes over time. Modification of transgene
constructs to circumvent mispairing between
T cell receptor chains encoded by transgenes
and endogenous genes—resulting in de-
creased expression of functional receptors—
also deserves attention. Furthermore, cells
constituting the “helper arm” of the T cell
response can be brought into action through
the expression of T cell receptors with high
affinity for tumor antigens. This is expected
to enhance clinical efficacy by supporting
long-lasting cytotoxic T cell immunity and

by increasing the activity of innate immune
effector cells. Previous antimelanoma vac-
cination studies showed tumor escape
through loss of antigen expression (6, 7).
Therefore, targeting of other antigens in
addition to MART-1 (melanoma antigen
recognized by T cells–1) is also expected to
increase efficacy.

A striking aspect of the data presented by
Morgan et al. is the high number of success-
fully engineered (MHC-tetramer positive),
MART-1–specific cytotoxic T lymphocytes,
detected in the circulation of many of the
patients. These T cells constitute up to 1% of
the cytotoxic T lymphocyte (CD8+) popula-
tion, even at prolonged times after adoptive

treatment. This suggests that the number of
tumor-specific cytotoxic T lymphocytes is
not the limiting factor. Because there is no
overt correlation between systemic cytotoxic
T lymphocyte numbers and clinical efficacy,
the absence of therapeutic effects in most of
the treated patients seems to be related to the
failure of these cells to home in on the tumor
and/or to exert their effector function in the
context of the tumor microenvironment.
Previous clinical antimelanoma vaccination
studies have similarly shown that induction of
high numbers of tumor-specific cytotoxic
T lymphocytes does not necessarily result
in antitumor efficacy (8, 9). Interestingly,
patients in the present clinical study did not
have tumor-infiltrating lymphocytes avail-
able for the treatment regime, suggesting that
their cancers were relatively nonpermissive to
lymphocyte infiltration.

White blood cells that are genetically
engineered to destroy human melanoma prove
effective for a few patients in a clinical trial.
A variety of strategies might increase the
success rate.

Cancer Immunotherapy Is
More Than a Numbers Game
Rienk Offringa
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These functional limitations are also sug-
gested by the apparent absence of vitiligo
in the treated patients, which is surprising
because antimelanoma efficacy is often
accompanied by autoimmune skin depigmen-
tation (10–12). It is conceivable that pro-
longed in vitro culturing negatively affects the
in vivo homing capacity of cytotoxic T lym-
phocytes. Our knowledge of the requirements
for efficient homing by (human) T cells is
incomplete, so at present it is difficult to pin-
point how we could improve this further.
Morgan et al. also used systemic administra-
tion of interleukin-2 (IL-2) to maximize cyto-
toxic T lymphocyte proliferation and function.
However, toxicity limits the use of this
cytokine in human subjects, and its impact on
T cell immunity has both positive and nega-
tive aspects. Other cytokines, such as IL-15,
may be more suitable for enhancing the per-
formance of adoptively transferred cytotoxic
T lymphocytes (13). Alternative tools for
unleashing cytotoxic T lymphocyte function
include antibodies that block the immune-reg-
ulatory effects of the T cell molecules cyto-
toxic T lymphocyte antigen–4 and PD1 (14).

The T cell immune response could likely
also be improved through better vaccination
strategies. In the Morgan et al. study, patients
were repeatedly vaccinated with a synthetic
peptide representing a minimal MART-1 epi-
tope. But preclinical studies have shown that
repeated injection of such minimal peptide
epitopes can result in T cell tolerization
instead of activation. Minimal epitopes can
be exogenously loaded onto all antigen-pre-
senting cells, many of which do not express
the desired repertoire of T cell stimulatory
signals, the lack of which is known to cause
tolerance. This can be circumvented by pro-
viding larger antigens that require uptake
and processing by dendritic cells, the most
potent antigen-presenting cells for T cell
activation (15).

The outcome described by Morgan et al.
may not be perfect, but modifications of the
treatment regime to increase clinical efficacy
can readily be envisioned. Notably, the
patients enrolled in the present study suffered
from end-stage disease, exhibiting progres-
sive metastatic melanoma, and were refrac-
tory to prior therapy with IL-2. Therefore, the

best opportunity for improving treatment out-
come probably lies in immune intervention in
patients with less advanced disease. Cancer
immunotherapy remains a great hope, and the
work by Morgan et al. provides good reason to
be encouraged.
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Boron compounds are widely used in
synthetic chemistry, but almost all
of them are electrophiles (electron

acceptors); the few reactions in which boron
behaves as a nucleophile (electron donor) are
generally catalyzed by a metal. This situation
is about to change. On page 113 of this issue,
Segawa et al. (1) report the synthesis and char-
acterization of a boron compound in which
the boron center is nucleophilic. This com-
pound may find application in many different
areas of synthetic chemistry.

Synthetic chemistry is dominated by two
types of reactions: nucleophilic attack and
electrophilic attack. Nucleophiles (Lewis
bases) possess a filled molecular orbital (an
accessible electron pair), which can be stabi-
lized by bonding to an empty orbital on
another molecule, causing them to “attack”
the other molecule. In contrast, electrophiles
(Lewis acids) possess empty low-energy
orbitals, which can accept a pair of electrons

from a nucleophile. Nucleophilic attack is
used to substitute one group for another in
organic synthesis, as well as to synthesize
many types of compounds from carbonyl-
containing organics such as ketones, aldehy-
des, and esters. Likewise, many routes for
attaching ligands to main-group and transition
metals involve nucleophilic attack on the
metal by the ligand. 

Carbon compounds can be either nucle-
ophilic or electrophilic. Examples of the for-
mer are organolithium compounds such as
methyl lithium (CH3Li or MeLi) (2). Although
there is a degree of covalency (and a complex
cluster structure) in methyl lithium, it can nev-
ertheless be considered to be a useful form of
the carbanion, CH3

–. Carbon electrophiles
include alkyl halides (RX), electron-deficient,
three-coordinate carbonium ions (R3C

+),
which contain six electrons rather than the nor-
mal eight, and carbonyl compounds, wherein
the carbon is the electrophilic site.

Boron is considerably more electroposi-
tive than carbon. Because boron is located
immediately to the left of carbon in the peri-
odic table, neutral, three-coordinate boranes

are typically more stable than their isoelec-
tronic carbonium ion analogs. Boranes are
electrophilic and represent an important class
of Lewis acids. For example, the boron center
in boranes can bind to the oxygen atom (elec-
tron pair donor) in carbonyl compounds such
as ketones, making the carbon center more
susceptible to nucleophilic attack. The chem-
istry of boron (at least in its three-coordinate
compounds), although rich, exciting, and

A newly synthesized boron compound may
serve as a nucleophile in a wide range of
chemical syntheses.Boron Goes On the Attack
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extremely important in organic synthesis (3, 4),
is thus dominated by its electrophilic charac-
ter, and there are few cases (often metal-pro-
moted) in which the boron atom serves as a
nucleophile. For example, transition metal-
catalyzed additions of (RO)2B–B(OR)2 to cer-
tain C=C and C=O double bonds (diboration)
(5) could be viewed as a process in which one
boron is transferred as a nucleophile and the
other as an electrophile. The metal (such as
rhodium or platinum) cleaves the B–B bond,
facilitating the sequential transfer of the two
boryl units to the two ends of the double bond.

Typically, reduction of XB(NR2)2 com-
pounds (X = Cl, Br) with sodium or potassium
leads to dimer formation, resulting in B–B
bonded (R2N)2B–B(NR2)2 compounds, espe-
cially when R = Me (6). This process is impor-
tant, because (Me2N)2B–B(NMe2)2 is the
precursor to a host of (RO)2B–B(OR)2 com-
pounds; the latter, which have recently
become commercially available in bulk quan-
tities, are used in B–C bond-forming reactions
catalyzed by transition metals (5, 7–9). How-
ever, it has not been possible to isolate the
anion (R2N)2B

– because of the dimerization
that occurs with small R groups. 

Segawa et al. now report the synthesis and
complete characterization, including a single-
crystal structure, of a LiB(NR2)2 compound
(see the figure). They show convincingly that
the boron center is nucleophilic. 

Using the bulky RNCH=CHNR (where
R=2,6–iPr2C6H4) group on boron, the authors
managed to reduce the (RNCH=CHNR)BBr
compound to the Li salt of its anion,

(RNCH=CHNR)BLi. The large substituents
on nitrogen prevent the close approach to a
second boron center, which would lead to
dimerization during the reduction process.
Segawa et al. show that this novel compound,
which is isoelectronic with the analogous
carbon compounds known as N-heterocyclic
carbenes that have been made popular by
Arduengo et al. (10), serves as a boron nucle-
ophile, because it can be protonated with H2O
or methylated with a source of Me+. In addi-
tion, the boron attacks the carbon atom in ben-
zaldehyde to produce the corresponding
α-borylbenzyl alcohol. 

The work opens the door to new pathways in
boron chemistry that will have a substantial
impact on both organic and inorganic synthesis.
For example, one might expect this compound
to be used in a host of other nucleophilic addi-
tions to organics, including conjugate additions
to α,β-unsaturated carbonyls and related com-
pounds, which would provide an alternative to
metal-catalyzed diborations of such substrates
(5). The potential also exists for direct reactions
of the new lithium boryl compound with very
electrophilic aromatics such as hexafluoroben-
zene. It remains to be seen whether the products
of such reactions can be hydrolyzed to the corre-
sponding boronic acids [R–B(OH)2], which
would be useful reagents in Pd- or Cu-catalyzed
cross-coupling processes resulting in C–C,
C–O, or C–N bond formation, in addition to
other synthetic organic reactions. On the inor-
ganic side, the new boron nucleophile should
react with a wide variety of metal halide com-
plexes to give the respective metal-boryl com-

plexes (11–14),LxM–B(RNCH=CHNR)y. These
complexes would be of interest both fundamen-
tally and because of their potential reactivity
with organic substrates.

This is a very exciting time for boron
chemistry. The report of Segawa et al. opens
up an entirely new approach to synthetic inor-
ganic and organic boron chemistry, at a time
when both areas are enjoying enormous atten-
tion and when their applications abound (15).
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The central region of our Galaxy con-
tains a massive concentration of inter-
stellar molecular gas that has been sur-

veyed many times. The most often used probe
of this gas is emission from the most abundant
molecule that can easily be observed, carbon
monoxide. On page 106 of this issue, Fukui et
al. (1) extend earlier surveys of CO to a sub-
stantially larger region than had previously
been mapped. The initial results reveal sur-
prising new structures: giant molecular loops
located a few thousand light-years from the

galactic center and extending almost a thou-
sand light-years above the galactic plane (2).

Interstellar gas in our Galaxy—or in any
equilibrated and undisturbed spiral galaxy—
resides in a relatively thin rotating disk. It is
confined to this disk by the gravitational force
of the stars, which are at their densest in the
central plane of the galactic disk. The thick-
ness of the gas disk is determined by the
degree to which it has been stirred by super-
novae and galactic shocks (both of which gen-
erate large-scale turbulence) and by the
Galaxy’s magnetic field, which prevents the
gas from collapsing into a much thinner layer.
The magnetic field in the disk of the Galaxy is
predominantly parallel to the disk, supporting

the gas against the largely “vertical” gravita-
tional field (here, “vertical” means perpendi-
cular to the disk). 

In 1966, however, Parker (3) pointed out
that this configuration is not stable: Any ver-
tical indentation in the magnetic field on a
sufficiently large scale will provide a “pool”
into which interstellar gas will sink as it
slides down the tipped field lines in response
to gravity (see the figure). As gas is unloaded
from the higher lying sections of the field
lines, the field becomes increasingly buoyant
and thus rises there (4). At the same time, as
the pooled section gathers mass, it will sink
toward the galactic midplane, deforming the
field more, accelerating the flow of gas into

The same process that creates arches and loops
of plasma on the Sun’s surface may be the
cause of huge molecular loops found in the
center of the Milky Way.
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it. As the resulting gas concentrations be-
come denser, the gas cools relatively quickly,
creating dense molecular clouds or cloud
complexes via the Jeans instability (5).
Because star formation in our Galaxy takes
place primarily in molecular clouds, this
combined Parker-Jeans instability might
play an important role in fostering much of
the star formation. 

The Parker instability is well established
among theorists and operates in the Sun, play-
ing a role in the generation of arches, loops,

and prominences, and possibly in the produc-
tion of sunspots. Yet it has not been defini-
tively observed to be operating on galactic
scales for want of a good diagnostic (6). Fukui
and his collaborators argue that the giant
molecular loops they observe have resulted
from the Parker instability. The radial velocity
field that they infer from the Doppler shifts
of the CO emission indicates that these are
indeed loops, rather than shells, and that there
is a flow of material along the loops, as is
anticipated by the theory (7). Also, the size of
the galactic loops is in the range expected for
the Parker instability. This is an exciting devel-
opment, raising the possibility of directly
confirming this phenomenon on a galactic
scale—a scale larger by 12 orders of magni-
tude than the magnetic loops seen on the Sun. 

Two challenges are presented by this inter-
pretation, however, both of which might be
met with more observational work. The first
is that there is so far no evidence of a mag-
netic field in the loops, which could be
resolved by measurement of polarized emis-
sion caused by magnetic alignment of dust
grains (8). The galactic center is indeed
known to have a strong magnetic field (9),
although it has not yet been measured as far
out as the loops are located. Furthermore, the
field within 300 or 400 light-years of the
galactic center is vertical, which would not

support the Parker instability. Thus, the pres-
ence of the molecular loops farther out—if
indeed they result from a Parker mecha-
nism—necessitates that the field orientation
shift to the horizontal configuration charac-
teristic of the rest of the galactic disk some-
where between 400 and 1000 light-years
from the center. Also, if the strength of the
galactic magnetic field at the loops remains
high relative to the field farther out in the
disk, then we can perhaps understand why
this is the place where they were discovered:

Stronger magnetic loops are more buoyant. 
The other challenge is to explain why

magnetic loops resulting from the Parker
instability are outlined by molecular gas.
Descriptions of the Parker instability have
assumed only a diffuse, low-density atomic
gas, because that is what is typically present
in the interstellar medium far above the
galactic plane where the instability manifests
itself. Molecular clouds had previously been
thought to form by the Parker-Jeans instabil-
ity only at the “footpoints” of the loops,
where they join the gas layer in the galactic
plane. Molecular gas may have been levi-
tated from near the galactic gas layer by the
buoyancy of the magnetic field, but if the gas
is flowing down the sides of the loop along
the magnetic field lines, why is there so
much gas left high above the galactic plane?
One possible answer to this question is that
the rising portion of the magnetic loop has
shocked and compressed the relatively rari-
fied atomic gas in front of it, leading to rapid
cooling and ultimately to a phase transition
from atomic to molecular gas. If so, then the
molecular gas defining the loops is con-
stantly being replenished.

Deformation of the horizontal magnetic
field by the Parker instability generates verti-
cal magnetic field components out of a hori-
zontal field; thus, it is interesting to contem-

plate how the newly discovered loops might
relate to the strong vertical field closer to the
galactic center. The magnetic field in the two
vertical legs (or “flux tubes”) of a rising loop
should persist with opposite polarity (i.e.,
opposite field direction), even after the top of
the loop has completely broken out of the
galactic gas layer and expanded into the
galactic halo. If those magnetic legs are then
transported toward the center of the Galaxy
by the inexorable inward migration of their
footpoints (10), then all the vertical magnetic
flux tubes produced by this process will pile
up there. As they are brought into contact, the
flux tubes of opposite polarity can interact
with each other, through a process called field
line reconnection, and deposit energy along
their boundary. This provides a possible
explanation for another phenomenon that
radio astronomers have studied for more
than 20 years: a population of vertical,
radio-emitting, magnetized filaments in the
inner few hundred light-years of the Galaxy
(11). Because it is these filaments that ini-
tially led me and other astronomers to con-
clude that there exists a vertical magnetic
field at the galactic center, it seems worth-
while to now reconsider the whole picture
from a broader perspective. The loops
reported by Fukui et al. may well give us a
handle on this complex process. 
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GALACTIC PLANE Footpoints

Loop formation. Successive stages of the Parker instability occurring above the galactic plane. (Left) An ide-
alized set of magnetic field lines oriented parallel to the midplane of a disk-shaped galaxy. The real galactic
magnetic field is subject to considerable distortion about the mean field shown. (Middle) Any vertical per-
turbation to the field lines begins the instability and causes gas to slide down the tilted field lines. (Right)
As the instability develops, large magnetic loops form above the galactic plane, and the gas concentrated at
the base of the magnetic loops may form molecular clouds. Unless the tops of the loops are weighed down
by dense gas, they will keep expanding into the halo of the galaxy.
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If you’re planning to rob a bank, there’s
one thing you must not forget: to cover
your face. Otherwise, just a brief glance

will allow all the other social animals around
you to identify you. What is the neural basis
of the extraordinary ability of humans to rec-
ognize faces? Localized strokes can selec-
tively destroy face recognition abilities while
preserving the ability to recognize other
objects (“prosopagnosia”) (1). Furthermore,
functional magnetic resonance imaging (fMRI),
a technique that measures blood flow changes
induced by brain activation, consistently
reveals several discrete brain regions that
respond more to faces than to other objects
(2). One of these regions, the fusiform face
area, shows increased blood flow even when
subjects merely imagine faces (3). These
findings suggest that face processing is medi-
ated by specialized modules inside the human
brain. Such specialization is surprising since,
from introspection, it seems that our recogni-
tion of faces flows seamlessly into that of all
the other objects in the world.

Are face-selective regions unique to
humans? Charles Gross and co-workers stud-
ied a large region in the macaque brain known
as the temporal lobe and reported in 1981 that
this region contains some cells that respond
exclusively to faces and not to other visual
forms (4). This was a remarkable finding:
How can a single cell be wired to detect some-
thing so complex as a face? The discovery
immediately turned fuzzy questions about
holistic integration and gnostic units into a
concrete research goal: What are face cells
detecting, and how are they wired? 

One problem, however, stood in the way of
understanding these cells: It was difficult to
find them. In single-unit recording experi-
ments, one can see only as far as the tip of
one’s electrode (≤100 μm wide). Several
groups that studied face cells reported that
they were scattered throughout the temporal
lobe, with at most 10 to 20% of the cells in
any one region being face-selective (5–7).
Meanwhile, the discovery by fMRI of face-
selective regions in humans generated great

interest in understanding what
is being coded by these regions.
One might guess that the
fMRI-identified face-selective
regions contain lots of face
cells. Alternatively, they could
contain cells activated by any
animate object, or by symmet-
rical objects, or by the behav-
ioral process of fine scrutiny.
Indeed, fMRI evidence was
marshaled for several competing theories
about face-selective activation. 

In order to clarify the link between face
cells and fMRI face areas, I performed fMRI
experiments in alert monkeys to look for face-
selective regions (8). Comparing activation to
faces versus five other object categories
(fruits, bodies, gadgets, hands, and scrambled
patterns) across the entire macaque brain, I

identified face-selec-
tive activation in three
discrete regions of the
temporal lobe (see the
figure, left, panel A).
These regions showed
a blood oxygen level–
dependent (BOLD) re-
sponse to faces that
was stronger than the
response to any of the

nonface categories by a factor of 7 (see figure,
panel B). This suggests that face processing in
monkeys is performed by specialized regions,
possibly homologous to those found in humans.
Furthermore, the arrangement of the face
regions along an anterior-posterior axis sug-
gests a hierarchy, given that we know from
other studies that complexity in shape selec-
tivity increases from the back to the front of
the visual system. 

Having found these fMRI face regions in
monkeys, I then asked: What is the selectivity
of single neurons within an fMRI-identified
face patch? I started by recording from single
neurons—almost 500 of them—in the middle
face patch of two monkeys, and found 97% of
the visually responsive neurons to be face-
selective (9) (see figure, panel C). These cells
responded almost 20 times as strongly to faces
as to other objects, and many were even sup-
pressed by nonface objects. Up to now, one
major difficulty with understanding object
recognition has been the problem of determin-
ing which object, among an infinite number of
possible objects, a single cell in the temporal
lobe might be coding. The existence of a region
in which all the cells are coding faces goes a
long way toward overcoming this difficulty. 

What is it about a face that these cells
like? Surprisingly, most cells responded to
human, monkey, and even highly simplified
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In the regions of the brain that are most highly
activated by faces, single cells make different
measurements that are pooled together to
characterize the face. 
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Recognizing faces: (A) Three patches of face-selec-
tive fMRI activation (yellow regions) in the macaque
temporal lobe. (B) Time course from the face
patches. Blood flows to these regions only when the
monkey views faces. (C) Average response across
182 cells from the middle face patch of one monkey
to 96 different images. The first 16 images are faces.
(D) Responses of a face cell to repeated presenta-
tions of an upright and an inverted cartoon face.
Each dot represents an action potential.

Eppendorf and Science are pleased to
present the prize-winning essay by Doris
Tsao, the 2006 winner of the Eppendorf
and Science prize for Neurobiology.
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cartoon faces (see figure, panel D). In fact,
many of the cells showed a weak but signifi-
cant response to a few particular nonface
objects; all of these objects turned out to be
round (see figure, panel C). The weak but
significant responses to round clocks and
fruits in this area, as well as its relatively
posterior position within the temporal lobe,
indicate that it constitutes an early stage in
the form-processing hierarchy. Recording
from this area is a bit like peeking into a car-
penter’s shop and seeing the rough frame
before fine chiseling—exactly what one
wants for piecing together the basic mecha-
nisms underlying face selectivity. 

How do face cells encode specific faces?
Early recordings in the middle face patch sug-
gested that face cells distinguish faces on the
basis of visual shape (e.g., the cells responded
weakly to the round outline in a clock and an
apple). To explore shape tuning of these cells
quantitatively, I took advantage of their robust
response to cartoon faces, which can be easily
parameterized. I probed face cells with a car-
toon face space consisting of 19 different fea-

ture dimensions, each sampled at 11 values; the
space thus contained 1119 possible different
faces. The cartoon dimensions included ones
describing the overall facial shape, the shape of
individual features (e.g., iris size), and the rela-
tionship between features (e.g., intereye dis-
tance). Across the population, a vast majority of
cells showed strong tuning to at least one car-
toon dimension, and no cell was tuned to more
than eight dimensions. The two most popular
dimensions were face aspect ratio (i.e., Bert ver-
sus Ernie) and iris size. Most cells responded
best to extreme features such as large irises,
Ernie’s or Bert’s face, etc. These results show
that we can understand face cells: Each cell acts
as a set of face-specific rulers, measuring faces
along multiple distinct dimensions. By combin-
ing the measurements of all these little rulers, it
should be possible to reconstruct any face
(including a bandit’s, if not covered well). 

My experiments show that the neural
machinery for face processing in macaque
monkeys consists of a set of discrete brain
regions packed with highly dedicated com-
ponents. This system offers a unique oppor-

tunity for exploring high-level form percep-
tion. By recording from several large, homo-
geneous populations of face cells identified
through monkey fMRI, we can now under-
stand the process by which the brain synthe-
sizes the percept of a face in terms of under-
lying single-cell components.
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The author of the prize-winning essay, Doris Tsao, was born in
Changzhou, China, and grew up in College Park, Maryland.
Dr. Tsao studied biology and mathematics at Caltech, receiving her
B.S. in 1996. She moved on to do graduate work in the laboratory
of Dr. Margaret Livingstone at Harvard Medical School, where
she studied binocular depth perception.
While a graduate student, she became
interested in monkey fMRI as a way to
chart unexplored regions of the brain, and
worked together with Roger Tootell to
image macaque brain regions involved in
depth and face perception. She received
her Ph.D. in 2002 but remained as a post-
doctoral fellow in Dr. Livingstone’s labo-
ratory in order to continue her experi-
ments on face perception. In 2004, she received a Sofia Kova-
levskaya Award from the Humboldt Foundation. This award
allowed her to set up her own lab at the University of Bremen,
Germany. Dr. Tsao’s goal is to understand how a sheet of cells 2 mm
thick can construct a three-dimensional world and effortlessly rec-
ognize the multitude of objects within it. Her laboratory uses a com-
bination of electrophysiology, imaging, psychophysics, and ana-
tomical techniques. Outside the laboratory, she likes to swim, cook,
and play the violin. 

Finalists

Bernardo Sabatini for his essay, “Establishing synaptic indepen-
dence: How neurons create diffusional barriers.” Dr. Sabatini was
born and raised in New York. He received his undergraduate degree
in biomedical engineering from Harvard College in 1991. He
received his M.D. and Ph.D. degrees in 1999 from Harvard Medical
School, having completed his thesis work in the laboratory of Dr.

Wade Regehr. After graduation, he joined
the lab of Dr. Karel Svoboda at Cold Spring
Harbor Laboratory as a postdoctoral fellow.
In 2001, Dr. Sabatini started his own labora-
tory in the Department of Neurobiology at
Harvard Medical School, which is focused
on understanding the processes that regulate
the structure and function of synapses and
how these processes are perturbed in neuro-
logical diseases. His life outside of science is mostly spent trying to
keep up with his three sons.

Gábor Tamás for his essay, “Lighting the fire in cortical micro-
circuits: Exciting role for chandelier cells.” Dr. Tamás was born in
Dunaújváros, Hungary, and completed undergraduate studies in
biology at the University of Szeged, Hungary. As a graduate student

he was trained in neuroanatomy and physiol-
ogy in the group of Peter Somogyi at the
University of Oxford, where he investigated
the function, number, and location of syn-
apses between neocortical neurons. In 1998,
Dr. Tamás returned to Szeged to establish his
own laboratory and identified the first inter-
cellular mechanism capable of synchroniz-
ing cortical neurons at gamma frequency.

His group discovered that the so-called neurogliaform interneuron
is capable of eliciting slow, GABAB receptor–mediated inhibition
in the cerebral cortex. Dr. Tamás was a gymnast for 15 years but
now gets his exercise from whitewater rafting, skiing, and hiking in
the mountains.

For the full text of essays by the finalists and for information about
applying for next year’s awards, see Science Online at www.
sciencemag.org/feature/data/prizes/eppendorf/eppenprize.shtml.
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Modeling
the Mind

COMPUTATIONAL NEUROSCIENCE IS NOW A MATURE FIELD OF RESEARCH. 
In areas ranging from molecules to the highest brain functions, scientists use mathe-
matical models and computer simulations to study and predict the behavior of the
nervous system. Simulations are essential because the present experimental systems
are too complex to allow collection of all the data. Modeling has become so powerful
these days that there is no longer a one-way flow of scientific information. There is
considerable intellectual exchange between modelers and experimentalists. The
results produced in the simulation lab often lead to testable predictions and thus chal-
lenge other researchers to design new experiments or reanalyze their data as they try
to confirm or falsify the hypotheses put forward. For this issue of Science, we invited
leading computational neuroscientists, each of whom works at a different organiza-
tional level, to review the latest attempts of mathematical and computational model-
ing and to give us an outlook on what the future might hold in store.

Understanding the dynamics and computations of single neurons and their role
within larger neural networks is at the center of neuroscience. How do single-cell prop-
erties contribute to information processing and, ultimately, behavior? What level of
description is required when modeling single neurons? Herz et al. (p. 80) review single-
cell models, from detailed and reduced compartmental models to point neurons and
black-box models and they highlight the merits and corresponding problems.

Single neurons are part of larger networks. Destexhe and Contreras (p. 85) review
advances in the computations created by stochastic input in neurons and networks of
neurons. They emphasize the importance of irregular activity in neuronal computations.

On a higher processing level, computational neuroscience based on the detailed
anatomy and physiology of the human brain can help us understand the complexities
of conscious awareness and human intelligence. O’Reilly (p. 91) reviews develop-
ments in models, of higher-level cognition. He develops the idea that the prefrontal
cortex represents a synthesis between analog and digital forms of computation.

As this special issue’s News section demonstrates, computational neuroscience
attracts its share of atypical brain researchers. On page 76, Miller describes how Jeff
Hawkins, an electrical engineer who invented the PalmPilot, has developed a theory
for how the cortex makes predictions. He even founded a small neuroscience institute.
And on page 78, Wickelgren looks into the work of Eero Simoncelli, an electrical engi-
neer who seeks to model how the brain’s visual system makes sense of the world.

Two Signal Transduction Knowledge Environment (STKE) Reviews concern
adaptive and maladaptive consequences of neuronal activity. Lisman and
Raghavachari develop a structural model that incorporates seemingly contradictory
data to provide a coherent view of long-term potentiation at the hippocampal CA1
synapse. McNamara, Huang, and Leonard hypothesize that activity-dependent
increases in Ca2+ concentration in dendritic spines are critical to limbic epileptogene-
sis. In an STKE Perspective on D-serine regulation of N-methyl-D-aspartate receptor
activity, Wolosker discusses the possibility that D-serine released from neurons and
glia may have distinct functions.

– PETER STERN AND JOHN TRAVIS
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BOLD IDEAS COME NATURALLY TO JEFF 
Hawkins. In California’s Silicon Valley,
Hawkins is well-known as the inventor of the
PalmPilot, the first commercially successful
handheld computer, and the Treo smart-
phone. These devices are rarely out of arm’s
reach for millions of businesspeople, who
rely on them to keep track of power lunches
and peek at e-mail during meetings. Hawkins,
at age 49, could easily retire. Instead, he’s on
a mission to figure out the brain.

Hawkins has spent a remarkable amount
of time thinking about brains, at least for
someone who launched a billion-dollar busi-
ness and values time with his family. Over
the past 20 years, he’s spent countless hours
poring over research papers, sitting in on
neuroscience conferences, and hashing out
ideas with academic scientists. “Even at
Palm, I had an agreement that I could work
part-time on brain research,” he says. “It was
in my contract.”

Hawkins’s foray into neuroscience is char-
acterized by the same determination and just-
do-it attitude that made him a successful entre-
preneur. In the past 4 years, he has founded a
small neuroscience institute, published a book
outlining his theory on the nature of human
intelligence, and founded a start-up company
to develop computers that work on the same
principles. His aggressive approach discon-
certs some scientists, who are used to measur-
ing progress one peer-reviewed paper at a time.
Yet several prominent neuroscientists say his
ideas on the brain are worth taking seriously,
and even skeptics say his enthusiasm and entre-
preneurial attitude have enlivened the field.

“Jeff is a very interesting and dynamic
person,” says Michael Merzenich, a neuro-
scientist at the University of California (UC),
San Francisco, who has talked brains with
Hawkins over the past 10 years. “He’s one of
the dozen or so smartest people I’ve met in my
life.” Hawkins brings incredible focus and an
entrepreneur’s sense of urgency to his endeav-
ors, adds Anthony Bell, a theoretical neuro-
scientist at UC Berkeley who has worked with

Hawkins. “He wants a computer program that
works like the cortex, and he wants it now,”
Bell says. “He wants the brain in silicon.”

Academic frustration, corporate success
Hawkins may have acquired the impulse for
innovation from his father, a consummate
inventor whose creations included a 16-sided,

50-ton boat that floated on a cushion of air gen-
erated by a vacuum cleaner motor. Growing up
on Long Island, Hawkins and his brothers
helped build the craft, which they nicknamed
the Bubble Monster. Like his dad, Hawkins
grew up to be an engineer. 

In 1979, fresh out of Cornell University
with an undergraduate degree in electrical
engineering, Hawkins read a magazine article
that he says changed his life. In an essay in
Scientific American, Francis Crick, whose
interests had recently turned from molecular
biology to the mysteries of the mind, lamented
the lack of a grand unified theory in neuro-
science. Scientists have amassed a wealth of

details about brain anatomy and physiology,
Crick wrote, but still have no working hypoth-
esis of how the whole thing actually works. To
Hawkins, this was a call to action.

In 1980, he tried to persuade his employer,
computer-chip maker Intel, to let him start a
brain research group, but the company
declined. The following year, the Massachusetts
Institute of Technology (MIT) rejected his
application to pursue a Ph.D. in its artificial-
intelligence laboratory. Although disap-
pointed, Hawkins resolved to figure out a way
to one day pursue his interest in the brain. In
1986, he tried the academic route once more.
This time, he was accepted to a graduate pro-
gram at UC Berkeley.

Once there, Hawkins sketched out a theory
of how the cerebral cortex—the thin sheet of
tissue on the surface of the brain—gives rise
to intelligence, and he submitted this as his
thesis proposal. “They said, ‘This is interest-
ing, but you can’t do it,’ ” he recalls. To get a
Ph.D., you need a thesis adviser, and no one at
Berkeley was doing theoretical neuroscience
back then, he says. Hawkins grew frustrated
and impatient. “I was technically a student for
2 years, but by the second year, I was just
using the library.”

Hawkins returned to the high-tech industry,
where he’d gained expertise and a reputation
for creativity in designing portable computers.
Thanks in part to work he did at Berkeley on
neural mechanisms of pattern recognition, he
owned a patent on a handwriting-recognition
program that allowed computer users to enter
data by writing on a screen with an inkless pen.
Determined to incorporate this software into
handheld computers, Hawkins founded Palm
Computing in 1992. 

In some ways, the timing couldn’t have been
worse. In 1993, Apple released a handheld
computer, the Newton, and it was a colossal
flop. Suddenly, no one wanted to invest in
mobile computing, Hawkins says. But he stuck
with it. One night in his garage, he carved a
mockup of the device he envisioned from a
block of wood. As his team worked on the inter-
face, Hawkins tested various configurations of
buttons and display windows by sticking print-
outs onto the model. Silicon Valley lore now
has it that he would pull the model out of his
pocket during meetings and poke at the
“screen” with a sawed-off chopstick, pretend-
ing to enter appointments. “I just knew it was
going to happen,” he says.

Time ultimately proved Hawkins right: Palm
has sold more than 34 million devices. In 2002,
Hawkins felt the time had come to get back to
brains. Scaling down his hours at Palm, he

Modeling the Mind
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Mobile computing pioneer Jeff Hawkins has had a lifelong fascination
with brains. Now he’s trying to model the human cerebral cortex—
and he’s created a software company based on his ideas

An Enterprising Approach 
To Brain Science

Mobile man. After designing hand-held computers
and smartphones for 15 years, Jeff Hawkins is on a
quest to understand the brain. 
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founded (and funded) the
Redwood Neuroscience Insti-
tute (RNI) in offices above a
popular café in Menlo Park,
California. The idea, he says,
was to bring together scientists
interested in creating compu-
tational models of the cerebral
cortex. The group ultimately
consisted of f ive principal
investigators in addition to
Hawkins, plus a handful of
postdocs. “He collected a
great group of very creative
people,” says Anthony Zador,
a computational neuroscientist at Cold Spring
Harbor Laboratory in New York, who visited
the institute several times. “He wasn’t just a
manager; he was there every day talking to them
about their ideas and about his ideas.”

The institute defied categorization. “The
atmosphere was a little bit between a start-up,
and a think tank, and a research institute,” says
Fritz Sommer, a computational neuroscientist
who left a faculty position at the University of
Ulm in Germany to join RNI. “I was kind of an
old-school guy, raised in the old German aca-
demic tradition, so for me this was something
much more inspiring.” In the absence of teach-
ing obligations and grant proposals, freeform
interactions flourished among the scientists
who worked at RNI, says Sommer—and
extended to their guests. A visiting speaker
was liable to endure a barrage of queries
throughout the presentation, making it less like
a formal lecture and more like a lively conver-
sation—one that often continued for hours at
the café downstairs.

At one meeting, co-sponsored with the
American Institute of Mathematics, RNI
brought together anatomists, physiologists, and
theoreticians who were all studying the cortex.
Hawkins asked each group to go off on its own
and come up with a list of things the other
groups could do that would aid them in their
own work. “The scientists were entirely puz-
zled because no one had ever asked them to do
that,” says Sommer. “That blew my mind,”
Hawkins says. “In industry, you’re always try-
ing to get help from wherever you can.”

Making predictions 
Hawkins spent much of his time at RNI flesh-
ing out the ideas on the cerebral cortex he’d
conceived at UC Berkeley decades earlier. In
2004, he published them in a book co-written
with New York Times science writer Sandra
Blakeslee. In On Intelligence, Hawkins argues
that the nature of intelligence—and the primary

function of the cortex—is predicting the future
by remembering what has happened in the past. 

A key feature of Hawkins’s argument is the
idea of a common cortical algorithm, proposed
in the late 1970s by Vernon Mountcastle, a
neurobiologist at Johns Hopkins University in
Baltimore, Maryland. Because anatomists had
found that the type and arrangement of cells in
any tiny patch of cortex is very nearly the
same, Mountcastle proposed that every patch
of cortex performs the same basic operation.
What makes one swath of cortex a “visual”
region or a “language” region is the kind of
information it receives, not what it does with
that information. “In my mind, this is one of
the most fundamental breakthroughs in neuro-
science,” Hawkins says.

He is convinced that the common cortical
algorithm performs predictions. In the book, he
argues that the anatomy of cortex is well-suited
for prediction and describes how circuits of
cortical neurons arranged in a hierarchy—in
which higher levels constantly feed informa-
tion back to lower levels—can compare an
incoming sequence of patterns (such as a string
of spoken words) with previously experienced
sequences (“Fourscore and seven years”) to
predict what’s next (“ago”). This memory-
prediction framework has evolved to take
advantage of the spatial and temporal structure
in our surroundings, Hawkins says, which
helps explain why brains easily do certain tasks
that give computers fits. “There’s no machine
in the world that you can show a picture of
something and have it tell you whether it’s a dog

or a cat or gorilla,” he says, but a person can do
this in a fraction of a second.

“His ideas … provide a plausible concep-
tual framework for a lot of different kinds of
data,” says Mriganka Sur, a neurobiologist at
MIT who studies the cortex. Yet some theoret-
ical neuroscientists, none of whom would
agree to be named, grumble that Hawkins’s
book merely rehashes other people’s ideas
and that his model isn’t concrete enough to
suggest experiments to test it. Although
there’s some truth to that, says Sommer,
Hawkins has tied together several existing
concepts in an interesting way: “He makes
connections and sees the bigger picture that
people who are doing research on a particular
system of the brain often lose.”

Hawkins now believes that the best way to
spur interest in his cortical theory is to use it to
develop technology. “People work harder and
get things done faster if they can see a profit
motive,” he says. Last year, he founded
Numenta, a for-profit company, and handed
off RNI to UC Berkeley, along with an endow-
ment to cover much of its operating expenses.
Now called the Redwood Center for Theoretical
Neuroscience, it’s part of the Helen Wills
Neuroscience Institute. 

At Numenta, Hawkins has worked with
Dileep George, a former Stanford University
electrical engineering grad student, to develop
software based on the memory-prediction the-
ory. Hawkins expects the software to be ready
for public release next year. In the more dis-
tant future, he envisions intelligent computers
that will tackle all sorts of problems. In On
Intelligence, he imagines feeding real-time
data from a global network of sensors into a
“weather brain” that tracks weather systems in
the same way the brain identifies objects and
predicts how they will move across the field of
vision. By applying humanlike intelligence to
vast amounts of data, such a system could
identify previously unknown weather phe-
nomena (along the lines of the El Niño cycle)
and make more accurate forecasts, Hawkins
speculates. Intelligent systems using Numenta’s
software might also monitor power grids to
help guard against blackouts, or monitor sen-
sors on an automobile and alert the driver to
dangerous situations.

It’s far too early to know whether Hawkins’s
vision will pan out. But regardless of whether
he succeeds, Hawkins has helped galvanize the
theoretical neuroscience field, Zador says:
“The fact that he’s setting these wildly ambi-
tious goals and has set about achieving them is
actually quite refreshing.” 

–GREG MILLER
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You call that a dog? A Numenta simulation program
(bottom) recognizes objects even when they’re poorly
rendered (top).
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Modeling the Mind

A great divide traditionally separates theory
from experiment in neuroscience. Theorists
typically deal in idealized mathematical
abstractions far removed from nitty-gritty
physiological data. Experimental neuro-
scientists often view such musings with dis-
dain, considering them irrelevant or too
mathematically dense to be of any use.

Eero Simoncelli, a Howard Hughes Med-
ical Institute vision researcher at New York
University (NYU), is one of a small but grow-
ing cadre of computational neuroscientists
bridging this divide. Forty years after
researchers revealed the cellular fundamentals
of vision, how the electrical signals delivered
by the eye’s rods and cones assemble into full-
scale visual perceptions remains largely an
enigma. To sharpen the picture, Simoncelli is
working to make neuroscience
more like physics, a field in which
theory and experiment more easily
blend. Just as physicists replaced
loose, qualitative descriptions of
the physical world with mathemat-
ically precise language, Simoncelli
aims to devise fundamental equa-
tions of vision. “I’m working to
encapsulate the conceptual princi-
ples used by the brain in precise
mathematical terms,” he says.

Simoncelli’s analyses have
already solved several long-
standing mysteries in visual sci-
ence: for example, how the brain
assembles a moving picture of the
world and why humans drive too
quickly in the fog. He’s also
helped explain how evolution
may have sculpted the brain to
respond ideally to the visual envi-
ronment on Earth. On a more
practical side, Simoncelli has
developed novel methods for
image compression and for clean-
ing up visual noise, such as TV
snow. “Eero can hang out with the
people who make JPEGs look
better or compress info onto
DVD,” says NYU neuroscientist
Anthony Movshon, who collabo-

rates with Simoncelli. “But to make this fit to
the biology is a unique skill.”

Simoncelli even hopes that his work will
lead to insights into consciousness. His peers
say that’s not arrogance but quiet confidence.
“Eero’s work is … both powerful and sim-
ple,” says Matteo Carandini, a neuroscientist
at the Smith-Kettlewell Eye Research Insti-
tute in San Francisco, California. “His group
is the best thing around.” Bruno Olshausen, a
computational neuroscientist at the Univer-
sity of California (UC), Berkeley, adds that
Simoncelli’s work “has been very inspira-
tional to lots of people, including me.”

Brain as machine
Simoncelli has wanted to study the brain since
childhood. But he could not relate to—or

remember—the piles of facts he was asked to
learn in his introductory biology course at
Harvard University. So he decided to major in
physics instead of biology and later got a
Ph.D. in electrical engineering while working
in Edward “Ted” Adelson’s visual science lab-
oratory at the Massachusetts Institute of Tech-
nology. In his Ph.D. thesis, Simoncelli mathe-
matically described a network of neurons that
processes visual motion. His simulated brain
cells performed computations mimicking the
responses that neurophysiologists had
recorded from cells in their laboratories. “He
has brilliant intuitions about images and
vision,” Adelson says. “Combining engineer-
ing principles and biological insights, he’s
developed models of visual processing that
are among the best in the world.”

Simoncelli’s Ph.D. analysis of visual
motion captured a vexing oddity that other
researchers had glossed over: the nonlinearity
of vision-processing neurons. Engineers favor
linear systems because they behave according
to a simple law: If two stimuli are combined,
the system’s response to the combination is
equal to the sum of its responses to each sepa-
rate stimulus. By contrast, nonlinear systems
generate more complex responses. “One of
the reasons we have so much trouble trying to
understand the brain is that it doesn’t behave
according to the rules of our standard engi-
neering toolbox,” Simoncelli says.

In the mid-1990s, as a computer science
professor at the University of Pennsylvania,
Simoncelli again embraced nonlinearity,
producing a novel solution to a classic
image-analysis problem: He identified a new
set of mathematical regularities in the rela-
tions between the pixels that make up photo-
graphic scenes. His pixel analysis led to a
state-of-the-art technique for compressing
images and a method for eradicating visual
noise that remains the best in the world as
judged by experimental tests. Such a noise-
removal technique might eventually be used
to make crisper, filmlike image sensors in
digital cameras or clear up pictures received
from TV satellite dishes. 

Bridging the gap
Next, Simoncelli wanted to link his image
analysis to the human visual system. He
hypothesized that evolution may have forced
the brain to encode the visual world in the
most efficient, mathematically optimal way.
Using that concept, Simoncelli and his col-
leagues reported in 2001 that the nonlinear
responses of neurons, such as those in the pri-
mary visual cortex at the back of the brain, are

N E W S

Eero Simoncelli has an eye for mathematical truths that explain human
vision—and he’s adept at translating that knowledge into practical tools
such as image-compression techniques

Vision’s Grand Theorist

Perception problem. By understanding mathematically how the
brain perceives texture, Eero Simoncelli has developed software
that can synthesize the textures in an image. It works best when the
object has a regular pattern.
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well-matched to the statistical properties
of the visual environment on Earth, that
is, the mathematical patterns of lightness
and darkness that recur in visual scenes.
The result may help explain how evolu-
tion nudged certain visual neurons to be
acutely sensitive to object edges and con-
tours, for example.

Last year, Simoncelli and his col-
leagues reported building an image-
compression tool based on his nonlinear
model of cortical neurons. Simoncelli
reasoned that if the brain’s visual cortex
is optimally eff icient at processing
images, it should also do a superior job
of compressing them. What’s more, any
distortions introduced by his compres-
sion process should be tolerable. “If the
cortical representation is like what’s in
our brains, we won’t notice the differ-
ence,” he says. Indeed, the new compres-
sion technique’s performance far out-
stripped that of the JPEG standard. 

Working with postdoc Javier Portilla,
Simoncelli has similarly devised a novel
mathematical description of how the brain
achieves visual texture perception. That’s led
to a better way of synthesizing pictures—say,
an image of a patch of a certain type of grass
or cloth—that maintain a material’s distinctive
appearance. “The model provides a good
description of what a person sees when look-
ing at texture,” Simoncelli says, adding that he
and Portilla have tested it on an extensive
number of texture images.

“It does something almost artistic,” says
UC Berkeley’s Olshausen of Simoncelli’s
texture model. The model, Olshausen adds,
not only points vision scientists to the essen-
tial properties of texture, but it also could be
useful to filmmakers who would like to paint
textures onto computer-generated images.

Despite the practical relevance of his work,
Simoncelli has largely stayed within the ivory
tower. Although he has filed for patents in the
past, earning three, Simoncelli hasn’t applied
for any on his new texture work, or for his most
recent noise-reduction and image-compression
techniques. One reason, he says, is that patent-
ing delays publication of his ideas. Moreover,
applying for a patent on software, versus an
actual device, “feels like playing the lottery
because the chances are low that it’s going to
hold up. I don’t care enough about money to
make it a priority.”

In motion
Recently, Simoncelli has helped solve several
riddles of motion perception. In the April issue

of Nature Neuroscience, Simoncelli and his
postdoc Alan Stocker explained the Thompson
effect, in which motion seems to slow down
when the visual landscape lacks contrast. This
illusion, first described 25 years ago by psychol-
ogist Peter Thompson, helps account for why
people drive too quickly in the fog. Simoncelli
and Stocker asked five people to judge which of
two computer-generated gratings looked like it
was moving faster. The researchers varied the
gratings’speed and contrast, and each volunteer
was asked to make about 6000 separate judg-
ments. Stocker and Simoncelli then analyzed
the data using Bayesian statistics, a branch of
mathematics that combines expectations with
new information, and deduced each person’s
expectations from his or her speed perceptions.
It turns out that people expect slow movement
over fast, and that those expectations trump
actual perceptions when the perceptual data
are sketchy, as occurs in low-contrast situa-
tions (ScienceNOW, 21 March, sciencenow.
sciencemag.org/cgi/content/full/2006/321/2)

Another 25-year-old motion mystery is
also about to succumb to Simoncelli. Scien-
tists have long known that cells in the primary
visual cortex process pieces of a visual scene
and that those pieces are then assembled into a
greater whole by cells in other brain areas. But
when an object is moving, it was not at all
clear how a brain put the pieces together. Ever
since his Ph.D. thesis, Simoncelli has worked
on the calculations a computer should per-
form to mimic a system that can combine

pieces of a moving image and spit out a
coherent response. Again, he used
Bayesian mathematics to try to make
sense of people’s perceptions of motion
and the physiological data from visual
neurons. He then mapped all of his com-
putations onto a simulation of neuronal
responses that starts in the retina and
ends in the visual motion-processing
region known as area MT.

In a paper to appear in Nature
Neuroscience this fall, Simoncelli and
Movshon along with postdocs Nicole
Rust and Valerio Mante offer the first
precise mathematical description of
how cells in MT translate pieces of a
moving scene into the movement of the
whole. They vetted their model against
new recordings from individual MT
neurons in monkeys exposed to a spe-
cific set of stimuli: wiggling lines that
look like the ripples on the surface of
water. From the model, the researchers
could extract biological information
about MT cells, including which visual

cortex cells feed into them. MT neurons are
“profoundly nonlinear,” Simoncelli says.
“The model explains how that profound
nonlinearity can arise from a cascade of very
simple nonlinear steps.” 

Movshon, who did the experimental
work buttressing the new model, describes
Simoncelli’s solution as “simple and elegant,”
and says the work also gives the field more
sophisticated techniques for analyzing and
extracting information from recordings of
neuronal responses. Moreover, Simoncelli and
his colleagues are putting the finishing touches
on a set of algorithms that should help neuro-
scientists better interpret the flood of informa-
tion that comes from recording large groups of
neurons simultaneously in the retina, instead of
one at a time as is traditionally done.

Ultimately, Simoncelli aims to put many of
his individual findings, and those of his col-
laborators, into nothing less than a grand uni-
fied theory of visual motion perception. “In
10 years, I think we will have a clean compu-
tational model of motion,” he predicts.

And if that wasn’t ambitious enough,
Simoncelli is digging for deeper truths. “As
we build better descriptions of the brain and
test them experimentally, we hope to arrive
at fundamental principles that can explain
all brain activity, from sensation to con-
sciousness,” he says. “That’s going to help
us understand who we are.” Now that’s a
grand vision.

–INGRID WICKELGREN
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Visual insights. Simoncelli has explained why drivers speed in
the fog and how the brain makes sense of moving objects.
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REVIEW

Modeling Single-Neuron Dynamics
and Computations: A Balance of
Detail and Abstraction
Andreas V. M. Herz,1* Tim Gollisch,2 Christian K. Machens,3 Dieter Jaeger4

The fundamental building block of every nervous system is the single neuron. Understanding how
these exquisitely structured elements operate is an integral part of the quest to solve the mysteries
of the brain. Quantitative mathematical models have proved to be an indispensable tool in
pursuing this goal. We review recent advances and examine how single-cell models on five levels of
complexity, from black-box approaches to detailed compartmental simulations, address key
questions about neural dynamics and signal processing.

A
hundred years ago, Lapicque (1) pro-

posed that action potentials are gen-

erated when the integrated sensory or

synaptic inputs to a neuron reach a threshold value.

This Bintegrate-and-fire[model remains one of the

most influential concepts in neurobiology because

it provides a simple mechanistic explanation for

basic neural operations, such as the encoding of

stimulus amplitude in spike frequency. However,

advances in experimental technique have shown

that the integrate-and-fire model is far from

accurate in describing real neurons. Their mor-

phology, composition of ionic conductances, and

distribution of synaptic inputs generate a plethora

of dynamical phenomena and support various fun-

damental computations (Table 1 and Table 2).

Understanding the dynamics and computa-

tions of single neurons and their role within

larger neural networks is therefore at the core of

neuroscience: How do single-cell properties

contribute to information processing and, ulti-

mately, behavior? Quantitative models address

these questions, summarize and organize the

rapidly growing amount and sophistication of

experimental data, and make testable predictions.

As single-cell models and experiments become

more closely interwoven, the development of data

analysis tools for efficient parameter estimation

and assessment of model performance constitutes

a central element of computational studies.

All these tasks require a delicate balance

between incorporating sufficient details to ac-

count for complex single-cell dynamics and

reducing this complexity to the essential charac-

teristics to make a model tractable. The appro-

priate level of description depends on the

particular goal of the model. Indeed, finding the

best abstraction level is often the key to success.

We highlight these aspects for five main levels

(Fig. 1) of single-cell modeling.

Level I: Detailed Compartmental Models

Morphologically realistic models are based on

anatomical reconstructions and focus on how the

spatial structure of a neuron contributes to its

dynamics and function. These models extend the

cable theory of Rall, who showedmathematically

that dendritic voltage attenuation spreads asym-

metrically (2). This phenomenon allows dendrites

to compute the direction of synaptic activation pat-

terns, and thus provides a mechanism for motion

detection (3). When voltage-dependent conduct-

ances are taken into account, numerical integration

over the spatially discretized dendrite—the ‘‘com-

partmental model’’ (3)—is needed to solve the

resulting high-dimensional system of equations.

For complex dendritic trees, more than 1000

compartments are required to capture the cell’s

specific electrotonic structure (e.g., to simulate

spike backpropagation in pyramidal neurons) (4).

Such detailed models also generate testable

mechanistic hypotheses. For instance, simula-

tions of Purkinje cells predicted that a net

inhibitory synaptic current underlies specific

spike patterns in vivo (5), in accordance with

later experimental findings (6). In turn, even

established models such as the thalamocortical

neuron (7) are constantly improved by adding

new biophysical details such as dendritic calci-

um currents responsible for fast oscillations (8).

A large body ofmorphologically realisticmod-

els demonstrates how spatial aspects of synaptic

integration in dendrites support specific computa-

tions (Table 1 and Table 2), as discussed in

various reviews (9, 10). In pyramidal cells, for ex-

ample, distal inputs are amplified via dendritic

spikes or plateau potentials, supporting local

coincidence detection and gain modulation. Den-

dritic inward currents play a major role in the

control of spiking (6) or the modulation of re-

sponses to synchronous inputs (11). Such inter-

actions among synaptic inputs, voltage-gated
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Fig. 1. Examples for five levels of single-cell
modeling. Level I: Detailed compartmental model
of a Purkinje cell. The dendritic tree is segmented
into electrically coupled Hodgkin-Huxley–type com-
partments (level III). Level II: Two-compartment
model as in (23). The dendrite receives synaptic
inputs and is coupled to the soma where the
neuron’s response is generated. Level III: Hodgkin-
Huxley model, the prototype of single-compartment
models. The cell’s inside and outside are separated
by a capacitance Cm and ionic conductances in
series with batteries describing ionic reversal
potentials. Sodium and potassium conductances
(gNa, gK) depend on voltage; the leak gleak is fixed.
Level IV: Linear-nonlinear cascade. Stimuli S(t) are
convolved with a filter and then fed through a
nonlinearity to generate responses R(t), typically
time-dependent firing rates. Level V: Black-box
model. Neglecting biophysical mechanisms, condi-
tional probabilities p(R|S) describe responses R for
given stimuli S.
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conductances, and spiking output can be specifi-

cally affected by dendritic branching structures

(12); axonal geometries, on the other hand,

influence activity-dependent branch point failures

and may thus implement filter and routing opera-

tions on the neuron’s output side (13).

Finally, detailed spatial representations help

predict the effects of extracellular electrical

stimulations. This is of great interest for deep-

brain stimulation used in the treatment of

Parkinson’s disease (14) and underscores the

need for morphologically realistic models.

Level II: Reduced Compartmental Models

Although detailed compartmental models can

approximate the dynamics of single neurons quite

well, they suffer from several drawbacks. Their

high dimensionality and intricate structure rule out

anymathematical understanding of their emergent

properties. Detailed models are also computation-

ally expensive and are thus not well suited for

large-scale network simulations. Reduced models

with only one or few dendritic compartments

overcome these problems and are often sufficient

to understand somatodendritic interactions that

govern spiking (15) or bursting (16).

A well-matched task for such models is to

relate behaviorally relevant computations on

Table 2. Information processing in single neurons: Task-specific computations of direct behavioral relevance.

Biological goal Computation
Biophysical

mechanism
Model level

Experimental

systems

Collision avoidance Multiplication:

object size x times
angular velocity y

xy 0 exp(log x + log y) via

input nonlinearity (log),
dendritic summation (+), and

output nonlinearity (exp)

III Lobula giant

movement detector
in locusts (52)

Sound localization Logical AND: comparison

of interaural
time difference

Coincidence detection of two

spikes, lagged by different
axon delays (17, 18)

II Binaural neurons

in the auditory
brainstem (17)

Motion detection Logical AND or

AND-NOT: comparison
of spatially adjacent but

temporally shifted local
light intensities

Coincidence detection of one

lagged (axonal delay) and
one nonlagged spike (59)

Nonlinear dendritic
processing (3, 78)

IV

I, II

Peripheral neurons in

the fly visual system
[see, e.g., (59, 60)]

Retinal amacrine and
ganglion cells (79, 80)

Motion anticipation Linear filtering with
negative feedback

Adaptation of neuronal gain IV Salamander and rabbit
retinal ganglion cells (81)

Intensity-invariant
recognition of

analog patterns

Separation of
pattern identity and

pattern intensity;
subsequent comparison

with stored template

Transformation: local stimulus
intensity mapped to spike time

using subthreshold membrane
potential oscillations; readout:

coincidence detection (82)

III, IV Insect and vertebrate
olfactory neurons,

in particular in
antennal lobe and

olfactory bulb,
respectively (83)

Short-term memory Temporal integration or storage Dendritic Ca waves (20) II Layer V neurons in
entorhinal cortex (19)

Transitions between two
Ca-conductance states (21)

II Layer V neurons in
entorhinal cortex (21)

Time interval prediction Temporal integration or storage Calcium dynamics with
positive feedback (84)

III Climbing activity in
prefrontal neurons (85)

Redundancy reduction Subtraction: local
signal minus

background signal

Dendritic summation (3) IV Center-surround receptive
fields in the visual

system (57)

Efficient coding in
variable environment

Modification of
tuning curve to

track time-varying
stimulus ensemble

Adaptation of single-cell
input-output function (23, 58)

Consequence (60) of Reichardt
motion detector circuit (59)

II, IV, V

IV, V

Motion-sensitive H1
neuron in the

fly visual system (58, 60)

Table 1. Information processing in single neurons: Basic computations that follow from generic
neuronal properties.

Computation Biophysical mechanism Model level

Addition or subtraction Dendritic summation of excitatory and/or
inhibitory inputs (3)

I, II

Subtraction Shunting inhibition plus integrate-and-fire
mechanism (76)

I, II

Multiplication or division Synaptic interaction (67, )77 I, II
Gain modulation via synaptic

background noise (35, 36)

I, II

High-pass filter Firing rate adaptation (32) III
Low-pass filter Passive membrane properties (28) I, II, III

Toggle switch Bistable spike generation (30) III
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various time scales to salient features of neural

structure and dynamics. For example, the detec-

tion of binaural time differences within Jeffress’

time-delay framework (17) has been explained in

a three-compartment model of bipolar cells by

local nonlinear input interactions and the fact

that each of the two dendrites provides a sink for

inputs received by the other dendrite (18). Com-

putations involving short-termmemory may rely in

part on the existence of multiple stable firing rates

in single neurons. Reduced compartmental models

suggest that calcium currents are essential for this

phenomenon (19), through dendritic calcium

wavefronts (20) or transitions between different

conductance states (21). On longer time scales,

neurons self-adjust their activity patterns, both

during development and after external perturba-

tions (22). Simulations with a two-compartment

model show that such homeostatic plasticity can

follow from cellular ‘‘learning’’ rules that recal-

ibrate dendritic channel densities to yield optimal

spike encoding of synaptic inputs (23).

For large-scale network studies, reduced com-

partmental models offer a good compromise be-

tween realism and computational efficiency. For

example, a simulation involving several classes of

multicompartmental cortical and thalamic neurons

and a total of more than 3000 cells demonstrates

that gap junctions are instrumental for cortical

gamma oscillations (24). A slightly less complex

network with two-compartment neurons repro-

duces slow-wave sleep oscillations (25). Clearly,

the challenge for all such studies is to find the

least complex neuron models with which the

observed phenomena can still be recreated (26).

Level III: Single-Compartment Models

Single-compartment models such as the classic

Hodgkin-Huxley model (27) neglect the neuron’s

spatial structure and focus entirely on how its

various ionic currents contribute to subthreshold

behavior and spike generation. These models

have led to a quantitative understanding of many

dynamical phenomena including phasic spiking,

bursting, and spike-frequency adaptation (28).

Systematic mathematical reductions of

Hodgkin-Huxley–type models and subsequent

bifurcation and phase-plane analysis (29, 30)

explain why, for example, some neurons resemble

integrate-and-fire elements or why the membrane

potential of others oscillates in response to current

injections enabling a ‘‘resonate-and-fire’’ behavior.

They also showwhich combination of dynamical

variables governs the threshold operation (31)

and how adaptation (32) and spike-generation

mechanisms (33) influence spike trains (Fig. 2).

Spike generation is not a deterministic process.

The stochastic dynamics of ion channels generate

voltage noise that limits the reliability and pre-

cision of spikes (34). Background synaptic noise

(35), on the other hand, can modulate the neural

gain without changing spike variability or mean

firing rates (36). But even without intrinsic noise,

the all-or-none characteristics of spike generation

amplify the input variability (37)—perhaps this is

the price of long-distance communication.

More than 50 years after Hodgkin and

Huxley analyzed the squid axon, simple neuron

models still offer surprises, as these findings

show. A recent study even indicates that the

standard Hodgkin-Huxley formalism does not

explain the sharp kink at the onset of cortical

spikes (38). Its mechanistic origin and functional

consequences require further investigation.

Level IV: Cascade Models

Whereas models incorporating

specific ionic currents or morpho-

logical details are needed to in-

vestigate the biophysics of single

neurons, modeling on a more con-

ceptual level allows one to directly

address their computations. To this

end, cascade models based on a

concatenation of mathematical

primitives, such as linear filters,

nonlinear transformations, and

random processes, present an

excellent framework for distill-

ing key processing steps frommea-

sured data.

Consider, for example, a mod-

el that first convolves its time-

varying input with a linear filter

and then applies a rectifying non-

linearity. In studies of sensory

systems, this simple structure is

often considered as the canonical

model for the receptive field of

a neuron and the transformation

of its internal activation state

into a firing rate. The appeal of

this linear-nonlinear (LN) cas-

cade stems from its conceptual

simplicity and the fact that, for

white-noise stimulation, it can

be easily fitted to experimen-

tal data by correlating response

and stimulus (39). Recent studies

even demonstrate that LN cas-

cades can be obtained under

far more naturalistic stimulation

(40, 41).

Fig. 2. Diversity of neural response patterns. As illustrated in the top row, neurons can respond with rather different spike-
train patterns to identical step currents. For time-varying inputs (middle row), the computational power of even simple
single-neuron models becomes apparent: A first current pulse might trigger a subthreshold oscillation. Only if a second
pulse arrives at the right phase of this oscillation is a spike triggered through resonance. An integrator, on the other hand,
is driven most effectively by quickly succeeding pulses. Finally, a bistable cell can realize a toggle-switch. These
phenomena [and many more; see (30)] are exhibited by the same point-neuron model: Its time evolution (bottom row,
left) is derived from Hodgkin-Huxley–type dynamics; involves the membrane potential v and a slower auxiliary variable
u; and generates the different responses for specific values (right) of the parameters c (reset of voltage v with peak p)
and a, b, and d (decay rate, sensitivity, and reset of the auxiliary variable u). Figure courtesy of E. Izhikevich.
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Cascade models have a long tradition in the

investigation of the visual system. More recently,

they have been used to assess neuronal sensitivity

for different stimulus features and have helped to

elucidate the simultaneous adaptation tomean light

intensity and light contrast (42) and the generic

nature of adaptation in the retina (43). New

analysis tools have opened up the possibility of

using multiple parallel linear filters in an LN

cascade to investigate, for example, complex

cells in visual cortex (44) and thus improve on

classical energy-integration models (45).

Extending LN cascades allows one to capture

additional neural characteristics while retaining the

ability to fit these more complex models to ex-

perimental data. To reveal filter

mechanisms that are otherwise

hidden by spike-time jitter, one

may append a noise process to

the cascade (46, 47) or measure

spike probabilities instead of

spike times (48). For the latter

method, temporal resolution is

limited only by the precision of

stimulus presentation so that

parameters of more elaborate

models (e.g., LNLN cascades)

can be obtained.

The analog output of tradi-

tional cascade models describes

a firing rate. An important con-

ceptual extension is therefore

achieved by adding an explicit

spike generation stage. Using a

fixed firing threshold and feed-

back mimicking neural refrac-

toriness (49), this has led to a

successful model of spike timing

in early vision (50). Even when

augmented with an integrate-

and-fire mechanism and intrinsic

bursting, thismodel structure still

allows generic fits to measured

spike trains (51).

Cascade models can also

directly translate into specific

computations: Experiments in-

dicate that in locusts, an identi-

fied neuron multiplies the visual size x and

angular velocity y of an object while tracking

its approach (52). The nearly exponential shape

of this neuron’s output curve suggests that

logarithmic transforms of x and y are summed

on the dendrite and then passed through the

output nonlinearity, implementing the multipli-

cative operation as an NLN cascade via the

identity exp(log x + log y) 0 xy.

Despite their success, simple model structures

have their limitations—especially when applied

to neurons far downstream from the sensory

periphery and when aimed at generalizing over

different stimulus types—because additional

nonlinear dynamics, negligible within a specific

stimulation context, affect the transition between

different experimental conditions (53, 54). In

specific cases, however, LN models yield ac-

curate information-theoretical descriptions of

neuronal responses (55).

Level V: Black-Box Models

Last but not least, one may want to understand

and quantify the signal-processing capabilities of

a single neuron without considering its bio-

physical machinery. This approach may reveal

general principles that explain, for example,

where neurons place their operating points and

how they alter their responses when the input

statistics are modified.

For such questions about neural efficiency

and adaptability, a neuron is best regarded as a

black box that receives a set of time-dependent

inputs—sensory stimuli or spike trains from

other neurons—and responds with an output

spike train. To account for cell-intrinsic noise, it

is necessary to characterize the input-output rela-

tion by a probability distribution, p(R|S), which

measures the probability that response R occurs

when stimulus S is presented.

Although models on levels I to IV make spe-

cific assumptions about neural processes and hence

about the functional form of p(R|S), such assump-

tions can be overly restrictive at level V. Here, it

is often advantageous to work with nonparametric

estimates of p(R|S) that are directly taken from the

measured data. Such models have, for example,

been used to estimate the information that the

spike train of a neuron conveys about its inputs

and have revealed that sensory neurons operate

highly efficiently, often close to their physical

limits (56). Indeed, Barlow’s ‘‘efficient coding

hypothesis’’ suggests that neurons optimize the in-

formation about frequently occurring stimuli (57).

Theoretical studies have shown how individual

neuronsmay shift their input-output curves to reach

that goal (23). Moreover, recordings of a motion-

sensitive neuron in the fly visual system reveal that

adaptation can modify a neuron’s input-output

function to maximize information about time-

varying sensory stimuli (58). In

this case, however, it is possible

that the adaptive mechanism is

not implemented on the single-

cell level but instead results

from the underlying multicel-

lular Reichardt motion detec-

tion circuitry (59, 60). Similar

ambiguities between single-cell

and network adaptation exist

in the auditory midbrain (61).

Evolutionary adaptationsmay

not be guided to optimize the in-

formation about all natural stimu-

li. In acoustic communication

systems, for example, neural re-

sponses are well matched to

particular behaviorally relevant

subensembles.Most likely, stimu-

li from those ensembles were

selected as communication sig-

nals because they lead to efficient

neural representations (62, 63).

Challenges

‘‘A good theoretical model of a

complex system should be like a

good caricature: it should empha-

size those featureswhich aremost

important and should downplay

the inessential details. Now the

only snag with this advice is that

one does not really know which

are the inessential details until one has understood

the phenomena under study’’ (64).

This general dilemma, formulated by the

physicist Frenkel almost a century ago, applies in

particular to the single neuron. Which details of

ionic conductances and morphology are relevant

for particular aspects of its cell type–specific or

individual dynamics? How do these dynamics

contribute to the neuron’s information processing?

Identification of a fundamental computation per-

formed by the neuron (Table 1 and Table 2) may

help address these questions. Brain function,

however, relies on the interplay of hundreds to

billions of neurons that are arranged in specialized

modules on multiple anatomical hierarchies. Even

Fig. 3. Single-neuron computation. The neuron in the center (86) can be ap-
proximated by an NLN cascade (left) for stationary inputs (67), or, more generally, by
a compartmental model (right). The cascade (level IV) is equivalent to a two-layer
feedforward network and shows that under a firing-rate assumption, a single neuron
may perform the function of an entire artificial neural net. Electrical couplings within
compartmental models (levels I and II) are bidirectional. The right model therefore
corresponds to a feedback network and can exhibit persistent activity, hysteresis,
periodic oscillations, and even chaos. These phenomena are impossible in
feedforward systems and may support complex computations in the time domain.
The relevance of either model depends on the statistics of synaptic inputs (i.e., on
the neural code of the investigated brain area).
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today, it remains unclear which level of single-cell

modeling is appropriate to understand the dynam-

ics and computations carried out by such large

systems. However, only by understanding how

single cells operate as part of a network (35) can

we assess their coding and thus the level of detail

required for modeling. For example, most

network models use point-neuron models (65),

whereas several aspects of brain function require

multicompartmental models (24, 25).

It has thus become increasingly clear that a

thorough understanding of single-neuron func-

tion can be obtained only by relating different

levels of abstraction. Trying to incorporate every

biological detail of the investigated neuron is

likely to obscure the focus on the essential dy-

namics, whereas limiting investigations to highly

abstract processing schemes casts doubt on the

biological relevance of specific findings. Help

may come from analyzing the transition between

different modeling levels. Interesting connections

have been drawn, for example, by transforming a

Hodgkin-Huxley–type model (level III) into a

phenomenological firing rate description (66)

or a cascade on level IV (31). And the integra-

tive properties of dendritic trees as evolved as

those of pyramidal cells can be captured by a two-

layer feedforward network (i.e., an NLN cascade)

(level IV), at least for stationary stimuli (67). For

nonstationary stimuli, however, the cascade fails

(Fig. 3). This underscores the need to alternate

between different levels of single-neuron models

in close connection with considerations about the

neural codes of larger cell populations.

Deriving model parameters from experimen-

tal data brings about its own collection of prob-

lems: How should we deal with the cell-to-cell

variability of parameter values? The common

resort, population averaging, can be misleading

because the dynamical behavior of single-cell

models is, in general, not a monotone function of

their parameters; the mean behavior within a class

of models may strongly differ from that of a model

with mean parameter values (68), and nearly

identical dynamical characteristics may be imple-

mented by rather different parameter combina-

tions (69). With increasing model complexity, the

number of parameters to be estimated increases to

such an extent that they must be taken from

different cells or even different preparations, further

lowering the model’s trustworthiness. Furthermore,

models are often calibrated using in vitro data, yet

they are designed to capture the neural dynamics

and computations of behaving animals.

Conclusions

There is no general solution for any of these chal-

lenges. Iterating the loop of model prediction,

experimental test, and model adjustment is an

obvious strategy for stepwise progress. One should

be aware, however, that elaborate single-cellmodels

are not sufficiently constrained by data, nor is there

any guarantee that crucial components of the real

biological neuron are already included. Wrong

models may therefore be falsely ‘‘verified,’’ and

long-term progress may require many iterations

of the model-experiment loop until an incorrect

assumption is eventually falsified.

There is good news, too: The rapid develop-

ment of experimental tools to study single neurons

in vivo (70) will generate data urgently needed to

advance quantitative models. With powerful

computers tightly integrated in modern laborato-

ries, advanced on-line techniques such as the

‘‘dynamic clamp’’ (71) will be used routinely in

the future. In this technique, voltage-gated con-

ductances that cannot be selectively blocked by

pharmacological agents are counterbalanced by

currents that are artificially generated using the

neuron’s present state. This approach has clarified,

for example, the influence of persistent sodium

currents on spike generation (72). To mimic in

vivo input patterns during in vitro experiments,

synaptic conductances can be inserted with a

dynamic clamp (6, 36, 73). Adaptive stimulations

with real-time data analysis can also be used to

optimize recording times, allowing one to extend

traditional concepts such as ‘‘best stimulus’’ to

the information-theoretic level (62).

These developments show that the divide

between experiment and theory is disappearing.

There is also a change in attitude reflected by var-

ious international initiatives (74, 75): More and

more experimentalists are willing to share their raw

data with modelers. Many modelers, in turn, make

their computer codes available. Both move-

ments will play a key role in solving the many

open questions of neural dynamics and information

processing—from single cells to the entire brain.
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Neuronal Computations with
Stochastic Network States
Alain Destexhe1* and Diego Contreras2

Neuronal networks in vivo are characterized by considerable spontaneous activity, which is
highly complex and intrinsically generated by a combination of single-cell electrophysiological
properties and recurrent circuits. As seen, for example, during waking compared with being
asleep or under anesthesia, neuronal responsiveness differs, concomitant with the pattern of
spontaneous brain activity. This pattern, which defines the state of the network, has a dramatic
influence on how local networks are engaged by inputs and, therefore, on how information is
represented. We review here experimental and theoretical evidence of the decisive role played by
stochastic network states in sensory responsiveness with emphasis on activated states such as
waking. From single cells to networks, experiments and computational models have addressed the
relation between neuronal responsiveness and the complex spatiotemporal patterns of network
activity. The understanding of the relation between network state dynamics and information
representation is a major challenge that will require developing, in conjunction, specific
experimental paradigms and theoretical frameworks.

B
rain operations are embedded in a con-

tinuous stream of complex spontaneous

activity that interacts nonlinearly with

incoming sensory inputs, outgoing motor com-

mands, and internal association processes. Spon-

taneous brain activity refers to ongoing network

activity not dominated by any particular sin-

gle sensory input. Spontaneous brain activity

is generated by the combination of intrinsic

electrophysiological properties of single neu-

rons (1) and synaptic interactions in networks

(2); it is dependent on the level of activation of

neuromodulatory systems (3, 4) and is cor-

related with the functional state of the brain (2).

Most of the existing knowledge about the re-

lation between neuronal responsiveness and

spontaneous brain activity comes from the com-

parison between waking and sleep states (5).

However, even within the stable state of wak-

ing, subtle variations in the spatiotemporal

pattern of network activation strongly influ-

ence information processing, and vice versa,

sensory inputs modify ongoing activity. Such

interplay between intrinsically generated ac-

tivity and its modulation by external input is

at the very core of the mechanisms by which

the brain represents the external world and

elaborates successful response strategies. The

complexity of network dynamics is beyond

the reach of current recording methods and

requires appropriate computational methods

carefully constrained by biological data. Pre-

dictions from current modeling efforts are a

critical guide for designing new experimental

approaches.

Experimental Characterization of Intrinsic

Dynamics in Neocortex

Understanding the neuronal mechanisms of

spontaneous brain activity is of critical impor-

tance in understanding its role in information

processing. For example, the cellular mecha-

nisms of synchronized oscillations during sleep

and anesthesia explain why neural responsive-

ness is reduced during those states (2). How-

ever, much less is known about the complex

intrinsic dynamics that characterize the sponta-

neous activity during the waking state. It is

during the waking state that response variability

and the spatiotemporal patterns of network ac-

tivation are key elements of the brain operations

that generate adaptive behavior.

The spontaneous activity recorded in the

electroencephalogram (EEG) from cortex and

thalamus varies greatly between waking and

sleep states. During sleep, the EEG is dominated

by large-amplitude waves with high temporal

and spatial coherence (Fig. 1A), and most of its

spectral power is below 15 Hz (4). Rhythmic

components are prevalent, although they are

highly aperiodic and interspersed with non-

rhythmic large-amplitude waves. Intracellular

recordings in vivo demonstrate large variations

in membrane potential (V
m
) occurring synchro-

nously across large populations (5, 6).

In contrast, upon awakening or during rapid

eye movement (REM) sleep (also termed brain

activated states), EEG spontaneous activity is

characterized by low-amplitude waves, with

low spatial and temporal coherence and high

spatiotemporal complexity (Fig. 1B), not domi-

nated by any identifiable pattern (4). The spec-

tral power of the activated EEG is characterized

by frequencies above 15 Hz. Intracellular rec-

ordings in vivo during activated states demon-

strate absence of slow oscillations or any large

V
m
fluctuations characteristic of sleep (7). In-

stead, cortical and thalamic neurons show a

stable resting V
m
at a depolarized level close to

firing threshold and a noisy, highly irregular

pattern of background synaptic activity (7) (Fig.

1C). Interspersed within the synaptic back-

ground activity, there are short bouts of fast

(20 to 80 Hz) oscillations, which last a few tens

of milliseconds and which are occasionally

crowned by spikes (8). Therefore, fast oscillations

in cortical and thalamic networks are different

from the intrinsically generated, well-organized,

and stable subthreshold oscillations in highly

rhythmic structures such as the inferior olive (9).

Fast oscillations also appear in relation to sen-

sory stimuli and have been proposed to subserve

a coordinating function among neuronal groups
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representing similar stimulus features [reviewed

in (10)]. How the same oscillations that appear

spontaneously as part of the background activity

(8) are also steered to fulfill such function is

unknown.

Relation Between Spontaneous Activity and

Neuronal Responsiveness

The relation between spontaneous activity and

neuronal and network responsiveness has been

mainly studied by observing the dramatic changes

that take place during the transition between

the behavioral states of waking and sleep or

during variations in the level of anesthesia

(Fig. 1D). A plethora of functional studies in

the visual (11–16), somatosensory (17), audi-

tory (18–20), and olfactory (21) systems have

shown that slow, high-amplitude activity in the

EEG is associated with reduced neuronal re-

sponsiveness and neuronal selectivity. [For an

extensive review of the literature and a his-

torical perspective, see (5).]

Cellular studies in vivo and in vitro have

shown how such changes in responsiveness

come about. During the transition to sleep or

anesthesia, cortical and thalamic cells progres-

sively hyperpolarize, thus distancing the mem-

brane from spike threshold and decreasing

excitability. In addition, hyperpolarization brings

the membrane potential to the activation range

of intrinsic currents underlying burst firing, par-

ticularly in thalamic cells. Because of its all-or-

none behavior and its long refractory period,

thalamic bursting is incompatible with the relay

function that characterizes activated states and

thus act as the first gate of forebrain deafferen-

tation, i.e., blockade of ascending sensory

inputs (22, 23). Synchronized inhibitory inputs

during sleep oscillations further hyperpolarize

cortical and thalamic neurons and generate

large membrane shunting, resulting in a dra-

matic decrease in responsiveness and a large

increase in response variability. Finally, high-

ly synchronized patterns of rhythmic activity

(24) dominate neuronal membrane behavior

and render the network unreliable and less

responsive to inputs. Taken together, the

above mechanisms result in the functional

brain deafferentation that characterizes sleep

and anesthesia (2, 22).

In contrast, during waking and REM sleep,

a depolarized stable resting V
m
close to spike

threshold allows neurons to respond to inputs

more reliably and with less response variability.

However, the detailed understanding of the cel-

lular mechanisms underlying the changes in

processing state between waking and sleep or

anesthesia is not enough to explain an impor-

tant paradox posed by the two activated brain

states. Despite their striking electrophysiolog-

ical similarity at the intracellular and EEG

levels (7) and the often enhanced evoked po-

tentials during REM (25, 26), waking and REM

are diametrically opposite behavioral states (27),

because REM sleep is the deepest stage of

sleep, i.e., it is the stage with the highest thresh-

old for waking up. In an attempt to explain this

paradox, it was shown, using magnetoencepha-

lography in humans, that the main difference in

responsiveness during the two states is their ef-

fect on the ongoing gamma (È40 Hz) oscil-

lations (28). Responses to auditory clicks caused

a reset of the ongoing gamma rhythm, whereas

during REM, the evoked response did not change

the phase of the ongoing oscillation; these find-

Fig. 1. Complex spatiotemporal patterns of ongoing network activity during wake and sleep states in
neocortex. (A) Spatiotemporal map of activity computed from multiple extracellular local field
potential (LFP) recordings in a naturally sleeping cat during slow-wave sleep (SWS). The activity
consists of highly synchronized slow waves (in the d frequency range, 1–4 Hz), which are irregular
temporally but coherent spatially. (B) Same recording arrangement when the animal was awake. In
this case, the b frequency–dominated LFPs (15–30 Hz) are weakly synchronized and very irregular
both spatially and temporally. [(A) and (B) modified from (73)] (C) Intracellular recordings during
these two states show slow oscillations during slow-wave sleep (SWS, left), and a sustained depolarized
state with intense fluctuations during wakefulness (Awake, right). [Courtesy of Igor Timofeev, Laval
University] (D) Network state–dependent responsiveness in visual cortex. Cortical receptive fields
obtained by reverse correlation in simple cells for ON responses. The procedure was repeated for
different cortical states, by varying the depth of the anesthesia (EEG indicated above each color map).
(Left) Desynchronized EEG states (light anesthesia); (right) synchronized EEG states with prominent
slow oscillatory components (deeper anesthesia). Receptive fields were always smaller during
desynchronized states. Color code for spike rate (see scale). [Modified from (12)]
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ings suggest that, during dream sleep, sensory

input is not incorporated into the context repre-

sented by the ongoing activity (29). The obvious

conclusion is that much smaller changes in net-

work dynamics than those that differentiate sleep

and waking are critical in determining the

processing state of the brain. The failure to detect

the differences in network dynamics that must

exist between waking and REM sleep is a clear

indication that new approaches are necessary.

Another outstanding example of the role of

intrinsic network dynamics in determining neu-

ronal responsiveness is the effect of attention.

Even though the parameters of network activity

measured with current techniques seem to re-

main stable, shifts in attentional focus both in

space (30) and time (31) increase the ability of

the network to process stimuli by increasing neu-

ronal sensitivity to stimuli. The neuronal mech-

anisms underlying attentional shifts are unknown;

however, the effect of directed attention enhanc-

ing neuronal responsiveness and selectivity, as

well as behavioral performance (32), is a clear

indication of the critical role played by subtle

changes of network dynamics in determining the

outcome of network operations.

Two types of computer models discussed in

the second part of this review attempt to cap-

ture the relation between network dynamics and

neuronal responsiveness. Both classes of mod-

els explore the complex interaction between

sensory inputs and noisy network states. In the

first category of models, noise is generated

externally and does not explicitly represent the

properties of the network itself. In the second

class of models, noise is generated intrinsically

and is, therefore, constrained by the properties

of the network, a state that is much closer to the

in vivo situation.

The reverse problem is also of critical im-

portance: how much the network dynamics

are modified by ongoing sensory inputs. Al-

though cortical and thalamic networks may

be strongly activated by specific patterns of

stimuli (20, 33), such effects are likely due to

the engagement of brainstem neuromodula-

tory systems, which receive dense collaterals

from ascending sensory inputs (5). Recordings

from visual cortex of awake, freely viewing

ferrets (34) revealed that the spatial and tem-

poral correlation between cells while natural

scenes were viewed varies little when compared

with values obtained during eyes closed. This

subtle variation indicates that most of the spatial

and temporal coordination of neuronal firing is

driven by network activity and not by the

complex visual stimulus. This paradigm is cap-

tured by network models in which the input is

interrelated with the network state (see below).

In conclusion, the parameters that determine

network dynamics have a critical effect in de-

termining responsiveness and information rep-

resentation. Network dynamics are likely to be

defined at the single-cell level and, therefore, to

elude current recording methods that either

grossly undersample the population, such as

multiunit recordings, or that average out neu-

ronal specificity, such as field potentials or

optical recordings. Therefore, critical transitions

of network state underlying changes in respon-

siveness would go undetected by the global

measures of activity currently in use. This under-

lines the important role of neuronal modeling

to explore the properties of network dynamics

in the irregular and noisy conditions of the wak-

ing state.

Computational Models of Network State–

Dependent Computations

In the simplest type of computational model,

the role of intrinsic network dynamics was in-

vestigated by representing irregular network

activity as ‘‘noise’’ added to either single neu-

rons or networks. Here, a variable presynaptic

discharge, summed over many synapses, is ap-

proximated by ‘‘noise’’ imposed on the cell. A

second, more elaborate type of model is to

consider the state of the network explicitly and

how network states can be used for various

forms of computation. In the most sophisticated

type of model, the input and network state are

interdependent. We consider these three types

of approaches successively.

Single-neuron and network responsiveness

in the presence of noise. The simplest type of

activity-dependent model is designed to con-

sider the responsiveness of single neurons or

networks in the presence of variable amounts of

noise. Contrary to intuition, noise can have ben-

eficial effects, especially in nonlinear systems

driven by weak inputs. Such a positive effect of

noise was first investigated by physicists and

globally termed ‘‘stochastic resonance’’ (35), in

which the signal-to-noise ratio is maximal for a

nonzero level of noise. This type of paradigm is
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Fig. 2. Impact of network activity (‘‘synaptic noise’’) on single neurons. (A) Single-trial responses of a
model cortical neuron receiving synaptic noise. A stimulus (glutamatergic conductance) was delivered
(arrow), either subthreshold (left) or suprathreshold (right). A fraction of the subthreshold stimuli gave
rise to action potentials (left); however, not all suprathreshold stimuli gave a response. (B) Response
curve computed from simulations similar to (A). The response curve gives the probability of action
potential evoked by the stimulus, as a function of stimulus strength. In quiescent conditions, the
response curve is all-or-none (action potential threshold around 0.2 mS/cm2). With synaptic noise,
subthreshold stimuli were boosted (downward arrow), while suprathreshold stimuli were attenuated
(upward arrow). [(A) and (B) modified from (42)] (C) Effect of the amount of synaptic noise (measured
by its variance; increasing noise levels from 0 to 2) on the response curve in real cortical neurons where
synaptic noise was injected under dynamic clamp. [Modified from (38)] (D) Effect of synaptic noise on
thalamic neurons. (Top) Spike probability as a function of interstimulus interval in a quiescent thalamic
neuron stimulated by random glutamatergic conductances. The responsiveness was very different at
hyperpolarized potentials (Hyp) because of the boosting effect of calcium currents and bursts. (Bottom)
Same paradigm in the presence of synaptic noise. Here, the spike probability was nearly independent of
stimulus ISI and of membrane potential. [Modified from (44)]
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relevant for the central nervous system and, in

particular, for the cerebral cortex for several

reasons. One is the nonlinearity of neurons, and

another is that cortical neurons operate in vivo

during the waking state in highly irregular or

noisy states. Electrophysiological and modeling

studies have measured the impact of cortical

network activity during activated states on

single neurons (through intracellular record-

ings). In parallel, models have estimated the

conditions of ‘‘synaptic bombardment’’ that

correspond to these measurements (36). These

studies concluded that cortical neurons are in

a ‘‘high-conductance state,’’ in which synaptic

activity causes large V
m
fluctuations

(also called synaptic noise) and an

intense overall membrane conduct-

ance compared with the resting

(leak) conductance of the neuron.

Therefore, synaptic noise can have

substantial effects on the behavior

of the neuron. Despite this noisy

aspect, high-conductance states pro-

vide computational advantages to

neurons (36); the responsiveness to

small inputs is enhanced by synaptic

noise (Fig. 2, A and B), and the ef-

fect of synaptic inputs can become

roughly independent of their loca-

tion in dendrites (37). These effects

are due to both the high conduct-

ance and the level of noise. More-

over, the small membrane time

constant due to high conductances

gives the neuron a better temporal

resolution. Enhanced responsiveness

can also be viewed as gain modula-

tion and was also identified in real

neurons by injecting artificial syn-

aptic noise like that experienced in

vivo by using dynamic clamp tech-

niques (38–42). The response curve

in the presence of noise is smooth

(Fig. 2, B and C), so that sub-

threshold inputs are boosted, while

suprathreshold inputs are attenuated

(43) (arrows in Fig. 2B). Similar

response curves were also obtained

during the depolarizing phase of the

slow oscillation in vitro (38). Syn-

aptic noise can also combine with

intrinsic properties, such as the low-

threshold calcium currents in tha-

lamic neurons, which lead to a

responsiveness that is much less

dependent on the V
m

level (44)

(Fig. 2D). This shows that intrinsic

neuronal properties are expressed

differently when considered togeth-

er with network activity; both com-

bine to yield a global responsiveness

that depends on the properties of

intrinsic currents and the amount of

synaptic noise. Thus, network activity has a

decisive impact on the input-output transforma-

tions of single neurons and confers to networks’

fundamentally different information-processing

capabilities as a function of their state.

Further evidence that network state has im-

pacts on information processing comes from

studies of the effect of noise in neural network

models. Noise is beneficial to associative mem-

ories by avoiding convergence to spurious

states (45); it enables networks to follow high-

frequency stimuli (46), boosts the propaga-

tion of waves of activity (47), enhances input

detection abilities (48, 49), and enables pop-

ulations of neurons to respond more rapidly

(50–52). Noisy networks can also sustain a

faithful propagation of firing rates [(53, 54), but

see (55)] or pulse packets (56) across succes-

sive layers (Fig. 3). The latter results are

particularly interesting, because noise allows

populations of neurons to relay a signal across

successive layers without attenuation [in the

case of firing rate propagation (Fig. 3C)] or

prevents a catastrophic invasion of synchronous

activity (Fig. 3D). The fact that a complex

waveform propagates in a noisy network (Fig.

3C), but not with low noise levels (Fig. 3B),

can be understood qualitatively from the
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Fig. 3. Beneficial effects of noise at the network level. (A) Scheme of a multilayered network of integrate-and-fire
(IF) neurons where layer 1 received a temporally varying input. (B) With low levels of noise (‘‘synfire mode’’), firing
was only evoked for the strongest stimuli, and synchronous spike volleys propagated across the network. (C) With
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population encoded stimulus amplitude more reliably. [Modified from (42)]
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response curve of neurons in the presence of

noise (Fig. 2B), for which there is a reliable

coding of stimulus amplitude. Indeed, a similar

effect is visible in the population response of

networks of noisy neurons (Fig. 3E). With low

noise levels, the nearly all–or–none response

acts as a filter, which allows only strong stimuli

to propagate and leads to propagation of synfire

waves (Fig. 3D). With stronger noise levels,

comparable to intracellular measurements in

vivo, the response curve is progressive, which

allows a large range of input amplitudes to be

processed (Fig. 3C).

Thus, as for the single-cell paradigms

discussed above, noise can have beneficial

effects at the network level. Here also, noise

can be thought of as representing the background

network activity presynaptic to single cells, so

these studies can be viewed as investigating

network computations in states of irregular

network activity. However, instead of explicitly

modeling these states as generated by the

network itself (see below), the study is per-

formed in a quiescent network subject to

external sources of noise. In this case, the main

finding is that the nature of propagation of activity

is fundamentally different—and in many cases,

better—in the presence of noise.

Computing with intrinsic network states. A

more elaborate type of model comes from

explicitly considering the state of the network

and its effect on computations or responsive-

ness to external inputs. Here again, one may

find inspiration from physics, in particular

from studies of how different dynamic states

of matter provide different properties with

respect to interactions with the environment.

For example, in fluid dynamics, a fluid can

adopt laminar or turbulent states when subject

to different constraints. Turbulent states have

considerably larger effective transport coeffi-

cients that enable the fluid to satisfy those

constraints (57). A similar paradigm was ap-

plied to describe propagating activity in net-

works of excitatory and inhibitory neurons

that display either silent, oscillatory (period-

ic), or irregular (chaotic or intermittent) states

of activity (58) (Fig. 4A). Irregular states are

optimal with respect to information transport

[as defined by the diffusion coefficient for

Shannon mutual information (Fig. 4A, right)].

Thus, similar to turbulence in fluids, irregular

cortical states may represent a dynamic state

that provides an optimal capacity for informa-

tion transport in neural circuits. However,

such an analogy must be refined by using

more realistic models and connectivity (59).

More recent studies have explicitly consid-

ered networks endowed with intrinsically gen-

erated irregular activity states (51, 52, 60, 61).

Can the effect of noise on propagation discussed

above be obtained when this noise is internally

generated by the network? Such ‘‘internally gen-

erated noise,’’ stemming from self-sustained

irregular states of activity, was tested with re-

spect to enhancing propagation properties in

networks of excitatory and inhibitory neurons

(60, 61). However, propagation was difficult to

observe; firing rates did not propagate unless

synapses were reinforced (more than 10-fold)

along specific feedforward pathways (61) (Fig.

4B). Similarly, pulse packets led to explosions of

activity (‘‘synfire explosions’’) in the network

(Fig. 4C), and to enable propagation, synfire

chains also had to be pre-embedded into the

connectivity (60). Such embedding of feedfor-

ward pathways is of course not satisfactory, and

the problem of how to obtain reliable propaga-

tion in recurrent networks is still open. The net-

work states studied may not have the right level

of excitability. In agreement with this, for firing

rate models (61), a simple calculation shows that

the total synaptic conductance in single cells is

about 15 to 30 times as large as the leak con-

ductance, which is about 5 times as large as in

vivo measurements (62) and probably exerts an

excessive shunting effect and counteracts prop-

agation. Future studies should verify if better

propagation capabilities are present in networks

with a diversity of conductance states and cel-

lular properties compatible with in vivo mea-

surements, although such states may not be easy

to obtain (63).

Interrelated input and network state. A

further step in complexity corresponds to

models where the input and the network state

are interdependent. The simplest of such mod-

els is when external inputs influence network

activity. Network activity will necessarily be

influenced by external inputs, so the complex

spatiotemporal activity in a given network is

likely to reflect properties of the inputs and

cannot be considered as independent. The first

approach to take into account such dependence

is the ‘‘liquid-state machine’’ paradigm (64). In

this case, a network of spiking neurons is main-

tained in a self-sustained irregular state, and the

network receives ongoing inputs. A few cells

from the network are taken as output, and their
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noisy pattern of activity is decoded by ‘‘readout

units,’’ which can learn to extract information

about the inputs. The activity of neurons at a

given time contains information about the input

at prior times, thus it is possible to generate a

desired output at any time in a system receiving

ongoing inputs. Information is stored in the

activity of the network, which necessarily re-

flects input history. Thus, in the liquid-state

machine paradigm, network activity acts as a

sophisticated nonlinear filter, and although

different network states were not explored, this

approach has the merit of proposing a comput-

ing paradigm that explicitly uses complex

dynamics in network activity as a means to in-

tegrate information [see also (65, 66)]. This

type of paradigm is also compatible with results

showing that cortical sensory responses primar-

ily reflect modulations of network activity

rather than being input-driven (34).

Finally, the most sophisticated paradigm is

that in which the input itself depends on net-

work state. This type of modulation has been

found in several sensory systems where inter-

nally generated signals are matched with sen-

sory inputs. This is the case for the corollary

discharge (also termed efference copy), which

represents a copy of the internally generated

motor command, which is matched to sensory

inputs, performing cancellation or prediction

(67–70). A similar interaction may arise more

generally through thalamocortical loops; the

cortex massively projects to the same thalamic

cells from which cortical input originates, and

cortical synapses on thalamic neurons out-

number peripheral synapses by about one order

of magnitude (71). Such a massive cortico-

thalamic feedback can potentially modulate,

complement, or even predict sensory inputs. In

these cases, cortical network state will neces-

sarily influence and modulate its own inputs

(72). Such bidirectional interactions between

input and network state are, of course, consid-

erably more difficult to model and constitute

clear challenges for future studies.

Conclusion

Much remains to be done to properly char-

acterize internal brain dynamics and how they

modulate computations. We need to obtain ade-

quate experimental methods to properly measure

the different dynamic states exhibited by neural

circuits, and how network activity is modulated

by parameters such as attention or sensory in-

puts. To characterize their computational proper-

ties, modeling studies have so far implicitly

assumed that a given network produces only

one prototypical state of irregular activity, but

evidence indicates that this may not be true in

general [in Fig. 3A (right), for example, the

information flow can be up to two times larger

between different chaotic states (58)]. Further-

more, networks may switch rapidly among states

according to rules not yet known (33) and with

important consequences for information pro-

cessing. One approach would be to characterize

intracellularly the diverse dynamics of fluctua-

tions (or oscillations) in single cells and to model

their effect on the neuron’s input/output function.

This single-cell characterization can then be used

to infer propagating properties at the network

level, constrained by global recordings methods

such as imaging. It is only through a tight

combination of experiments and models that we

will better understand the computational proper-

ties of internally generated brain states.
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REVIEW

Biologically Based Computational
Models of High-Level Cognition
Randall C. O’Reilly

Computer models based on the detailed biology of the brain can help us understand the myriad
complexities of human cognition and intelligence. Here, we review models of the higher level
aspects of human intelligence, which depend critically on the prefrontal cortex and associated
subcortical areas. The picture emerging from a convergence of detailed mechanistic models and
more abstract functional models represents a synthesis between analog and digital forms of
computation. Specifically, the need for robust active maintenance and rapid updating of
information in the prefrontal cortex appears to be satisfied by bistable activation states and
dynamic gating mechanisms. These mechanisms are fundamental to digital computers and may be
critical for the distinctive aspects of human intelligence.

B
iologically based computational modeling

has been an integral part of many basic

areas of cognitive neuroscience (e.g.,

perception and memory). More recently, these

mechanistic approaches have been encroaching

on some of the most mysterious and challenging

higher level areas of human cognition, including

decision making, problem solving, and Bexecu-

tive[ control of cognition and action. From a bi-

ological perspective, it is clear that the prefrontal

cortex (PFC) and associated subcortical areas

in the basal ganglia and midbrain play a dis-

proportionately important role in these aspects of

cognition (1, 2). Furthermore, the PFC is the

area of cortex most greatly expanded in humans

relative to other mammals (3), suggesting that it

is critical to human intellectual abilities.

Two examples are instructive. First, people

with damage to PFC areas often exhibit envi-

ronmental dependency syndrome (4), which is

(provocatively) just a fancy name for a lack

of free will: Behavior is driven more by the

external environment than by internal plans

or goals. For example, one person with PFC

damage visiting a researcher_s home saw a bed

and proceeded to get undressed (including re-

moving his toupee), got into bed, and prepared

to sleep. The second example is something to

which everyone can relate: the crazy world of

dreams. One minute you are talking with a

long-forgotten friend from high school and the

next you are late for an airplane you cannot

quite seem to find. The PFC is one of the

primary brain areas deactivated during dream

states (5), and its absence may have much to

do with the lack of temporal contiguity and

inability to stay on task that are characteristic

of dreams. In short, the PFC is critical for

maintaining current context, goals, and other

information in an active state that guides on-

going behavior in a coherent, task-relevant man-

ner (2, 6).

It is not enough to state simply that the PFC

houses our internal Bexecutive[ that decides

what we want to do and keeps us focused on

those goals in the face of various environmental

distractions. That only labels and locates the

mystery. The promise of biologically based com-

putational models is that they can actually

break open these mysteries by describing the

underlying mechanisms in precise computa-

tional detail and showing that they are indeed

capable of the functions attributed to the PFC.

The success of this approach does not mean that

we need to think of humans as robots. Instead,

these models show that many subtle factors

interact in complex ways to produce the emer-

gent phenomenon of cognitive control, which

cannot be simply reduced to its constituents.

The modeling approach enables such complex

and subtle interactions to be understood in a

way that would be impossible using the com-

paratively blunt empirical methods available

today. The risk run by these models is that

they provide an elaborate fiction, instead of

facts, about how the brain actually works.

However, this risk can be mitigated by build-

ing models that integrate a wide range of

empirical data spanning many different levels

of analysis.

Here, we focus on converging models at

multiple levels of analysis that together paint a

remarkably coherent picture of PFC and as-

sociated systems. We first review some areas of

fundamental agreement and provide an initial

sketch of this emerging picture, followed by

some specific recent developments.

The Standard Model of Prefrontal Cortex Func-

tion: Active Maintenance, Top-Down Control, and

Rapid Updating

The PFC is important for actively maintaining

information by sustained neural firing (7, 8),

which is robust in the face of potentially dis-

tracting information [i.e., working memory

(9)]. This is in contrast with other cortical areas,

which tend to be swayed by whatever stimulus is

currently impinging on them (hence the envi-

ronmental dependency syndrome in the absence

of normal PFC function). From this basic mech-

anism of active maintenance, it is possible to

explain a remarkable amount of what the PFC

does. For example, the robust active main-

tenance of a goal or plan representation (e.g.,

‘‘go to the grocery store before going home’’)

can guide a sequence of behaviors (e.g., making

the appropriate turns) simply by providing

additional neural activation to these appropriate

behaviors in the face of other possibly stronger

competing actions (e.g., driving directly home).

Because such goals can be maintained in the

face of inevitable environmental distractors, they

enable behavior to be consistent and coherent

over time. Accordingly, when PFC is not

functioning well, as in the dream state or in the

prevalent attention deficit hyperactivity disorder

(ADHD) (10, 11), behavior becomes less con-

sistent and coherent over time. Furthermore,

because of this ability to focus on a task to the

exclusion of other distracting information, the

PFC is often characterized as inhibiting task-

irrelevant information (12, 13).

The PFC system is also capable of rapidly

updating what is being maintained, which is

critical for behavioral flexibility—the ability to

quickly adapt to the changing demands of the

environment. People with PFC damage tend to

perseverate in the face of changing task de-

mands (14), as do young children with im-

mature PFC function (15). Areas within PFC

also play a key role in monitoring of behavior

[necessary for applying appropriate levels of

control, e.g., (16)] and in emotional and reward

processing (17). These are beyond the scope of

the present paper, but it may be possible to un-

derstand many aspects of these functions using

the basic mechanisms elaborated below (18).

We return to our main question: How does

the brain actually perform these active main-

tenance and rapid updating functions in terms

of detailed biological mechanisms? Biologi-

cally based computational models have ex-

plored this question in depth. The emerging

picture can be summarized in terms of analog

versus digital computation; whereas the rest of

cortex can be characterized as a fundamentally

analog system operating on graded, distributed

information, the prefrontal cortex has a more

discrete, digital character. Robust active main-

tenance is supported by a form of bistability,

which means that neurons switch between two

stable states (off or on), much as bits in a

computer. Rapid updating requires a mecha-

nism for gating or switching between these

bistable states—this gating/switching is the

essential function of a transistor in a digital
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computer. Even though each of these mecha-

nisms is strongly motivated from basic biolog-

ical and computational factors having nothing

to do with digital computation, the parallels are

striking and might perhaps provide some

critical insight into what makes humans dis-

tinctively intelligent.

Biological Mechanisms of Active Maintenance

and Rapid Updating: Bistability and Gating

Perhaps the most obvious mechanism for active

maintenance is recurrent excitatory connectiv-

ity, which amounts to a form of you-rub-my-

back-and-I’ll-rub-yours. Active neurons send

excitation to other neurons that then send

excitation back, creating a stable ‘‘attractor’’

state (19). Although appealingly simple, several

problems with this model have arisen. For

example, biologically detailed models have

shown that it is difficult to sustain this positive

feedback system because individual spikes of

neural firing may not come frequently enough to

keep it going (20). Furthermore, when using

these attractor states to integrate information

over time, it has become clear that noise (which

is ubiquitous in the brain) quickly swamps any

signal present in these systems (21). Intuitively,

the system operates like the classic ‘‘telephone’’

game, where a message passed continuously

along a chain (or repeatedly among an inter-

connected population of neurons) is rapidly

distorted.

A solution to both of the above problems is to

incorporate some form of intrinsic bistability

into the neural systems (20–22). In thesemodels,

bistability comes from gated ion channels that

require specific levels of neural depolarization to

be activated, and once active they remain so

for hundreds of milliseconds or more [e.g., the

N-methyl-D-aspartate (NMDA) channel]. This

imparts a critical degree of robustness to the

active maintenance abilities of PFC neurons,

enabling them to span the gaps between spikes

and also not to get blown around by the winds

of neural noise (21). To encode analog (graded)

information with bistable neurons, the system

must use distributed binary representations that

work somewhat like a binary encoding of a

floating-point number on a computer: Many

neurons (bits) work together such that the

combined pattern of activity represents different

values. Although this is less efficient than a

direct analog representation (which could be

done with a single neuron), the improvement in

robustness may be worth this cost. Certainly,

this is the case with computers. We use digital

computers because analog computers are quick-

ly swamped by noise.

Rapid updating provides another important

challenge for neural mechanisms to solve,

because it directly conflicts with the need for

robust active maintenance. Once a set of neu-

rons is locked into a stable state, how can it

subsequently be updated to hold on to new in-

formation? A number of mechanistic solutions

to this problem have been proposed, all of

which amount to a dynamic gating mecha-

nism, which modulates the stability of PFC

active maintenance. When the gate is open,

PFC is rapidly updated with new information.

When the gate is closed, it robustly maintains

existing information.

One class of gating mechanisms depends

on the neuromodulator dopamine (22–25),

which is transmitted to the PFC by the mid-

brain ventral tegmental area (VTA). In all such

models, dynamic changes in the level of do-

pamine in PFC, caused by phasic VTA fir-

ing above the normal tonic level, switch the

system between rapid updating and robust

maintenance (Fig. 1). Biologically detailed

computational modeling has made sense of

the dense and confusing thicket of studies on

dopamine modulation of PFC circuits (22, 25).

In this model, dopamine D1 receptor activation

produces a net overall effect of stabilizing work-

ing memory states in PFC through a complex

combination of seemingly opposing effects,

including increased NMDA current activation

(20). In contrast, D2 receptor activation produces

opposing destabilizing effects. Given that both

receptors are activated by the same neuromodu-

lator, how does the system alternate between

maintenance and updating? D2 receptors are

largely synaptic and respond only to high

concentrations of dopamine, whereas D1 recep-

tors are extrasynaptic and respond to lower

concentrations. Thus, a phasic burst of dopamine

will activate D2 receptors located in the synapses

and trigger rapid updating, whereas lower tonic

concentrations diffusing extrasynaptically produce

a default level of robust maintenance (25) (Fig. 1).

This biologically detailed model converges

remarkably well with earlier, more abstract

computational models hypothesizing that do-

pamine modulates the gain or

signal-to-noise ratio of neurons

(24, 26).

Another class of gating mech-

anism leverages the extensive

connectivity between the PFC

and the basal ganglia (27–29)

(Fig. 2). Direct pathway ‘‘Go’’

neurons in the basal ganglia can

trigger a phasic wave of activa-

tion into PFC through a modula-

tory disinhibition effect (Fig. 2),

which results in rapid updating

of PFC states. These Go neurons

are opposed by a set of indirect

pathway ‘‘NoGo’’ neurons that

prevent this phasic wave of ac-

tivation and enable the default

state of robust activemaintenance

to continue. This basal ganglia

mechanism is functionally very

similar to the dopamine-based

one. However, a key difference

is that the basal ganglia mecha-

nism enables selective gating of

only some regions of PFC, where-

as dopamine modulation is more

broad and diffuse. Furthermore,

Fig. 1. Dopamine-based gating mechanism that emerges from the detailed biological model of Durstewitz, Seamans, and
colleagues (22, 25). The opening of the gate occurs in the dopamine D2-receptor–dominated state (State 1), in which
any existing active maintenance is destabilized and the system is more responsive to inputs. The closing of the gate
occurs in the D1-receptor–dominated state (State 2), which stabilizes the strongest activation pattern for robust active
maintenance. D2 receptors are located synaptically and require high concentrations of dopamine and are therefore
activated only during phasic dopamine bursts, which thus trigger rapid updating. D1 receptors are extrasynaptic and
respond to lower concentrations, so robust maintenance is the default state of the system with normal tonic levels of
dopamine firing.
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the dopaminergic effects in PFC are thought to

operate on a slower time scale than the basal

ganglia (25). Thus, it is likely that the basal

ganglia gating supports more rapid, selective

updating of specific regions in PFC, whereas the

dopaminergic gating provides a longer time scale,

broader gating signal that is modulated by overall

performance levels.

The presence of a gating mechanism raises

the question of how the gate knows when to

open and close. Several models have shown

that reinforcement learning mechanisms, which

also involve the dopaminergic system (syner-

gistically with its role in gating), can learn to

control this gating mechanism (23, 29). One of

these models was shown to compare favorably

with some of the most advanced but biologi-

cally implausible learning mechanisms on

complex temporally extended working memory

tasks (29). This model is now being tested on a

wide range of benchmark higher level cognition

tasks to determine whether the biologically

based mechanisms converge with behavioral

data (30). Thus, it is plausible, but not yet

established, that such a system could learn to

perform the many different higher level cogni-

tive tasks that humans can perform.

Toward Higher Digital Intelligence

The ‘‘digital’’ picture emerging from these

bistable, dynamically gated PFC neurons sup-

ports a certain amount of intelligent behav-

ior, at least in the terms that were considered

above: robust active maintenance of goals and

other task-relevant information, and rapid up-

dating of this information to keep pace with a

changing environment or task. Is that the full

story, or are there other important ingredients to

our intelligence?

These digital PFC dynamics may also sup-

port more abstract forms of reasoning, which

is another important aspect of human intelli-

gence (31). The presence of a dynamic gating

mechanism and robust active maintenance in

the PFC led to the development of more ab-

stract, rulelike representations in a simulated

PFC. Although these representations do not

have the arbitrary flexibility of the symbols

present in digital computer programs (and

symbolic models of human cognition), they

are nevertheless closer than the graded, dis-

tributed representations typically associated

with other areas of cortex. Specifically, these

PFC representations in the model enabled

the behavior of the overall system to be

more regular (i.e., describable by an abstract

rule), in that it could more consistently apply

a previously learned rule to novel situations.

This model is consistent with recent record-

ings from PFC and posterior cortex neurons in

monkeys, which showed that PFC neurons

exhibit more abstract rulelike encodings of

categories and other task-relevant information

(32–34).

The fact that monkeys also show some

degree of abstract representation in PFC raises

the perennial question of what exactly is dif-

ferent between us and them. The critical dif-

ference may be that people have a basic social

instinct for sharing experiences and knowledge

with each other that is largely absent in even

our closest primate relatives (35). Thus, the

qualitative difference comes not from the hard-

ware [which is still quantitatively better (3)] but

from the motivations that drive us to spend so

much time learning and communicating what

we have learned to others. This account dove-

tails nicely with the above modeling work (31),

which found that the abstract PFC representa-

tions took a long time to develop and required

integrating knowledge across multiple differ-

ent but related tasks. Furthermore, the devel-

opment of the PFC is the most protracted of any

brain area, not fully maturing until adolescence

(15, 36, 37). Thus, the full glory of human in-

telligence requires the extensive, culturally sup-

ported developmental learning process that

takes place over the first decades of life.

Another potential implication of a dynamic

gating mechanism is the ability to perform

transistor-like dynamic switching, which can

enable a form of variable binding (i.e., assign-

ing arbitrary information to a given functional

role, as in ‘‘let X 0 7’’) that is not

otherwise possible in statically

connected neural circuits (29, 38).

Figure 3 provides a simple illustra-

tion of this form of variable bind-

ing, in which one input signal (a

verb in a sentence) can dynamically

control (through the basal ganglia)

which of two different PFC repre-

sentations encode the name of a

person. If the verb form is active,

then the name is encoded in the

PFC neurons that represent the

agent (actor) of the sentence; if

the verb is passive, then the patient

(object) representations are acti-

vated. This system can be more

flexible than other more static neu-

ral circuits because the gating sig-

nal can be completely independent

of the content that is being gated.

However, unlike a memory buffer

in a standard digital computer, the

PFC areas must learn slowly over

time to be able to represent all the

things that they can maintain, and

other areas of the brain must similarly

learn to decode both the content and

role meaning of these PFC repre-

sentations. Thus, the dynamic varia-

ble binding operates in the context of

the relatively more static learned

Fig. 2. Dynamic gating produced by disinhibitory circuits through the basal ganglia and frontal cortex/PFC (one of
multiple parallel circuits shown). (A) In the base state (no striatum activity) and when NoGo (indirect pathway)
striatum neurons are firing more than Go, the SNr (substantia nigra pars reticulata) is tonically active and inhibits
excitatory loops through the basal ganglia and PFC through the thalamus. This corresponds to the gate being closed,
and PFC continues to robustly maintain ongoing activity (which does not match the activity pattern in the posterior
cortex, as indicated). (B) When direct pathway Go neurons in striatum fire, they inhibit the SNr and thus disinhibit
the excitatory loops through the thalamus and the frontal cortex, producing a gating-like modulation that triggers
the update of working memory representations in prefrontal cortex. This corresponds to the gate being open.

SPECIALSECTION

www.sciencemag.org SCIENCE VOL 314 6 OCTOBER 2006 93

http://www.sciencemag.org


structures typical of other cortical areas and

therefore does not achieve the completely

arbitrary character of a digital computer. This

constraint has benefits, however, because the

PFC neurons automatically have meaning

through their learned connections with other

neurons, and this ‘‘grounds’’ what would otherwise

be arbitrary, meaningless symbols.

Having a biologically based mechanism for

limited variable binding opens up new oppor-

tunities to develop links between these models

and more abstract cognitive architectures such

as ACT-R (adaptive control of thought–rational)

(39) that can actually perform complex prob-

lem solving and other higher level cognitive

tasks that are beyond the reach of existing

biologically detailed models. A highly con-

strained form of variable binding is critical for

most cognitive operations in ACT-R, and there

is some recent indication that a somewhat more

flexible form of binding (‘‘dynamic pattern

matching’’) is necessary for distinctively human

cognitive abilities (40). Establishing a clear neu-

ral basis for these properties would almost

certainly provide important insights into what

makes us so smart.

Conclusions

Scientists are always concerned about strongly

differentiating theoretical positions: the long

dominance and current disfavor of the computer

metaphor for understanding the mind has led

the new generation of biological neural net-

work theorists to emphasize the graded, analog,

distributed character of the brain. It is clear that

the brain is much more like a social network

than a digital computer, with learning, memory

and processing all being performed locally

through graded communication between in-

terconnected neurons. These neurons build up

strong, complex ‘‘relationships’’ over a long pe-

riod of time; a neuron buried deep in the brain

can only function by learning which of the other

neurons it can trust to convey useful information.

In contrast, a digital computer functions like the

post office, routing arbitrary symbolic packages

between passive memory structures through a

centralized processing unit, without considera-

tion for the contents of these packages. This

affords arbitrary flexibility (any symbol is as

good as any other), but at some cost: When

everything is arbitrary, then it is difficult to

encode the subtle and complex relationships

present in our commonsense knowledge of the

real world. In contrast, the highly social neural

networks of the brain are great at keeping track

of ‘‘who’s who and what’s what,’’ but they lack

flexibility, treating a new symbol like a stranger

crashing the party.

The digital features of the PFC and associated

areas help to broaden the horizons of naturally

parochial neural networks. The dynamic gating

mechanisms work more like a post-office, with

the basal ganglia reading the zip code of which

PFC stripe to update, whereas the PFC caresmore

about the contents of the package. Further-

more, the binary rulelike representations in the

PFC are more symbol-like. Thus, perhaps a

fuller understanding of this synthesis of analog

and digital computation will finally unlock the

mysteries of human intelligence.
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Fig. 3. Dynamic gating can achieve a form of dynamic variable binding, illustrated here for assigning the
semantic role of a person based on the grammatical structure of incoming text. The basal ganglia (BG)
provides dynamic gating signals to different PFC areas that have learned to encode either the Agent (actor)
or Patient (object) semantic role information. If a given set of BG neurons fire a Go (update) signal, then
current sensory information is updated into corresponding PFC neurons; if the corresponding BG neurons
have a NoGo (do not update) signal, the PFC area is not updated. In (A), the active form of the verb (‘‘hit’’)
causes the BG gating units to fire a ‘‘Go’’ (update) signal for the Agent role representations in PFC, which
then represent the incoming name (‘‘Max’’). The Patient role is not updated because of a NoGo (do not
update) signal. In (B), the passive form (‘‘was hit’’) activates the opposite pattern of BG gating, resulting
in ‘‘Max’’ being encoded in the Patient role. This ability for one signal (the verb in this case) to modulate
where another piece of information (‘‘Max’’) is encoded provides a basic form of variable binding.
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Generation of Simian-Tropic HIV-1 by
Restriction Factor Evasion
Theodora Hatziioannou,1 Michael Princiotta,2 Michael Piatak Jr.,2 Fang Yuan,2

Fengwen Zhang,1 Jeffrey D. Lifson,2 Paul D. Bieniasz1*

A
lthough the evolution of intrinsic cel-

lular defenses has likely prevented col-

onization of humans by many viruses

(1), it also poses problems for AIDS research,

insofar as the same intrinsic factors may in-

hibit HIV-1 replication in animal models. In-

deed, HIV-1 does not replicate in most nonhuman

primates, so research has relied on animal mod-

els of AIDS that are based on related simian

viruses, which have inherent limitations. HIV-1

infection of rhesus macaque (rh) cells in vitro

fails in part because a block is imposed by

the cellular factor rhTRIM5a, which

targets incoming HIV-1 capsids (CA)

(2). A second block may be imposed

by cellular APOBEC3 cytidine deam-

inase enzymes (3) because of a failure

of HIV-1 Vif to bind rhAPOBEC3G

and induce its degradation as it does in

human cells (4). However, it is not known

whether overcoming these blocks would

allow HIV-1 replication in rhesus ma-

caque cells.

In an attempt to generate a simian-

tropic HIV-1, we incorporated sequences

from a simian lentivirus (SIV
MAC239

)

into HIV-1 molecular clones. In these

chimeric HIV-1–based genomes, BSCA[

and BSVif[ indicate that the CA and Vif

sequences originated from SIV
MAC239

(Fig. 1A). Replacement of HIV-1 CA,

generating HIV(SCA) (5), attenuated rep-

lication, but after serial in vitro pas-

sage in human CEMx174 cells (19

times over 16 weeks) HIV(SCA) rep-

licated robustly and could rapidly induce

abundant cytopathic effects, unlike the

starting virus. A fragment of this adapted

HIV(SCA) genome (BssHII-ApaI, Fig.

1A) was reintroduced into an HIV-1 ge-

nomic clone, encoding green fluorescent

protein (GFP) in place of the nones-

sential Nef protein, to generate an im-

proved and easily monitored HIV(SCA)

virus (5).

Subsequently, HIV-1 vifwas replaced

to generate viral clones, namely HIV,

HIV(SCA), HIV(SVif), and HIV(SCA,

SVif), encoding the four possible com-

binations of HIV-1 and SIV
MAC239

CA and Vif proteins. In single-cycle in-

fection assays (Fig. 1B), expression of

rhAPOBEC3G during virus production reduced

HIV-1 Vif–encoding virus infectivity by 930-fold

but only marginally affected SIV
MAC239

Vif–

encoding counterparts. Conversely, rhTRIM5a

expression in target cells inhibited HIV-1 CA–

encoding virus infection by about 30-fold, but

SIV
MAC239

CA–encoding viruses were un-

affected (Fig. 1B).

HIV, HIV(SCA), and HIV(SVif) replicated

rapidly in CEMx174 cells, whereas HIV(SCA,

SVif) replicated more slowly. Conversely, HIV

and HIV(SVif) did not replicate in a rhesus

macaque T cell line, 221, whereas HIV(SCA)

replication was low and transient (fig. S1). Only

HIV(SCA, SVif) initiated a slowly spreading

infection in 221 cells, with cytopathic effects

becoming evident at 16 to 20 days post-

infection (fig. S1). HIV(SCA, SVif) repli-

cation became robust after adaptation (two

passages in CEMx174 cells and three pas-

sages in 221 cells) and, thereafter, a BssHII-

SalI fragment of this adapted HIV(SCA, SVif)

genome was reintroduced into an HIV-1 ge-

nome encoding Nef, generating the simian trop-

ic HIV-1 (stHIV-1) clone. Importantly, stHIV-1

differed from the parental HIV-1 equivalent

in only minor ways, other than the CA and Vif

substitutions. Specifically, stHIV-1 had few coding

(amino acids Lys110YIle110, Ala208YVal208, and

Pro371YLeu371) and silent mutations in gag (nu-

cleotides 291, 321, and 477) and in pol (nucleo-

tides 1248, 2157, and 3411). No sequence changes

in or around vif were evident.

The stHIV-1 clone replicated robustly in both

human CEMx174 cells and macaque 221 cells

(Fig. 1C). Moreover, stHIV-1 and SIV
MAC239

replicated with similar rapid kinetics in periph-

eral blood lymphocytes (PBL) from all five

macaque donors tested (Fig. 1C). In contrast,

HIV-1 replication was either extremely low

(two donors) or undetectable (three donors).

Overall, these findings suggest that avoid-

ance of CA- and Vif-based restriction, by chance

or adaptation, may be sufficient to allow cross-

species transmission of primate lentiviruses. Ad-

ditionally, the generation of a macaque cell-tropic

virus whose genome is 88% HIV-1 derived

should allow the development of more authen-

tic animal models of human AIDS and facilitate

the preclinical development of new therapies

and vaccines.
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Fig. 1. (A) Schematic of the HIV(SCA, SVif) or stHIV-1 ge-
nome. Shaded regions are from SIVMAC239. (B) Single-cycle
infectivity of GFP-expressing HIV-1 and derivatives measured
by using target CEMx174 cells expressing rhTRIM5a (black).
Alternatively, viruses were generated in 293T cells in the
presence of rhAPOBEC3G (gray). Values are plotted as a
proportion of those obtained by using producer and target
cells that did not express rhTRIM5a or rhAPOBEC3G. Error
bars indicate standard deviations. (C) Reverse transcriptase
(RT) accumulation in culture supernatants of human cells
(CEMx174) or rhesus cells (221 and PBL) after challenge with
HIV-1, SIVMAC239, or stHIV-1.
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Tests of General Relativity from
Timing the Double Pulsar
M. Kramer,1* I. H. Stairs,2 R. N. Manchester,3 M. A. McLaughlin,1,4 A. G. Lyne,1 R. D. Ferdman,2

M. Burgay,5 D. R. Lorimer,1,4 A. Possenti,5 N. D’Amico,5,6 J. M. Sarkissian,3 G. B. Hobbs,3

J. E. Reynolds,3 P. C. C. Freire,7 F. Camilo8

The double pulsar system PSR J0737-3039A/B is unique in that both neutron stars are detectable
as radio pulsars. They are also known to have much higher mean orbital velocities and
accelerations than those of other binary pulsars. The system is therefore a good candidate for
testing Einstein’s theory of general relativity and alternative theories of gravity in the strong-field
regime. We report on precision timing observations taken over the 2.5 years since its discovery and
present four independent strong-field tests of general relativity. These tests use the theory-
independent mass ratio of the two stars. By measuring relativistic corrections to the Keplerian
description of the orbital motion, we find that the ‘‘post-Keplerian’’ parameter s agrees with the
value predicted by general relativity within an uncertainty of 0.05%, the most precise test yet
obtained. We also show that the transverse velocity of the system’s center of mass is extremely
small. Combined with the system’s location near the Sun, this result suggests that future tests of
gravitational theories with the double pulsar will supersede the best current solar system tests. It
also implies that the second-born pulsar may not have formed through the core collapse of a
helium star, as is usually assumed.

E
instein_s general theory of relativity (GR)

has so far passed all experimental tests

with flying colors (1), with the most pre-

cise tests achieved in the weak-field gravity con-

ditions of the solar system (2, 3). However, it

is conceivable that GR breaks down under

extreme conditions such as strong gravitation-

al fields where other theories of gravity may

apply (4). Predictions of gravitational radia-

tion and self-gravitational effects can only be

tested using massive and compact astronom-

ical objects such as neutron stars and black

holes. Studies of the double–neutron star binary

systems PSR B1913þ16 and PSR B1534þ12

have provided the best such tests so far, con-

firming GR at the 0.2% and 0.7% level, respec-

tively (5–7). The recently discovered double

pulsar system PSR J0737-3039A/B has much

higher mean orbital velocities and accelerations

than either PSR B1913þ16 or PSR B1534þ12

and is unique in that both neutron stars are

detectable as radio pulsars (8, 9).

PSR J0737-3039A/B consists of a pulsar with

a period of 22 ms, PSR J0737-3039A (hence-

forth called A), in a 2.4-hour orbit with a younger

pulsar with a period of 2.7 s, PSR J0737-3039B

(B). Soon after the discovery of A (8), it was

recognized that the orbit_s orientation, mea-

sured as the longitude of periastron w, was

changing in time with a very large rate of ẇ 0

dw/dt È 17- yearj1, which exceeds by a factor

of 4 the corresponding value for the Hulse-

Taylor binary PSR B1913þ16 (5). This imme-

diately suggested that the system consists of two

neutron stars, a conclusion confirmed by the

discovery of pulsations from B (9). The pulsed

radio emission from B has a strong orbital mod-

ulation, both in intensity and in pulse shape. It

appears as a strong radio source only for two in-

tervals, each of about 10-min duration, whereas

its pulsed emission is rather weak or even un-

detectable for most of the remainder of the orbit

(9, 10).

In double–neutron star systems, especially

those having short orbital periods, observed pulse

arrival times are modified by relativistic effects

that can be modeled in a theory-independent way

by means of the so-called Bpost-Keplerian[ (PK)

parameters (11). These PK parameters are

phenomenological corrections and additions to

the simple Keplerian description of the binary

motion, describing for instance a temporal

change in period or orientation of the orbit, or

an additional BShapiro delay[ that occurs as a

result of the curvature of space-time when

pulses pass near the massive companion. The

PK parameters take different forms in different

theories of gravity, and so their measurement

can be used to test these theories (1, 12). For

point masses with negligible spin contributions,

GR predicts values for the PK parameters that

depend only on the two a priori unknown neutron

starmasses and the preciselymeasurableKeplerian

parameters. Therefore, measurement of three (or

more) PK parameters provides one (or more) test

of the predictive power of GR. For the double

pulsar we can also measure the mass ratio of the

two stars, R K m
A
/m

B
0 x

B
/x
A
, where x

A
and x

B

are the projected semimajor axes of the orbits of

A and B. The ability to measure this quantity

provides an important constraint because in GR

and other theories this simple relationship

between the masses and semimajor axes is valid

to at least first post-Newtonian (1PN) or (v/c)2

order, where n is the orbital speed of the pulsars

and c is the speed of light (12, 13).

Observations. Timing observations of PSR

J0737-3039A/B were undertaken using the 64-m

Parkes radio telescope in New South Wales, Aus-

tralia; the 76-m Lovell radio telescope at Jodrell

Bank Observatory (JBO), UK; and the 100-m

Green Bank Telescope (GBT) in West Virginia,

USA, between April 2003 and January 2006.

At Parkes, observations were carried out in

bands centered at 680 MHz, 1374 MHz, and

3030 MHz. Although timing observations were

frequent after the discovery of the system, later

observations at Parkes were typically conducted

every 3 to 4 weeks, usually covering two full

orbits per session. Observations at GBT were

conducted at monthly intervals, with each ses-

sion consisting of a 5- to 8-hour track (i.e., two

to three orbits of the double pulsar). Typically,

the observing frequencies were 820 and 1400

MHz for alternate sessions. Occasionally, we

also performed observations at 340 MHz. In

addition, we conducted concentrated campaigns

of five 8-hour observing sessions, all at 820

MHz, in May and November 2005. Observa-

tions at JBO used the 76-m Lovell telescope.

Most data were recorded at 1396 MHz; some

observing sessions were carried out at the lower

frequency of 610 MHz. The timing data obtained

at JBO represent the most densely sampled data

set, but because of the limited bandwidth, longer

integration times per timing point were required.

The Parkes data set is the longest one available

and hence provides an excellent basis for in-

vestigation of secular timing terms.

The time-series data of all systems were

folded according to the predicted topocentric

pulse period. The adopted integration times were

30 s for pulsar A (180 s for JBO data) and 300 s

for pulsar B. For A, these integration times re-

flected a compromise between the need to

produce pulse profiles with adequate signal-to-

noise ratio and to obtain sufficient sampling of the

orbit to detect and resolve phenomena that

depend on orbital phase, such as the Shapiro de-

lay. The integration time for B corresponded to

about 108 pulse periods and was a compromise

between the need to form a stable pulse profile

and to resolve the systematic changes seen as a

function of orbital phase.
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Timing measurements. For each of the final

profiles, pulse times-of-arrival (TOAs) were com-

puted by correlating the observed pulse profiles

with synthetic noise-free templates (fig. S1)

(14). A total of 131,416 pulse TOAs were mea-

sured for A; 507 TOAs were obtained for B.

For A, the same template was used for all ob-

servations in a given frequency band, but dif-

ferent templates were used for widely separated

bands. We note that our observations still pro-

vide no good evidence for secular evolution of

A’s profile (15) despite the predictions of geo-

detic precession. The best timing precision was

obtained at 820 MHz with the Green Bank

Astronomical Signal Processor (GASP) back

end [see (16) for details of this and other

observing systems] on GBT, with typical TOA

measurement uncertainties for pulsar A of 18 ms

for a 30-s integration.

For B, because of the orbital and secular de-

pendence of its pulse profile (10), different

templates were also used for different orbital

phases and different epochs. A matrix of B

templates was constructed, dividing the data set

into 3-month intervals in epoch and 5-min

intervals in orbital phase. The results for the 29

orbital phase bins were studied, and we noticed

that although the profile changed quickly dur-

ing the two prominent bright phases, the profile

shape was simpler and more stable at orbital

phases when the pulsar is weak. This apparent

stability at some orbital phases cannot be at-

tributed to a low signal-to-noise ratio, as secular

variations in the pulse shape were still evident.

Consequently, the orbital phase was divided

into five groups of different lengths to which

the same template (for a given 3-month interval)

was applied as shown in fig. S2. In the final tim-

ing analysis, data from the two groups repre-

senting the bright phases (IV and V in fig. S2)

were excluded to minimize the systematic errors

caused by the orbital profile changes. Also, be-

cause of signal-to-noise and radio interference

considerations, only data from Parkes and the

GBT BCPM (Berkeley-Caltech Pulsar Machine)

back end (16) were used in the B timing analysis.

All TOAs were transferred to Universal Co-

ordinated Time (UTC) using the Global Posi-

tional System (GPS) to measure offsets of station

clocks from national standards and Circular

T of the Bureau International des Poids et

Mesures (BIPM) to give offsets from UTC,

and then to the nominally uniform BIPM Ter-

restrial Time (TT) time scale. These final TOAs

were analyzed using the standard software pack-

age Tempo (17), fitting parameters according to

the relativistic and theory-independent timing

model of Damour and Deruelle (DD) (11, 18).

In addition to the DD model, we also applied

the ‘‘DD-Shapiro’’ (DDS) model introduced

by Kramer et al. (19). The DDS model is a

modification of the DD model designed for

highly inclined orbits. Rather than fitting for the

Shapiro parameter s, the model uses the param-

eter z
s
K jln(1j s), which gives a more reliable

determination of the uncertainties in z
s
and

hence in s. We quote the final result for the

more commonly used parameter s and note

that its value computed from z
s
is in good

agreement with the value obtained from a

direct fit for s within the DD model. Derived

pulsar and binary system parameters are listed

in Table 1.

In the timing analysis for pulsar B, we used

an unweighted fit to avoid biasing the fit toward

bright orbital phases. Uncertainties in the timing

parameters were estimated using Monte Carlo

simulations of fake data sets for a range of TOA

uncertainties, ranging from the minimum es-

timated TOA error to its maximum observed

value of about 4 ms. For B, we also fitted for

offsets between data sets derived from different

templates in the fit because the observed profile

changes prevent the establishment of a reliable

phase relationship between the derived tem-

plates. This precludes a coherent fit across the

whole orbit and hence limits the final timing

precision for B. It cannot yet be excluded that

different parts of B’s magnetosphere are active

and responsible for the observed emission at

different orbital phases.

In the final fit, we adopted the astrometric

parameters and the dispersion measure derived

for A and held these fixed during the fit, be-

cause A’s shorter period and more stable profile

give much better timing precision than is achie-

vable for B. Except for the semimajor axis—

which is observable only as the projection onto

the plane of the sky x
B
0 (a

B
/c)sin i, where a

B
is

Table 1. Parameters for PSR J0737-3039A (A) and PSR J0737-3039B (B). The values were derived
from pulse timing observations using the DD (11) and DDS (19) models of the timing analysis
program Tempo and the Jet Propulsion Laboratory DE405 planetary ephemeris (41). Estimated
uncertainties, given in parentheses after the values, refer to the least significant digit of the
tabulated value and are twice the formal 1s values given by Tempo. The positional parameters are
in the DE405 reference frame, which is close to that of the International Celestial Reference
System. Pulsar spin frequencies n K 1/P are in barycentric dynamical time (TDB) units at the timing
epoch quoted in modified Julian days (MJD). The five Keplerian binary parameters (Pb, e, w, T0, and x)
are derived for pulsar A. The first four of these (with an offset of 180- added to w) and the position
parameters were assumed when fitting for B’s parameters. Five post-Keplerian parameters have
now been measured. An independent fit of ẇw for B yielded a value (shown in square brackets) that
is consistent with the much more precise result for A. The value derived for A was adopted in the
final analysis (16). The dispersion-based distance is based on a model for the interstellar electron
density (26).

Timing parameter PSR J0737-3039A PSR J0737-3039B

Right ascension a 07h37m51s.24927(3) —

Declination d j30-39¶40µ.7195(5) —
Proper motion in the RA direction (mas yearj1) j3.3(4) —

Proper motion in declination (mas yearj1) 2.6(5) —
Parallax p (mas) 3(2) —

Spin frequency n (Hz) 44.054069392744(2) 0.36056035506(1)
Spin frequency derivative ṅn (sj2) j3.4156(1) � 10j15

j0.116(1) � 10j15

Timing epoch (MJD) 53,156.0 53,156.0

Dispersion measure DM (cmj3 pc) 48.920(5) —
Orbital period Pb (day) 0.10225156248(5) —

Eccentricity e 0.0877775(9) —
Projected semimajor axis x 0 (a/c)sin i (s) 1.415032(1) 1.5161(16)

Longitude of periastron w (-) 87.0331(8) 87.0331 þ 180.0
Epoch of periastron T0 (MJD) 53,155.9074280(2) —

Advance of periastron ẇw (-/year) 16.89947(68) [16.96(5)]
Gravitational redshift parameter g (ms) 0.3856(26) —

Shapiro delay parameter s 0.99974(j39,þ16) —
Shapiro delay parameter r (ms) 6.21(33) —

Orbital period derivative ṖPb j1.252(17) � 10j12 —
Timing data span (MJD) 52,760 to 53,736 52,760 to 53,736

Number of time offsets fitted 10 12
RMS timing residual s (ms) 54 2169

Total proper motion (mas yearj1) 4.2(4)
Distance d(DM) (pc) È500

Distance d(p) (pc) 200 to 1,000
Transverse velocity (d 0 500 pc) (km sj1) 10(1)

Orbital inclination angle (-) 88.69(–76,þ50)
Mass function (M

R
) 0.29096571(87) 0.3579(11)

Mass ratio R 1.0714(11)
Total system mass (M

R
) 2.58708(16)

Neutron star mass (m
R
) 1.3381(7) 1.2489(7)
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the semimajor axis of B’s orbit and i is the

orbital inclination angle—we also adopted A’s

Keplerian parameters (with 180- added to w
A
)

and kept these fixed. We also adopted the PK

parameter ẇ (the rate of periastron advance)

from the A fit because logically this must be

identical for the two pulsars; this equality

therefore does not implicitly make assumptions

about the validity of any particular theory of

gravity (see below). The same applies for the

orbital decay parameter Ṗb. In contrast, the PK

parameters g (the gravitational redshift and time

dilation parameter) and s and r (the Shapiro-

delay parameters) are asymmetric in the masses,

and their values and interpretations differ for A

and B. In practical terms, the relatively low

timing precision for B does not require the

inclusion of g, s, r, or Ṗb in the timing model.

We can, however, independently measure ẇwB,

obtaining a value of 16.96- T 0.05- yearj1,

consistent with the more accurately determined

value for A.

Because the overall precision of our tests of

GR is currently limited by our ability to measure

x
B
and hence the mass ratio R K m

A
/m

B
0 x

B
/x
A

(see below), we adopted the following strategy to

obtain the best possible accuracy for this param-

eter. We used the whole TOA data set for B in

order to measure B’s spin parameters P and Ṗ,

given in Table 1. These parameters were then kept

fixed for a separate analysis of the concentrated

5-day GBT observing sessions at 820 MHz. On

the time scale of the long-term profile evolution

of B, each 5-day session represents a single-

epoch experiment and hence requires only a

single set of profile templates. The value of x
B

obtained from a fit of this parameter only to

the two 5-day sessions is presented in Table 1.

Because of the possible presence of unmod-

eled intrinsic pulsar timing noise and because

not all TOA uncertainties are well understood,

we adopt the common and conservative pulsar-

timing practice of reporting twice the parameter

uncertainties given by tempo as estimates of

the 1s uncertainties. Although we believe that

our real measurement uncertainties are actu-

ally somewhat smaller than quoted, this prac-

tice facilitates comparison with previous tests

of GR by pulsar observation. The timing model

also includes timing offsets between the data

sets for the different instruments represented by

the entries in table S1. The final weighted root

mean square post-fit residual is 54.2 ms. In

addition to the spin and astrometric parameters,

the Keplerian parameters of A’s orbit, and five

PK parameters, we also quote a tentative de-

tection of a timing annual parallax that is con-

sistent with the dispersion-derived distance.

Further details are given in (16).

Tests of general relativity. Previous obser-

vations of PSR J0737-3039A/B (8, 9) resulted

in the measurement of R and four PK param-

eters: ẇ , g, r, and s. Relative to these earlier

results, the measurement precision for these

parameters from PSR J0737-3039A/B has in-

creased by up to two orders of magnitude. Also,

we have now measured the orbital decay Ṗb. Its

value, measured at the 1.4% level after only 2.5

years of timing, corresponds to a shrinkage of

the pulsars’ separation at a rate of 7 mm per day.

Therefore, we have measured five PK parame-

ters for the system in total. Together with the

mass ratio R, we have six different relationships

that connect the two unknown masses for A and

B with the observations. Solving for the two

masses using R and one PK parameter, we can

then use each further PK parameter to compare

its observed value with that predicted by GR for

the given two masses, providing four indepen-

dent tests of GR. Equivalently, one can display

these tests elegantly in a ‘‘mass-mass’’ diagram

(Fig. 1). Measurement of the PK parameters

gives curves on this diagram that are, in general,

different for different theories of gravity but

should intersect in a single point (i.e., at a pair

of mass values) if the theory is valid (12).

As shown in Fig. 1, we find that all mea-

sured constraints are consistent with GR. The

most precisely measured PK parameter current-

ly available is the precession of the longitude of

periastron, ẇ . We can combine this with the

theory-independent mass ratio R to derive the

masses given by the intersection region of their

curves: m
A
0 1.3381 T 0.0007 M

R
and m

B
0

1.2489 T 0.0007 M
R
, where M

R
is the mass of

the Sun (20). Table 2 lists the resulting four

independent tests that are currently available.

All of them rely on comparison of our mea-

sured values of s, r, g, and Ṗb with predicted

values based on the masses defined by the

intersection of the allowed regions for ẇw and R

in the m
A
-m

B
plane. The calculation of the pre-

dicted values is somewhat complicated by the

fact that the orbit is nearly edge-on to the line

of sight, so that the formal intersection region

Fig. 1. Graphical summary of tests of GR parameters. Constraints on the masses of the two stars (A and
B) in the PSR J0737-3039A/B binary system are shown; the inset is an expanded view of the region of
principal interest. Shaded regions are forbidden by the individual mass functions of A and B because sin
i must be e1. Other constraining parameters are shown as pairs of lines, where the separation of the
lines indicates the measurement uncertainty. For the diagonal pair of lines labeled as R, representing
the mass ratio derived from the measured semimajor axes of the A and B orbits, the measurement
precision is so good that the line separation becomes apparent only in the inset. The other constraints
shown are based on the measured PK parameters interpreted within the framework of general relativity.
The PK parameter ẇw describes the relativistic precession of the orbit, g combines gravitational redshift
and time dilation, and ṖPb represents the measured decrease in orbital period due to the emission of
gravitational waves. The two PK parameters s and r reflect the observed Shapiro delay, describing a
delay that is added to the pulse arrival times when propagating through the curved space-time near the
companion. The intersection of all line pairs is consistent with a single point that corresponds to the
masses of A and B. The current uncertainties in the observed parameters determine the size of this
intersection area, which is marked in blue and reflects the achieved precision of this test of GR and the
mass determination for A and B.
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actually includes parts of the plane disallowed

by the Keplerian mass functions of both pulsars

(see Fig. 1). To derive legitimate predictions for

the various parameters, we used the following

Monte Carlo method. A pair of trial values for

ẇ and x
B
(and hence R and the B mass func-

tion) is selected from Gaussian distributions

based on the measured central values and un-

certainties. (The uncertainty on x
A
is very small

and is neglected in this procedure.) This pair of

trial values is used to derive trial masses m
A

and m
B
, using the GR equation ẇ 0 3(P

b
/2p)j

5/3

(T
R
M)

2/3 (1j e2)j1, where e is the orbital eccen-

tricity and M 0 m
A
þ m

B
and T

R
K GM

R
/c3 0

4.925490947 ms, and the mass-ratio equation

m
A
/m

B
0 x

B
/x
A
. If this trial mass pair falls in

either of the two disallowed regions (based on

the trial mass function for B), it is discarded.

This procedure allows for the substantial uncer-

tainty in the B mass function. Allowed mass

pairs are then used to compute the other PK

parameters, assuming GR. This procedure is

repeated until large numbers of successful trials

have accumulated. Histograms of the PK pre-

dictions are used to compute the expectation

value and 68% confidence ranges for each of

the parameters. These are the values given in

Table 2.

The Shapiro delay shape illustrated in Fig. 2

gives the most precise test, with s
observed

/s
predicted

0

0.99987 T 0.00050 (21). This is by far the best

available test of GR in the strong-field limit,

having a higher precision than the test based on

the observed orbit decay in the PSR B1913þ16

system with a 30-year data span (22). As for the

PSR B1534þ12 system (6), the PSR J0737-

3039A/B Shapiro-delay test is complementary

to that of B1913þ16 because it is not based on

predictions relating to emission of gravitational

radiation from the system (23). Most important,

the four tests of GR presented here are qual-

itatively different from all previous tests be-

cause they include one constraint (R) that is

independent of the assumed theory of gravity at

the 1PN order. As a result, for any theory of

gravity, the intersection point is expected to lie

on the mass ratio line in Fig. 1. GR also passes

this additional constraint.

In estimating the final uncertainty of x
B
and

hence of R, we have considered that geodetic

precession will lead to changes to the system

geometry and hence changes to the aberration of

the rotating pulsar beam. The effects of aber-

ration on pulsar timing are usually not separately

measurable but are absorbed into a redefinition

of the Keplerian parameters. As a result, the ob-

served projected sizes of the semimajor axes,

xobs
A,B

, differ from the intrinsic sizes, xint
A,B

, by

a factor (1 þ eA
A,B

). The quantity e
A
depends

for each pulsar A and B on the orbital period, the

spin frequency, the orientation of the pulsar spin,

and the system geometry (12). Although aberra-

tion should eventually become detectable in the

timing, allowing the determination of a further

PK parameter, at present it leads to an undeter-

mined deviation of xobs from xint, where the latter

is the relevant quantity for the mass ratio. The

parameter eA
A,B

scales with pulse period and is

therefore expected to be two orders of magnitude

smaller for A than for B. However, because of

the high precision of the A timing parameters,

the derived value xobs
A
may already be signifi-

cantly affected by aberration. This has (as yet) no

consequences for the mass ratio R 0 xobs
B
/xobs

A
,

as the uncertainty in R is dominated by the much

less precise xobs
B
. We can explore the likely

aberration corrections to xobs
B
for various pos-

sible geometries. Using a range of values given

by studies of the double pulsar’s emission

properties (24), we estimate eA
A
È 10j6 and

eA
B

È 10j4. The contribution of aberration

therefore is at least one order of magnitude

smaller than our current timing precision. In the

future this effect may become important, pos-

sibly limiting the usefulness of R for tests of

GR. If the geometry cannot be independently

determined, we could use the observed devia-

tions of R from the value expected within GR

to determine eA
B
and hence the geometry of B.

Space motion and inclination of the orbit.

Because the measured uncertainty in Ṗb de-

creases approximately as Tj2.5, where T is the

data span, we expect to improve our test of the

radiative aspect of the system to the 0.1% level

or better in about 5 years’ time. For the PSR

B1913þ16 and PSR B1534þ12 systems, the

precision of the GR test based on the orbit-

Table 2. Four independent tests of GR provided by the double pulsar. Observed PK parameters
were obtained by fitting a DDS timing model to the data. Values expected from GR take into
account the masses determined from the intersection point of the mass ratio R and the periastron
advance ẇw. Uncertainties refer to the last significant digits and were determined using Monte Carlo
methods.

PK parameter Observed value Expected value from GR
Ratio of observed

to expected value

ṖPb 1.252(17) 1.24787(13) 1.003(14)

g (ms) 0.3856(26) 0.38418(22) 1.0036(68)
s 0.99974(j39,þ16) 0.99987(j48,þ13) 0.99987(50)

r (ms) 6.21(33) 6.153(26) 1.009(55)
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Fig. 2. Measurement of a Shapiro delay demonstrating the curvature of space-time. Timing residuals
(differences between observed and predicted pulse arrival times) are plotted as a function of orbital
longitude and illustrate the Shapiro delay for PSR J0737-3039A. (A) Observed timing residuals after a
fit of all model parameters given in Table 1 except the Shapiro-delay terms r and s, which were set to
zero and are not included in the fit. Although a portion of the delay is absorbed in an adjustment of the
Keplerian parameters, a strong peak at 90- orbital longitude remains clearly visible. This is the orbital
phase of A’s superior conjunction (i.e., when it is positioned behind B as viewed from Earth), so that its
pulses experience a delay when moving through the curved space-time near B. The clear detection of
structure in the residuals over the whole orbit confirms the detection of the Shapiro delay, which is
isolated in (B) by holding all parameters to their best-fit values given in Table 1, except the Shapiro
delay terms (which were set to zero). The red line shows the predicted delay at the center of the data
span. In both cases, residuals were averaged in 1- bins of longitude.

RESEARCH ARTICLES

6 OCTOBER 2006 VOL 314 SCIENCE www.sciencemag.org100

http://www.sciencemag.org


decay rate is severely limited by the uncertainty

in the differential acceleration of the Sun and

the binary system in the galactic gravitational

potential as well as by the uncertainty in pulsar

distance (6, 25). For PSR J0737-3039A/B, both

of these corrections are very much smaller than

for these other systems. On the basis of the

measured dispersion measure and a model for

the galactic electron distribution (26), PSR

J0737-3039A/B is estimated to be about 500

pc from Earth. From the timing data we have

measured a marginally significant value for the

annual parallax, 3 T 2 mas, corresponding to a

distance of 200 to 1000 pc (Table 1), which is

consistent with the dispersion-based distance

that was also used for studies of detection rates

in gravitational wave detectors (8). The ob-

served proper motion of the system (Table 1)

and differential acceleration in the galactic po-

tential (27) then imply a kinematic correction

to Ṗb at the 0.02% level or less. Independent

distance estimates also can be expected from

measurements of the annual parallax by very-

long-baseline interferometry observations, al-

lowing a secure compensation for this already

small effect. A measurement of ṖPb at the 0.02%

level or better will provide stringent tests for

alternative theories of gravity. For example,

limits on some scalar-tensor theories will sur-

pass the best current solar system tests (28).

In GR, the parameter s can be identified

with sin i, where i is the inclination angle of the

orbit. The value of s given in Table 1 corre-

sponds to i 0 88-.69þ0-.50
–0-.76

. On the basis of scin-

tillation observations of both pulsars over the

short time interval when A is close to su-

perior conjunction, Coles et al. (29) derived a

value for |i j 90-| of 0-.29 T 0-.14. This is

consistent with our measurement only at the 3s

level. As mentioned above, we used the DDS

model to solve for the Shapiro delay. The re-

sulting c2 contours in the z
s
-m

B
plane are shown

in Fig. 3. The value and uncertainty range for

s quoted in Table 1 correspond to the peak and

range of the 68% contour. Because of the

nonlinear relationship between z
s
and s, the

uncertainty distribution in s (and hence in i)

corresponding to these contours is very asym-

metric with a very steep edge on the 90- side.

Only close to the 99% confidence limit is the

timing result consistent with the scintillation-

derived value. We note that the scintillation

measurement is based on the correlation of the

scintillation fluctuations of A and B over the

short interval when A is close to superior con-

junction (i.e., behind B). In contrast, the measure-

ment of i from timing measurements depends

on the detection of significant structure in the

post-fit residuals after a portion of the Shapiro

delay is absorbed in the fit for x
A

(30). As

shown in Fig. 2, the Shapiro delay has a sig-

nature that is spread over the whole orbit and

hence can be cleanly isolated. We also exam-

ined the effects on the Shapiro delay of using

only low- or high-frequency data, and we

found values of s consistent within the errors

in each case. The scintillation result is based

on the plasma properties of the interstellar

medium and may also be affected by possible

refraction effects in B’s magnetosphere. We

believe that the timing result is much less

susceptible to systematic errors and is therefore

more secure.

Scintillation observations have also been

used to deduce the system transverse velocity.

Ransom et al. (31) derived a value of 141 T 8.5

km sj1, whereas Coles et al. (29) obtained 66 T

15 km sj1 after considering the effect of

anisotropy in the scattering screen. Both of these

values are in stark contrast to the value of 10 T

1 km sj1 (relative to the solar system bary-

center) obtained from pulsar timing (Table 1).

We note that the scintillation-based velocity

depends on a number of assumptions about the

properties of the effective scattering screen. In

contrast, the proper motion measurement has a

clear and unambiguous timing signature, al-

though the transverse velocity itself scales with

the pulsar distance. Even allowing that unmod-

eled effects of Earth motion could affect the

published scintillation velocities by about 30

km sj1, the dispersion-based distance would

need to be underestimated by a factor of 3 to 4

to make the velocities consistent. We believe

this is very unlikely, particularly as the tentative

detection of a parallax gives us some confi-

dence in the dispersion-based distance estimate.

Hence, we believe that our timing results for

both inclination angle and transverse velocity

are less susceptible to systematic errors and

are therefore more secure than those based on

scintillation.

We note that because the inclination angle

is significantly different from 90-, gravitational

lensing effects (32) can be neglected. The im-

plied low space velocity, the comparatively low

derived mass for B, and the low orbit eccen-

tricity are all consistent with the idea that the B

pulsar may have formed by a mechanism differ-

ent from the usually assumed core collapse of a

helium star (33, 34). A discussion of its pro-

genitor is presented in (35). We also note that, as

expected for a double–neutron star system, there

is no evidence for variation in dispersion measure

as a function of orbital phase.

Future tests. In contrast to all previous

tests of GR, we are now reaching the point

with PSR J0737-3039A where expressions of

PK parameters to only 1PN order may no lon-

ger be sufficient for a comparison of theoretical

predictions with observations. In particular, we

have measured ẇw so precisely (i.e., to a relative

precision approaching 10j5) that we expect

corrections at the 2PN level (13) to be observa-

tionally significant within a few years. These

corrections include contributions expected from

spin-orbit coupling (36, 37). A future determi-

nation of the system geometry and the mea-

surement of two other PK parameters at a level

of precision similar to that for ẇw would allow us

to measure the moment of inertia of a neutron

star for the first time (13, 38). Although this

measurement is potentially very difficult, a

determination of A’s moment of inertia to a

precision of only 30% would allow us to dis-

tinguish between a large number of proposed

equations of state for dense matter (39, 40). The

double pulsar would then not only provide the

best tests of theories of gravity in the strong-

field regime, as presented here, but would

also give insight into the nature of superdense

matter.
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Out of the Tropics: Evolutionary
Dynamics of the Latitudinal
Diversity Gradient
David Jablonski,1* Kaustuv Roy,2 James W. Valentine3

The evolutionary dynamics underlying the latitudinal gradient in biodiversity have been
controversial for over a century. Using a spatially explicit approach that incorporates not only
origination and extinction but immigration, a global analysis of genera and subgenera of marine
bivalves over the past 11 million years supports an ‘‘out of the tropics’’ model, in which taxa
preferentially originate in the tropics and expand toward the poles without losing their tropical
presence. The tropics are thus both a cradle and a museum of biodversity, contrary to the
conceptual dichotomy dominant since 1974; a tropical diversity crisis would thus have profound
evolutionary effects at all latitudes.

T
he most striking large-scale pattern in

biological diversity is the dramatic in-

crease in the number of species and

higher taxa from the poles to the tropics. This

taxonomic trend, commonly called the latitudi-

nal diversity gradient (LDG), has been docu-

mented in the multicellular biotas of forests,

grasslands, wetlands, continental shelves, the

open ocean, and even the deep sea; it charac-

terizes plants, fungi, marine and freshwater in-

vertebrates, and all of the vertebrate classes (1).

The history of the LDG extends back through

the Mesozoic into the Paleozoic (2–7), although

the slope of the gradient has varied over time

and the trend might even have disappeared for

a time if any of the mass extinctions were dis-

proportionately severe in the tropics (8).

Although the existence of the LDG has been

known for more than a century (9, 10) and has

been quantified hundreds of times (1), it re-

mains the Bmajor, unexplained pattern of nat-

ural history[ ERicklefs in (11)^, with Ban

astonishing lack of consensus about the mech-

anisms leading to this variation in diversity[ (1).

Recent work has focused primarily on ecolog-

ical explanations for the LDG (9, 12–15), and

although these analyses have found interesting

correlations between diversity and environmen-

tal variables, they reveal little about the evo-

lutionary dynamics of the species and lineages

that established and maintain the LDG (16, 17).

Because virtually all possible combinations of

the key evolutionary parameters have been pro-

posed to shape the LDG (table S1), progress in

this area depends on empirical data that can

falsify alternatives. Here we (i) outline a frame-

work for evaluating the spatial and temporal dy-

namics that underlie the present-day LDG, (ii)

synthesize previous work from this perspective,

and (iii) present paleontological analyses that

falsify the classic portrayal of the tropics as either

a cradle or a museum of biodiversity (18).

Cradles and Museums

From an evolutionary perspective, large-scale

spatial patterns of biodiversity depend on three

variables: origination rates (O), extinction rates

(E), and changes in geographic distributions

(expressed here as I, for immigration into a

latitudinal bin) of taxa. For a simple two-box

model, with the tropics and extratropics de-

noted as subscripts, diversity in the tropics (D
T
)

is determined by O
T
– E

T
þ I

T
, and diversity

in the extratropics (D
E
) by O

E
– E

E
þ I

E
(Fig. 1).

With this notation, it can easily be seen that a

latitudinal gradient in richness, with D
T
9 D

E
,

can result from many different combinations of

these variables. Theoretically, the extinction terms

could represent either true global extinction of

taxa, local extinction for a particular spatial

bin, or a combination of the two. Estimating

local extinction rates using paleontological data

is generally difficult owing to incomplete spatial

sampling, and even more difficult using phylo-

genetic information. In addition, our empirical

results suggest that the effect of local extinction

is much smaller than that of range expansion, at

least for marine bivalves. Thus, as in most

previous studies (table S1), our discussion of the

role of extinction in shaping the LDG focuses

primarily on global processes.

The simplest evolutionary models for the

LDG assume that taxa are static in their geo-

graphic distributions (I
T
0 I

E
0 0) and treat the

greater number of species and higher taxa in

the tropics as the result of either a higher rate

of origination of species and lineages (O
T
9

O
E
) or lower extinction rates as compared to

extratropical regions (E
T
G E

E
). For example,

Wallace (19) attributed high tropical diversity to

a more stable climatic history, which allowed

more time to accumulate taxa (E
T
G E

E
), and

this view has found proponents ever since (20)

(table S1). Others have argued that extinction

rates are high in the tropics but are outstripped

by even higher origination rates (E
T
9 E

E
, O

T
d

O
E
) (21). The importance of origination and

extinction in generating the LDG was high-

lighted in Stebbins’ (18) famousmetaphor of the

tropics as a cradle or a museum, and this mem-

orable dichotomy has been the dominant para-

digm ever since.
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Distinguishing evolutionary cradles frommu-

seums requires separate estimates of origination

and extinction rates. Such estimates are currently

unavailable even for most large groups with a

good fossil record and may not be feasible for

groups lacking a fossil record without assuming

stochastically constant extinction rates (22), an

assumption often violated over the past 15 mil-

lion years of Cenozoic history (23, 24). Con-

sequently, attempts to quantify the evolutionary

underpinnings of the LDG have focused mainly

on latitudinal differences in net diversification

rates of living taxa [the composite value (O – E)],

a parameter more readily estimated from phylog-

enies of extant organisms (table S1) (25, 26).

Such differences in net diversification rates are

valuable for investigating many questions (26),

but their application to the cradle/museum prob-

lem is again limited by the many combinations

of O and E that can produce a given net value.

Realistically, areas with high net diversification

rates are more likely to be evolutionary cradles,

but those where such rates are low could have

experienced either high or low extinction rates.

Rate Differences and Range Shifts

The cradle/museum dichotomy, and the more

general hypothesis that attributes high tropical

diversity to higher net diversification rates, implic-

itly assume that the LDG derives largely from

differences in in situ origination and extinction

(16, 25, 26). However, this simplifying assump-

tion is contradicted by biogeographic data show-

ing that (i) many taxa shift their geographic range

limits substantially in response to climatic

changes [they have moved across latitudes to

track changing climates (27, 28)], and (ii) many

taxa have geographic distributions that encom-

pass both tropical and extratropical regions

[assuming origination in a single climate zone,

they have expanded across latitudes in the face of

climate differences (9, 29)]. Thus, the dynamics

underlying the LDG must involve not only lati-

tudinal differences in origination and/or extinc-

tion rates but also extensive changes in spatial

distributions of taxa over time.

Althoughmost analyses of the LDGbased on

present-day biogeography have ignored the role

of past distributional changes, the notion that

shifts in latitudinal distributions of taxa play an

important role in shaping the LDG is not new

(20, 30–33). Scenarios in which taxa preferen-

tially originate in tropical regions and spread

out from there (I
T
G I

E
) or the reverse (I

T
9 I

E
)

have both been advocated (33), but attempts to

separate the contributions of O, E, and I to the

shape of the LDG have been undermined by a

lack of basic information on the time and place of

origin for the vastmajority of living taxa. Instead,

taxa occurring in both tropical and extratropical

regions are generally handled either by (i) in-

cluding each taxon in rate calculations for all

latitudinal bins within its geographic range (34)

or (ii) including each taxon only in the bin

corresponding to the center of its latitudinal

range (25, 26). Neither approach can separate

the effects of past distributional shifts from

those due to changes in diversification rates

with latitude, however. Protocol (i) is analyti-

cally problematic (owing to the autocorrelation

imposed by counting each taxon in multiple

bins) and allows a widespread taxon to influ-

ence the age distributions of more latitudinal

bins than a restricted taxon does, even though

each should contribute only to its latitude of

origin. In contrast, protocol (ii) makes the un-

realistic assumption that taxa originate near the

midpoint of their present-day geographic ranges.

The asymmetry of range expansion from the

true place of origin is likely to increase with the

geographic range of a taxon (26), and even

narrow-ranging taxa may abandon ancestral

distributions in response to large climatic

changes such as occurred during the Pleistocene

(27). Some progress has been made recently in

estimating origination, extinction, and immigra-

tion rates from the shapes of taxon age distribu-

tions, but such models also make a number of

important simplifying assumptions about the

underlying dynamics (35). Thus, direct tests of

the role of large-scale range expansion in shap-

ing the LDG are needed, and the fossil record

remains the best source of data for such tests.

Out of the Tropics: A Dynamic Model

One potential reason why published studies

have failed to produce a consensus on whether the

tropics are a biological cradle or museum (table

S1) is that this dichotomy is misleading. The

tropics could be a cradle, a museum, or both;

theoretically, so could the polar regions; and taxa

could predominantly remain in place or either

expand or contract their distributions (Fig. 1). We

suggest that the available data are most consistent

with an ‘‘out of the tropics’’ (OTT) model, in

which the tropics are both a cradle and a museum,

with taxa preferentially originating in the tropics

and expanding over time into high latitudes

without losing their initial tropical distributions.

Thus O
T
9 O

E,
E
T
e E

E
, and I

T
G I

E
.

Until now, direct empirical tests of this model

have been lacking, although one biogeographic

model suggests that such a dynamic could explain

the age-frequency distributions of bivalve genera

found in polar oceans today (35), and some

Fig. 1. Simple hypothetical scenarios
illustrating the cradle, museum, and OTT
models. Red denotes lineages that origi-
nated in the tropics; blue denotes lineages
that originated outside the tropics. The
horizontal lines connecting sister lineages
also represent geographic distributions;
those extending from tropics to extra-
tropics denote clades that originated in
the tropics but have subsequently ex-
tended their ranges into extratropical
regions while retaining a tropical pres-
ence. Many other combinations of these
parameters are possible. The dashed hori-
zontal line indicates the present day.
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phylogenetic analyses find extratropical taxa to be

derived from tropical lineages (29, 36). Here we

test the OTT model using paleontological and

present-day distributions, and frame testable

predictions for groups lacking a good fossil record.

Testing the OTT Model

The marine Bivalvia currently provide one of the

few systems that can address each of the OTT

predictions directly. As a group, bivalves exhibit a

strong LDG, not only for species but also at the

level of genera and subgenera (henceforth simply

termed genera) (37, 38), which have been the

preferred units for large-scale paleontological

analyses owing to their taxonomic stability and

the robustness of the patterns to sampling artifacts

relative to species-level data. The fossil record of

marine bivalve genera is rich and densely sampled,

with a ‘‘pull of the Recent’’ (the artifact that can

arise via strong differences in the sampling of

present-day and geologic time intervals) of less

than 5% (39). Remaining preservational effects

are increasingly well understood (39–42), so that

artifacts can be avoided or minimized. Bivalves

occur at all latitudes in the modern oceans, and

sampling of their fossil record is almost as

widespread, although it is not unbiased spa-

tially (43).

Taxonomic standardization, a prerequisite

for rigorous analysis of the spatial and temporal

patterns of biodiversity, although not fully com-

plete, has been undertaken for many late Ceno-

zoic occurrences (39, 40). Accordingly, marine

bivalves are becoming a model system for

macroecological and macroevolutionary analy-

sis (40, 44, 45), allowing us to test the pre-

dictions of the OTT model with data on the

modern latitudinal distributions of bivalve gen-

era, the geologic ages of those taxa relative to

their present-day distributions, the spatial pat-

tern of the first occurrences of those taxa, and

post-origination changes in their latitudinal

range limits.

O
T
9 O

E.
Testing this prediction for genera

requires spatially explicit data on their first oc-

currences in the geologic record, which must be

treated cautiously because of biases toward heavier

sampling in temperate latitudes (40, 43, 46–48).

One approach to this problem is to use the

proportion of living genera known from the

fossil record within each bivalve family as a

sampling gauge (49). For the past 11 million

years (from the beginning of the late Miocene

to the Recent), the proportion of living taxa that

first occur in tropical deposits is positively re-

lated to the proportion of taxa known from the

fossil record: The better the fossil record of a

family, the higher the proportion of its genera

that first occurs in the tropics (Fig. 2).

We can also tie a more detailed analysis of the

geography of origination to the quality of each

family’s fossil record (49). Restricting analyses to

families having Q75% of their genera known as

fossils, tropical first occurrences of those bivalve

taxa significantly exceed extratropical ones in each

of three successive geologic time intervals leading

up to the present day (late Miocene, Pliocene, and

Pleistocene; Fig. 3, A, C, and E). Summing over

the entire 11-million-year interval, we record 117

tropical and 46 extratropical first occurrences (a

significant difference, P 0 2.543 � 10–8),

indicating that the overall pattern will be robust

to any error in the assignment of individual

stratigraphic units to our three time bins. And

because sampling is strongly biased in the op-

posite direction (so that some genera originating

in the tropics will not be recorded paleonto-

logically until they expand into the better-

sampled extratropical zones), these data are
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Fig. 3. Latitudinal differences in originations (left) and present-day range limits of marine bivalve
genera first occurring in the tropics (right), using only families with Q75% of their living taxa known as
fossils. (A and B) Genera first appearing in the Pleistocene. (C and D) Genera first appearing in the
Pliocene. (E and F) Genera first appearing in the late Miocene. N indicates the total number of genera
in each analysis. For (C) and (E), tropical first occurrences are significantly more frequent than
extratropical ones and marginally so for (A), despite the sampling bias favoring extratropical
occurrences [(A), P 0 0.07; (C), P 0 0.0001; (E), P 0 0.0004; exact binomial test]. These results are not
sensitive to the cutoff value: For example, for the Pliocene, if we use 80% having a fossil record, we
find 39 tropical versus 18 extratropical first appearances (FAs); using 70% having a fossil record, we
find 52 tropical versus 22 extratropical FAs. Similarly, for the late Miocene, if we use 80% having a
fossil record, we find 26 tropical versus 8 extratropical FAs; using 70% having a fossil record, we find
35 tropical versus 9 extratropical FAs. If we treat the data in Fig. 2 as two discrete populations and
thus set a 60% cutoff value, we find 38 tropical versus 11 extratropical late Miocene FAs and 56
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having three or more first occurrences within that
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records [measured as the proportion of living genera
known as fossils (40)] tend to show a significantly
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almost certainly underestimates of the tropical

predominance of first occurrences. The latitudinal

difference in originations extends across the

Bivalvia and is not just restricted to the hetero-

conch clade (table S2), which has been the most

prolific diversifier through the Cenozoic (50).

E
T

e E
E.

How extinction rates vary with

latitude remains poorly known. Taken at face value,

the bivalve data show substantially higher extinc-

tions at high latitudes over the past 11million years;

only 30 exclusively tropical genera go extinct as

compared to 107 extratropical and cosmopolitan

ones. Factoring in the much greater taxon richness

in the tropics suggests an even higher differential in

per-taxon rates. These data must again be treated

cautiously, owing to the severe undersampling of

the tropics, but the presence of so many last

occurrences at high latitudes constrains potential

patterns and suggests that tropical extinction rates

are unlikely to be substantially higher than

extratropical ones. These results are also qualita-

tively consistent with previous studies that have

found either little variation in species extinction

rates with latitude (51) or higher extinction rates of

genera and subgenera in polar oceans relative to

lower latitudes (35). Further analyses of latitudinal

trends in extinction rates are needed.

I
T
G I

E
. The bivalve data indicate that genera

originating in the tropics tend to extend their ranges

to higher latitudes over time, as predicted by the

OTTmodel (49). For each of the time bins in Fig.

3, assuming the tropics to be between 25-N and

25-S latitude, Q75% of the taxa that occur first in

the tropics also occur extratropically today; only 2

of those taxa have left the tropics entirely (Fig. 3,

B, D, and F; the proportions are 980% if 23- is

taken as the edge of the tropics). Again, because

the number of taxa known to start in the tropics is

undersampled, these values of I
E

are almost

certainly underestimates.

Insights from Modern Biogeography

The direct tests listed above require temporal and

spatial data on ancient distributions that are not

available for many important groups of organisms.

In such cases, biogeographic data from living taxa

can be tested for consistency with the OTTmodel,

although they will not be definitive tests of the

model for the reasons outlined above.

Endemism versus latitude. If genera pri-

marily originate in the tropics and expand into

extratropical regions, then the simplest bio-

geographic prediction is that endemism today

should decrease with latitude. This prediction is

clearly supported for present-day marine bivalves

(49), in which the LDG persists if we simply

exclude all genera restricted to extratropical lati-

tudes: Most of the diversity of extratropical regions

comes from taxa shared with the tropics [(49) and

fig. S1]. However, this is strictly a consistency test,

evaluating the tendency of taxa to expand outside

of their initial geographic distributions (assuming

that each taxon starts with a single species within a

single climate zone), without establishing the

direction of those expansions.

Age versus latitude. If living genera prefer-

entially originated in the tropics and subsequently

expanded into higher latitudes, their average ages

should increase with latitude, with the tropics

harboring both old and young taxa and higher

latitudes progressively lacking in younger taxa. For

marine bivalves, both mean and median geologic

ages of genera occurring in 10- latitudinal bins

increase from the equator to the poles (49) (fig.

S2), and the age-frequency distributions of

tropical and polar assemblages differ significantly

(fig. S3). However, such trends suffer from the

problem of spatial autocorrelation (the right tails

of the histograms in fig. S3 share many taxa) and

cannot separate the OTT model from the more

traditional ‘‘tropics as cradle’’ hypothesis. A better

approach is to test for spatial differences in the

shapes of taxon age distributions, derived paleon-

tologically or from well-calibrated molecular

phylogenies, against predictions of models that

incorporate originations, extinctions, and range

expansions of taxa (35). Alternatively, recon-

structing ancestral geographic ranges of individual

taxa from well-supported phylogenies of living

species (52), in conjunction with biogeographic

data, should permit indirect tests. Finally, the

finding that the steepest latitudinal gradients

occur in the geologically youngest clades of

bivalves (50, 53) is also consistent with a dy-

namic involving preferential origination at low

latitudes and poleward expansion over time.

Conclusion

Our goal here has not been to formulate yet an-

other hypothesis about the evolutionary dynamics

underlying the LDG; most possible combinations

of origination, extinction, and spatial shifts have

already been proposed. Instead, we suggest that the

long-standing ‘‘tropics as cradle or museum’’

paradigm is not supported by paleontological data

or present-day biogeographic patterns [also see

(29)]. The OTT alternative posits that lineages not

only preferentially originate in the tropics but also

persist there as they expand poleward; it does not

preclude extratropical speciation, of which there

are many examples (54), but predicts that most

extratropical species belong to lineages that

originated in the tropics. Thus, the OTT dynamic

is likely to be strongest at the level of lineages

(for example, genera and families), and we view

this model as providing a framework for under-

standing latitudinal patterns of speciation. Pref-

erential origination of taxa in the tropics

followed by range expansion into high latitudes

has been proposed on biogeographic and phy-

logenetic grounds (34, 36, 55, 56), and the

dynamic is consistent with previous paleonto-

logical analyses (46). The OTT model is similar

to the niche conservatism model (29) in that

both view the tropics as a cradle and a museum

of diversity [see also (57, 58)], but our model

differs in emphasizing the expansion of geograph-

ic distributions over time; we see ‘‘niches’’ of

taxa expanding over time, perhaps as species

proliferate within and among climate zones. The

general scarcity of robust spatial data on where

individual taxa originate has hindered direct tests

of these dynamics.

The OTT dynamic documented here suggests

that the LDG is shaped by the interaction of two

different kinds of processes: those that drive the

higher origination rates in the tropics and those that

determine the geographic range limits of individual

taxa, which makes it difficult to untangle causal

mechanisms. We still know little about why taxa

preferentially originate at lower latitudes; of the

many proposed hypotheses (46, 59–61), empirical

tests have yielded mixed results for some (61–66)

whereas others remain untested. Similarly, the

controls on the geographic range limits of taxa

are poorly understood, although theoretical and

empirical studies are beginning to address this issue

(67, 68). Progress is clearly needed on both fronts,

particularly if the source-sink macroevolutionary

and biogeographic dynamic outlined here is a

general feature of diversity gradients (for example,

along bathymetric, elevational, and longitudinal

gradients) (56, 57).

The OTT model also has implications for

present-day biodiversity, beyond providing a

framework for modeling biotic responses to future

climate changes. If the tropics are the engine of

global biodiversity, as suggestedbyour analyses (see

also table S1), thenmajor losses of tropical taxa will

have a global effect by suppressing the primary

source of evolutionary novelty for all latitudes. A

tropical diversity crisis would thus not only affect

tropical biotas but also have profound long-term

evolutionary consequences for biotas at higher

latitudes.
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Molecular Loops in the
Galactic Center: Evidence for
Magnetic Flotation
Yasuo Fukui,1* Hiroaki Yamamoto,1 Motosuji Fujishita,1 Natsuko Kudo,1 Kazufumi Torii,1

Satoshi Nozawa,2 Kunio Takahashi,3,4 Ryoji Matsumoto,5 Mami Machida,3 Akiko Kawamura,1

Yoshinori Yonekura,6 Norikazu Mizuno,1 Toshikazu Onishi,1 Akira Mizuno7

The central few hundred parsecs of the Milky Way host a massive black hole and exhibit very violent
gas motion and high temperatures in molecular gas. The origin of these properties has been a
mystery for the past four decades. Wide-field imaging of the 12CO (rotational quantum number
J 0 1 to 0) 2.6-millimeter spectrum has revealed huge loops of dense molecular gas with strong
velocity dispersions in the galactic center. We present a magnetic flotation model to explain that
the formation of the loops is due to magnetic buoyancy caused by the Parker instability. The model
has the potential to offer a coherent explanation for the origin of the violent motion and extensive
heating of the molecular gas in the galactic center.

T
he magnetic field in the central hun-

dred parsecs of the Milky Way is sub-

stantially stronger than elsewhere in

the Galaxy, at least in the prominent nonther-

mal features emitted from high-energy elec-

trons spiraling along magnetic field lines. The

magnetic field of these electrons is estimated

to be typically amilligauss (1, 2), although some

recent works suggest a weaker global magnetic

field in the galactic center (3). Magnetic fields

have the potential to affect the dynamics of

molecular gas and may control star formation

on a small scale and govern the motion of

molecular clouds on a large scale. An observa-

tional link between the molecular gas and the

magnetic field in the galactic center has been

obtained through polarization measurements of

magnetically aligned dust grains at mid- to far-

infrared to submillimeter wavelengths (4, 5).

Here, we report millimeter-wave observa-

tions of two molecular features that have a loop-

like shape with a length of several hundred

parsecs and width of È30 pc within È1 kpc
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from the center. We interpret these features as

magnetically floated loops within the nuclear

disk, analogous to the solar loops, caused by the

Parker instability.

The new molecular image of the 2.6-mm CO

emission obtained with NANTEN, a millimeter/

submillimeter telescope with a 4-m diameter, is

shown in Fig. 1 (6, 7). The CO intensity dis-

tribution at a negative radial velocity referred

to the local standard of rest—defined as a point

in space that has a velocity equal to the average

velocity of all stars including the Sun located

within 100 pc of the Sun (hereafter referred to

as velocity)—reveals two loops named here as

loop 1 and loop 2 (Fig. 1, A and B). In a

galactic latitude range from b 0 0- to 2-, loop 1

and loop 2 are seen at l , 356- to 358- and l ,

355- to 356-, respectively. The typical widths

of the loops are È0.2-.

The projected velocity distribution within the

loops is shown in two ways. First, the average

velocity in the loops is shown in Fig. 1C. Second,

a longitude-velocity diagram presents the two

loops in Fig. 2. The data in Fig. 2 indicate that

the two loops have strong velocity gradients:

È80 km sj1 per 250 pc along loop 1 and

È60 km sj1 per 150 pc along loop2.

It is clear that the foot points of the loops

at b , 0.7- show a very broad linewidth of

È40 to 80 km s–1, as seen at l , 355.5-, 356-,

and 357.4- EFig. 2, supporting online material

(SOM) text, and figs. S3 and S4^. The broadest

one, at l , 356-, is actually a superposition of

two components at l , 356.20- and 356.05-; the

foot points of loop 1 and loop 2 are evident in

the optically thin 13CO data (Fig. 2). These

large velocity spans in the foot points of the

loops are characteristic of the molecular gas

near the galactic center, including the so-called

central molecular zone (CMZ) with a radius of

a few hundred parsecs (2, 8, 9), and are quite

unusual in the disk molecular clouds that have

much smaller velocity extents of less than

10 km s–1. Therefore, we classified the loops

as being located in the galactic center, and

we adopt a distance of 8.5 kpc, hereafter. The

projected lengths of the loops were then es-

timated asÈ500 andÈ300 pc for loops 1 and 2,

respectively, with typical widths ofÈ30 pc. The

heights of these loops are È220 to 300 pc from

the galactic plane, substantially higher than

the typical scale height in the nuclear disk of

È100 pc (SOM text and fig. S5).

By combining the 12CO and 13CO data and

assuming local thermodynamical equilibrium at

50 K, we estimated that the total molecular mass

of loops 1 and 2 was È1.7 � 105 solar masses

as a conservative lower limit and that each of the

loops has a total mass of È0.8 � 105 solar

masses (SOM text). The kinetic energy involved

in a loop was estimated to be È0.9 � 1051 erg

for a velocity dispersion of 30 km s–1. This

energy is too large to be explained by a single

supernova explosion if we take into account that

only a part of the explosion energy of a su-

pernova, 1051 erg, can be converted into the gas

kinetic energy; it is also too large to be explained

by a supershell if we take into account that the

maximum velocity extents of CO in a supershell

is only È20 km s–1 (10, 11), much smaller than

the present ones, which are È80 km s–1. In

addition, an expanding shell would look like a

circle in the position-velocity diagram instead

of the linear features we observed (Fig. 2).

We now present a model incorporating the

Parker instability in an effort to explain the

formation of the two loops (12, 13). The Parker

instability is a magnetohydrodynamic instabil-

ity that occurs if a gas layer is supported in part

Fig. 1. Integrated intensity map of loops 1 and 2 in 12CO ( J 0 1 to 0) 2.6-mm wavelength
emission. (A) Loop 1 is shown toward l , 356- to 358-. The integration range in velocity is from –180
to –90 km s–1. Contours are illustrated from 7.1 K km s–1 (white) with an interval of 50 K km s–1

(black). (B) Loop 2 is shown toward l , 355- to 356-. The region is the same as that in (A), but the
integration range in velocity is from –90 to –40 km s–1. Contours and color scale are the same as in
(A). The feature around (l, b) 0 (356.53-, 1.33-) corresponds to loop 1. (C) Schematic drawing of loop
1 (blue) and loop 2 (red). Numbers indicate the velocity in the loop in kilometers per second by
averaging the several pixels nearby. Local standard of rest (VLSR) is defined as a point in space that has
a velocity equal to the average velocity of all stars including the Sun with 100 pc of the Sun.
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by horizontal magnetic fields against a gravita-

tional field. In this instability, the gas layer will

begin to undulate when it is disturbed in space.

Linear theory and nonlinear numerical simu-

lations have been extensively developed on the

instability in such a gas disk with frozen-in

magnetic fields (14, 15). We assumed that the

initial state is a nuclear gas disk of È1.3-kpc

radius consisting of atomic and molecular gas,

for which only the azimuthal toroidal field

components were assumed (16). The molecular

part of the disk, whose dominant component is

CMZ with a radius of a few hundred parsecs, is

likely ionized at an ionization degree ofÈ10j7,

which allows the frozen-in condition—i.e., the

complete dynamical coupling of the molecular

gas to the magnetic field (17). We assumed that

the instability takes place in the disk to float the

gas as a loop that has a nearly parallel or helical

magnetic field. In the case of the loops we ob-

served, this flotation may be rapid, and the gas

inside the loop can become gravitationally at-

tracted to the plane during the flotation. This

process obviously accelerates the molecular gas

along the field lines downward, and the high-

est velocities—nearly the Alfv2n speed—are

achieved near the foot points of the loops to

form shock fronts on the disk surface (13).

The key parameters in the magnetic flota-

tion are the pressure scale height, H, and the

Alfv2n speed VA 0 B=
ffiffiffiffiffiffiffiffiffi

4pr
p

, where B is the

magnetic field and r is the gas density. By

assuming a magnetic pressure-dominated disk,

the minimum growth time of the loop is given

as several times larger than the Alfv2n transit

time over one scale height, and the most un-

stable wavelength of a floated loop is given as

about 10 times the scale height in the linear

theory (18). We assumed energy equi-partition

between gas motion and magnetic field and

estimated the equi-partition of the magnetic

field B
eq
È 5� 10j12

bnÀ
0.5
V
t
(gauss)È 150 mG

at R È 500 pc, where mean density is bnÀ È

100 cmj3 and turbulent velocity V
t
È 30 km

sj1, much weaker than the milligauss field for

CMZ (19). This value does not contradict 3s

upper limits for a line-of-sight component of the

magnetic field of È300 mG from OH Zeeman

measurements at about R of the loops, where R

is the radius from the galactic center (20). By

taking this field, we estimated Alfv2n velocity,

V
A
, asÈ 24 km sj1 for typical molecular hydro-

gen number density in the loops of È100 cmj2.

Taking a scale height of È100 pc at R È 500

pc, we then predicted that the loop has a growth

time scale of several millions of years and a

length projected on the disk of È 1 kpc. The

flowing velocity in the loop is estimated to be

comparable to V
A
on the disk. We found that

these first-order estimates of the basic observed

quantities agree well with the observations of

the loops.

Furthermore, the nonlinear numerical simu-

lations indicated the generation of shock fronts

at the foot points of the loop and nearly vertical

elongated distribution of dense gas as a result of

down flow toward the plane (13). The very

broad velocity features of È40 to 80 km s–1,

narrowly constrained within several arc minutes

toward l , 355.5-, 356-, and 357.4- (Fig. 2), are

indeed consistent with such predicted shocks at

the foot points of the loops. Molecular gas

guided by the magnetic loop moves toward

both ends and an apparent velocity gradient

should be observed along the loop; such gra-

dients are seen in Figs. 1 and 2.

By assuming that the plane including the

loops is perpendicular to the disk, we found that

two model loops calculated by a magnetohydro-

dynamical code were a good match for the ob-

servations after appropriate tuning of three model

parameters: the tilt of the loops to the line of sight,

the magnitude of the velocity, and the time

elapsed since the beginning of the flotation within

the ranges given theoretically (7) (Fig. 3 and figs.

S1 and S2). When the fits were made, loop 1

was located on the near side of the disk with an

approximate inclination angle to the line of

sight of È40-, and loop 2 was also on the near

side with a larger inclination angle of È20-. In

these geometries, the maximum velocities in

the loops were È30 to 50 km s–1 relative to

their velocity centroid. The apparent sizes of

the loops along the longitude were also con-

sistent with the projection of a wavelength of a

loop (È1 kpc).

Among the mysterious features unique to the

galactic center, the very violent motion in CMZ

and the other similar broad velocity features

whose velocity dispersion is È15 to 30 km s–1

have been highly enigmatic in the past few dec-

ades; another mysterious feature has been the

extensive distribution of warm molecular gas of

È70 to 300 K as derived in the spectra of CO,

NH
3
, H

2
, H

3
þ, etc. (21–23), whose heating

source has not yet been identified (2, 17). The

most salient three broad features at l , 1.3-, 3-,

and 5- known to date (8, 24, 25) that have

Fig. 3. Image projected on the sky based on a
typical two-dimensional (2D) calculation of the
Parker instability in a magnetized gas disk
displayed in 3D. The image represents the last
stage of the simulation at È9 �106 years since
the beginning of the flotation of the two loops.
White lines and color scale show the magnetic
field lines of the two loops and the velocity along
loop 1, respectively, under the situation given in
the text. We used the parameters of (H, VA) 0
(100 pc, 24 km s–1) derived from the observa-
tions in this simulation, where H and VA are the
pressure scale height in the disk and the Alfvén
speed, respectively. The magnetic field is taken to
be 150 mG by assuming that the number density
of hydrogen, temperature, and plasma beta (gas
pressure/magnetic pressure) are 100 cm–3, 100 K,
and 0.2, respectively. Our result is valid for any
values of the concerned parameters because our
model is nondimensional and scale-free. Non-
dimensional magneto-hydrodynamic (MHD) equa-
tions are solved numerically with the use of a
modified Lax-Wendroff scheme and the artificial
viscosity used in previous studies (6, 13, 26).

Fig. 2. Velocity-galactic lon-
gitude diagram toward loops
1 and 2 in J 0 1 to 0 12CO
2.6-mm (color) and 13CO
2.7-mm (contours) emission.
The integration range in the
galactic latitude is from 0.5-
to 2.0- in 12CO and from
0.5- to 1.0- in 13CO. The
velocity is smoothed at a
resolution of 2 km s–1. The
dotted lines show the loca-
tion of loop 1 (brown) and
loop 2 (black). The very
broad features at l ,

355.5-, 356-, and 357.4-
correspond to foot points of
the loops. The 13CO contours
are also overlaid to show
that the broad one at l ,
356- consists of two compo-
nents with È0.2- shift in
the galactic longitude, the
foot points of the loops 1
and 2. Contours are illustrated from 1.5 K deg with an interval of 2.0 K deg. The dashed line indicates the
3-kpc arm. The 13CO data are taken for b G 1- in the similar observing parameters by NANTEN.
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similar velocity widths of È100 km s–1 exhibit

vertical elongations of more than 200 pc with

thin widths of 30 pc. These vertical features are

consistent with the foot points of a magnetic

loop in its late stage of time evolution (13). The

NANTEN data set indicates that a weak loop-

like feature that has a large velocity gradient is

Bbridging[ these vertical features at higher

latitudes between l , 3- and 5-, suggesting

the existence of another magnetic loop in the

positive longitude (SOM text and fig. S6). In

addition, the model offers naturally substantial

heating of the warm molecular gas at the foot

points; the velocity dispersion (È15 to 30 km s–1)

of the broad CO features corresponds to kinet-

ic temperature higher than about 104 K if the

shock is completely converted into thermal en-

ergy at the foot points. We suggest, therefore,

that the present model has the potential to be

applied to the other salient broad velocity fea-

tures in the galactic center and to the heating of

the molecular gas at their foot points.

The present model shares the common phys-

ics of solar loops. It has been well understood

that solar loops are the results of magnetic

flotation driven by the motion of the magnetic

field lines anchored onto the solar granules

(26). The size scale of the solar loops is È12

orders of magnitude smaller than those in the

galactic center, and this is a natural conse-

quence of the scale height on the solar surface,

only È200 km, which determines the height of

the loop. Despite the large difference in size,

the Alfv2n speed is È10 km s–1 as calculated

from the density (È2.5 � 10j7 g cm–3) and the

magnetic field strength (È500 G) on the solar

surface (26). The small size of the solar loop

determines the much shorter time scale of the

solar flotation as È103 s, as compared with

È1014 s in the galactic center loops.
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Extending Top-Down Mass
Spectrometry to Proteins with Masses
Greater Than 200 Kilodaltons
Xuemei Han,1* Mi Jin,1* Kathrin Breuker,2 Fred W. McLafferty1†

For characterization of sequence and posttranslational modifications, molecular and fragment
ion mass data from ionizing and dissociating a protein in the mass spectrometer are far more
specific than are masses of peptides from the protein’s digestion. We extend the È500-residue,
È50-kilodalton (kD) dissociation limitation of this top-down methodology by using electrospray
additives, heated vaporization, and separate noncovalent and covalent bond dissociation. This
process can cleave 287 interresidue bonds in the termini of a 1314-residue (144-kD) protein,
specify previously unidentified disulfide bonds between 8 of 27 cysteines in a 1714-residue (200-kD)
protein, and correct sequence predictions in two proteins, one with 2153 residues (229 kD).

I
dentifying a protein and characterizing its

structure from its mass and masses of its

backbone fragments are major proteomics

research capabilities. The Btop-down[ method-

ology (1) analyzes intact proteins by combining

electrospray ionization (ESI) (2) with high-

performance mass spectrometry (MS) such as

Fourier transform (FT) MS (3). Five to 10 ac-

curate mass values of backbone fragment ions

from dissociation of an ionized protein are suf-

ficient to identify it from among the many thou-

sands predicted by the DNA sequence (4, 5).

However, the largest molecular ions that have

yielded interresidue cleavages contain È580 and

663 residues (6, 7), with molecular sizes of 67

and 74 kD, respectively. Although no molecular

weight (M
w
) limitation exists for the Bbottom-

up[ approach (8–10) that initially digests the

protein into small peptides, for identification of

proteins (5) top-down MS gives fragments that

cover a much larger range of mass values, and

these can be produced from a single protein_s

M
w
-selected molecular ions.

The dominant proteomics application of

top-down MS has been for the characterization

of posttranslational modifications and sequence

errors (1, 4–7, 11). For bottom-up MS, the mea-

sured peptide mass values are matched against

those of the peptides expected from the DNA-

predicted proteins that are unmodified; to detect

a modification, matching must also be done

against the predicted peptide masses adjusted

separately for all likely modifications. Further,

bottom-up MS usually achieves only 40 to 90%

sequence coverage (8–10). For top-down MS,

in contrast, a discrepancy between the mea-

sured M
w
value and that predicted by the DNA

sequence directly shows the presence of a mod-

ification(s) or sequence error(s). The location

of the modification(s) in the protein is then

indicated by a corresponding discrepancy(s) in
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the fragment ion mass values (1, 4–7, 11). If, in

an unknown protein, the measured fragment

masses represent random backbone cleavages

at 10% of the interresidue sites, it should be

possible to locate a single protein modification

to within 10 residues, on average. Mass spectra

of the 76-residue ubiquitin protein (8.6 kD)

gave fragment ions representing cleavage of all

75 interresidue bonds, making possible its de

novo sequencing (12), but the largest (È580-

and 663-residue) protein ions previously dis-

sociated gave G20 cleavages each (6, 7).

For proteins larger than È500 residues, the

intractability for top-down MS appears to result

from the increasing complexity of the gaseous

molecular ion_s tertiary conformer structure

(13–17). Solvent removal from a denatured pro-

tein during ESI permits (13–17) much stronger

electrostatic intramolecular interactions such as

hydrogen bonds and salt bridges by removing

the competition from water, although this pro-

cess also weakens hydrophobic interactions.

Immediately after desolvation of ubiquitin ions

electrosprayed from native solution, they were

found (17) to undergo almost no nozzle-

skimmer dissociation (18), presumably from

fast folding of the nascent gaseous ions. This

unusual ion stabilization could be greatly re-

duced and extensive fragment mass data ob-

tained by the immediate addition of energy in

several ways to the newly formed ions (17).

Here this Bprefolding dissociation[ (PFD) (Fig. 1)

and a method for conformer disruption that

involves ESI solution additives are applied to

large proteins, achieving cleavage of 108, 287,

87, and 62 interresidue bonds in the termini of

1023-, 1314-, 1714-, and 2153-residue proteins,

respectively. A single PFD spectrum, consum-

ing G1 pmol of protein (19), defines as many as

100 cleavages.

This intractability of large proteins with con-

ventional ion-dissociation methods was re-

investigated with the protein b-galactosidase

(b-Gal; 1023 amino acids, 116 kD) (21). After

its molecular ions were trapped in the FTMS cell,

they were subjected to infrared multiphoton dis-

sociation (IRMPD) (17, 22) under strenuous con-

ditions (80-ms, 27-W CO
2
laser) that resulted in

29 interresidue cleavages (Fig. 2A). However,

these conditions produced no cleavages from

the three larger proteins studied here. The al-

ternative PFD delays the postulated rapid for-

mation of intramolecular noncovalent bonds

both by (Fig. 1) heating the ESI inlet capillary

(temperature, T
cap

) (16) and by collisional

activation (acceleration by voltage V
pre
) in the

subsequent preskimmer region (È1-Torr pressure,

multiple low-energy collisions). Next, collisions

(acceleration separately by V
post

) in the following

È10j3-Torr postskimmer region are of higher

energy (far longer mean free path) and thus pro-

vide more efficient cleavage of the stronger co-

valent backbone bonds of the protein ions (17).

However, dissociation is effected before a spe-

cific molecular ion mass can be separated; pre-

cursor ion selection is required for MS/MS of

mixture samples. Purified proteins and their bi-

nary mixtures were examined here.

Experimental variables of the new PFDmeth-

ods were investigated first with the linear for-

mylglycinamide ribonucleotide amidotransferase

(PurL), predicted to have 1315 residues (23).

Its ESI mass spectrum gaveM
w
0 143,500 T 23,

inconsistent with the DNA-sequence predicted

value of 143,635. Investigating the effect of capil-

lary temperature, T
cap

0 45-C, gave no backbone

cleavages for very vigorous subsequent collision

Fig. 1. Prefolding dissociation.
Protein solution was electro-
sprayed from the right into the
MS entrance capillary, then heated
for ion desolvation and folding
retardation; the ions were accel-
erated by Vpre through the pre-
skimmer collision region of short
mean-free path to cleave weak noncovalent bonds. Ions were then accelerated by Vpost through the
postskimmer region of long mean-free path to cleave strong backbone covalent bonds.

Fig. 2. (A) IRMPD mass spectrum of b-Gal (1023 residues). PFD mass spectra of
(B to D) b-Gal [(B), single spectrum without and (C) with 500 mM ammonium
tartrate and (D), sum of 17 spectra] and (E) b (656 residues), (F) a (767 residues),
and (G) g (291 residues) chains of human complement C4. Open vertical bars show
backbone cleavages. Above the line: left, b ions; right, y ions; below the line: left, ib

ions; right, iy ions. For (E) to (G), the cysteines (numbered below the line from each
terminus) that were found to be unsubstituted are indicated by a single vertical bar
topped with –SH; other Cys residues are part of S-S bonds, with a solid line for the
S-S bond indicating the identification of both Cys residues. The S-S bond in the a

chain is at 37-49, 37-56, or 49-56. Column captions are defined in Table 1.
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conditions (V
pre

0 170 and V
post

0 18); even

increasing T
cap

to 90-C gave no cleavages at

V
pre

0 125 and V
post

0 13, but increasing V
pre

to

145 yielded extensive product ions (Table 1). Of

these mass values, 27 could be assigned to the

predicted C-terminal sequence; the 23 other mass

values were made assignable by removal of the

predicted N-terminal methionine to give a revised

M
w
value of 143,504 versus 143,500 observed

(1314 residues). Additional PFD spectra ob-

tained at T
cap

0 150- (Fig. 3A), 190-, 295-, and

345-C, but with lower collision energies (V
pre

0

134 to 49 V and V
post

0 8 to 2 V), each provided

9 to 15 Bunique[ cleavages (those not found in

the other spectra), for a total of 126 different

cleavages. At T
cap

0 190-C, three additional

spectra in which V
pre

was decreased from 133 to

100 V while V
post

was increased from 5 to 13 V

each yielded 9 to 17 unique cleavages, which

increased the total number of different 190-C

cleavages from 60 to 94. One and two additional

T
cap

0 150- and 295-C spectra, respectively,

increased these different cleavages to 100 and

91. These 11 PFD spectra (Fig. 3B) designated a

total of 173 different cleavage sites. Increasing

the activation by any of the three parameters,

but particularly by V
post

, increased the relative

intensity of ions of less than 50 residues, I
G50aa

(Table 1).

We also tried a variety of small molecules

added to the ESI solution to reduce thismolecular-

ion intractability. Glycerol, ribose, dimethyl sulf-

oxide, 1,4-cyclohexanedione, and ammonium

benzoate gave no appreciable fragmentation im-

provement or hadanegative effect, nor didprior 6M

urea denaturation or 80-C heating of the protein

solution in the ESI tip. However, the ammonium

salts of citrate, succinate, and tartrate (500 mM;

Fig. 3, C to E) increased the interresidue

cleavages of PurL in a single spectrum to as

many as 100. These additives also produced a

more stable electrospray but did not appreciably

change the charge-state distribution of these

molecular ions and those of cytochrome c or the

abundance of background singly charged ions

(19). Four spectra with the ammonium tartrate

additive under a variety of conditions (T
cap

0

150-C, V
pre

0 100 to 140 V, V
post

0 5 to 12 V)

gave 174 different cleavages (Fig. 3F), and 10

spectra (T
cap

0 150- to 190-C, V
pre

0 65 to 140 V,

V
post

0 3 to 12 V) with additives gave 249

cleavages. All 21 spectra gave 287 different

cleavages (Fig. 3G) that represent 73% of the

first 100 N- and C-terminal interresidue bonds

and 64% of the second 100. Such coverage

should make extensive de novo sequence

information possible for unknown proteins

(12). The apparent Bball of spaghetti[ tertiary

structure only allows for cleavages in its

unraveled ends, with 9800 central residues

untouched despite these multiple activations.

The ESI spectrum of the single-chain pro-

tein b-Gal (21) gave M
w
0 116,355 T 12 versus

116,352 predicted. PFD at intermediate energies

gave 47 different cleavages (Fig. 2B). Added

ammonium tartrate increased this number to 76

(Fig. 2C), whereas 17 spectra run under a variety

of conditions gave 108 different cleavages (Fig.

2D). These included all 29 cleavages from

IRMPD in the FTMS cell (Fig. 2A).

Human complement C4 glycoprotein (1714

residues,M
w
0 200,000 by SDS–polyacrylamide

gel electrophoresis) consists of three chains

linked by three disulfide bonds, but the

locations of these or any other S-S bonds of

Table 1. Effect of excitation parameters on PFD mass spectra of PurL (1314 residues). Capillary
temperature (Tcap) and pre- and postskimmer collision voltages (Vpre, Vpost) versus the number of
N- and C-terminal (b, y) and secondary internal (ib, iy) product ions, the relative intensity (I) of
these ions of G50 amino acids (I

G50aa), and the total number of different backbone cleavages (S),
including cleavages unique (Suniq) among other values of Tcap or of Vpre and Vpost.

T
cap

(-C) V
pre

V
post

#b #y #i
b

#i
y

I
G50aa

(%) S S
uniq

90 145 13 11 17 12 10 49 50 15*
150 134 5 24 16 17 10 50 67 13*

295 60 8 23 17 12 17 36 69 12*
345 49 2 22 15 9 9 41 55 9*

190 133 5 24 14 15 7 36 60 17†‡
190 108 5 15 12 9 6 29 42 10†

190 105 8 15 13 10 8 49 46 9†
190 100 13 21 10 9 8 64 48 12†

*Unique to other Tcap values. †Unique to other Vpre and Vpost values. ‡Suniq 0 10 at Tcap 0 190-C.

Fig. 3. PFD mass spectra of PurL (1314 residues): the effect of additives
to the electrospray solution. (A) No additive. (B) Sum of 11 spectra
without additives. Additives: (C) 500 mM ammonium citrate, (D) 500 mM

ammonium succinate, and (E) 500 mM ammonium tartrate. (F) Sum of
four spectra with 500 mM ammonium tartrate. (G) Sum of all 21 spectra.
Designations as in Fig. 2.

www.sciencemag.org SCIENCE VOL 314 6 OCTOBER 2006 111

REPORTS

http://www.sciencemag.org


its 27 Cys residues have not been specified

(24). For such applications of bottom-up MS

to distinguish S-H and S-S in glycosylated

proteins (25), prior enzymatic or chemical

treatment to remove glycans is necessary. By

MS, Feng and Konishi measured a M
w

of

196,863 T 29 (26), indicating 5.3% glycosyla-

tion of the predicted amino acid sequenceM
w
of

186,437. Our ESI mass spectrum gave no M
w

data, presumably because of molecular-ion het-

erogeneity due to partial deglycosylation. Gentle

PFD (T
cap

0 115-C, V
pre

0 50, V
post

0 j4) gave,

unexpectedly, two major fragment ions of

20,838 daltons (b
185

of the b chain) and

165,746 T 80 daltons, for a total of 186,584 T

80 daltons, indicating that the original È7%

glycosylation had been reduced to G0.1% by

PFD. Four spectra obtained with more strenuous

activation (T
cap

0 150- to 190-C, V
pre

0 80 to

105 V, V
post

0 10 to 14 V) identified 87

cleavages (Fig. 2, E to G) that yielded fragment

ions without glycosylation.

These PFD data, simplified by the concomi-

tant deglycosylation, can be used to assess pos-

sible disulfide bonding of the cysteine residues on

the basis of two criteria. The presence of an S-S

bond causes the experimental PFD mass to be 2

daltons less than the sequence-predicted value

(27). Further, fragment ions are usually not

observed from backbone cleavages between the

Cys residues of an intrachain S-S bond, because

this would require its additional dissociation.

For the b chain with five cysteines (Fig. 2E),

the masses of the b
G49

ions are those predicted,

whereas the masses of the b
978

ions are 2 dal-

tons low, consistent with S-S bonding between

the N-terminal Cys
49
and Cys

78
pair. The corre-

spondingly low values for y
941

ions indicate the

C terminus S-S bond from Cys
41

to Cys
7
. The

remaining b-chain Cys that is 109 residues

from the C terminus must provide the inter-

chain S-S bond; consistent with this prediction,

many bonds are cleaved in the backbone be-

tween the two proposed intrachain S-S bonds.

For the central a chain (Fig. 2F), the b
36

mass shows that Cys
23

and Cys
24

are un-

modified, but the b
56
, b

60
, b

86
, and b

121
masses

are 2 daltons less than expected, indicating S-S

bond formation between two of the cysteines

37, 49, and 56. Similar evidence shows that the

Cys that is 53 residues from the C terminus is

unmodified, leaving the remaining cysteines 141,

197, and 442 as sites for previously identified S-S

bonds to the outer b and g chains (24). In the g

chain (Fig. 2G), eight fragment ions of b
e69

have predicted mass values, indicating that

Cys
18

is unmodified. However, the 17 y ions

of y
e174

havemass values 2 daltons less than that

predicted, indicating a C-terminal S-S bond be-

tween Cys
18
and Cys

3
and –SH at the next seven

cysteines. This result leaves only the N-terminal

Cys
82

and Cys
113

as sites for the two interchain

S-S bonds whose presence, but not locations,

were found previously (24). These cysteines

provide linkage to two of the proposed inter-

chain S-S sites of the a chain, whose remain-

ing site was linked to that of the b chain. For

the fragment ion assignments shown in Fig. 2,

E to G, the standard deviation of the mass dif-

ference in measured versus calculated values

based on the S-S bonds postulated was T0.14

dalton. Of the 27 cysteines in the C4 glyco-

protein, eight are in previously unidentified S-S

bonds, modifying the deglycosylated M
w
value

to 186,429 (27).

In initial studies, the linear protein myco-

cerosic acid synthase (Mas) from the construct

pQLAB-Mas (29) gave a measured M
w

of

228,934 T 60, compared with the theoretical

value of 229,067 (2154 residues). Five PFD

spectra (T
cap

0 150- to 190-C, V
pre

0 70 to

125 V, V
post

0 4 to 15 V) (fig. S1) gave 62

cleavages as far as 134 and 182 residues from

the N and C termini, respectively, and the N-

terminal cleavage data showed the absence of

the predicted methionine (corrected theoreti-

cal M
w
of 228,936 with 2153 residues).

For the identification of larger proteins by

top-down MS (5), the limitation found here that

primary b, y ions are formed by dissociations in

only the first 200 amino acids of each terminus

(È75% within 100 residues) has the advantage

that the fragment ion mass values of the unknown

sequences only have to bematched againstmasses

of the correspondingly short terminal fragments of

the DNA-predicted sequences, whereas the short

peptides generated for bottom-up MS can be

formed from any part of the protein. As a test of

top-down identification of larger proteins (table

S1), single PFD spectra of 1:1, 2:1, and 3:1

mixtures of PurL and b-Gal gave 11, 16, and 15,

respectively, different mass values (1 to 10 kD,

with an individual value often represented by

multiple charge states) that matched those for

primary backbone cleavages (b, y ions) predicted

for PurL. These mixtures also gave 17, 13, and 11

b, y ions (the largest had 84 residues) that matched

those for b-galactoside, and all mass values fit

those predicted with a standard deviation of 4.9

parts permillion. These results suggest that reliable

identifications (5, 12) for more complex mix-

tures of large proteins should be possible

without initial proteolysis.

Top-down PFD characterization with our

6-T FTMS (12-T instruments now available

have far higher resolving power and sensitivity)

can provide even È70% sequence coverage on

the first È200 residues of each terminus of a

large protein. This study indicates the further

applicability of PFD to characterize stable

posttranslational modifications such as methyl-

ation, acetylation, oxidation, and deamidation

(27) in large proteins.

References and Notes
1. N. L. Kelleher et al., J. Am. Chem. Soc. 121, 806 (1999).

2. J. B. Fenn, M. Mann, C. K. Meng, S. F. Wong, C. M.

Whitehouse, Science 246, 64 (1989).

3. K. D. Henry et al., Proc. Natl. Acad. Sci. U.S.A. 86, 9075

(1989).

4. F. W. McLafferty, E. K. Fridriksson, D. M. Horn,

M. A. Lewis, R. A. Zubarev, Science 284, 1289 (1999).

5. N. L. Kelleher, Anal. Chem. 76, 197A (2004).

6. J. A. Loo, C. G. Edmonds, R. D. Smith, Anal. Chem. 63,

2488 (1991).

7. N. L. Kelleher et al., Protein Sci. 7, 1796 (1998).

8. S. P. Gygi, R. Aebersold, Curr. Opin. Chem. Biol. 4, 489

(2000).

9. W. H. McDonald, J. R. Yates, Dis. Markers 18, 99 (2002).

10. W. J. Henzel, C. Watanabe, J. T. Stults, J. Am. Soc. Mass

Spectrom. 14, 931 (2003).

11. Y. Ge et al., J. Am. Chem. Soc. 124, 672 (2002).

12. D. M. Horn, R. A. Zubarev, F. W. McLafferty, Proc. Natl.

Acad. Sci. U.S.A. 97, 10313 (2000).

13. C. S. Hoaglund-Hyzer, A. E. Counterman, D. E. Clemmer,

Chem. Rev. 99, 3037 (1999).

14. K. Breuker, H.-B. Oh, D. M. Horn, B. A. Cerda, F. W.

McLafferty, J. Am. Chem. Soc. 124, 6407 (2002).

15. H. Oh et al., Proc. Natl. Acad. Sci. U.S.A. 99, 15863 (2002).

16. K. Breuker, F. W. McLafferty, Angew. Chem. Int. Ed. 44,

4911 (2005).

17. H. Zhai, X. Han, K. Breuker, F. W. McLafferty, Anal. Chem.

77, 5777 (2005).

18. J. A. Loo, C. G. Edmonds, R. D. Smith, Science 248, 201

(1990).

19. Unless stated otherwise, proteins were from Sigma-Aldrich

(St. Louis, MO) and desalted with a Michrom BioResources

(Auburn, CA) protein trap. Protein solutions were È5 mM

in 50:45:5 MeCN:H
2
O:AcOH; È1 s of ESI is necessary to

fill the FTMS cell for measurement of each scan, with

È7 � 10j13 mol consumed for a 50-scan spectrum.

Apparatus (Finnigan 6T FTMS) and experimental details

were described recently (17). There, temperatures of the

inlet capillary were measured at its flared entrance end just

outside the heating current connection; here temperatures

were measured in the stainless-steel body, with comparative

values of 56-/58-, 62-/90-, 76-/150-, and 100-/190-C.

Also as justified there (17), the predicted sequence is used

to assign the observed masses to the N- and C-terminal

products (b and y ions, respectively) and to internal ions

(i
b
and i

y
) from secondary b, y dissociation. Excluding minor

ions from H
2
O/NH

3
loss, this approach allowed 995%

assignment of observed mass values, although obviously the

b, y are more reliable than the i
b
and i

y
assignments. Singly

charged fragment ions of low, but similar, relative intensities

(È1%; up to 10% at T
cap

0 190-C, V
pre

0 100, V
post

0 13)

appear at nearly every mass from 600 to 1500 daltons, even

with ESI solution additives. The FTMS resolving power allows

THRASH (20) to recognize and subtract these ions (17).

20. D. M. Horn, R. A. Zubarev, F. W. McLafferty, J. Am. Soc.

Mass Spectrom. 11, 320 (2000).

21. R. H. Jacobson, X.-J. Zhang, R. F. DuBose, B. W. Matthews,

Nature 369, 761 (1994).

22. D. P. Little, J. P. Speir, M. W. Senko, P. B. O’Connor,

F. W. McLafferty, Anal. Chem. 66, 2809 (1994).

23. R. Anand, A. A. Hoskins, J. Stubbe, S. E. Ealick,

Biochemistry 43, 10328 (2004).

24. T. Seya, S. Nagasawa, J. Atkinson, J. Immunol. 136, 4152

(1986).

25. J. Qin, B. T. Chait, Anal. Chem. 69, 4002 (1997).

26. R. Feng, Y. Konishi, Anal. Chem. 64, 2090 (1992).

27. A similar top-down approach successfully identified five

deamidation (–NH
2
Y –OH, þ1 dalton) sites in

ribonuclease A (13.7 kD) (28).

28. V. Zabrouskov et al., Biochemistry 45, 987 (2006).

29. K. C. Onwueme, C. J. Vos, J. Zurita, J. A. Ferreras,

L. E. N. Quadri, Prog. Lipid Res. 44, 259 (2005).

30. We thank S. Ealick and L. Quadri for purified PurL and Mas.

We also thank them and B. Baird, T. Begley, H. Zhai, and

G. Infusini for helpful discussions. This work was supported

by the Institute of General Medical Sciences (NIH grant

GM16609 to F.W.M.) and the Austrian Fonds zur Förderung

der Wissenschaftlichen Forschung and Tiroler Wissen-

schaftsfonds (grant T229 and UNI-0404/158 to K.B.).

Supporting Online Material
www.sciencemag.org/cgi/content/full/314/5796/109/DC1

Fig. S1

Table S1

18 April 2006; accepted 16 August 2006

10.1126/science.1128868

6 OCTOBER 2006 VOL 314 SCIENCE www.sciencemag.org112

REPORTS

http://www.sciencemag.org/cgi/content/full/314/5796/109/DC1
http://www.sciencemag.org


Boryllithium: Isolation, Characterization,
and Reactivity as a Boryl Anion
Yasutomo Segawa, Makoto Yamashita,* Kyoko Nozaki*

Nucleophilic, anionic boryl compounds are long-sought but elusive species. We report that reductive
cleavage of the boron-bromine bond in N,N¶-bis(2,6-diisopropylphenyl)-2-bromo-2,3-dihydro-1H-1,3,2-
diazaborole by lithium naphthalenide afforded the corresponding boryllithium, which is isoelectronic with
an N-heterocyclic carbene. The structure of the boryllithium determined by x-ray crystallography was
consistent with sp2 boron hybridization and revealed a boron-lithium bond length of 2.291 T 0.006
angstroms. The structural similarity between this compound and the calculated free boryl anion suggests
that the boron atom has an anionic charge. The 11B nuclear magnetic resonance spectrum also supports
the boryl anion character. Moreover, the compound behaves as an efficient base and nucleophile in its
reactions with electrophiles such as water, methyl trifluoromethanesulfonate, 1-chlorobutane, and
benzaldehyde.

F
or most of the p-block elements in the

second row of the periodic table, anions

can be prepared as lithium salts, such as

lithium fluoride (LiF), lithium hydroxide (LiOH),

lithium amide (LiNH
2
), and methyllithium

(H
3
CLi) (1). However, there have been no

direct observations of the lithium salt of anionic

boron atom, boryllithium (a parent H
2
BLi or its

analog) (2). Since 1952, three examples (3–5)

have been reported asserting the existence

of alkali metal salts of anionic organoboron

compounds as reactive intermediates, but none

of these studies succeeded in spectroscopic

characterization or isolation of the boryl anions

(6–16). This lack of success presents a sharp

contrast to the widely studied boron com-

pounds containing a transition metal–boron

bond (17, 18) or a p-block main group element–

boron bond (2).

As a target, we selected diamino-substituted

boryllithium according to the theoretical predic-

tion (19) that the diamino groups on the boron

atom should stabilize boryllithium. The boron

atom of boryllithium formally has six valence

electrons, whereas the central atom meets the

Lewis octet rule in the lithium salt of the other

second-row p-block elements (Fig. 1A). Ac-

cordingly, attempts to abstract a proton from a

B-H bond should result in the formation of a

Lewis acid-base adduct (Fig. 1B, top) to satisfy

the octet rule rather than deprotonation to form

a boryl anion. Furthermore, electronegativity

considerations predict lower stability for a boryl

anion than for the corresponding carbanion

(Pauling_s electronegativity: C, 2.55; B, 2.04)

(20). Thus, we selected the reduction of a diami-

nohaloborane (5) for our synthetic approach to

boryllithium (Fig. 1B, bottom). We report the

synthesis of boryllithium, its characterization in

the solid state and in solution, and its reactions

with several electrophiles.

Scheme 1 illustrates the synthesis of boryl-

lithium. The B-Li bond of boryllithium can be

drawn as a resonance between a covalent and an

ionic bond. The isoelectronic relation of the

boryl anion to a singlet carbene prompted us to

synthesize boryllithium 3 as an isoelectronic

analog of stable N-heterocyclic carbene 5 (Fig. 2)

(21, 22). Also, the parent boryl anion 6 was pre-

dicted to realize aromatic stabilization by the five-

membered ring structure containing two nitrogen

atoms (23, 24). Large 2,6-diisopropylphenyl

groups were introduced on the nitrogen atoms

to prevent the boryl radical intermediates from

dimerizing to diborane (5, 25–27). The same com-

bination of nitrogen-containing five-membered

ring structure and 2,6-diisopropylphenyl groups

has led to successful isolation of a free an-

ionic gallium(I) species 7, which is a heavier

congener of boryl anion (28). A precursor

N,N ¶-bis(2,6-diisopropylphenyl)-2-bromo-2,3-

dihydro-1H-1,3,2-diazaborole (2) was syn-

thesized in 56% yield through reduction of

diimine 1 (29) by magnesium metal (30, 31)

followed by reaction with BBr
3
. The bromo-

borane 2 was successfully reduced to the boryl-

lithium 3 with the use of a combination of lithium

powder and naphthalene in tetrahydrofuran (THF)

at j45-C. The reaction of 3 with water quan-

titatively gave a hydroborane 4, which could be

independently synthesized by reaction of 2

with LiAlH
4
(32). Treatment of 3 with D

2
O

afforded the corresponding deuterioborane

4-D in 82% yield, which indicates that 4 was

mostly generated from the reaction of 3 with

water rather than with the solvents or ligand

backbone.

The use of 1,2-dimethoxyethane (DME) as a

reaction solvent in place of THF enabled

crystallization of boryllithium 3 with an included

DME molecule. The structure of boryllithium

3–DME was confirmed by x-ray crystallograph-

ic analysis with thermally unstable single

crystals obtained from a hexane solution of 3-

DME at j45-C (Fig. 3). The solid-state struc-

ture of 3-DME reveals a B-Li bond of 2.291 T

0.006 ), which is 8.5% longer than the sum of

the covalent radii (2.11 )) of boron and lithium

atoms (33). A cocrystallized DME coordinates

to the lithium atom, and one of the two DME

oxygen atoms bridges to the other lithium atom

to form a dimeric structure.

Structural comparison of 3-DME with re-

lated compounds (Table 1) shows that the two

B-N bond lengths (1.465 T 0.004 ) and 1.467 T

0.004 )) in 3-DME are longer than those

(1.418 T 0.003 ) and 1.423 T 0.003 )) in the

hydroborane 4, and the angle of N1-B1-N2

(99.2- T 0.2-) in 3-DME is smaller than that in

4 (105.25- T 0.16-). These B-N lengths and the
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Fig. 1. (A) Parent lithium salts of second-row p-
block elements except argon. (B) Two conceivable
pathways to synthesize the boryl anion.

Scheme 1.
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N-B-N angle in 3-DME are closer to those in

the previously calculated free boryl anion 6

(B-N 0 1.475 ); N-B-N 0 97.72-) (23) than to

those in 4, consistent with a highly polarized

B-Li bond and anionic character of the boron

center in 3. The structural change from 4 to

3-DME is similar to that from the corresponding

imidazolium salt 8 to singlet carbene 5 (34).

Although the central dihydrodiazaborole ring in

3-DME is planar, the lithium atom is slightly

above (0.2481 )) the mean plane of the

dihydrodiazaborole ring. The N1-B1-Li1

(136.1- T 0.2-) and N2-B1-Li1 (123.9- T 0.2-)

angles apparently differ, although the sum of

the angles (359.2-) around the central boron

atom shows a planarity characteristic of an sp2-

hybridized boron atom. These local distortions

from ideal sp2 hybridization of the central

boron atom, without significant distortion of

the whole dihydrodiazaborole ring, may reflect

an ionic character of the B-Li bond.

The boryllithium compound 3-DME was

also spectroscopically characterized in THF-d
8

solution, although 7% of 3 decomposed to the

corresponding hydroborane 4 during sample

preparation. In the 1H nuclear magnetic reso-

nance (NMR) spectrum of 3-DME in THF-d
8
,

two distinct methyl resonances were observed,

reflecting inhibited rotation around the Ar-N

bond likely due to steric repulsion. In contrast,

the two 2,6-diisopropylphenyl rings were equiv-

alent in the spectrum, indicating that there are

two mirror planes in 3, one coplanar to the

diazaborole ring and the other perpendicular to

it. The DME molecule in 3-DME was found to

dissociate from the lithium atom in solution

(free DME resonances were observed at 3.42

and 3.26 ppm). Instead, THF molecules ap-

peared to coordinate to the lithium atom in

THF-d
8
solution; preparation of 3 from 2 in

THF-d
8
produced identical NMR spectra. The

11B NMR spectrum of 3 showed a resonance at

45.4 ppm with a large half-width of h
½
0 535

Hz. The lower field shift and larger half-width

of this peak relative to those of hydroborane 4

(d
B
22.9 ppm, h

½
0 379 Hz) can be attributed to

the paramagnetic contribution to nuclear

shielding by the low-lying transition from an

sp2 lone pair of the boryl anion to the p* orbital

on the dihydrodiazaborole ring, as was reported

for the isoelectronic singlet diaminocarbene

(35). Absence of splitting in the proton-coupled
11B NMR spectrum of 3 confirmed that there is

no B-H bond in 3, whereas a 11B-1H coupling

constant of 154 Hz was detected for 4. The 7Li

NMR spectrum of 3 showed a broad singlet

peak at 0.46 ppmwith a half-width of h
½
0 36 Hz;

the large half-width may originate from the

interaction of the lithium with the quadruple

boron nucleus (36). Thus, the NMR spectros-

copy of boryllithium 3 also indicates that the

central boron atom has an anionic character

with a highly polarized B-Li bond in solution.

After removing excess lithium from the THF

solution, boryllithium 3 was shown to react with

a variety of electrophiles (Scheme 2). In ether,

compound 3 reacted with methyl trifluorometh-

anesulfonate to give the substituted product

methylborane 9 in 85% yield. The reaction of 3

with 1-chlorobutane in THF gave n-butylborane

10 in 78% yield. Boryllithium 3 also attacked

the carbonyl group of benzaldehyde to afford

the corresponding adduct, a-borylbenzyl alco-

hol 11 in 40% yield (37). The x-ray structure of

11 (see supporting online material) revealed that

the hydroxy group does not interact (intra- or

intermolecularly) with the central boron atom to

form three-membered (38) or six-membered

(39, 40) rings and that there is no intermolecular

hydrogen bonding. Thus, we have successfully

demonstrated that boryllithium 3 behaves as a

base or a nucleophile. Historically, the area of

organic chemistry has been widely expanded by

discoveries of new chemical reagents. We believe

the present boryllithium opens important synthetic

pathways to boron-containing compounds.

References and Notes
1. A. R. Katritzky, O. Meth-Cohn, C. W. Rees, Eds.,

Organolithium Methods (Academic Press, London, 1988).
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6. R. Köster, G. Benedikt, Angew. Chem. Int. Ed. Engl. 2,

219 (1963).
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Unraveling the Mystery of Indian
Monsoon Failure During El Niño
K. Krishna Kumar,1 Balaji Rajagopalan,2,3 Martin Hoerling,4* Gary Bates,4 Mark Cane5

The 132-year historical rainfall record reveals that severe droughts in India have always been
accompanied by El Niño events. Yet El Niño events have not always produced severe droughts. We
show that El Niño events with the warmest sea surface temperature (SST) anomalies in the central
equatorial Pacific are more effective in focusing drought-producing subsidence over India than events
with the warmest SSTs in the eastern equatorial Pacific. The physical basis for such different impacts is
established using atmospheric general circulation model experiments forced with idealized tropical
Pacific warmings. These findings have important implications for Indian monsoon forecasting.

C
limate is the decisive influence on habi-

tation and subsistence of India_s bur-

geoning population. India_s wealth is

measured by its agricultural output, and now

evenmodest harvest failures result in exaggerated

economic and societal consequences. Swings in

crop abundances are propelled by the year-to-year

successes of the summer (June to September)

monsoon rains (1). As a result, monsoon pre-

dictions are achieving new importance for

setting into motion timely and effective pre-

paredness and mitigation activities. The predic-

tions themselves can be as influential as the

actual verifiedmonsoon rainfall, as happened for

Zimbabwe during 1997 when drought predic-

tions led to curtailment of bank loans for agri-

cultural development (2). A similar situation, also

during 1997, occurred in India when a much-

touted prediction of poor monsoon rains proved

false. A more painful scenario unfolded during

2002 and 2004 (3, 4) when normal monsoon

rains were predicted but severe drought material-

ized for which no contingencies were in place.

In many seasonal forecast tools, Indian

monsoon rains are predicted to vary in direct

proportion to the strength of the El NiDo South-

ern Oscillation (ENSO) phenomenon in the

tropical Pacific (5–7), measured, for example,

by the standardized NINO3 index (8). Indeed,

years with moderate to extreme cold states

(NINO3 index G –1), have had abundant

monsoon rains without exception. On the other

hand, years of moderate to extreme warm states

have not been reliably dry. As seen in Fig. 1,

the six leading droughts (8) since 1871 have

occurred in tandem with a standardized NINO3

index exceeding þ1, but the presence of El

NiDos has not guaranteed drought. No simple

association describes the relation between the

Indian monsoon and NINO3 SSTs when moder-

ate to strong El NiDo conditions exist; almost a

full range of monsoon rains have accompanied

SST warmings. For example, 1997 was the

century_s strongest El NiDo, although no drought

occurred, whereas the moderate El NiDo of 2002
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Fig. 1. Plot of stan-
dardized,all-Indiasummer
[June to September (JJAS)]
monsoon rainfall and
summer NINO3 anomaly
index. Severe drought and
drought-free years during
El Niño events (standard-
ized NINO3 anomalies 9
1) are shown in red and
green, respectively.
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was accompanied by one of the worst Indian

droughts of the past century (4). Such ambiguity

undermines the utility of monsoon predictions

for mitigation of drought_s societal impacts.

Two hypotheses have been proposed to ex-

plain this ambiguity in the El NiDo–Indian mon-

soon relationship. One is that chaotic variability

in rainfall on intraseasonal time scales masks the

remote effect of El NiDo. Accordingly, the failure

(abundance) of monsoon rains during 2002

(1997) would be viewed as the accidental be-

havior of an inherently noisy monsoon system,

and the poor forecasts for these particular cases

were the consequence of an only marginally pre-

dictable system. The other is that the Indian

monsoon is highly sensitive to the details of

tropical east Pacific sea surface warming. It is

widely believed that El NiDo_s impact on the In-

dian monsoon is through the east-west displace-

ment of the ascending and descending branches

of the Walker circulation that link Indo-Pacific

climates (9, 10). Unusually warm waters during

El NiDo cause an increased ascent associated

with increased rainfall. Mass continuity requires

increased descent broadly over southeast Asia,

suppressing monsoon rains. The hypothesis we

explore is that the strength and position of these

branches vary coherently with the details of El

NiDo warming.

We begin by examining the 23 strong El

NiDo years for atmosphere and ocean conditions

that distinguish the 10 Indian monsoon droughts

(red asterisks in Fig. 1) from the 13 drought-free

years (green asterisks in Fig. 1). Figure 2A

illustrates their contrasting sea surface temper-

atures (SSTs). The most notable difference in

the tropical Pacific SSTs is the greater central

Pacific warming during failed Indian monsoon

years (Fig. 2A). These analyses suggest that

India is more prone to drought when the ocean-

warming signature of El NiDo extendswestward.

Figure 2B displays the difference in tropical

rainfall for the drought versus drought-free El

NiDo years. Although rainfall data are based on

a smaller sample of cases for which satellite

rainfall estimates are available, a physical con-

sistency with the underlying SST anomalies in

Fig. 2A is apparent. Increased rainfall occurs

over the enhanced warmth of central Pacific

Ocean waters, and the satellite estimates con-

firm dryness over India, the Indian Ocean, and

other portions of Southeast Asia, indicating a

wide reach to the drought signal. These rainfall

anomalies form a dynamical couple that is

linked by an Indo-Pacific anomalous Walker

circulation, as seen in the velocity potential (8)

at 200 hPa (Fig. 2B, contours).

The composite anomaly differences high-

lighted by shading in Fig. 2, A and B, are

statistically significant (8) and are physically

consistent with the expected rainfall-SST rela-

tionship. This is further seen by the separability

of the probability density functions (PDFs) (8)

of rainfall for drought versus drought-free years

(Fig. 2C). Although this empirical analysis does

not establish causal linkages, it does suggest

that the two Bflavors[ of El NiDo (11) result in

significantly different responses in the Indian

monsoon. The SST patterns of these two flavors

can be described by a linear combination of the

two leading, preferred patterns of tropical

Pacific SST variability of the past half century

(8), shown in Fig. 3. The first leading pattern

(Fig. 3A) represents the overall strength of the

ENSO events, and its associated temporal pat-

tern is highly correlated with fluctuations in the

NINO3 index (Fig. 3C). The second pattern

(Fig. 3B) has polarity of opposite sign between

Fig. 2. (A) Composite SST difference pattern between severe drought
(shaded) and drought-free El Niño years. Composite SST anomaly patterns
of drought-free years are shown as contours. (B) Composite difference
pattern between severe drought and drought-free years of velocity potential
(contours) and rainfall (shaded). (C) PDF of all-India summer monsoon

rainfall from severe-drought (red curve) and drought-free (blue curve) years
associated with El Nino occurrence and from the non-ENSO years (green
curve). SST and velocity potential composite differences are based on 1950
to 2004, rainfall composites are based on 1979 to 2004, and PDFs are
based on 1873 to 2004.
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the tropical Central and Eastern Pacific, and its

temporal pattern is highly correlated with fluc-

tuations of an index that measures the SST

gradient across the Pacific basin (8) (Fig. 3D).

We note in particular that the second leading

pattern closely resembles the SST difference

between severe drought and drought-free mon-

soon years (Fig. 2A, shaded).

General circulation model (GCM) experi-

ments (8), forced with SST patterns resulting

from linear combinations of the first two lead-

ing patterns of tropical Pacific SST variability,

are used to test the hypothesis that Bwestward-

shifted[ Pacific Ocean warm events drive more

intense sinking over the Indian region, initiating

severe drought. Using National Center for

Atmospheric Research–Community Climate

Model Version 3, we performed four ensemble

sets of experiments: (i) a 150-year control run

of the GCM forced by monthly evolving global

climatological mean SST; (ii) a fixed SST

pattern resulting from the addition of the first

two leading tropical Pacific SST patterns

superimposed on the monthly evolving clima-

tological SSTs globally; (iii) same as (ii), but

subtracting the second leading tropical Pacific

SST pattern from the first; and (iv) an SST

pattern corresponding to the first leading pattern

(i.e., Fig. 3A) alone. The model experiments for

(ii), (iii), and (iv) were performed for a range of

imposed SST warmth from 0 to þ3 standard

deviations (SD), with results available at an

interval of 0.2 SD. We analyzed 10 simulations

with different initial atmospheric conditions for

each of these incremental warmings. Climato-

logical SSTs were prescribed outside the

tropical Pacific in these experiments.

Figure 4 illustrates two key aspects of the

SST forcing of our atmospheric general circu-

lation model that mimic the empirically derived

patterns of Fig. 2. Contours in Fig. 4A are

analogous to the amplitude and structure of the

composite El NiDo SSTs for drought-free years

and correspond to the þ2 SD experiment de-

scribed above (iii). Shading in Fig. 4A is

analogous to the observed SST structure that

discriminates severe drought from drought-free

El NiDo years and corresponds to the difference

between the þ2 SD SST forcings of experi-

ments (ii) and (iii). The ensemble mean rainfall

and 200 hPa velocity potential difference be-

tween experiments (ii) and (iii) are shown in

Fig. 4B. Notice a large-scale enhanced drought

over the Indian region consistent with enhanced

subsidence, and vice versa, in the tropical

central Pacific. The similarity of this figure to

that noted from the observations (Fig. 2B) is

striking. This supports the hypothesis that it is

the westward-shifted El NiDo events that weaken

the Indian monsoon severely.

The behavior of Indian monsoon rainfall un-

der climatological SST conditions (control) and

also under the anomalous conditions described

by the three different SST patterns of experiments

(ii, iii, and iv) is assessed through the construction

of PDFs (8) that sample all the simulations of

Indian rainfall drawn from the separate enact-

ments of the GCM experiments (Fig. 4C).

The PDFs of the experiments using moderate

SST warming are not separated, and mean

Indian rainfall is only slightly less than the con-

trol experiment. For the stronger warming,

however, the PDFs of the simulated rainfall are

well separated and the median rainfall values are

far below those of the control experiment. Under

the influence of stronger SST forcing, the PDFs

of the experiments that correspond to summing

and differencing the two leading tropical Pacific

SST patterns fall on the dry and the wet side,

respectively, of the median rainfall from the

experiment using only the leading SST pattern.

This indicates that the leading SST pattern in

itself produces droughts in India when of

sufficient amplitude, but depending on the sign

of the superposed second leading SST pattern,

the droughts in India are either strong or weak,

with a clear separation in the PDFs.

Identical experiments using two other cli-

mate models yield similar results (fig. S1). Also,

experiments using the actual SST difference of

Fig. 2A (8) reproduce the results based on using

the idealized SST forcings (fig. S2). For all SST

forcings, the PDFs of monsoon rainfall (Fig. 4C)

are not sharply peaked but involve a consider-

able range of possible outcomes. The rainfall

spreads are not materially different for the un-

forced control experiments compared with the

strongly forced runs. This illustrates the influ-

ence of omnipresent internal atmospheric var-

iability, although such in situ variability alone

appears to be insufficient to generate severe

monsoon failure.

Fig. 3. (A) The first leading pattern of the tropical Pacific SST variability. (B) Same as (A) but for the second leading pattern. (C) The first leading
temporal pattern (black line) overlaid with the monthly NINO3 index (red line). (D) The second leading temporal pattern (black line) overlaid with the
trans-Niño index (TNI) (red line).
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The simulations demonstrate a strong de-

pendence of the Indian monsoon on the tropical

Pacific SST anomaly pattern associated with

different El NiDos. These results do not rule out

an independent role for the Indian Ocean, as

suggested in other studies (12–14), or in com-

bination with ENSO (15). Regarding the mech-

anism by which the two flavors of El NiDo yield

different monsoon impacts, our study has sug-

gested only one candidate, namely, a sensitivity

of the tropical Walker circulation. The role of

other plausible mechanisms, such as El NiDo–

monsoon teleconnections from the extratropics

(16), or the role of reorganized weather dis-

turbances, require further investigation.

The fact that the spatial configuration of

tropical Pacific SST anomalies has a significant

impact on the Indian monsoon indicates that

traditional monsoon forecast methods using

predictors that essentially capture the ENSO_s

strength are likely to be unsuccessful (17) in years

when the spatial configuration of the SST anom-

alies is inconsistent with its strength; 1997, 2002,

and 2004 are some of the recent years that attest

to this. Incorporation of SST configuration infor-

mation in the statistical models should improve

monsoon forecasting skill (fig. S3). There is also

the intriguing question of whether either of these

flavors of tropical Pacific warmings will become

preferred as a consequence of the ocean_s re-

sponse to human-induced changes in Earth_s

atmosphere_s chemical composition. Whereas

the consensus of climate change models points

to an El NiDo–like warming pattern of the trop-

ical Pacific (18, 19), the results of this study

indicate that details of that human-induced ocean

warming could have material consequences for

the monsoon intensity over India.
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Large Punctuational Contribution of
Speciation to Evolutionary Divergence
at the Molecular Level
Mark Pagel,* Chris Venditti, Andrew Meade

A long-standing debate in evolutionary biology concerns whether species diverge gradually
through time or by punctuational episodes at the time of speciation. We found that approximately
22% of substitutional changes at the DNA level can be attributed to punctuational evolution, and
the remainder accumulates from background gradual divergence. Punctuational effects occur at
more than twice the rate in plants and fungi than in animals, but the proportion of total divergence
attributable to punctuational change does not vary among these groups. Punctuational changes
cause departures from a clock-like tempo of evolution, suggesting that they should be accounted
for in deriving dates from phylogenies. Punctuational episodes of evolution may play a larger role
in promoting evolutionary divergence than has previously been appreciated.

T
he theory of punctuated equilibrium as a

description of evolution suggests that

evolutionary divergence among species

is characterized by long periods of stability or

stasis followed by short punctuational bursts of

evolution associated with speciation. Despite

years of work on punctuational change, the

theory remains contentious (1–9), with little or

no consensus as to the contribution of punctu-

ational changes to evolutionary divergence. The

importance of the theory lies in the challenge it

poses for classical accounts of how species

diverge.

Punctuational evolution has traditionally

been studied in the fossil record. However,

phylogenetic trees derived from gene-sequence

data contain the signatures of past punctuational

and gradual evolution and can be used to study

their relative contributions to evolutionary di-

vergence (10) (Fig. 1). The nodes of a phylo-

genetic tree record the number of net-speciation

events (speciation-extinction) between the root

of the tree and the extant species (Fig. 1, A and

B). In phylogenies derived from gene-sequence

data, the lengths of the branches of the tree

record the expected evolutionary divergence

between pairs of speciation events, measured

in units of nucleotide substitutions. We denote

the sum of the branch lengths between the root

of the tree and a species as the path length and

write this path length as x 0 nb þ g, where n

is the number of nodes along a path, b is the

punctuational contribution of speciation to

evolution at each node, and g is the gradual

contribution to the path, this being the sum of

the individual gradual effects in each branch

along the path. Both parameters are measured

in units of expected nucleotide substitutions

per site in the gene-sequence alignment. Un-

der a gradual model of evolution, there is no

punctuational effect, b 0 0, and there should

be no relationship between x and n (Fig. 1, B

and C). If, however, speciation events are

associated with bursts of evolution, then b 9 0,

and path lengths from the root to the tips of

the tree will be correlated with the number of

speciation events that occur along that path

(Fig. 1, A and C).

We analyzed 122 gene-sequence align-

ments selected for including a well-characterized

and narrow taxonomic range of species (11).

This acts to control for background differences

among species, such as generation times or

adaptive radiation of some lineages, that

might affect rates of evolution independently

of a punctuational effect. For each data set,

we derived a Bayesian sample of the posterior

distribution of phylogenetic trees (11, 12).

We then estimated b from the relationship

between x and n in each tree in the posterior

sample to account for phylogenetic uncer-

tainty, using a statistical method (10, 13–15)

that controls for the shared inheritance of

branch lengths implied by the phylogeny

(Fig. 1)

Using conservative statistical criteria (11),

we found a significant relationship between

nodes and path lengths (i.e., b 9 0) in 57 E46.7 T

4.5% (TSE)^ of the 122 trees. We removed 22

of these data sets with b 9 0 because they suf-

fered from an artifact of phylogeny reconstruc-

tion known as the node-density effect, which

can produce an apparent relationship between x

and n (10, 11, 16–18). This left 35.0 T 4.8% of

the remaining 100 trees with significant effects

of punctuational evolution (Fig. 2), rising to

55.8 T 7.0% for trees above the median size of

n 0 28 taxa. The overall frequency of 35% is

similar to that found in the subset of trees in

which 50% of the known taxa have been
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Fig. 1. Signatures of punctuational and gradual evolution on phylogenetic trees. (A) Punctuational
evolution presumes a burst of evolution associated with each node of the tree. Path lengths,
measured as the sum of branches along a path from the root to the tips of the tree, are
proportional to the number of nodes along that path (C). Branches are assumed to be in units of
nucleotide substitutions. (B) Gradual evolution presumes that change is independent of speciation
events. Path lengths do not correlate with the number of nodes along a path (C). (C) Punctuational
evolution predicts a positive relationship between path length and the number of nodes, whereas
gradual evolution does not.
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sampled (28.1 T 7.95%) and to that in data sets

confined to a single genus (32.0 T 6.60%).

However, it is significantly more common in

plants (56.7 T 7.8%) and fungi (71.4 T 16.0%)

than in animals (20.6 T 4.7%; c2 0 15.9, P G

0.0003). This difference remains after control-

ling for the number of taxa in the phylogenetic

trees (P 0 0.0063) and after controlling for the

amount of genetic diversity in the phylogeny

Eplants versus animals, P 0 0.003; fungi

versus animals, P 0 0.008 (11)^.

Our principal interest was to estimate the

contribution of the punctuational effect at spe-

ciation to overall molecular diversity. The mean

b is 0.0078 T 0.0017, ranging from 0.00024 to

0.057, but the absolute values depend on the

evolutionary rate of the genes that were used to

infer the phylogenetic tree. To control for this,

we measured the proportion of the total amount

of evolution on the tree attributable to punctu-

ational effects. A bifurcating phylogenetic tree

has 2(s – 1) branches where s is the number of

species. The length of a phylogenetic tree, T, is

the sum of the lengths of these branches, here

measured in units of nucleotide substitutions.

The ratio 2(s – 1)b/T, then, measures the pro-

portion of the tree length attributable to punc-

tuational effects.

If b 0 0, there is no punctuational contribu-

tion and the ratio equals zero. If there are no

gradual effects, then 2(s – 1)b 0 T and the ratio

equals 1. We calculated the mean 2(s – 1)b/T

value in the posterior sample of trees derived

from each alignment. The mean value of these

across the 35 data sets was 0.34 T 0.08 (median 0

0.30); where punctuational effects occurred

in our sample, they contributed on average

about 30% of the total molecular diversity.

This is likely to be an overestimate, because

in smaller trees only larger effects will tend to

reach statistical significance. Figure 3 plots

mean 2(s – 1)b/T against the number of taxa in

the tree for the 35 data sets showing a punc-

tuational effect. The fitted curve (11, 19) has an

asymptote as the number of taxa approaches

infinity, given by a parameter q
1
, which here

takes the value q̂q1 0 0:22 T 0:036. This esti-

mate agrees well with the mean 2(s – 1)b/T of

0.23 T 0.12 for trees with greater than the median

number of taxa. Even though the frequency of

punctuational effects varies among taxonomic

groups (Fig. 2), the colored dots of Fig. 3 show

that the contribution of punctuational effects to

molecular diversity is roughly the same among

plants, fungi, and animals.

Punctuational effects cause departures from

a molecular clock–like tempo of evolution.

By masquerading as gradual changes, punc-

tuational effects will bias estimates of dates

derived from molecular clocks that assume

gradual evolution, making them occur too far

in the past. Departures from the molecular

clock are expected to vary with the size of b,

as can be seen by studying the expected cor-

relation, r, between path lengths and numbers

of nodes:

r 0
bs2

n
þ sg,n

b2s2
n
þ s2

g

� �½

s2
n

� �

½

Here, s2
n
is the variance in the number of

nodes along the path lengths in the tree, and

s2
g
is the variance in the gradual effects. The

term s
g,n

denotes the covariance between g,

the gradual component of evolution in a path,

and n, the number of nodes along the path,

and is assumed to be zero. When punctua-

tional effects do not operate, b 0 0, all of the

evolutionary change is gradual, and the ex-

pected correlation is zero (Fig. 1C). On the

other hand, if all of the variation in path

lengths arises from the punctuational effect,

then s2
g
0 0, and the correlation simplifies

to r 0 bs2
n
=bs2

n
0 1.

Across the 35 data sets showing a punc-

tuational effect, the average correlation be-

Fig. 2. Percentage of data
sets with evidence for punc-
tuational evolution. The
Overall data set comprises
the 100 trees free of the
node-density artifact. 50%
sampled refers to the sub-
set of 42 trees in which
50% or more of the known
taxa have been sampled.
Plants, Animals, and Fungi
are the data sets represent-
ing these taxonomic groups.
Within Order, Within Family,
and Within Genus isolate
data sets of varying taxo-
nomic range. Apart from dif-
ferences among taxonomic
groups, the rate of punctua-
tional change is relatively
stable among the various
subsets. Error bars indicate
the standard error of the
mean.

0

10

20

30

40

50

60

70

80

90

Overall
(n=100)

Plants
(n=30)

Animals
(n=63)

Fungi
(n=7)

50%
sampled
(n=42)

Within
Order
(n=12)

Within
Family
(n=38)

Within
Genus
(n=50)

%
 S

ho
w

in
g 

pu
nc

tu
at

io
na

l e
ffe

ct

Fig. 3. Relationship between percentage of the tree length attributable to punctuational effects
and tree size. Data points plot the mean 2(s – 1)b/T for each of the 35 phylogenies that show a
significant punctuational effect against number of taxa in the tree. One tree, of 10 animal taxa,
returned a 2(s – 1)b/T 9 1.0. Because this result, apart from sampling error, is impossible, we set
this value to 1.0 in the graph and in Fig. 4. As the number of taxa approaches infinity, the curve
has an asymptote of 0.22 T 0.036, indicating that punctuational effects contribute approximately
20% of the total molecular diversity on the tree. Although the rate at which punctuational effects
occur is higher in plants and fungi than animals (Fig. 2) the mean contribution to total diversity is
similar among groups: plants (green) 0 0.31 T 0.09, animals (red) 0 0.36 T 0.04, fungi (yellow) 0
0.28 T 0.10. The inset displays a frequency histogram of all the 2(s – 1)b/T values.
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tween path lengths and nodes ranges from

0.22 to 0.69 with a mean of r 0 0.42 T 0.019;

punctuational effects contributed between 4.8

and 48% (mean r2 0 0.422 0 0.18) of the

deviation from molecular clock–like behavior

in these trees. The remaining variation in path

lengths is attributable to variance in gradual

effects that is independent of speciation. There

is a close correspondence between these r2

values and the size of the punctuational con-

tribution, as measured by 2(s – 1)b/T. Trees

with a larger punctuational component show

stronger systematic departures from clock-

like evolution (Fig. 4, r 0 0.79, P G 0.0001).

When phylogenetic trees derived from gene-

sequence data are used to estimate divergence

times, punctuational evolution should be

tested for and statistically removed before in-

ferring dates.

Punctuational effects appear to be wide-

spread and common. Alternatively, we might

be detecting lineages with intrinsically higher

rates of evolution that speciate more as a

result; this could produce apparent punctua-

tional effects in the form of b 9 0. We think

this explanation is unlikely because it has

proved difficult to find traits associated with

rates of evolution, apart from generation time

in a small number of cases (20), and these

lineage effects would have to be widespread

to explain our results. The narrow taxonomic

ranges of most of our data sets also mean that

the species will have similar morphologies

and life histories. A related possibility is that

rather than measuring a burst of evolution, we

are detecting a generalized increase in the

rate of evolution after speciation. This expla-

nation depends on the elevated rate persisting

through time and over many branches of the

tree. If the rate declined to background be-

tween speciation events but was assumed to

be Brecharged[ by successive events of specia-

tion, the phenomenon becomes indistinguish-

able from punctuational change. Elevated rates

associated with lineages or speciation also fail

to explain why we found such large differences

among taxonomic groups.

The punctuational effect we found occurs

across a range of genetic loci. If speciation is

associated with small founder populations

and if genetic isolation is maintained, evolu-

tionary rates can be accelerated at potentially

all loci, because the number of loci with

alleles governed by drift (neutral plus nearly

neutral) is increased (21). A second general

mechanism for divergence is adaptive evolu-

tion as species invade new niches (22–25).

Adaptive divergence is not confined to single

loci. In a recent whole-genome comparison

of 13,454 human genes with chimpanzee

homologs, 71% diverged at coding positions,

and 92% diverged at noncoding positions

(26); this is in two species whose average ge-

netic divergence among homologous genes is

about 1%.

Isolating mechanisms that reduce matings

between an incipient species population and

the ancestral population preserve founder

effects and allow adaptive divergence. There

is a growing appreciation that sympatric spe-

ciation is far more common than previously

believed (27) and that it arises from specific

and often rapid isolating mechanisms oper-

ating in small groups. These include mutational

changes to signaling molecules or behavioral

pathways (28–30), pollinator switching (31),

and cytoplasmic incompatibility (32). In ad-

dition to these, chromosomal rearrangements,

changes of ploidy, and hybridization also

produce small populations that are frequently

unable to mate with the ancestral population.

Comparisons of sister species that differ in

ploidy suggest that evolution is often accel-

erated in the polyploids (33). These mech-

anisms could also explain the taxonomic

differences we observed in the frequency of

punctuational evolution, which is far more

common in plants and possibly in fungi than

in animals (34).

Whatever the mechanisms of the effects

we have characterized, relatively rapid and

punctuational bursts of evolution driven by

speciation appear to make a substantial con-

tribution to molecular divergence. By com-

parison, we found no molecular counterpart

to the periods of stasis noted for morpholog-

ical traits (1, 3, 4, 35, 36), the other half of

the conventional punctuated-equilibrium de-

scription of morphological evolution. There

need not be any conflict between these two

observations as it is well known that mo-

lecular change can occur independently of

morphology. Punctuational effects are an

area of great potential for future research on

speciation combining functional-genomic, phy-

logenetic, physiological, behavioral, and pale-

ontological investigations.
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Fig. 4. Relationship of punctuational effects to
divergence from the molecular clock. Plot of the
correlation between path length and number of
nodes (r2) versus 2(s – 1)b/T values. The r2 values
record the strength of the relationship between
path lengths and numbers of nodes under a
punctuational model (Fig. 1); r2 is expected to be
zero when evolution is gradual. The plot shows
that when the punctuational contribution is large,
as given by 2(s – 1)b/T, there is greater deviation
from clock-like behavior.
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Action of TFII-I Outside the Nucleus
as an Inhibitor of Agonist-Induced
Calcium Entry
Gabriela Caraveo,1 Damian B. van Rossum,2 Randen L. Patterson,2*

Solomon H. Snyder,2,3,4 Stephen Desiderio1†

TFII-I is a transcription factor and a target of phosphorylation by Bruton’s tyrosine kinase.
In humans, deletions spanning the TFII-I locus are associated with a cognitive defect, the
Williams-Beuren cognitive profile. We report an unanticipated role of TFII-I outside the nucleus as a
negative regulator of agonist-induced calcium entry (ACE) that suppresses surface accumulation
of TRPC3 (transient receptor potential C3) channels. Inhibition of ACE by TFII-I requires
phosphotyrosine residues that engage the SH2 (Src-homology 2) domains of phospholipase C–g

(PLC-g) and an interrupted, pleckstrin homology (PH)–like domain that binds the split PH domain
of PLC-g. Our observations suggest a model in which TFII-I suppresses ACE by competing with
TRPC3 for binding to PLC-g.

R
eceptor tyrosine kinases (RTKs) andGpro-

tein (heterotrimeric guanine nucleotide–

binding protein)–coupled receptors

(GPCRs) initiate intracellular calcium signaling

by activating g or b isoforms of PLC (1, 2). The

subsequent increase in intracellular calcium

involves release of calcium from intracellular

stores and calcium entry through transient recep-

tor potential (TRP) channels (3, 4). PLC catalyzes

the generation of inositol-1,4,5-trisphosphate

(IP3), which triggers calcium release. PLC-g also

promotes ACE by stimulating surface expression

of TRPC3 channels; this function requires binding

of a partial PH domain in PLC-g1 to a comple-

mentary, PH-like half domain in TRPC3 (5, 6).

Because agonist responsiveness can be sensitive

to the amplitude and duration of calcium entry

(7), modulators of ACE may have important

physiological roles.

TFII-I is a widely expressed transcription

factor originally identified by its interaction with

Inr promoter elements (8). TFII-I was also iden-

tified as a substrate of the Tec-family Bruton_s

tyrosine kinase, Btk (9), which regulates

receptor-induced calcium entry in B cells (10).

Together, TFII-I and Btk activate Inr-dependent

transcription, but other kinases, including mem-

bers of the Src family, also regulate TFII-I (8).

TFII-I contains six helix-loop-helix (HLH)–like

domains, and alternative splicing produces four

isoforms (8, 11). In humans, the gene for TFII-I

is located on chromosome 7q11.23, in an in-

terval that is invariably deleted in patients with

Williams-Beuren syndrome. This multisystem-

ic, contiguous gene disorder includes a severe

cognitive defect and a characteristic personality

marked by generalized anxiety, empathy, and

sociability (12, 13).

Although the transcriptional function of

TFII-I implies activity in the nucleus, TFII-I is

abundant in the cytosol, as evident from its

presence throughout the dendritic tree of cere-

bellar Purkinje cells (14). Indeed, whereas

antigenic and growth factor stimulations are
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sdesider@jhmi.edu

Fig. 1. Specific binding
of PLC-g to a TFII-I tyro-
sine phosphopeptide. (A)
Sequences of peptide 73,
corresponding to a region
spanning the phosphoryl-
ation site at Y462, and
control peptide 74. (B)
Peptide-bound proteins
from a Ramos B cell ly-
sate were fractionated by
SDS–polyacrylamide gel
electrophoresis and de-
tected by silver staining.
(C) Large-scale purifica-
tion yielded a protein
of similar size to that in
(B) from beads carrying
peptide 73, as detected
by Coomasie Blue stain.
(D) Specific binding of
PLC-g2 to peptide 73
was confirmed by im-
munoblotting; WCL,
whole cell lysate. (E)
FLAG-tagged wild-type
(wt) and mutant PLC-g1
proteins were expressed
in PC12 cells, and lysates
were incubated with peptide beads. Proteins bound to peptide 73 or 74 were
detected by immunoblotting. Un, untransfected. (F) PLC-g2 was immuno-
precipitated (Ip) from the Daudi B cell line before and after B cell receptor
cross-linking; precipitates were immunoblotted for TFII-I. Minutes of stimu-

lation are indicated at top; 0* indicates F(ab’)2 added after lysis. (G) PLC-g2
was immunoprecipitated (Ippt) from the Daudi or from the K562 hemato-
poietic cell line, and precipitates were assayed by immunoblotting for TFII-I.
IgG, immunoglobulin G.
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associated with an increase in the amount of

nuclear TFII-I, the cytosolic fraction remains

substantial (15, 16). We showed that TFII-I func-

tions in the cytoplasm as a negative regulator

of ACE.

TFII-I is phosphorylated in vivo at Tyr357

(Y357) and Tyr462 (Y462) (17), which reside at

analogous positions in the loop regions of tan-

dem HLH-like domains (fig. S1A). Because

the regions surrounding Y357 and Y462 are

nearly identical, we used a phosphopeptide

ligand spanning Y462 to identify proteins

that interact with one or both sites. The af-

finity ligand contained an additional, unmod-

ified tyrosine at the C terminus; as a control,

we assayed binding to a peptide in which the

C-terminal tyrosine residue was phosphoryl-

ated instead of the correct internal tyrosine

(Fig. 1A).

From a lysate of human B cells, a species of

140 kD bound the correctly phosphorylated

peptide but not the control peptide (Fig. 1B).

Large-scale purification (Fig. 1C) allowed us

to identify the retained protein as PLC-g2 by

mass spectroscopy (Materials and Methods),

as confirmed by immunoblotting (Fig. 1D).

The broadly expressed isoform PLC-g1 also

showed specific phosphorylation-dependent

binding to the Y462 peptide ligand; both PLC-g

isoforms showed phosphorylation-dependent

binding to the Y357 peptide ligand (Fig. 1E

and fig. S1, B to D). PLC-g2 and TFII-I as-

sociate with each other in vivo, because these

proteins were coprecipitated from the B cell

line Daudi before and after B cell receptor

cross-linking (Fig. 1F); under either condition

TFII-I was phosphorylated on tyrosine (fig.

S1B). Endogenous PLC-g2 and TFII-I were

also coprecipitated from a lysate of the hema-

topoietic cell line K562 (Fig. 1G).

We asked whether binding of the TFII-I

Y462 phosphopeptide required the Src homolo-

gy 2 (SH2) domains of PLC-g. In lysates of cells

in which expression of FLAG-tagged PLC-g1

mutants was induced by removal of doxycycline

(18), the correctly phosphorylated ligand bound

wild-type PLC-g1 and a PLC-g1 mutant (DSH3)

from which the SH3 domain was deleted, but

deletion of the SH2 domains ED(SH2)
2
^ abol-

ished specific binding (Fig. 1E).

The association of TFII-I with PLC-g pro-

voked us to ask whether TFII-I might also

modulate intracellular calcium. To test this,

we chose the PC12 cell line for its abundant

expression of TFII-I and PLC-g, its ability to

mobilize calcium in response to agonists, and

its high transfection efficiency. We interrupted

TFII-I function with specific small interfer-

ing RNA (siRNA) molecules. All isoforms

were depleted by 2 days after transfection of

siRNA specific for the rat transcript (Fig. 2A).

Cells were loaded with the calcium-sensitive

dye Fura-2 and stimulated by the GPCR ago-

nists uridine triphosphate (UTP) or bradykinin

(5, 19).

Fig. 3. A split PH-like
domain of TFII-I interacts
with PLC-g. (A) Sequence
of the split PH-like do-
main identified in figs.
S5A and S6. N-terminal
(PHNlike) portion, red; C-
terminal (PHClike) por-
tion, blue. Bold letters,
HLH-like repeat sequence.
Arrowhead, tyrosine phos-
phorylation site. (B) GST
fusions to the PH-like do-
main or the PHClike por-
tion, and GST alone, were
tested for binding to
membrane-immobilized
phospholipids identified at right and in fig. S3. Bound protein was detected by immunoblotting for GST.

Fig. 2. Suppression of ACE by wild-type or
cytosolic TFII-I. (A) PC12 cells were transfected
with pMACS Kk.II and siRNA directed against rat
TFII-I (Sp) or control (C) siRNA as indicated.
Lysates of H2Kk-expressing cells were assayed for
TFII-I or tubulin by immunoblotting. (B) After
cotransfection with yellow fluorescent protein

(YFP) and Sp or C siRNA, PC12 and HEK cells were stimulated with UTP or bradykinin, and [Ca2þ]i was
measured in YFP-positive cells. Sp siRNA in HEK cells was directed against human TFII-I. Extracellular calcium
was present at times indicated (Caþþ). (C) PC12 cells were transfected with pMACS Kk.II and Sp siRNA, C
siRNA, pCIS2, human TFII-I, or human TFII-IDNLS, as indicated. H2Kk-expressing cells were assayed for TFII-I
or tubulin by immunoblotting. (D) Representative calcium traces of bradykinin-stimulated PC12 cells
cotransfected with YFP, C siRNA, and pCIS2; YFP, Sp siRNA, and pCIS2; or YFP, Sp siRNA, and human TFII-I.
(E) TFII-I and TFII-IDNLS were detected in transfected cells by immunofluorescence (rhodamine) and confocal
microscopy; nuclei were stained with 4¶,6¶-diamidino-2-phenylindole. (F) Representative calcium traces of
bradykinin-stimulated PC12 cells transfected as in (D) or with YFP, Sp siRNA, and human TFII-IDNLS.
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We stimulated cells in the absence of extra-

cellular calcium and recorded release of in-

tracellular calcium. After free intracellular

calcium (ECa2þ^
i
) returned to basal concen-

trations, we introduced extracellular calcium

in the presence of agonist and recorded cal-

cium entry. Depletion of TFII-I was asso-

ciated with increased calcium entry in cells

stimulated with UTP or bradykinin (Fig. 2B).

This effect was also observed in human em-

bryonic kidney (HEK) cells with siRNA against

human TFII-I (Fig. 2B). The human TFII-I

transcript diverges from the rat transcript in

the region targeted by the siRNA used to

deplete TFII-I from PC12 cells. Exploiting

this divergence, we observed that human TFII-I

isoform 4, which was expressed in the pres-

ence of rat-specific siRNA (Fig. 2C), rescued

the calcium phenotype (Fig. 2D). These re-

sults suggested that TFII-I is a negative regu-

lator of ACE.

The effect of TFII-I on calcium entry could

have resulted from altered expression of TFII-I–

dependent genes or from a nontranscriptional

function. To eliminate the transcriptional func-

tion of TFII-I, we deleted the nuclear localization

signal (TFII-IDNLS) (11). TFII-IDNLS was

absent from the nucleus (Fig. 2E) and lacked

transcriptional activity, as assessed by using the

c-fos promoter (20) (fig. S2). Wild-type human

TFII-I and TFII-IDNLS were expressed at sim-

ilar amounts in siRNA-treated cells (Fig. 2C)

and were similarly efficient in rescuing the

calcium entry phenotype (Fig. 2, F and G, and

fig. S3).

In some experiments, TFII-I depletion sup-

pressed release of intracellular calcium. For

several reasons, it seems unlikely that the effect

of TFII-I depletion on calcium entry resulted

from an effect on calcium release. First, TFII-I

depletion consistently stimulated ACE, regard-

less of the effect on calcium release (fig. S4A).

Second, in line with previous studies (21–23),

there was no correlation between agonist-

induced calcium release and calcium entry (fig.

S4B). Third, depletion of intracellular calcium

stores by thapsigargin or ionomycin did not stim-

ulate calcium entry (fig. S4C).

Stimulation of ACE by PLC-g requires an

interaction between a split PH domain in PLC-g

Fig. 4. Failure of TFII-
I(DPHNlike,YY/FF) to sup-
press ACE. (A) PC12 cells
were transfected with a
plasmid encoding myc-
tagged human (h) TFII-I
or myc-tagged TFII-
I(DPHNlike,YY/FF) or with
pCIS2 and assayed by
immunoblotting for Myc.
(B) Representative calci-
um traces of bradykinin-
stimulated PC12 cells
cotransfected with YFP,
control (C) siRNA, and
pCIS2; YFP, specific (Sp)
siRNA, and pCIS2; YFP, Sp
siRNA, and human TFII-I;
or YFP, Sp siRNA, and hu-
man TFII-I(DPHNlike,YY/FF).
(C) Calcium entry, defined
as the integral of [Caþþ]i
over the time interval of 200 to 400 s, was normalized to control. Mean and SEM are plotted for 350
cells from each transfected cell population in (B). Difference between wild type and TFII-I(DPHNlike,YY/FF)
estimated as pairwise comparison by using a two-tailed t test; one way analysis of variance (ANOVA)
yielded similar results.

Fig. 5. TRPC3 accumulation
after depletion of TFII-I. (A)
PC12 cells were transfected
with pMACS Kk.II and specific
(Sp) siRNA, control (C) siRNA,
pCIS2, and human TFII-I as
indicated. H2Kk-expressing
cells were isolated and sub-
jected to cell surface bio-
tinylation. Biotinylated protein
was immunoprecipitated with
streptavidin agarose. Precipi-
tated protein (streptavidin IP)
or whole cell lysates (WCL)
were assayed by immuno-
blotting for TRPC3 or the
cytosolic control protein heme
oxygenase 2 (HO2). (B) Entry
of extracellular calcium was
measured without agonist
treatment in PC12 cells trans-
fected as in Fig. 2C. Extra-

cellular calcium was present for the period indicated by the bar. (C) PC12 cells expressing FLAG-tagged PLC-g1
under doxycycline control (lanes 2 to 5 and 7 to 10) were transfected with myc-tagged TFII-I, TFII-IDNLS, or
pCIS2 as indicated. Untransfected PC12 cells (Lanes 1 and 6) were examined in parallel. Transfected cells,
cultured in the presence (lanes 2 and 7) or absence (lanes 3 to 5 and 8 to 10) of doxycycline, were
biotinylated at the cell surface as in (A). Precipitated protein (lanes 1 to 5) or whole cell lysates (lanes 6 to 10)
were assayed by immunoblotting for TRPC3 and cytosolic (HO2) or surface (CD71) control proteins.
Transfected PLC-g1 and TFII-I were detected with antibodies to FLAG and myc epitopes, respectively. The

histogram indicates the relative ratio of TRPC3 to CD71 in streptavidin precipitates, normalized to the ratio obtained for untransfected PC12 cells.
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and a PH-like region of TRPC3 (6). The ability

of cytosolic TFII-I to modulate calcium entry

prompted us to ask whether TFII-I might also

contain a PH-like domain that could compete

with TRPC3 for binding to PLC-g. We used a

Gestalt domain-detection algorithm (GDDA)

that was designed to increase the sensitivity of

reversed position-specific BLAST (rps-BLAST)

searches (24, 25). Applying the GDDA for PH-

like domains in TFII-I, we found a region that

overlapped the second HLH-like repeat (fig.

S5A). This domain was split by an interval

spanning the tyrosine phosphorylation site at

Y357 that supports binding to the PLC-g SH2

region (Fig. 3A and fig. S6).

PH domains often exhibit selective lipid bind-

ing (26). To extend the computational iden-

tification of a PH-like domain in TFII-I, we

tagged this region with glutathione S-transferase

(GST) and tested for binding to immobilized

lipids. The complete PH-like domain from

TFII-I showed preferential binding to phos-

phatidylinositols (Fig. 3B), whereas other

lipids that are negatively charged at physio-

logical pH, such as phosphatidyl ethanol-

amine, phosphatidyl serine, and sphingosine

1-phosphate, showed no detectable bind-

ing. Binding was reduced by removal of the

N-terminal half of the PH-like domain and

was undetectable when GST alone was used

as a probe (Fig. 3B). Moreover, the PH-like

domain of TFII-I preferred binding di- and

triphosphorylated phosphatidylinositols over

monophosphorylated species (fig. S5B).

We used a yeast two-hybrid assay to test

binding of the TFII-I PH-like domain to the

N-terminal (PHN) and C-terminal (PHC) PH

half domains of PLC-g. A fragment spanning

the N- and C-terminal halves of the TFII-I

PH-like domain (PHN
like

-L-PHC
like

, where L

denotes the linker joining the N- and C-terminal

halves) failed to bind the PLC-g1 PHC domain,

whereas a fragment spanning the N-terminal

half domain alone (PHN
like

) did bind, as as-

sessed by b-galactosidase expression (fig. S5,

C and D). In contrast, the TFII-I C-terminal

half domain (PHC
like

) did not bind (fig. S5, C

and D). Binding of the PLC-g1 PHC domain

to the TFII-I PHN-like domain could only be

detected after deletion of the TFII-I PHC-like

domain. If the TFII-I PHN-like and PHC-like

domains were removed, an interaction could

still be detected between the TFII-I linker

region and the PLC-g1 PHC domain (fig. S5,

C and D).

We thus identified two modes of interac-

tion between TFII-I and PLC-g. To test the

contributions of these binding modalities to

the modulation of ACE, we tested rescue of

the calcium mobilization phenotype in TFII-I–

depleted PC12 cells. TFII-I(YY357, 462FF),

which lacks PLC-g SH2 binding sites, ex-

hibited partial rescue of the calcium entry

phenotype, as did a mutant that lacks the PHN-

like region (fig. S7, A and C). In contrast, the

double mutant, TFII-I(DPHN
like

,YY/FF), did

not restore calcium entry (Fig. 4, B and C),

despite the fact that its abundance was similar

to that of wild type (Fig. 4A). It is not likely

that the debilitating effect of the PHN
like

deletion was caused by structural disruption

of the PH-like domain, because deletion of

the PHC
like

half domain did not impair TFII-I

function in the calcium assay (fig. S7, B and

C). These results suggest a model in which

TFII-I inhibits calcium entry by antagonizing

PLC-g through multiple interactions that are

mediated by phosphotyrosine and the PH-like

domain.

Because PLC-g stimulates calcium influx

by inducing surface accumulation of TRPC3

calcium channels (6), we examined the effect

of TFII-I depletion on TRPC3 surface accu-

mulation in PC12 cells. Depletion of TFII-I

was associated with increased surface accu-

mulation of TRPC3; this increase could be

partially reversed by enforced expression of

human TFII-I isoform 4 (Fig. 5A). Although

TFII-I depletion was also associated with an

increase in total TRPC3 (Fig. 5A), this in-

crease was not accompanied by an increase in

the steady-state accumulation of TRPC3 mRNA

(fig. S8), suggesting a posttranscriptional effect

and in agreement with the ability of cytosolic

TFII-I to rescue the calcium entry phenotype.

Increased surface expression of TRPC3 could

explain the stimulatory effect of TFII-I de-

pletion on calcium entry. Indeed, depletion of

TFII-I was associated with constitutive calcium

entry, which was reversed by human TFII-I

(Fig. 5B). These observations support a mech-

anism in which TFII-I modulates calcium entry

by regulating the density of TRPC3 channels at

the cell surface.

We asked whether TFII-I could counteract

the ability of PLC-g to stimulate surface expres-

sion of TRPC3 by using a PC12 derivative in

which FLAG-tagged PLC-g is induced by doxy-

cycline removal (18). Cells expressing FLAG-

PLC-g exhibited increased surface expression of

TRPC3, and this surface expression increased

further upon doxycycline withdrawal (Fig. 5C).

Thus, the effect of exogenous PLC-g on TRPC3

expression was similar to that of TFII-I depletion

by siRNA treatment. The stimulatory effect of

PLC-g on TRPC3 accumulation could be reversed

by overexpression of Myc-tagged TFII-I or TFII-

IDNLS (Fig. 5C).

We propose a model in which TFII-I fluc-

tuates between Bopen[ and Bclosed[ states (fig.

S9). In the open state, which may be stabilized by

phosphorylation of TFII-I at Y357 by Btk or other

kinases, the TFII-I PHN-like domain and linker

region may interact with the split PH domain of

PLC-g, while phospho-Y357 engages PLC-g

through an SH2 domain. This interaction may

inhibit calcium flux because TFII-I competeswith

TRPC3 for binding to PLC-g. Dephosphorylation

of TFII-I would favor the closed state, freeing

PLC-g to stimulate surface accumulation of

TRPC3. We considered the possibility that the

effect of TFII-I depletion on ACE might reflect

altered expression of genes involved in calcium

entry. Two lines of evidence argue against this.

First, the TFII-IDNLS mutant is excluded from

the nucleus in unstimulated cells, and ACE is

measured within 4 min after agonist treatment,

faster than expected for a transcriptional response.

Second, TFII-IDNLS failed to stimulate transcrip-

tion from a TFII-I–responsive reporter. Thus,

TFII-I joins c-fos as a transcription factor with a

distinct cytosolic function (27, 28). The function

of TFII-I as a negative regulator of ACE is in-

teresting given the association of TFII-I deletion

with the cognitive defects of Williams-Beuren

syndrome (29). Our results may help define a

genetic etiology for this disorder, because defects

in calcium transport have been associated with

other neurobehavioral syndromes (30).
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Cancer Regression in Patients
After Transfer of Genetically
Engineered Lymphocytes
Richard A. Morgan, Mark E. Dudley, John R. Wunderlich, Marybeth S. Hughes,

James C. Yang, Richard M. Sherry, Richard E. Royal, Suzanne L. Topalian,

Udai S. Kammula, Nicholas P. Restifo, Zhili Zheng, Azam Nahvi, Christiaan R. de Vries,

Linda J. Rogers-Freezer, Sharon A. Mavroukakis, Steven A. Rosenberg*

Through the adoptive transfer of lymphocytes after host immunodepletion, it is possible to
mediate objective cancer regression in human patients with metastatic melanoma. However, the
generation of tumor-specific T cells in this mode of immunotherapy is often limiting. Here we
report the ability to specifically confer tumor recognition by autologous lymphocytes from
peripheral blood by using a retrovirus that encodes a T cell receptor. Adoptive transfer of these
transduced cells in 15 patients resulted in durable engraftment at levels exceeding 10% of
peripheral blood lymphocytes for at least 2 months after the infusion. We observed high sustained
levels of circulating, engineered cells at 1 year after infusion in two patients who both
demonstrated objective regression of metastatic melanoma lesions. This study suggests the
therapeutic potential of genetically engineered cells for the biologic therapy of cancer.

I
n the past two decades, fundamental ad-

vances in immunology have introduced

opportunities for the development of cellular-

based therapies for the treatment of cancer

(1, 2). After ex vivo expansion, transfer, and

clonal repopulation in patients who have re-

ceived lymphodepleting conditioning, autol-

ogous tumor-infiltrating lymphocytes (TILs)

have been found to mediate objective cancer

regression in a measurable proportion of pa-

tients with metastatic melanoma (3–5). A

limitation of this approach is the requirement

that patients have preexisting tumor-reactive

cells that can be expanded ex vivo. In ad-

dition, in many cancer patients, especially

those with cancers other than melanoma, it

is difficult to identify these tumor-reactive

lymphocytes. To overcome this limitation,

we set out to develop an approach to cancer

immunotherapy based on the genetic mod-

ification of normal peripheral blood lympho-

cytes (PBLs).

Tumor-associated antigens (TAAs) are rec-

ognized by the T cell receptor (TCR) on the T

lymphocyte surface, which is composed of the

TCR alpha and beta chains (6). The genes en-

coding the TCR that are specific for a variety of

TAA have now been cloned, including the TCR-

recognizing MART-1 and gp100 melanoma/

melanocyte differentiation antigens, the NY-

ESO-1 cancer-testis antigen that is present on

many common epithelial cancers, and an epitope

from the p53 molecule, which is expressed on

the surface of approximately 50% of cancers

of common epithelial origin (7–12). In each

case, these antigens were detected by the TCR

when they were presented as peptides by mole-

cules encoded by the major histocompatibility

complex protein human lymphocyte antigen

(HLA)–A2. In vitro transcribed RNA from four

TAA-reactive TCRs (recognizing MART-1:27–

35, gp100:209–217, NY-ESO-1:157–165, and

p53:264–272) were electroporated into CD8þ

PBLs, which were then cocultured with peptide-

pulsed T2 cells. These transfected cells produced

large amounts of interferon-g (IFN-g) upon stim-

ulation with their respective peptides (Fig. 1A)

and were able to recognize HLA-A2–matched

tumors, including melanoma, lung cancer,

and breast cancer (table S1). Furthermore,

transduction with these TCR-encoding retro-

viral vectors converted normal PBLs into

cells capable of specifically recognizing and

destroying both fresh and cultured cells from

multiple common cancers (such as sarcoma

and breast, lung, esophagus, and liver cancers)

in vitro (9–12).

Surgery Branch, Center for Cancer Research, National Cancer

Institute, National Institutes of Health, 10 Center Drive,
Bethesda, MD 20892, USA.

*To whom correspondence should be addressed. E-mail:
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Table 1. Patient demographics, treatments received, and clinical outcome. Ln, lymph node; Cu, cutaneous; Sub, subcutaneous; Li, liver; Lu, lung; Ad, adrenal;
Pa, pancreas; Br, brain; Hi, hilum. NR, no response; PR, partial response; MR, minor or mixed response.

Cohort Patient Age/sex

Total cells

infused

(�10–9)

CD4/CD8

(%)

VB12

(%)

MART-1

cells infused

(�10–9)‡

Days in

culture

Doubling time

(days)†

IL-2

doses§

Sites of

evaluable

disease

Response

(duration in

months)¬

1 1 28/M 11.0 27/73 67 7.4 19 8.7 7 Ln, Cu NR
2a* 44/F 13.0 3/95 64 8.3 19 11.9 10 Ln, Cu NR

3 58/M 14.0 17/82 35 4.9 19 10.0 11 Cu, Sub NR

2 4 52/M 1.0 50/50 42 0.5 6 1.4 9 Li, Sub PR(21)

5 50/M 12.0 18/82 17 2.2 8 1.0 7 Lu, Ln, Sub NR
6 55/F 7.0 37/72 51 3.6 7 1.3 8 Lu, Ln NR

7 56/M 9.0 75/21 40 3.6 7 1.0 5 Lu, Ln NR
8 37/M 6.1 68/40 32 1.9 7 1.3 12 Lu, Ln NR

9 53/M 4.2 72/24 41 1.7 7 2.0 9 Ln, Ad, Sub MR
10 45/M 8.6 53/30 34 2.9 6 0.6 5 Ln, Sub

11 45/M 6.3 7/92 45 2.8 6 0.8 5 Lu, Pa, Ln NR
12 32/F 4.7 30/60 61 2.9 6 0.7 5 Br, Sub NR

13 41/M 7.7 40/67 42 3.2 6 0.9 7 Lu, Sub NR
2b* 44/F 2.1 30/59 53 1.1 6 1.9 14 Ln, Cu NR

3 14 30/M 86 11/60 40 34.4 18þ9 0.9 5 Hi PR(20)

15 51/M 38 16/82 45 17.1 18þ9 3.3 8 Lu NR
16 25/F 33 13/76 21 6.9 18þ9 1.2 2 Lu, Li, Sub NR

17 20/F 23 17/78 30 6.9 17þ8 1.1 3 Lu, Ln, Sub NR

*This patient was treated twice; treatments were separated by 7 months. †Determined based on cell counts in the 2 days before infusion. ‡Total cells infused multiplied by
%Vb12. §720,000 international units/kg every 8 hours. All patients were previously refractory to treatment with IL-2 alone. ¬Based on RECIST criteria.
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To investigate the ability of genetically en-

gineered PBLs to recognize and destroy tumor

cells in vivo, we transduced PBLs derived from

patients with melanoma with the genes en-

coding the alpha and beta chains of the anti–

MART-1 TCR. These genes were cloned from

a TIL clone obtained from a cancer patient who

demonstrated a near complete regression of

metastatic melanoma after adoptive cell transfer

(ACT) of TILs (5). A retroviral vector was con-

structed and optimized to express the MART-1

TCR alpha and beta chains (Fig. 1B) (13). Gene

transfer efficiency, assessed by staining for the

specific Vb12 protein in this TCR, resulted in

expression in 30% of the transduced CD8þ

cells (Fig. 1C), as compared with È1% of un-

transduced control cell cultures (gene transfer

was about equally divided between CD4 and

CD8 cells). Fifteen percent of the transduced

CD8þ cells bound the MART-1 peptide-specific

HLA-A*0201 tetramer (Fig. 1C and table S2).

The TCR-transduced cells were biologically

active, as demonstrated by the specific secretion

of IFN-g after coculture with both MART-1

peptide-pulsed cells and HLA-A2 positive mel-

anoma cell lines (Fig. 1D).

To investigate the in vivo efficacy of these

MART-1 TCR-engineered T cells, we selected

17 HLA-A*0201 patients with progressive meta-

static melanoma (Table 1) for treatment. Can-

cers in all patients were refractory to previous

therapy with interleukin-2 (IL-2). T cell cul-

tures from all 17 patients were biologically

reactive, with specific secretion of IFN-g af-

ter coculture with either MART-1 peptide-

pulsed T2 cells and/or melanoma cell lines

expressing the MART-1 antigen (Fig. 1E).

Gene transfer efficiencies measured by stain-

ing for Vb12 expression in these lymphocytes

ranged from 17 to 67% (42%, mean value)

(Table 1 and table S2).

Patients received ACT treatments with MART-

1 TCR-transduced autologous PBLs at a time of

maximum lymphodepletion (13). Three patients

in an initial cohort were treated with cells after

an extended culture period of 19 days and had

cell doubling times ranging from 8.7 to 11.9

days (Table 1, cohort 1, patients 1, 2a, and 3).

In these patients, G10% of the transduced cells

persisted across the time points tested during

the first 30 days after infusion, and e2% of the

cells persisted beyond 50 days (Fig. 2A). These

first three patients showed no delay in the

progression of disease.

In an effort to administer gene-modified lym-

phocytes that were in their active growth phase,

the culture conditions were modified (13) to

limit the ex vivo culture period to between 6 and

9 days after stimulation of cells with antibody to

CD3 (Table 1, cohort 2, cell doubling times of

e2 days). In another cohort, larger numbers of

actively dividing cells for ACT were generated

by performing a second rapid expansion protocol

(14) after 8 to 9 days (Table 1, cohort 3, cell

doubling times from 0.9 to 3.3 days). In contrast

Fig. 1. Transduction and analysis of TCR-engineered cells. (A) CD8þ human lymphocytes were
electroporated with RNA encoding control [green fluorescent protein (GFP)] or cloned TCRs reactive
with HLA-A2 restricted epitopes from the human TAAs MART-1, gp100, NY-ESO-1, and p53. Effector
T cells were cocultured with T2 cells pulsed with 1 mM of the indicated peptide (values are expressed
as IFN-g in pg/ml). Values demonstrating the specific release of cytokine are in bold. (B) Diagram
of the recombinant retroviral vector MSGV1AIB used to engineer human lymphocytes. LTR, long
terminal repeat; Y, extended packaging signal; sd, splice donor; sa, splice acceptor; Alpha, alpha
chain; IRES, internal ribosomal entry site; Beta, beta chain. (C) Transduced (Td) lymphocytes were
analyzed 5 days after transduction for the expression of Vb12 and MART-1 tetramer [Ala27YLeu27

(A27L)] in CD8þ cells in comparison with untransduced (UnTd) cells. Numbers in the upper-right
corners indicate the percentage of positive cells in that quadrant. (D) TCR vector-engineered cells
from patient 6 (TCR) were cocultured with MART-1 peptide-pulsed T2 cells, HLA-A2– melanoma line
(Mel 888), or HLA-A2þ melanoma line (Mel 526), and the amount of IFN-g produced was
determined. Control effectors were untransduced cells (PBL) and the MART-1–reactive TIL JKF6
(JKF6). (E) Anti-melanoma properties of genetically engineered lymphocytes were determined for
all patients before infusion. The production of IFN-g (pg/ml) after coculture with peptide-pulsed T2
cells (Peptide Reactivity) and anti-melanoma activity (Tumor Reactivity) for HLA-A2þ lines (526 and
624) and HLA-A2– lines (888 and 938).
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Fig. 2. Persistence of gene-marked cells. DNA extracted from
peripheral blood mononuclear cells (PBMCs) was subjected to
real-time quantitative PCR to determine the percentage of vector-
transduced cells in patient circulation at various times after
infusion. Each line represents data from a separate patient. (A)
Cohort 1; (B) Cohort 2; (C) Cohort 3. (D) Mean value of the
percentage of gene-marked cells for all patients in each cohort at
the given time interval after treatment. (E) The percentage of
CD8þ/ Vb12þ cells in the intermediate gate (13) for patients in
cohorts 2 and 3 is shown. (F) The percentage of CD8þ/MART-1þ

tetramer cells was determined for patients in cohorts 2 and 3 at
the times shown. Pretreatment values for each patient are plotted
as day 0 after infusion.

Fig. 3. Cancer regression in two patients. (A) Computed tomography (CT)
images of liver metastasis in patient 4 taken at pretreatment, 1 month, and
10 months after treatment with TCR-engineered T cells. (B) Size of liver and
axillary tumors and tempo of regression of tumor sites in patient 4. Day 0,
beginning of treatment. L Axill LN, left axillary lymph node. (C) CT images of
hilar lymph node metastasis in patient 14; pretreatment, day 0, and 2

months and 12 months after treatment. The white arrow indicates the mass
in the lung hilum. (D) Size of tumor and tempo of regression in patient 14.
(E) Quantitation of gene-marked cells in the PBMCs of patients 4 and 14 was
determined by real-time quantitative PCR. Pt, patient. Day of infusion (Inf.)
indicated by arrow. (F) The percentage of CD8þ/Vb12þ cells in the
intermediate gate (13) in the circulation of patients 4 and 14.
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to the lack of cell persistence seen in cohort 1

patients (Fig. 2A), patients in cohorts 2 and 3

(Fig. 2, B to D) all exhibited persistence of the

transduced cells at 99% at 1 and 4 weeks after

treatment (range, 9 to 56%). All eight patients

who provided samples 950 days after treat-

ment exhibited cell persistence of 917%, and

this level of persistence was durable in seven

patients during a 990-day monitoring period.

In one patient (patient 14), 960% of circulat-

ing lymphocytes were positive for the gene-

marked cells (Fig. 2C).

In 14 patient samples tested at one month

after ACT, quantitative reverse transcription

polymerase chain reaction (RT-PCR) assays

revealed the presence of vector-derived RNA,

confirming that gene expression continued

(table S3). All but one of 15 patients analyzed

had increased levels of CD8þ/Vb12 cells at 1

week after treatment, and the levels of 11 of the

15 patients were higher at 1 month as compared

to pretreatment levels (Fig. 2E). Of 13 patients

that were examined, all had increased MART-1

tetramer-binding cells after treatment (Fig. 2F),

and 11 of 14 had increased numbers of

enzyme-linked immunosorbent spot–positive

cells (table S4).

There was, however, a discordance between

the mean persistence of transduced cells at 1

month in cohorts 2 and 3 measured by PCR

(26%) as compared to the measurement of

Vb12-expressing cells (8.1%) and of MART-1

tetramer-binding cells (0.8%). This discor-

dance may in part be due to mispairing of

the introduced TCR chains with the endoge-

nous chain, as well as to the different sensi-

tivities of the assays. The reduced expression of

the transgene in the persisting cells at Q1 month

may also be a function of the described de-

crease (15) in the transcription of retrovirally

inserted trangenes and the decline in metabolic

activity during the conversion of activated cells

to memory cells. This decrease in expression of

the retroviral transgene would be expected to

affect the measurement of tetramers, which re-

lies on the aggregation of multiple receptors,

more heavily than the detection of Vb12 cells

directly by antibody staining.

Most important, two patients demonstrated a

sustained objective regression of their metastatic

melanoma assessed by standard criteria Eresponse

evaluation criteria in solid tumors (RECIST)^

(16). Patient 4, a 52-year-old male, had previ-

ously received treatment with interferon-a

(IFN-a), a lymph node dissection, an experi-

mental vaccine, and high-dose IL-2. The patient

then developed progressive disease in the liver

(4.4- by 3.3-cm mass) and axilla (1.3- by 1.2-cm

mass). After treatment with the ACT protocol

described above, he experienced complete re-

gression of the axillary mass and an 89% re-

duction of the liver mass (Fig. 3, A and B), at

which time it was removed. He remains clin-

ically disease-free at 21 months after treatment.

Patient 14, a 30-year-old male, previously re-

ceived treatment consisting of a lymph node

dissection, IFN-a, and high-dose IL-2. He

developed an enlarging 4.0- by 2.5-cm mass in

the lung hilum. After ACT treatment, he un-

derwent regression of the hilar mass and is now

clinically disease-free 20 months later (Fig. 3, C

and D). Thus, two patients with rapidly pro-

gressive metastatic melanoma showed full clin-

ical regression of disease after the transfer of

genetically engineered autologous PBLs.

In responding patients 4 and 14, the number

of gene-marked cells in the circulation (assumed

to be 1% of total body lymphocytes) increased

by factors of 1400 and 30, respectively, as

compared to the number of infusion cells. At 1

year after infusion, both responding patients had

sustained high levels (between 20 and 70%) of

circulating gene-transduced cells (Fig. 3E). This

high level of gene-marked cells was confirmed

in patient 4 by limiting dilution T cell cloning of

circulating lymphocytes at 1 year after treat-

ment, which revealed that 42% (33 out of 79)

of T cell clones contained the transgene as

assessed by the PCR assay. These two patients

also displayed Vb12 cells that were detectable

by antibody staining between 12 and 16% for

9300 days after treatment (Fig. 3F). Patients 4

and 14 were also two of four patients who had

91% of circulating tetramer positive cells

detectable for 915 days after cell infusion

(Fig. 2F), and these two patients demonstrated

anti-TAA reactivity in ex vivo coculture as-

says (table S5). No toxicities in any patient

were attributed to the gene-marked cells.

Although the genetically modified transferred

cells exhibited decreased expression of the

transgene with time in vivo, the functional

activity was apparently sustained at a level

sufficient to mediate the tumor regression that

was seen.

Approaches to increase the expression and

function of the transgene are being studied, in-

cluding the possible use of lentiviral vectors,

the use of more powerful promoters specific to

T cells, the use of higher-affinity TCRs that can

mediate CD8 independent antitumor reactivity

in CD4 cells, the further optimization of T cell

transduction methods, and the production of

higher titer clinical-grade viruses. Approaches

to prevent chain mispairing may include modi-

fication of the TCR constant regions, the

insertion of single-chain receptors (17), or the

genetic modification of hematopoietic stem

cells (18). Because tumor specificity can be

conferred on bulk PBL populations with high

efficiency, it may be possible to select sub-

populations of PBLs that have distinct anti-

tumor qualities. Further genetic modification

of PBLs to insert cytokine or tissue-homing

molecules may be beneficial. Mouse models

predict that increased lymphodepletion, either

by the addition of total body irradiation to the

preparative regimen or by the administration

of a vaccine containing the antigen recognized

by the transduced TCR, can also enhance treat-

ment effectiveness (19, 20), and these modifi-

cations are currently being explored in clinical

trials.

In human subjects, normal autologous T

lymphocytes, transduced ex vivo with anti-

TAA–TCR genes and reinfused in cancer

patients, can persist and express the transgene

for a prolonged time in vivo and mediate the

durable regression of large established tu-

mors. Although the response rate (2 out of 15

patients or 13%) seen in cohorts 2 and 3 is

lower than that achieved by the infusion of

autologous TILs (50%), this method has po-

tential for use in patients for whom TILs are

not available. Engineering PBLs to express

high-affinity TCRs recognizing the NY-ESO-1

or p53 antigens (Fig. 1A and table S1) enables

the in vitro recognition of TAAs expressed on a

variety of common cancers, and the use of

these genetically engineered cells for the treat-

ment of patients with common epithelial can-

cers deserves evaluation.
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Ubiquitinated TDP-43 in
Frontotemporal Lobar Degeneration
and Amyotrophic Lateral Sclerosis
Manuela Neumann,1,11* Deepak M. Sampathu,1* Linda K. Kwong,1* Adam C. Truax,1

Matthew C. Micsenyi,1 Thomas T. Chou,2 Jennifer Bruce,1 Theresa Schuck,1 Murray Grossman,3,4

Christopher M. Clark,3,4 Leo F. McCluskey,3 Bruce L. Miller,6 Eliezer Masliah,7

Ian R. Mackenzie,8 Howard Feldman,9 Wolfgang Feiden,10 Hans A. Kretzschmar,11

John Q. Trojanowski,1,4,5 Virginia M.-Y. Lee1,4,5†

Ubiquitin-positive, tau- and a-synuclein–negative inclusions are hallmarks of frontotemporal
lobar degeneration with ubiquitin-positive inclusions and amyotrophic lateral sclerosis. Although
the identity of the ubiquitinated protein specific to either disorder was unknown, we showed
that TDP-43 is the major disease protein in both disorders. Pathologic TDP-43 was hyper-
phosphorylated, ubiquitinated, and cleaved to generate C-terminal fragments and was
recovered only from affected central nervous system regions, including hippocampus, neocortex,
and spinal cord. TDP-43 represents the common pathologic substrate linking these
neurodegenerative disorders.

U
biquitination of misfolded proteins

that aggregate in the cytoplasm and/

or nucleus of central nervous system

(CNS) neurons is a key characteristic of neu-

rodegenerative diseases (1). Misfolded dis-

ease proteins have been identified in many

neurodegenerative disorders, but the identi-

ties of the ubiquitinated disease protein(s) in

UBIs (defined here as ubiquitinated cyto-

plasmic, nuclear, and neuritic inclusions) in

frontotemporal lobar degeneration (FTLD-

U), the most common frontotemporal de-

mentia (FTD) (2–5), and amyotrophic lateral

sclerosis (ALS) are enigmatic. FTDs are

clinically, genetically, and pathologically

heterogeneous, but they are the most com-

mon cause of dementia under age 65 after

Alzheimer_s disease (AD) (6, 7). FTDs present

with progressive changes in social, behavioral,

and/or language dysfunction (7–9), and some

patients also develop parkinsonism or motor

neuron disease (MND) (2, 10). Conversely,

ALS, a form of MND, is often associated with

FTD (10), with UBIs identical to FTLD-U (6).

Thus, clinical and pathological overlap in

FTLD-U and ALS suggest they represent

different manifestations of the same neuro-

degenerative disorder.

More than 30% of FTDs are familial, and

many kindreds show linkage to chromosome

17 (6, 11, 12). However, FTD with parkin-

sonism linked to chromosome 17 (FTDP-17)

usually shows tau pathology caused by

pathogenic mutations in the microtubule-

associated protein tau gene (MAPT) (13, 14),

FTDP-17T, but several FTDP-17 families are

characterized by UBIs (FTDP-17U) without

MAPT mutations (15–17). Recently, mutations

in the progranulin gene (PGRN) were shown to

be pathogenic for FTDP-17U (11, 12). Be-

cause PGRN is not incorporated into UBIs in

FTDP-17U (11, 12), the FTLD-U disease protein

remains to be identified.

On the basis of immunohistochemistry with

ubiquitin and novel monoclonal antibodies

(mAbs), at least three FTLD-U subtypes (types
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Fig. 1. Identification of
TDP-43 as the major dis-
ease protein in UBIs of
FTLD-U. (A to D) mAb
182 specifically labeled
neuritic UBIs in FTLD-U
type 1 [(A) and (B)],
whereas mAb 406 immu-
nostained UBIs in FTLD-U
type 2 cases [(C) and (D)].
Scale bar in (A) corre-
sponds to 25 mm for (A)
to (D). (E) mAbs 182 and
406 detected disease-
specific bands È24 kD
and È26 kD, respec-
tively, in frontal gray matter urea frac-
tions of FTLD-U type 1 and type 2 but
not in those of AD or CO, whereas tau
mAbs T14/46 detected only hyper-
phosphorylated AD tau. (F) Amino
acid sequence of TDP-43 (accession
no. NP_031401, Entrez Protein) depict-
ing the two RNA-recognition motifs
(underlined), glycine-rich sequence
(boxed), and peptide sequences iden-
tified through LC-MS/MS analysis (red
highlights).
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1 to 3) have been identified (18), suggesting

that either different disease proteins or mod-

ifications of a single protein could underlie

FTLD-U variants. Additional mAbs specific

for distinct FTLD-U subtypes were generated

(19), and mAb 182 was highly specific for

UBIs in FTLD-U type 1 (Fig. 1, A and B, and

table S1, nos. 1 to 12), whereas mAb 406

specifically labeled UBIs in FTLD-U type 2

cases (Fig. 1, C and D, and table S1, nos. 13 to

26). To further characterize the disease

protein(s) recognized by mAbs 182 and 406,

we performed immunoblots on urea fractions

from FTLD-U types 1 and 2 brains. Notably,

mAb 182 recognized an È24-kD band in the

urea fraction of type 1 that was not present in

type 2, AD, or normal (CO) brains, whereas

mAb 406 detected an È26-kD band in FTLD-

U type 2, but not in type 1, AD, or CO (Fig.

1E). As expected, tau antibodies detected

insoluble pathological tau in AD but not in

FTLD-U type 1, type 2, or CO (Fig. 1E), and

mAbs 182 and 406 did not detect the 24- and

26-kD bands in FTLD-U type 3 and FTDP-

17U cases.

To determine the identity of the 24- and

26-kD protein bands recognized by mAbs

182 and 406, respectively, we performed two-

dimensional polyacrylamide gel electropho-

resis (2D PAGE) immunoblots by using urea

fractions from types 1 and 2 brains. MAbs

182 and 406 immunolabeled protein spots

È25 kD with a pI È 3.5 (fig. S1, A and C).

The same spots were identified on duplicate

Coomassie Blue–stained 2D PAGE gels (fig.

S1, B and D) and analyzed by liquid

chromatography–tandem mass spectrometry

(LC-MS/MS). The same three peptides cor-

responding to amino acid residues 252 to

263, 276 to 293, and 409 to 414 of the TAR-

DNA-binding protein 43 (TDP-43) were

identified (Fig. 1F). Notably, the 409-414

peptide is at the extreme C terminus of TDP-

43, suggesting that both 24- and 26-kD

fragments are truncated in the middle of

TDP-43 and extend to its C terminus.

The human gene encoding TDP-43 (TARDP)

on chromosome 1 was cloned and shown to

bind a polypyrimidine-rich motif in the HIV

transactive response DNA (20), but it was later

identified independently as part of a complex

involved in the splicing of the cystic fibrosis

transmembrane conductance regulator gene

(21). TDP-43 contains two RNA-recognition

motifs as well as a glycine-rich C-terminal se-

quence (22) (Fig. 1F) and is widely expressed

in tissues, including heart, lung, liver, spleen,

kidney, muscle, and brain (21). Because the

same peptides were recovered from protein

spots detected by mAbs 182 and 406, this sug-

gests that both mAbs recognize specific con-

formations or posttranslational modifications of

a C-terminal breakdown and/or cleavage pro-

duct of TDP-43 unique to FTLD-U type 1 and

2, respectively.

Fig. 2. Spectrum of FTLD-U neuropathology detected by anti–TDP-43. Immunohistochemistry of FTLD-U
frontal cortex with anti–TDP-43 reveals robust staining of UBIs in FTLD-U (A) type 1, (B) type 2, (C) type
3, and (D) HDDD2. (E and F) Strong staining of UBIs (arrowheads) in hippocampal dentate granule
neurons. Note clearing of nuclear TDP-43 (arrows) in UBI-bearing neurons compared that of with normal
neurons (*). TDP-43–positive lentiform (H) and round (G) intranuclear UBIs in HDDD2 and Lewy body–
like round inclusions in motor neurons of spinal cord (I). Scale bar in (A) corresponds to 50 mm [(A) to
(D) and (G)], 25 mm [(E) and (F)] and 20 mm [(H) and (I)].

Fig. 3. Biochemical
analyses of TDP-43 in spo-
radic and familial FTLD-U.
(A) Immunoblots of se-
quential extracts from
frontal cortex of FTLD-U
types 1 and 2 with rabbit
anti–TDP-43 showed path-
ologic È25-kD bands (*),
45-kD bands (**), and
high Mr smear (***) in
the urea fraction. Lane 1,
low salt; 2, high salt with
triton x-100; 3, sarkosyl;
4, urea. (B) Immunoblots
of urea fractions from hip-
pocampal and temporal
cortex of FTLD-U types 1
to 3 and frontal cortex of
FTDP-17U showed the dis-
tinct pathological profile
of TDP-43 not present in
other neurodegenerative
diseases or CO. (C) De-
phosphorylation of FTLD-
U urea extracts collapsed
the 45-kD band into the
43-kD band and sepa-
rated truncated TDP-43
into four immunoreactive
È23- to È27-kD bands.
(D) Immunoprecipitation
of FTLD-U urea extract
with anti–TDP-43 followed
by immunoblotting with
anti–TDP-43 (lane 2) and
ubiquitin (Ub1B4) (lane 3)
antibodies revealed that
TDP-43 is ubiquitinated.
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Double-labeling immunofluorescence stud-

ies showed that TDP-43 antibodies (anti–TDP-

43) strongly immunolabeled UBIs detected by

mAb 182 in FTLD-U type 1 cases and by mAb

406 in FTLD-U type 2 cases (fig. S2, A to F).

Surprisingly, anti–TDP-43 robustly labeled

UBIs that were not detected by mAbs 182 and

406 in FTLD-U type 3 cases, as well as UBIs in

familial FTDP-17U brains (fig. S2, G to L).

Anti–TDP-43 detected at least as many UBIs as

ubiquitin antibodies or mAbs 182 and 406 in

these FTLD-U brains.

Robust anti–TDP-43 staining was observed

in affected cortical regions of FTLD-U type 1

(Fig. 2A and fig. S3, A and E), type 2 (Fig. 2B

and fig. S3, B and F), and type 3 (Fig. 2C and

fig. S3, C and G) cases, with the distinct mor-

phology and distribution pattern characteristic

of each of these FTLD-U subtypes (18). TDP-

43–positive UBIs resembling those described

for FTLD-U type 3 were detected in two sepa-

rate FTDP-17U pedigrees EUBC-17 (16) and

HDDD2 (17)^ (Fig. 2D and fig. S3, D and H).

Furthermore, strong TDP-43 staining was

observed in UBIs of hippocampal dentate gran-

ule cells (Fig. 2, E and F) and in intranuclear

UBIs characteristic of FTDP-17U cases (Fig. 2,

G and H). Notably, TDP-43 was detectable in

the nuclei of unaffected neurons but absent in

nuclei of neurons with UBIs (asterisks, arrows,

and arrowheads in Fig. 2, E and F), suggesting

that TDP-43 redistributes from nucleus to cyto-

plasm in affected neurons. Furthermore, anti–

TDP-43 labeled UBIs in the motor neurons of

spinal cord and brain stem in FTLD-U cases with

and without clinical signs of MND (Fig. 2I).

Diagnostic inclusions of other neurodegenera-

tive disorders were uniformly TDP-43–negative

(fig. S3, I to T). Thus, TDP-43 is a highly spe-

cific disease protein found in neuronal UBIs of

all FTLD-U subtypes and FTDP-17U.

To characterize TDP-43 protein biochem-

ically, we sequentially extracted cortical gray

matter from FTLD-U and FTDP-17U brains

with buffers of increasing strength and analyzed

the samples by immunoblot. Whereas full-length

TDP-43 protein was present in all soluble and

insoluble fractions of FTLD-U type 1 and type 2

as well as AD and CO, a strong labeling ofÈ25-

kD bands similar to those detected by mAbs 182

and 406 was only detectable in the urea fractions

of FTLD-U types 1 and 2, respectively (single

asterisk in Fig. 3A). Further, a higher È45-kD

band and a high relative molecular mass (M
r
)

smear were recognized by anti–TDP-43 in the

urea fractions of the FTLD-U brains compared

with those of AD and CO (double and triple

asterisks in Fig. 3A). Analyzing urea fractions

extracted from hippocampus or frontal cortex

of multiple FTLD-U brains demonstrates that

this disease-specific TDP-43 signature was ob-

served in all FTLD-U subtypes and familial

FTDP-17U except in unaffected regions (e.g.,

cerebellum), and it was FTLD-U specific be-

cause it was not detected in CO or in other

neurodegenerative disorders (e.g., AD and

FTDP-17T) (Fig. 3B). Thus, the signature of

pathological TDP-43 in FTLD-U includes the

presence of C-terminal breakdown and/or cleav-

age products migrating at È25 kD, a È45-kD M
r

variant, and a high-M
r
TDP-43-immunoreactive

smear, although quantities of pathological spe-

cies of TDP-43 varied, possibly reflecting the

extent of UBIs in diverse brain regions of dif-

ferent FTLD-U cases.

To determine what accounts for these

disease-specific alterations of TDP-43 and

because TDP-43 contains numerous potential

phosphorylation sites, we next investigated the

phosphorylation state of TDP-43 in FTLD-U.

Dephosphorylation of urea fractions of FTLD-U

brains showed collapsing of the 45-kD band

into a 43-kD band (Fig. 3C) and separated the

two C-terminal fragments into at least four

distinct TDP-43 immunobands (Fig. 3C). Thus,

Fig. 4. UBIs in sporadic ALS were detected by anti–TDP-43. Double-label immunofluorescence with
anti-ubiquitin (A and D) and anti–TDP-43 (B and E) showed colocalization in round (C) and
skeinlike UBIs in spinal cord motor neuron (F). Merge images are shown in (C) and (F).
Immunostaining with anti–TDP-43 labeled Lewy body–like (G), round (H), and skeinlike inclusions
(I) in motor neurons of the spinal cord. Cytoplasmic UBIs in hippocampal dentate granule neurons
(J) and few UBIs in frontal cortex (K) were also stained by TDP-43 (asterisk, normal nuclear
staining; arrows, absence of nuclear staining in UBI-bearing neurons; arrowheads, UBIs). Scale bar
in (A) corresponds to 25 mm [(A) to (I)]; scale bar in (J) corresponds to 50 mm [(J) and (K)]. (L)
Immunoblots of urea fractions from frontal cortex (FC), temporal cortex (TC), and spinal cord (SC) of
ALS cases probed with anti–TDP-43 demonstrated variable presence of the pathologic C-terminal
fragments (*), 45-kD bands (**), and high Mr smear (***). (M) Immunoblots of dephosphorylated
ALS urea extracts with anti–TDP-43 revealed collapse of the 45-kD band into the 43-kD band and
increase in complexity of truncated TDP-43-immunoreactive bands È23 to 27 kD.
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abnormal hyperphosphorylation of TDP-43

might play a role in FTLD-U pathogenesis.

Because UBIs are defined by ubiquitin immu-

nohistochemistry, we asked whether TDP-43 re-

covered from urea fractions of FTLD-U brains is

ubiquitinated, and this was shown to be the case

by immunoprecipitation studies using the rabbit

polyclonal anti–TDP-43 followed by immunoblot

analyses with both anti–TDP-43 and ubiquitin

antibodies (Fig. 3D).

FTLD-U and ALS have been suggested to

be part of a clinicopathological spectrum (23),

sharing similar pathogenic mechanisms that af-

fect different populations of CNS neurons. We

examined classic ALS cases for the presence of

TDP-43–positive UBIs (table S1, nos. 54 to

72). Although none of the inclusions typical of

ALS were detected by mAbs 182 and 406, all

UBIs (including skeinlike, round, and Lewy

body–like inclusions) in motor neurons of ALS

were robustly double-labeled by TDP-43 and

ubiquitin antibodies (Fig. 4, A to F) and by

single-label TDP-43 immunohistochemistry (Fig.

4, G to I). A significant number of ALS patients

demonstrate UBIs in hippocampus and frontal

and temporal cortex (23), which were also im-

munolabeled by TDP-43 (Fig. 4, J and K).

Immunoblots of urea fractions of spinal cord

as well as frontal and temporal cortices of ALS

cases demonstrated a disease-specific signature

for TDP-43 similar to that described above for

FTLD-U (Fig. 4L). Dephosphoryation of the

urea fractions showed that the 45-kD band in

ALS corresponds to pathologically hyperphos-

phorylated TDP-43 as in FTLD-U (Fig. 4M).

However, because the presence of UBIs in ALS

cases is more variable than their presence in

FTLD-U, not all brain regions examined in all

cases exhibited pathological TDP-43.

These studies identify TDP-43 as the major

disease protein in the signature UBIs of FTLD-

U and ALS. Although pathologically altered

TDP-43 proteins were present in all sporadic

and familial FTLD-U as well as ALS cases,

there were subtle differences in these abnormal

TDP-43 variants among the three FTLD-U sub-

types, which may be the result of similar but

not identical pathogenic mechanisms. The dif-

ferential distribution of UBIs detected by

ubiquitin antibodies in FTLD-U subtypes (18)

supports this view.

TDP-43 is a ubiquitously expressed, highly

conserved nuclear protein (24) that may be a

transcription repressor and an activator of exon

skipping (21, 25, 26) as well as a scaffold for

nuclear bodies through interactions with sur-

vival motor neuron protein (27). TDP-43 is

normally localized primarily to the nucleus, but

our data indicate that, under pathological con-

ditions in FTLD-U, TDP-43 is eliminated from

nuclei of UBI-bearing neurons, a consequence

of which may be a loss of TDP-43 nuclear func-

tions. Moreover, nuclear UBIs are rare in spo-

radic FTLD-U because most pathological TDP-43

accumulates in neuronal cell bodies or their

processes, and it is unclear whether physiolog-

ical TDP-43 is present at significant quantities

in the cytoplasm, axons, and dendrites of nor-

mal neurons. Lastly, both FTDP-17U pedigrees

examined here contain PGRN gene mutations

(11), but the relation between TDP-43 and

PGRN, which encodes a secreted growth factor

involved in the regulation of multiple processes

in development, wound repair, and inflamma-

tion (28), remains unclear.

The identification of TDP-43 as the major

component of UBIs specific to sporadic and fa-

milial FTLD-U as well as sporadic ALS resolves

a long-standing enigma concerning the nature of

the ubiquitinated disease protein in these dis-

orders. Thus, these diseases may represent a

spectrum of disorders that share similar path-

ological mechanisms, culminating in the pro-

gressive degeneration of different selectively

vulnerable neurons. These insights into the mo-

lecular pathology of FTLD-U and ALS can ac-

celerate efforts to develop better therapies for

these disorders.
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Infectious Prions in the Saliva
and Blood of Deer with Chronic
Wasting Disease
Candace K. Mathiason,1 Jenny G. Powers,3 Sallie J. Dahmes,4 David A. Osborn,5 Karl V. Miller,5
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A critical concern in the transmission of prion diseases, including chronic wasting disease (CWD)
of cervids, is the potential presence of prions in body fluids. To address this issue directly, we
exposed cohorts of CWD-naı̈ve deer to saliva, blood, or urine and feces from CWD-positive deer.
We found infectious prions capable of transmitting CWD in saliva (by the oral route) and in blood
(by transfusion). The results help to explain the facile transmission of CWD among cervids and
prompt caution concerning contact with body fluids in prion infections.

T
he prion diseases, or transmissible

spongiform encephalopathies (TSEs), are

chronic, degenerative, neurological dis-

eases with uniformly fatal outcomes. TSEs are

characterized by the conversion of the normal

cellular prion protein (PrPc) to an aberrant

insoluble partially protease-resistant isoform

(PrPres). CWD, a transmissible spongiform

encephalopathy of cervids (deer, elk, and

moose), was first observed in the 1960s in

captive deer and free-ranging deer and elk

in northeastern Colorado and southeastern
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Wyoming (1–4). CWD has now been identi-

fied in 14 states in the United States and two

Canadian provinces. Despite its facile transmis-

sion, the exact mode of CWD infection has not

been determined. Indeed, surprisingly little is

known about the transmission of naturally oc-

curring TSEs. For example, scrapie in sheep

has been recognized for centuries, yet the pre-

cise mode of natural transmission remains un-

clear (5, 6).

To determine whether infectious prions ca-

pable of transmitting CWD are present in

body fluids and excreta of CWD-infected deer

(CWDþ), we exposed four cohorts (numbered

1 to 4, n 0 3 to 4 per cohort) of 6-month-old

CWD-naBve hand-raised white-tailed deer

(Odocoileus virginianus) fawns from Georgia,

United States (Table 1) to blood, saliva, a com-

bination of urine and feces, or brain from free-

ranging or captive CWDþmule deer (Odocoileus

hemionus) from Colorado, United States (tables

S1 and S2). A control cohort (cohort 5, n 0 2)

received matching inocula collected from con-

firmed CWD-negative white-tailed deer (O.

virginianus) from Georgia, United States. Be-

cause polymorphism in the normal prion

protein gene (PRNP) may influence CWD

susceptibility or incubation time in white-

tailed deer, PRNP codon 96 genotype for

each deer was determined (table S2) (7).

The deer fawns were housed in separate

isolation suites under strict isolation condi-

tions to exclude adventitious sources of prion

exposure Esupporting online material (SOM)

text^, thus permitting conclusions based on

only the point-source exposure. After inocu-

lation, the deer were monitored for CWD in-

fection by serial tonsil biopsy performed at 0,

3, 6, and 12 months postinoculation (pi), and

at termination (18 to 22 months pi). Equal

portions of tissue were collected and stored

(–70-C or fixed in 10% formalin) at each serial

collection time point (tonsil) and at study ter-

mination (palantine tonsil, brain, and retro-

pharyngeal lymph nodes) for the detection of

the protease-resistant abnormal prion protein

associated with CWD (PrPCWD) (8).

Serial tonsil biopsy of each recipient deer

revealed that infectious CWDprionswere present

in saliva and blood from CWDþ donor deer

(Table 2). As expected, PrPCWD was demon-

strated between 3 and 12 months pi in tonsil

biopsies of all four animals inoculated either

orally or intercranially with CWDþ brain (cohort

4). More notably, PrPCWD was detected in tonsil

biopsies of two of three deer each in both the

saliva and blood cohorts (numbers 1 and 2) at 12

months pi. By contrast, deer in the urine and

feces inoculation cohort 3 remained tonsil biopsy

negative for PrPCWD throughout the 18-month

study. Animals in the negative control inocula-

tion cohort 5 also remained tonsil biopsy neg-

ative throughout the study.

Deer cohorts 1 (blood), 2 (saliva), and 3

(urine and feces) were electively euthanized at

18 months pi to permit whole-body examina-

tion for PrPCWD. The greatest scrutiny was di-

rected toward those tissues previously established

to have highest frequency of PrPCWD deposi-

tion in infected deer and generally regarded

as the most sensitive indicators of infection—

medulla oblongata and other brainstem regions,

tonsil, and retropharyngeal lymph node. We

found unequivocal evidence of PrPCWD in brain

and lymphoid tissue of all six tonsil biopsy–

positive deer in cohorts 1 (blood) and 2 (saliva),

whereas all deer in cohorts 3 and 5 were neg-

ative for PrPCWD in all tissues (Table 2 and

Figs. 1 and 2).

The transmission of CWD by a single blood

transfusion from two symptomatic and one

asymptomatic CWDþ donor is important in at

least three contexts: (i) It reinforces that no tis-

sue from CWD-infected cervids can be con-

sidered free of prion infectivity; (ii) it poses the

possibility of hematogenous spread of CWD,

such as through insects; and (iii) it provides a

basis for seeking in vitro assays sufficiently

sensitive to demonstrate PrPCWD or alternate

prion protein conformers in blood—one of the

grails of prion biology and epidemiology.

The identification of blood-borne prion

transmission has been sought before with mixed

results (9–11). Bovine spongiform encephalop-

athy and scrapie have been transmitted to naBve

sheep through the transfer of 500 ml of blood

or buffy coat white blood cells from infected

sheep (12, 13). In addition, limited but compelling

evidence argues for the transmission of variant

Creutzfeldt-Jakob disease (vCJD) through blood

from asymptomatic donors (14–16). Even in

sporadic CJD, PrPres has been found in periph-

Table 1. CWD prion bioassay inoculation cohorts. Cohort 1 fawns received either a single
intraperitoneal (IP) inoculation of 250 ml of frozen citrated blood (n 0 2) or an intravenous (IV)
transfusion with 250 ml fresh citrated whole blood (n 0 1) each from a single CWDþ donor. Cohort
2 fawns received a total of 50 ml saliva, each from a different CWDþ donor, orally (PO) in three
doses over a 3-day period. Cohort 3 fawns received a total of 50 ml urine and 50 g of feces PO, each
from a different CWDþ donor, in divided doses over a 3- to 14-day period. As positive controls,
cohort 4 fawns were inoculated with a 10% brain homogenate from a CWDþ donor deer through
either a single intracranial (IC) injection of 1 g equivalent of brain (n 0 2) or PO with a total of 10 g
equivalents of brain (n 0 2) divided over a 3-day period. Cohort 5 fawns (n 0 2) were inoculated with
equivalent amounts of each of the above materials from a single CWD-negative donor deer to serve
as negative controls for the study.

Animal

cohort
n Inoculum Route (n) Amount

No. of

inoculations

1 3 Blood IV (1), IP (2) 250 ml 1
2 3 Saliva PO (3) 50 ml 3

3 3 Urine and feces PO (3) 50 ml þ 50 g 3 to 14
4 4 Brain IC (2), PO (2) 1 g (IC), 10 g (PO) 1 (IC), 3 (PO)

5 2 All of the above PO (2) All of the above 1 to 14

Table 2. PrPCWD detection by longitudinal tonsil biopsy and necropsy of deer exposed to body fluids or
excreta from CWDþ deer. PrPCWD assay results for tonsil (T), brain (B) (medulla oblongata at obex), and
retropharyngeal lymph node (RLN) are shown. The number of deer in which PrPCWD was detected (8) is
shown over the total number of deer in the cohort. One of the three original animals inoculated with
urine and feces was euthanized prematurely 61 days pi due to a bacterial infection. The deer in cohorts
1, 2, and 3 were terminated at 18 months (mo.) pi. Two of the four cohort 4 deer were terminated at 20
and 21 months pi. The two cohort 5 deer were terminated at 22 months pi.

Animal

cohort
Inoculum

Biopsy collection

3 mo.

(T)

6 mo.

(T)

12 mo.

(T)

Termination

T B RLN

1 Blood 0/3 0/3 2/3 3/3 2/3 3/3

2 Saliva 0/3 0/3 2/3 3/3 2/3 3/3
3 Urine and feces 0/2 0/2 0/2 0/2 0/2 0/2

4 Brain 1/4 2/4 4/4 2/2 2/2 2/2
5 Negative samples 0/2 0/2 0/2 0/2 0/2 0/2
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eral organs of some patients (17). The present

work helps establish that prion diseases can be

transmitted through blood.

The presence of infectious CWD prions in

saliva may explain the facile transmission of

CWD. Cervid-to-cervid interactions (SOM text),

especially in high density and captive situations,

would be expected to facilitate salivary cross-

contact (11, 18, 19). Salivary dissemination of

prions may not be limited to CWD. Protease-

resistant prion protein has been demonstrated in

the oral mucosa, taste buds, lingual epithelium,

vomeronasal organ, and olfactory mucosa of

hamsters infected with transmissible mink

encephalopathy (19) and ferrets infected with

CWD (20). Although no instance of CWD

transmission to humans has been detected, the

present results emphasize the prudence of using

impervious gloves during contact with saliva or

blood of cervids that may be CWD-infected.

Environmental contamination by excreta

from infected cervids has traditionally seemed

the most plausible explanation for the dissem-

ination of CWD (21). However, we could not

detect PrPCWD in cohort 3 deer inoculated re-

peatedly with urine and feces from CWDþ

deer and examined up to 18 months pi (Table 2).

There are several reasons to view this negative

finding cautiously, including small sample size,

elective preclinical termination, and potential

variation in individual susceptibility that may

be associated with the 96 G/S polymorphism in

the PRNP gene (7, 22). Although no genotype

of white-tailed deer is resistant to CWD in-

fection, PRNP genotypes S/S or G/S at codon 96

appear to have reduced susceptibility manifest

by longer survival (7). Both deer in cohort 3

(urine and feces) were subsequently shown to

be of the PRNP 96 G/S genotype. Thus, it is

possible, although we think unlikely, that these

deer had a prolonged incubation period (918

months pi) before the amplification of PrPCWD

became detectable in tissues. Recent studies

have shown that PrPres is poorly preserved

after incubation with intestinal or fecal content

(23, 24). Further research using cervid and sur-

rogate cervid PrP transgenic mice (25) are in-

dicated to continue to address the presence of

infectious CWD prions in excreta of CWDþ

deer and to provide a more substantial basis for

reconsideration of the assumption that excreta

are the chief vehicle for CWDdissemination and

transmission.

The results reported here provide a plausible

basis for the efficient transmission of CWD in

nature. We demonstrate that blood and saliva in

particular are able to transmit CWD to naBve deer

and produce incubation periods consistent with

those observed in naturally acquired infections

(3, 26). The time from exposure to first detection

of PrPCWD by tonsil biopsy was variable—as

short as 3 months but as long as 18 months (like-

ly underestimates due to sampling frequency).

The results also reinforce a cautious view of the

exposure risk presented by body fluids, excreta,

and all tissues from CWDþ cervids.
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Modulation of Cell Adhesion and
Motility in the Immune System
by Myo1f
Sangwon V. Kim,1* Wajahat Z. Mehal,1,3 Xuemei Dong,6 Volkmar Heinrich,7† Marc Pypaert,4,5

Ira Mellman,4,5 Micah Dembo,7 Mark S. Mooseker,4,8 Dianqing Wu,6‡ Richard A. Flavell1,2§

Although class I myosins are known to play a wide range of roles, the physiological function of
long-tailed class I myosins in vertebrates remains elusive. We demonstrated that one of these
proteins, Myo1f, is expressed predominantly in the mammalian immune system. Cells from Myo1f-
deficient mice exhibited abnormally increased adhesion and reduced motility, resulting from
augmented exocytosis of b2 integrin–containing granules. Also, the cortical actin that co-localizes
with Myo1f was reduced in Myo1f-deficient cells. In vivo, Myo1f-deficient mice showed increased
susceptibility to infection by Listeria monocytogenes and an impaired neutrophil response. Thus,
Myo1f directs immune cell motility and innate host defense against infection.

I
nboth mouse and human genomes, 16 genes

encode conventional class II muscle and non-

muscle myosins, with 25 Bunconventional[

myosin genes encoding 11 other classes (1).

Natural mutations of various myosin genes

result in an array of genetic disorders, including

cardiomyopathies, deafness, blindness, glomer-

ular nephritis, and neuropathies (2, 3). The class

I myosins are the largest group of uncon-

ventional myosins and are evolutionarily an-

cient, existing in a wide range of species from

yeast to vertebrates (1, 4). Mice and humans

have a total of eight class I myosin heavy-chain

genes, six of which encode short-tailed forms

(Myo1a, b, c, d, g, and h) and two of which

encode long-tailed (amoeboid) forms (Myo1e

and f) (1). All class I myosins consist of an N-

terminal motor domain, light-chain–binding IQ

motifs, and a basic tail homology 1 (TH1)

domain thought to affect interactions with

membranes (2). The long-tailed class I myosins

have an additional proline-rich TH2 domain

and a TH3 domain containing a single Src

homology 3 (SH3) domain (2).

The class I myosins in Dictyostelium and

yeast are involved in migration, phagocytosis,

endocytosis, and actin remodeling (5, 6). Short-

tailed class I myosins in vertebrates are in-

volved in more specialized functions, such as

the adaptation of hair cells in the ear (7) and the

transport of vesicles and organelles (8, 9), as

well as the structural maintenance of the en-

terocyte microvilli (10). However, the function

of long-tailed class I myosins in vertebrates is

poorly characterized (11–14).

Myo1f was first identified in our screen for

differentially expressed genes in subsets of

murine lymphocytes. In contrast to previous data

suggesting the widespread expression of Myo1f

in tissues (15), our results, which we obtained

using specific probes, showed that Myo1f is

selectively expressed in the spleen, mesenteric

lymph nodes, thymus, and lung (Fig. 1A). By

comparison, specific detection of Myo1e showed

a predominant expression pattern in the spleen

and mesenteric lymph nodes and moderate

expression in the lung, small intestine, and

large intestine (Fig. 1B). Within the lymphoid

tissues, natural killer (NK) cells, macrophages,

and dendritic cells were found to express

considerable levels of both Myo1f and Myo1e;

neutrophils and B cells showed selective expres-

sion ofMyo1f andMyo1e, respectively (Fig. 1, C

and D).

To determine the function of Myo1f in the

vertebrate immune system, we generated Myo1f

gene–deficient mice. We focused on neutrophils

because Myo1f was detected exclusively in neu-

trophils (Fig. 1, C and D). Immunoglobulin G

(IgG)–mediated phagocytosis was similar be-

tween wild-type and knockout (KO) neutrophils

(Fig. 1E). To evaluate the degree of pathogen

killing that follows phagocytosis, we measured

the production of reactive oxygen species.

Again, no considerable difference was detected

between wild-type and KO neutrophils (Fig. 1F).

Thus, Myo1f is dispensable for both the phago-

cytosis of bacteria and their destruction.

Integrin-mediated adhesion to the vascular

endothelium is crucial in the process of neu-

trophil migration to infected tissue, and the

dominant integrins involved in this process

belong to the b2 integrin (CD18) family (16).

Myo1f-deficient neutrophils exhibited stronger

adhesion to integrin ligands, including the in-

tercellular adhesion molecule–1 (ICAM-1)

(CD54) and fibronectin (Fig. 2, A and B). Ac-

tivation of neutrophils by the proinflammatory

cytokine tumor necrosis factor–a did not com-

pensate for this difference, suggesting that in-

creased adhesion did not result from changes in

the activation status of Myo1f-deficient cells.

Experiments with a blocking antibody showed

that most of the adhesion was mediated by b2

integrin (Fig. 2, A and B). In addition, Myo1f

affected only integrin-mediated adhesion, not

integrin-independent adhesion to polylysine-

coated substrate (Fig. 2C) (17). Spreading of

Myo1f-deficient neutrophils on ICAM-1 was

also increased as compared to that of wild-type

neutrophils (Fig. 2D). Increased spreading was

not due to a loss of cortical tension (fig. S2),

which acts to maintain the round shape of the

cells (Fig. 2E). In contrast, myosin I double

mutants in Dictyostelium exhibit abnormalities
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in surface morphology resulting from an

inability to maintain a sufficient level of resting

cortical tension (5, 18). Together, these results

suggest that, in the absence of Myo1f, neutro-

phils are more adherent to b2 integrin ligand.

Under resting conditions, no considerable dif-

ference was seen in the level of b2 integrin on the

surface of Myo1f-deficient cells (Fig. 3A). In

neutrophils, a large pool of integrin a
M

b2

(CD11b/CD18) is stored in cytoplasmic granules.

This allows rapid up-regulation of integrin on the

surface by granule exocytosis after stimulation

(19). Myo1f-deficient neutrophils exhibited hy-

perinduction of cell-surface b2 integrin upon

stimulation with integrin ligands (ICAM-1 and

fibronectin) (Fig. 3A), although total cell levels

of b2 integrin expression were comparable in

wild-type and Myo1f-deficient cells (fig. S3). In

addition, this up-regulation was specific for

proteins in granules, because no difference was

observed in the surface expression of the

neutrophil marker Gr-1, which is not known to

associate with neutrophil granules (fig. S4). The

release of lactoferrin, a marker for the specific

granules in which a large portion of integrin

a
M

b2 is stored (19), is also significantly aug-

mented in Myo1f-deficient cells upon stimulation

with ICAM-1 and fibronectin (Fig. 3B). Thus, in

the absence of Myo1f, increased granule exocy-

tosis induced by integrin ligands leads to aug-

mented b2 integrin on the cell surface, making

neutrophils more adherent.

To examine the migratory properties of

neutrophils, N-formyl-Met-Leu-Phe ( fMLP)–

gradient chemotaxis was measured by time-lapse

microscopy. When observed on polylysine-

coated glass, migration rates and efficiencies

of wild-type and Myo1f-deficient neutrophils

were similar (Fig. 3, C and E; fig. S5; and

movies S1 and S2), in contrast to Dictyo-

stelium myosin I mutants, which displayed

low migration efficiency because of frequent

turning (20). However, the migration rate of

Myo1f-deficient neutrophils was severely im-

paired on fibronectin (Fig. 3D), with most

neutrophils remaining attached on fibronectin

(Fig. 3F and movies S3 and S4). These results

suggest that, although the machinery for mi-

gration is intact in the absence of Myo1f, the

increased integrin level on the surface makes

these neutrophils more adherent and less mo-

tile (21).

To further explore the molecular basis of aug-

mented granule exocytosis in Myo1f-deficient

cells, we examined the intracellular location of

Myo1f. Myo1f co-localizes with cortical actin

filaments at the rim of the cells (Fig. 4A), and

there is little co-localization with lactoferrin,

which is a marker for neutrophil granule (fig.

S6A). The low levels of diffuse staining in the

cytoplasm are probably nonspecific, because

this phenomenon is also observed on the KO

neutrophils. Class I myosins in Dictyostelium

and in yeast interact with the actin remodeling

complex. Quantification of F-actin showed that

there was a small but significant reduction in

the amount of polymerized actin of resting

neutrophils in the absence of Myo1f, whereas

chemotaxis-related ( fMLP-induced) actin po-

lymerization was not affected (Fig. 4B), sug-

gesting differential regulation of these actin

structures (22). Cortical actin filaments near the

plasma membrane, which constitute most of the

F-actin in resting cells, can work as a barrier to

granule secretion (23). Thus, it is possible that

Myo1f indirectly inhibits granule exocytosis by

modulating cortical actin. It is also possible that

Myo1f exerts a direct opposing force by asso-

ciating with granules. If so, this process would

presumably occur as granules move into the

cortex before exocytosis, because there was

little co-localization of Myo1f with cytoplasmic

granules even in cells that were stimulated for 7

min (fig. S6B). However, the cortical Brim[

staining of Myo1f in activated cells is some-

what discontinuous and more diffuse, suggest-

ing that there is some redistribution of Myo1f

upon stimulation (fig. S6B).

Neutrophils play a crucial role in the early

phase of protection against infection by L.

monocytogenes (24). To test the effect of the

phenotype described above in vivo during

infection, wild-type and Myo1f-KO mice were

challenged with Listeria. On day 2 after in-

fection, Myo1f-KO mice contained 35 times

more colony-forming units (CFUs) of Listeria

than did wild-type littermate controls (Fig. 4C).

In contrast to the well-formed microabscesses

in wide-type mice (25) (Fig. 4D), poorly formed

microabscesses in KO mice exposed large areas

of infected hepatocytes (pale pink areas in Fig.

Fig. 1. Myo1f is expressed predominantly and differentially in the immune system. (A and B)
mRNA levels of Myo1f (A) and Myo1e (B). EtBr, ethidium bromide. Sp, spleen; Ln, lymph node; Mln,
mesenteric lymph node; Th, thymus; Lv, liver; Hr, heart; Lg, lung; Kd, kidney; Si, small intestine; Li,
large intestine; Br, brain; Ie, inner ear; Ey, eye; Ms, muscle; Sk, skin. Relative mRNA levels of Myo1f
(C) and Myo1e (D) in different cell types of the immune system determined by real-time reverse
transcription polymerase chain reaction. T, T cells; B, B cells; NK, NK cells; PMN, neutrophils; MF,
macrophages; DC, dendritic cells. Relative expression levels are displayed as a number on top of
each bar. (E) IgG-mediated phagocytosis. Neutrophils were incubated with IgG-opsonized,
fluorescein isothiocyanate (FITC)–labeled Escherichia coli at 37-C. Control neutrophils were in-
cubated at 4-C. MCF, mean channel fluorescence; WT, wild type. Error bars represent SD of the mean.
(F) The production of reactive oxygen species.
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4E), indicating that the decreased ability to

control Listeria is due to a defect in neutrophil

mobilization. To further confirm that this in

vivo defect is neutrophil-autonomous, we adop-

tively transferred wild-type and Myo1f-KO neu-

trophils into normal mice infected with Listeria.

Myo1f-KO neutrophils were found in lower

numbers in the recipient livers as compared to

the observations in recipients of wild-type neu-

trophils (Fig. 4F), suggesting that the motility of

neutrophils in vivo is compromised in the ab-

sence of Myo1f.

In accordance with the reported similarity

between Dictyostelium and mammalian neutro-

phils (26), we observed that long-tailed class I

myosin is conserved in cells from two different

genera and supports cell motility. However, our

results indicate that the ways in which myosin

contributes to cell migration in the two models

are quite different. Although long-tailed class I

myosin in Dictyostelium prevents lateral pseu-

dopod formation during migration (20), Myo1f

in neutrophils inhibits exocytosis of integrin-

containing granules, thereby preventing excess

Fig. 2. Adhesion and spreading of
neutrophils through integrins are
abnormally increased in the ab-
sence of Myo1f. (A and B) Integrin-
mediated adhesion to ICAM-1 (1
mg/ml) (A) and to fibronectin (1
mg/ml) (B). *P G 0.02; **P G

0.0003; #P G 0.02; ##P G

0.0005 (Student’s t test). Data are
representative of at least two
independent experiments. TNFa,
tumor necrosis factor–a; Ab, anti-
body. (C) Integrin-independent ad-
hesion to polylysine (1 mg/ml).
Error bars in (A) to (C) represent SD of the mean. (D) Spreading of neutrophils to ICAM-1 (1 mg/ml), observed
by SEM. (E) Surface morphology of neutrophils attached to polylysine (1 mg/ml), determined by SEM.

Fig. 3. In the absence of Myo1f, granule exocytosis is augmented,
resulting in more b2 integrin on the surface and impaired
migration on the extracellular matrix. (A) Neutrophils were
stimulated with plate-bound ICAM-1 (1 mg/ml) or plate-bound
fibronectin (1 mg/ml) or fMLP (10 mM) for the indicated times.
Surface levels of b2 integrin (CD18) were represented by MCF, with
fluorescence of WT neutrophils at 0 min given a value of 100 units.
Data are representative of three independent experiments. (B)
Secreted lactoferrin was measured in the supernatant at 30 min
after stimulation. *P G 5 � 10–6; **P G 5 � 10–5 (Student’s t
test). Data are representative of two independent experiments.
(C to F) Time-lapse video microscopy was used to examine
neutrophil migration (movies S1 to S4) on polylysine (1 mg/ml)
[(C) and (E)] or fibronectin (1 mg/ml) [(D) and (F)]. The relative
position of each cell is shown as a diamond in the graphs [(E)
and (F)] after 10 min of migration under a 10 mM fMLP
gradient, assuming that the initial position of the cells was at
(0, 0) in an xy plane. Lines with 120- of arc show the area
facing the source of fMLP. Data are combined from six
independent experiments. (C) and (D) Average migration rate
of neutrophil on polylysine (C) and fibronectin (D). #P G 3 �

10–14 (Student’s t test). Error bars in (A) to (D) represent SD of
the mean.
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adhesion. Unlike protozoan cells, metazoan cells

use integrins to interact with other cells and with

the environment (27). Thus, our results suggest

that, in higher organisms, long-tailed myosins

have evolved to accommodate and make the

best use of integrins to support cell motility. Our

work also demonstrates that seemingly closely

related myosin motors have different functions.

Whereas short-tailed class I myosins facilitate

vesicular transport (8, 9), the long-tailed form

Myo1f negatively regulates granule exocytosis

in neutrophils. This work should lead to a better

understanding of human immune defects that

are currently of unknown origin and may pro-

vide an additional class of therapeutic targets for

treating acute inflammation.
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Fig. 4. Myo1f co-localizes with the cortical actin network, and neutrophil-dependent restriction of
L. monocytogenes infection in vivo is impaired in the absence of Myo1f. (A) Confocal microscopy
of neutrophils stained with antibody to Myo1f (red) and phalloidin for F-actin (green). (B)
Quantification of F-actin in neutrophils after stimulation with 10 mM fMLP. MCF was used to
quantify F-actin in neutrophils after staining with FITC-phalloidin, with fluorescence of WT
neutrophils at 0 min given a value of 100 units. *P G 6 � 10–5 (Student’s t test). (C) The number
of L. monocytogenes in the spleen of WT (n 0 8) and Myo1f KO (n 0 9) mice observed 2 days after
infection. **P G 0.012 (Student’s t test). Red bars indicate mean values. (D and E) Microabscess
formation in the liver of WT (D) and Myo1f KO (E) mice at 24 hours after infection. Cells with the
strong blue color are neutrophils, and pale pink cells are infected hepatocytes undergoing
apoptosis (25). (F) Adoptive transfer of neutrophils into mice infected with Listeria. The number
of neutrophils localized in the liver was counted. #P G 5 � 10–9 (Student’s t test). Error bars in
(B) and (F) represent SD of the mean.
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Genetic Variant BDNF
(Val66Met) Polymorphism Alters
Anxiety-Related Behavior
Zhe-Yu Chen,1,4† Deqiang Jing,1* Kevin G. Bath,1* Alessandro Ieraci,1 Tanvir Khan,1

Chia-Jen Siao,2 Daniel G. Herrera,1 Miklos Toth,3 Chingwen Yang,5 Bruce S. McEwen,6

Barbara L. Hempstead,2 Francis S. Lee1,3†

A common single-nucleotide polymorphism in the brain-derived neurotrophic factor (BDNF) gene,
a methionine (Met) substitution for valine (Val) at codon 66 (Val66Met), is associated with
alterations in brain anatomy and memory, but its relevance to clinical disorders is unclear. We
generated a variant BDNF mouse (BDNFMet/Met) that reproduces the phenotypic hallmarks in
humans with the variant allele. BDNFMet was expressed in brain at normal levels, but its secretion
from neurons was defective. When placed in stressful settings, BDNFMet/Met mice exhibited increased
anxiety-related behaviors that were not normalized by the antidepressant, fluoxetine. A variant
BDNF may thus play a key role in genetic predispositions to anxiety and depressive disorders.

D
epression and anxiety disorders have

genetic predispositions, yet the particu-

lar genes that contribute to this pathol-

ogy are not known. One candidate gene is

BDNF, because of its established roles in

neuronal survival, differentiation, and synaptic

plasticity. The recent discovery of a single-

nucleotide polymorphism (SNP) in the bdnf

gene (Val66Met), found only in humans, lead-

ing to a Met substitution for Val at codon 66 in

the prodomain, has provided a valuable tool to

assess potential contributions of BDNF to

affective disorders. This polymorphism is com-

mon in human populations with an allele

frequency of 20 to 30% in Caucasian popula-

tions (1). This alteration in a neurotrophin gene

correlates with reproducible alterations in hu-

man carriers. Humans heterozygous for the Met

allele have smaller hippocampal volumes (2–4)
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Fig. 1. Generation and valida-
tion of BDNFMet transgenic mice.
(A) Schematic diagram of the
strategy used to replace the
coding region of the BDNF gene
with BDNFMet. The entire coding
region is in exon V. For the
variant BDNF, a point mutation
has been made (G196A) to
change the valine in position
66 to a methionine. (B) South-
ern blots of representative em-
bryonic stem cell clones for
BDNFMet. Bgl II and Bam HI re-
striction enzyme digestion and
5¶ external probe indicated in
(A) were used to detect homol-
ogous replacement in the BDNF
locus. The 5.6-kilobase (kb) WT
and 7.4-kb rearranged variant

DNA bands are indicated. (C) BDNF ELISA analyses of total BDNF levels
from postnatal day 21 (P21) brain lysates from WT (þ/þ), heterozygous
(þ/Met), and homozygous (Met/Met) mice, as well as BDNF heterozygous
KO mice (þ/–) (**P G 0.01, Student’s t test). (D) Hippocampal-cortical
neurons obtained from embryonic day 18 (E18) BDNFþ/Met (þ/Met),
BDNFMet/Met (Met/Met), and WT (þ/þ) pups were cultured. After 72 hours,
media were collected under depolarization (regulated) or basal
(constitutive) secretion conditions as described previously (10). Media
were then concentrated and analyzed by BDNF ELISA. (*P G 0.05, **P G

0.01, Student’s t test).
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and perform poorly on hippocampal-dependent

memory tasks (5, 6). However, in genetic

association studies for depression and anxiety

disorders, there is little consensus as to whether

this allele confers susceptibility.

The mechanisms that contribute to altered

BDNF
Met

function have been studied in neu-

ronal culture systems. The distribution of

BDNF
Met

to neuronal dendrites and its activity-

dependent secretion are decreased (6–8). These

trafficking abnormalities are likely to reflect

impaired binding of BDNF
Met

to a sorting protein,

sortilin, which interacts with BDNF in the

prodomain region that encompasses the Met

substitution (7). However, fundamental questions

remain as to how these in vitro effects relate to

the in vivo consequences of this SNP in humans.

To generate a transgenic mouse in which

BDNF
Met

is endogenously expressed, we de-

signed a BDNF
Met

knock-in allele in which

transcription of BDNF
Met

is regulated by en-

dogenous BDNF promoters (Fig. 1, A and B).

Heterozygous BDNFþ/Met mice were inter-

crossed to yield BDNFþ/þ, BDNFþ/Met, and

BDNFMet/Met offspring at Mendelian rates. Brain

lysates from BDNFþ/Met and BDNFMet/Met mice

showed comparable levels of BDNF as that of

wild-type (WT) controls (Fig. 1C).

To assess whether there were global or selec-

tive defects in BDNF
Met

secretion, hippocampal-

cortical neurons were obtained fromBDNFMet/Met,

BDNFþ/Met, and WT embryos. Secretion studies

were performed, and BDNF in the resultant

media was measured by enzyme-linked im-

munosorbent assay (ELISA). There was no dif-

ference in constitutive secretion from either

BDNFþ/Met or BDNFMet/Met neurons (Fig. 1C).

We observed a significant decrease in regulated

secretion from both BDNFþ/Met (18 T 2%

decrease, P G 0.01) and BDNFMet/Met (29 T 3%

decrease, P G 0.01) neurons (Fig. 1C). As the

majority of BDNF is released from the regulated

secretory pathway in neurons (9), impaired regu-

lated secretion (29 T 3%) from BDNFMet/Met

neurons represents a significant decrease in

available BDNF.

We first assessed an alteration associated

with the Met allele in humans: decreased hip-

pocampal volume (3, 4, 10). BDNF
Met

mice

were histologically prepared for stereologic hip-

pocampal volume estimation from Nissl-stained

sections. Using Cavalieri volume estimation, we

detected a significant decrease in hippocampal

volume of 13.7 T 0.7% and 14.4 T 0.7% for

BDNFþ/Met or BDNFMet/Met mice, respectively,

as compared with WT mice (Fig. 2A). This

volume decrease was also comparable to the

13.8 T 0.6% decrease in the heterozygous BDNF

knock-out (BDNFþ/–) mice (Fig. 2A). We also

measured striatal volume, because in human

studies this structure has not been reported to be

altered by the BDNF
Met

polymorphism (2, 3),

and we found no alteration in mouse striatal

volumes across genotype (fig. S1).

Because secreted BDNF regulates neuronal

differentiation, the decreased volume inBDNF
Met

mice may be accounted for by altered neuronal

morphology. We used Golgi staining to visualize

individual dentate gyrus neurons. At 8 weeks of

age, there was no difference in cell soma area

between BDNFþ/Met and BDNFMet/Met mice and

their WT controls (fig. S2). Next, we analyzed

dendritic complexity in these same neurons

(Fig. 2B). Sholl analysis revealed a decrease in

dendritic arbor complexity at 90 mM and greater

distances from the soma in BDNFþ/Met and

BDNFMet/Met mice (Fig. 2C). We also used frac-

tal dimension analysis to quantify how com-

Fig. 2. Altered hippocampal
anatomy and behavior in trans-
genic BDNFMet mice. (A) Total
hippocampal volume estima-
tions were obtained from Nissl-
stained sections of adult (P60)
hippocampi from WT (þ/þ),
heterozygous (þ/Met), homozy-
gous (Met/Met), and heterozy-
gous BDNF KO (þ/–) mice by
Cavalieri analyses. All results
are presented as means T SEM
determined from analysis of six
mice per genotype (***P G

0.001, Student’s t test). (B)
Examples of Golgi-stained den-
tate gyrus neurons from P60 WT
(þ/þ), heterozygous (þ/Met),
homozygous (Met/Met), and het-
erozygous BDNF KO (þ/–) mice.
(C) Sholl analyses of dentate
gyrus neurons from P60 mice,
five mice per genotype, 10
neurons per mouse. All results
are presented as means T SEM
determined from analysis of five
mice per genotype and statistics
in comparison with WT controls
(*P G 0.001). Fear-conditioned learning in adult transgenic BDNFMet mice. WT (þ/þ), heterozygous (þ/Met),
homozygous (Met/Met), and heterozygous BDNF (þ/–) KO mice were tested in (D) contextual and (E) cue-
dependent fear conditioning. The percentage of time spent freezing in each session was quantified. All results
are presented as means T SEM determined from analysis of eight mice per genotype (*P G 0.05, **P G 0.01,
Student’s t test).
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pletely a neuron fills its dendritic field (11).

There was a significant decrease in dendritic

complexity in dentate gyrus neurons from

BDNFþ/Met and BDNFMet/Met mice (fig. S3).

In humans, the other major alteration asso-

ciated with the BDNF
Met

allele is impairment in

hippocampus-dependent memory. We performed

a test that selectively assesses hippocampus- and

amygdala-dependent learning: fear conditioning.

BDNFþ/Met and BDNFMet/Met mice showed sig-

nificantly less context-dependent memory than

WT mice (Fig. 2D). In contrast, there was no

difference in cue-dependent fear conditioning

(Fig. 2E). Of note, prior studies of BDNFþ/–

mice also showed a deficit in contextual fear

learning and no alteration in cue-dependent

learning (12). The degree of memory impair-

ment was related to the number of alleles of

BDNF
Met

(Fig. 2D). BDNFMet/Met mice dis-

played other behavioral abnormalities similar

to BDNFþ/– mice (15), such as intermale

aggressiveness (fig. S4). BDNFMet/Met mice

also displayed elevated body weight, which

was first evident at 2 months of age, similar to

BDNFþ/j mice (15) (fig. S5). Although other

BDNF knockout (KO) mice with 950%

decrease in BDNF levels previously exhibited

increased locomotor activity (13, 14), BDNFþ/–

(15), BDNFþ/Met, and BDNFMet/Met mice (figs.

S6 and S7B) had no significant alterations in

locomotor activity, which suggests a potential

BDNF dose-related effect on activity.

BDNF has also been shown to regulate stress

and anxiety-related behaviors. Acute or chronic

stress leads to decreased BDNF expression in

the hippocampus, with subsequent enhancement

of anxiety-related behaviors (16). In addition,

conditional BDNF KO mice exhibit enhanced

avoidance of aversive settings (13). In this

context, we focused on adult BDNF
Met

mice

and performed two standard measures of

anxiety-like behavior that place subjects in con-

flict situations. In comparison with littermate

WT control mice, BDNFMet/Met mice had de-

creased exploratory behavior as demonstrated

by a reduction in the percentage of time spent

in the center compartment (Fig. 3A) and the

number of entries into the center compartment

(Fig. 3B) in the open-field test. BDNFMet/Met

mice also exhibited, in the elevated plus maze

test, a significant decrease in the percentage of

time spent in open arms (Fig. 3C) and a

significant reduction in the percentage of en-

tries into open arms (Fig. 3D). In both tests,

there were no significant differences in total

distance traveled or the number of entries into

enclosed arms between groups (fig. S7, A and

B). In both of these tests, heterozygous

BDNFþ/Met mice did not display increases in

anxiety-related behaviors (fig. S8). BDNFþ/–

mice also displayed increased anxiety-related

behaviors in these two tests, similar in effect

size to BDNFMet/Met mice (Fig. 3).

A common treatment for anxiety in humans

are serotonin reuptake inhibitors (SSRIs), for

which one postulated mechanism of action

involves increasing BDNF levels (17). In ro-

dents, this class of drugs increases hippocampal

BDNF levels in a time frame corresponding to

the onset of SSRI action (18) and is effective in

decreasing anxiety-related behaviors in rodent

models of mood disorders (19). BDNFMet/Met

mice were treated orally with fluoxetine (18 mg/kg

of body weight per day) or vehicle for 21 days

before assessment in two tests: open field and

novelty-induced hypophagia. This dosing regi-

men was based on prior studies showing that

this dose led to a therapeutic serum levels (19).

In the open-field test, fluoxetine led to a sig-

nificant increase in time spent in the center for

WT mice (Fig. 4A), as well as to an increase

in entries into the center (fig. S9), which indicated

its effectiveness in decreasing anxiety-related

behaviors. However, therewas a blunted response

to fluoxetine in BDNFMet/Met mice, with respect

to time spent in the center (Fig. 4A), as well as

entries into the center (fig. S9). Furthermore, the

reduction in exploration could not be explained

by changes in locomotor activity (fig. S7A).

We used a specific behavioral paradigm for

anxiety-related behavior, novelty-induced hypo-

phagia, which has been suggested to be a more

sensitive test of SSRI response (20, 21). In this

conflict test, mice are trained to approach a re-

ward (sweetened milk) in their home cage and

then placed in a novel brightly lit cage. The

latency to approach and drink the sweetened

milk is a measure of the anxiety-related behav-

ior associated with this task (20). BDNFMet/Met

mice treated with vehicle had a significantly

greater latency to drink in the novel cage as

compared with WT controls (Fig. 4B). Treat-

ment with long-term fluoxetine did not sig-

nificantly decrease the latency to drink in

BDNFMet/Met mice, as in WT littermate mice

treated in parallel with long-term fluoxetine

(Fig. 4B). In both of these assays, BDNFþ/–

mice displayed similar diminished response to

fluoxetine as compared with their WT controls

(Fig. 4, A and B).

These results provide an example of a human

SNP that has been modeled in transgenic mice

that reproduce the same phenotypic hallmarks

observed in Caucasian populations. Our subse-

quent analyses of these mice elucidated a

phenotype that had not been established in hu-

man carriers: increased anxiety. When placed in

Fig. 3. Anxiety-related behavior in BDNFMet/Met mice in the open field (A and B) and elevated plus
maze (C and D). Percentage of time spent in the center (A) and entries into the center (B) in the
open field are shown, as well as percentage time spent in the open arm (C) and percentage of open
arm entries (D) in the plus maze. All results are presented as means T SEM determined from
analysis of eight mice per genotype (**P G 0.01).
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conflict settings, BDNFMet/Met mice display

increased anxiety-related behaviors in three

separate tests and thus provide a genetic link

between BDNF and anxiety. Genetic associa-

tion studies have found that the Met allele has

been associated with increased trait anxiety

(22), but other studies have not replicated these

findings (23–25). Two main differences in our

study design led to discerning this anxiety-

related phenotype. First, mice were subjected to

conflict tests to elicit the increased anxiety-

related behavior, whereas human studies relied

on questionnaires. Second, the anxiety-related

phenotype was only present in mice homozy-

gous for the Met allele, which suggested that

association studies that focused primarily on

humans heterozygous for the Met allele may

not detect an association. In this context, another

human genetic polymorphism in the serotonin

transporter (5HTLPR) was associated with

depression only in homozygote subjects with

past trauma histories (26), which suggested that

environmental influences, as well as gene dosage,

were required for this SNP to influence psychiat-

ric pathology.

The form of anxiety elicited in these

BDNFMet/Met mice was not responsive to a

common SSRI. It has previously been shown in

conditional BDNF KO mice that there is altered

expression or function of serotonin receptors

(27–29). These results suggest that humans with

this allele may not have optimal responses to this

class of antidepressants. Currently, there are no

reliable genetic or nongenetic biomarkers to pre-

dict whowill respond to an SSRI. The transgenic

BDNFMet/Met mouse may serve as a valuable

model to identify novel pharmacologic approaches

to treating anxiety disorders.

Finally, the BDNFMet/Met mouse represents

a unique model that directly links activity-

dependent release of BDNF to a defined set of

in vivo consequences. In these mice, BDNF
Met

expression is equivalent to that of BDNF ex-

pression in WT controls (Fig. 1C), but there is

anÈ30% deficit in activity-dependent release of

BDNF
Met

from neurons (Fig. 1D), that contrib-

utes to a specific set of anatomical and be-

havioral deficits. Because BDNFMet/Met mice are

similar to BDNFþ/– mice in that they have

BDNF levels that are lower by 50%, it is pos-

sible that there is a threshold level of lowered

BDNF that is crossed by both mutant mice. It

also remains possible that there are additional

defects in BDNF
Met

processing that may con-

tribute to the observed deficits, although in vitro

studies in neurons suggest no defect in BDNF
Met

processing (6, 8). In all, these findings indicate a

new direction in therapeutic strategies to rescue

anxiety symptoms in humans with this poly-

morphic allele. Drug discovery strategies to in-

crease BDNF release from synapses or to

prolong the half life of secreted BDNF may im-

prove therapeutic responses for humans with

this common BDNF polymorphism.
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Fig. 4. Decreased response to long-term fluoxetine in BDNFMet/Met mice in
the (A) open-field and (B) novelty-induced hypophagia tests. In the open-
field test, percentage of time spent in the center in the absence (H2O) or
presence of fluoxetine (drug) treatment was measured. In the novelty-

induced hypophagia test, latency to begin drinking in a novel cage in the
absence (H2O) or presence of fluoxetine (drug) treatment is shown in
seconds. All results are presented as means T SEM determined from analysis
of eight mice per genotype (*P G 0.05, **P G 0.01).
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Activity- and mTOR-Dependent
Suppression of Kv1.1 Channel
mRNA Translation in Dendrites
Kimberly F. Raab-Graham,* Patrick C. G. Haddick,* Yuh Nung Jan, Lily Yeh Jan†

Mammalian target of rapamycin (mTOR) is implicated in synaptic plasticity and local translation in
dendrites. We found that the mTOR inhibitor, rapamycin, increased the Kv1.1 voltage-gated potassium
channel protein in hippocampal neurons and promoted Kv1.1 surface expression on dendrites without
altering its axonal expression. Moreover, endogenous Kv1.1 mRNA was detected in dendrites. Using
Kv1.1 fused to the photoconvertible fluorescence protein Kaede as a reporter for local synthesis, we
observed Kv1.1 synthesis in dendrites upon inhibition of mTOR or the N-methyl-D-aspartate (NMDA)
glutamate receptor. Thus, synaptic excitation may cause local suppression of dendritic Kv1 channels by
reducing their local synthesis.

P
athways involving the mTOR kinase and

its upstream phosphoinositide 3-kinase

(phosphatidylinositol 3-kinase, or PI3K)

are important for neuronal signaling, including

long-term potentiation (LTP) and long-term de-

pression (LTD) (1–4). Negative regulators of this

pathway, tumor suppressors linked to tuberous

sclerosis complex (TSC) and Peutz-Jeghers

syndrome (5), regulate local synthesis in synap-

todendritic compartments (4, 6–8). Whether the

mTOR pathway regulates ion channel synthesis

and localization is an interesting open question.

Although Kv1 channels are primarily localized

to axons (9), they also contribute to the rapidly

inactivating (A-type) and slowly inactivating

(D-type) Kv channels in somatodendritic re-

gions of neurons in the brain E(10) and references

therein^, thereby controlling local excitability of

dendritic branches (11, 12) and restricting cal-

cium spike generation to dendrites (13). Where-

as the T1 tetramerization domain mediates Kv1

axonal targeting (14), it is unknown whether

specificmechanisms are used for dendritic local-

ization of Kv1 channels.

We found that rapamycin increased Kv1.1

(by 50 T 14%, P 0 0.03, n 0 3) but not Kv1.4

in the CA1 dendritic field of rat hippocampal

slices (Fig. 1A and fig. S1A). Rapamycin also

increased Kv1.1 in cortical and hippocampal

neuronal cultures (Fig. 1B and fig. S1B). Con-

sistent with mTOR activation by PI3K and its

effector Akt/protein kinase B thereby causing

phosphorylation of cap-dependent translation

initiation factors and the p70 S6 kinase (6, 15),

rapamycin reduced phosphorylation of p70 S6

kinase but not Akt (Fig. 1B and fig. S1B).

Whereas mTOR activity is generally associated

with increased protein synthesis, it can also

down-regulate certain proteins (2, 16–18), sim-

ilar to the down-regulation of Kv1.1 here.

In cultured hippocampal neurons express-

ing the microtubule-associated protein MAP2

in dendrites (Fig. 1C) and neural filament M

in axons (fig. S1C), rapamycin increased Kv1.1

in punctate structures in dendrites but not

axons (Fig. 1C). These Kv1.1-containing puncta

partially (60 T 5%) colocalized with mTOR-

containing granules (fig. S2B). Moreover, anti-

body that recognizes an extracellular epitope of

Kv1.1 (19) revealed high levels of Kv1.1 on the

surface of proximal apical dendrites in neurons

treated with rapamycin but not in control neu-

rons (Fig. 1D).

To determine whether Kv1.1 could be syn-

thesized in dendrites, we first localized endoge-

nous Kv1.1 mRNA to dendrites by in situ

hybridization (Fig. 2A and fig. S2A). Our mi-

croarray analysis revealed that, for Kv1.1

mRNA, the level in synaptosomes normalized

to that in hippocampi was greater than those for

the dendritically targeted MAP2 and ARC

(activity-regulated cytoskeletal associated pro-

tein) mRNA and substantially higher than

those for transcripts for the synaptic protein

NSF (N-ethylmaleimide–sensitive factor) and

nuclear proteins such as histones (table S1).

Similarly, the normalized ratio for Kv1.1mRNA

determined by real-time polymerase chain re-

action (PCR) was comparable to that for MAP2

mRNA (20) (Fig. 2B). Moreover, in hippo-

campal neurons infected with a Sindbis viral

construct programmed to express fluorescent

Kv1.1, the exogenous Kv1.1 mRNA including

the 3¶ untranslated region (3¶UTR) was present

in granules in dendrites up to 110 mm from the

soma (Fig. 2C).

Next, we devised a method to distinguish

Kv1.1 synthesized in dendrites from Kv1.1

synthesized in soma and then transported to

dendrites. We fused Kaede, a photoconvertible

fluorescent protein (21), to the N terminus of

Kv1.1 (Kaede-Kv1.1), followed with the 3¶UTR

of Kv1.1 (fig. S3). Ultraviolet (UV) light

induces cleavage of Kaede, converting its fluo-

rescence from green into red. Newly synthe-

sized Kaede-Kv1.1 could then be identified by

its green chromophore. To look for newly syn-

thesized Kaede-Kv1.1 in Sindbis virus–infected

neurons treated with rapamycin or PI3K in-

hibitors, we imaged live neurons before and after

UV-induced photoconversion of Kaede-Kv1.1

into red fluorescent protein and observed newly

synthesized Kaede-Kv1.1 appearing as green

fluorescence over 1 hour, before a second UV ex-

posure photoconverted newly synthesized Kaede-

Kv1.1—but not background fluorescence—into

red fluorescence. We found that treating neu-

rons with rapamycin, or with the PI3K inhib-

itors wortmannin or LY294002, caused a marked

increase in newly synthesized Kaede-Kv1.1 in

dendrites (Fig. 3A). This was due to local syn-

thesis because there was little movement of

Kaede-Kv1.1: After photoconversion of the

Kaede fluorescence within a dendritic branch,

there was no detectable green Kaede-Kv1.1 in

that region over 50 min, whereas Kaede fused to

only the soluble N-terminal domain of Kv1.1

would have moved to the photoconverted den-

dritic region within 5 min (fig. S3). In rare

occasions we observed Kaede-Kv1.1 and EGFP-

Kv1.1 (Kv1.1 fused to enhanced green fluorescent

protein) moving with the slow transport rate of

less than 15 mm/hour. In general, the fluorescently

tagged Kv1.1 in dendrites was concentrated

in stationary Bhotspots,[ as reported for locally

translated proteins (8, 22).

After photoconversion, the newly synthe-

sized Kaede-Kv1.1 grew over 1 hour at pre-

existing hotspots without detectable movements

(Fig. 3A, arrows). The newly synthesized

Kaede-Kv1.1 that appeared in dendritic puncta

more than 50 mm from the soma was increased

by a factor of 3 in the presence of rapamycin or

the PI3K inhibitors LY294002 or wortmannin

(Fig. 3B). The protein synthesis inhibitors ani-

somycin and cycloheximide reduced this

rapamycin effect (Fig. 4, B and C), supporting

the notion of Kv1.1 local synthesis in the

dendrites.

To explore how Kv1.1 local translation

might be regulated by neuronal activity, we

examined neuronal cultures with and without

treatments with antagonists of the N-methyl-

D-aspartate (NMDA) glutamate receptor and

metabotropic glutamate receptor. The NMDA

receptor antagonist AP5 significantly in-

creased endogenous Kv1.1 but decreased

mTOR phosphorylation, raising the ratio of

Kv1.1 protein to phosphorylated mTOR

(P-mTOR) protein by a factor of 11 (Fig. 4A),

a process that required protein synthesis (Fig. 4,

B and C). It thus appears that NMDA re-

ceptors activated as a result of synaptic activity

could locally regulate Kv1.1 synthesis near the

active synapse.

We note that Kv1.1 mRNA does not contain

internal ribosome entry sites (IRES) implicated in

mTOR regulation, and the 5¶UTR of Kv1.1 was
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not required for Kaede-Kv1.1 local synthesis

regulation. The 3¶UTR of Kv1.1 mRNA has two

putative AU-rich elements (AREs) similar to

those in the ligatinmRNAunder NMDA receptor

regulation (23). ARE binding proteins could

either stabilize mRNA for translation or promote

mRNA degradation, and they compete with one

another for mRNA binding (24). It remains to be

determined whether NMDA receptor activation

shifts Kv1.1 mRNA from a form readily ac-

cessible to translation to a different complex for

silencing or degradation.

How might NMDA receptors activate PI3K

and mTOR to suppress Kv1.1? LTP is as-

sociated with regional increase of PI3K activity

(25), probably because of NMDA receptor–

mediated Ca2þ influx that activates PI3K as-

sociated with AMPA glutamate receptors nearby

(26), and causes Akt and p70 S6 kinase phos-

phorylation essential for LTP expression but

not induction or maintenance (25). NMDA re-

ceptor activation of PI3K at the active synapses

could suppress Kv1.1 synthesis locally in the

dendrites and may enhance excitatory post-

synaptic potential (EPSP) spike potentiation (12).

NMDA receptor–mediated suppression of

Kv1.1 local synthesis is a positive feedback

mechanism that could specifically potentiate ac-

tive synapses by enhancing voltage-gated sodi-

um and/or calcium channel activation during

EPSP, thus facilitating EPSP summation and

action potential generation (11, 27) (fig. S5).

Hippocampal neuronal dendrites exhibit un-

even distribution of Kv channels (11, 28), one-

fifth of which is sensitive to the Kv1-specific

a-dendrotoxin (11), to prevent action potential

initiation in dendrites and dampen backpropa-

gation (11, 13). With the intriguing findings of

clustered D-type Kv channels on CA1 dendrites

(28) and localized increase of dendritic excit-

ability and calcium influx within the dendritic

branch with potentiated excitatory postsynaptic

Fig. 1. Rapamycin inhi-
bition of mTOR increased
Kv1.1 protein in central
neuronal dendrites. (A)
Kv1.1 (black, upper pan-
el; red, lower panel) and
Kv1.4 (blue, lower pan-
el) distribution in hippo-
campal slices stained
with the DNA dye SYTOX
(green) after treatment
with dimethyl sulfoxide
(DMSO; control) or rapa-
mycin (200 nM) for 75
min in oxygenated arti-
ficial cerebrospinal fluid
(ACSF) at 37-C. Scale
bar, 100 mm. DG, den-
tate gyrus. (B) Immuno-
blot of phospho-Akt,
phospho-S6 kinase, Kv1.1,
Kv1.4, and tubulin of
cultured cortical neu-
rons [days in vitro
(DIV) 30] with or with-
out exposure to rapamy-
cin. (C) Left: Cultured
hippocampal neurons
(DIV 23) treated with
DMSO (control) or rapa-
mycin (Rap; 200 nM)
double-labeled for Kv1.1
(green) and MAP2 (red).
Scale bar, 20 mm. Right:
Rapamycin increased
Kv1.1 level in dendritic
puncta; **P G 0.005. (D)
Left: Surface Kv1.1 of
unpermeabilized hippo-
campal neurons (DIV
21) in DMSO (control)
or rapamycin (200 nM)
was labeled with anti-
body to an extracellular
epitope of Kv1.1 (green),
followed by permeabili-
zation and MAP2 stain-
ing (red). Scale bar, 20
mm. The Kv1.1 puncta in
permeabilized neurons (C) were ‘‘hotspots’’ that partially colocalized with mTOR granules (fig. S2B). Right: Rapamycin increased Kv1.1 surface expression in distal
dendrites; *P G 0.05. See SOM for quantifications for (C) and (D).
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Fig. 2. Kv1.1 mRNA in hippocampal neuronal dendrites.
(A) Kv1.1 mRNA in MAP2-positive (red) dendrites of
hippocampal neurons (DIV 28) revealed by in situ hy-
bridization using antisense (top) and sense control
(bottom) probe against 3¶UTR of Kv1.1 (green); scale
bar, 20 mm. Boxed dendrites in left panels are shown at
high magnification on the right; scale bar, 5 mm. (B)
Real-time PCR revealed that the ratio of synaptosomal
mRNA and total hippocampal mRNA (synaptosome/total
hippocampus) for Kv1.1 and MAP2, but not Kv1.4, was
greater than that for NSF. ***P G 0.001; quantifications
given in SOM. (C) Left: Dendritic localization of EGFP-
Kv1.1 RNA (top), but not EGFP RNA, both with poly-
adenylation sequence, revealed by in situ hybridization
(ISH) using the same antisense probe for EGFP (DIV 21).
The boxed dendrites are shown at high magnification on
the right. RNA (ISH), black in top panel, red in merged
panel; EGFP, green; MAP2, blue. Scale bar, 20 mm.
Right: Normalized ISH signal of EGFP-Kv1.1 mRNA (solid
bars) and EGFP mRNA (open bars). Mean signal in-
tensities were averaged every 10 mm along the dendrite
(end point indicated on the x axis) and divided by
hybridization signals within the first 10 mm from the
soma to normalize for expression. Error bars represent
SEM; *P G 0.05, **P G 0.01, ***P G 0.001 (Student’s t
test for comparison with EGFP control, n 0 13 dendrites).

Fig. 3. Inhibition of PI3K or mTOR increased local translation of
Kaede-Kv1.1. (A) Live imaging of neurons in ACSF containing
DMSO (control), rapamycin (200 nM), LY294002 (50 mM), or
wortmannin (50 nM) before, immediately after (0 min), and 60
min after the first UV exposure to photoconvert Kaede-Kv1.1
into red fluorescent protein, for appearance of newly synthe-
sized green Kaede-Kv1.1, which was then turned into red by the
second photoconversion. Left panels: Representative grayscale
images of green fluorescence in neurons. Scale bar, 20 mm. Right
panels: Dendrite in orange boxed region with arrow pointing to a
single Kaede-Kv1.1 puncta. Scale bar, 2 mm. (B) Normalized
newly synthesized Kaede-Kv1.1 (green fluorescence pixel inten-
sity) in individual puncta more than 50 mm from the soma, over
the course of 1 hour, was increased by rapamycin, LY, or
wortmannin. *P G 0.05; quantifications given in SOM.
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current (12), it is an interesting open question

whether synaptic activities dynamically regu-

late the size and location of microdomains of

Kv1 channels, thereby influencing integration

and plasticity of synaptic inputs near recently

active synapses to adjust the quality and ca-

pacity of information storage (27). It will also

be important to elucidate homeostasis mecha-

nisms of Kv1.1 local synthesis regulation for the

resetting of local excitability.
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NEWPRODUCTS

Circular ssDNA
CircLigase ssDNA Ligase is a thermostable, ATP-
dependent ligase that efficiently catalyzes circu-
larization of single-stranded DNA (ssDNA) with
5′-phosphate and 3′-hydroxy termini. CircLigase
does not require oligonucleotide “splints” or
“bridges” and produces no detectable linear or
circular concatamers, making the enzyme suitable
for preparing circular ssDNA templates for rolling
circle replication or rolling circle transcription. 
Epicentre Biotechnologies For information

800-284-8474 www.epibio.com/CircLigase.asp

Higher Modified Protein Yields
Many eukaryotic proteins require posttransla-
tional modifications (PTMs) to be able to fold or
function correctly. For efficient expression of a
broad range of eukaryotic proteins with PTMs,
the EasyXpress Insect Kit II makes use of an opti-
mized lysate production procedure to provide
higher yields. It features highly productive
Spodoptera frugiperda lysates, which contain
everything required for protein expression and
PTMs (e.g., enzymes, protein assemblies, mem-
brane fractions, and ribosomes). In trials, the
new kit enabled glycosylation, phosphorylation,
or signal-peptide cleavage of numerous pro-
teins, from 14 to 115 kDa. 
Qiagen For information 800-426-8157.

www.qiagen.com

RNA from Tissue 
The Agencourt RNAdvance Tissue system for iso-
lation of total RNA from mammalian samples is
based on the patented Agencourt SPRI (solid-
phase reversible immobilization) paramagnetic
bead nucleic acid purification technology. The
new system produces clean RNA with high recov-
ery, in single-tube or 96-well formats, while elim-
inating organic solvents, vacuum filtration, and
centrifugation. The simple procedure enables

higher recovery of total RNA than traditional col-
umn-based approaches, which allows researchers
to maximize the use of precious tissue samples
without compromising RNA integrity. The process
can be automated on the Beckman Coulter Bio-
mek NX liquid handling workstation. For
microarray applications, the system can be used
with the Agencourt RNAClean technology. 
Beckman Coulter For information 978-867-2922

www.agencourt.com

High-Throughput Plasmid Screening
Toothpick-PCR allows for the rapid release of
plasmids from transformed bacteria for screen-
ing by polymerase chain reaction (PCR). There is
no requirement for growing bacteria, performing
“minipreps,” or purifying the plasmid DNA. The
user adds a colony directly to the supplied Tooth-
pick solution, heats it, and then transfers 1 μl
directly to a PCR reaction to screen for a plasmid.
Following PCR, Glow Loading Dye is added and
an agarose gel run. There is no need to stain with
ethidium bromide; the gel can be placed in an
ultraviolet light box and viewed. 
G-Biosciences/Genotech For information 

800-628-7730 www.GBiosciences.com

Mouse Models for Research
A new embryonic stem cell line, the Hybrid
129xC57 line, exhibits a significantly higher rate
of homologous recombination in the production
of mouse knockout and knockin models. The
Hybrid 129xC57 has shown an average 200%
increase in the frequency of positive clones per
targeting event than other cell lines used at
inGenious Targeting Laboratory (iTL), a contract
research facility that produces genetically modi-
fied mice for pharmaceutical, biotechnology,
academic, and government institutions. These
characteristics have resulted in reducing the time
involved for electroporation and screening tasks,

enabling delivery of mouse models with guaran-
teed germline transmission to be achieved in as
little as seven months. The Hybrid 129xC57 line is
the third embryonic stem cell line developed by
iTL, and is designed to incorporate the strengths
of its 129SvEv and C57BL/6 lines. The 129SvEv
line exhibits a consistent rate of homologous
recombination for efficient germline transmis-
sion while enabling the ability to analyze result-
ing chimeras by coat color. The C57BL/6 line is
useful for its physiological relevance to certain
genetically linked health conditions, its many
parallels between mouse and human genes, the
accuracy of published databases for C57BL/6
genes, and the ability to obtain a mouse on a
pure background. 
inGenious Targeting Laboratory For information

631-444-6828 www.genetargeting.com

Newly offered instrumentation, apparatus, and laboratory
materials of interest to researchers in all disciplines in academic,
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recent years. Those include the discovery that new nerve cells can be
made in the brain and spinal cord, the identification of biomarkers
that can help to detect Alzheimer’s disease before clinical diagnosis
and signs of memory loss appear, and the finding that a mutation in
a recently discovered gene (LRRK2) is the most common genetic
cause of Parkinson’s disease.

Plainly, studies of neurological diseases related to the aging
process have begun to gather momentum. “The field is really 
fermenting these days,” says Marcelle Morrison-Bogorad, director 
of the neuroscience and neuropsychology of aging program at the
U.S. National Institute on Aging. “We are trying to accelerate the
process of moving from basic research on pathways to translational
science and taking the next step of deciding what compounds are at
a stage when we can put them into clinical trials.” Scientists who
attended July’s International Conference on Alzheimer’s Disease and
Related Disorders in Madrid, Spain, expressed similar optimism. “A
lot of people said that this is the beginning of an important time for

Alzheimer’s,” recalls Ron Black,
senior director of neuroscience
medical research at Wyeth.

Tools Old and New

Tofulfill that promise, researchers
rely on a variety of tools and tech-
nologies – both traditional and
new. They include imaging and
microscopy, cell culture, antibod-
ies, and sophisticated assays.
“Progress in genomics will con-
tinue to make some gains.
Genomics has helped to pinpoint

patterns of mutations associated with disease states and the heritabili-
ty of certain diseases,” says Daniel Tusé, vice president of business
development for Predictive Diagnostics, a wholly owned subsidiary
of Large Scale Biology Corporation. “Also important are diagnostic or
medical imaging with MRI and CT scans that can suggest clinical
interventions. And proteomics has a strong future. It will provide valu-
able snapshots if relevant biomarkers can be developed.”

Christian Kier, marketing manager (confocal laser scanning
microscopy) for Leica Microsystems, points out two key character-
istics of today’s tools. “Tools are coming into the mainstream, chang-
ing from expert user tools to instruments that everyone must use to
play this game,” he says. “Also, they have broadened in scope. They
are now being used as analytical tools.”

Current studies of neurological disease provide plenty of reason for
hope in tackling neurological ailments. “Recent advances have made it
easier to start on drug discovery,” says David Jackson, research area
manager for molecular and cellular biology at Invitrogen. “An evolv-
ing consensus has emerged over the past five years about what cell
types participate in neurodegenerative pathology, and a better under-
standing of the role of various forms of amyloid plaques [the abnor-
malities in the brain that, along with neurofibrillary tangles, define
Alzheimer’s],” he adds. “With cell-based and organismal model sys-
tems, we’re coming to a better understanding of the early toxic process.
This improved understanding establishes the disease function of new
targets, and stimulates our development of improved HTS assays to
find drugs that attack neurodegeneration from these new angles.”

Ruyi Hoa, assistant director of protein development at R&D

Systems, echoes that optimism. “For Alzheimer’s, finding that the
accumulation of beta amyloid is related to pathology is important,” she
says. “It has stimulated research on developing inhibitors to the
enzymes responsible for producing beta amyloid peptide.”

Treatments are also developing. “We’re seeing the potential for
advance of a lot of disease-modifying therapies,” Black says. “New
techniques, such as those which detect the presence of amyloid pathol-
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N
eurological ailments that afflict patients as they age, such as
Alzheimer’s disease and Parkinson’s disease, present medical
scientists with one of their greatest challenges. While

research continually increases knowledge of aging and related dis-
eases, many of the details of how the brain works (and doesn’t work)
remain a mystery.

However, researchers have begun to make significant advances in
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ogy in living patients, are helping to detect the disease at earlier stages
and to differentiate it from other dementias. This will become increas-
ingly important as we develop treatments to address the underlying dis-
ease process, rather than just treating symptoms.”

Current Projects and Past History

Several other current projects hold promise for the development of
diagnostic methods and treatments for neurological conditions. “On
the diagnostic front, people are looking for biomarkers to indicate the
disease early,” explains Mary Lopez, strategic collaborations leader for
molecular medicine business at PerkinElmer Life and Analytical

Sciences. “Others are working on ways to delay the symptoms.
There’s also work on the connection betweenAlzheimer’s and diabetes.
People are also beginning to talk about Alzheimer’s as type 3 diabetes.”

German psychiatrist Alois Alzheimer first described the progres-
sive and degenerative disease that attacks the brain and results in
impaired thinking, erratic behavior, and memory loss in 1906. But
not until 65 years later did active research on the disease began, and
it was less than 20 years ago that researchers began developing solid
theories on where to focus therapies. The U.S. Food and Drug
Administration approved the first drug to treat the disease in 1993.

According to the World Health Organization, about 18 million
people worldwide suffer from Alzheimer’s disease, a figure project-
ed almost to double by 2025. Caring for Alzheimer’s patients exerts
huge costs. One estimate suggests that the direct and total national
cost of dealing with the disease in 2000 reached about $536 billion
and $1.75 trillion, respectively. And families and friends who take
care of patients experience emotional, physical, and financial stress-
es that are impossible to quantify.

Scientists have compelling evidence that genetic predisposition
underlies the development of the disease. Rare cases, often with an
early age of onset, are caused by dominant genes that run in families.
Mutations in the amyloid precursor protein gene and presenilin-1 or
presenilin-2 genes have been documented in some families. The pre-
senilins are essential components of the proteolytic processing
machinery that produces beta amyloid peptides through cleavage of
amyloid precursor protein. The disease is definitely linked to the 1st,
14th, or 21st chromosomes. While researchers have identified a
gene, ApoE4 on chromosome 19 that predisposes to the most com-
mon form of Alzheimer’s, late onset disease, it also seems to involve
other risks and protective genes, as well as environmental factors.

Tantalizing Results

Morrison-Bogorad sums up the current state of research on
Alzheimer’s disease. “We’ve been able to move from looking at the
later stages of Alzheimer’s to understanding the early pathology,” she
says. “We have a much better idea of mild cognitive impairment with
memory decline, which leads to Alzheimer’s in three to eight years
after it’s diagnosed in most cases. Alzheimer’s centers have combined
the clinical, pathological, and basic science into one place; interdis-
ciplinary research in these places has generated great excitement. We
have also seen very recent evidence that puts the growth factor gene
at the center of some dementias. And we have identified such poten-

tial risk factors for Alzheimer’s as heart disease, diabetes, and even
sleep disturbances. We have a number of studies going on in these
areas to see if very tantalizing results from animal and epidemiology
studies are borne out by clinical trials.”

As they set out to follow up on those advances, researchers in the
field face several tough challenges. “The major one is identifying the
early events that initiate disease and are involved in disease progres-
sion. This is crucial for developing therapies,” Morrison-Bogorad
explains. “Added to that is how you identify people very early as they
develop Alzheimer’s. You need knowledge of who to treat as well as
what to treat with. And third, and increasingly important, is to under-
stand how changes in the brain and body that result from aging con-
tribute to Alzheimer’s.”

Difficulties abound at both the basic and clinical levels. “You
have problems getting a diagnosis that’s accurate,” Tusé says. “By the
time tests show definite signs of Alzheimer’s, the disease may be
entrenched. And retrieving samples from neural tissue is not some-
thing that you can do easily.” Richard Eglen, head of R&D reagents
at PerkinElmer Life and Analytical Sciences, highlights a problem in
the lab. “The first issue is identifying some of the targets for treat-
ment of the disease,” he says. “Many of the early receptors have
proved disappointing. There’s also the difficulty of setting up clinical
trials. Patients tend to die before the trials are over.”

Microscopes, Cells, and Tissues

The complexity of the human nervous system, which consists of more
than a trillion nerve cells, helps to explain such difficulties.
Interconnections between these cells complicate the puzzle further. To
explore those issues, researchers turn to a traditional tool: the micro-
scope. While once relatively crude and cumbersome, these instru-
ments have morphed over the years into laboratory tools that are easy
to use and able to capture highly detailed images of cellular and sub-
cellular components. “Technically, imaging systems have become
much more user-friendly and much more reliable,” Leica’s Kier says.

Other types of microscopy for studying cells and cellular compo-
nents include phase-contrast, dark-field, and fluorescence microscopy.
“Multiphoton imaging is very important for the neurosciences in par-
ticular,” Kier continues. “And live cell studies and calcium imaging,
which involve detecting and understanding very fast events, require the
speed of a digital camera or fast confocal scanners.” Other major pro-
ducers of microscopes include Carl Zeiss, Nikon, and Olympus. Like
Leica those vendors also offer analytical software for data analysis.

In addition to microscopes, the study of living cells requires cell
culture media and reagents. To keep cells in culture
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alive and well during experiments to study the response of nerve and
other cells to changing environments, researchers and manufacturers
have developed growth media and growth factors. Companies that
offer those products include ATCC, Invitrogen, R&D Systems, and
StemCell Technologies.

Several vendors also supply cells and tissue for research use.
Asterand provides human tissue samples for neurological and can-
cer research, while Cambrex offers both cell systems and related
products like cell culture media and sera.

The nervous system consists of a number of different cell types,
including neurons, astrocytes, oligodendrites, and Schwann cells.
Each type of cell possesses unique markers that scientists can use to
identify it and separate it from other types. Antibodies to these mark-
ers are ideal for differentiating the neural cells. Researchers can also
tag antibodies with different labels for multiplexed (simultaneous
labeling) experiments.

Applications of Antibodies

Researchers also study antibodies to understand better the role they play
in the process and progression of disease. Several scientific teams use
antibodies tagged with labels such as fluorescein and other molecules
that allow them to identify and locate specific proteins in or on a cell.
These antibodies can also find application in histochemical applica-
tions, in which sections of the cell fixed in paraffin are stained with anti-
bodies against a specific molecule. Teams can identify the tagged cells
using microscopy, fluorescent readers, or flow cytometers. Scientists
can also use antibodies generated to a specific protein to “find” that
unique protein in a cellular extract. “The antibodies have to be spe-
cific, to help recognize the molecules,” R&D Systems’ Hao explains.

Companies such as Chemicon, Dako, R&D Systems, and Upstate

provide antibodies tagged with markers to eliminate the need for con-
jugating the antibody with a label. “We have monoclonal and poly-
clonal antibodies; we have more than 6,000 antibodies, raised against
14 different species,” Hao says. “Many have multiple applications.”

Neurochemicals, certain biochemicals, and bioactive peptides rep-
resent more specialized tools applied to neuroscience. Early corporate
entrants to the field, such as Biomol and Tocris Cookson, provided

purified biochemicals and reagents specially tested for use in cell sig-
naling research. To complement their reagents, those vendors offer kits
for studying apoptosis, protein phosphorylation, and gene regulation.

Cayman Chemical Company and EMD Biosciences offer a wide
range of kits and reagents for biochemical assays and neuroscience
studies. These products combine all the materials needed to study a
particular cellular function and eliminate some of the unknowns
involved in sourcing different reagents and biochemicals from vari-
ous providers. The suppliers have use-tested most of their kits to
ensure that users can learn quickly how to conduct such experiments.

Many of the drugs originally developed as treatments for disease
also have value for basic research in neuroscience. The reason: Those
drugs have properties of great interest to laboratory researchers.
Indeed, some of the drugs that fail clinical trials turn out to be valu-
able reagents in basic research. They can, for example, allow scien-
tists to study the function of a particular biomolecule. Several com-
panies acquire drugs of this type from major pharmas and offer them
as research reagents. Providers of pharmacologicals include Axxora,
BD Biosciences, and MP Biomedicals.

Exploring Living Cells

Most traditional assays require a purified cell extract, which can take
several hours to prepare and must be done with great care to avoid
altering the intracellular contents of a living cell. Investigators must
ensure that they don’t degrade or change molecules with the mechan-
ical forces they might use to break open a cell. They must also avoid
enzymatic degradation of proteins and nucleic acids via native
DNase, RNase and protease molecules.

Several companies have responded to these concerns by creating
systems that allow researchers to examine intact living cells in cell-
based assays. “Development of these assay systems is very tightly cou-
pled with our understanding of the disease mechanism and disease
pathways,” Invitrogen’s Jackson explains. “Once you have a model, you
can develop cellular assays that report on the activity of specific disease
targets and pathways. You can work out what the pathways are in your
model, and then disease researchers can make sure that what you dis-
covered in the cell-based model also applies to the human disease.”

In addition to Invitrogen, companies such as BD Biosciences,
Cellomics, and PerkinElmer Life Sciences have designed systems
that can process large numbers of living cells under relatively natu-
ral conditions to examine molecular interactions in cells. These sys-
tems expose cells to a compound of interest to see if the compound
interacts with the living cells.

“We have developed primarily fluorescence-based assays for dis-
covery,” Jackson says. “We’ve been able to engineer assays incorpo-
rating target-specific beta lactamase reporters and membrane poten-
tial sensors to address many disease pathways.” At present,
Invitrogen’s assays focus on target-specific assays aimed at many dis-
ease areas, including some assays with specific relevance to diseases
such as Alzheimer’s and Parkinson’s. PerkinElmer’s UltraView live
cell system, meanwhile, “allows us to look at the appropriate
response we’re measuring,” Eglen says. “It’s a highly sensitive meas-
urement, so you can see very small changes.”
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Testing Biomarkers

An increasingly important theme of neurological studies involves
biomarkers. “The tools we are focusing on are for noninvasive test-
ing of biomarkers, through blood and urine,” says PerkinElmer’s
Lopez. “In diseases where diagnosis is a problem, a valid assay using
samples obtained by noninvasive means is important,” Predictive
Diagnostics’ Tusé adds. “Samples of blood, saliva, tears, and urine
are much more important than others.”

The two companies recently used a simple blood test to identify a
series of biomarkers that appear to differentiate between individuals
with Alzheimer’s disease and those without cognitive impairment.
PerkinElmer’s BioXPRESSION Biomarker platform and Predictive
Diagnostics’ proprietary Biomarker Amplifier and Filler (BAMF)
technology combined to analyze the blood in such a way as to iden-
tify patterns of proteins and peptides that distinguish Alzheimer’s
patients from those without clinical signs.

Both partners have moved on to more advanced methodology. “We
have another relationship that we are pursuing more actively with
Nonlinear Dynamics; we co-developed the mass spectrometry pro-
gram PG 600 with them. The program allows you to compare rich data
sets from mass spectrometry and look for specific markers,” Lopez
says. Predictive Diagnostics has replaced BAMF with what it calls pro-
file technology. “It consists of machine learning tools combined with
algorithms,” Tusé explains. “We have set our sights on autoimmune
diseases and Alzheimer’s, for which we found promising biomarkers in
blood samples.” In collaborative
work with Harvard Medical

School and Tufts University, the
company has shown that the pro-
file technology is both robust and
highly sensitive.

Drugs against 

Neurological Diseases

Several pharmaceutical firms,
including GlaxoSmithKline,
Lexicon Genetics, and Pfizer,
have begun to develop drugs to
combat Alzheimer’s and other
neurological diseases. Wyeth
has a multiplatform approach
that includes small molecule–
based, peptide-based, and anti-
body-based platforms. Drugs
under development include
gamma-secretase inhibitors that
reverse memory deficits in
some model animals, PAI-1
inhibitors that reduce plasma
and brain levels of beta-amyloid
in mouse models, and active
immunization programs that
alter the progression of disease.

Why such a variety of approaches? “This is a hard target,” Black
says. “There’s a lot of unexplained biology that you have to dig
through in preclinical drug development. As we gain more under-
standing of the genetic causes of the disease and its pathology, we
may be better able to tailor our therapies to individual patients with
Alzheimer’s disease.”

Wyeth is also partnering with biotech companies Curis, Elan, and
Sienabiotech to speed up the drug discovery and development
process. “We acknowledge that our own basic discovery compounds
are not the only sources of really exciting compounds,” Black says.
“We have our homegrown compounds, which we’re very proud of,
and we’ve made a partnership with Elan because it’s an exciting
potential treatment.”

What will come next in basic and clinical research on Alzheimer’s
and other neurological diseases? “Testing of the amyloid hypothesis
will come soon,” the National Institute on Aging’s Morrison-
Bogorad says. “We will develop markers for evaluating therapies and
drug trials. We’ll develop some of the promising translational
approaches we’re funding. We’ll look at amyloid in living patients
using positron emission tomography. And we need to work on deliv-
ering drugs to the brain through the blood-brain barrier.”

Peter Gwynne (pgwynne767@aol.com) is a freelance science writer based on
Cape Cod, Massachusetts, U.S.A. Gary Heebner (gheebner@cell-
associates.com) is a marketing consultant with Cell Associates in St. Louis,
Missouri, U.S.A.
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POSITIONS OPEN

FACULTY POSITION IN CELL
PHYSIOLOGY/DEVELOPMENTAL BIOLOGY

Ohio University

The Department of Biomedical Sciences at the
Ohio University College of Osteopathic Medicine
invites applications for an 11-month appointment as
a tenure-track ASSISTANT/ASSOCIATE PRO-

FESSOR using cellular and molecular approaches to
improve understanding of basic physiology and de-
velopment, mechanisms of disease or therapy. The
appointed individual will be expected to establish
and maintain an active, externally funded research
program. Collaborations are desirable in the Col-
lege_s areas of strength. Please visit our website:
http://www.oucom.ohiou.edu/dbms/index.htm
for information on areas of research in the Depart-
ment. The successful candidate will also participate
in the delivery of our integrated medical curriculum
in area(s) of their expertise.

A Ph.D. (or equivalent) and a minimum of two
years of postdoctoral training are required. Salary
will be commensurate with experience. To apply, cur-
riculum vitae and statements of research and teach-
ing interests must be submitted online at website:
http://www.ohiouniversityjobs.com/applicants/
Central?quickFind052023. Also mail three repre-
sentative papers, and arrange to have three letters of
recommendation sent to: Cell Physiology/Devel-
opmental Biology Search Committee Chair, De-
partment of Biomedical Sciences, 228 Irvine
Hall, Ohio University, Athens, OH 45701. For
questions about the position, contact Felicia V.
Nowak, M.D., Ph.D. at e-mail: nowak@ohiou.
edu. Review of candidates will begin December 1,
2006, but applications will be accepted until the
position is filled. We seek a candidate with a
commitment to working effectively with students,
faculty, and staff from diverse backgrounds. Ohio
University is an Affirmative Action, Equal Opportunity
Employer with a dual-career network (website: http://
www.ohio.edu/dual).

UNIVERSITY OF ALABAMA, BIRMINGHAM
School of Dentistry

The School of Dentistry (SOD) Institute of Oral
Health Research, University of Alabama, Birming-
ham (UAB), is seeking full-time research–intensive
FACULTY MEMBERS. Candidates should possess
a D.D.S./D.M.D./M.D. and/or a Ph.D. degree
with preferably a documented history of funding and
research productivity in the field of craniofacial/
developmental biology (tooth, bone, salivary glands,
taste, et cetera), genetics, tissue bioengineering or
gene therapy. Successful candidates will be expected
to establish a major research program within the SOD
and develop collaborative research partnerships within
the broader UAB research community (website:
http://www.uab.edu). UAB is a research-intensive
Institution receiving over $430 million in funding in
fiscal year 2005 with the SOD ranked tenth in
National Institute of Dental and Craniofacial Re-
search funding. It has a long history of interdiscipli-
nary research collaborations and resources including
the Centers for Arthritis and Musculoskeletal Dis-
ease, Biomatrix Engineering and Regenerative Med-
icine, Gene Therapy, Human Genetic, Metabolic
Bone Disease, and Neuroimmunology. Research fa-
cilities and startup packages for this appointment will
be appropriate for the successful candidate(s). Salary,
tenure status, and rank will be commensurate with
experience and funding. Review of applications will
begin immediately and continue until the position
is filled. Please send a letter of interest, curriculum
vitae, and a statement of research interest, goals and
future directions to: Mary MacDougall, Associate
Dean for Research, School of Dentistry, 1530 3rd
Avenue South, SDB 702,Birmingham,AL 35294-
0007 U.S.A. (E-mail: macdougall@uab.edu)

UAB is an Equal Opportunity/Affirmative Action Em-
ployer. Women and minorities are encouraged to apply.

POSITIONS OPEN

JAMES A. MOORE CHAIR IN
PARKINSON_S RESEARCH

Pacific Parkinson_s Research Centre and
The University of British Columbia

Brain Research Centre
Department of Medicine

University of British Columbia

The Pacific Parkinson_s Research Centre and Brain
Research Centre at the University of British Columbia
(UBC) are seeking to recruit a researcher in Parkinson_s
disease. The position is open to either a CLINICIAN-

SCIENTIST or a FUNDAMENTAL SCIENTIST.
The successful applicant will have a strong track record
of independent research with a focus on Parkinson_s
disease, as evidenced by peer-reviewed grant support
and a strong publication record. The selected indi-
vidual will be expected to mount an independent
research program, but one that is highly interactive
with the existing program at the Pacific Parkinson_s
Research Center, and that will be incorporated into
the Center_s Canadian Institutes of Health Research
Team Grant in Parkinson_s disease. Team investiga-
tors are studying the etiology of Parkinson_s disease,
the pathogenesis of long-term complications and dis-
ease progression, as well as the relationship between
Parkinson_s disease and disordered monoaminergic
function in the central nervous system.

The successful candidate will be expected to act in
a public role for the Centre_s research program and
to assist relevant foundations in educating the public,
persons living with Parkinson_s, and their caregivers
about the disease and about the research program.
Clinician scientists are encouraged to apply; however,
the emphasis in selection will be on a strong, inno-
vative research program related to Parkinson_s and
the ability to interact with an established group.

This is a grant tenure/grant tenure-track position
at the rank of ASSOCIATE or FULL PROFESSOR.
Salary and rank will be commensurate with experience.

The anticipated start date is July 1, 2007.
Please submit a letter of application, curriculum

vitae, and a statement of areas of interest, expertise,
and strengths and the names of three references no
later than November 30, 2006.

Applications should be directed to:

Dr. Jon Stoessl
Professor and Director

Pacific Parkinson_s Research Centre
M36 Purdy Pavilion
2221 Wesbrook Mall

Vancouver, BC V6T 2B5
Fax: 604-822-7866

E-mail: jstoessl@interchange.ubc.ca

UBC hires on the basis of merit and is committed to em-
ployment equity. We encourage all qualified persons to apply,
however, Canadians and permanent residents of Canada will
be given priority.

FACULTY POSITION IN SYNTHETIC
ORGANIC CHEMISTRY
University of Colorado

The Department of Chemistry and Biochemistry
at the University of Colorado, Boulder, invites ap-
plications for a Tenured or Tenure-Track position in
the area of synthetic organic chemistry. Of particular
interest are candidates with research programs in
natural products synthesis, or methods development
for natural products synthesis. A Ph.D. in chemistry
is required. We are seeking applicants who will es-
tablish a vigorous and innovative research program
and who will contribute to both undergraduate and
graduate teaching. Applicants should submit curric-
ulum vitae, undergraduate and graduate transcripts,
a description of proposed research, and arrange to
have three letters of recommendation sent to: Pro-
fessor Tarek Sammakia, Chair, Synthetic Organic
Search Committee, Department of Chemistry and
Biochemistry, 215 UCB, University of Colorado,
Boulder, CO 80309-0215. Review of applications
will begin October 16, 2006, and will continue until
the position is filled.The University of Colorado at Boulder is
committed to diversity and equality in education and employment.
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With all of the excitement during the past few years, stem cells seem

like an entirely new realm of biology and medicine. Nonetheless, sci-

entists started studying these cells long ago. Now, though, scientists

seem on the verge of turning stem cells into one of science’s most pow-

erful tools of all time. In fact, these cells help scientists learn more

about basic biology and give physicians new tools against disease. The

real power of these cells lies ahead, and there will be plenty of room

for trained scientists.

“Embryonic stem cells are a cellular window into pluripotency and

infinite replicative potential,” says Edison Liu, executive director at the

Genome Institute of Singapore. “So the detailed investigation on stem

cells will give insight into fate decisions of early embryonic cells.” He

adds that these cells offer great potential as regenerative therapies.

“It doesn’t get men-

tioned so much,” says Beth

Donley, executive director

of the WiCell Research

Institute at the University

of Wisconsin, Madison,

“but stem cells provide an

incredible opportunity to

study developmental biol-

ogy.” For these cells, the

breadth of application will

depend largely on the extent of the scientific imagination. Austin

Smith, chair of the Institute for Stem Cell Biology C O N T I N U E D »

Careers in Stem Cell Research
Rejuvenating Biology and Medicine

advertising supplement

Everything in an adult organism comes from stem cells. As scientists learn to better

understand and direct the path of these cells, it will enhance basic biological and clin-

ical research. The experts interviewed here see a long future ahead for researchers in

these areas. B Y M I K E M AY
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at the University of Cambridge, says, “Stem cells are used in many dif-

ferent types of research: uncovering basic developmental mechanisms,

exploring mechanisms of cell proliferation, and trying to develop cell

transplantations and drug screening platforms.” He adds, “For me, it’s

just curiosity driven. I want to understand how these cells work and

what they do.”

Spreading Stem Cells Around

With stem cells, most people think of using them

for cell therapy or regenerative medicine in general.

For example, James L. Sherley, associate professor of

biological engineering at the Massachusetts

Institute of Technology, says, “You could expand

adult stem cells, which have long-term division

capabilities, and then induce them to make non-stem cell progeny cells

that differentiate into mature cell types, which could be used directly

or used to make therapeutic biomolecules.” 

Stem cells could also improve gene therapy. A hematopoetic stem

cell, for instance, could be engineered to carry the desired gene. Then,

the hematopoetic cells could be put in a person through a bone mar-

row transplant. The person’s body would then grow mature cells that

express the gene—one that cures a disease.

Sometimes, scientists can even gather stem cells from unexpected

sources, such as umbilical cord blood. Colin McGuckin, professor of

regenerative medicine at Newcastle University in the United Kingdom,

says, “Umbilical cord blood stem cells give us lots of tissue.” His local

hospital, for example, delivers 6,000 babies a year. “We have a cord

blood bank,” McGuckin says, “and we’ve used that to transplant people

who need new bone marrow.”

Despite all of the clinical interest in stem cells, basic scientists find

them just as appealing. “One of the most exciting areas is the basic

biology of how stem cells proliferate and make decisions between self-

renewal and differentiation. Developmental biologists have grappled

with these issues for a hundred years,” says Randall T. Moon, professor

of pharmacology, Howard Hughes Medical Institute investigator, and

director of the Institute for Stem Cell and Regenerative Medicine at the

University of Washington in Seattle.

Still, Moon sees beyond the basics. “Tissue engineering is a fairly

underutilized area,” he says. “Instead of growing cells for transplanting,

you could take the cells and entice them to grow over scaffolds into a

structure or organ in vitro and then transplant organs and tissues rather

than cells into patients.” He says that bladders have already been made

just that way and used in people.

The therapeutic use of stem cells, though, will apply to many organ

systems. Olle Lindvall, professor of neurology at Lund University, start-

ed working in neuroscience nearly 30 years ago. He entered this field

with an interest in repairing the brain. “From my perspective,” says

Lindvall, “stem cell research—in the long term—can completely change

our possibilities to repair the brain and do something for many neuro-

logical patients where we have nothing today.”

Rules and Regulations

For research purposes, stem cells come under three

general categories: human embryonic stem cells,

adult human stem cells, and those from other

organisms. Using human embryonic stem cells rais-

es the most contention, because they must be col-

lected from an embryo. “There really aren’t any

issues in doing research with adult stem cells,” says Sherley. “They

come from an adult donor, and you can get informed consent.”

Moreover, obtaining these cells causes little if any harm to the donor.

Even in cases like aspirating cells from the bone marrow, which carries

some risk, many people volunteer to provide cells in this way.

Still, virtually all countries regulate the use of human stem cells, and

the rules vary from country to country. “In the United Kingdom,” says

McGuckin, “we can work on virtually any type of stem cells, but the

work we do is very tightly regulated by law.” For example, to work on

human embryonic stem cells, scientists in the United Kingdom must

obtain a license and justify how the cells will be used.

“The diversity of attitudes across Europe,” say McGuckin, “is amaz-

ing. Some countries are okay with working on all sorts of stem cells,

and some countries are not.” For example, Poland allows no work on

human embryonic stem cells. McGuckin adds, though, that all

European countries allow work on stem cells from umbilical cord

blood. “With umbilical cord blood,” says McGuckin, “it is usually just

thrown away.”

In Sweden, scientists enjoy an open view about stem cells. “We can

do research on human embryonic stem cells, fetal stem cells, and there

is also the possibility to use nuclear transfer for therapeutic purposes,”

Lindvall explains. 

beth donley

olle lindvall
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to attend upcoming meetings and job fairs
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When it comes to human embryonic stem cells, U.S. scientists with

federal funding can only study lines approved by the National Institutes

of Health. Nonetheless, scientists can use private or state funding to

develop new lines, and some are doing that. In fact, some studies require

embryonic stem cells instead of just adult ones. “Research indicates,”

says Moon, “that adult stem cells do not do everything that you want

them to do for developing therapies.” For example, embryonic stem cells

can make any other type of cell, and adult stem cells cannot.

Donley says that access to human embryonic stem cells is good. She

adds that her institute has distributed more than 400 batches of cells

to researchers around the world, and the requests are increasing. She

says, “Researchers under our agreement can do research in any area

and are not restricted in patenting or publishing.” 

Training for the Task

Smith believes that only a small number of

researchers possess a credible record of work in this

field. “Just billing yourself as a stem cell biologist

doesn’t mean that someone is really in this field,”

he says. “You must research where you are going to

study, if you want to get good training in this field.”

Cellular and molecular programs provide a good start, but scientists

can come from many other backgrounds. For example, Donley says,

“We have scientists who specialize in mass spectrometry, and they do

lots of studies on the proteins and growth factors that keep cells undif-

ferentiated or cause them to differentiate.” 

At the Genome Institute of Singapore, Liu and his colleagues take a

genomics approach to understanding the transcriptional regulation of

embryonic stem cells. Consequently, scientists there need a background

in cellular and developmental biology. Liu adds, “A key skill has become

computer analysis. So computational biology is becoming an important

facet of the research.”

In fact, the road ahead for basic research on stem cells will cover

many topics: controlling stem cells, learning how they divide and

mature, and creating techniques to influence stem cells to make par-

ticular cells. “We need people interested in developmental biology,

basic cell biology, and molecular biology,” says Lindvall. “That will be

very, very important.” He adds that scientists skilled in imaging will also

be in demand for research on stem cells. “They will help us follow what

is happening in the body with these cells,” he says. Although Lindvall

sees basic research as today’s most pressing need, he also believes that

clinical and basic scientists should work together to create a roadmap

to the clinic.

In addition, research on adult stem cells is expected to grow quickly.

“These cells can go into people more easily,” says McGuckin. “In America

and across Europe, more money is going into adult stem cells, bit by bit.”

Some examples already exist for using these cells. McGuckin mentions

the use of bone marrow stem cells to treat people with a myocardial

infarction, where the heart gets starved for blood. “These people need to

grow new blood vessels in the heart,” says McGuckin, “and bone marrow

stem cells have the ability to do that.” Moreover, he points out that stem

cells from an umbilical cord can treat many diseases right now. He says,

“People with leukemia often need radiation and chemotherapy, and then

they need a new blood system. Cord blood can give them that.” He and

his colleagues are also developing a treatment for liver diseases that uses

stem cells from cord blood. This work requires a broad scientific team.

Beyond bench skills, Lindvall says that stem cell scientists need a

knowledge of ethics. He says, “I ask my new students about their view

on the ethical aspects of working on stem cells. If they see none, that

is negative from my perspective.” He adds, “We need to balance

between many aspects.”

Stem Cell Skills

“You need the same basic skills that any other area

of biology requires,” says Smith. “You have to be

really interested in understanding a fundamental

property of the cells.” He adds, “A lot of people

come with the motivation—that may be laudable—

that they may want to cure a particular disease, but

then they should be working in a hospital, because the science is not

at that stage yet.”

Moon believes that working on stem cells goes beyond scientific capa-

bilities. When asked what skills make a young scientist desirable for work

in this field, he laughs before saying, “patience.” Moon adds, “You need

to look at it as an investment in the long haul. There are no quick answers

here and no quick therapies.” He points out that it took scientists about

15 years to make bone marrow transplants safe and effective. “If you are

interested in developing therapies,” says Moon, “you need a long-term

view that it may take a decade or more for these to emerge.” Also, work

in this area demands even more than patience. To work toward stem cell

therapies, a scientist also needs exposure to bioethics, bioengineering,

and technologies like microfluidics and nanotechnology. 

Stem cell research also takes a fair amount of specialized training.

“Stem cells are extremely difficult to grow,” says Moon, “and there’s a

long learning curve.” As a result, Moon believes that scientists in this field

must firmly believe that the work can enhance basic

colin mcguckin

randall t. moon
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Cancer Stem Cell Biology

The USC/Norris Comprehensive Cancer Center 
of the Keck School of Medicine at the University 
of Southern California seeks applicants for tenure
track appointment at the assistant, associate, or 
full professor level in stem cell biology with a 
clear relevance to cancer. 

Scientists using animal models as well as human 
stem cells are encouraged to apply. 

The USC/Norris Cancer Center offers a highly 
interactive environment and exciting programs in
molecular genetics, epigenetics, gene regulation, 
tumor microenvironment and cancer immunol-
ogy, in conjunction with disease-based clinical 
programs and epidemiology. 

The successful applicants will occupy space in 
the newly constructed Harlyne Norris Research 
Tower of the USC/Norris Cancer Center, adjacent
to the USC Broad Institute for Integrative Biology
and Stem Cell Research. 

Each applicant should send a current CV, research
plan, and 3 letters of reference to: 

Dr. Amy Lee 
USC/Norris Comprehensive Cancer Center 
1441 Eastlake Avenue, MC-9181
Los Angeles, CA 90089-9181.

Tissue Repair & Regeneration

The Center for Stem Cell and Regenerative
Medicine (CSCRM) of the Broad Institute for
Integrative Biology and Stem Cell Research at 
the University of Southern California has several
positions available at the Assistant and Associate 
Professor Level for outstanding scientists study-
ing the biology of tissue repair and regeneration, 
including the stem cell microenvironment. 

Applications from individuals working in animal
models of tissue regeneration, the interaction of 
the inflammatory and immune responses with
tissue repair, and the stem cell niche, are encour-
aged.

CSCRM is a new initiative of the Keck School
of Medicine at USC that will focus on human 
embryonic stem cell biology, developmental
mechanisms related to stem cell regulation, and 
the biology of tissue regeneration and repair. 
There are excellent opportunities for collaboration
with other groups active in basic and translational
research related to regenerative medicine at the 
USC Health Sciences campus and the Children’s
Hospital of Los Angeles. 

The CSCRM laboratories have excellent core
facilities to support stem cell culture, flow cytom-
etry, confocal microscopy, high throughput cell 
screening, and genomics. 

Individuals interested in applying should
contact:

Dr. Martin F. Pera
Director, CSCRM pera@usc.edu

USC is an equal opportunity employer.

mailto:pera@usc.edu
http://ScienceCareers.org
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biology and, eventually, benefit patients. He adds, “For anyone who can

survive that learning period, I think there will be lots of great jobs.”

Despite the specialization, stem cell research requires the basics, as

well. Sherley thinks that a young scientist needs a core knowledge of

cellular and molecular biology—understanding the lab techniques and

the analytical approaches. “Then,” he says, “you can bring a lot of other

technologies to bear on that core training.” For instance, an electrical

engineer with a knowledge of biology could develop tools for in vitro

or in vivo analysis of stem cells. “There will always be a need for more

tools,” Sherley says. Without an understanding of cellular and molecu-

lar biology, though, Sherley mentions that lots of things can go wrong.

“You can spend a lot of time making a device,” he says, “and then later

find out that it is not effective for the cells.”

So thinking ahead never hurts. “This field also demands critical

thinking, maybe more so than some others.” Sherley says, “There’s a lot

of misinformation out there, because this field is evolving.” So stem cell

scientists must read the historical and current literature, process the

information, and then come up with the best ways to advance the field. 

An Academic Consensus

When asked where today’s stem cell jobs lie, Smith

says, “I’d say in all spheres, but not in huge numbers

in bioindustry or hospitals.” He adds, “In the aca-

demic sector, people are crying out for stem cell

researchers. In fact, lots of people are moving fields

to work on them.” Smith also expects the growth in

stem cell research to generate more jobs in the future. 

The good news is that stem cells cover lots of ground, from molecular

biology and biotechnology through cell transplantation and therapy. “It

means that people can come into stem cell biology from more or less any

field,” says Smith. In fact, Smith does not even recruit people who have

already worked on stem cells. Instead, he looks for people who could bring

expertise from other areas, like neurobiology or proteomics. He says,

“You don’t have to do your Ph.D. in stem cells to get a postdoc in the area.”

Nonetheless, stem cells do not make an easy career. “Like any

research, it’s bloody hard at times,” Smith says, “and just because it’s

trendy that doesn’t make it any easier to do the science.” In fact, he

thinks that the trendy side might make this field even more difficult.

“There is more noise, more bad science,” Smith says. “It can be confus-

ing to see the wood from the trees.”

In terms of jobs, though, academics looks like the dominant home

for stem cell research now and in the near future. “I don’t really have

any quantitative data,” Sherley says, “but my sense—from who I see at

meetings and so on—is that the No. 1 source will be

university labs.” He believes that large pharmas are

looking for stem cell scientists to add expertise, but

he doesn’t see large efforts there yet. On the other

hand, he points out that some small biotechnology

companies and many government labs do seek

stem cell scientists.

The United States already possesses hot spots for stem cell

research. Moon says that California universities will have the most

jobs. He also points to programs at Harvard University, the University

of Wisconsin, Madison, and the University of Michigan. Moon’s own

University of Washington in Seattle just created the Institute for Stem

Cell and Regenerative Medicine, which already has 80 labs and is

presently constructing a building and receiving private grants in the

millions. Moon says, “We are already one of the few places that is suc-

cessful in raising private money.”

The academic trend does not affect the United States alone. Looking

at jobs in Sweden, Lindvall says: “It’s, of course, academia at the

moment. I think currently there is less enthusiasm in industry. There are

companies, but as the field develops there will be more business oppor-

tunities related to stem cells.” He points out that scientists will patent

devices—say, for sorting stem cells—that will lead to new business

opportunities, as well.

The opportunities in academics, though, are growing. Donley points

out that stem cell scientists at the University of Wisconsin, Madison,

grew from one in the late 1990s to about 80 today.

A Bright Future

Overall, research on stem cells will grow and generate new opportuni-

ties ahead. “I’d say it is probably one of the brightest areas in biology

and medicine,” says Moon.

From both basic and applied perspectives, stem cells already teach

scientists new things at an increasing rate. No one knows how far stem

cells can take modern science, but some researchers expect huge

changes. “Instead of cutting something out by surgery or treating dis-

eases only with drugs,” Moon says, “people may eventually get at least

part way to where a starfish has been all along: If it loses an arm, it

grows one back. We may not be able to regrow arms, but we can cer-

tainly entertain the goal of leveraging knowledge of stem cells to

improve treatments for diseases and injuries.”
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Mike May (mikemay@mindspring.com) is a publishing consultant for 

science and technology based in the state of Minnesota, U.S.A.
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Department of Health and Human Services
National Institutes of Health
National Institute on Aging

Branch Chief, Aging Physiology And Health Scientist Administrator, Cell Structure and Function 

The Biology of Aging Program (BAP) in the National Institute on Aging (NIA), a major research component of the National Institutes of Health (NIH) 
and the Department of Health and Human Services (DHHS), is recruiting for two positions:

Chief, Aging Physiology Branch - preferred expertise in the areas of physiology, endocrinology or other areas of the basic biology of aging.
Incumbent will lead a team of Health Science Administrators covering areas of cardiovascular, immunology, musculoskeletal, physiology and 
endocrinology of aging, including research on stem cell biology and aging. As Branch Chief, will be responsible for overseeing a diverse portfolio 
of research grants, cooperative agreements and contracts. In addition, serves as Health Science Administrator, with responsibility over one or more 
grant portfolios within the Branch. In this capacity, the selected candidate will provide scientifi c and administrative leadership in assisting in the 
direction and management of a program of research in the area of choice.

Health Scientist Administrator, Genetics and Cell Biology Branch - preferred expertise in the areas of cell and molecular biology or biochemistry.
Incumbent will provide scientifi c and administrative leadership in assisting in the direction and management of a program of research in the area 
of Cell Biology. The selected candidate will assist in the program development and administration of research grants, training grants, fellowships, 
cooperative agreements, and contracts dealing with the areas of expertise listed above.

Both positions involve close interaction with scientifi c investigators, scientifi c administration of grants and contracts, program planning and develop-
ment, reporting on scientifi c progress, and identifying opportunities for future research.

Salary is commensurate with qualifi cations and research experience (research experience in basic aspects of the biology of aging is highly desirable).
For qualifi cations required, evaluation criteria, and application instructions search for the vacancy announcements at: http://jobsearch.usajobs.opm
.gov/a9nih.asp - Announcement Numbers: NIA-07-143796-DE and 148469-MP (Branch Chief) and NIA-07-145808-DE and NIA-07-148463-MP

(Health Scientist Administrator). If additional information is needed, call Cheryl Caponiti at (301) 594-2147. Applications must be received no later 
than November 17, 2006.

DHHS and NIH are Equal Opportunity Employers.

ASSISTANT/ASSOCIATE/FULL PROFESSOR
Islet Stem Cell Biology

As part of its continuing expansion, City of Hope invites applications 

for an Assistant, Associate or full Professorship in islet stem cell biol-

ogy, broadly defi ned to encompass studies of novel sources of islet stem

cells as well as their phenotypic commitment and plasticity from the 

earliest stages. The appointee will have a primary appointment in the Dia-
betes and Endocrinology program and be part of a growing team of basic,
translational and clinical investigators working on cutting-edge strategies
for the treatment of diabetes (http://www.cityofhope.org/Diabetes). The
appointee will also be a member of the Beckman Research Institute that 
encompasses multiple areas of molecular and cellular biology and may 
also participate in the institute’sGraduate School of Biological Sciences.
City of Hope encourages interdisciplinary collaborative interactions and 
offers strong core resources in transgenic mouse production, functional 
genomics, oligonucleotide and peptide synthesis, DNA and peptide
sequencing, light and electron microscopy, and mass spectrometry/
NMR. For further information on research facilities, please visit http:

//bricoh.coh.org/.

Candidates should have a Ph.D. or M.D. degree, postdoctoral experience
and the potential to establish, or have already established, an independent 
research program. Applicants should submit a curriculum vitae, a state-
ment of research interests and plans and at least three letters of reference 
to: Islet Stem Cell Biology Search Committee, c/o SusanKane at City 

of Hope, 1500 East Duarte Road, Duarte, CA 91010-3000. E-mail:
facultyrecruit@coh.org. Closing date for applications is November 

30, 2006.

City of Hope is an Equal Opportunity Employer.

Faculty Position in Stem Cell Biology
University of California, Riverside

Applications are invited for a position in stem cell biology
beginning on or after July 1, 2007. We are particularly 
interested in outstanding, senior individuals who would 
be eligible for tenure at the Associate or Full Professor 

level and who are studying the basic biology and regulation of stem cells and 
their potential application to human therapy. It is expected that the successful
candidate will have strong professional qualifi cations and an excellent record
of research and scholarship. The successful candidate is expected to have or 
to establish an extramurally funded research program taking advantage of 
new state opportunities, as well as federal and private sources. The successful
candidate will be a member of the UC Riverside stem cell research center, 
participate in graduate training, and teach in appropriate undergraduate and 
graduate programs. In addition, the successful applicant will have opportu-
nities for interdisciplinary collaborations with faculty in the life sciences, 
engineering, and biomedical sciences. Applicants must have a Ph.D., M.D. or
equivalent and postdoctoral experience. The position is open at the Assistant, 
Associate, or Full Professor rank. Senior investigators are particularly encour-
aged to apply. Rank and salary will be commensurate with experience. Very 
competitive start-up packages and state-of-the-art facilities are available. UC
Riverside is a rapidly growing campus with central proximity to the major 
biomedical research centers in Southern California. 

Applicants should submit a curriculum vitae, a brief statement of research 
and teaching interests, relevant reprints, and a minimum of 3 letters of recom-
mendation for Assistant Professor applicants; applicants for Associate and full
Professor level should provide a minimum of 5 names as extramural referees.
Applications can be emailed to stemcells@ucr.edu, or alternatively, hardcopy
applications can be submitted to Chair, Stem Cell Search Committee, 1208

Spieth Hall, University of California, Riverside, CA, 92521. Review of 
applications will begin November 1, 2006. Applications received after this 
date will be considered until the position is fi lled. 

The University of California is an Equal Opportunity/
Affi rmative Action Employer.
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Faculty of Arts
& Sciences

HARVARD

UNIVERSITY

Director, High Throughput Screening
Stem Cell Institute

A new Therapeutic Screening Group at the Harvard Stem
Cell Institute (HSCI) is being established to take
comprehensive advantage of some of the unique aspects of
stem cell biology. The focus will be on establishing novel
assays and identifying new drug targets that affect stem cell
proliferation and differentiation. The group has a special
interest in orphan nervous system disorders, such as Spinal
Muscular Atrophy, Amyotrophic Lateral Sclerosis and
Huntington’s Disease, but anticipates working with other
members of the broad HSCI community, including those
who have a direct interest in translational research. 

We are seeking an individual to head our screening group
who has extensive hands-on knowledge of robotics-based
screening, particularly in a cell-based, high content format.
This individual should have experience with screening small
molecule libraries and must be familiar with data analysis
and cheminformatics software. A Ph.D. in biological science
and 8+ years’ related experience, preferably in the industry,
are required.

Harvard University is an equal opportunity/affirmative action
employer and provides excellent pay and benefits.

For a more detailed description and to submit resume and
cover letter, please visit: http://jobs.harvard.edu/jobs/search_req
and search using Requisition #27312.

POST-DOCTORAL FELLOW

SHARE THE VISION. FIND THE CURE

Hematologic Neoplasia
A funded position is available immediately for a qualified post-doctoral fel-
low in the Department of Hematolgic Neoplasia at the Dana-Farber Cancer
Institute, Harvard Medical School.  The laboratory focuses upon molecular
mechanisms of lymphomagenesis, with a particular focus on multiple
myeloma. Emphasis is given to the functional in vitro and in vivo validation
of candidate oncogenes and tumor suppressor genes.  In vitro studies will
include cDNA complementation and shRNAi knock-down technology using
lentiviral approaches.  In vivo studies involve bone marrow stem cell trans-
plantation and the generation of transgenic/conditional knock-out mice.  The
molecular and signal transduction aspects of these projects are especially
relevant to this work.

Candidates should have obtained a MD or PhD degree, or equivalent, with-
in the last three years.  Desired experience include proficiency in manipu-
lating genetic pathways using cDNA overexpression, dominant negatives,
and gene knock-downs using RNA, familiarity with lentiviral/retroviral deliv-
ery techniques, handling of primary tumor cells, and solid molecular biolo-
gy and biochemistry skills.  Salary is determined according to institutional
policy and NIH guidelines.  The position will be for a minimum of two years,
with additional years possible depending on productivity and interest.

Visit our website www.DFCI.org to apply online, or email
recruiting@dfci.harvard.edu. Please reference job req 13977
in the subject line. CVs can be mailed to: Ruben D. Carrasco
M.D.,Ph.D, Dana-Farber Cancer Institute, Medical Oncology,

Dana 530C, 44 Binney Street, Boston, MA 02115.

The Dana-Farber Cancer Institute is

an Equal Opportunity Employer.

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 multidis-
ciplinary group of investigators that includes molecular biologists, cell
biologists, bioinformaticists and clinician researchers. The newly constructed 
Centre opening fall 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 
Faculty 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. Applicants 
should forward by December 15, 2006 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 and Director

MolecularMedicine Program

Ottawa Health Research Institute

501 Smyth Road Ottawa, Ontario

Canada, K1H 8L6

All qualifi ed candidates are encouraged to apply; however, 
Canadians and permanent residents will be given priority.

The Lerner Research Institute 
of the Cleveland Clinic

Announces the Formation of a New
Department of Stem Cell Biology and 

Regenerative Medicine

We are seeking an established or “emerging leader” stem cell scientist/
mammalian developmental biologist to direct our newly created Depart-
ment. This Department will grow to 8 to 10 faculty and occupy ~25,000 
sq. ft. in a new wing of the Lerner Research Institute. The Department 
will augment strengths in the areas of hematopoietic, cardiovascular, 
neuroscience and connective tissue stem cell research. The ideal applicant
for this position will have a productive research program in fundamental
or translational aspects of stem cell and developmental biology and a 
vision for creating a unique, world-class department. This Department is
part of the state-funded Cleveland Center for Stem Cell and Regenera-
tive Medicine involving the Cleveland Clinic, Case Western Reserve 
University, the Case Medical Center and several corporate partners.
The Chair will be provided with a highly competitive, institutionally 
supported salary, generous start-up funds, and recruitment packages
for new faculty. 

The Lerner Research Institute with over 140 principal investigators and an
annual budget of over $120 million ($83M from NIH) has a commitment 
to excellence in basic and translational biomedical research.

A letter of interest and curriculum vitae should be e-mailed or sent to: 
Paul E. DiCorleto, Ph.D.

Cleveland Clinic Lerner Research Institute, NB21

9500 Euclid Avenue

Cleveland, Ohio 44195

E-mail: dicorlp@ccf.org

http://www.lerner.ccf.org
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Eminent Scholar 
Endowed Professorship in Neuroscience

The Medical College of Georgia (MCG), Georgia’s premiere Health Sci-
ences University, is recruiting a recognized senior scientist with national 
and international stature in Neuroscience for an endowed professorship. 
Preference will be given to a candidate with a research program that
has clear translational relevance and applications, but applicants from 
all areas of Neuroscience will be considered. Candidates should have 
a proven track record of well-funded and productive research. The 
chosen candidate will receive a competitive startup package, along with 
the endowed professorship. MCG ranks in the top ten public medical 
schools in basic science grant earnings per faculty member, and current 
research strengths include stroke, behavioral sciences, learning and cog-
nition, neuropharmacology, epilepsy, neurodegenerative diseases, neural 
repair, neural signaling, neural stem cell biology, receptor and channel 
function, synaptic structure, development and plasticity, taste, and vision.
Excellent core facilities include Electron Microscopy, Transgenic and 
Knockout Mouse, Transgenic Zebrafi sh, Flow Cytometry, Proteomics
and Genomics, Small Animal Behavioral Core, Imaging facilities, and 
a Human Brain lab. 

Additional information is available at www.mcg.edu, or from the Chair of
the search committee Dr. Darrell Brann (dbrann@mcg.edu). Applica-
tions with a statement of research and teaching interests, curriculum vitae,
and names and contact information for three references should be sent to:
Ann Gambill, MCG, IMMAG, 1120 15th Street, CB-2803, Augusta,

GA 30912 (agambill@mcg.edu). Review of applications will begin on 
15 November 2006.

MCG is an EEO/AA/Equal Access Employer. We invite applications 
or nominations from women, underrepresented racial minorities, 

and the handicapped. 

THE DEPARTMENT OF MEDICAL
PATHOLOGY

UNIVERSITY OF CALIFORNIA, DAVIS
Stem Cell Pathologist

The Department of Medical Pathology and Laboratory
Medicine in the School of Medicine at the University of 

California, Davis, announces the search for a full-time academic pathologist to
provide prominent leadership in the establishment and development of a basic
research program in Stem Cell Research. This recruitment will form a part of 
the Regenerative Medicine and Stem Cell Program initiative at UC Davis. The 
successful candidate will have funded independent research programs in an 
area related to the regulation of stem cell proliferation and differentiation or to
the isolation, characterization, and or utilization of stem cells. Emphasis either
on basic biological questions or on translational applications is appropriate. 
Candidates working in any area of stem cell research are encouraged to apply 
although special consideration will be given to applicants working in the areas
of cancer, vascular or hematopoietic stem cells. Candidates at all levels will be
considered but special consideration will be given to those at the mid-career 
level (Associate or Full Professor or equivalent). This position includes an 
FTE in the School of Medicine, competitive start-up funds, offi ce space, and 
research space. Access to a large number of core facilities at the University and
the UC Davis Medical Center will be available. The successful candidate should
possess a M.D., M.D./Ph.D., or Ph.D. degree. Ability to work cooperatively 
and collegially within a diverse environment is essential.

For full consideration, applications must be received by November 30, 2006.
However the position will remain open until fi lled but no later than February 
28, 2007. Please forward (1) letter of interest describing research and teaching
background; (2) curriculum vitae including reprints of three selected recent 
publications; and (3) fi ve references (including name, address and phone
number and email) to: Department of Medical Pathology and Laboratory

Medicine, University of California, Davis Medical Center, 4400V Street,

PATH Building, Sacramento, CA 95817,Attn: Amanda Scott,Academic

Personnel Coordinator.

The University of California, Davis, is an Affi rmative Action/
Equal Opportunity Employer with a strong institutional commitment 

to the achievement of diversity.

Director 
Translational Epilepsy 

Research Program
Children’s Research Institute

Children’s National Medical Center (CNMC)
Washington, DC

The Center for Neuroscience Research at CNMC is seeking applica-
tions for Director of its Translational Epilepsy Research Program.
CNMC has strong research programs in neurodevelopment and clinical
neurosciences, cancer biology, genetic medicine and neural/muscle 
degenerative diseases. CNMC is one of the nations leading pediatric 
research institutions with over $60 million annually in research funding,
and is undergoing a major expansion of research space. 

The candidate will have: (1) established a nationally/internationally 
recognized research program in basic/translational epilepsy research; 
(2) a successful track record in obtaining external funding, (3) the 
ability to coordinate with superb clinical epilepsy and clinical epilepsy 
research programs to bring potential therapies to human trials. The 
position includes a generous package of support and signifi cant space 
resources, together with a Tenured Associate or Full Professor appoint-
ment at the George Washington University School of Medicine. 

Applications should be sent by December 20, 2006 and should include 
a CV, a letter summarizing qualifi cations and three references to: 

Vittorio Gallo, Ph.D.

Center for Neuroscience Research

Children’s National Medical Center, Room 5340

111 Michigan Ave. NW

Washington, DC 20010

ASSISTANT PROFESSOR IN NEUROSCIENCE
Neuroscience Faculty Position: 

Department of Biology

The Department of Biology at Washington University in St. Louis seeks a
junior colleague at the rank of tenure-track Assistant Professor in the area
of Neuroscience. Under exceptional circumstances, tenured appointments
may be considered at the rank of associate or full professor. The success-
ful candidate will establish a vigorous research program, and participate 
in undergraduate and graduate teaching. Candidates with expertise in
systems, developmental, computational, or cellular neuroscience, or neu-
roethology will be viewed with particular interest. All candidates must 
have their Ph.D. in hand at the time of the appointment. The successful 
candidate will be encouraged to participate in University-wide initiatives 
in Neuroscience, Imaging and Systems Biology. For further information, 
see the Department of Biology (biology.wustl.edu) and the Neuroscience
Program (neuroscience.wustl.edu).

Review of applications will begin November 1, 2006. Applications will 
be accepted until the position is fi lled. Please submit a cover letter, cur-
riculum vitae, brief statements of research and teaching interests, reprints 
of up to three papers, and the names and affi liations of three persons who 
have been asked to send letters of recommendation. We prefer electronic 
submissions emailed to: neurosearch@biology.wustl.edu.

If you prefer hard copies, please send them to: Chair of Neuroscience
Search,Department of Biology,WashingtonUniversity,CampusBox

1137, One Brookings Drive, St. Louis,MO 63130- 4899.

Washington University is committed to excellence through diversity, 
and we particularly encourage applications from persons from 

underrepresented groups. Washington University is an 
Affi rmative Action Employer.

CAREERS IN STEM CELL RESEARCH CAREERS IN NEUROSCIENCE

CAREERS IN NEUROSCIENCE

http://www.mcg.edu
mailto:dbrann@mcg.edu
mailto:agambill@mcg.edu
http://biology.wustl.edu
http://neuroscience.wustl.edu
mailto:neurosearch@biology.wustl.edu
http://ScienceCareers.org


2007

RESEARCH 

FUNDING 

OPPORTUNITIES

The Dystonia Medical 
Research Foundation is
soliciting grant and

fellowship applications for
research related to the
causes, mechanisms,

prevention and treatment of
all forms of dystonia, the
third most common

neurological movement
disorder.

Applications are due
January 10, 2007.

For more information, visit the
Foundation website at

www.dystonia-foundation.org

Dystonia

Medical Research

Foundation

1 E.Wacker Drive

Suite 2430

Chicago, IL 60601

312.755.0198

PH.D. PROGRAM IN COMPLEX SYSTEMS
AND BRAIN SCIENCES

AT FLORIDA ATLANTIC UNIVERSITY

NIMH PREDOCTORAL FELLOWSHIPS, 
RESEARCH AND TEACHING ASSISTANTSHIPS

The aim of this program is to train scientists who are both mathemati-
cally and biologically literate so that they can fully participate in multi-
disciplinary research to bring new ways of thinking into neuroscience. 
Individuals with undergraduate degrees in any pertinent discipline are 
invited to apply for this 5-year training program at the FAU Center for 
Complex Systems and Brain Sciences.

Graduate training consists of a core curriculum in nonlinear dynamics, 
neuroscience, computational modeling and cognitive science. Research
areas include sensorimotor coordination and learning, human brain imag-
ing, including functional magnetic resonance imaging, EEG, brainstem
mechanisms of behavior, neural growth and development, ion channel 
dynamics, speech production and perception, neurolinguistics, visual 
perception, music perception and mathematics of complex systems.

Applicants should complete the application package that can be found 
on our website http://www.ccs.fau.edu and send it together with a
letter of interest, vitae and 3 letters of reference to: Rhona Frankel,

Center for Complex Systems and Brain Sciences, BS-12, Florida

Atlantic University, 777 Glades Road, Boca Raton, FL 33431. E-
mail: frankel@ccs.fau.edu. Deadline: January 16, 2007. Additional 
mandatory FAU application can be found at http://graduate.fau.edu/
GradApp/.

Neuroscience Positions at Georgia State University

Georgia State University (www.gsu.edu) invites applications for
multiple tenure-track faculty positions at all ranks. These positions are 
part of a major initiative to enhance existing strengths in neuroscience
at GSU over the next three years. The GSU neuroscience initiative
is coordinated by the Brains and Behavior Program at GSU and the
Center for Behavioral Neuroscience. The Brains & Behavior Program
is a University Area of Focus that sponsors collaborative research and
instruction in all areas of neuroscience across ten Departments (see http:
//brainsbehavior.gsu.edu). The Center for Behavioral Neuroscience is 
a multi-institutional NSF Science and Technology Center for neurosci-
ence research and teaching across seven Atlanta institutions of higher
education (see www.cbn-atl.org).

Outstanding applicants from all areas of neuroscience are welcome,
although preference will be given to applicants working in the follow-
ing areas (listed alphabetically):

Behavioral neuroscience and neuroendocrinology of social behavior:

Multidisciplinary research investigating the neural systems underlying
social behavior and the fundamental neural and hormonal processes that
support it, using either standard laboratory animal models or other species
(vertebrate or invertebrate) that refl ect a neuroethological perspective.

Behavioral neuroscience in nonhuman primates:Research on compar-
ative cognition, social behavior, communication, or higher-order cortical
processing in nonhuman primateswith a neuroscience or neuroendocrine
focus. Primarily behavioral approaches will be considered provided the
work has a direct connection to brain function. Research that comple-
ments currentwork at the Georgia State University’sLanguageResearch
Center (http://www.gsu.edu/lrc) is especially attractive.

Cell and molecular neuroscience: Molecular, biochemical, and
biophysical processes that underlie sensory, neuronal, synaptic, and
effector properties.

Circuit and systems neuroscience: Multidisciplinary experimental
approaches to basic neuroscience questions at cellular, circuit or systems
levels in vertebrate or invertebrate animals.

Computationalneuroscience:Computational,mathematical, or physical
simulation methods used to address basic neuroscience questions at the
cellular, circuit, systems, and behavioral levels or the development of
neuroinformatic, database tools for neuroscience.

Developmental neuroscience: Neural development and other forms of
plasticity, including adult neurogenesis.

Human cognitiveneuroscience:The neural mechanisms of social cogni-
tion or emotional processing in particular, although all areas of human
neurosciencewill be considered provided they focus on basicmechanisms
of neural structure and function in the human brain.

We particularly encourage applications from individualswho use a variety
of approaches andwho span two or more of these categories. Successful
applicants will be individualswho are prepared to take advantage of the
interdisciplinary collaborative research opportunities available within
the Brains & Behavior Program and, where appropriate, the Center for
Behavioral Neuroscience.

Applicants must have a Ph.D. degree with relevant postdoctoral experi-
ence and demonstrated ability to conduct an independent research pro-
gram using modern techniques. They must also have skills and interest 
in teaching. Submit curriculum vitae, bibliography, a brief statement
of professional goals and research interests, and the names and contact
information for 3 references either electronically to:Ms. TaraAlexan-
der at biotea@langate.gsu.edu, with the subject line “Neuroscience

Search”, or by mail to Brains and Behavior Program, Attn. Ms.

Tara Alexander, Georgia State University, P.O. Box 4010, Atlanta,

GA30302-4010, USA. The review of applications will begin November
15, 2006 and will continue until positions are filled.

Georgia State University is an Affi rmative Action/
Equal Opportunity Employer.
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Neuroscience is entering an era of

accelerated discovery, promising a new

understanding of the mechanisms that

regulate brain function and applying this

to developing new therapeutics for

brain diseases. With this aim, The

Queensland Brain Institute (QBI) – part

of The University of Queensland – is

recruiting up to six new Faculty in the

areas of cellular and synaptic plasticity,

visual, cognitive and computational

neurosciences. The foundation Director

of QBI, Professor Perry Bartlett FAA,

heads a dynamic Faculty of senior

research neuroscientists which

includes Pankaj Sah, Mandyam

Srinivasan FAA, FRS, Brent Reynolds,

Jason Mattingley, Geoffery Goodhill,

Linda Richards and Helen Cooper.

Established in 2003, QBI is home to

world-leading research in cellular and

synaptic plasticity. Leadership direction

builds on the key discovery made by

several Faculty members in 1992 that

the adult brain contains stem cells

capable of producing new neurons. QBI

is exploring ways to stimulate the

production of new functional nerve cells

to overcome diseases such as

dementia, stroke and motor neuron

disease and to promote optimal brain

function.

QBI’s research focus is on discovering

and understanding the molecular and

physiological regulation of brain

function. Specifically, QBI targets

brain plasticity with six main research

themes, all of which will be expanded,

in terms of infrastructure and research

capacity, over the next five years:

• Cellular plasticity

• Synaptic plasticity

• Cognitive and behavioural

neuroscience

• Visual neuroscience

• Mental and neurological disorders

• Computational neuroscience

World-class facilities
The Institute’s potential to make key
advances will be further progressed
by the development of a $64 million
facility, fitted with state-of-the-art
research equipment, and have the
capacity to accommodate some 250
scientists and support staff.

Scheduled for completion in July
2007, the new complex will see the
Institute evolve into one of the finest
neuroscience research centres in the
world. QBI’s scientific team will also
develop leadership in core
technology, especially in advanced

imaging. The Institute has already
installed a16.4Tesla animal MRI and 4T
human MRI. In addition, QBI has the
world’s largest cell-sorting facility
dedicated to neuroscience. The new
Institute will also have extensive
capabilit ies in animal and human
behavioural testing and has developed
strong interdisciplinary teams in the area
of applying nanotechnology to
neuroscience.

Asia–Pacific focus
By developing a highly collaborative

network based on ‘real’ scientific

exchanges and joint programs, QBI

intends to become a focus for the Asia–

Pacific neuroscience community.

Neuroscientists at all levels – up to full

professor – are encouraged to apply.

Enquiries to:
Professor Perry Bartlett

p.bartlett@uq.edu.au

www.qbi.uq.edu.au

Join one of the world’s most
exciting neuroscience research teams
at the Queensland Brain Institute in Australia

Above: QBI Research Fellow, Dr John Power

mailto:p.bartlett@uq.edu.auwww.qbi.uq.edu.au
mailto:p.bartlett@uq.edu.auwww.qbi.uq.edu.au


Faculty Positions in Molecular Neuroscience
Stark Neurosciences Research Institute

Department of Biochemistry 
and Molecular Biology

Department of Pharmacology 
and Toxicology

The Paul and Carole Stark Neurosciences Research Institute (SNRI) of the 
Indiana University School of Medicine in Indianapolis announces a search for
three new faculty in the area of molecular mechanisms underlying nervous 
system plasticity as part of a major expansion of neuroscience research over 
the next several years. The SNRI, in partnership with the Departments of 
Biochemistry and Molecular Biology and of Pharmacology and Toxicology, 
seeks three outstanding individuals for faculty positions at the Assistant or

Associate Professor level. More senior individuals with exceptional creden-
tials will be considered. A Ph.D. and/or M.D. degree and at least 3 years of 
postdoctoral research experience are required, and strong evidence of pro-
ductivity and grant support are desirable. Of primary interest are candidates 
who employ pharmacological, molecular, genomic/proteomic and/or chemical
approaches to the study of signaling networks underlying synaptic plasticity 
in the following areas: mechanisms of substance abuse and addiction, neuro-
psychiatric disorders, or nervous system repair and regeneration. Competitive
start-up packages include ample space in a new research building and access 
to exceptional core research facilities. Primary departmental affi liation will 
reside in one of the partner departments to be negotiated by mutual inter-
est. Successful candidates will be expected to develop strong extramurally 
supported research programs, contribute to an already strong, collaborative 
research environment, and to excel in mentoring graduate and postgraduate 
trainees. More information about the SNRI and partner departments can be
found on our websites (snri.iusm.iu.edu, www.biochemistry.iu.edu, and 
pharmtox.iusm.iu.edu).

Interested individuals should send a curriculum vitae, a research prospectus, 
and the names and addresses of 3 references. Application materials will
only be accepted in electronic format by submission to the attention of
Dr. Gerry Oxford, Executive Director, SNRI, IU School of Medicine at 

snri@iupui.edu.

IU is an Equal Employment Opportunity/Affi rmative Action Employer, M/F/D.

University of Florida McKnight Brain Institute 
and College of Medicine

Faculty Positions in Neuro-Oncology Research Program

The Mcknight Brain Institute (UFMBI) is expanding its research program 
in neuro-oncology and invites applications for several tenure-track faculty 
positions at the rank of assistant, associate or full professor for individuals 
having a Ph.D. and/or M.D. degree. The program is multidisciplinary in 
its approach to expanding our basic understanding of brain tumors and the 
development of new treatments. Support for the program includes state, 
institutional and endowed sources. The UFMBI serves as an umbrella for 
the neuro-oncology program that includes the University of Florida Shands 
Cancer Center, Florida Center for Brain Tumor Research, Preston Wells 
Brain Tumor Therapy Center and several basic science and clinical depart-
ments. A primary academic appointment will be made in one of the affi liated 
departments in the College of Medicine. At the assistant professor level, 
candidates will be expected to show the potential to develop an independent 
but interactive research program whereas at the associate and full professor 
levels, candidates should have demonstrated excellence in cancer research. 
Investigators in all areas of brain tumor research such as angiogenesis, cell 
cycle control, cell signaling, immune-tumor cell interactions, stem cell
biology, tumor imaging and mechanistic approaches to novel brain tumor 
treatments, are encouraged to apply. A commitment to the education of profes-
sional and graduate students is expected. The positions offer a competitive 
salary, a generous start-up package and excellent research facilities. 

Applicants should send their curriculum vitae, a description of research
interests, and three letters of recommendation to: Dr. Jeffrey K. Harrison, 

c/o The Evelyn F. and William L. McKnight Brain Institute of the Uni-

versity of Florida, College of Medicine, P.O. Box 100015, Gainesville 

FL 32610. E-mail at Sabrina.mclaughlin@mbi.ufl.edu. Application
deadline is November 1, 2006 with an anticipated start date on or after 
March 1, 2007.

The University of Florida is an Equal Opportunity Employer, 

and minorities and women are encouraged to apply.

The Neuroscience Initiative at Columbia University is recruiting faculty
with interests in the analysis of neural circuitry through molecular, genet-
ic, cellular electrophysiological, and/or imaging approaches. We are 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 positions 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 neurobi-
ology and behavior, and the Neuroscience Initiative aims to enhance inter-
actions between basic and clinical neurosciences and link the neuro-
sciences 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 17,
2006. A CV, cover letter including statement of interests, and three letters
of reference under separate cover should be e-mailed 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

Neurophysiology of Cognition and 
Neurological Disorders

Gladstone/UCSF Faculty Position

The Gladstone Institute of Neurological Disease and the University of Cali-
fornia, San Francisco (UCSF) invite applications for a faculty position at the
level of Assistant Investigator/Assistant Professor. Of particular interest are 
candidates with broad expertise in electrophysiology and chemistry who are 
interested in investigating experimental models of Alzheimer’s disease and
other neurological conditions at the molecular, cellular, and systems level. 
Primary criteria for appointment will be outstanding records of innovative 
research and academic performance, including landmark papers in leading 
journals, as well as high potential for establishing a vigorous indepen-
dent research program, inspiring mentorship, and fruitful collaboration.

The successful candidate will join an interactive group of investigators in 
Gladstone’s state-of-the-art research facility at UCSF’s new Mission Bay 
campus. S/he will have joint appointments in the Gladstone Institute of 
Neurological Disease, and in the Department of Physiology, the Department
of Neurology, and the Neuroscience Program at UCSF. Excellent salary 
support is provided. Women and minorities are especially encouraged to 
apply. The search will continue until the position is fi lled. To ensure full 
consideration, however, applications should be received by December 15, 

2006. For additional information on research programs and facilities, see 
www.gladstone.ucsf.edu/gind.

Please send curriculum vitae, description of achievements and research 
interests, and the names of three references to:

GIND/UCSF Search Committee

1650 Owens Street

San Francisco, CA 94158

gindsearch@gladstone.ucsf.edu

Job # M2227

The J. David Gladstone Institutes and UCSF are Affi rmative Action/
Equal Opportunity Employers. They undertake 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.
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Infl ammatory Bowel Disease Research

The Department of Gastroenterology at The Cleveland Clinic Foundation is undergoing a major expansion 
in the area of infl ammatory bowel disease (IBD) research, and is seeking faculty members for 3 newly 
created positions at the Assistant or Associate Professor level. Positions are targeted for basic investigation 
in the broad fi eld of intestinal infl ammation, and successful candidates will become part of a strong and well 
established IBD program. Special consideration will be given to individuals with interest and expertise in:

Innate immunity
Enteric microfl ora

Microbial pathogenesis
Animal models of IBD 

Offer includes ample laboratory space, equipment, supplies, and competitive salary negotiable depending 
on qualifi cations. Interested individuals should send his/her curriculum vitae and correspondence to:

Dr. Claudio Fiocchi
Department of Gastroenterology and Pathobiology

Lerner Research Institute, NC22
The Cleveland Clinic Foundation

9500 Euclid Avenue, Cleveland, Ohio 44195

FACULTY POSITION 
IN NEUROSCIENCE

The University of 
New Mexico School of Medicine

The Department of Neurosciences invites appli-
cations for a tenure-track faculty position at the 
Assistant or Associate Professor level. Applicants 
must have a Ph.D. or M.D. degree, or the equiva-
lent, with postdoctoral experience. Applicants
should have an independent research program,
or strong potential for obtaining extramural
funding, as evidenced by high quality publica-
tions. Preference will be given to neuroscientists 
with primary research interests that complement 
department strengths in stem cell neurobiology, 
behavioral neuroscience, and rodent models of
neurologic and psychiatric disorders. For more 
details on current research activities in the Depart-
ment of Neurosciences see http://www.unm.edu/
~neurohsc.Opportunities exist for collaborations
with faculty in other basic science and clinical 
departments in the Health Sciences Center (http:
//hsc.unm.edu/), the Department of Psychology, 
the MIND Institute, and Sandia and Los Alamos 
National Laboratories. The position includes a
competitive state-funded salary, research start-
up funds and research facilities. The selected
individual should have experience or interest
in participating in graduate and medical school 
teaching programs. Send signed letter of inter-
est, vitae, reprints and three references to:Chair,

Neuroscience Faculty Search Committee,

Department of Neurosciences, MSC08 4740, 1 

University of New Mexico, Albuquerque, NM 

87131-0001. For best consideration, applica-
tions must be received by November 14, 2006;

however, position will remain open until fi lled. 
EEO/AA. JR#7439

Louisiana State 
University Health 
Sciences Center 

- Shreveport

Cerebrovascular 
Diseases

The LSU Health Sciences Center – Shreveport 
invites applications for a tenure-track
position at the level of Assistant/Associate 
Professor/Professor. Successful applicants
will be expected to develop an independent, 
nationally funded research program in the area
of cerebrovascular diseases. Salary, startup
package, and laboratory space allocation
will be commensurate with faculty rank and 
extramural funding. Applicants should have 
a Doctoral degree and relevant postdoctoral 
experience. Applications will be reviewed as 
they are received until the position is fi lled. 

Send curriculum vitae and names of three
references to: 

D. Neil Granger, PhD,

Boyd Professor and Head, Department of 

Molecular and Cellular Physiology

LSU Health Sciences Center

1501 Kings Highway

Shreveport, Louisiana 71130-3932

FAX: 318-675-6005

e-mail: dgrang@lsushc.edu

LSU Health Sciences Center is an 
Affi rmative Action/Equal Opportunity 

Employer.

Cell Biologist /Neurobiologist

The Department of Cell Biology and Neurosci-
ence at Rutgers University, Piscataway, invites 
applications for two tenure-track positions
at the Assistant Professor level. Applicants 
should have a Ph.D. or M.D. and an outstand-
ing record of research productivity. Candidates 
in fields such as cell cycle regulation, cell
differentiation, developmental neurobiology, 
immunology, and synaptic plasticity, at either 
the molecular or systems level, are strongly
encouraged to apply. 

The successful candidate will be expected to
establish a high-quality, independent research
program supported by external peer-reviewed 
funding, and to contribute to graduate and
undergraduate education. The Department
offers excellent state-of-the-art facilities and
a competitive start-up package. Interested
individuals should apply via the Department
website (http://cord.rutgers.edu/apply/).
Please submit a curriculum vitae, a brief state-
ment of research plans, and the names and
addresses of three references. For questions,
contact Virginia Marano (marano@biology.

rutgers.edu), Nelson Laboratories, 604 Alli-

son Road, Piscataway, NJ 08854. The search 
will remain open until both positions are fi lled;
however, the committee will meet November 1,

2006 to select candidates from the applications 
received by this date. 

Rutgers University is an Equal Opportunity/
Affi rmative Action Employer. 

CAREERS IN NEUROSCIENCE

http://hsc.unm.edu/
mailto:dgrang@lsushc.edu
http://cord.rutgers.edu/apply/
mailto:marano@biology.rutgers.edu
mailto:marano@biology.rutgers.edu
http://ScienceCareers.org
http://hsc.unm.edu/
http://www.unm.edu/~neurohsc
http://www.unm.edu/~neurohsc


Post Doctoral Fellowships 2007

www.csiro.au

hmaC052106

CSIRO is Australia’s national science organisation with over 6,500 staff located across the country.  It is one of the largest and most 
diverse research organisations in the world, with its research delivering solutions for agribusiness, the environment, information and 
communication technologies, health, advanced materials and manufacturing, minerals and energy, services, transport and infrastructure.

The CSIRO Postdoctoral Fellowship Scheme provides the opportunity for postgraduates to undertake postdoctoral research projects
within CSIRO for a period of three years.  23 postdoctoral positions are now being offered across a broad range of disciplines, as follows:

Full details of the positions being offered can be found on the CSIRO Careers website.

For further information, selection documentation and details on how to apply,
visit www.csiro.au/careers Alternatively contact CSIRO on 1300 301 509

Insects and disease;

Molecular Plant Pathology;

Metagenomics of the gut microbiome;

Ecosystem impacts of invasive plants;

Molecular population geneticists specialising in 
Coalascence;

Social Ecologist;

Bat zoonotic viruses;

Early diagnosis of Alzheimer’s disease;

Gene discovery for seed dormancy;

Forest trees - applied and functional molecular geneticist.

Pulsars;
Voluminous silicate spectrosocopy;
Novel non-stick materials;
Synthetic-process chemist;
Wireless and sensor networks;
Telomere maintenance and nutrition;

Evolution of galaxies;
Nanostructured thermoelectrics;
Smart nuclear instruments;
Carbon nanotube separation;

Mechanics and hydrodynamics of geofluids;
Synthesis and characterization of charge transporting polymers;
Improved fatigue resistance in A1 by self-healing.

The Department of Biology
at Duke University is seek-
ing outstanding candidates
for two open rank tenure 
track positions to begin Sep-
tember 2007. Candidates at
the Assistant Professor level

are especially encouraged to apply. We are
interested in applicants who investigate the 
molecular basis of cellular function. We
are particularly interested in candidates
who use systems, biochemical, genetic, or
other molecular approaches to solve com-
plex mechanistic problems. The successful
candidates are expected to develop a strong 
independent research program and be fully
committed to the graduate and undergraduate 
education mission of the University.

Applicants should submit a curriculum
vitae, a summary of current and proposed
research, and a statement of teaching inter-
ests to: Molecular Mechanisms Search,

Biology Department, Duke University,

Box 90338, Durham, NC 27708-0338. In
addition, junior candidates should arrange
for three letters of recommendation to be
sent to that address; senior candidates should 
give the names of three potential referees.
Applications may also be submitted online
at https://academicjobsonline.org/ajo/
Duke/Biology/AP. Applications received 
by October 21, 2006 will be guaranteed
consideration.

Duke University is an Equal Opportunity/
Affi rmative Action Employer.

Neurobiology Faculty 
Positions

University of Maryland 
School of Medicine
Baltimore, Maryland

The Department of Anatomy and Neurobiol-
ogy (http://neurobiology.umaryland.edu) is
recruiting tenured/tenure-track faculty positions
in Neuroscience.We are interested in candidates
who use multidisciplinary approaches to under-
stand the function or plasticity of the nervous
system. Of particular interest are candidates that
complement existing strengths in the Depart-
ment, including sensory, systems, molecular
and developmental neuroscience.

The Department contains new, state-of-the-
art laboratories and core facilities. We offer 
an outstanding intellectual and collaborative
environmentwith highly competitive salary and 
recruitment packages. All department faculty
are members of the Graduate Program in Life
Sciences and the interdisciplinary Program in 
Neuroscience (http://neuroscience.umaryland
.edu).

Highest priority will be given to candidates
with an independent, funded research program 
and a strong history of scholarly activity.
Applications posted by December 1, 2006
will receive strongest consideration.Candidates
should submit the following as PDF fi les to
facsearch@umaryland.edu: (1) detailed cur-
riculum vitae, (2) statement of research interests
and goals, and (3) names and contact informa-
tion for three to five references. Applications
should be addressed to the attention of: Drs.
Steven D. Munger and Patricio O’Donnell,

Co-Chairs, Faculty Search Committee.

Assistant/Associate Professor
Department of Neurobiology

Harvard Medical School

The Department of Neurobiology invites appli-
cations for a tenure track position with a rank
of assistant or associate professor, depending
on experience. We seek an outstanding scientist 
addressing fundamental questions of neurosci-
ence with a central focus on molecular or genetic 
mechanisms. 

This position offers outstanding scholarly and sci-
entifi c resources in a collegial and collaborative 
department with strong ties to related departments 
throughout Harvard University, the Harvard-affi li-
ated teaching hospitals, and the Boston neurosci-
ence community. The position provides the oppor-
tunity to join a growing coalition of researchers at 
Harvard Medical School interested in molecular 
and quantitative approaches to neuroscience and 
systems biology. 

The position also offers the opportunity to teach 
exceptional graduate and medical students with 
strong interests in neuroscience and related fi elds. 
Candidates must have a Ph.D., M.D. or equivalent
graduate degree. 

Applicants should send a C.V., a 1-page summary 
of research contributions, and a 1-page description
of plans for future work by December 6, 2006.
Applicants should arrange to have 3-5 letters of 
recommendation sent to the search committee.
Send all materials to: Molecular Neuroscience 

Search Committee, Department of Neurobiol-

ogy, Harvard Medical School, 220 Longwood

Ave., Boston,MA 02115.

http://neuro.med.harvard.edu/site/index.html

CAREERS IN NEUROSCIENCE
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http://neuro.med.harvard.edu/site/index.html
http://ScienceCareers.org
https://academicjobsonline.org/ajo/Duke/Biology/AP
https://academicjobsonline.org/ajo/Duke/Biology/AP


Tenure-Track Faculty Positions
in Developmental Genetics

The Department of Biology at Temple University is
expanding its faculty and anticipates adding new
hires over several years.  The Department invites
applications for two Assistant/Associate Professor
tenure-track faculty positions, beginning September
2007, in the area of Developmental Genetics.
Review of applications will begin October 15, 2006
but applications will be considered until both
positions are filled.

Faculty are expected to maintain an externally
funded research program and engage in teaching
at both the graduate and undergraduate levels,
including participation in the undergraduate core
Genetics course.  Possible research areas include,
but are not limited to, genetic, molecular, cell
biological and genomics approaches to studying
the developmental biology of vertebrates,
invertebrates or plants, as well as developmental
neurobiology.  

Applicants with a Ph.D. and a minimum of two years
postdoctoral experience should send their CV, a
two-page description of research interests, a
statement about their teaching philosophy, and
names with contact information for three letters of
reference to:  Dr. Karen Palter, Chair, Search
Committee, Department of Biology, 343 Bio-Life
Sciences, Temple University, 1900 N. 12th St.,
Philadelphia, PA 19122. E-mail: palter@temple.edu.
Temple University is an equal opportunity, equal
access, affirmative action employer committed to
achieving a diverse community. AA, EOE, m/f/d/v.

DIRECTOR 

DIVISION OF SPACE LIFE SCIENCES

The Universities Space Research Association (USRA), a private, nonprofi t consortium of 100 colleges 
and universities, is seeking a Director for its Division of Space Life Sciences (DSLS). This Division is 
located in Houston, Texas, near the Johnson Space Center. The DSLS manages all of USRA’s activities in 
the space life sciences. The division’s research and educational programs encompass multiple discipline 
areas, including bone and muscle physiology, space radiation health, environmental health, immunology, 
microbiology, nutritional biochemistry, and technology development. 

The Director of the DSLS provides management oversight of all aspects of the Division’s operations and
serves as an advocate for its programs within USRA, NASA and the university community. The success-
ful candidate will demonstrate the ability to expand the scope and direction of the Division’s research 
program by developing and carrying out a long-term strategic plan. The candidate must demonstrate the 
ability to manage and motivate a large group of life scientists with diverse research interests.

The applicant should have a broad research background with at least 10 years experience in managing 
research efforts. The individual should possess an M.D. or Ph.D., or an equivalent degree in a life sci-
ence fi eld with an emphasis on biomedical research. Experience in managing a large research program 
is a plus, as is a familiarity with the NASA life science research community. The successful candidate 
will demonstrate the ability to present himself/herself and the Division to the government and academic 
community. Must demonstrate the ability to understand the basics of life science research projects in 
multiple discipline areas. Current, active involvement in (funded) research is a plus – particularly micro-
gravity-related research, either ground-based or space fl ight. Accommodations can be made at the NASA
Johnson Space Center or at local academic institutions to facilitate part-time research activities.

Salary and benefi ts are competitive and commensurate with experience. USRA offers an excellent, com-
prehensive fringe benefi ts program. Interested individuals should submit a letter of intent, curriculum 
vitae and the names and contact information for three references to dsls@hq.usra.edu. Applications 
received by November 10, 2006, will be given full consideration. Further information regarding the 
DSLS and USRA may be found at www.dsls.usra.edu and www.usra.edu, respectively.

Andrew Bradley

DSLS Search Committee Coordinator

Universities Space ResearchAssociation

10211 Wincopin Circle, Suite 500

Columbia,MD 21044

USRA is an Equal Opportunity Employer.

WE PREPARE STUDENTS TO CREATE THE FUTURE

Dean of the College of Engineering
Michigan Technological University invites applications and nominations for the position of Dean of the College of Engineering.  The Dean of Engineering 
is the chief academic and administrative offi cer for the College of Engineering and reports directly to the Provost.  The Dean is responsible for strategic 
planning, development, and administration of the college, as well as managing relationships with other University units and outside educational institu-
tions, alumni, government, and the private sector.  The Dean will be central in realizing the University’s vision to grow as a premier research university 
of international stature and achieving Top 50 status as a public university.

Michigan Tech’s College of Engineering enrolls 3,700 students in 10 ABET accredited undergraduate programs and masters and doctoral programs in 11 
disciplines.  US News & World Report ranks four Michigan Tech graduate engineering programs among the best in the country.  ASEE ranks Michigan 
Tech among the top schools in the nation in engineering bachelor’s degrees awarded, ranking 17th for women and 21st for men. COE research expenditures 
exceeded $21 million in 2005. 

COE faculty have received national recognition, including an IGERT in sustainable futures and an ERC for wireless integrated micro systems. Michigan Tech 
is home to the innovative student Enterprise Program which enrolls 500 engineering students. For more information, see http://www.doe.mtu.edu.

Established in 1885, Michigan Tech is a nationally recognized research university and a leader in science and engineering education.  Located in Houghton
in the Upper Midwest in the scenic Keweenaw Peninsula (http://hunts-upguide.com/), Michigan Tech offers a friendly, safe, and affordable living environ-
ment with excellent opportunities for year-round outdoor recreation.

To receive full consideration, candidates must demonstrate scholarly activity appropriate for a tenured appointment as full professor, with distinguished 
research, teaching and service and a demonstrated ability to attract funding.  The successful candidate will be a proven leader with excellent communica-
tion and interpersonal skills and a commitment to diversity.  Experience in strategic planning, fundraising, and technology transfer are desirable. For more 
information about this position, including application information, please visit our web site at: http://www.admin.mtu.edu/hro/facpers/facvac.htm.

Review of applications will commence immediately and will continue until the position is fi lled.  For full consideration, applications should be received 
by October 15, 2006.  Please submit nominations, inquiries, or application materials, including a cover letter, current vitae, and contact information for 
four references to: deansearch@mtu.edu  or Dean of Engineering Search,Michigan Technological University, 1400 Townsend Drive,Minerals and

Materials Building, Room 712, Houghton,MI 49931-1295.

Michigan Technological University is an Affi rmative Action/Equal Opportunity Employer.

mailto:palter@temple.edu
mailto:dsls@hq.usra.edu
http://www.dsls.usra.edu
http://www.usra.edu
http://www.doe.mtu.edu
http://www.admin.mtu.edu/hro/facpers/facvac.htm
mailto:deansearch@mtu.edu
http://ScienceCareers.org
http://hunts-upguide.com


Department of Health and Human Services       

National Institutes of Health

National Institute of Allergy and Infectious Diseases

With nation-wide responsibility for improving the health and well being of all Americans, the Department of Health 

and Human Services oversees the biomedical research programs of the National Institutes of Health (NIH) and those 

of NIH’s research Institutes.

The National Institute of Allergy and Infectious Diseases (NIAID), a major research component of the NIH and the 

Department of Health and Human Services, is recruiting for a Tenure/Tenure Track position in the Laboratory of Host 

Defenses (LHD). The LHD studies immune functions essential for host defense against infection (inherited immune 

deficiencies) and those required for immune homeostasis (autoimmunity associated with excessive inflammation). The 

LHD seeks an M.D. or M.D., Ph.D. physician scientist to develop an independent translational research program related 

to the genetic basis, pathophysiology, diagnosis and treatment of autoimmune diseases associated with excessive inflam-

mation. An emphasis on clinical aspects of innate immunity including phagocytic cells, natural killer cells, dendritic 

cells and other antigen presenting cells, toll-like receptors or other pattern recognition receptors in its interface with 

acquired immunity is desirable.  The applicant should have a strong track record of basic research of the genetic basis 

of disease and alterations in signaling pathways responsible for immune dysregulation. The applicant must possess 

expertise and experience in the design and conduct of diagnostic and therapeutic clinical trials studying and treating 

autoimmune diseases. Strong clinical credentials in a specialty area relevant to the proposed translational research 

program (relevant specialties include but are not limited to rheumatology, pulmonary diseases, hematology, immunol-

ogy or infectious diseases) are required. The program of study proposed by the applicant must include both laboratory 

components and the conduct of clinical protocols to assess new diagnostic and therapeutic modalities to diagnose and 

treat autoimmunity associated with excessive inflammation. Applicants particularly suitable for this program are those 

who have knowledge and experience in the development and clinical application of novel biological agents includ-

ing chemokines, soluble chemokine receptors, adenosine receptor agonists, monoclonal antibodies, cellular therapies 

including transplantation or gene therapy to correct the abnormalities in immunity, that achieve immune tolerance or 

to reduce abnormal inflammation.

The applicant must provide evidence in the submitted materials that the applicant has a current license to practice 

medicine in one of the states of the United States or must have all the credentials required by the State of Maryland for 

licensing to allow the practice of medicine. These credentials must include but are not limited to having a Doctor of 

Medicine or Doctor of Osteopathy degree from an accredited school in the U.S. or Canada, or a Doctor of Medicine or 

equivalent degree from a foreign medical school that provided education and medical knowledge substantially equiva-

lent to accredited schools in the U.S. as demonstrated by permanent certification by the Educational Commission for 

Foreign Medical Graduates (ECFMG).

To be considered for this position, you will need to submit a curriculum vitae, bibliography, three (3) letters of refer-

ence, a detailed statement of research interests, and a hardcopy of selected publications to Thomas A. Fleisher, MD,

Chairperson, NIAID Search Committee, c/oMs. Anissa N. Hunter, DIR Committee Coordinator, Reference Ad

#009, 10 Center DriveMSC1356, Building 10, Rm. 4A26, Bethesda,Maryland 20892-1356. Completed applications

MUST be received by Thursday, November 15, 2006. For additional information on this position, and for instructions 

on submitting your application, please see our website at: www.niaid.nih.gov.

http://www.niaid.nih.gov


I want
to help

find a
cure for
cancer

Not worry
about my

student
loans

The NIH Loan Repayment Programs | Healthier Futures Through Research

If you’re interested in a biomedical research career, you should know 

that the National Institutes of Health Loan Repayment Programs may

repay up to $35,000 per year of your qualified educational loan debt. 

Deadline for Applications is December 1

For more information, visit www.lrp.nih.gov or call 1–866–849–4047

http://www.lrp.nih.gov
http://www.nih.gov


The National Institute of Allergy and Infectious Diseases, a major

research component of the NIH and the Department of Health and

Human Services, is recruiting a Staff Scientist. The position will be 

available in the Respiratory Viruses Section of the Laboratory of Infec-

tious Diseases, and scientists with a M.D., D.V.M, or Ph.D. are eligible. 

The research activity involves (1) examination of the pathogenesis of 

pandemic and potential pandemic strains of influenza and their evalua-

tion in vitro and in experimental animals; (2) influenza viral genomics, 

and examination of viral evolution in fitness and host adaptation; and 

(3) the development of influenza clinical trials in humans. This full-time

research position offers a unique opportunity to work on investigations 

that range from basic molecular biology to clinical research. Staff 

Scientist applicants should have at least six years of laboratory work 

experience in molecular and classical virology research; the salary range

is $73,178 - $165,195. Preference will be given to candidates who have

experience working with avian influenza viruses and those with BSL3

experience. Applicants should submit their curriculum vitae, a letter of 

research interests, and names and addresses of three references to:Jeffery

K. Taubenberger, MD, PhD, Attn: D. Kyle, NIAID, NIH, Bldg 50

Room 6234, MSC 8007, 50 South Drive,Bethesda, MD 20892-8007,

FAX: (301) 496-8312, email: dkyle@niaid.nih.gov

Review of applicants will begin on October 30, 2006 and continue until

a successful candidate is identified.

The National Institute of Allergy and Infectious Diseases, a major research

component of the NIH and the Department of Health and Human Services, is 

recruiting a Staff Scientist. The position will be available in the Respiratory 

Viruses Section of the Laboratory of Infectious Diseases, and scientists with 

a M.D., D.V.M, or Ph.D. are eligible. The research activity involves (1) the 

development of live attenuated vaccines against potential pandemic strains of 

influenza and their evaluation in experimental animals as well as in clinical 

trials in humans; (2) examination of the pathogenesis of avian influenza viruses 

and SARS-coronavirus; (3) the evaluation of the immunologic determinants 

of resistance to infection and disease caused by influenza viruses and SARS-

coronavirus. This full-time research position offers a unique opportunity to

work on investigations that range from basic molecular biology to applied vac-

cinology. Staff Scientist applicants should have at least six years of laboratory 

work experience in molecular virology and vaccine research; the salary range is

$73,178 - $165,195. Preference will be given to candidates who have experience

working with avian influenza viruses. Applicants should submit their curriculum

vitae, a letter of research interests, and names and addresses of three references 

to: Kanta Subbarao, MD, MPH, Attn: A. LeCointe, NIAID, NIH, Bldg 50

Room 6234, MSC 8007, 50 South Drive, Bethesda, MD 20892-8007, FAX:

(301) 496-8312, email: lecointe@niaid.nih.gov

Review of applicants will begin on November 1, 2006 and continue until a 

successful candidate is identified.

Tenure-Track Investigator Position 

in Immunology and Related Fields

The National Institute of Allergy and Infectious Diseases (NIAID), Division of Intramural 

Research (DIR) is recruiting for a Tenure-Track Investigator in the Laboratory of Cellular and 

Molecular Immunology (LCMI).  The NIAID is a major research component of the NIH and 

the Department of Health and Human Services (DHHS).

The Laboratory of Cellular and Molecular Immunology (LCMI) is seeking an M.D., Ph.D., 

D.V.M., or an equivalent degree for a tenure track position. Candidates with a strong record 

of creative, scientific accomplishments, and those with a novel, progressive approach to the 

discipline are particularly encouraged to apply.

The successful candidate will have a unique opportunity to establish an independent research 

program at the NIHmain campus in Bethesda, Maryland. This facility houses one of the largest

immunological research communities in the world, with access to flow cytometry, confocal 

microscopy, mass spectrometry and microarray production. This position will have committed

resources for space, a technician and two postdoctoral fellows, as well as an allocated budget 

to cover service, supplies, animals and salaries.

Salary will be commensurate with research experience and accomplishments. A full Civil 

Service package of benefits is available, including retirement, health, life, long term insurance 

care and Thrift Savings Plan.

Address any questions about this position to Dr. Ron Schwartz at rs34r@nih.gov. Please 

note search #008 in all correspondence and when sending materials. To apply, candidates must 

submit: curriculum vitae and bibliography, and a 2-3 page description of a proposed research 

program preferably via email to Ms. Felicia Braunstein at braunsteinf@niaid.nih.gov. In 

addition, three letters of recommendation must be sent to Ms. Felicia Braunstein, Commit-

tee Manager, NIAID, NIH; Bldg. 10, Rm.4A30, MSC-1349; Bethesda, MD 20892-1349.

All applications must be received by November 27, 2006.   All applicants will be notified by 

e-mail or phone when their applications are received and then complete. 

DEPARTMENT OF HEALTH AND HUMAN SERVICES

NATIONAL INSTITUTES OF HEALTH

OFFICE OF THE DIRECTOR

OFFICE OF SCIENCE POLICY

OFFICE OF BIOTECHNOLOGY ACTIVITIES

The National Institutes of Health (NIH) in Bethesda, Maryland, the world’s largest 

medical research facility, is seeking applications from exceptional candidates for the

position of Medical Officer,Recombinant DNAAdvisory Committee (RAC), located

in the Office of Biotechnology Activities (OBA), Office of Science Policy, Office

of the Director.  The incumbent of this position provides expert clinical advice and 

assistance to the NIHRecombinant DNAAdvisory Committee (RAC), with emphasis

on its role in examining clinical trials that involve the transfer of recombinant DNA

to humans. Responsibilities include analyzing the need for policy development 

in recombinant DNA and gene transfer clinical research activities, conducting in-

depth analyses of a wide range of recommendations developed by major advisory 

committees and governmental oversight bodies, and identifying human gene transfer

experiments deserving of public discussion by the full RAC.

Candidates are required to have Doctor of Medicine or Doctor of Osteopathy from 

a school in the United States or Canada approved by a recognized accrediting body. 

The salary range is $107,521 - $139,774 and a full package of benefits is included. 

A detailed vacancy announcement with the mandatory qualifications and application

procedures can be obtained onUSAJOBS atwww.usajobs.nih.gov (announcement

number OD-06-149137) and the NIH Web Site at http://www.jobs.nih.gov.

Questions on the application procedures may be addressed to Laurie Steinman on

301-594-5335.  Applications must be received by midnight eastern standard time 

on November 30, 2006.

mailto:dkyle@niaid.nih.gov
mailto:lecointe@niaid.nih.gov
mailto:rs34r@nih.gov
mailto:braunsteinf@niaid.nih.gov
http://www.usajobs.nih.gov
http://www.jobs.nih.gov


CANCER DIAGNOSIS PROGRAM

PROGRAM DIRECTOR

NATIONAL INSTITUTES OF HEALTH

NATIONAL CANCER INSTITUTE

The Cancer Diagnosis Program (CDP) is an extramural program within the Division of Cancer Treatment and Diagnosis of the National Cancer Institute (NCI) responsible for 

facilitating the translation of new knowledge in cancer biology and technologies into clinically useful diagnostic and predictive tests.  CDP initiated the Program for the Assessment 

of Clinical Cancer Tests (PACCT) in 2000 to ensure that the next generation of biomarkers and laboratory tests improve the management of cancer patients. CDP works closely 

with other NCI units and with other government agencies that focus on related aspects of the diagnosis challenge.  These include the Cancer Therapy Evaluation Program (CTEP), 

responsible for the NCI’s clinical trials program; the Cancer Imaging Program, responsible for improvements in the non-invasive imaging of tumor physiology and biochemistry; staff 

from various programs involved in the development of state-of-the art informatics systems, and statistical and mathematical techniques adequate for the analysis of massive datasets; 

other components of the NCI; the National Institute of Standards and Technology; and such regulatory agencies as the FDA.  Since the movement of new diagnostic and predictive 

tests into clinical practice also depends on interactions with the international oncology community, CDP also fosters collaborations with foreign oncology groups. 

CDP is seeking an M.D., Ph.D. or D.O. to serve as a Program Director in the Diagnostics Evaluation Branch (DEB) to participate in a dynamic extramural research program of

international scope. Experience with clinical trials and an interest in diagnosis and/or predicting the response to treatment, particularly as it relates to evaluation of biomarkers and in 

vitro diagnostic tools is necessary. The Program seeks an individual with experience in the translation of new knowledge and technology to clinical practice. A knowledge of systems 

biology and bioinformatics especially as it relates to identification of biomarkers or groups of biomarkers is helpful. Also helpful is experience that involves understanding the clinical 

decisions that can be informed by the use of markers and molecular technologies. The candidate will work with the Chief of the Diagnostics Evaluation Branch of the CDP and staff 

in the development of new initiatives for both the academic and business research communities.  Significant effort will be devoted to projects initiated as part of PACCT.  

Base salary for this position ranges from $91,407 to $118,828 per annum. MD and DO candidates are eligible for an additional allowance beginning at $13,000 per annum, depending 

on qualifications.  Benefits include health and life insurance options, retirement, paid holidays and vacation leave. 

To apply for this position, please visit: http://jobsearch.usajobs.opm.gov/a9nih.asp  and keyword search for Vacancy Announcements (VA), NCI-06-142673 (Ph.D.) or NCI-06-

142674-DH (MD or DO) for the mandatory application requirements. You must apply by the closing date of October 30, 2006. For questions about applying to the VA, please 

contact Mary LouWeathers, on (301) 402-5059 or weatherm@mail.nih.gov.

For more information about the position, please contact J. Milburn Jessup, MD at jessupj@mail.nih.gov or (301) 435-9010.

Cell Cycle Checkpoint Signaling Mechanisms 

and ATM Function

Richard S. Paules, Ph.D.

Environmental Stress and Cancer Group

(http://dir.niehs.nih.gov/dirlt/paules.htm)

A postdoctoral position is available to investigate signal transduction mecha-

nisms regulating cell cycle checkpoints, with particular interest in the role of the

ataxia telangiectasia mutated (ATM) gene product andATM-interacting proteins.

Studies will focus on responses to DNA damage and regulation of cell cycle 

progression following damage. Current research interests in our group include 

investigations of the role of ATM in mammary epithelial cell cycle regulation, 

the interplay of signaling from ATM and ATM-related kinases, as well as

ATM signaling in cells from individuals with heritable cancer susceptibility 

syndromes. Opportunities exist for the incorporation of genomic analyses into 

studies. Candidates should have a Ph.D. or equivalent degree in molecular 

biology, cell biology, biochemistry or related field. While candidates with five

or fewer years of relevant postdoctoral research experience are eligible, recent 

graduates are encouraged to apply.

TO APPLY: Submit a cover letter, curriculum vitae, bibliography and the 

names of three references to:

Dr.Richard S.Paules, National Institute of EnvironmentalHealth Sciences,

PO Box 12233, (Mail Drop D2-03), Research Triangle Park, NC 27709,

paules@niehs.nih.gov, FAX (919) 316-4771.
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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 an outstanding tenure-track investigator to 

pursue innovative, independent research in cancer genetics.  General areas of interest include, but are not limited to:

•      Cancer Gene Therapy •      Functional Genomics of Cancer

•      Comparative Cancer Genomics •      Genome Instability in Cancer

•      Genetic Epidemiology •      Markers for Early Detection

•      Molecular Profiling of Tumors •      Genetics of Tumor Progression

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, they 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 accomplishment in one of the targeted areas.

This position includes generous start-up funds, 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 their proposed research, and three letters of recommendation through our online 

application system at http://research.nhgri.nih.gov/apply.

The closing date is November 17, 2006.

For more information on CGB and NHGRI’s Intramural Program, please see http://www.genome.gov/Research. Specific questions regarding the recruitment 

may be directed to Dr. William Pavan (Search Chair) at bpavan@mail.nih.gov or by fax at (301-402-2036). Questions may also be directed to Dr. Elaine

Ostrander, Chief of the Cancer Genetics Branch, at eostrand@mail.nih.gov or by FAX (301-480-0472).

National Human

Genome Research

Institute

Department of Health & Human Services (DHHS)

National Institutes of Health (NIH)

National Institute of Dental and Craniofacial Research (NIDCR)

The National Institute of Dental and Craniofacial Research (NIDCR), National Institutes of Health (NIH), Department of Health &

Human Services (DHHS) is seeking applicants for a Biologist/Microbiologist/Health Scientist Administrator position in the Center 

for Integrative Biology and Infectious Diseases (CIBID). The position advertised is for the Director of the Microbiology Program. 

This program supports extramural basic and translational research on the role of oral microbes in health and disease.  To this end, 

four broad scientific areas provide the basis for rapid development of knowledge of the etiology, pathogenesis, diagnosis, treatment 

and prevention of oral infectious diseases. These interrelated areas are: (i) Biofilms and Microbial Ecology; (ii) Microbial genom-

ics; (iii) Microbial Virulence and Disease Pathogenesis; and (iv) Prevention and Treatment.  

The incumbent will direct, administer and evaluate a portfolio of extramural grants, contracts and cooperative agreements and 

will stimulate interest in and provide advice to the extramural community regarding the respective research portfolio. In addition, 

the incumbent will participate in funding decisions, policy development, as well as implementation and coordination with other 

programs both within and outside of the NIDCR.

The salary range for this position is $77,353 to $118,828 per annum, commensurate with qualifications and professional experi-

ence.  A full benefits package is available, which includes retirement, Thrift Savings Plan participation, health, life and long-term 

care insurance.

For qualifications required, evaluation criteria, and application instructions, view the vacancy announcements at: http://jobsearch.

usajobs.opm.gov/a9nih.asp.  Refer to announcement # NIDCR-06-141634DE or NIDCR-06-147841MP.   Applications will be 

accepted until October 27, 2006. Please contact Michelle Lipinski at 301-594-2286 or lipinskim@od.nih.gov if you have ques-

tions.

http://research.nhgri.nih.gov/apply
http://www.genome.gov/Research
mailto:bpavan@mail.nih.gov
mailto:eostrand@mail.nih.gov
http://jobsearch.usajobs.opm.gov/a9nih.asp
http://jobsearch.usajobs.opm.gov/a9nih.asp
mailto:lipinskim@od.nih.gov


DIRECTOR, GRADUATE PARTNERSHIPS PROGRAM

Office of Intramural Training and Education

National Institutes of Health

The Intramural Research Program of the National Institutes of Health in Bethesda, Maryland is seeking an outstanding individual to serve 

as Director of the Graduate Partnerships Program (GPP), Office of Intramural Training and Education (OITE). The Director, Graduate 

Partnerships Program, oversees the organization, implementation, and monitoring of Ph.D.-granting graduate programs associated with the 

NIH Intramural Research Program and assures that the partnerships are of the highest quality in training, curriculum and student outcomes. 

Specifically, the GPP is responsible for developing and monitoring policies and procedures and for coordinating institutional support to 

ensure that graduate student training programs meet the specific criteria of the universities involved in Ph.D.-granting graduate partnerships 

with the NIH. The incumbent also has a major responsibility for the design and implementation of strategies to facilitate the recruitment 

of students into the various NIH graduate partnerships. The Director chairs the GPP Executive Committee and oversees an office of ~7 

staff. A Ph.D. or equivalent degree plus scientific knowledge and demonstrated expertise in biomedical science as well as experience in 

running a research group and working with trainees, including graduate and undergraduate students and postdoctoral fellows, is required. 

A scientific background is also essential for working with NIH and university faculty mentors.

Further details about GPP and specific programs can be found at www.training.nih.gov. The salary range is $107,521 - $139,774 and a 

full package of benefits is included. A detailed vacancy announcement with the mandatory qualifications and application procedures can 

be obtained on USAJOBS at www.usajobs.gov (announcement number OD-06-14059) and NIH Web Site at http://www.jobs.nih.

gov. Questions on application procedures may be addressed to Laurie Steinman on (301) 594-5335. Applications must be received by 

midnight eastern standard time on December 28, 2006.

Department of Health and Human Services

National Institutes of Health

Director, National Center for Research Resources and 

Associate Director for Clinical Research (Extramural)

The Office of the Director, National Institutes of Health (NIH) in Bethesda, Maryland, is seeking applications from exceptional candidates for

the position of Director, National Center for Research Resources (NCRR). The Director, NCRR, will also serve as the NIH Associate Director

for Clinical Research (Extramural). NCRR, with a staff of approximately 100 employees and a $1 billion budget, is the focal point at NIH

for biomedical, clinical and translational research resources. The incumbent serves as a principal advisor to the Director, NIH; participates in
discussions relative to the development of major policy decisions affecting biomedical, clinical and translational research resources; provides
advice and consultation to NIH components, advisory councils and grantee organizations and institutions; and assures that effective administrative
procedures are established so that program operations and obligations of government funds and other resources are rendered consistent with
statutory and regulatory requirements and within limitations imposed by the Department of Health and Human Services (DHHS) and Executive
Branch policies. As Associate Director for Clinical Research (Extramural), the incumbent is expected to provide leadership for clinical research
activities across the NIH. This leadership will involve the coordination of clinical research activities to enhance the integration of basic and
clinical research. The Associate Director for Clinical Research will work closely with the other Institute and Center Directors to enhance the
efficiency and effectiveness of clinical research supported by the NIH. Applicants must possess a Ph.D., M.D., or a comparable doctorate degree
in the health sciences field plus senior level scientific experience and knowledge of biomedical, clinical and/or translational research programs in
one or more health science areas. Salary is commensurate with experience and a full package of benefits (including retirement, health, life, long
term care insurance, Thrift Savings Plan participation, etc.) is available. A detailed vacancy announcement, along with mandatory qualifications
and application procedures, can be obtained via the NIH Home Page at: http://www.jobs.nih.gov under the Senior Job Openings section. Dr. 
StephenKatz, Director, National Institute ofArthritis and Musculoskeletal and Skin Diseases, and Dr. David Schwartz, Director, National Institute
of Environmental Health Sciences, will be serving as co-chairs of the search committee. Questions on application procedures may be addressed
to Ms. Regina Reiter at ReiterR@od.nih.gov or discussed with Ms. Reiter by calling 301-402-1130. Applications must be received by
November 27, 2006.

http://www.training.nih.gov
http://www.usajobs.gov
http://www.jobs.nih.gov
http://www.jobs.nih.gov
http://www.jobs.nih.gov
mailto:ReiterR@od.nih.gov
http://www.nih.gov


University of California, Berkeley
Berkeley Nanosciences and Nanoengineering Institute (BNNI)

Assistant Professor Position in Nanoscale Science and 
Engineering and Energy

The University of California, Berkeley solicits applications for a tenure track 
position of Assistant Professor beginning in the Fall of 2007. Candidates are 
sought in the fi elds at the intersection of nanoscale science and engineering 
with implications of energy technology. Many of the fundamental length
scales involved in energy conversion, transmission, and storage occur at the 
nanoscales. Therefore, nanoscale science and engineering provide the oppor-
tunity to discover and develop new processes and systems to cost-effectively 
convert, store, and transmit energy that signifi cantly reduces the atmospheric 
burden of greenhouse gases. Topics of interest include but are not limited to 
catalysis, surface adsorption, fuel synthesis and processing including biofuels,
bioprocessing, thermoelectrics, fuel cells, batteries, photovoltaic cells, super-
conducting power transmission, clean coal conversion, nuclear power, etc. 

This faculty search will be conducted under the auspices of the Berkeley
Nanosciences and Nanoengineering Institute (BNNI), with participation from 
the Departments of Physics, Chemical Engineering, Chemistry, Electrical
Engineering and Computer Science, Materials Science and Engineering, and 
Mechanical Engineering. The successful candidate will have the potential to 
interact with scientists and engineers across a wide spectrum of disciplines, and
to help develop the new interdisciplinary initiative in nanoscale science and 
engineering. Applicants should send a complete curriculum vitae, a selection 
of publication reprints (fi ve or less), and a brief statement of future research 
plans and teaching interests. Candidates should also provide the names of at 
least three references to the address below. Applicants should request that their
references forward letters to the same address. Such letters will not be requested
directly by the department or the committee. UC Berkeley’s Statement of Con-
fi dentiality can be found at http://apo.chance.berkeley.edu/evalltr.html.

Applications should be sent to: Chair, Faculty Recruitment Committee;

Berkeley Nanosciences and Nanoengineering Institute, c/o Department

of Materials Science and Engineering, University of California, MC1760;

Berkeley, CA 94720. The deadline for receipt of applications, including refer-
ences, is December 1, 2006.

The University of California is an Equal Opportunity/
Affi rmative Action Employer.

Chair, Department of Biology
School of Natural Sciences and Mathematics

The UAB School of Natural Sciences and Mathematics (NS&M) invites applications for the position 
of Chair of the Department of Biology. The department presently consists of 17 full-time faculty mem-
bers with over 900 undergraduate majors and nearly 50 MS and PhD students. Departmental strengths 
include a highly dedicated and collegial faculty with research interests primarily in the ecology, com-
parative physiology, and molecular biology of aquatic organisms but also in aspects of cancer biology, 
immunology, and microbiology, a unique 5th year MS program in biology, and a strong undergraduate 
honors research program.

The Chair is responsible for the overall departmental program administration and reports to the Dean of 
the School. The successful candidate will be expected to provide vision and leadership for the department; 
administer departmental budgets, policies, and facilities; recruit and retain outstanding faculty; further 
the recruitment of high quality students; contribute directly to scholarly activities of the department; 
and promote the department both inside and outside the university. The university especially values 
collaboration among its academic units within and outside of the School that enhances the effectiveness 
of its academic and research programs. A PhD in Biology or related fi eld is required. Candidates must 
possess a distinguished record of scholarship, a demonstrated commitment to excellence in teaching, 
outstanding communication and interpersonal skills, and an established record of university and profes-
sional service such as to qualify for a tenured Professor position.

UAB with its world-renowned medical center is the major teaching-research university in the state of 
Alabama and the only doctoral-granting university in the State to be listed in the top Carnegie category: 
RU/VH. UAB continually ranks in the top twenty U.S. academic institutions with respect to National 
Institutes of Health (NIH) funding while NS&M’s extramural funding has grown about 15% annually 
over the past several years. With a total student enrollment of 16,500 and full-time faculty of over 1800, 
UAB is rapidly becoming one of the state’s largest public, comprehensive universities.

Applicants should submit a letter of interest summarizing their qualifi cations, curriculum vitae, state-
ment of vision, other supporting documentation, and contact information for at least fi ve references. 
Screening will begin in December 2006 and continue until a suitable candidate has been selected. Please 
send applications to: Department of Biology Search Committee, School of Natural Sciences and 

Mathematics, 1530 3rd Avenue South, CH 464, University of Alabama at Birmingham, Birming-

ham, AL 35294-1170.

Women and minorities are strongly encouraged to apply. 
UAB is an Affi rmative Action, Equal-Opportunity Employer.

Research Faculty Scientists
Institute for Transfusion Medicine 

(ITxM)

The Institute for Transfusion Medicine
(ITxM) is now accepting applications for
Research Faculty Scientists (all levels) in its 
new Center For Research (CFR) focusing on 
basic physiology and pathology of blood and 
transfusion-related topics. Joint academic
appointments will be provided by the Depart-
ment of Pathology, University of Pittsburgh. 
ITxM is the fourth largest blood center in the 
US and manages the largest transfusion service
in the country. The ITxM CFR seeks to comple-
ment its existing strong clinical program and 
extensive clinical and translational research
portfolio with an independent laboratory
based investigative research program. MD
and/or PhD trained scientists with an inter-
est in molecular immunohematology and/or
cellular therapy are particularly encouraged
to apply. The successful candidate should
have a track record of extramural funding or 
early career progress indicating a commitment
to developing an externally funded research
program. ITxM will provide very competitive 
start up packages and newly renovated labora-
tory facilities. 

Please send a research statement, CVs, and
list of potential references to: Deborah Small,

Institute for Transfusion Medicine, 3636

Blvd of the Allies, Pittsburgh, PA 15213.
Inquiries can be addressed to Professor Dar-

rell J Triulzi (dtriulzi@itxm.org) or Profes-

sor Alan Wells (wellsa@upmc.edu).

ITxM is an Equal Opportunity Employer.

PHYSIOLOGY UCLA

Assistant or Associate Professor

TheDepartment of Physiology at theDavidGeffen School of Medicine

at UCLA invites applications for a tenure track faculty position, prefer-
ably at the level of Assistant or Associate Professor.

We are especially interested in candidates using molecular physiological
approaches such as functional genomics, proteomics, molecular imaging,
or systems biology. Areas of departmental strength include molecular 

biophysics and cardiovascular research, and candidates in these disci-
plines are encouraged to apply. However, we will consider applicants in
all areas of modern physiology.Areas inwhichwemight hope to expand
include renal and respiratory physiology.Candidates are expected to have
a strong background in cellular andmolecular biology and a demonstrated
interest in addressing fundamental physiological problems.

The successful candidate will be expected to develop an independent
research program and participate in the teaching mission of the Depart-
ment.

Interested applicants should email their curriculum vitae, a letter with a
statement of research interests and career goals, and the names of three ref-
erences toDr. Ernest Wright at PhysiologySearch@mednet.ucla.edu.
Applicants should also arrange for three letters of reference to be sent to
Dr. Wright at the same email address.

UCLA is an Affi rmative Action/Equal Opportunity Employer. 
Women and minorities are encouraged to apply.

http://apo.chance.berkeley.edu/evalltr.html
mailto:dtriulzi@itxm.org
mailto:wellsa@upmc.edu
mailto:PhysiologySearch@mednet.ucla.edu
http://ScienceCareers.org


The Gerstner Sloan-Kettering Graduate 

School of Biomedical Sciences offers the next 

generation of basic scientists a program to 

study the biological sciences through the lens 

of cancer — while giving students the tools 

they will need to put them in the vanguard of 

research that can be applied in any area 

of human disease. 

PhD Program

An Internationally Recognized Research Faculty in:

• Cancer genetics

• Genomic integrity

• Cell signaling and regulation

• Structural biology

• Immunology

• Chemical biology

• Developmental biology

• Computational biology

• Experimental therapeutics

• Experimental pathology

• Imaging and radiation sciences

• Oncology

• Genomics

• Animal models of disease

An Innovative, Integrated Curriculum Provides 

a Fundamental Understanding of:

• The nature of genes and gene expression

• Cellular organization

• Tissue and organ formation

• Cell-cell interactions

• Cellular response to the environment

• Enzyme activity

Student Support and Services:

Students receive a fellowship package that includes 

a stipend, tuition, textbook allowance, and health 

insurance. Students also have access to affordable 

housing within easy reach of the school.

Please visit our Web site to learn how to apply, for application 

deadlines, and for more information about our PhD program.

www.sloankettering.edu
gradstudies@sloankettering.edu | 646.888.6639

New York City

http://www.sloankettering.edu
mailto:gradstudies@sloankettering.edu


Disease Ecologist

The Department of Biology at Emory University is seeking to
recruit an ecologist who studies the fundamental ecological pro-
cesses affecting the dynamics, spread and emergence of infectious 
diseases. The department will consider applicants holding a Ph.D. 
or equivalent degree from a wide range of specializations includ-
ing, but not limited to: (i) theoretical and/or experimental work on 
the population dynamics of infectious diseases and/or the immune 
response within a host; (ii) molecular ecology and epidemiology 
of infectious disease; and (iii) experimental and fi eld studies of
pathogen-host interactions. The position is for a tenure-track assis-
tant professor, although an appointment at a higher rank will be 
considered in exceptional circumstances. Applicants must provide 
evidence that they will develop a strong, independently funded
research program. A commitment to undergraduate teaching is
expected and the appointees will also participate in appropriate
Ph.D. granting programs of the interdepartmental Graduate Divi-
sion of Biological and Biomedical Sciences. 

Applicants should submit a curriculum vitae and a statement
detailing their current and future research plans, and arrange for 
submission of three letters of recommendation. Please address
applications to: Dr. Leslie A. Real, Disease Ecology Search, 
Department of Biology, Emory University, 1510 Clifton Road, 
Atlanta, GA 30322; Tel: (404) 727-4234; Fax: (404) 727-2880; 
E-mail: biol_srch@emory.edu. Review of completed applica-
tions will begin November 15, 2006. Information on the Biology 
Department can be found at http://www.biology.emory.edu and 
a description of the graduate programs in the Graduate Divi-
sion of Biological and Biomedical Sciences is provided at http:
//www.biomed.emory.edu/.

Emory is an Equal Opportunity/Affi rmative Action Employer.
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PRESIDENT, MEDSTAR RESEARCH INSTITUTE
MedStar Health
Washington, DC

MedStar Health is conducting a national search to select the next President to lead the MedStar Research
Institute (MRI). The Research Institute is the research center that supports the academic platform of 
MedStar Health with a budget of $50 million. The mission of the Research Institute is to provide 
the scientifi c, administrative, and regulatory support for the research programs and initiatives, which 
complement and advance key clinical services and teaching programs among the 7 hospitals in the 
MedStar hospital network. The Institute works in close collaboration with MedStar’s major academic 
partner, Georgetown University.

MedStar Research Institute ranks in the top 10% of research institutes nationally for total NIH fund-
ing. MedStar Health’s 7 hospitals, which include Georgetown University Hospital and the Washington 
Hospital Center, in addition to community teaching hospitals and a nationally known rehabilitation 
hospital, are all located within the Baltimore/Washington corridor, offering 36 Centers of Excellence 
and many nationally top-ranked programs providing high quality care to more than 130,000 inpatients 
and 905,000 outpatients annually.

This position represents an excellent opportunity for a senior-level researcher or physician-scien-
tist leader to build and enhance MedStar Health’s translational research programs. The President will 
be the major research liaison for MedStar with Georgetown University. The President will: lead and direct
MedStar Health’s research agenda both within the Institute and at MedStar hospitals, work with senior 
MedStar executives and physicians to foster collaborative, interdisciplinary research efforts, reinforce 
MRI’s role as a research service organization, cultivate increased funding, and develop relationships 
with peers at external scientifi c, healthcare, and regulatory entities.

Qualifi ed candidates for this position will possess an MD and/or PhD as well as the academic credentials 
appropriate for appointment at the rank of professor. Successful candidates will have a strong research 
background and history of peer-reviewed funding and publications. Candidates should be highly skilled
at driving interdisciplinary collaborative efforts across organizations, as well as possess the fi nancial 
and operational acumen required to effectively manage and lead a research institute.

Korn/Ferry International is assisting the MedStar Research Institute in its search. Please forward
nominations and self-nominations of appropriate candidates to: Renée K. Akin, Associate (renee. 

akin@kornferry.com) or David M. Shabot, Senior Client Partner (david.shabot@kornferry.

com); Korn/Ferry International, 1835 Market St., Ste. 2000, Philadelphia, PA 19103; 215-656-

5360 (phone); 215-496-0195 (fax).

MedStar Health and Korn/Ferry International are Equal Opportunity/Affi rmative Action Employers.

mailto:biol_srch@emory.edu
http://www.biology.emory.edu
http://www.biomed.emory.edu/
mailto:renee.akin@kornferry.com
mailto:renee.akin@kornferry.com
mailto:david.shabot@kornferry.com
mailto:david.shabot@kornferry.com
http://ScienceCareers.org
mailto:virsch@iupui.edu
http://www.biomed.emory.edu/
http://www2.mrc-lmb.cam.ac.uk/PNAC
http://www2.mrc-lmb.cam.ac.uk/groupleaderinfo.html
mailto:recruit@mrc-centre.cam.ac.uk
http://www.mrc.ac.uk


Faculty positions at Assistant, 
Associate, and Full Professor levels

Cincinnati Children’s Hospital Medical Center, one of the world’s top ranking pediatric research 
centers, is making a major investment in basic and translational research in developmental 
sciences. The Division of Developmental Biology, under the Directorship of Chris Wylie, will recruit
up to twenty additional tenure and tenure-track faculty, to form interdisciplinary groups of basic 
scientists and clinicians who will study the fundamental mechanisms of development and their
application to congenital and acquired childhood disease. 

Faculty will occupy outstanding research space in a new 400,000 sq.ft. building, which will be 
ready in Fall 2007. 

Faculty at CCHMC have access to high-quality graduate programs, an MD/PhD program, and 
training programs for postdoctoral fellows, clinical residents and fellows. 

Applications are invited for the first of these positions in the following areas of research:

Fundamental Mechanisms of Development: Candidates working on the molecular and 
cellular mechanisms of development, using any model animal system, are encouraged to apply. 

Organogenesis: Candidates working on the development of the following organ systems are 
particularly encouraged to apply. Several appointments will be made in each of these areas.
Appointment at a senior level could include leadership opportunities in further recruitments.

• Skeletal System

• Kidney and Urinary Tract

• Skin

• Vascular System

Stem Cells: Candidates working on any aspect of stem cell research, using any animal model, 
are encouraged to apply. Up to eight appointments will be made in this area, including a 
leadership position.

Protein Sciences: We welcome applicants in the general areas of biochemistry, chemical 
biology, protein engineering/evolution/design, and structural biology who share an interest in 
studying the molecular basis, diagnosis and treatment of pediatric disorders.

Interested candidates should hold a PhD, MD, or MD/PhD. Please send curriculum vitae, two 
page research statement, and contact information for three people who will provide letters of 
recommendation to: DOSpositions@cchmc.org

Candidates should indicate in their cover letters the position(s) in which they are 
particularly interested.

The Cincinnati Children’s Hospital Medical Center, and the University of Cincinnati are Affirmative
Action/Equal Opportunity Employers. Qualified women and minority candidates are especially 
encouraged to apply.

Please visit our web site at: www.cincinnatichildrens.org/research/div/dev-biology

Developmental Mechanisms,
Organogenesis, and 
Stem Cell Research

mailto:DOSpositions@cchmc.org
http://www.cincinnatichildrens.org/research/div/dev-biology
http://ScienceCareers.org


The newly founded Interdisciplinary Center for Molecular Materials (ICMM)
offers the position of

W2-Professor for Computational Chemistry

at the earliest possible date. The position is located at the Institute for Physi-
cal and Theoretical Chemistry/Center for Computational Chemistry in the
Faculty of Natural Sciences II (Biology, Chemistry, Pharmacy).

Candidates will be expected both to teach and carry out research in computa-
tional chemistry at a high level. Research interests may be in the general area
of computer-aided investigations of large molecular or supramolecular
systems, particularly those related to materials science. Possible research
areas include, but are not limited to, the application and development of 
molecularmodeling methods, QM/MM-techniques or those based on Born-
Oppenheimer ar Car-Parinello molecular dynamics.

Qualifications include university undergraduate and doctoral degrees, good
teaching skills, and a habilitation or equivalent other qualification, which may
have been gained outside the University or within a “Juniorprofessur”.

At the time of appointment the candidate must not be older than 52 years of
age. The Ministry for Science, Research and Art may allow an exception in
special cases, which has to be approved by the Ministry of Finance.

The University of Erlangen-Nuremberg actively encourages applications from
female candidates in an effort to increase female representation in research
and teaching.

Applications from the severly disabled having the same suitability for appoint-
ment as other candidates will be given priority.

Application documents (curriculum vitae, photograph, list of publications and
teaching activities, certified copies of degree certificates but no publications)
must be sent by the latest November 6, 2006 to: Dekan der Naturwissen-
schaftlichen Fakultät II (Biology, Chemie und Pharmazie) der Universität Erlan-
gen-Nürnberg, Universitätsstr. 40, 91054 Erlangen, Germany.

www.uni-erlangen.de

Senior Lecturer/Associate Professor, 
Developmental Biology

Anatomy and Cell Biology

Faculty of Medicine, Nursing and Health Sciences

Monash University, Melbourne, Australia

We are looking for an outstanding person with a record of excellence in developmental
biology research and teaching. The appointee will provide leadership in the development
and delivery of a new BSc major in developmental biology. This major covers topics such
as normal development and birth defects, mechanisms of development, and stem cells
and regeneration. The appointee is expected to have competitive research funding and
a recognised research reputation. 

Salary range: $A78,309 – $A90,294/$A94,291 – $A103,877 pa Level C/Level D
plus generous superannuation

Contact: Professor John Bertram, tel. +61 3 9905 2751
or email john.bertram@med.monash.edu.au

Applications: By mail addressed to Ms Chris Kelly, Department of Anatomy and 
Cell Biology, Monash University, Building 13C, Clayton Victoria 3800, Australia
or email chris.kelly@med.monash.edu.au by 27/10/2006.

Location: Clayton campus  Ref No: A067148

Prospective applicants are required to refer to www.monash.edu.au/opportunities

for position description/selection criteria and information on how to apply.

Monash respects the privacy of your personal information. 
For more details visit www.privacy.monash.edu.au

An Equal Opportunity Employer EOWA Employer of Choice for Women

Scientist Position

The UNC Lineberger Comprehensive Cancer
Center is searching for promising or established
scientists for tenure-track positions in the broad 
areas of cancer biology including tumor virol-
ogy. Candidates should have a Ph.D. or M.D. 
with a strong record of recent accomplishments 
as a postdoctoral fellow or sustained produc-
tivity as an established faculty member. The
University of North Carolina at Chapel Hill
department and rank will be determined by the 
applicant’s qualifi cations. The search will be
coordinated by Albert Baldwin, Nancy Raab-
Traub and Yue Xiong.

Areas of interest include but are not limited to: 
tumor virology, bioinformatics and computa-
tional biology, stroma/tumor cell interaction,
developmental and stem cell biology, angio-
genesis, metastasis, growth control, nuclear
hormone receptors, molecular therapeutics, and
genetics of cancer predisposition. Applicants 
should send a curriculum vitae, a description
of research plans, and three letters of reference 
to: Melissa Stroud Mack, UNC Lineberger

Comprehensive Cancer, Center CB# 7295,

University of North Carolina at Chapel Hill, 

Chapel Hill, NC 27599-7295. The committee 
will begin reviewing applications December 

15, 2006.

The University of North Carolina at Chapel 
Hill is an Equal Opportunity/ADA Employer. 

Women and minorities are encouraged to apply.

The Life Sciences Institute and the University of Michigan 
Medical School invite applications for tenure track ASSIS-

TANT PROFESSOR positions. We are seeking outstanding 
scholars, with Ph.D., M.D. or equivalent degrees and relevant 
postdoctoral experience, who show exceptional potential to 
develop an independent research program that will address 
fundamental issues in any aspect of stem cell biology. Appli-
cants who have already established successful independent
research programswill 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 1, 2006 to: Stem Cell Search Committee,
c/o Rebecca Fritts, Life Sciences Institute, University of
Michigan, 210Washtenaw Avenue, Ann Arbor, Michigan,
48109-2216.

The University of Michigan is an 
Affi rmative Action/Equal Opportunity Employer.

http://www.uni-erlangen.de
mailto:john.bertram@med.monash.edu.au
mailto:chris.kelly@med.monash.edu.au
http://www.monash.edu.au/opportunities
http://www.privacy.monash.edu.au
http://ScienceCareers.org
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At the Leiden University Medical

Center (LUMC), we are continually

seeking to improve the quality of

healthcare. The LUMC aims for

excellence in patient care, research,

teaching, training and continuing

education. Its Department of

Radiology is seeking a Professor

of MR Physics to lead its 7.0 Tesla

MR Physics group.

The Department of Radiology has

1.5 and 3.0 Tesla MRI scanners and, in the

coming year, a 7.0 Tesla scanner will be

installed. The ultra high field MR research

to be carried out will be on molecular

imaging and functional imaging, and an

important applicatory focus will be on

neurodegenerative disorders.

As Professor of MR Physics, you will

be responsible for all research carried out

on the 7.0 Tesla MR scanner. The position

presents an opportunity to develop a new

line of MR physics research within the

LUMC with funding available to recruit

three additional MR physicists (tenured

positions). The position demands ample

experience with high-field human

MR physics, and experience with the

Philips MR systems and the Philips pulse

programming environment is an advantage.

In addition, you should have proven exper-

tise in grant applications and in the super-

vision of PhD students and postdocs.

The appointment is full time and tenured.

A detailed description of this position

(together with full terms of employment)

can be found on www.lumc.nl

(select ‘Job opportunities’).

Informal enquiries can be obtained

from Professor M.A. van Buchem,

MD, Department of Radiology,

+31 (0)71 526 43 76, or M.J.P. van Osch,

PhD, Department of Radiology,

+31 (0)71 526 36 78.

To apply, please send your letter

of application and CV to LUMC,

Attn. Professor M.A. van Buchem,

MD, Human Resources Division 2,

LUMC K5-S, PO Box 9600,

2300 RC Leiden, the Netherlands.

The closing date for applications is

1 December 2006. Please quote

ref. no. B.06.PV.12/SC40 both on the

envelope and on the letter. Alternatively,

you can e-mail your application and CV

to div2peno@lumc.nl.

LUMC

PO Box 9600

2300 RC Leiden

Tel. +31 (0)71 526 91 11

W W W . L U M C . N L

Professor of MR

Physics (m/f)

Radiology

http://www.lumc.nl
mailto:div2peno@lumc.nl
http://ScienceCareers.org
http://WWW.LUMC.NL


Faculty Position 
in Bioinformatics

University of Maryland Baltimore County (UMBC)

The Department of Biological Sciences at UMBC invites applications for
an Assistant Professor position in the area of Bioinformatics. A success-
ful applicant will be expected to establish a vigorous externally funded 
in silico research program focused on one or more signifi cant biologi-
cal problems in the areas of genome biology or proteomics, including 
interactomics. An interest in developing tools to visualize complex bio-
informatics data sets is also desirable. We will consider appointment of 
qualifi ed candidates at the Associate or Full Professor level.

Applicants should provide a curriculum vitae, summary of current and 
proposed future research interests, and statement of teaching interests, 
and have three letters of reference sent to: Search Committee, Depart-

ment of Biological Sciences, University of Maryland Baltimore 

County, 1000 Hilltop Circle, Baltimore, MD 21250. Electronic appli-
cations should be sent to biosearch@umbc.edu. Review of completed 
applications will begin on November 15, 2006 and continue until the 
position is fi lled.

UMBC is a medium-sized research university in the Baltimore-Wash-
ington, D.C. area combining excellence in research with outstanding 
educational programs. UMBC is a national leader in mentoring minority
undergraduates to high achievement in academics and research. The 
Department is developing in the area of bioinformatics to complement its
existing strengths in molecular, cellular, developmental and evolutionary
biology and neuroscience. For information about the Department and 
its graduate programs visit http://www.umbc.edu/biosci/.

The University of Maryland Baltimore County is an Affi rmative 
Action/Equal Opportunity Employer. UMBC values gender, ethnic, 

and racial diversity; women, members of ethnic minority groups and 
individuals with disabilities are strongly encouraged to apply.

Oklahoma State University
Four Tenure-Track Positions

As part of our strategic plan to strengthen research foci in Environmental
Stress and Ecology and Evolutionary Biology, the Department of Zoology at 
Oklahoma State University invites applications for four tenure-track faculty 
positions; one at open rank in the area of Environmental Stress and three at 
the assistant professor level in either Environmental Stress or Ecology and 
Evolutionary Biology. We are seeking a complementary set of scientists with 
expertise in, but not limited to, areas such as ecotoxicology, invasive species, 
multiple stressors, ecology of infectious diseases, behavioral ecology, physi-
ological ecology, population genetics, or evolutionary developmental genetics.
The ideal candidates will have a Ph.D., post-doctoral research experience, teach-
ing experience, and success in obtaining extramural funding. Each position’s 
responsibilities include establishing a vigorous, extramurally funded research 
program, successfully mentoring M.S. and Ph.D. students, developing a gradu-
ate course in the candidate’s area of expertise, and teaching an additional course
at the undergraduate level. 

The Department of Zoology has a long history of research in conservation 
biology, integrative ecology, and environmental toxicology, and a variety of 
partnerships with the departments of Botany, Microbiology and Molecular
Genetics, Biochemistry and Molecular Biology, the newly created Department
of Natural Resource Ecology and Management, the Oklahoma Cooperative 
Fish and Wildlife Research Unit, and the College of Veterinary Medicine. More
information can be found at http://zoology.okstate.edu. Departmental growth
coincides with expansion on the University campus as a whole, including con-
struction of an Integrated Science Building scheduled for completion in 2008.
Successful candidates can expect competitive salaries and start-up packages, 
and to be joined by additional faculty, including two senior researchers, to be 
hired within the next three years.

Candidates should submit (preferably by e-mail) a letter of application, cur-
riculum vitae, statement of research and teaching interests, names and contact 
information for three references, and up to three sample publications to: Dr.

Joe Bidwell (joe.bidwell@okstate.edu), Interim Head, Department of Zool-

ogy, Oklahoma State University, 430 Life Sciences West, Stillwater, OK 

74078. Application review will begin 1 November 2006 and continue until 
the positions are fi lled, with employment beginning in August 2007. Women 
and minorities are strongly encouraged to apply. Oklahoma State University 
is an Equal Opportunity/Affi rmative Action Employer.

FACULTY POSITIONS
Department of
Biology

CENTER FOR COMPARATIVE

FUNCTIONAL GENOMICS

As part of a multi-year hiring plan, New York University’s Center for

Comparative Functional Genomics in the Department of Biology invites

applications for multiple faculty positions (rank open) to begin September 1,

2007, or as negotiated, pending budgetary and administrative approval.

Candidates using high throughput approaches and computational methods 

to investigate biological regulatory mechanisms and their evolution at the 

level of systems and networks are especially encouraged to apply.

Candidates will be expected to have or develop active, externally funded

research programs and to participate in the department's teaching activities

at both the undergraduate and graduate levels.  The Center and the

Department (http://www.nyu.edu/fas/dept/biology) offer an outstanding and

collegial research environment and opportunities for active collaborations

with other related divisions within the university including the NYU Courant

Institute’s Departments of Mathematical and Computer Science and with

genomic consortia formed with other New York institutions.

Applications should include cover letter, research statement, curriculum

vitae, and three letters of reference. Electronic applications as PDF files

should be sent to biology.recruitment@nyu.edu. or Chair of the Search

Committee, New York University, Center for Comparative Functional

Genomics, Department of Biology, New York University, 1009 Silver

Center, 100 Washington Square East, New York, N.Y. 10003. Deadline

will be November 30, 2006.

NYU is an Equal Opportunity/Affirmative Action Employer.

Harry S. Truman Research Fellowship

In National Security Science and Engineering

Sandia National Laboratories is one of the country’s largest research facilities   
employing nearly 8,600 people at major facilities in Albuquerque, New Mexico 
and Livermore, California.  Please visit our website at www.sandia.gov. 

We are searching for outstanding Ph.D. candidates to apply for the Harry S. 
Truman Research Fellowship in National Security Science and Engineering.  This 
initial one-year appointment may be extended, at management’s discretion, for 
two additional one-year appointments.  The salary is $96,100 per year.  This posi-
tion requires a United States Department of Energy Security Clearance, which 
requires United States Citizenship.

The Truman Fellowship provides the opportunity for recipients to pursue inde-
pendent research of their choosing that supports Sandia’s national security mis-
sion.  Candidates are expected to have solved a major scientific or engineering 
problem in their thesis work or will have provided a new approach or insight to a 
major problem, as evidenced by a recognized impact in their field.

Candidates must have a Ph.D. within the past 3 years or, will complete all 
Ph.D. requirements by commencement of appointment, with a broad-based 
background and extensive knowledge of research in one or more of the following 
areas: biotechnology; chemical and earth sciences; computing; mathematics and 
information sciences; electronics and photonics; microsystems and engineering 
sciences; manufacturing science and technology; materials sciences, pulsed 
power/directed energy; and robotics and intelligent systems.  Candidates must 
be seeking their first national laboratory appointment, have excellent academic 
and research qualifications, good communication skills, and enjoy working in a 
team-oriented, dynamic environment.

For complete instructions, please visit:
http://www.sandia.gov/employment/special-prog/truman.  
Please submit the complete package to: Roberta Rivera, Sandia National 
Laboratories, P.O. Box 5800 MS: 1351, Albuquerque, New Mexico 87185-1351, or 
email rjriver@sandia.gov, or fax 505-845-9802.   Please reference Job Requisition 
Number: 055490.  All materials must be received by December 5, 2006.   

U.S. Citizenship Required.  Equal Opportunity Employer.   M/F/D/V.

mailto:biosearch@umbc.edu
http://www.umbc.edu/biosci/
http://zoology.okstate.edu
mailto:joe.bidwell@okstate.edu
http://www.nyu.edu/fas/dept/biology
mailto:biology.recruitment@nyu.edu
http://www.sandia.gov
http://www.sandia.gov/employment/special-prog/truman
mailto:rjriver@sandia.gov
http://ScienceCareers.org


Faculty of Mathematics and Natural Sciences - Department of Earth Science

Professor of Earthquake Seismology, University of Bergen, Norway
The position requires international stature in the field of earthquake seismology. Applicants must have a strong established 
international record of research in earthquake seismology with an emphasis on theoretical and methodical aspects. Experi-
ence in application of seismological methods and data, from regional and global networks to study the structure, composition, 
deformation and processes in the Earth’s interior is considered important.
Furthermore, it is desirable that the research interests of the applicant complement and enhance the activities in the geody-
namics research group at the department of Earth Science. The successful candidate must document ability to cooperate with 
colleagues within and outside of earthquake seismology, as well as ability to direct research teams.

For further details see http://www.uib.no/stilling, or contact Professor Olav Eldholm, Head of Department  
(olav.eldholm@geo.uib.no; phone +47 55583219). 

Application in five copies, sorted into five bundles, is to be submitted to the  Department of Earth Science,
The University of Bergen, Allég. 41, NO-5007 Bergen, Norway, by 1 November 2006, marked 06/763/MN.
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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.

Senior Faculty Position -
Director of Research

Department of Ophthalmology 
and Visual Science

Yale University School of Medicine

The Department of Ophthalmology and Visual Science at Yale 
School of Medicine invites applications for a full-time faculty posi-
tion at the level of Professor with tenure. The successful candidate 
will serve as the Department’s Director of Research. He/she will 
be expected to lead the development of a new multi-investigator 
program that emphasizes the translational aspects of vision research
and builds on Yale’s current interdepartmental strengths in the
neurobiology and genetics of vision. Areas of particular interest 
include macular degeneration, vascular biology/angiogenesis, and 
retinal cell biology.

Candidates must have a Ph.D. and/or M.D.degree, a strong track 
record of accomplishment at the forefront of vision research, and 
well-developed leadership and management skills.

Send C.V., statement of interest, copies of relevant publications, 
and contact information for three references to:

James C. Tsai, M.D.
Professor and Chair

Department of Ophthalmology and Visual Science
Yale University School of Medicine

P O Box 208061
New Haven CT 06520-8061

or
James.Tsai@Yale.edu The University of Texas at Austin is an Equal Opportunity Employer.

Qualified women and minorities are encouraged to apply; a background

check will be conducted on applicant selected.

Homepage • http://www.icmb.utexas.edu

The University of Texas

at Austin

The Institute for Cellular and Molecular Biology invites applications for

Endowed Chair positions. Academic appointments at the level of

tenured Professor will be held in an appropriate academic unit in the

College of Natural Sciences. Candidates should have an outstanding

research program that applies molecular biological and/or biochemical

approaches to important biological problems. The positions carry

exceptional salaries and start-up packages.

Building on a strong existing faculty, the Institute has recruitedmore than 40

new facultymembers in the past eight years. Faculty roster can be viewed at:

http://www.icmb.utexas.edu. In addition to it’s highly interactive and

interdisciplinary research environment, the Institute is the home base for the

University-wide Graduate Program in Cell and Molecular Biology and

supports the state-of-the-art core facilities forDNA andprotein analysis,mass

spectrometry, electron and confocalmicroscopy, DNAmicroarrays, robotics,

and mouse genetic engineering. A recently instituted MD-PhD program

with the UT Medical Branch and the forthcoming Dell Pediatrics Research

Institutewill further enhance the environment forBiomedicalResearch.

Austin is located in the Texas hill country and is widely recognized as

one ofAmerica’smost beautiful and livable cities.

Please send curriculum vitae, summary of research interests, and

names of five references to:

Dr. AlanM. Lambowitz, Director

Institute for Cellular andMolecular Biology

The University of Texas at Austin

1 University Station A4800

Austin TX 78712-0159
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Endowed Chair Positions
The Institute for Cellular andMolecular Biology
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Faculty Position 
in

Microbial Genomics
University of Illinois at Urbana-Champaign

Applications are invited for a position in microbial genomics in the
Departments of Food Science and Human Nutrition, Animal Sciences, or 
Chemical and Biomolecular Engineering, as part of the campus interdisci-
plinary initiative in genomic biology, and more specifi cally, the molecular
bioengineering of biomass conversion theme associated with the Institute 
for Genomic Biology (IGB). The position is at the Assistant or Associ-
ate Professor level. The areas of interest are the application of microbial 
functional genomics to biochemical engineering, cellular engineering of 
biomolecules and pathways, metabolic engineering, and metabolic fl ux in
industrial microbes. Application of these areas to microbial degradation 
of plant cell walls for production of biofuels is of special interest. Further 
information about qualifi cations and responsibilities is available at http:
//www.traill.uiuc.edu/jobsearch/microbial/. The University of Illinois 
at Urbana-Champaign is a world-class institution with quality academic 
units including a center of excellence in biotechnology and a national 
supercomputing center. Successful candidates will be provided with excel-
lent laboratory facilities, and substantial start-up funds. The position will 
be available January 16, 2007.

Applicants should submit a curriculum vitae with complete list of publica-
tions, a concise summary of research and teaching accomplishments and 
future plans, and provide three letters of reference. Applications in the form
of a single PDF fi le should be submitted to: http://www.traill.uiuc.edu/
jobsearch/microbial/. To ensure full consideration, applications must
be received by November 15, 2006. Questions can be directed to Dr.
Hans P. Blaschek, Chair of Search Committee, at 217-333-8224 or
blaschek@uiuc.edu. Additional information about the Institute for
Genomic Biology and the Departments or the University can be found at 
http://www.igb.uiuc.edu/index.html, http://www.ansci.uiuc.edu, http:
//www.scs.uiuc.edu/chem_eng/, and http://www.fshn.uiuc.edu.

The University of Illinois is an Affi rmative Action, 
Equal Opportunity Employer.

One of the oldest institutions of higher 

education in this country, the University

of Delaware today combines  tradition

and innovation, offering  students a rich

heritage along with the latest in 

instructional and research technology. The University of Delaware is a Land

Grant, Sea-Grant, Urban-Grant and Space-Grant institution with its main

campus in Newark, DE, located halfway between Washington, DC and New

York City.  Please visit our website at www.udel.edu.  

Assistant Professor
Molecular Physiology

The Department of Biological Sciences at the University of Delaware invites

applications for a tenure-track faculty position at the Assistant Professor level

in the area of molecular physiology with particular emphasis on regenerative

or developmental biology. A strong focus in molecular and/or genetic 

techniques is required and research in fish or amphibian models is preferred.

The starting date for this position is September 1, 2007 or later.

Requirements for the position include a Ph.D. or equivalent degree and a 

minimum of two years postdoctoral experience.  The person hired will be

expected to develop an active research program, pursue extramural funding,

and participate in undergraduate and graduate education.  The successful 

candidate will occupy recently renovated lab space with an attached aquarium

room and receive a competitive salary and startup package.  For information

concerning this position, the Biological Sciences department and university

and community resources, please visit our website at www.udel.edu/bio.

Please submit a description of research interests, curriculum vitae, and the

names of three references with contact information through our website at

http://www.udel.edu/bio/news/facultysearch/ or to Dr. Randall Duncan,

Chair, Molecular Physiology Search Committee, Department of Biological

Sciences, University of Delaware, Newark, DE 19716-1590. Application

deadline is November 15, 2006.

The UNIVERSITY OF DELAWARE is an Equal Opportunity 

Employer which encourages applications from Minority 

Group Members and Women.

Faculty Positions in 
Molecular Biology

The Molecular Biology Program of the Sloan-Kettering Institute,
Memorial Sloan-Kettering Cancer Center (www.ski.edu), has initiated a
faculty search at the Assistant Member level (equivalent to Assistant
Professor). We are interested in outstanding individuals who have
demonstrated records of significant accomplishment and the potential
to make noteworthy contributions to the biological sciences as
independent investigators. Successful applicants will have research
interests that move the Program into exciting new areas that complement
and enhance our existing strengths in the areas of maintenance of
genomic integrity, regulation of the cell cycle, and regulation of gene
expression. Faculty will be eligible to hold appointments in the newly
established Gerstner Graduate School of Biomedical Sciences, as well as
the Weill Graduate School of Medical Sciences of Cornell University.   

Candidates should e-mail their application in PDF format to
molbio@mskcc.org by November 1, 2006. The application should
include a CV, a description of past research, a description of proposed
research, and copies of three representative publications. Candidates
should arrange to have three signed letters of reference sent by email
to molbio@mskcc.org or by regular mail to Dr. Kenneth Marians, c/o
Steven Cappiello, Box 193, Memorial Sloan-Kettering Cancer Center,
1275 York Avenue, New York, New York 10021. The letters should
arrive by November 1, 2006. Inquiries may be sent to Mr. Cappiello at
molbio@mskcc.org or to Dr. Kenneth Marians, Chair, Molecular
Biology Program, kmarians@sloankettering.edu. Memorial Sloan-
Kettering is an Equal Opportunity Employer.  Smoke-free environment.

Memorial Sloan-Kettering 
Cancer Center
The Best Cancer Care. Anywhere.

www.mskcc.org
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Professor and Head
Women’s Health and Infant Development

Research Center

Eastern Virginia Medical School

Eastern Virginia Medical School is making a major
commitment to strengthen, expand, and integrate the
academic enterprise in basic and clinical research.  Our
goal is to develop an academic culture which places
EVMS at the forefront in biomedical science, educa-
tion, and health delivery. EVMS and affiliated medical
centers, e.g. Sentara Healthcare and Children’s
Hospital of The King’s Daughters, are the primary
medical school and health delivery institutions in the
Hampton Roads-Mid Atlantic region.  EVMS enrolls
over 110 new medical students each year and offers
graduate programs in the biomedical sciences and public
health. The Hampton Roads-Mid Atlantic region
offers exceptional education, recreation, entertainment
and housing opportunities. During the oncoming year
EVMS will undergo an aggressive recruiting effort to
develop 4 principal focus areas of research excellence:
Heart/ Cardiovascular, Diabetes/Metabolic Diseases;
Women’s Health/Infant Development and Cancer
Biology/Infectious Diseases.

As a first step in this process, we solicit applications
for Professor and Head of a new Women’s Health and
Infant Development Research Center at EVMS.  The
candidate is expected to:  (1) have a Ph.D. and/or M.D.;
(2) be a nationally recognized and estab-
lished scientist in the reproductive sci-
ences; (3) have active NIH R01 or com-
parable cutting-edge extramural research

grant support with translational impact; (4) possess
outstanding records of scholarly activity; and (5) foster a
collaborative research environment in the new
Research Center. The specific area of research is open,
but potentially may be on fetal-placental development,
fetal programming, placental transport/metabolism, or
gene targeting/transfer. The new Center Head will hold
a primary academic appointment within the Department
of Obstetrics and Gynecology and be expected to par-
ticipate in hiring an Associate Director, foster collabo-
rative research ties, establish a nationally prominent
research center and develop an NIH Program Project
or Centers Grant in perinatal/reproductive biology.
Long-standing nationally acclaimed research programs
in non-human primate perinatal endocrinology and
reproductive endocrinology exist at EVMS offering
superb opportunities for collaboration and growth.
The Women’s Health and Infant Development
Research Center will span across and be comprised of
investigators from several academic departments.

Applicants should submit a letter of interest, an
abbreviated NIH Bio-Sketch and full CV listing
research grant support to Eastern Virginia Medical
School, Office of the Dean, Women’s Health and

Infant Development Research, Lewis
Hall, Room 2019, 700 W. Olney Road,
Norfolk, VA, 23507, (Email:
hubandsb@evms.edu)

EVMS
Eastern Virginia Medical School

EVMS is an Equal Opportunity/Affirmative Action and Drug Free Workplace Employer and encourages applications of women and minorities.

mailto:hubandsb@evms.edu
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Kevin Foley, Ph.D.

Associate Director of

In Vivo Pharmacology

Synta Pharmaceuticals

Kevin Foley’s research

focuses on the discovery

and preclinical develop-

ment of smallmolecule

drugs. He has served as

an NIH grant reviewer

and as amember of the

Scientific Advisory Board

for a biotechnology startup

company. He has worked in

the biotechnology industry

since 1998.

Huong Huynh

Program Coordinator,

Office of Postdoctoral
and Graduate Training

Burnham Institute for
Medical Research

Huong Huynh is respon-

sible for professional and

career development

training of postdoctoral

scientists and graduate

students. She received her

Ph.D. in pharmacology from

Loma Linda University.

Kelly Suter, Ph.D.
Assistant Professor
University of Louisville
School ofMedicine

Kelly Suter has a B.S.

in chemistry, a B.A. in

biology, aMaster’s in

physiology, and a Ph.D.

in physiology. She did

a postdoc at Colorado

State University and

was a postdoctoral

fellow and research

assistant professor at

Emory University.

Andrew Spencer, Ph.D.
Scientist

PDL Biopharma, Inc.

Andy Spencer has a B.S.

in chemistry, and a Ph.D.

in biochemistry from

Michigan State. As a

grad student and post-

doctoral fellow, Andy

spent over ten years in

university research labs

beforemoving to the

biotechnology industry

in 2003.

Moderator Dave Jensen

Industry Recruiter

Dave Jensen has over

20 years of experience
in human resource

consulting and staffing

for the biotechnology

and pharmaceuticals

industry.

• How long should it take to getmy Ph.D.?

• Academia or industry?

• Whatwillmakemy resume/cv stand out?

• How do I negotiate a raise?

Science CareersForum

CONN
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WITH

EXPE
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Faculty Position,

Ophthalmology/Human Genetics

Visual Systems Group

Full, Associate or Assistant Professor in Human Genetics

We are seeking a candidate with an outstanding research program in Human Genetics to join the Visual Systems Group.

The research arm of the VSG currently consists of Richard Lang, PhD, Rashmi Hegde, PhD, Nadean Brown, PhD, and

Tiffany Cook, PhD. The expansion of the VSG is supported by resources from the Division of Pediatric Ophthalmology

(Director: ConstanceWest, MD). We are seeking a candidate to complement the expertise of the VSG�with a research

program investigating the genetic basis of eye or visual system disorders using the strategy of human genetics. This

position will be a joint appointment in the Divisions of Pediatric Ophthalmology, and Human Genetics with an academic

appointment in the Ophthalmology�Department of the University of Cincinnati. Interested candidates should submit a CV,

bibliography, and a two-page summary of past research accomplishments and future goals. Please include contact

information of three references. Please send to:

Richard A. Lang, PhD and

Constance West, MD

Search Committee Co-Chairs

Cincinnati Children’s Hospital

Research Foundation

3333 Burnet Avenue ML 7007

Cincinnati, OH 45229-3039

visualsystems@cchmc.org

Visit our web site at

www.cincinnatichildrens.org/research/project/vsg/

Cincinnati Children’s Hospital Medical Center and the University of

Cincinnati are Affirmative Action Equal Opportunity Employers.

Women and minorities are encouraged to apply.

Ramapo College of New Jersey is located in the beautiful foothills of the Ramapo Valley Mountains,  approximately 25 miles
northwest of New York City. The School of Theoretical and Applied Science at Ramapo College invites applications for the
following tenure-track positions, beginning in Fall 2007.

• ASSISTANT PROFESSOR OF BIOLOGY (Two positions)
MICROBIOLOGY (1):

Responsibilities include teaching microbiology for health sciences, introductory biology for majors and non-majors,
participating on committees, in addition to developing a strong research program that involves undergraduate students. The
successful candidate is also expected to develop specialty courses  in his/her area of interest. Qualified individuals must be
committed to  excellence in teaching, demonstrated by appropriate teaching experience at the undergraduate level.
Interdisciplinary collaborative opportunities are available in biochemistry, bioinformatics, ecology, environmental science,
evolutionary biology and molecular biology. Requirements: Ph.D. is required and postdoctoral experience is preferred.
Applications should include reprints of recent publications. Supportive materials in non-electronic format can be sent to 
Dr. Ashley Stuart, Search Committee Chair.

PLANT BIOLOGY (1):
Seeking a broadly trained plant biologist with an interest in systematics. Applicant will teach plant science courses for biology
majors and introductory level biology to majors and non-majors. Candidate is expected to develop specialty courses in his/her
specific area of interest. The applicant will have an ongoing and potentially fundable research project that is appropriate for
undergraduate participation. Requirements: Ph.D. or ABD with imminent completion date and a minimum of one year
college teaching experience required. Dr. William Mitchell, Search Committee Chair.

• ASSISTANT PROFESSOR OF ENVIRONMENTAL SCIENCE
Teach introductory Environmental Science for majors and non-majors, either Environmental/Occupational Health or
Environmental Physics, and develop electives in area of expertise.  The successful candidate will be adept in working in an
interdisciplinary environment, and have a global perspective. Requirements: Ph.D. in Biology, Environmental Science,
Environmental Physics or related field preferred. ABD with imminent completion date will be considered. Must have applied
experience related to environmental and public health and/or energy and energy technologies. Teaching experience at the
undergraduate level preferred. Dr. Eric Karlin, Search Committee Chair.
Faculty members are expected to maintain active participation in research, scholarship, college governance, service, academic
advisement and professional development activities.

All applications must be completed online at: http://www.ramapojobs.com

Attach vita, cover letter, statement of teaching philosophy, research interests, and a list of three references to your completed
application.   Since its beginning, Ramapo College has had a mission dedicated to interdisciplinary, intercultural, international and
experiential learning.  Please tell us how your background, interest and experience can contribute to this mission, as well as to the
specific position for which you are applying.

Review of applications will begin immediately and continue until the positions are filled. 
Positions offer excellent state benefits. To request accommodation, call (201) 684-7734.

R A M A P O  C O L L E G E  O F  N E W  J E R S E Y

Ramapo College is a member of the Council of Public Liberal Arts Colleges (COPLAC), a nation-
al alliance of leading liberal arts colleges in the public sector. EEO/AFFIRMATIVE ACTION.

Att: Department 25, 505 Ramapo Valley Road 

Mahwah, New Jersey 07430

“New Jersey’s Public

Liberal Arts College”

TENURE-TRACK 

FACULTY POSITION

DNA METABOLISM / CELL CYCLE

The Department of Biochemistry and Molecu-

lar Biology invites applications to fill a faculty
position in either of the areas listed above. We

will consider applicants at any faculty level.
For this position, we seek an individual able to
develop an independent research program using
modern biochemical, molecular biological and
biophysical techniques to address a significant
biological problem.A generous start-up package
and laboratory space are available to support the

research program.

Applicants should have a doctoral degree and
relevant postdoctoral experience. Demonstrated
excellence in research and clear indications of
an ability to direct a strong research program are
essential. Candidates should also be able to func-
tion effectively as a lecturer and in more informal
teaching situations at the graduate and under-
graduate levels. Interested individuals should
send a complete curriculum vitae, at least three 

letters of recommendation, a brief description of
previous research experience and future research
plans, and reprints ofmost significant work to:Dr.

Murray Deutscher, Faculty Search, University

of Miami Miller School of Medicine, P.O. Box

016129, Miami, FL 33101-6129. Review will
begin immediately and will continue until the
position is filled.

The University of Miami is an Affi rmative 
Action/Equal Opportunity Employer.

STEM CELL RESEARCH

mailto:visualsystems@cchmc.org
http://www.cincinnatichildrens.org/research/project/vsg/
http://www.ramapojobs.com
http://ScienceCareers.org


Advance your career and serve society by plugging the power

of science into public policy. Year-long Science & Technology

Policy Fellowships offer opportunities in six thematic areas:

Congressional • Diplomacy • Energy, Environment, Agriculture

& Natural Resources • Global Stewardship • Health, Education,

& Human Services • National Defense & Global Security.

Work in DynamicWashington, D.C.

Since 1973, AAAS Fellows have been applying their expertise

to federal decision-making processes that affect people

in the U.S. and around the world. A broad range of

assignments are available in the U.S. Congress and

executive branch agencies.

Join aNetwork of Nearly 2,000 Fellows.

AAAS Fellows benefit from a growing and

diverse network of colleagues. Applicants must

hold a PhD or equivalent doctoral-level degree

in any physical, biological, medical/health, or

social science, or any engineering discipline.

Individuals with a master's degree in

engineering and three years of post-degree

professional experience also may apply.

Federal employees are not eligible

and U.S. citizenship is required.

Apply Now!

The application deadline for the 2007-

2008 Fellowships is 20 December 2006.

Fellowships are awarded in the spring

and begin in September. Stipends range

from $67,000 to $87,000, depending on

experience.

To apply: fellowships.aaas.org

Matt Schmolesky, PhD

Neuroscience,
University of Utah.

2004-2006 AAAS Fellow at
the U.S. Department of State
in the Office of the Science
and Technology Adviser to
the Secretary and the Office
of International Religious
Freedom.

Now an assistant professor
in the Department of
Psychology, Weber State
University, Utah.

Picture yourself as a

AAAS Science & Technology

Policy Fellow!

Enhancing Public Policy,

Advancing Science Careers

http://fellowships.aaas.org
http://ScienceCareers.org


POSTDOCTORAL POSITIONS

AT COLD SPRING HARBOR 

LABORATORY APPLYING NEXT-
GENERATION SEQUENCING TO

COGNITIVE DISORDERS
Postdoctoral researchers are sought for a large-scale effort to use genomic
technologies to understand the biological basis of cognitive disorders. Many
efforts over the past several years have identified candidate genes and
genomic regions associated with schizophrenia, autism, and other disorders.
Cold Spring Harbor Laboratory is launching a multi-investigator, multidisciplinary
effort to use next-generation sequencing technologies to drive forward from
candidate genes and candidate regions of the genome to causative mutations
that underlie cognitive diseases. This effort will be led by James Watson,
Jonathan Sebat, W. Richard McCombie, and Greg Hannon. Fellows will be
co-supervised in this interactive program. The team is now seeking to fill a
number of postdoctoral positions with researchers having experience in
either molecular biology and biochemistry or informatics and bioinformatics.
A familiarity with cognitive disease is desired but not essential.Cold Spring
Harbor Laboratory is a world-renowned research and educational institution
with programs in cancer, neuroscience, plant biology, genomics and
bioinformatics. The Laboratory is recognized internationally for its excellence
in research and educational activities. 

Please send a cover letter outlining your research interests and suitability for
the position, CV and names of three references to: W. Richard Mc Combie.
Ph. D, Cold Spring Harbor Laboratory, P.O. Box 100, 1 Bungtown Rd.,
Cold Spring Harbor, NY 11724 USA, or Email: mccombie@cshl.edu

See also the Lita Annenberg Hazen Genome Center at: http://nucleus.cshl.org/genseq/

For more information, visit our website at: www.cshl.edu An EOE M/F/D/V

DIRECTOR

Division of Plant Sciences

The University of Missouri-Columbia invites nominations and applications for the position of Director of the Division of Plant Sciences, an academic unit 
of the College of Agriculture, Food and Natural Resources. The Director reports to the Vice Chancellor and Dean of the College. The forty-nine members of 
the Plant Sciences faculty are involved in teaching over one hundred undergraduate majors and training the more than seventy-fi ve graduate and postdoctoral 
students. Faculty members conduct basic and applied research in agronomic and horticultural plant production, plant genetics and genomics, plant-pathogen 
and plant–insect interactions, insect science and weed science. In addition, they are involved in Extension and outreach programs in support of Agriculture, 
the state’s second largest industry. Faculty are housed in fi ve campus buildings including the Sears Plant Transformation Facility and the newly opened Bond 
Life Sciences Center. Divisional faculty are also located at the Delta Research Center in southeastern Missouri and the Greenley Research Center in northern 
Missouri. The Division participates in major interdisciplinary research programs that involve the Colleges of Arts and Science, Engineering, Human Envi-
ronmental Science, Veterinary Medicine, the School of Medicine and three USDA-ARS research units located on campus. Additional information about the 
Division can be found at: http://plantsci.missouri.edu. 

The Director represents all aspects of the Division’s programs and is responsible for overall management within the University, for preparing and administering 
the annual budget of approximately $6.0 million and an additional $7.2 million in grants and contracts, and for providing vision and leadership in personnel 
recruitment and promotion, guiding academic and research program development, interacting with programs at the outlying research centers, overseeing plan-
ning activities, and supporting external development opportunities. The Director is the chief spokesperson for the Division and serves as a liaison between the 
Division and the many commodity groups that are stakeholders in plant agriculture and plant biotechnology. 

Qualifi cations include: • PhD in a plant science-related discipline; • Ability to communicate with faculty, staff, students and the various constituency groups 
of the state’s plant industries; • Demonstrated record of excellence in teaching, research and/or extension; • A commitment to diversity; • An understanding and 
commitment to a comprehensive land-grant university. 

This is a full-time administrative position. The position will be open until fi lled, but to be assured of full consideration, all materials should be received by 
October 30, 2006. Applications should include: a letter of interest addressing the qualifi cations, a comprehensive curriculum vitae and the names and contact 
information (addresses, phone numbers, e-mail addresses) of fi ve references. References will be contacted when appropriate.  Applications should be sent to: 
Dr. Marc J. Linit, Chair, Search Committee, c/o James Hundle, 2-69 Agriculture Building, University of Missouri, Columbia, MO 65211. Electronic 
submission to hundlej@missouri.edu is encouraged. Please direct questions to Dr. Marc Linit: (573) 882-7488.

The University of Missouri System is an Equal Opportunity/ Affi rmative Action institution and is nondiscriminatory relative to race, religion, 
color, national origin, sex, sexual orientation, age, disability or status as a Vietnam-era veteran. The University of Missouri is in compliance with 

Title VI of the Civil Rights Act of 1964, Title IX of the Education Amendments of 1972, Section 504 of the Rehabilitation Act of 1973, and the 
Americans with Disabilities Act of 1990. 

MU’s College of Agriculture, Food and Natural Resources strongly endorses the principles embodied in MU’s values statement – respect, responsibility, 
discovery, excellence (http://web.missouri.edu/~jesse105/pages/values.htm). In that context we seek to recruit and retain outstanding scholars who are: 
Committed to blending service with scholarship: Leaders; Good colleagues who will collaborate with others from diverse disciplines and backgrounds 

and be fl exible and adaptable in an era of rapid change.

Faculty Position
in Systems Neuroscience

Department of Anatomy and Neurobiology

We seek an individual whose research uses non-human primates to
address important questions in systems neuroscience for a tenure 
track faculty position at a junior or senior level in the Department 
of Anatomy and Neurobiology at Washington University School 
of Medicine in St. Louis (http://thalamus.wustl.edu). Appli-
cants working on sensory processing, motor control, or cognitive 
function whose research includes a strong computational aspect 
are especially encouraged to apply. The department houses 23
faculty actively involved in neurobiological research, and it is 
part of a much larger interdepartmental neuroscience program 
(http://neuroscience.wustl.edu) that includes the Cognitive,
Computational, and Systems Neuroscience (CCSN) pathway. 
Excellent laboratory space is available in a state-of-the-art pri-
mate facility. 

To apply send an email attachment of one PDF fi le (10 page limit)
to susan@brainvis.wustl.edu (include cover letter,CV, research
summary, and names/email addresses of three references). Also,
arrange for three reference letters to be sent to Dr. David Van
Essen, by email to susan@brainvis.wustl.edu. Applications and 
letters must be received by December 1, 2006.

AA/EOE M/F/D/V.

CAREERS IN NEUROSCIENCE
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POSITIONS OPEN

The Biology Division at Kansas State University
(KSU) (website: http://www.ksu.edu/biology)
invites applications for a tenure-track faculty position
at the ASSISTANT PROFESSOR level, in the
general area of animal physiology, beginning fall
2007. Areas of interest, which would complement
current research strengths in the Division, include
cellular or molecular physiology (e.g., immunophysi-
ology, neuroendocrinology) and physiological ecolo-
gy (e.g., ecotoxicology, chemical ecology). Applicants
should have a Ph.D. in biology, biochemistry, or
related discipline; and postdoctoral experience is
required. The successful candidate will have dem-
onstrated excellence in research, and must show
outstanding promise for developing an independent,
extramurally funded research program. A strong
commitment to graduate and undergraduate educa-
tion will also be required, including participation in
delivery of our physiology course offerings, as well as
a commitment to mentoring of students and to
serving a diverse population. Applicants should sub-
mit a cover letter, curriculum vitae, brief description
of research interests, a statement of teaching expe-
rience and philosophy, representative reprints, and
have three letters of reference sent to: Dr. David
Rintoul, Chair, Animal Physiology Search Com-
mittee, Division of Biology, 116 Ackert Hall,
Kansas State University, Manhattan, KS 66506-
4901. Review of applications will begin November 15,
2006, and continue until the position is filled. KSU is
an Equal Opportunity/Affirmative Action Employer, and actively
seeks diversity among its employees.

Engineering and Public Policy at Carnegie Mellon
seeks DOCTORAL STUDENTS with technical
backgrounds to address policy issues in electric
power, energy and environmental issues, climate
change; information and telecom policy; risk analysis
and regulation; R&D, innovation, and development.
See website: http://www.epp.cmu.edu. Victoria
Finney, Engineering and Public Policy, Carnegie
Mellon, Pittsburgh, PA 15213 U.S.A.

POSITIONS OPEN

FACULTY POSITION IN BIOCHEMISTRY

Purdue University Department of Chemistry

The Department of Chemistry in the College of
Science at Purdue University seeks an outstanding
candidate for a tenure-track position beginning Au-

gust 2007 at the ASSISTANT PROFESSOR level.
Highly qualified applicants may be eligible for a
senior position. Primary consideration will be given
to candidates in any area of biochemistry. Candi-
dates of exceptional merit in other areas of chemistry
will also be considered. Candidates should have a
Ph.D. degree and have demonstrated exceptional
ability in research and teaching at the undergraduate
and graduate levels.

TheCollege of Science also plans to fill a number of
faculty positions in multidisciplinary areas. For more
information see the College of Science COALESCE
(Cooperative Areas Linking and Extending Science)
faculty search webpage at website: http://www.
science.purdue.edu/COALESCE/. Applicants for
COALESCE searches are encouraged to apply online
at the website. Applicants to one search may be in-
cluded in other relevant searches when appropriate.

All applicants for the biochemistry position should
apply online atwebsite: https://applications.science.
purdue.edu/chemistry and include a copy of their
curriculum vitae, a summary of planned research, a
teaching statement, and arrange to have three letters
of recommendation sent to: Biochemistry Search,
Professor Timothy Zwier, Head, Department of
Chemistry, Purdue University, 560 Oval Drive,
West Lafayette, IN 47907-2084. The review of
applications will begin on November 15, 2006, and
continue until the position is filled.

Purdue University is an Equal Access/Equal Opportunity/

Affirmative Action Employer fully committed to achieving a

diverse work force. Women and individuals in underrepresented

groups are encouraged to apply.

POSITIONS OPEN

BIOLOGY/EDUCATIONAL RESEARCH

Idaho State University (website: http://www.isu.
edu/departments/bios) invites applications for a
tenure-track position at the ASSISTANT/ASSO-
CIATE PROFESSOR level with teaching responsi-
bilities in (a) biology teaching methods, (b) graduate
seminars in college biology teaching, and (c) involve-
ment in the Introductory Biology Program. We seek
candidates with a doctoral degree in a biological
science (with postdoctoral experience preferred) along
with demonstrated interest/experience in teacher
preparation and conducting research on teaching
and learning at the college level. The successful can-
didate will advise and supervise graduate students
conducting research in biological education and will
be expected to develop an externally funded research
program that complements existing research strengths
in the Department. Review of applications will be-
gin 15 November 2006. Send curriculum vitae, state-
ments of teaching and research philosophy, experience,
and goals, plus contact information for three refer-
ences to: Dr. Jeff Hill, Search Committee Chair,
Biological Sciences, Idaho State University, 921 S.
8th Stop 8007, Pocatello, ID 83209-8007. Idaho
State University is an Equal Opportunity Employer.

CAREER OPPORTUNITY

This unique program offers the candidate with an
earned doctorate in the life sciences the opportunity
to obtain the Doctor of Optometry (OD) degree in
27 months (beginning in March of each year).
Employment opportunities exist in research, edu-
cation, industry, and private practice. Contact the
Admissions Office, telephone: 800-824-5526 at
The New England College of Optometry, 424

Beacon Street, Boston, MA 02115. Additional in-
formation at website: http://www.neco.edu, e-mail:
admissions@neco.edu.
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Chemical Biology/ Medical Research
The OHSU Department of Physiology and Pharmacology
invites applications for tenure-track faculty positions from individuals with a 

solid chemistry background interested in applying the tools and techniques of 

chemistry to biological and biomedical research.We are especially interested

in candidates having a strong background in organic synthesis and research

interests targeting important areas in biology and medicine.

Preference will be given to candidates for the position of Assistant Professor,

but exceptional candidates for the position of Associate and Full Professor
will also be considered.We seek individualswhowill develop an independent

research program, contribute to the teaching of medical and graduate students

and interact with investigators studying drugmetabolism, signal transduction,

ion channel biology, G-protein coupled receptors and cardiovascular and

reproductive biology.

OHSU offers a highly interactive research environment and superb

opportunities for career development in a spectacular Pacific Northwest

setting. A complete application consists of a curriculum vitae, a brief summary

of research accomplishments, an outline of future research plans, and three 

letters of recommendation.

Applications and letters of recommendation may be directed to:

Thomas S. Scanlan, Ph.D.

Professor of Physiology and Pharmacology and

Director, Program in Chemical Biology,

Faculty Search (CB)

Dept. of Physiology and Pharmacology

Mail code L334

Oregon Health & Science University

3181 S.W. Sam Jackson Park Road

Portland OR, 97239-3098

OHSU is an equal opportunity, affirmative action institution.

PALEOBIOLOGY/PALEOECOLOGY/EVOLUTIONARY BIOLOGY
School of Integrative Biology

The Department of Plant Biology (life.uiuc.edu/plantbio) and the School of 
Integrative Biology (www.life.uiuc.edu/sib) at the University of Illinois at 
Urbana-Champaign invite applications for a nine-month, tenure-track position
as Assistant Professor in paleobiology, paleoecology or evolutionary biology,
broadly defi ned. The position will be available as early asAugust 16, 2007.We
seek a broadly trained plant biologistwho uses innovative, empirical approaches
in areas such as paleoecology, biogeochemistry, physiology, structure, evolu-
tionary biology, paleobiology, or global change to understand the paleorecord.
A Ph.D. in a relevant fi eld is required and postdoctoral experience is preferred.
Salary is commensurate with experience.

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, ecology, evolution, or plant structure, and to develop new courses.
This positionwill be based in the Department of Plant Biology, butwith oppor-
tunities for broader collaborations that include the Program in Ecology and
Evolutionary Biology (www.life.uiuc.edu/peeb), the Department of Geology
(www.geology.uiuc.edu), the Illinois State Geological and Natural History
Surveys (www.isgs.uiuc.edu;inhs.uiuc.edu), the Institute of Genomic Biol-
ogy (www.igb.uiuc.edu), the National Center for Supercomputer Applications
(www.ncsa.uiuc.edu), and the Beckman Institute for Advanced Science and
Technology (www.beckman.uiuc.edu). The University of Illinois provides a 
highly collaborative and supportive academic environment.

To ensure full consideration, applications must be received by November 27, 

2006.Applicants should submit vitae, statements of research and teaching inter-
ests, copies of three representative publications, and names of four individuals
fromwhom letters of recommendation can be requested to:Dr. StephenLong,

Chair, Search Committee, School of Integrative Biology, University of

Illinois, 286MorrillHall, 505 S.GoodwinAve.,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.
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Keck Graduate Institute 

of Applied Life Sciences

Faculty Position in Biomedical Device Engineering

Applications are sought for a faculty member at any level who is dedi-
cated to excellence in interdisciplinary teaching and research in the area 
of biomedical devices and diagnostics. We seek an individual who can 
complement our diverse faculty who has expertise and research interests 
in the integration of biology, engineering, and computational sciences. 
Of particular interest are entrepreneurial individuals specializing in the 
development of biomedical devices, sensors, and instrumentation with 
knowledge of engineering design/development in a regulated environment
(FDA 510k or PMA experience). The successful candidate should have 
PhD in a relevant engineering fi eld and will be expected to pursue exter-
nally-funded applied research that could range from single-investigator 
scientifi c research to SBIR-type collaborative research and development 
with industry.

The Keck Graduate Institute of Applied Life Sciences is the newest

member of theClaremontColleges and is dedicated to education and

research aimed at translating into practice, for the benefi t of society,

the power and potential of the life sciences. KGI is located 35 miles 
east of Los Angeles, at the foot of the San Gabriel Mountains. A rich 
intellectual and cultural environment is provided by the colleges and the 
surrounding institutions in southern California. The planned start date for
this position is Summer or Fall 2007.

Applications should be submitted by November 30, 2006 and should 
include a cover letter describing your interests and plans for research and 
teaching activity with a CV and list of 3 contacts for references to Prof.
JamesD.Sterling, Devices Search Committee, KeckGraduate Institute of
Applied Life Sciences, jim_sterling@kgi.edu. Also see www.kgi.edu.

Biology Faculty Positions
Middle Tennessee State University

Middle Tennessee State University, the largest unit in the TBR system with 
over 23,000 students, invites applications for four tenure-track positions.
The department offers baccalaureate and Master’s degrees and is committed 
to quality classroom teaching as well as research and professional service. 
Ph.D. required by August 2007 start date, post-doctoral experience preferred, 
rank open. Faculty are expected to direct an extramurally-funded research 
program involving graduate and undergraduate students, and take part in
proposed Ph.D. programs. Application materials must be fi led on-line at http:
//mtsujobs.mtsu.edu. Application materials for preliminary review: online 
employment application, cover letter, and curriculum vita with optional copies
of transcripts and statement of teaching philosophy and research program. 
Application reviews begin October 29, 2006. Information on Middle
Tennessee State University can be found at www.mtsu.edu.

Anatomy andPhysiology - Position #103500. Primary teaching responsibility
is a two semester human anatomy and physiology course. Expertise in electron
microscopy preferred. Area of research interest open. For additional information
contact Committee Chair, Dr. Gore Ervin, mervin@mtsu.edu.

PopulationGeneticist - Position #103510. The ideal candidate will be fully 
conversant with modern molecular approaches as applied to the study of
ecology and evolution, with preference given to individuals with an interest 
in plants or microbes (prokaryotic or eukaryotic). Teaching duties may include
genetics and freshman biology; potential for upper-division course in area 
of expertise. For additional information contact Committee Chair, Dr. Jeff
Leblond, jleblond@mtsu.edu.

Vertebrate Biologist - Position #103160. Primary teaching may include
introductory biology and mammalogy or ornithology. Research specialty
open. For additional information contact Committee Chair, Dr. George
Benz, gbenz@mtsu.edu.

Vertebrate Ecotoxicologist - Position #103580. Teaching responsibilities 
may include introductory biology and an upper-division/graduate course in 
area of specialty. Ability to teach upper division courses in ecology and/or
biostatistics is desirable. For additional information contact Committee Chair, 
Dr. Frank Bailey, fcbailey@mtsu.edu.

EO/AA/ADA Employer.

Monterey Bay Aquarium Research Institute

2007 POSTDOCTORAL FELLOWSHIPS

Founded in 1987 and supported by the David and Lucile Packard Foundation, The Monterey Bay Aquarium
Research Institute (MBARI) is a non-profit oceanographic research institute, dedicated to the development of
state-of-the-art instrumentation, systems, and methods for scientific research in the oceans. MBARI’s research
center includes science and engineering laboratories, as well as an operations facility to support our research
vessels and oceanographic equipment, including remotely operated and autonomous underwater vehicles.
Located in Moss Landing, California, the heart of the nation’s largest marine sanctuary, MBARI places a balanced
emphasis on science and engineering, with established programs in marine robotics, ocean physics, chemistry,
geology, and biology, as well as information management and ocean instrumentation research and development.

MBARI invites applications each year for several postdoctoral fellowships in the fields of biological, chemical,
and physical oceanography, marine geology, and ocean engineering. Fellowships may require occasional
trips to sea. Awards are typically for two years.

Candidates must complete their Ph.D. degree prior to commencing the two-year appointment between
September 2007 and March 2008.

Application deadline:  Friday, December 15, 2006

Selected candidates will be contacted in February 2007.

Note: Applicants are encouraged to communicate with potential research sponsors at MBARI (http://
www.mbari.org/about/researchers.html) for guidance on project feasibility, relevance to ongoing MBARI
research, and resource availability.

Application requirements:
1. Curriculum vitae
2. At least three professional letters of recommendation
3. Succinct statement of the applicant’s doctoral research
4. Potential research goals at MBARI
5. Supplemental Information online form (http://www.mbari.org/oed/jobs/forms/postdoc_form.htm)

Competitive compensation and benefits package.
MBARI considers all applicants for employment without regard to race,

 color, religion, sex, national origin, disability, or veteran status.

EOE • MBARI Welcomes Diversity

Address your application materials to:
MBARI, Human Resources
Job code: Postdocs-2007
7700 Sandholdt Road, Moss Landing, CA 95039-9644

Submit by e-mail to jobs_postdocs@mbari.org (preferred),
by mail, or fax to (831) 775-1620.

The Department of Pharmaceutical Chemistry

seeks to hire anAssistant Professor interested in
problems at the interface of Chemistry and Biol-
ogy. Of particular interest are those interested in
the use of synthetic organic chemistry to solve
problems in biology or medicine. The expected
appointment is at the level of Assistant Professor
(tenure-track), however, senior level appointments

in exceptional cases will be considered.

Applicants should have aPh.D.,M.D. or advanced
degreewith research experience and are expected
to establish a dynamic research program. Appli-
cants are also expected to actively participate in
graduate training in the Chemistry and Chemical
Biology Program or other Programs in Quantita-
tive Biology and in professional school teaching.
Applicantswill be eligible formembership in the

Program inBiological Sciences (PIBS) and other

graduate training programs.

UCSF seeks candidateswhose experience, teach-
ing, research, or community service has prepared
them to contribute to our commitment to diversity
and excellence. Please send a curriculum vitae,
three letters of reference, a summary of current
research (up to 3 pages), and a concise outline
of future research (up to 3 pages) by December
1, 2006, to: Valerie Ohman, Pharmaceutical

Chemistry Search Committee, Department of 

Pharmaceutical Chemistry, University of Cali-

fornia SanFrancisco, 600 16th Street,MC 2280,

Genentech Hall, RoomN512A, San Francisco,

CA 94143-2517.

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 covered veterans.
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POSITIONS OPEN

LEONARD AND MADLYN ABRAMSON
ENDOWED CHAIR

Department of Pharmaceutical Sciences
Tenure Track, Begin July 1, 2007

The Philadelphia College of Pharmacy, the foun-
dational College of University of the Sciences in
Philadelphia, invites applications for the Leonard
and Madlyn Abramson Endowed Chair, a tenure-
track faculty position in the Department of Pharma-
ceutical Sciences, to begin on or about July 1, 2007.
The successful candidate must have a Ph.D. in an
area relevant to pharmaceutical sciences, a well-
established research program complementing areas
existing in the Department, and a strong record of
extramural funding. Participation in teaching in an
area of pharmaceutical sciences at the graduate,
undergraduate, and professional levels is expected.

The Department consists of 13 tenure-track fac-
ulty, five staff members, and approximately 165
undergraduate majors in the B.S. programs in
pharmacology/toxicology and pharmaceutical sci-
ences, as well as approximately 55 students in the
graduate programs. The Department has a state-of-
the-art, Association for Assessment and Accredita-
tion of Laboratory Animal Care-accredited, fully
staffed vivarium, tissue culture facilities, and a wide
array of analytical instruments including high per-
formance liquid chromatography, liquid chromatog-
raphy/mass spectrometry, flow cytometer, absorbance
and fluorescent plate readers, image analyzers and
scanning electron microscope. In addition, the De-
partment has a fully equipped manufacturing/indus-
trial pharmacy laboratory. The new McNeil Science
and Technology Center completed in August 2006
provides increased space for research and/or teaching
in line with the University_s strategic imperative to
increase research. There is also a variety of research
equipment such as fluorescence spectrophotometer,
infrared spectrometer, nuclear magnetic resonance,
and confocal microscope which are housed in the
Departments of Chemistry and Biology.

Interested parties are encouraged to consult our
website: http://www.usip.edu for additional in-
formation. Each candidate should submit curriculum
vitae, letter of application that addresses research in-
terests and teaching experience, and contact in-
formation for at least three references as soon as
possible to: Ruy Tchao, Ph.D., Chair, Faculty
Search Committee, University of the Sciences in
Philadelphia, 600 S. 43rd Street, Philadelphia,
PA 19104, e-mail: r.tchao@usip.edu, and tele-
phone: 215-596-8978. Application review will
begin immediately; applications will be accepted
until the position is filled.

Equal Opportunity/Affirmative Action Employer.

ASSISTANT/ASSOCIATE/FULL PROFESSOR
Department of Biological Sciences

Evolutionary Genetics

TheDepartment of Biological Sciences at Louisiana
State University (website: http://www.biology.
lsu.edu) invites applications for a Tenure-Track or
Tenured position in the area of evolutionary genetics.
We are especially interested in those whose research
interests bridge departmental strengths in ecology and
evolution. Required qualifications: Ph.D. or equiv-
alent degree in a biological science or related field.
Additional qualification desired: postdoctoral ex-
perience. Responsibilities: develops a strong, extra-
murally funded research program; contributes to
teaching and advising at the graduate and under-
graduate levels. Review of applications will begin
December 1, 2006, and will continue until candidate
is selected. We encourage applications from women
and minorities. An offer of employment is contingent
on a satisfactory pre-employment background check.
Send curriculum vitae (including e-mail address),
statements of research and teaching interests, three
letters of recommendation, and no more than three
representative publications to: Dr. Michael Hellberg,
Chair, Evolutionary Genetics Search, Department
of Biological Sciences, 202 Life Sciences Building,
Louisiana State University, Reference 021646,
Baton Rouge, LA 70803. LSU is an Equal Opportunity/
Equal Access Employer.

POSITIONS OPEN

FACULTY POSITIONS in MOLECULAR,
CELLULAR, andDEVELOPMENTALBIOLOGY

University of Michigan

The Department of Molecular, Cellular, and De-
velopmental Biology at the University of Michigan
solicits applications for faculty positions in two
broad areas:

(1) Molecular biology. We seek individuals who
use biochemical, genetic, cell biological, or structur-
al approaches to address fundamental questions in
biology using model organisms including microbes.
One of the areas of special interest is plant biochem-
istry; another is protein folding.

(2) Neurobiology, endocrinology, or developmen-
tal biology. We seek individuals who use molecular
and genetic approaches to address fundamental ques-
tions concerning the function of animal regulatory
systems or metazoan development. Individuals with
research programs focused on nonmammalian verte-
brate or invertebrate model systems are preferred.

We anticipate hiring at the ASSISTANT PRO-
FESSOR level, but appointment at a more senior
level is possible for applicants with suitable experience.
Successful candidates will be expected to establish a
vigorous, extramurally funded research program and
to be involved in instruction of both undergraduate
and graduate students.

To apply, candidate should send a cover letter
indicating whether he/she is a candidate for the
molecular biology search or the neurobiology, endo-
crinology, or developmental biology search, curricu-
lum vitae, copies of reprints, brief summaries of recent
research accomplishments, a statement of future
research plans, and a statement of teaching interests
and philosophy. Senior candidates should also pro-
vide evidence of teaching excellence. Candidates for
appointment as an Assistant Professor should have at
least three letters of reference sent immediately to the
Department. All materials should be sent to: Search
Committee, Department ofMolecular, Cellular, and
Developmental Biology, University of Michigan,
830 N. University Avenue, Ann Arbor, MI 48109-
1048 or submitted via e-mail: mcdb-search@
umich.edu. Applications and letters of reference
should be received by November 3, 2006.

The University of Michigan is an Affirmative Action/Equal
Opportunity Employer. Women and minorities are encouraged
to apply. The University is supportive of the needs of dual-
career couples.

The Department of Chemistry and Biochemistry
at the University of Colorado at Boulder invites ap-
plications for a tenure-track faculty position at the
ASSISTANT PROFESSOR level in analytical/envi-
ronmental chemistry with a focus area of analytical
spectroscopy. The successful candidate will teach
undergraduate and graduate courses including gen-
eral chemistry, instrumental analysis, and analytical
spectroscopy. The candidate will be expected to de-
velop a dynamic research program in the general area
of analytical spectroscopy. Subdisciplines of particu-
lar interest to the Department include instrument
development and applications of spectroscopy to en-
vironmental chemistry, atmospheric chemistry, and
bioanalytical chemistry. A Ph.D. is required and post-
doctoral experience is preferred.

It is anticipated that the position will be filled at
the Assistant Professor level, but outstanding candi-
dates at a more senior level will also be considered.
Applicants should submit curriculum vitae, graduate
transcripts, a description of the proposed research
and arrange to have three letters of recommendation
sent to:

Analytical Spectroscopy Search Committee Chair
Department of Chemistry and Biochemistry

University of Colorado
215 UCB

Boulder, CO 80309-0215

Review of applications will begin on October 15,
2006, and will continue until the position is filled.
The University of Colorado at Boulder is committed to di-
versity and equality in education and employment.

POSITIONS OPEN

TWO TENURE-TRACK POSITIONS IN
CELL/MOLECULAR BIOLOGY

University of Toledo

The Department of Biological Sciences at the
University of Toledo is seeking to fill two tenure-
track ASSISTANT PROFESSOR faculty positions
as part of a major hiring initiative. Departmental re-
search strengths include cellular immunology, cancer
biology, nematode molecular biology, molecular
neuroscience and plant biology, and other depart-
ments in the College of Medicine on the nearby
Health Science Campus of the University comple-
ment these areas. The new positions will enhance
existing research strengths. Facilities include a
modern research complex with state-of the-art
laboratories and outstanding instrumentation cen-
ters with plans underway for a new science building.
Applicants must have a Ph.D. and postdoctoral ex-
perience. Successful candidates should have or will
be expected to develop an externally funded research
program and will participate in undergraduate and
graduate instruction. The Department offers the B.S.,
M.S., and Ph.D. degrees. Additional information is
available on the Departmentalwebsite: http://www.
biosciences.utoledo.edu. Salary and startup funds
are competitive. Review of applications will begin
October 20, 2006, and continue until the positions
are filled. The starting date for these positions will be
August 2007. Interested candidates should send a
letter of application, curriculum vitae, statements of
teaching and research interests, and arrange to have
three letters of recommendation sent to: Chair,
Faculty Search Committee, Department of Bio-
logical Sciences, M.S. 601, University of Toledo,
Toledo, OH 43606-3390. E-mail inquiries may be
directed to e-mail: john.plenefisch@utoledo.edu
or e-mail: patricia.komuniecki@utoledo.edu.

Qualified women and minorities are encouraged to apply.
The University of Toledo is an Affirmative Action/Equal
Opportunity Employer Minorities/Females/Persons with Dis-
abilities/Veterans.

FACULTY POSITION
ASSISTANT PROFESSOR (TENURE TRACK)

Department of Psychiatry

The Department of Psychiatry at the Uniformed
Services University of the Health Sciences, Bethesda,
Maryland, is seeking to fill an Assistant Professor,
tenure-track, teaching and research position with par-
ticular emphasis on biological psychiatry. The De-
partment is comprised of 20 full-time faculty and has
active research interests in the neurobiology and be-
havior of stress, post-traumatic stress disorder, anx-
iety, depression, and substance abuse. The successful
candidate will be responsible for developing a funded
research program and will participate in medical stu-
dent and resident education and clinical care. Individ-
uals who hold an M.D., have completed an approved
psychiatric residency and are Board-eligible/certified
are invited to apply. Send curriculum vitae, description
of current and anticipated research interests, and the
names and addresses of four references to: Robert J.
Ursano, M.D., Chairman, Department of Psychi-
atry, Uniformed Services University, 4301 Jones
Bridge Road, Bethesda, MD 20814 (e-mail:
rursano@usuhs.mil). Review of applications is on-
going. The University is an Affirmative Action/Equal Oppor-
tunity Employer.

DIRECTOR/SCIENTIST
High-Throughput Screening Laboratory

The University of Kansas (KU) is seeking a highly
motivated individual to manage its High-Throughput
Screening (HTS) facility. The Director will have the
scientific, administrative, and fiduciary oversight over
the facility and conduct collaborative research with
groups interested in HTS. A Ph.D. or equivalent
degree is required. Salary is dependent on experience.
For more detailed information on qualifications and
how to apply see website: https://jobs.ku.edu.
Search for 00066632. Review of applications will
begin November 1, 2006. Equal Opportunity/Affirmative
Action Employer.
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Work that matters.

The CNA Corporation is a non-profit institution that oper-

ates on the principle of conducting impartial, accurate,

actionable research and analysis to inform the important

work of public sector leaders.

We offer career opportunities for people with degrees in

engineering, mathematics, economics, physics, chemistry,

international relations, national security, history, and many

other scientific and professional fields of study.

Diverse views, objectivity, imaginative techniques, process

driven, results oriented � committed to the common good.

Join us. www.cna.org

�Our work is more than a job, it's a 

career of mission-focused investigation.�

Professor of Cancer Biology
and Associate Professor, 
Cancer Biology

Monash University, Melbourne, Australia

Monash University is seeking to appoint a professor and
associate professor to lead research and teaching in cancer 
biology in the Monash Institute of Medical Research,
Faculty of Medicine, Nursing and Health Sciences.

Excellence in research and education and great diversity 
in location, culture and people distinguish Monash as a leading
Australian and proudly international university. With campuses 
in Australia, Malaysia and South Africa and centres in the 
UK and Italy, it provides exciting international research and
education opportunities. National and international students 
benefit from extensive curriculum choices offered by Monash’s
ten faculties in the sciences, professions and humanities.

The Monash Institute of Medical Research is one of the leading
research institutes in Australia. The institute is in the process
of building its cancer research program and a suite of purpose-
designed laboratories will be available to the appointees. In the
institute, the appointees will lead the further development of
cancer biology and, as well, establish links at a translational 
level with other participants in the Monash Health Research 
Precinct. This precinct is responsible for the integration of
research activities based in the Monash Institute of Medical
Research, Prince Henry’s Institute, the Southern Clinical School 
and Southern Health, a medical complex responsible for health
care delivery in the south-eastern Melbourne region.

The successful candidate for appointment as professor will
have: a research doctorate; an international reputation for
outstanding research; a record of obtaining external grants
for research and in successful supervision of postgraduate 
research students; proven excellence in teaching; and highly
developed skills of leadership, networking and management.

Professorial salary: $A121,459 per annum, plus superannuation.
A competitive remuneration package will be negotiable for an 
outstanding appointee.

The person appointed to the associate professor position will
be expected to have made substantial progress towards 
meeting the above criteria.

Associate Professorial salary: $A94,291 – $A103,877 per annum, 
plus superannuation. For both appointments, relocation travel 
and removal allowances and salary packaging are available.

Both appointments will be for a period of five years. 
Subject to performance and other criteria, a further term
would be negotiable.

Selection documentation may be accessed electronically
on the world wide web: http://www.adm.monash.edu/sss/
employment/senior

Confidential inquiries regarding the positions may be made
to Professor Bryan Williams, Director, Monash Institute of 
Medical Research, telephone +61 3 9594 7166,
email bryan.williams@med.monash.edu.au

Applications, clearly stating the position for which application 
is being made, should reach Ms Bronwen Meredith, Manager, 
Senior Academic Appointments (Advertised), Monash University,
Victoria, 3800, Australia, no later than Friday 12 January, 2007.

Inquiries regarding the application process may be directed to 
Ms Meredith, telephone +61 3 9905 6193, facsimile +61 3 9905 
6016, email bronwen.meredith@adm.monash.edu.au

The university reserves the right to make no appointment 
or to appoint by invitation.

Monash respects the privacy of your personal information. 

For more details visit www.privacy.monash.edu.au 

An Equal Opportunity Employer

EOWA Employer of Choice for Women

The Vincent F. Kilborn, Jr.
Cancer Research Fellowship

An endowment has been established in memory and honor of Mr. Vincent 
F. Kilborn, Jr., to support cancer research at the Mitchell Cancer Institute 
(MCI), University of South Alabama. Annual revenues generated from the
endowment will help fund the early career development of an outstand-
ing individual who has recently earned a doctoral degree with a focus on 
cancer research. The selected candidate will receive an annual stipend and
support for research expenses for up to 3 years. The recipient will hold 
the title of “Vincent F. Kilborn, Jr. Cancer Research Fellow” (Kilborn 
Fellow). The Kilborn Fellow will receive extensive mentoring from the 
senior professional research faculty of the MCI, and will be a signifi cant 
contributor to the cancer research workforce of the Institute. He/she will 
participate in one or more multidisciplinary research programs focusing on
new drug, immunotherapeutic, and diagnostic discovery and development,
with an emphasis on fundamental mechanisms of cancer metastasis and 
drug resistance. The Kilborn Fellow also is expected to actively compete 
for extramural grant funding. The highly successful Kilborn Fellow who 
succeeds in winning signifi cant grant support for his/her research, may be
eligible for consideration for an additional 3-year term of support under 
the Kilborn Fellowship, and/or a tenure-track faculty appointment. 

The MCI is ideally located in Mobile Alabama, a progressive, mid-sized 
port city of rich cultural history, in the beautiful upper Gulf coastal 
region. Moderate climate, abundant outdoor recreational opportunities, 
low cost-of-living and a “college-town” atmosphere all contribute to a 
high “quality of life” opportunity. 

Individuals wishing to be considered for this position should submit a letter
outlining their research interests and a curriculum vitae, to: Dr. Øystein 
Fodstad, Barbara Colle Chair and Scientifi c Director, USA/MCI,
307 N. University Blvd., MSB 2015, Mobile, AL 36688; or e-mail 
ofodstad@usouthal.edu.
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POSITIONS OPEN

TENURE-TRACK ASSISTANT PROFESSOR
OF BIOLOGICAL AND BIOMEDICAL

SCIENCES

The Department of Biological Sciences (website:
http://www.isu.edu/departments/bios) at Idaho
State University seeks applicants for a tenure-track
position to begin August 2007. Teaching responsi-
bilities include medical histology, oral histology and
embryology, and a course in the candidate_s exper-
tise. Applicants must have a doctorate (postdoctoral
experience preferred). The successful candidate is ex-
pected to mentor graduate and undergraduate stu-
dents and establish a rigorous, extramurally funded
research program that complements and enhances
our current biomedical research emphases. Salary will
be commensurate with training and experience, and a
competitive startup package will be provided. Review
of applications begins 15 January 2007, and will con-
tinue until filled. To apply, send cover letter, curric-
ulum vitae, statement of teaching philosophy and
research program, and contact information for three
references to: Dr. Curt Anderson, Chair, Histology
and Embryology Search Committee, Department
of Biological Sciences, 921 South 8th Avenue,
Stop 8007, Idaho State University, Pocatello, ID
83209-8007 U.S.A. Idaho State University is an Equal
Opportunity Employer. Women and members of minority groups
are encouraged to apply.

ASSISTANT/ASSOCIATE/FULL PROFESSOR

The Department of Physiological Sciences, Col-
lege of Veterinary Medicine, Oklahoma State Uni-
versity (OSU), invites applications for a tenure-track
position at the rank of Assistant Professor, Associate
Professor, or Professor. Applicants with a Ph.D. in
pharmacology, toxicology, or physiology are encour-
aged to apply, and applicants with both D.V.M. and
Ph.D. will be strongly considered. Primary responsi-
bilities include development of an extramurally sup-
ported research program and participation in both
the veterinary medicine professional curriculum and
biomedical sciences graduate program. Candidates
whose scholarly achievements meet the selection
criteria will receive consideration for the Lundberg-
Keinlen Endowed Professorship in Biomedical Re-
search. Interested individuals should submit an
application including curriculum vitae, statement of
professional goals, and names of three references to:
Dr. Carey Pope, Head, Department of Physiological
Sciences, 264 McElroy Hall, Center for Veterinary
Health Sciences, Stillwater, OK 74078 (telephone:
405-744-6257, e-mail: carey.pope@okstate.edu).
To ensure full consideration, applications should be
received by December 1, 2006. Review of applications
will continue until a suitable candidate is identified.

OSU is an Equal Opportunity/Affirmative Action Employer
that encourages applications from members of minority groups.

ASSISTANT/ASSOCIATE/FULL PROFESSOR
SYSTEMS PHYSIOLOGIST

Department of Biological Sciences

TheDepartment of Biological Sciences at Louisiana
State University (LSU) (website: http://www.
biology.lsu.edu) invites applications for aTenure-Track
or Tenured position in systems physiology. Required
qualifications: Ph.D. or equivalent degree in biological
sciences or a related field; postdoctoral experience;
record of creative and significant research in any area
of experimental animal physiology (non-mammalian
model systems preferred). Responsibilities: develops a
vigorous, extramurally funded research program; con-
tributes to undergraduate and graduate teaching. An
offer of employment is contingent on a satisfactory pre-
employment background check. Review of applications
will begin December 1, 2006, and will continue until
candidate is selected. Send curriculum vitae (including
e-mail address), statement of research and teaching in-
terests, three letters of recommendation and reprints of
key publications to: Systems Physiology Search Com-
mittee, Department of Biological Sciences, 202 Life
Sciences Building, Louisiana State University, Ref-
erence 024645, Baton Rouge, LA 70803. LSU is an
Equal Opportunity/Equal Access Employer. We encourage ap-
plications from women and minorities.

POSITIONS OPEN

Harvard Stem Cell Institute (HSCI) is recruiting a
DIRECTOR OF TRANSLATIONAL MEDI-
CINE (DTM) and CHIEF SCIENTIFIC OFFI-
CER of the Technology Accelerator Fund to be
responsible for design and execution of biological
and chemical screens for therapeutic agents, which
are a critical part of the HSCI_s mission. The DTM
will build two research teams, one focused on
collaborative research with HSCI members and
another focused on the development of therapeutics.
The DTM will be a senior member of the HSCI
executive team and help develop strategy, review
disease programs, and raise funds for research; the
DTM will also work with faculty to oversee graduate
students and Postdoctoral Fellows involved in
experimental design and screening execution with
the collaborative team. The DTM will be responsible
for working with foundations and corporations to
develop and fund specific research projects. The
DTM will be expected to participate in the educa-
tional mission of the HSCI. The DTM will chair the
therapeutics committee, which will set priorities, re-
view screens, and monitor results. As Chief Scientific
Officer of the Technology Accelerator Fund, the
candidate will report to the Senior Associate Provost
for Technology Development, with responsibility for
managing a portfolio of life science R&D projects
supported and operated by the Harvard University
Technology Accelerator Fund, and will: provide
leadership in managing Accelerator Fund projects;
play a key role in defining decision points, timelines
and resources in alignment with R&D goals and
objectives; provide input to the prioritization process
of each project and participate in other key strategic
decision-making processes; track and control project
expenditures to stay within budget, eliminate or mini-
mize barriers to progress. We are seeking an M.D. or
Ph.D. with extensive experience in academia and
industry, with demonstrable leadership of successful
research teams. Experience and proven success with
designing and implementing biological screens for
therapeutic development and in leading and manag-
ing preclinical drug development projects are essen-
tial, as well as strong interpersonal skills for bridging
between multiple stakeholders and achieving consen-
sus with respect to project performance, timelines,
and resource utilization. Candidates should send a
letter of interest, curriculum vitae, and three letters
of support to: Dr. David Scadden, c/o Christina
Shambaugh (e-mail: cpasker@partners.org).

FACULTY POSITION
Optical Spectroscopy

The Department of Chemistry and Biochemistry
at the University of Arkansas is seeking an outstand-
ing scientist for a tenure-track faculty position asso-
ciated with the NIH National Center for Research
Resources Center for Protein Structure and Function
(website: http://www.uark.edu/chemistry). We
seek candidates with expertise in the use of modern
optical spectroscopy for investigating proteins and
biomolecules, including single-molecule methods
or other novel approaches. The Department has state-
of-the-art core facilities in nuclear magnetic resonance
spectroscopy, protein and small molecule X-ray crys-
tallography, mass spectrometry, and high-throughput
synthesis. Collaborative, multidisciplinary research
projects are encouraged. Successful candidates must
have a Ph.D. and will be expected to establish a na-
tionally funded research program, and teach effectively
at the graduate and undergraduate levels. Review of
completed applications will begin on November 1,
2006, and continue until the position is filled. Cur-
riculum vitae, statements of research plans, and teach-
ing interests, and three letters of recommendation
should be sent to: Dr. Frank Millett, Faculty Search
Committee, Department of Chemistry and Bio-
chemistry, University of Arkansas, Fayetteville, AR
72701 (website: http://millett@uark.edu). Wom-
en and minority candidates are strongly encouraged
to apply. The University of Arkansas is an Affirmative
Action/Equal Opportunity Employer. All applicants are subject
to public disclosure under the Arkansas Freedom of Information
Act, and persons hired must have proof of legal authority to work
in the United States.

POSITIONS OPEN

TENURE-TRACK BIOCHEMIST and OR-
GANIC CHEMIST. Hamilton College invites
applications for two tenure-track, open-rank posi-
tions, beginning July 2007. An entry-level appoint-
ment is likely, but appointment at higher ranks is
possible and senior scholars are encouraged to apply.
Applicants must be committed to undergraduate
education and demonstrate excellence, or the po-
tential for excellence, in teaching and research with
undergraduates. Special consideration will be given
to candidates with biophysical, bioorganic, bioana-
lytical, or green chemistry research programs.
Teaching responsibilities may include general chem-
istry, research methods, and other courses in the
candidate_s areas of expertise. The successful candi-
date will be expected to guide student research
during the summer and advise the required senior
project during the academic year. Ph.D. and post-
doctoral experience required. Excellent startup sup-
port. You will join a group of committed teacher/
scholars who insist on excellence in teaching and
have a passion for educating students through one-
on-one mentoring of research. We work in a
supportive collegial environment with superb ad-
ministrative support, in a new state-of-the-art facil-
ity. Further information about Hamilton and the
Department can be found at website:http://
www.chem.hamilton.edu. Please send curriculum
vitae, undergraduate and graduate transcripts, state-
ments describing teaching and research interests,
and arrange for three letters of recommendation to
be sent by October 30, 2006, to: Karen S. Brewer,
Chair, Department of Chemistry, Hamilton Col-
lege, 198 College Hill Road, Clinton, NY 13323.
Hamilton College is an Equal Opportunity, Affirmative
Action Employer and is committed to diversity in all areas of
the campus community. Hamilton provides domestic partner
benefits.

ASSISTANT PROFESSOR
Genetics of Neural Systems and Behavior

We invite applications for a tenure-track Assistant
Professor appointment in the Division of Biology at
theCalifornia Institute of Technology.We are seeking
highly qualified candidates who are committed to a
career in research and teaching. The applicant should
conduct research at the interface of molecular biology
and systems neuroscience aimed at understanding
neural circuits and the control of behavior. We en-
courage applications from individuals who may, but
need not, work on conventional genetic model or-
ganisms, either vertebrate or invertebrate.

Appointment is contingent upon completion of
Ph.D. Submit online a brief cover letter, curriculum
vitae, relevant publications, and a description of pro-
posed research. Arrange to have at least three letters
of recommendation sent by e-mail: genetics-search@
caltech.edu. Please visit website: http://www.
biology.caltech.edu/Positions for application sub-
mission. The California Institute of Technology is an Equal
Opportunity/Affirmative Action Employer. Women, minor-
ities, veterans, and disabled persons are encouraged to apply.

RESEARCH ASSOCIATE (ASSISTANT
PROFESSOR) POSITION available in the De-
partment of Neurology to study the mechanisms of
neural protection from brain activity. We are inter-
ested in tissue, cellular, and molecular bases by
which brain becomes more resilient to disease
through neural activity. Candidates must have a
doctorate in biological sciences, molecular biology,
or a related field with at least four years of experience
in experimental neuroscience. Salary will be com-
mensurate with background and experience. Send
curriculum vitae, a personal research statement,
names of three references, and up to five best
publications to Dr. Richard P. Kraig as hard copy
to: Department of Neurology, MC2030, Univer-
sity of Chicago, 5841 South Maryland Avenue,
Chicago, IL 60637 (fax: 773-702-5175) or via
e-mail: rkraig@neurology.bsd.uchicago.edu with
Microsoft Word and PDF files as needed. Screening
of applications will continue until the position is
filled. The University of Chicago is an Affirmative Action/
Equal Opportunity Employer.
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Ecosystem Ecology

Tenure-track Assistant Professor in Terres-

trial Ecosystem Ecology. We seek applicants

who will complement our existing strengths

(www.muohio.edu/zoology) and develop an

externally funded research program in any area 

of ecosystem ecology, including biogeochemistry,
above- or below-ground food webs, biodiversity
and ecosystem function, or climate-change effects 

on ecosystem processes. The position requires

advising graduate and undergraduate research,
teaching courses in ecology and related areas,
and service to institution and profession. PhD
required. The Department of Zoology has 33
faculty, 65 PhD/MS students, ~1000 majors, and
excellent fi eld and laboratory facilities. Ecology
and environmental science include >40 faculty
across seven departments. We offer an interdisci-

plinary undergraduate co-major in environmen-

tal science and an interdepartmental graduate

program in ecology. Miami University is rated
nationally as a highly selective public university.
Send letter of application, curriculum vitae,
statement of research and teaching interests, and
three letters of reference to: Dr. Thomas Crist,

SearchCommitteeChair, Department of Zool-

ogy, MiamiUniversity, Oxford, OH 45056. For

more information, phone 513-529-6187 or -3100

or email cristto@muohio.edu. Review of appli-
cations will begin 17 November 2006. Position 

available August 2007. For information regarding
campus crime and safety, visitwww.muohio.edu/
righttoknow.

Miami University offers Equal Opportunity in 
Employment and Education.

Associate Director

Cancer Prevention and Control

The University of Nebraska Medical Center (UNMC) Eppley Cancer Center, a National Cancer
Institute-designated Cancer Center, seeks outstanding candidates for the position of Associate 
Director, Cancer Prevention and Control. This Associate Director position will include a tenured
appointment with academic rank commensurate with experience. The successful applicant will 
be expected to develop a comprehensive, extramurally funded cancer epidemiology, prevention
and control research program. 

The successful candidate’s recruitment package will include resources to build a prevention 
and control program in the Cancer Center, including start-up packages to recruit several addi-
tional cancer control and prevention faculty members. Additionally, UNMC recently created a 
College of Public Health that will be established on the UNMC campus. The UNMC College 
of Public Health will address a variety of critical health-related issues with an emphasis on 
cancer prevention and control.

The UNMC Eppley Cancer Center is in a dynamic growth phase and committed to the expan-
sion of all its research programs with a particular emphasis on population sciences research. 
Growth in the cancer research programs is aided by generous support from the Nebraska
Tobacco Settlement Biomedical Research Funds. With a strong commitment of both public and
private funds, UNMC has made strategic investments in its research infrastructure including 
the Durham Research Center and the Lied Transplant Center, which provide state-of-the-art 
laboratory and clinical space for cancer research. UNMC is currently building another 240,000
square foot research building, which will provide additional space for continued growth of 
the Cancer Center. 

Applicants should have a history of significant peer-reviewed funding, strong interpersonal 
and communication skills, and evidence of successful scientific collaborations. Experience in 
a leadership position within an NCI-designated Cancer Center is preferred.

Candidates should have a Ph.D. and/or M.D. degree. Applicants must apply online to position 
#0013 at https://jobs.unmc.edu. Additional information can be found at http://www.unmc.edu/
cancercenter/. Candidates should also arrange to have three letters of reference to be sent 
to: Kenneth H. Cowan, M.D., Ph.D., Director, Eppley Institute for Research in Cancer,

Director, UNMC Eppley Cancer Center, University of Nebraska Medical Center, 986805

Nebraska Medical Center, Omaha, NE 68198-6805; kcowan@unmc.edu.

The University of Nebraska Medical Center is an Equal Opportunity Employer.

FACULTY POSITIONS
The National Brain Research Centre invites applications for

tenure-track positions in neuroscience. The primary interest of

the institute is research on the brain and brain related disorders.

Current research focuses on the areas of molecular, systems,

cognitive and computational neurosciences. Candidates with

interests in the above areas and in other multidisciplinary and

novel approaches to the understanding of the brain are

encouraged to apply. The institute has state of art facilities

such as DNA microarray, rodent and primate animal facility,

imaging facility with a 3 tesla MRI and EEG/ERP. Clinician-

researchers are encouraged to apply. NBRC is situated near

Delhi in sylvan surroundings providing ideal environment for

research.

Appointments will be at the level of Assistant Professor and

above. A demonstrated record of independent scientific research

in the form of peer-reviewed publications is essential. Level of

appointment will be based on experience and the quality of

scientific productivity. Generous start-up funds will be provided.

Interested candidates may send a curriculum vitae providing

details of qualification, professional experience/achievements,

positions held, with copies of publications and the names,

addresses, telephone/fax numbers and e-mail addresses of 3

referees to:

The Director, National Brain Research Centre, NH-8,

Nainwal Mode, Manesar – 122 050, Gurgaon, INDIA or

via e-mail to director@nbrc.ac.in

For further details please see www.nbrc.ac.in

NATIONALBRAINRESEARCHCENTRE

NH-8, Nainwal Mode,

Manesar � 122 050, Gurgaon, INDIA

Brookhaven National Laboratory (BNL) is seeking candidates for the position of
Associate Laboratory Director of its Nuclear and Particle Physics Directorate
(NPP). This Directorate is one of five science Directorates at the Laboratory
and contains both major research programs and accelerator and facility oper-
ations. The annual budget of the Directorate is about $180 M with a staff of
over  600. 

The Associate Laboratory Director (ALD) is responsible for the scientific and
managerial leadership of the Directorate.  He/she reports to the Laboratory
Director.  The successful candidate must have a Ph.D. degree and a distin-
guished research career in physics  accompanied by proven experience in the
management of a mid-sized research effort. BNL is interested in candidates
who will develop internationally leading programs that are aligned with the mis-
sion of the Department of Energy, and who will maintain and enhance a world-
class scientific and technical staff. The ALD is the primary contact with BNL’s
programs and facility sponsors, principally the U.S. Department of Energy.

The ALD participates at the Director’s level in the Laboratory-wide planning for new
programs and user facilities and has line responsibility for safe and environmentally
sound operation of his/her program. Recent areas of scientific focus include rela-
tivistic heavy ion physics, spin physics, high energy physics at the LHC (ATLAS), neu-
trino physics and cosmology together with operation of the RHIC complex, the
Superconducting Magnet Division and the Instrumentation Division. New directions
in expanding the range of QCD studies are envisioned.

BNL is a multi-disciplinary laboratory engaged in a broad scope of world-class
basic and applied research in a highly stimulating and competitive science envi-
ronment.  It is managed by Brookhaven Science Associates under contract with
the U.S. Department of Energy. Applications should be sent electronically to

hempfling@bnl.gov, or by regular mail to Bill Hempfling, Human Resources

Division, Brookhaven National Laboratory, Bldg. 185, PO Box 5000, Upton,

LI, NY 11973-5000.

BNL welcomes diversity and encourages applications from all qualified individuals.

Associate Laboratory Director 
for Nuclear and Particle Physics

www.bnl.gov

a passion for discovery.

http://www.muohio.edu/zoology
mailto:cristto@muohio.edu
http://www.muohio.edu/righttoknow
http://www.muohio.edu/righttoknow
http://jobs.unmc.edu
http://www.unmc.edu/cancercenter/
http://www.unmc.edu/cancercenter/
mailto:kcowan@unmc.edu
mailto:director@nbrc.ac.in
http://www.nbrc.ac.in
mailto:hempfling@bnl.gov
http://ScienceCareers.org


POSITIONS OPEN

DEVELOPMENTAL BIOLOGIST. The
Wabash College Biology Department invites ap-
plications for a Byron K. Trippet Assistant Profes-
sorship in developmental biology. Tenure-track
position to start July 1, 2007. Ph.D. and a com-
mitment to excellence in teaching required; teaching
experience desirable. Development of a research
program involving undergraduates is expected. Pri-
mary expertise should be in plant or animal devel-
opmental biology. Preference will be given to
candidates with background and expertise in one or
more of the following areas: molecular biology,
developmental genetics, or evolutionary develop-
mental biology. In a two-year cycle, responsibilities
include teaching a course in developmental biology,
a course in the applicant_s special area of expertise,
and participating in team-taught general biology
courses. Periodic contributions to all-college courses
are expected. The Biology Department, with seven
full-time faculty positions, encompasses molecular
biology, organismal biology, and population biolo-
gy. The Department is well-equipped for teaching
and research in a new science facility. The Byron K.
Trippet Assistant Professorship provides a summer
research stipend during the first two years along with
significant startup funds. Send a letter of application,
curriculum vitae, brief statements of teaching phi-
losophy and research interests, undergraduate and
graduate transcripts, and three letters of recommen-
dation by December 1, 2006, to:Dr. Eric J. Wetzel,
Chair, Biology Department, Wabash College,
P.O. Box 352, Crawfordsville, IN 47933. No
electronic applications accepted. Questions may be
directed to e-mail: wetzele@wabash.edu. Informa-
tion about the College and Department is available at
website: http://www.wabash.edu/. Wabash Col-
lege, a liberal arts college committed to the education of un-
dergraduate men, encourages applications from women and
minorities. Equal Opportunity Employer.

ASSISTANT/ASSOCIATE/FULL PROFESOR
Signal Transduction and/or

Modulation of Gene Expression
Department of Biological Sciences/
Biochemistry and Molecular Biology

The Department of Biological Sciences at Louisi-
ana State University (LSU) (website: http://www.
biology.lsu.edu) invites applications for a Tenure-
Track or Tenured position in the broad area of cell
signaling. Required qualifications: Ph.D. or equiva-
lent degree in biological sciences or a related field;
postdoctoral experience; record of creative and sig-
nificant research. Additional qualifications desired:
expertise in studying signal transduction, modula-
tion of gene expression, and/or protein trafficking
in nonmammalian model systems. Responsibilities:
develops a vigorous, extramurally funded research
program; contributes to undergraduate and gradu-
ate teaching. An offer of employment is contingent on
a satisfactory pre-employment background check. Re-
view of applications will begin December 1, 2006,
and continue until candidate is selected. Send cur-
riculum vitae (including e-mail address), statement
of research and teaching interests, three letters of
recommendation and reprints of key publications
to: Dr. Jackie Stephens, Chair, Biochemistry and
Molecular Biology Search Committee,Department
of Biological Sciences, 202 Life Sciences Building,
LouisianaStateUniversity,Reference000391,Baton
Rouge, LA 70803. LSU is an Equal Opportunity/Equal
Access Employer. We encourage applications from women and
minorities.

University of Southern California in Los Angeles
seeks a RESEARCH ASSOCIATE. Tasks include:
in vivo studies in mice; RNA, DNA isolation; clon-
ing; PCR; Northern/Southern/Western blotting;
transfection; footprinting; gel shift; promoter analy-
sis; DNA methylation; cell biology; transgenic mice;
immunohistochemistry and protein isolation. Job
requires Ph.D./M.D. or equivalent in biology or re-
lated science/medical discipline and one year of
experience in related field. Submit curriculum vitae
with references to website: https://sjobs.brassring.
com/1033/ASP/TG/cim_jobdetail.asp?partnerid0
101&siteid05271&OReq0H10460.

POSITIONS OPEN

FACULTY POSITION IN SYSTEMS
NEUROPHYSIOLOGY

at University of Southern California

The Section of Neurobiology in the Department
of Biological Sciences at the University of Southern
California (USC) invites applications for a tenure-
track faculty position, at any rank, in the area of sys-
tems neurophysiology.

The Section is part of a broad interdisciplinary
Neuroscience community at USC, composed of
more than 60 faculty conducting research in basic,
engineering, and clinical sciences (website: http://
www.usc.edu/programs/neuroscience/). For
consideration, applicants must have a Ph.D., M.D.,
or equivalent degree and have demonstrated the
ability to conduct innovative research into funda-
mental questions of neural function. Candidates
who investigate sensory, motor, or cognitive pro-
cessing from single cell to network levels are en-
couraged to apply. Experimental approaches such as
imaging, intracellular, or multicellular recording in
the whole animal, or a combination of in vivo with
in vitro preparations, are of particular interest. Given
the interdisciplinary emphasis of neuroscience at
USC, a candidate_s potential to collaborate with
other Experimental and/or Computational Neuro-
scientists is highly desirable. Applications received
before November 30, 2006, will be certain to receive
consideration.

Applicants should supply their curriculum vitae, a
statement of research interests, and three letters of
recommendation to:

Judith Hirsch, Ph.D. c/o Vanessa Clark
University of Southern California

Hedco Neuroscience Building, 120, MC 2520
3641 Watt Way

Los Angeles, CA 90089-2520

The University of Southern California is an Affirmative
Action/Equal Opportunity Employer.

BIOLOGY FACULTY POSITION

The University of Redlands invites applications for
a Tenure-Track Faculty position in biology. We seek
to broaden our existing course and research offerings.
The successful candidate will teach both nonmajors
and majors as well as involve undergraduates in re-
search. Areas of expertise might include, but are not
limited to, invertebrate biology, systems physiology,
and computational biology. A Ph.D. (by September
2007), evidence of excellence in undergraduate teach-
ing, and a commitment to undergraduate research
are required. Please send letter of application, cur-
riculum vitae, a description of research plans, a state-
ment of teaching philosophy with a list of potential
course offerings, and arrange for three letters of rec-
ommendation to be sent to: Chair, Search Com-
mittee, Department of Biology, University of
Redlands, P.O. Box 3080, Redlands, CA 92373-
0999. Applications received by November 17, 2006,
are assured full consideration. Located in an eth-
nically and culturally diverse region midway between
Los Angeles and Palm Springs, the University of
Redlands (website: http://www.redlands.edu) is
a private, selective, liberal arts University enrolling
approximately 2,300 undergraduates in the residen-
tial College of Arts and Sciences. The University of
Redlands is an Equal Opportunity Employer. We actively seek
applications from members of under-represented populations.

BIOLOGY. The Department of Biology, York
University, Toronto, Ontario, Canada, invites appli-
cations for two TENURE-TRACK POSITIONS
in physiology (plant or animal) and molecular and/
or cell biology. Details are available at website:
http://www.yorku.ca/acadjobs. York University is
an Affirmative Action Employer. The Affirmative Action Pro-
gram can be found on York_s website: http://www.yorku.
ca/acadjobs or a copy can be obtained by calling the Af-
firmative Action Office at telephone: 416-736-5713. All
qualified candidates are encouraged to apply; however,
Canadian citizens and permanent residents will be given
priority.

POSITIONS OPEN

FACULTY POSITION IN BIOCHEMISTRY
University of California, San Diego

The Department of Chemistry and Biochemistry
of University of California, San Diego (UCSD),
(website: http://chem.ucsd.edu) invites applica-
tions for a tenure-track/tenured faculty position in
biochemistry. Candidates must have a Ph.D. and a
demonstrated ability for creative research and teach-
ing at the undergraduate and graduate levels. The
Department will consider applicants in all areas of
cellular biochemistry and chemical biology in eu-
karyotic systems with particular emphasis on mem-
brane biology, protein degradation, DNA repair and
replication, molecular immunology and splicing. Sal-
ary commensurate with qualifications and based on
University of California pay scale. Candidates should
send curriculum vitae, list of publications, reprints of
up to five representative papers, and a summary of re-
search plans to: Chair, Biochemistry Search Com-
mittee, 4-791S, University of California, San Diego,
Department of Chemistry and Biochemistry, Mail
Code 0332, La Jolla, CA 92093-0332. Candidates
should also arrange to have three letters of reference
sent under separate cover. The deadline for applica-
tions is November 1, 2006, but until position is filled,
all applications received will be assured full consider-
ation. UCSD is an Equal Opportunity/Affirmative Action
Employer with a strong institutional commitment to the achieve-
ment of diversity among its faculty and staff.

FACULTY POSITION
Microbiology/Virology

The Department of Microbiology and Immunol-
ogy at Des Moines University, Osteopathic Medical
Center invites applicants for a tenure-track position
at the level of ASSISTANT or ASSOCIATE PRO-
FESSOR. The successful candidate must possess the
knowledge and skills necessary to participate in the
teaching of medical virology to medical and health
professions students. In addition, it is expected that
the individual develop an innovative and extramu-
rally funded research program using contemporary
approaches to study host-pathogen interaction. Ap-
plicants should have a Ph.D. and relevant postdoctoral
experience. Rank and salary are commensurate with
training and experience. Applicants should e-mail
curriculum vitae, a concise statement of teaching and
research interests, and the names of three profes-
sional references to the Microbiology Faculty Search
Committee at e-mail: employment@dmu.edu. Visit
website: http://www.dmu.edu. For full con-
sideration applications should be received by Janu-
ary 31, 2007. Des Moines University is an Equal Opportunity
Employer.

PHARMACOLOGY EDUCATOR. The De-
partment of Pharmacology and Experimental Neu-
rosciences at the University of Nebraska Medical
Center (UNMC) seeks applicants for an open track,
tenure leading position. A Ph.D. in pharmacology or
related discipline and evidence of excellence in
teaching medical and allied health students are
required. The successful candidate will be broadly
trained in pharmacology with outstanding commu-
nication, interpersonal, and administrative skills.
Opportunities to instruct in upper level pharma-
cology graduate courses and engage in research
activities will be available. Interested individuals are
asked to submit curriculum vitae, the names of three
references, and a statement of education philoso-
phy to:Dr. Terry Hexum, 985800 Nebraska Med-
ical Center, Omaha, NE 68198-5800 (e-mail:
pharmeducator@unmc.edu) on or before Decem-
ber 31, 2006. Applications will be reviewed starting
January 1, 2007, and the review process will con-
tinue until the position is filled. The anticipated start
date is July 1, 2007. UNMC is an Equal Opportunity/
Affirmative Action Employer. Women and minorities are
encouraged to apply.
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*The Curtis and Elizabeth Anderson Cancer Institute at Memorial Health University Medical
Center is not affiliated with the University of Texas M.D. Anderson Cancer Center.

Genomics Research
Positions in
Savannah, GA

Memorial Health, located in Savannah, Georgia,
serves 35 counties in southeast Georgia and
southern South Carolina. We are currently seeking
two genomics technicians in conjunction with
opening our new, state-of the art research center
at Memorial Health University Medical Center. 

DNA Sequencing Specialist 
Carry out DNA sequencing services. Requires:
3-5 years of experience in sequencing of SNPS,
STR, LOH, AFLP and other; knowledge of latest
sequencing apparatus. Bachelor degree in 
biological science or equivalent training and 
experience is required.

Microarray Specialist
Requires: Experience with Affymetrix array platform;
3-5 years experience in global gene expression
profiling. A degree in biological sciences or equiv-
alent training and experience is also required.
Knowledge of bioinformatics and statistics a plus.

Memorial Health has been one of FORTUNE

magazine’s “Best Places to Work” for three 
years in a row. If you’re one of the best, and 
want to join an award-winning team, go to
memorialhealth.com/jobs to apply online. 
Or, e-mail Frank Thayer at 
thayefr1@memorialhealth.com
or call 912-350-8243

for additional information. 
(EOE)

Roche is in the midst of one of the most exciting periods in its history. With an
array of established products, a healthy line of new products and several exciting
launches ahead, Roche is extremely well positioned to be one of the truly preeminent
companies that lead the industry into the 21st century. If you want to work in a
dynamic, challenging environment that capitalizes on your strengths and abilities,
please take a few moments to peruse the following job opening at our Nutley,
NJ Headquarters:

Principal Scientist, Research Partnering – Req #3661

Our Research Partnering group is seeking an immunologist with a computational/
genomics background who will work as a partner with our respiratory diseases
group to apply state-of-the-art integrative analysis techniques to advance decisions
for our drug discovery pipeline. Data sources will include pathway/gene interaction
data, sequence data, and microarray and other gene expression data. As a part of
a global interdisciplinary team the successful candidate will interact with research
scientists, computational biologists, biostatisticians and information scientists to
produce solutions tailored to the present and future needs of a vibrant
pharmaceutical research organization in a rapidly evolving business and scientific
environment. Key responsibilities will include synthesizing data within diverse
internal and external datasets and identifying patterns and hypotheses to be tested
by the laboratory groups. 

Requirements include a PhD with 0-2 years experience in a related field. Candidate
must have excellent communication, presentation and interpersonal skills, and a
strong background in immunology and either bioinformatics or biostatistics.
Work experience in a global company and/or a matrix organization is highly desirable.

For more information and to apply online, visit: www.rocheusa.com and enter
requisition number 3661.

Hoffmann – LaRoche is an equal opportunity employer.

of doing big things.
Solving important problems.

Making a difference.

Improving lives.

Choosing Roche

We all dream

The Department of Radiation Oncology in the Stritch School of Medicine
at Loyola University Chicago is located at Loyola University Medical
Center, a nationally recognized health care facility.  The Loyola University
Medical Campus is located twelve miles west of downtown Chicago.  The
Department of Radiation Oncology consists of two primary treatment
facilities approximately one-half mile apart on common ground, treating
approximately 1,200 patients annually.

The Department of Radiation Oncology at Loyola University Medical
Center invites applications for a senior-level faculty position to serve as
Chief of the Division of Radiobiology Research.  For this position, the
Department seeks a distinguished scholar with expertise in translational
research in radiobiology.   Candidates should have a Ph.D. or M.D. degree,
a research record appropriate for a tenured appointment, potential external
grant funding, and demonstrated capacity for intellectual leadership. The
successful candidate will participate actively in the residency and
educational programs of the Department and School and will have a joint
appointment and laboratory space in the Oncology Institute, part of the
Cardinal Bernardin Cancer Center, also located at Loyola University
Medical Center. 

Applicants will be reviewed until the position is filled.   Please send a letter
of interest, current curriculum vitae, and the names of three references to:

Bahman Emami, MD
Professor and Chairman
Department of Radiation Oncology
Loyola University Medical Center
Maguire Center, Ste 2944
2160 S. First Avenue
Maywood, IL   60153

Loyola is an equal opportunity and
affirmative action employer/educator and is
committed to a drug-free and smoke-free
workplace.

Loyola University Chicago
Department of Radiation Oncology

Associate Professor/Professor 
in the area of Radiobiology

www.jax.org

FACULTY RECRUITING
The Jackson Laboratory, an independent, mammalian genetics research institution, and an NCI-designated Cancer
Center, has launched a major research expansion.  Faculty members, especially those with a focus in 
cancer, will be recruited in the following areas:

• Computational Biology/Bioinformatics

• Immunology/Hematology

• Metabolic Disease Research

• Neurobiology

• Reproductive/Developmental Biology

We are recruiting faculty scientists with a Ph.D., M.D., or D.V.M., who have completed postdoctoral training and
have a record of research excellence.  Candidates should have the ability to develop a competitive, independently 
funded research program that takes advantage of the mouse as a genetic model for understanding human biology
and disease. We also encourage applications from scientists with a background in cross-disciplinary approaches.

The Jackson Laboratory offers a unique scientific research environment, including excellent collaborative opportuni-
ties with our staff of 36 Principal Investigators, unparalleled mouse genomic resources, outstanding scientific support
services, highly successful postdoctoral and predoctoral training programs, and a major meeting center, featuring
courses and conferences centered around the mouse as a model for human development and disease.

For more information go to: www.jax.org

Applicants should send a curriculum vitae and a two to three page statement of research interests and plans, and
arrange to have three letters of reference sent to: facultyjobs@jax.org

Review of applications will begin early in 2007.

The Jackson Laboratory is an EOE/AA Employer
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POSITIONS OPEN

DEVELOPMENTAL BIOLOGY
Tenure-Track Position

Bowdoin College

The Biology Department at Bowdoin College in-
vites applications for a tenure-track position in devel-
opmental biology at the ASSISTANT PROFESSOR
level beginning fall 2007. We are seeking candidates
who will demonstrate excellence in both teaching and
research. Postdoctoral experience preferred. Typical
teaching responsibilities each year include one labo-
ratory course in developmental biology (with a labo-
ratory instructor), one course at the nonmajors or
introductory biology level, and one advanced course
in one_s area of research. The successful applicant is
expected to pursue an active research program that
involves undergraduates.

Review of applications will begin November 1,
2006, and will continue until the position is filled.
Please send curriculum vitae and a description of your
research interests and teaching philosophy, and arrange
to have three letters of reference sent to: Search Com-
mittee Chair, Biology Department, 6500 College
Station, Bowdoin College, Brunswick, ME 04011-
8465. For further information about the College, the
Department, and the program, please see our website:
http://academic.bowdoin.edu/biology/.

Bowdoin College is committed to equality through Affirma-
tive Action and is an Equal Opportunity Employer. We en-
courage inquiries from candidates who will enrich and contribute
to the cultural and ethnic diversity of our College. Bowdoin Col-
lege does not discriminate on the basis of age, race, creed, color,
religion, marital status, gender, sexual orientation, veteran status,
national origin, or disability status in employment, or in our edu-
cation programs.

ANALYTICAL SCIENTIST

Responsible for supporting all aspects of drug
development within Sepracor_s Chemistry R&D
Department.

Requires a Master_s degree in analytical chemistry,
or a related field or equivalent. Also requires two
years of experience in the job offered or two years of
pharmaceutical analysis experience. An individual in
this position must have well-demonstrated ability in
the development and validation of analytical meth-
ods for the testing and characterization of pharma-
ceutical substances and products. Analytical skills
should include: high performance liquid chroma-
tography (isocratic, gradient), gas chromatography,
thermal analysis, infrared spectroscopy, ultraviolet and
visible spectroscopy, mass spectrometry, titrimetry,
chiral analysis, and general wet and compendial tech-
niques; must be proficient in the use of Millennium/
Empower, Chemstation, Omnic, Pyris, TA Uni-
versal, Lab X, Microsoft Word and Excel software
packages. Also required is knowledge of good labo-
ratory practice/good manufacturing practice require-
ments. An individual in this position must have strong
communication skills, demonstrated teamwork skills,
and be willing and able to work in a multidisciplinary
environment. In addition, an individual in this po-
sition must have demonstrated problem solving and
data analysis abilities, instrument troubleshooting
and maintenance, demonstrated leadership, written
and verbal skills, and good organizational skills.

Please submit your resume and salary requirements
to e-mail: resumesatsepracor@sepracor.com or to:
Eileen Rivera at Sepracor, Inc., 84Waterford Drive,
Marlborough, MA 01752. Equal Opportunity Employer.

POSTDOCTORALFELLOWSHIP INNANO-
TECHNOLOGY. Burnham Institute for Medical
Research, an independent, nonprofit, public-benefit
basic research organization, located in La Jolla, Cali-
fornia, is seeking Postdoctoral Associates. Projects
involve (1) linking engineered proteins to nano-
devices to endow them with biological control, (2)
creating synthetic HDL to clear atherosclerotic
plaque, (3) engineering nanoparticles with anti-
platelet properties. Strong skills in protein engineer-
ing, construction of peptide amphiphiles, or platelet
and plaque biology are required. Publication record
is strongly encouraged. To apply, please send curricu-
lum vitae and three references via e-mail: jameslee@
burnham.org. Website: http://www.burnham.org.

POSITIONS OPEN

CONSERVATION BIOLOGIST
TENURE-TRACK ASSISTANT PROFESSOR
Department of Ecology and Evolutionary Biology

and Center for Environmental Studies
Brown University

The Department of Ecology and Evolutionary Bi-
ology and the Center for Environmental Studies at
Brown University seek a Conservation Biologist to
join its faculty. We particularly welcome applicants
with interdisciplinary interests that would comple-
ment existing faculty strengths in ecosystem and
community ecology, population genetics and evolu-
tionary biology, environmental policy, environmen-
tal health as well as ongoing University initiatives in
environmental change, the social sciences and ge-
nomics and our institutional partnership with the
Marine Biological Laboratory at Woods Hole. Re-
quirements include a Ph.D., a strong record of re-
search excellence, and potential for excellence in
teaching. Candidates whose scholarly work links
conservation science and theory with pressing policy
and management issues are encouraged to apply.
The new hire will be expected to develop a strong,
externally funded research program, teach courses
such as conservation biology, and contribute to
undergraduate and graduate training.

To apply, please send curriculum vitae, statement
of research and teaching interests, representative
publications, and arrange to have three letters of
recommendation sent to: Mark Bertness, Chair,
Conservation Biology Search Committee, P.O.
Box G, Brown University, Providence, RI 02912.
For further inquiries, please contact e-mail: mark_
bertness@brown.edu. Applications will be reviewed
starting 30 November 2006, and accepted until the
position is filled. The start date for this position is
1 July 2007, or as soon thereafter as is feasible. Brown
University is an Equal Employment Opportunity/Affirmative
Action Employer.

EXECUTIVE VICE PRESIDENT

National Disease Research Interchange (NDRI), a
not-for-profit company providing scientists with hu-
man biomaterials for research, invites applications for
Executive Vice President. The Executive Vice Pres-
ident will possess strong financial and organizational
competencies with a minimum of ten years of expe-
rience working in a scientific environment requiring
business management skills. Requires demonstrated
success in negotiating sponsored research agreements,
supervising technology joint ventures, and evaluating
new science and technology.

Qualified candidates with an advanced degree in
medicine or a Ph.D. in the biological sciences or
medicine in molecular biology, immunology, genet-
ics, pathology, or a related field are expected to have
submitted successful grant applications to NIH and
be familiar with NIH reporting requirements and
leadership. Superior communication skills required.
Computer expertise to include advanced spreadsheet,
database, and reporting skills. Must have excellent
analytic, writing, and presentation skills. An energet-
ic team player committed to organizational growth
and identification of new opportunities is required.
Competitive salary and excellent benefits. E-mail cur-
riculum vitae to e-mail: smcgovern@ndriresource.
org, or fax to S. McGovern at fax: 215-557-7154,
or mail to:

Attn: S. McGovern
1628 John F. Kennedy Boulevard

8th Floor, 8 Penn Center
Philadelphia, PA 19103

FACULTY POSITIONS, BIOLOGY

Two tenure-track, ASSISTANT PROFESSOR
positions: (1) PHYSIOLOGIST, (2) AVIAN BI-
OLOGIST. Both must participate in graduate pro-
grams, teach undergraduate and graduate courses,
and develop externally funded research programs;
available fall 2007; Department of Biology, Boise
State University. Review of applications begins 13
November 2006. Position description and application
procedures are at website: http://hrs.boisestate.
edu/joblistings/faculty/. Boise State University is an
Equal Opportunity Employer/Affirmative Action Employer.
Veterans Preferences.

POSITIONS OPEN

CENTER OF EXCELLENCE DIRECTOR

The Department of Veterans Affairs_ Central Texas
Veterans Health Care System (CTVHCS) seeks a
Director for a new Center of Excellence for Mental
Health and Post-traumatic Shock Disorder (PTSD),
located at the Waco campus of CTVHCS. The Pro-
gram is on the cutting edge of implementing psy-
chosocial rehabilitation for the seriously mentally
ill, and is a teaching hospital of the Texas A&M
University Health Science Center College of Medi-
cine. Candidates must demonstrate a sustained, in-
dependent funded research program in PTSD or
psychosocial rehabilitation, as well as the vision to
successfully guide the Center of Excellence to na-
tional prominence. CTVHCS is currently implement-
ing major funding for a new research program in
Post-traumatic and Developmental Stress Disor-
ders, and administrative experience in overseeing
translational research will be highly regarded.
Funding will be immediately available to hire at least
two additional experienced investigators and admin-
istrative personnel to support the Program, with ad-
ditional support expected as the Center of Excellence
is implemented.

Salary is commensurate with qualifications and ex-
perience. Applicants must be U.S. citizens with a current un-
restricted license to practice medicine in the U.S. or an earned
Ph.D. degree. The position offers excellent benefits,
low cost of living, and no state income tax.

To apply contact:

Mary Doerfler, Human Resources Specialist (05)
Central Texas Veterans Health Care System

1901 Veterans Memorial Drive, Temple, TX 76504
Telephone: 254-743-0049, fax: 254-743-0007

E-mail: mary.doerfler@med.va.gov

ASSISTANTPROFESSOR,TENURETRACK,
OCCUPATIONAL/ENVIRONMENTAL HY-
GIENE. The Department of Environmental Health
Sciences (ENHS) at the University of South Caro-
lina invites applications from Ph.D.s with research/
teaching interests in industrial hygiene, exposure
assessment and control, biological monitoring, in-
fection control, and/or toxicogenomics. ENHS of-
fers Master_s and doctoral degrees in environmental
quality, industrial hygiene, and hazardous materials
management. The successful applicant will be ex-
pected to contribute to our Accreditation Board for
Engineering and Technology-accredited Industrial
Hygiene Program, and will collaborate in other pro-
gram areas. Strong evidence of the ability to develop
an extramurally funded research program is desired.
Application reviews begin immediately. Applicants
should apply online at website: http://uscjobs.sc.
edu, requisition 042522, and also forward curricu-
lum vitae, statement of professional goals in research
and teaching, and contact information for three
references to Dr. C. E. Feigley, e-mail: cfeigley@
sc.edu. The University of South Carolina is an Affirmative
Action, Equal Opportunity Employer. Women and minorities
are encouraged to apply.

ENVIRONMENTALHEALTH, ASSISTANT
PROFESSOR/TENURE TRACK. The Graduate
School of Public Health, San Diego State University
(SDSU), invites applications from individuals with
strong background in laboratory or modeling sci-
ences and research interests in one or more of the
following areas: exposure assessment, global health,
toxicology, environmental monitoring, occupational
health, pollutant monitoring. Apply with letter of
application, curriculum vitae, and name/contact
information of at least five references to: Searches,
Graduate School of PublicHealth, SanDiego State
University, 5500 Campanile Drive, San Diego, CA
92182-4126, website: http://publichealth.sdsu.
edu. Application review begins December 1, 2006,
and continues until the position is filled. SDSU is a
Title IX Employer and does not discriminate against individuals
on the basis of race, religion, national origin, sexual orientation,
gender, marital status, age, disability, or veteran status, in-
cluding veterans of the Vietnam era.
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Ohio University invites candidates for two tenure-track faculty positions,

one in biomedical engineering and one in biomedical sciences. The

biomedical engineer will be appointed to a department within The Fritz J.
and Dolores H. Russ College of Engineering (Chemical and Biomolecular,

Mechanical, or Electrical Engineering and Computer Science). The biomedical
scientist will be appointed to The Department of Biomedical Sciences in The
College of Osteopathic Medicine (COM). Both candidates’ research should
address the cellular and molecular mechanisms of disease and/or focus on

the identifi cation and development of novel biomedical therapeutics (which
includes drug delivery) or diagnostics. For theCOMpositionwe are particularly
interested in candidates with expertise in immunology/innate immunity and 

the relevance of either to disease expression, e.g., cancer, infectious diseases,

diabetes and its complications. The successful candidates will help to build the
new Master’s degree program in Biomedical Engineering and be expected to 

develop a dynamic externally funded research program. For the engineering
position, applicants must have a PhD in biomedical engineering or a closely
related discipline. The COM position is open to applicants with PhD, DO, or 

MD degrees. Post-doctoral research experience is required for both positions.
Salaries will be based on qualifi cations.

Applications must be submitted online at www.ohiouniversityjobs.com/

applicants/Central?quickFind=51988 for the biosciences position and

www.ohiouniversityjobs.com/applicants/Central?quickFind=51995 for 

the biomedical engineering position. Review of applications will begin on

December 1, 2006 and continue until positions are filled. Attach a curriculum
vitae including contact information for 3 personal references, a statement of 

teaching interests and a statement of research interests.Questions regarding the
positions can be directed to either Dr. Douglas J. Goetz (goetzd@ohio.edu),
chair Biomedical Engineering search committee, or Dr. Leonard D. Kohn

(lkohn1@rrohio.com), chairBiomedical Sciences search committee.We seek

candidates with a commitment to working effectively with students, faculty
and staff from diverse backgrounds.

Ohio University, located in a picturesque college town in rural southeastern 
Ohio, is an Affi rmative Action, Equal Opportunity Employer with a Dual 

Career Network (http://www.ohio.edu/dual).

Stanford University
Evolutionary Developmental 

Biologist Faculty Position

The Department of Biological Sciences at
Stanford University seeks applicants for a
tenure track faculty appointment in the area
of Evolutionary Developmental Biology at the 
rank of Assistant Professor. We seek applicants 
studying problems in the evolution of develop-
ment, broadly defi ned to include work focused 
on understanding mechanisms of phenotypic
evolution. Applicants are expected to develop 
a vigorous research program and to participate 
in both undergraduate and graduate education. 
For information about the Department consult 
http://biology.stanford.edu/.

Applicants should send an application contain-
ing: a cover letter (with email address and fax 
number), a curriculum vitae, names and email 
addresses of three references, a statement of
research accomplishments and future plans, and
a description of teaching experience to:

Chair, Evolutionary Developmental

Biology Search Committee

Department of Biological Sciences

371 Serra Mall

Stanford University

Stanford, CA 94305-5020

Applicants should request that their reference 
letters be sent directly to the above address.
Materials should be received by December 1, 

2006. The term of the appointment would begin
September 1, 2007.

Stanford University is an Equal Opportunity, 
Affi rmative Action Employer.

Microbiology Faculty Positions
Stony Brook University’s Department of Molecular Genetics and Microbiology in the School of Medicine invites
applications for TWO tenure-track faculty positions at the Assistant Professor level in the fields of Viral and
Bacterial Pathogenesis. Successful candidates will be expected to establish a vigorous extramural research 
program, direct graduate student and postdoctoral research, and participate in Departmental teaching and 
administrative responsibilities. The Department of Molecular Genetics and Microbiology and the adjacent 
Center for Infectious Diseases provide a highly interactive scientific community with world-class research 
facilities including two BSL-3 laboratories. The Department has training grants to support graduate students 
and postdoctoral fellows. The School of Medicine and Stony Brook University maintain core facilities that 
include imaging, sequencing, animal/transgenic, cell sorting, proteomics, microarray, bioinformatics, 
monoclonal antibodies, and cell culture.

Faculty Search in area of Host Response to Viral Infection: Applicants must have a Ph.D. or M.D./Ph.D.
and have at least two years of postdoctoral experience. Outstanding candidates whose research is in the area of
host response to viral infection are encouraged to apply. Special consideration will be given to candidates whose
expertise will contribute to the study of human infectious disease. Specific areas of interest include, but are not
limited to, RNA and DNA virology, pathogenesis, and immunity.

Faculty Search in area of Host Response to Bacterial Infection: Applicants must hold a Ph.D. or
M.D./Ph.D. and have at least two years of postdoctoral experience. Outstanding candidates working in all 
areas of bacterial pathogenesis are encouraged to apply. The Department is particularly interested in candidates 
studying host responses to bacterial infection and whose research complements existing areas of expertise 
within the Department.

The review of applications for both positions will begin October, 2006, and will continue until December 31,
2006, or until the positions are filled. 

To apply, please send a CV, a brief summary of accomplishments, future research interests 
(four pages total), and the names and contact information of three references to the search 
committee for the position you wish to apply for:

Nancy C. Reich, Ph.D., Chair of Viral Search Committee, Department of Molecular Genetics and Microbiology
130 Life Sciences Building, Stony Brook University, SUNY, Stony Brook, NY 11794-5222

David G. Thanassi, Ph.D., Chair of Bacterial Search Committee, Department of Molecular Genetics and
Microbiology, 130 Life Sciences Building, Stony Brook University, SUNY, Stony Brook, NY 11794-5222

Equal Opportunity/Affirmative Action Employer. Women, people of color, 
individuals with disabilities, and veterans are encouraged to apply. 
Visit www.stonybrook.edu/cjo for complete job description and 
other employment opportunities.
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POSITIONS OPEN

ASSISTANTDIRECTOR, FLOWCYTOMETRY
AND CELL SORTING CORE

Applications are invited for Assistant Director,
FlowCytometry and Cell Sorting (FACS) Core Facili-
ty in the University of South Carolina School of Medi-
cine Instrumentation Resource Facility (website:
http://dba.med.sc.edu/price/irf/irf.htm). This
will be a full-time research track faculty position that
will involve 50 percent time towards development of
FACS core and 50 percent time dedicated to de-
velopment of an individual_s own research program.
The FACS Core will be a service facility developed
to assist other Principal Investigators and their lab-
oratories in experiments that involve analysis and
cell-sorting technologies. A strong background in
immunology, experience in hands-on operation of a
FACS system, and interpretation of FACS data are
essential. A background in stem cell biology is
desirable. The candidates can have research experi-
ence in any area of biomedical sciences although
preference will be given to those interested in cancer,
HIV/AIDS, or cardiovascular development and
disease. Review of applicants will begin immediately
and continue until the position is filled. Applicants
should submit their curriculum vitae, future research
plans, and three letters of reference to: Dr. Robert
Price, Director, Instrumentation Resource Facil-
ity, University of South Carolina School of Medi-
cine, Columbia, SC 29208. E-mail: price@med.
sc.edu. The University of South Carolina is an Affirmative
Action, Equal Opportunity Institution.

PROFESSOR OF MEDICINE AT BRIGHAM
AND WOMEN_S HOSPITAL

Harvard Medical School

The Brigham and Women_s Hospital and Harvard
Medical School seek a Professor of Medicine to serve
full-time, investigator criteria, in the Channing Lab-
oratory and the Infectious Diseases Division, De-
partment of Medicine, at Brigham and Women_s
Hospital. The Department seeks a distinguished
Physician with strong expertise in the area of bac-
terial pathogenesis. Candidates should have an out-
standing record of accomplishment in basic research,
and a major commitment to medical students, resi-
dents, and fellows, experience in administration of
an academic program as well as a strong commit-
ment to all of the clinical, educational, and scientific
activities of the Department. Academic credentials
should be of sufficient strength to warrant an ap-
pointment as Professor at Harvard Medical School.

Interested individuals should send a letter of ap-
plication and current curriculum vitae by November 1,
2006, to: Dennis L. Kasper, M.D., Chairperson,
Search Committee, Channing Laboratory, 181
Longwood Avenue, Boston, MA 02115.

Brigham and Women_s Hospital and Harvard Medical
School are Equal Opportunity/Affirmative Action Employers.
Women and minorities are particularly encouranged to apply.

ASSISTANT PROFESSOR

MIT_s Department of Brain and Cognitive Sci-
ences anticipates making a faculty appointment at the
Assistant Professor level in cognitive science or cog-
nitive neuroscience. Applicants should be conducting
cognitive science or cognitive neuroscience research
with humans in the areas of perception, learning,
memory, attention, motor control, language, knowl-
edge representation, reasoning, decision-making,
social cognition, development, or computational
modeling of cognition. It is important for applicants
to identify the area or areas for which they are ap-
plying. Please enclose curriculum vitae, a statement of
research and teaching interests, and representative
reprints. In addition, please arrange to have three
letters of recommendation sent to the Search Com-
mittee. Review of applications will begin as they are
received. Send applications to: Cognitive Search
Committee, 46-2005, MIT, 77 Massachusetts Av-
enue, Cambridge, MA 02139-4307. Information
about the Department can be found at website:
http://web.mit.edu/bcs/. Qualified women and mi-
nority candidates are especially encouraged to apply. MIT is an
Affirmative Action/Equal Opportunity Employer.

POSITIONS OPEN

A POSTDOCTORAL RESEARCH POSI-
TION is available immediately in the laboratory of
Dr. Mohamed Trebak, Center for Cardiovascular
Sciences at the Albany Medical College, Albany,
New York. Topics of research focus on endothelial
cell signaling, specifically, the role of transient
receptor potential (TRP) ion channels in calcium
entry pathways controlling proliferation and angio-
genesis. We use a wide range of technologies in-
cluding patch clamp electrophysiology, calcium
imaging, molecular and cellular biology, and bio-
chemical techniques.

The successful candidate will have a Ph.D. degree
and proven research ability evidenced by publica-
tions in peer-reviewed journals with strong knowl-
edge base and laboratory research experience in any
of the following areas: biochemistry, cell biology,
signal transduction, molecular biology. Special at-
tention will be given to candidates with expertise, or
the desire to obtain training, in the field of calcium
imaging and patch clamp electrophysiology.

Interested individuals should send a cover letter
and curriculum vitae and provide contact infor-
mation of three references, preferably by e-mail to:
Jo Anne La Plante, Center for Cardiovascular
Sciences (MC8), Albany Medical College; 47
New Scotland Avenue, Albany, NY 12208-3479.
E-mail: laplanj@mail.amc.edu. Albany Medical Center
is an Equal Opportunity Employer.

CATEGORY: INDUSTRY POSITION
RESEARCH SCIENTIST OR
RESEARCH ENGINEER

Hitachi Chemical Research Center, Incorporated

Hitachi Chemical Research Center, Incorporated
(HCR), a subsidiary of Hitachi Chemical Company,
Limited, is located in southern California on the
University of California, Irvine campus. HCR is a re-
search and development company directed towards
novel technology platforms and related biomaterials
for life sciences. The candidate will focus on research
in the nanotechnology or nanomaterial fields to
develop polymer-based functional materials. The
individual will create, develop and direct his/her
own project. Candidate must be an independent re-
searcher who has demonstrated scientific creativity
and technical proficiency in his/her field. In addi-
tion, the candidate must have a strong background
in a wide range of chemistry including biochemistry,
preferably working with polymers or in material sci-
ences. Position requires a minimum of a Ph.D. in
appropriate science or engineering. HCR offers
competitive benefits and salary. Interested candi-
dates can e-mail resumes to Ms. Lisa Osborn at
e-mail: losborn@hcrcenter.com. Equal Opportunity
Employer.

MOLECULAR AND BEHAVIORAL
NEUROSCIENCE

We invite applications for a tenure-track ASSIST-
ANT PROFESSOR position to investigate the
genetic and neurobiological basis of behavior. Any
areas of behavior are of interest, such as learning,
behavioral plasticity, sex differences, environmental
interactions, or addictive behaviors. Preference will
be given to candidates using genomic, proteomic,
bioinformatic, or quantitative approaches. The suc-
cessful candidate is expected to develop a vigorous,
extramurally funded research program and partici-
pate in undergraduate and graduate instruction. The
startup package includes a competitive salary, a gen-
erous budget, and an outstanding collegial environ-
ment. Send curriculum vitae, research statement,
and three reference letters to Doug Harrison at
e-mail: dough@uky.edu or Department of Biolo-
gy, University of Kentucky, 101 Morgan Build-
ing, Lexington, KY 40506 (see website: http://
www.as.uky.edu/biology). Consideration of appli-
cations will begin December 1, 2006. Equal Opportu-
nity/Affirmative Action Employer. Women and minorities
encouraged to apply.

POSITIONS OPEN

FACULTY POSITION
Neurobiology

The Department of Neurobiology at the Univer-
sity of Pittsburgh School of Medicine is inviting
applications for two full-time Tenure-Track positions,
one in developmental neuroscience and the other
in cellular and molecular neuroscience. For one of
these positions we hope to identify researchers using
genetically tractable vertebrate model systems, par-
ticularly zebrafish, to investigate fundamental ques-
tions in neurobiology. The position requires a Ph.D.
and/or M.D. with a minimum of two years of post-
doctoral experience. Applicants at all levels will be
considered. Highly competitive salary support and
startup funds will be made available. Applicants
should submit by December 31, 2006, curriculum
vitae, a detailed description of future research goals,
representative recent publications, and names and
addresses of three references by e-mail to e-mail:
recruit@neurobio.pitt.edu or by mail to: Dr. Susan
G. Amara, Chair, Department of Neurobiology,
University of Pittsburgh School of Medicine, 6th
Floor Room 6057, Biomedical Science Tower 3,
3501 Fifth Avenue, Pittsburgh, PA, 15261, tele-
phone: 412-383-8910. Website: http://www.
neurobio.pitt.edu.

The University of Pittsburgh is an Affirmative Action,
Equal Opportunity Employer.

THE SARAH AND DANIEL HRDY VISITING
FELLOWSHIP INCONSERVATIONBIOLOGY

The Department of Organismic and Evolutionary
Biology invites both nominations and direct appli-
cations for the Hrdy Visiting Fellowship in Conser-
vation Biology for the academic year 2007-2008.
The Hrdy Visiting Fellowship is available either at
the SENIOR FACULTY level or at the JUNIOR
(i.e., POSTDOCTORAL) level for one or two
semesters. Duties will include teaching one course
and/or giving lectures in conservation biology, as
well as research and collaboration with members of
the Harvard community. Applicants should contact a
faculty sponsor(s), with whom they will collaborate,
before applying. Please send a cover letter with a
statement of intent, along with curriculum vitae and
representative publications, and arrange to have
three letters of reference sent to:

Committee for Hrdy Fellowship in
Conservation Biology

Department of Organismic
and Evolutionary Biology

26 Oxford Street
Cambridge, MA 02138

Review of applications will begin on November 15,
2006.Harvard University is an Equal Opportunity Employer.

TENURE-TRACK FACULTY POSITION
Division of Infectious Diseases at the

University of Pittsburgh

The Division of Infectious Diseases at the Univer-
sity of Pittsburgh invites applications for a tenure-track
faculty position at the ASSISTANT/ASSOCIATE
PROFESSOR level. A scientist is sought with an
interest in antiviral drug discovery and/or antiviral
drug resistance in HIV, hepatitis B, hepatitis C, or
influenza to work in a dynamic research environ-
ment. Qualified applicants must hold a Ph.D and/or
M.D. degree and should have an established research
program or be able to develop such a program
within two years. Startup resources and compensa-
tion are available commensurate with experience.
Applicants should submit a cover letter, curriculum
vitae, statement of research interests, and the names
and contact information of three qualified references
to: Nicolas Sluis-Cremer, Ph.D., Division of In-
fectious Diseases, University of Pittsburgh, S817
Scaife Hall, 3550 Terrace Street, Pittsburgh, PA
15261; e-mail: cremern@dom.pitt.edu. Applica-
tions will be reviewed as they are received and will be
accepted until the position is filled.
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Do what
you love.

Love what

you do.
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FACULTY POSITION

Professor of Medicine in 
Quantitative Systems Biology 

Brigham & Women’s Hospital 
Harvard Medical School

The Genetics Division in the Department of Medicine at Brigham & 
Women’s Hospital and Harvard Medical School seeks an outstanding 
Professor level scientist in the area of systems biology. Candidates for 
the rank of Associate Professor will also be considered. Areas of inter-
est include analysis of the behavior of complex genetic, metabolic and 
developmental networks, and the development of mathematical models
for the same. Importance will be attached to the applicant’s desire and 
ability to work in a highly inter-disciplinary, interactive, medically and 
biologically directed environment. Applicants should possess PhD, MD,
or MD, PhD degrees and have an established national or international 
reputation. The successful applicant will enjoy outstanding resources 
and state-of-the-art facilities, and will be able to interface with strong 
institutional expertise in numerous areas of medicine, biology and
physical science. 

Send CV, description of research interests and names of three references 
by December 31, 2006 to:

Richard Maas,M.D., Ph.D., Chair,

Search Committee 

BWH Genetics Division

New Research Bldg., NRB 458H

Harvard Medical School

77 Avenue Louis Pasteur

Boston,MA 02115

BWH and HMS are Equal Opportunity Employers.

Harold M. Weintraub Graduate 

Student Awards – 2007

The Fred Hutchinson Cancer Center is seeking 
nominations for outstanding Graduate Students
for the Harold M. Weintraub Graduate Student
Award to recognize outstanding achievement 
during Graduate Studies in the Biological Sci-
ences. Awardees will participate in a scientifi c 
symposium honoring Hal Weintraub and his
commitment to innovative science.

The eighth annual Award Symposium will be
held May 4-5, 2007. Graduate Student Awardees 
will be selected from among those nominated 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 promo-
tion 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. The nomination should be submitted 
by the Department or Program Chairperson and 
include the student’s CV, a one page description 
of the thesis work conducted, and a recommenda-
tion letter from the student’s mentor. Additional 
information concerning the Award and nomina-
tion process can be found at the website listed
below.

The nomination should be submitted ONLINE by
December 15, 2006 -- following the instructions 
at the website: http://www.fhcrc.org/science/

basic/weintraub/.

Questions regarding this Award should be addressed 
to Susan Parkhurst (susanp@fhcrc.org).

Stanford University
Molecular/Cell Biologist Faculty 

Position

The Department of Biological Sciences at
Stanford University welcomes applicants
for a tenure track faculty appointment at the 
Assistant Professor rank. We seek individuals 
studying basic problems in molecular biology 
and cell biology, at any level from molecules to
tissue organization. We are particularly inter-
ested in applicants addressing these problems 
using state-of-the-art methods in biological
imaging, proteomics and metabolomics, and/
or systems biology. Applicants are expected to
develop a vigorous research program and to 
participate in both undergraduate and graduate
education. For information about the Depart-
ment consult http://biology.stanford.edu/.

Applicants should send an application contain-
ing: a cover letter (with email address and fax 
number), a curriculum vitae, a statement of
research accomplishments and future plans, a 
description of teaching experience, and names
and email addresses of three references to:
Chair, Molecular/Cell Search Committee,

Dept. of Biological Sciences, 371 Serra

Mall, Stanford University, Stanford, CA

94305-5020. Applicants should request that
their reference letters be sent directly to the 
above address. Materials should be received by
December 1, 2006. The term of the appoint-
ment would begin September 1, 2007.

Stanford University is an Equal Opportunity, 
Affi rmative Action Employer.

Professor and Chair
Department of Biochemistry

University of Nebraska-Lincoln

The University of Nebraska-Lincoln is seeking an individual with an
outstanding research program and excellent interpersonal skills who can 
provide energetic and creative leadership for the research, teaching, and 
public service activities of its Department of Biochemistry. A competi-
tive start-up package is available for this full time, 12-month appointment.
The Department of Biochemistry is rapidly growing and includes 15
budgeted and 10 affi liated faculty members. The research programs in the
Department are currently supported by annual grant and contract awards
exceeding $5 million. The Department houses the NIH-funded Redox 
BiologyCenter and has established strengths in biomedical research, plant
biochemistry, structural biology, bioinformatics, and classical enzymol-
ogy. The Department is located in the state-of-the-art George W. Beadle 
Center, which is also the home of the NIH-funded Nebraska Center for 
Virology, the Plant Science Initiative, the Center for Biotechnology, and 
key core research facilities. To learn more about the Department, please 
visit the website http://biochem.unl.edu.

To apply for this position, access the web site http://employment.unl.edu.

Search for position number 060852. Complete the faculty academic
administrative information form. Attach a letter of application, curricu-
lum vitae, and the contact information for three professional references.
Review of applications will begin on November 16, 2006, and continue 
until the position is fi lled.

The University of Nebraska is committed to a pluralistic campus 
community through Affi rmative Action and Equal Opportunity and 

is responsive to the needs of dual career couples. We assure 
accommodation under the Americans with Disabilities Act; 

contact Linda Arnold at 402-472-3802 for assistance. 

AWARDS
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Science City: International
SustainabilityCompetition

ETH Zurich is pleased to announce the �InternationalSustainability

Competition Science City�. This is a global competition for

interdisciplinary teams to provide ideas for how Science City

can realize its vision of a new model for the sustainable

integration of science and society. Teams from academic

institutions are particularly encouraged to participate. Entrants

will be asked to combine competencies from different fields, for

example spatial planning, urban development,mobility, sociology,

arts and culture, economics and management, and must

demonstrate sound knowledge and experience in sustainability-

related topics.

With Science City, ETH Zurich establishes a university campus

where science and society can meet and which serves as a

model for sustainability. Science City, located at Hoenggerberg

near the center of Zurich, is much more than a conventional

university campus. Science City embodies the vision of an urban

neighborhood where people not only teach, study and conduct

research, but where they also live, shop, socialize, exercise,

attend cultural events and much more. It represents a culture of

thinking and dialogue.

Information:

www.sciencecity.ethz.ch/internationalcompetition

Organisation/Contact:

Novatlantis � Sustainability at the ETH Domain

Tanja Lütolf, Tel: +41 44 305 94 65, luetolf@novatlantis.ch

Workshop: Functional Genomics 
of Malaria Parasites

March 18–27, 2007, in Pathumthani,Thailand

National Center for Genetic Engineering and 
Biotechnology (BIOTEC)

The course will equip participants with the expertise to construct 
transgenic Plasmodium falciparum and P. berghei parasites and to 
apply this knowledge in their home laboratories.The workshop 
is limited to approximately 20 places. Scientists from malaria 
endemic countries are encouraged to apply.

REQU IREMENTS :  Ph.D. students or postdoctoral scientists 
with previous experience in molecular techniques and a thorough 
understanding of molecular and cell biology. Submit applications 
to biotecworkshop@wehi.edu.au by November 15, 2006.

COURSE TOPICS :  Malaria parasites and their genomes • Cul-

tivation, transfection, and selection of P. falciparum and P. berghei •

Vector design and construction • Drug resistance and visual 
markers • Analysis of transgenic parasites • New technologies

ORGANIZERS : Alan Cowman & Brendan Crabb, chairs (WEHI,
Australia); Sumalee Kamchonwongpaisan & Chairat Uthaipibull
(BIOTEC,Thailand);Andy Waters (LUMC,The Netherlands)

Application and more information:
www.wehi.edu.au/BIOTECworkshop

Sponsors: Howard Hughes Medical Institute; National Center for Genetic
Engineering and Biotechnology; The Walter and Eliza Hall Institute; Special 
Programme for Research and Training in Tropical Diseases (TDR) of the
United Nations Development Programme/World Bank/World Health
Organization; and BioMalPar, supported by the European Commission as 
part of the Sixth Framework Programme (FP6)

The Cystinosis Research Foundation

2006 Autumn Call for Funding Proposals

The Cystinosis Research Foundation’s (CRF) ultimate goal is a cure

for this disease. Research awards will be given for up to two years.

The CRF has over $1.2 million dollars in research funds available.

The number of awards and their value will depend on the number

of outstanding proposals and the funds available at the time.

� Research Proposal — The CRF is pleased to announce its second

2006 call for research proposals. The CRF is prepared to fund

proposals to improve the immediate care of children and young

adults with cystinosis and to develop new understanding and

treatment of cystinosis to help these children.

� Post-Doctoral Fellowships — The CRF plans to establish the first

post-doctoral research fellowship program in the United States

to encourage young investigators to establish careers in cystinosis

research. Fellows will be funded for 2-3 years to a maximum

of $75,000/year.

For the current funding cycle, proposals and fellowship applications

must be received by November 6, 2006. Decisions for funding will

be made by the end of the year. For instructions on how to

prepare proposals, visit www.natalieswish.org and click

on research /grant guidelines.

Review Process — Proposals are reviewed by a Scientific Review Board

comprised of experts on Cystinosis who then advise the CRF on the

scientific merit of each proposal. The CRF will balance the eventual

funding to support clinical and bench research, and fellowships.

$1.2 Million Available

Letters of Intent are Being Accepted for

Alzheimer’s Disease Research
Centennial Awards

$1,000,000 each

• Seeking innovative, multi-disciplinary projects.
• Open to basic science and/or clinical research 

collaborations.
• Available to domestic and international researchers.
• Research plan must be a collaborative project with one

principal investigator running own lab and include two
additional labs not from the same institution.

• Letters of Intent due Tuesday, November 21, 2006. Invited 
applicants, notifi ed in mid-December, will submit 
full application.

• Two grants at $1,000,000 each (payable over two years) 
will be awarded.

• Grants awarded on March 31, 2007.

Further details and information available at www.ahaf.org;
Email: grants@ahaf.org or phone: 301-948-3244.
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The next Novartis Immunology Prizes will be awarded at the XIIIth
International Congress of Immunology in Rio de Janeiro on 23 August 2007

in a special Award Ceremony during Thursday afternoon.

Each prize is worth SFr 100 000

Nominations in English should comprise a summary of the research work up to 2 pages,
a curriculum vitae, a bibliography and reprints of not more than 3 key published papers
in English or with extended summaries in English.

The deadline for entries is 31 January 2007.

They should be sent, including an electronic version of the summary, to:

Dr Erik Wiskott, Novartis Prizes for Immunology, P.O. Box 360, CH 4013, Basel,
Switzerland. Fax: +41 61 421 9019  email: erik.wiskott@novartis.com

Judges: Andrew McMichael (Chair), Jean-François Bach,
Max D. Cooper, Tasuku Honjo, Philippa Marrack, Randall Morris,
Hidde Ploegh, David H. Sachs, Jan de Vries.

The 2007 Novartis Prizes, one for Basic Immunology and one for Clinical Immunology are awarded for outstanding
achievements in the understanding of immunology and major immunological discoveries that lead to therapeutic
applications in such fields as transplantation, haematopoiesis, cancer immunology, immunity to infectious diseases,
rheumatology, dermatology and asthma. For more information, please visit www.novartisimmunologyprizes.org

Deadline for abstract submission 31st January 2007

Full program at www.ibro2007.org

EIGHT Plenary Lectures

Peter Agre

Norio Akaike / Lily Jan / Herta Flor

Edvard Moser / Simon Gandevia

Mu-Ming Poo / Mandyam Srinivasan

SIXTY FOUR Symposia

Workshops / Posters / Social events

Plus:

SEVENTEEN Satellite meetings

FIVE DAYS of

Top-class Brain

Science

Down Under!

Organising Committee Secretary: A.Lawrence@hfi.unimelb.edu.au

Conference Secretariat: ibro2007@sallyjayconferences.com.au
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POSITIONS OPEN

CURATOR/DIVISION OF INSECTS
Field Museum of Natural History

The Department of Zoology of the Field Museum
seeks a scientist with research programs focused on
arthropods to fill a career-track appointment at the
ASSISTANT CURATOR level. Candidates should
have a Ph.D. and a proven record of scientific achieve-
ment in collections-based research. Beyond taxo-
nomic focus, we are searching broadly for excellence
in evolutionary biology in such areas as phylo-
genetics, comparative morphology, molecular biol-
ogy, development, biogeography, coevolution, and
conservation.

In addition to research, responsibilities include
curation of globally important collections in the Di-
vision of Insects, participation in public exhibit and
education programs, and administration. Strong
relationships with local Universities provide oppor-
tunities for participation in graduate and under-
graduate training and teaching. Applications should
include: (1) curriculum vitae; (2) a statement of re-
search and curatorial interests; (3) names and con-
tact information of three referees; and (4) copies of
up to five relevant publications. Review of applica-
tions will begin January 1, 2007. Send materials to:
Search Committee, Department of Zoology, Field
Museum, 1400 South Lake Shore Drive, Chicago,
IL 60605-2496. Application materials as e-mail
attachments preferred (receipt will be acknowl-
edged). E-mail: zoologyarthropods@fieldmuseum.

org. The Field Museum_s homepage is website:
http://www.fieldmuseum.org. The Departmental
website is website: http://www.fieldmuseum.org/
research_collections/zoology/default.htm. The Field
Museum is an Equal Opportunity Employer, and encourages
applications from women and minorities.

BACTERIAL PATHOGENESIS

POSTDOCTORAL FELLOW position is avail-
able immediately to join the collaborative research
groups of Drs. David N. McMurray and Jeffrey D.

Cirillo studying tuberculosis pathogenesis. Selected
individual will be primarily responsible for conduct-
ing independent research on mycobacterial pathogens
and publication of results. Research will emphasize
the molecular, cell biological, and immunological
characterization of virulence determinants in myco-
bacteria and their interactions with the host in a
guinea pig virulence model. Ph.D. required and a
record of productive experience in molecular biol-
ogy of bacterial pathogens preferred. Send curricu-
lum vitae and names and addresses of three references
postmarked by October 31, 2006 (or until a suitable
candidate is found), to: Dr. Jeffrey D. Cirillo, De-
partment Microbial and Molecular Pathogenesis,
Texas A&M University Health Science Center,
M.S. 1114, 471 Reynolds Medical Building, Col-
lege Station, TX 77843-1114. Fax: 979-845-
3479; e-mail: jdcirillo@medicine.tamhsc.edu.
Contact Dr. Cirillo, telephone: 979-458-0778 for
additional information.

Texas A&M University System Health Science Center is
an Affirmative Action/Equal Opportunity Employer and en-
courages applications from women and minorities.

POSTDOCTORAL RESEARCH POSITIONS
Center for the Physics of Information
California Institute of Technology

The Center for the Physics of Information at the
California Institute of Technology will have Post-
doctoral Scholar positions available beginning in
September 2007. Researchers interested in all
aspects of the interface between information science
and physical science are invited to apply.

Please apply online at website: http://www.ist.
caltech.edu/joinus/positions.html.

Electronic copies of your curriculum vitae, publi-
cation list, statement of research interests, and three
letters of recommendation are required.

The deadline for receipt of all application mate-
rials is January 12, 2007.

The California Institute of Technology is an Equal Oppor-
tunity/Affirmative Action Employer. Women, minorities, vet-
erans, and disabled persons are encouraged to apply.

POSITIONS OPEN

POSTDOCTORAL FELLOWSHIPS
Institut Pasteur, Paris, France

Founded in 1887 by Louis Pasteur and located in
the heart of Paris, the Institut Pasteur is a world-
renowned private research organization. The Pasteur
Foundation is seeking outstanding Fellowship Appli-
cants. Candidates may apply to any laboratory within
10 departments: cell biology and infection; develop-
mental biology; genomes and genetics; immunolo-
gy; infection and epidemiology; microbiology;
neuroscience; parasitology and mycology; structural
biology and chemistry; and virology. See website for
details.

Fellowships are /60,000 per year for three years
(/45,000 stipend plus /15,000). U.S. citizenship
required. Deadline: February 2, 2007.

E-mail: pasteurus@aol.com.

Website: http://www.pasteurfoundation.org.

POSTDOCTORAL RESEARCH POSITIONS
Institute for Quantum Information

California Institute of Technology

The Institute for Quantum Information at the
California Institute of Technology will have Post-
doctoral Scholar Positions available beginning in Sep-
tember 2007. Researchers interested in all aspects of
quantum information science are invited to apply.

Please apply online at website: http://www.iqi.
caltech.edu. Electronic copies of your curriculum
vitae, publication list, statement of research interests,
and three letters of recommendation are required.
The deadline for receipt of all application materials is
January 12, 2007.

The California Institute of Technology is an Equal Oppor-
tunity/Affirmative Action Employer. Women, minorities, vet-
erans, and disabled persons are encouraged to apply.

A POSTDOCTORAL POSITION is available
immediately to study the molecular mechanism of
pancreatic beta cell adaptation and development on
transgenic/diabetic animal models. Applicants must
have a Ph.D. degree with experience in molecular
biology, biochemistry, metabolism, immunohisto-
chemistry, cell culture, insulin secretion, and animal
surgery. Send curriculum vitae and three references
to:Dr. Ye Qi Liu, Kosair Children_s Hospital Re-
search Institute, Department of Pediatrics, Uni-
versity of Louisville, 570 S. Preston Street, Suite
304, Louisville, KY 40202. Telephone: 502-852-
2654, e-mail: yqliu001@gwise.louisville.edu.

POSTDOCTORAL FELLOW

UNIVERSITY OF CINCINNATI (UC), COL-
LEGE OF MEDICINE, GENOME SCIENCE.
Research in molecular biology, biochemistry, and
cell culture in animal models. Specifically, research
on signaling mechanisms regulated by atypical
protein kinase Cs and their adapters and regulators.
A Ph.D. is required. Pay is commensurate with ex-
perience. For additional information and to apply for
position (26UC3420), please see website: http//:
www.jobsatuc.com. UC is an Affirmative Action/Equal
Opportunity Employer.

POSTDOCTORAL FELLOW to work on neu-
ral stem cells derived from human embryonic stem
cells. Must have molecular biology background with
skill in cloning and engineering genes. The ultimate
goal is to design neural stem cells that can be used
for transplantation.

Please send curriculum vitae and two letters of rec-
ommendation online to e-mail: lweiner@usc.edu.

Leslie P. Weiner, M.D., Department of Neu-
rology, Keck School of Medicine of the Univer-
sity of Southern California.

POSITIONS OPEN

POSTDOCTORAL POSITION

An NIH-supported position is available to study
protein interaction networks. A project to map in-
teractions among all of the Drosophila proteins has
thus far generated an interaction map involving pro-
teins encoded by half of the fly genes. The Post-
doctoral position is available to continue this project,
to analyze gene and protein interaction networks,
and to help develop technologies for biological
validation of these networks. The laboratory is well
equipped for high throughput assays and analyses,
with state-of-the-art robotics and computer facilities.
Other members of the group are studying cell cycle
regulatory networks, validation of protein networks
by RNAi knockdown in cultured cells, and molec-
ular genetic analyses in Drosophila. For more infor-
mation go to website: http://proteome.wayne.edu.
Send curriculum vitae to: Dr. Russ Finley, Center
for Molecular Medicine and Genetics, Wayne
State University School of Medicine, 540 East
Canfield Avenue, Detroit, MI 48201, e-mail:
rfinley@wayne.edu.

FELLOWSHIPS

BULLARD FELLOWSHIPS
IN FOREST RESEARCH

Harvard University

Each year Harvard University awards a limited
number of Bullard Fellowships to individuals in
biological, social, physical, and political sciences to
promote advanced study, research, or integration of
subjects pertaining to forested ecosystems. The Fel-
lowships, which include stipends up to $40,000, are
intended to provide individuals in midcareer 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 Fel-
lows have been associated with the Harvard Forest,
Department of Organismic and Evolutionary Biolo-
gy, and the J. F. Kennedy School of Government
and have worked in areas of ecology, forest manage-
ment, policy, and conservation. Fellowships are avail-
able for periods ranging from six months to one year
after September 1 annually. Applications from inter-
national scientists, women, and minorities are en-
couraged. Fellowships are not intended for graduate
students or recent postdoctoral candidates. Infor-
mation and application instructions are available on
the Harvard Forest website: http://harvardforest.
fas.harvard.edu. Annual deadline for applications is
February 1.

POSTDOCTORAL FELLOWSHIPS
Institut Pasteur, Paris, France

Founded in 1887 by Louis Pasteur and lo-
cated in the heart of Paris, the Institut Pasteur
is a world-renowned private research orga-
nization. The Pasteur Foundation is seeking
outstanding Fellowship Applicants. Candidates
may apply to any laboratory within 10 depart-
ments: cell biology and infection; developmental
biology; genomes and genetics; immunology;
infection and epidemiology; microbiology; neu-
roscience; parasitology and mycology; struc-
tural biology and chemistry; and virology. See
website for details.

Fellowships are /60,000 per year for three
years (/45,000 stipend plus /15,000). U.S. citi-
zenship required. Deadline: February 2, 2007.

E-mail: pasteurus@aol.com.
Website: http://www.pasteurfoundation.

org.
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www.piercenet.com

Tel: 815-968-0747 or 800-874-3723 • Fax: 815-968-7316
Customer Assistance E-mail: CS@piercenet.com

© Pierce Biotechnology, Inc., 2006. Pierce products are supplied for laboratory or manufacturing applications only.

Slide-A-Lyzer® is a registered trademark of Pierce Biotechnology, Inc.   Slide-A-Lyzer® Dialysis Cassette Technology is 

protected by US patent # 5,503,741 and 7,056,440.   *Void where prohibited. Limit one frame per order.

For European offices 
and distributors, 

visit www.perbio.com

For distributors outside 
the U.S. and Europe,

visit www.piercenet.com

How does the Cassette dialyze?
1. Inject sample into the Cassette through 

one of the guide ports on top of the gasket.
Draw up on the syringe to remove air.

2. For Cassettes other than the 12-30 ml 
unit, attach a flotation buoy and dialyze.
Forget about having to hassle with dialysis
bag suspension!

3. After dialysis, inject the Cassette chamber
with air, and withdraw your dialyzed sample
from the Cassette.

High-Performance Dialysis

Dialysis

T h e  P r o t e i n  P e o p l e ™

No more leaking! Avoid sample

loss with Pierce Slide-A-Lyzer ®

Dialysis Cassettes. 
The Pierce Slide-A-Lyzer® Dialysis Cassettes

have a silicone-like gasket that prevents them

from leaking. The new color-coded transparent

frames allow you to instantly know the MWCO of

the membrane and to see the sample being

injected. No knots, caps, lids or clamps to loosen,

fall off or leak. Obtain >95% sample recovery

with a rigid frame that permits smooth and

complete withdrawal of samples.

Easy to hold on to frame
and inject sample.

>95% sample recovery.

Sample remains intact with no 
contamination from surrounding dialysate.

High surface area/sample volume ratio will
dialyze twice as fast as conventional tubing.

SAMPLE

HANDLING

SAMPLE

RECOVERY

SAMPLE

INTEGRITY

SPEED

20 K MWCO
Slide-A-Lyzer® Cassettes are available
in 2, 3.5, 7, 10 and now 20 K MWCO.
See our website for the full line that
best serves your dialysis needs.

New!

FREE picture frame offer!* 

Buy any package of Slide-A-Lyzer® Dialysis Cassettes

before 12/31/06 and receive a free magnetic picture

frame that looks just like our Cassettes! 

S L I P P E RY  W H E N  W E T.
Flat tubing is difficult to handle and fill when wet.

S L I P P E RY  W H E N  W E T.
Sample can easily be lost when tubing leaks or clamps slip off.

S L I P P E RY  W H E N  W E T.
Leaking into dialysate can compromise sample.

S L I P P E RY  W H E N  W E T.
Typically dialyze overnight. Difficult to recover sample from wet tubing.
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