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Going Tubular
Your spinal cord, the bundle of nerves that carries messages between your brain
and the rest of your body, is housed in a hollow tube that started out flat as a
pancake. During embryonic development, the flat sheet of cells folds in on itself
and closes up by the fourth week after conception. The same cellular orchestration happens in most vertebrate embryos, including the frog embryo shown here.
Movement of these cells involves contraction of filaments called actin (green).
On the right, they’ve contracted and begun forming a tube, so the green is more
concentrated. When genetic control of the rolling process is perturbed, as it has
been on the left side of this embryo, actin does not contract and the sheet stays
flat. Failure to form the so-called “neural tube” lies at the root of several human
birth defects, including spina bifida. Read about research on neural tube formation and more in “The Most Vulnerable Patients” (page 12).
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the complications of prematurity.
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VISUALIZE THIS

Mike Perry

Like lips around a straw, the
membranes around the channels
that control water flow into and
out of a cell must form a tight seal.
Using electron crystallography,
researchers produced this image
of the water channel called
aquaporin-0. The amino acid
residues that make up the protein
(blue) are arranged in a unique
configuration that allows water
molecules (red) to pass through.
Hydrophobic lipids (yellow) form
snug belts around each protein,
creating moisture-repellent barriers
that help channel the water.

Courtesy of Tamir Gonen and Thomas Walz. Reprinted with permission from Macmillan Publishers Ltd: Nature ©2009
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You could say membrane channels really caught Rod MacKinnon’s eye.
Trained as a physician, MacKinnon abandoned medicine for a life in
science after studying, during a medical residency, how potassium
channels enable the heart to contract and relax. A desire to see those
channels—to see how they physically do their job—pushed him into
structural biology, a ﬁeld of research that proved providential. In 1998,
he produced the ﬁrst high-resolution three-dimensional image of a
potassium channel, a feat that garnered MacKinnon the 2003 Nobel
Prize in Chemistry.

was clear. The conservation of the signature sequence amino acids
in K+ channels throughout the tree of life, from bacteria to higher
eukaryotic cells, implied that nature had settled upon a very special
solution to achieve rapid, selective K+ conduction across the cell
membrane. For me, this realization provided inspiration to want to
directly visualize a K+ channel and its selectivity ﬁlter. I began to
study crystallography, and although I had no idea how I would obtain
funding for this endeavor, I have always believed that if you really
want to do something then you will ﬁnd a way.

Ion selectivity is critical to the survival of a cell. How does nature
accomplish high conduction rates and high selectivity at the same
time? The answer to this question would require knowing the atomic
structure formed by the signature sequence amino acids, that much

From Roderick MacKinnon’s Nobel Prize Lecture. ©The Nobel Foundation
2003. Reprinted with permission of the Nobel Foundation.
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w e b only conte n t
Visit the online Bulletin to see an audio slideshow
of new teaching assistant Joe DePalma as he goes
into his first day as a chemistry lab instructor at the
University of Delaware and an audio slideshow of
Catherine Drennan’s MIT training class for TAs
on student diversity.
Listen to Charles Sawyers give his view on the
value of translational research and watch him
move through a typical work day at Memorial
Sloan-Kettering Cancer Center.
Read about how a model bacterium is showing scientists how pathogens go from harmless to deadly:
Pascale Cossart is building a library of knowledge
on Listeria, and her methods are informing studies
of viral and parasitic infections as well.
All of this and more at
www.hhmi.org/bulletin/nov2009.
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Change is in the air. For what seems like a while
now, we’ve been experiencing adjustments in
the way we live, work, and play—some easier
to embrace than others. Here at the Bulletin,
we’re going through some changes, too. All for
the better, I think, and I hope you’ll agree.
With this issue, we’ve gone a little shorter,
by eight pages. We haven’t lost the content
you are accustomed to seeing, it’s just moved
online—and expanded, in some cases. It made
sense to trim Bulletin costs by slightly reducing the print version, while offering existing
content and then some on the Web.
By visiting the online version of this issue, for
example, you’ll ﬁnd a multimedia perspective
piece by HHMI investigator Charles Sawyers.
In this short audio slideshow, you can listen to
Sawyers give his view on the value of translational research and watch him move through a
typical work day at Memorial Sloan-Kettering
Cancer Center.
One of our feature articles is shorter, with
some added extras on the Web. That feature
presents the efforts by some universities to give
novice teaching assistants, or TAs, a welcome
boost in the form of training courses and boot
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camps. On our website you’ll ﬁnd two audio
slideshows—one gives you a glimpse into an
MIT training course on diversity, and in the
other you get to tag along on a University of
Delaware TA’s ﬁrst day as lab instructor.
Other stories are moving online as well,
including one of our usual trio of Upfront articles. With this issue, you can go online to read
about the recent discoveries of HHMI international research scholar Pascale Cossart on the
biology of Listeria infection—and watch a short
video of how the bacteria infect a cell.
In coming editions of the Bulletin, we intend
to expand our Web extras, in the form of additional stories and interactive multimedia. We
hope you’ll continue to enjoy our print magazine, and visit the online version to learn even
more about HHMI’s research and science education efforts. Our goal, as always, is to produce engaging content that both informs and
inspires. Drop me a line and let me know how
we’re doing.
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president ’s letter

Season of Change

Barbara Ries

FA L L M AY B E T H E “ S E A S O N O F M I S T S A N D M E L L O W F R U I T F U L N E S S , ”

as English Romantic poet John Keats described it nearly two centuries
ago. Yet the soft light of these autumn days contrasts with the intense
activity all around us: clouds of birds seek distant nesting grounds;
whirring seeds disperse into the air; steelhead fight upstream to spawn
in cold natal headwaters. These seasonal rhythms in the natural world
find an echo in the patterns of our work.
An entirely new flock of birds alighted at HHMI in September:
40-plus early career scientists, whose research demonstrates considerable promise, joined our community. We’re looking forward to hearing
from them and to the lively interchange of scientific thinking that
occurs throughout the year. This is serious fun—enlivened by news
that two HHMI colleagues received 2009 Nobel Prizes. Jack Szostak
of Massachusetts General Hospital shared the Nobel in Physiology or
Medicine with Elizabeth Blackburn of the University of California,
San Francisco, and Carol Greider of the Johns Hopkins University
School of Medicine. The trio showed how the ends of chromosomes
are synthesized, how they can be copied in a complete way during
cell division, and how they are protected against degradation. Two
days later, Tom Steitz of Yale University shared the Chemistry Prize
with Venkatraman Ramakrishnan of the Medical Research Council
Laboratory of Molecular Biology, and Ada E. Yonath of the Weizmann
Institute of Science for discoveries that elucidated the structure and
function of the ribosome—the complex cellular machinery that
churns out the proteins necessary for life. And on that very same day,
Elaine Fuchs of the Rockefeller University was at the White House to
receive the National Medal of Science. Wow.
But I’m doing more than listening to great science and popping
Champagne. I’m thinking about the future, about ways that HHMI
can speed the dispersal of ideas through the academic research
community and seed new discoveries. Toward that end, the Institute
has joined with Stanford University and others in an initiative to
reduce the paperwork that has slowed the exchange of research materials within the nonprofit and academic sectors. As long as certain
conditions are met, our scientists will no longer need material transfer
agreements to share nonhuman biological materials; if and when a
materials transfer agreement is necessary, we hope to simplify the
paperwork. This approach should free HHMI investigators to focus
on research while enabling the Institute’s talented legal staff to address
more pressing issues.
I have also asked my scientific and legal colleagues to consider
whether HHMI policies that govern the interactions between our
scientists and the private sector should be streamlined. Do these policies, which have been subject to thoughtful revision over time, help or
hinder the translation of discoveries made in HHMI laboratories into
useful therapies for people? Can we encourage appropriate collaboration while maintaining the high ethical standards that define HHMI’s
scientific culture?
These important questions lack simple answers, but they are
worth asking: the medical import of HHMI research is central to our
charter and the work of many investigators. Visit the online Bulletin

“We benefit mightily from a constant
flow of people and ideas.
R O B E R T TJ I A N

”

(www.hhmi.org/bulletin/nov2009) to hear Charles Sawyers, an
HHMI investigator at Memorial Sloan-Kettering Cancer Center,
discuss translational research and a promising treatment for prostate cancer. Indeed, the impact of research that calls on the specific
strengths of academic and pharmaceutical industry scientists received
new attention earlier this fall when Sawyers and HHMI colleague
Brian Druker at the Oregon Health Sciences University shared the
Lasker-DeBakey Clinical Medical Research Award with Nicholas
B. Lydon, formerly of Novartis, for the successful identification of a
targeted therapy for leukemia.
HHMI is large and well established, but we are no scientific
monolith. Like the cell membrane—the subject of a two-part series
that starts in this issue of the Bulletin—the boundaries of the Institute
are regulated but highly porous; we benefit mightily from a constant
flow of people and ideas. Former investigators hold major leadership
roles in government, academia, and pharmaceutical research, the
most notable being Francis Collins, the new director of the National
Institutes of Health. We’re happy to see our alumni succeed. And we
like to think that they carry an appreciation for their HHMI experience—specifically, the value of giving researchers freedom to pursue
challenging biological questions—into their new environments.
HHMI gains from collaboration and interchange, as witnessed by
our expanded support for postdoctoral scientists in collaboration with
four highly regarded organizations. I look forward to finding other
opportunities to develop new programs with partners who demonstrate
similar philosophical goals and commitment to excellence, thereby
expanding the reach, scale, and sophistication of any endeavor. We
have much to learn from others: after all, the poet also labors to explain
the world in all its glorious complexity.
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From the Outside Looking In
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That outside view is necessary, he
says, because Italy’s governing party,
led by prime minister and billionaire
media magnate Silvio Berlusconi, has
control over most news outlets in Italy.
“There is a lot of censorship in Italy.
The government is not transparent by
most standards,” he says, adding that
several independent organizations,
including Reporters without Borders
and Freedom House, agree with him.
Since its April 2008 launch,
ItaliaDallEstero.info has grown to
include over 2,000 articles from more
than 40 countries. Over 50 volunteers
translate the articles; others conﬁrm
the translations’ accuracy. Each posting
contains a link back to the original
article. The site accepts no external
funding. “We keep the site free of ads
for the moment, to be completely unbiased,” explains Bischofberger.
Bischofberger seems to be a born
communicator. He ﬁlmed a documentary about a Greek dialect spoken in
certain parts of Italy (including the
village Castrignano dei Greci, where he
spent his childhood vacations) and
is a regular contributor to the science
section of the major Swiss newspaper
Neue Zürcher Zeitung. “There are many
misunderstandings about science,” he
says. “Those of us who understand
science have a responsibility to explain
it. The more you know, the more you
have to share.”

ItaliaDallEstero.info has perhaps
had the most obvious impact. With over
5,000 visitors every day, its articles
“have been cited by politicians and
journalists in Italy,” says Bischofberger.
Those politicians’ Web pages and news
articles carry links to his website, which
has also had positive reviews from
prominent Italian bloggers. “Now there
is a movement that is building mistrust
about Berlusconi’s honesty,” says
Bischofberger. “We like to think we
contributed a little piece to that
movement.”
Among the website’s visitors is
Bischofberger’s Ph.D. advisor. “I have
read some of the original articles in
Dutch and found them very interesting,”
says van der Goot. “I think it’s great
when someone identiﬁes a problem
and then does something to improve
the situation.” —Laura Bonetta
F O R M O R E I N F O R M AT I O N :

If you can read Italian, visit

italiadallestero.info.

Peter Arkle

On a train from Switzerland to Italy, in
March 2008, Mirko Bischofberger came
up with an idea for a website.
The son of an Italian mother and
Swiss father, Bischofberger was reading
an article in a Swiss newspaper about
how prominent Italians could not make
their voices heard through local media.
He translated the article from German
to Italian for his Sicilian-born girlfriend
and her mother, who were traveling with
him. “I started thinking this should be
done systematically so that all Italians
could have access to these articles.”
That evening Bischofberger, a
doctoral student studying cell
membrane biology in the laboratory
of HHMI international research scholar
Gisou van der Goot at the Federal
Polytechnic School of Lausanne,
hatched a plan with his girlfriend,
Gaetana Restivo, and a friend based
in the United States, Fabio Parisi.
They would build a website named
“ItaliaDallEstero.info,” or “Italy from
Abroad.” It would post Italian translations of newspaper articles from
around the world about Italy’s political
situation.
“The general concept is to have an
external view of what is happening in
Italy,” says Bischofberger.

Andrew Cutraro

Where Past
Meets Future
Over three decades, Winston Anderson
ﬁlled his garage with objects and documents tracing the history of African
slaves and their American descendants.
Now anyone can see his collection at the
Sandy Spring Slave Museum and African
Art Gallery in rural Maryland, 20 miles
north of his lab at Howard University in
Washington, D.C.
Exhibits cover African American
history from “the slave ship to the space
ship,” says Anderson, without exaggeration. A cutaway replica of a clipper
ship that transported slaves from
Africa to the New World stands on the
lawn, while inside the two-story museum
a display of African American scientists
and engineers includes astronauts
Ronald McNair, Mae Jemison, and
Michael Anderson.
Winston Anderson’s interest in the
story of race in America began when he
arrived in the United States from Jamaica
at 17 to begin studies at Howard
University. It was the late 1950s, and pressure for racial equality was escalating.
“I’m fortunate to have grown up
when the civil rights movement was in
full ﬂower,” he says.
Now a biology professor at Howard,
Anderson studies estrogen’s mechanism
of action and biomarkers for breast
cancer, among other subjects. With
support as an HHMI professor, he also
directs a program that will prepare, over
a ﬁve-year period, 100 selected students
from this historically black college for
careers in biomedical research.
The idea for the museum germinated
slowly.
“At ﬁrst, I was simply interested in
the subject matter, but as the collection
grew, I felt it should be presented to a
wider audience,” he says.
Anderson traces his awareness of
African American origins to his childhood
in Jamaica and a mother who refused
to be narrowly deﬁned by race alone.
“A different kind of consciousness
is bred into you—the exposure of
conditions, the ﬁght for freedom,” he

says. “My mission is to enlighten the
visitors who come to the museum.”
He built his collection from travels
to Africa and visits to antique shops
and estate sales around the U.S. On
one wall of the museum hang shackles
and hobbles used to restrain slaves,
including an iron neck ring with three
hooked rods that reach out past the
shoulders, designed to slow a runaway
slave’s passage through dense brush.
Another room displays hand tools used
by black workers—slave and free—to
build America. A basket of cotton is a
reminder of the Old South’s economic
engine. There are advertisements for
slave auctions, bills of sale for slaves,
and “letters of manumission” that freed
a lucky few. The museum also displays
the achievements of African Americans
in science, the arts, politics, and law.
Anderson constructed his museum
in stages, as he scraped together funds.
He bought the property in Sandy Spring
in 1988, built the slave ship display in
1992, reconstructed a slave cabin
in 1995, broke ground for the main
museum building in 1999, and ﬁnally
opened it for visitors in 2004. (His
garage is now nearly empty.) He and

private donors provided most of the
funding, along with $150,000 in grants
from the State of Maryland. About
3,000 visitors a year tour the museum,
which is open on weekends and by
appointment.
One room shows the history of the
black community in Sandy Spring. The
town was founded in 1728 by Quakers,
many of whom refused to own slaves.
Free blacks and former slaves gravitated there and were able to buy land
and build houses. Sandy Spring also
became a stop on the Underground
Railroad, the network of safe houses
and escape routes that helped slaves
ﬂee to Canada and freedom.
With all the horrors of slavery and
the Jim Crow era that followed, it might
be easy for a visitor to leave Sandy
Spring discouraged. But that’s not how
Anderson sees his museum and its
meaning. “I think people go away with
positive feelings,” he says. “They know
it’s part of the past, but we have come
a far distance, and there is hope for
the future.” —Aaron Levin
WEB EXTRA:

See more photos of the Sandy Spring
Slave Museum at www.hhmi.org/bulletin/nov2009.
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process in which eggs develop without
the aid of sperm.
As a kid, Baumann brought home
his fair share of snakes, lizards, frogs,
and rodents. His parents, Baumann
says, were “very tolerant”—until he
showed up with a lamb. “They didn’t
see that our suburban yard could be
tended much better by a sheep than a
lawn mower,” he says.
For years, the Baumanns have kept
reptiles as a hobby. But it wasn’t until
they joined the Stowers Institute for
Medical Research that Peter thought
of bringing his lizards to the lab. Over
dinner with Stowers CEO William
Neaves, the Baumanns shared their
rattlesnake tale—and discovered that
Neaves had studied parthenogenic
lizards as a graduate student. In animals
that reproduce this way, fertilization
never occurs. So Baumann got to wondering: what do their eggs look like?
Are they like the eggs of a sexually
reproducing animal, with half the
number of chromosomes as the rest of
its cells? Or, if the eggs have a full set,
how exactly are they made?
Neaves didn’t know—and a literature
search suggested no one else did either.
So the Baumanns grabbed their gear
and headed to New Mexico to collect
study subjects. “On our ﬁrst trip, we
discovered that rattlesnakes can live in
the same holes as lizards,” says Baumann,
now an HHMI early career scientist.
“So it’s not advisable to stick your hand
in to pull them out.” Instead, one person
uses a noose on the end of a ﬂy rod to
hold the creature while someone else
slips it into a bag—a method fashioned
by Neaves, who joined in the fun.
Back at the lab, the Baumanns set
up a breeding facility under Diana’s
guidance. What started out as a few
lizards in plastic kiddie pools has grown
into a department that houses 20
species of ﬁsh, amphibians, reptiles,
and marine invertebrates. And though
keeping reptiles can be a challenge—

the animals have pretty speciﬁc needs
when it comes to nutrition and to
temperature, humidity, and lighting—
Baumann says that all the lizards they
captured in New Mexico survived.
Now Diana, as managing director of
the reptiles and aquatics facility, shares
their accumulated wisdom whenever
they hire a new lab tech. “Just try to ﬁnd
someone with experience maintaining
a colony of whiptail lizards,” Peter
Baumann laughs.
At home, the Baumanns favor
Saharan spiny tailed lizards, which
they pamper with salad greens and a
handful of seeds every morning. And
they enjoy photographing rattlesnakes
when they visit friends in West Texas
each year. On those trips, though, they
leave their lassos behind, says Baumann.
“We don’t take any more animals home
with us.” —Karen Hopkin
WEB EXTRA:

Visit the Bulletin online to see
photos and learn more about the lizards Baumann
studies (www.hhmi.org/bulletin/nov2009).

“On our first trip, we
discovered that rattlesnakes can live in the
same holes as lizards.
So it’s not advisable to
stick your hand in to
pull them out.
P E TE R B AUM ANN

”

Illustration: Peter Arkle Photo: Don Ipock

Navigating the Grand Staircase-Escalante
National Monument in southern Utah
involves wriggling through its narrow
“slot” canyons—and sometimes making
way for wildlife.
“The guidebooks tell you: when you
see a rattlesnake, give it a wide berth,”
says Peter Baumann, who happened
upon one while hiking the rugged cliffs
and terraces with his wife Diana. “That’s
not easy when you’re in a canyon that’s
30 feet deep and a mile long—but only
a foot-and-a-half wide!”
The Baumanns survived the encounter: they leapt over the snake—and then
shimmied over a second one by bracing
their feet against one wall of the canyon
and their backs against the other. But
he also parlayed it into a new avenue of
research: investigating how some lizards
p
yp
g
can reproduce
by
parthenogenesis,
a
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An extra protective layer primes this virus to do
its harm, mainly in children in the developing world.
10

S E E I N G S P OTS

Relying on old-fashioned techniques allowed
these researchers to make a surprising discovery.

w eb o n ly co n te n t
Dangerous Agent A model bacterium is showing scientists
how pathogens go from harmless to deadly. Pascale Cossart
is building a library of knowledge on Listeria, and
her methods are informing studies of viral and parasitic
infections as well (www.hhmi.org/bulletin/nov2009).

Sometimes it takes a while for a modern technique
to prove its worth. But taking a risk on the novel
method might yield a Eureka finding. Other times,
it’s better to go with the old standard, or maybe
even wipe the dust off a method that’s been nearly
forgotten. Occasionally, both old and new methods
have something important to offer. The scientists
in this issue reached deeper into their bag of research
tricks. Good thing. They learned unexpected things
about gene silencing and unsilencing, and they
got a much better view of a particularly quirky and
dangerous virus.
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Piecing Together Rotavirus’s
Unique Approach
An extra protective layer primes this virus to do its harm,
mainly in children in the developing world.
F O R A V I R U S T O I N F E C T T H E C E L L S O F I T S H O S T, I T M U S T F I R S T

find a way in. For some viruses, the strategy is to fuse membranes with
the target cell, often after hitching a ride in a vesicle with an entry
ticket. In the case of viruses with no membranes of their own, such as
rotavirus, the story is more complicated. Using two complementary
techniques of structural biology—x-ray crystallography and electron
cryomicroscopy—HHMI researchers have uncovered some important details about how rotavirus manages to make its way into a cell.
Rotavirus particles surround their
RNA genomes with three protein layers.
Understanding the structure and behavior
of the proteins that constitute those layers
could help scientists design better vaccines
for a disease that yearly kills half a million
people, most of them children in the developing world. Current vaccines, based on a
live, attenuated form of the virus, may be
impractical in the world’s poorest regions.
A protein-based vaccine would be easier
to ship, store, and combine with other
vaccines, says HHMI investigator Stephen
Harrison of Harvard Medical School and
Children’s Hospital, Boston. With this
goal in mind, Harrison studies the virus’s
outermost coat proteins, which he says are

8
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appropriate candidates for a vaccine because
immune system antibodies recognize them.
Despite its multilayered configuration,
rotavirus lacks a lipid membrane, or envelope, that can fuse with lipid-containing
membranes of host cells. Entry of the socalled nonenveloped viruses is not as well
understood as that of their enveloped counterparts. They use a diverse, and still largely
unexplored, range of strategies to infiltrate
host cells.
Unlike the genomes of simpler viruses,
rotavirus RNA always remains enclosed
within two of the three protein layers that
surround it in the infectious virus particle.
Enzymes packaged with the genome make
and export new RNA for incorporation

into progeny particles. The outermost
layer, acquired before the virus emerges
from one infected cell and searches for
another, consists of two proteins—VP4 and
VP7. The spike-shaped VP4 is thought to
perforate the membranes of host cells, but
the role of VP7 in penetration has been
less clear.
In work published in the June 12, 2009,
issue of Science, Harrison and his team
(which included student Scott Aoki, HHMI
postdoctoral fellow Ethan Settembre, and
collaborator Philip Dormitzer) crystallized VP7 in the clutch of an antibody and,
using x-ray crystallography, determined
the molecular structure of the complex. It
showed both how calcium ions hold VP7
together as a trimer of three identical molecules and how an antibody can prevent
it from coming apart. The investigators
concluded that the VP7 trimer must come
apart during viral entry and that a loss of
calcium ions in the host environment
might trigger this process.

Ian Wright

The study offered a picture of VP7
in isolation from the virus. To visualize
the outer-coat proteins on an intact
virus particle, Harrison partnered with
Nikolaus Grigorieff, an HHMI investigator
at Brandeis University and expert in an
emerging technique called electron cryomicroscopy (cryo-EM).
In cryo-EM, scientists preserve a large
macromolecular complex by freezing it
rapidly in a bath of liquid ethane (see
Toolbox, page 44). Once immobilized,
particles can be imaged from every angle
with a narrow beam of electrons. The thou-

sands of images are then averaged into a
high-resolution three-dimensional picture.
The symmetrical nature of rotavirus helps,
Grigorieff explains, because each image
reflects what the structure looks like from
multiple angles.
The result was a picture that showed at
near atomic resolution—four angstroms—
VP7 proteins encircling the spike-shaped
VP4 proteins in an interlinked web across
the surface of the virus.
Harrison, Grigorieff, and colleagues
published the structure in the June 30, 2009,
issue of Proceedings of the National Academy

of Sciences. The VP7 proteins appear to
hold VP4 in place until conditions—probably a drop in calcium concentration in the
host cell vesicle surrounding the engulfed
virus particle—prime the particle for infection. The VP7 proteins are then released,
freeing VP4 to puncture the membrane
of a target cell. The antibody crystallized
with VP7 apparently prevents infection
by clamping VP7 onto the virus particle
and preventing VP4 from puncturing the
cellular membrane.
Harrison now wishes to understand
how, and where within the cell, the spike
protein VP4 carries out this puncturing
step. He plans to investigate it with x-ray
crystallography, with cryo-EM, and using
light microscopy to image virus particles
entering living cells. “We’re now poised to
ask, how does VP4 actually do it?” he says.
“We don’t know the answer yet, but we
know a lot about what it must involve, and
we know the kinds of experiments we need
to do next.” W – S A R A H G O F O R T H
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Seeing Spots

Skirmantas Kriaucionis and Nathaniel Heintz found a new piece of DNA’s
genetic code and energized the field of epigenetics research.
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Elizabeth Weinberg

Relying on old-fashioned techniques allowed these
researchers to make a surprising discovery.

THE HISTORY OF SCIENCE GLITTERS WITH ACCIDENTAL DISCOVERIES, FROM

Roentgen’s x-rays to Fleming’s penicillin. And despite what some
would consider a creeping loss of flexibility in the modern scientific process, researchers from time to time still stumble across
something truly surprising. Just ask HHMI investigator Nathaniel
Heintz and his postdoctoral associate Skirmantas Kriaucionis.
Their serendipitous finding of a DNA
constituent called hydroxymethylcytosine—roughly akin to the discovery of a new
letter of the AGCT genetic code—has energized the fast-growing field of epigenetics,
the study of the all-important mechanisms
that maintain genes in an “on” or “off” state
within cells.
“Our finding of this nucleotide in animal
cells was completely unexpected,” says
Heintz, whose lab is based at Rockefeller
University in New York City.
It began with a dark spot on a glass chromatography plate—a spot that shouldn’t
have been there. Under Heintz’s guidance,
Kriaucionis had been trying to measure
levels of a known epigenetic marker, a
gene-silencing nucleotide known as methylcytosine (mC), in a sample of DNA from
mouse Purkinje cells.
These large neurons, located in the
movement-coordinating cerebellum, are
difficult to harvest in large quantities, says
Heintz: “To get enough DNA to do the
analysis was difficult, so we used a very
sensitive, old-fashioned methodology for
detecting DNA nucleotides.”
The experiment yielded a chromatogram, in which separate spots of clustered
material indicate the presence of unique
DNA nucleotides within the sample. But
near the expected spot for mC Kriaucionis
saw another spot in a surprising location,
suggesting an unknown nucleotide.
Was it an experimental artifact? “We
were suspicious,” Kriaucionis remembers.
After searching the literature and repeating

the experiment numerous times with
different controls, however, the researchers
realized that the mystery spot marked a
nucleotide known as hydroxymethylcytosine (hmC). Previously, hmC had been
considered a rare DNA modification found
only in primitive, bacteria-infecting viruses.
Its relative abundance in a mammalian
brain cell strongly suggested that it could be
a major epigenetic player.
That its presence had been overlooked
for so long also suggested that molecular
biologists needed to rethink some of their

finding. Hydroxymethylcytosine, they
reported, is present in mouse embryonic
stem cells and is converted from mC by an
enzyme found in humans as well as mice.
“Her discovery of an enzyme that actually
does this hydroxylation is critically important, for it tells us that there’s a dedicated
biochemical mechanism for producing this
modification,” Heintz says.
The two papers appeared together in
Science on May 15, 2009, and both labs
are now trying to understand hmC’s functions in different cell types. Some evidence
already suggests that hmC can reverse mC’s
usual gene-silencing function, although
Heintz thinks it could have other, more
interesting epigenetic roles. To help clear
up the mystery, he and Kriaucionis are first

“Our finding of this nucleotide in animal
cells was completely unexpected.
N AT H A N I E L H E I N T Z

experimental methods, according to
Heintz. The Heintz lab had long emphasized the use of cells taken from animals,
but if Kriaucionis had instead relied on
immortalized neuronal cell lines, which
are more convenient to use but differ subtly
from normal neurons, he would have found
no hmC. He also determined that the standard sequencing technique for mapping
mC in cellular genomes could not distinguish hmC from ordinary mC.
As it turned out, other researchers had
been on a similar epigenetic quest. A week
after Heintz and Kriaucionis submitted
their paper to Science, a group led by
Harvard Medical School scientist Anjana
Rao submitted their own closely related

”

trying to map hmC’s distribution in the
DNA of various cell types—a goal complicated by the lack of a high-resolution
method that can separate hmC from mC.
“It is critical to develop a new chemical
strategy to allow us to precisely map the
locations of both of these marks in the
genome,” says Heintz. The two researchers
also have begun collaborating with Rao’s
group to manipulate hmC levels in different
types of mouse neurons to see how it affects
their gene expression.
The apparent significance of hmC has
drawn keen interest from other researchers,
too. Based on queries she’s had from other
scientists, Rao says “at least fifty other labs
are interested in this now.” W – J I M S C H N A B E L
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THE MOST
VULNERABLE
PATIENTS

Problems during pregnancy burden too many newborns
with lifelong disabilities. Researchers are finding
clues to a safer nine months, and a brighter future.
by Kendall Powell
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YOU CAN
ALMOST HEAR
A WOMAN
BREATHE A SIGH
OF RELIEF
when she reaches her 24th week of pregnancy. If delivery comes
this early—well before the normal 40 weeks of gestation—a baby
has a 50:50 chance of surviving outside the womb with the help
of modern medicine. But neonatologist David Rowitch knows
that extremely premature delivery is far from ideal. His tiniest
patients face tough odds.
“They don’t look like a normal baby,” Rowitch explains. None
of their major organs—lungs, heart, intestines—is finished
forming. “They aren’t able to carry out the basic life-sustaining
functions,” he says. Instead, doctors must support these babies
with ventilators, intravenous fluids, and tube feeding.
The research of several HHMI investigators is aimed at these
most vulnerable patients—developing fetuses and babies that
are born too early. They want to prevent and treat conditions
that lead to a lifetime of disability for affected babies: defects in
the formation of the spinal cord, a hypertensive disorder in pregnant women called pre-eclampsia, and brain damage in
premature infants.
Rowitch, an HHMI investigator at the University of California,
San Francisco (UCSF), and the other researchers who are trying
to solve some of the most persistent problems of pregnancy face
an uphill battle. No one really understands, for example, why the
third trimester is so important for normal brain development. It’s
difficult for scientists to make observations in utero, and medical
research to test treatments on pregnant women, their fetuses, and
newborns is often considered too risky.
However, researchers have begun to gain traction on some of
these problems. Using advanced techniques in genetics and
molecular and developmental biology, they are making progress
without poking or prodding pregnant bellies or newborn babies.
They’ve found clues to the causes of pre-eclampsia, neural tube
defects, and cerebral palsy. Their insights may lead to better,
noninvasive diagnostic tests for the women and babies at highest
risk. The findings will also build the foundation for designing
treatments tailored to each patient’s genes and risk level.

14

HHMI BULLETIN

| November 2oo9

Advances in neonatal care have dramatically improved the
survival rates of babies born between 24 and 26 weeks of pregnancy.
But, Rowitch explains, about half will have lasting neurological
damage—from mild learning impairments to cerebral palsy, a lifelong physical disability. “We don’t know the root causes of these
neurological injuries,” says Rowitch, a neonatal pediatric specialist.
About 800,000 people in the United States have cerebral palsy
(CP), which can cause loss of muscle coordination, sensory problems, and mental impairment. And because more extremely
premature infants are surviving, the incidence is increasing,
Rowitch explains. In one country that keeps national figures, the
United Kingdom, a recent study found that, between 1994 and
2005, the survival of babies born at 24 and 25 weeks increased by
17 and 11 percent, respectively.
“Is it the stress of being delivered early, infection, and/or the
inflammatory response that happens in these babies? We don’t
know,” he says. Rowitch speaks with the reserved demeanor of
someone who has consoled countless families, and he talks about
his patients as if they were fully formed adults. His tone reveals
his commitment to see them reach their full potential.

Boosting Brain Repair
Something about the third trimester of pregnancy—which these
babies experience in the alien environment of a neonatal intensive
care unit (NICU)—is critical for brain development. Because of
their limited ability to peer inside the newborn brain, Rowitch’s
laboratory group has turned to some clever research models to gain
a better view of brain damage and the brain’s repair processes.
Using mouse models of brain damage similar to CP and
looking at other cases of human neurological damage, Rowitch’s
group has identified problems in two sets of precursor cells in the
brain. One precursor becomes the oligodendrocytes, which act
like road crews repaving damaged surfaces along nerve tracts, the
information highway connecting brain cells. The researchers
found that the cells in the brains of premature infants sometimes

remain stuck in the precursor stage—in part due to flawed
signaling—and fail to repair.
Using a mouse model, Rowitch’s team investigated the neuron
precursors that drive the burst of growth in the cerebellum in healthy
babies just before and after birth. The cerebellum is the part of the
brain that integrates coordination and motor control. His group
found a key connection: They showed how steroid drugs, like those
given to help premature lungs develop, can inhibit growth of these
cells. When the team artificially turned on a natural defense mechanism in the cells against the steroids, the problem was alleviated.
Both findings shifted Rowitch’s thinking. Boosting the brain’s
protective or repair mechanisms might be the best route for
rescuing premature brains from permanent damage. How to help
the brain help itself “is not a well-established area of research,”
says Rowitch. “In some ways we are swimming in a deep ocean
where you cannot see the bottom.” But that doesn’t stop his group
from pushing toward shore.
Although these key insights came from research models,
Rowitch believes it is absolutely necessary to chart what goes
wrong in the brains of premature infants. So when he became an
HHMI investigator in 2008, he spent the first year wading
through the paperwork, red tape, and delicate negotiations to set
up the first-of-its-kind pediatric brain tissue bank.
One-third of babies born with severe brain injury do not
survive, Rowitch says, and this bank represents those tragedies.
But many families, he notes, take comfort in donating so that

Safer
Chromosome
Counting
Stephen Quake knows firsthand
the wrenching decision parents
face when a doctor recommends
an amniocentesis or chorionic
villus sampling test to check for
chromosomal abnormalities in a
fetus. His wife underwent one of
each test with her two pregnancies.
The invasive tests use a needle to
collect fetal cells through the
mother’s abdomen. Both tests
carry a low, but real, risk of miscarriage (about 1 in 400). They are
most often used to find out if a
fetus has abnormal copy numbers
of certain chromosomes, such as

trisomy 21, which leads to Down
syndrome, and trisomies 13 and
18, which have very low survival
rates after birth.
So when Quake read an article
about researchers trying to capture
information from fetal DNA circulating in the mother’s blood, he
immediately saw a possibility for
making the invasive tests obsolete.
Quake, an HHMI investigator
at Stanford University, had
recently published the first singlemolecule DNA sequencing
method. It occurred to him that
he could harness the power of
modern sequencing techniques to
solve what is essentially a problem
of counting molecules.

other babies might be saved in the future. Surveying brain tissue
of premature babies is the only way to find out if the same cell
problems and faulty repair mechanisms that Rowitch sees in his
mouse models are present in the human brain. “It’s so important
to do this. We can learn even when things don’t work out well.”

A Healthy Spinal Cord
On a converted army base east of Denver, Lee Niswander’s sparkling
new University of Colorado laboratory building faces the sunny
downtown skyline and its mountain backdrop. But the HHMI investigator rarely looks up from her microscope. She’s usually too busy
watching the neural tube—the structure that will become the brain
and spinal cord—develop in real time in mouse embryos.
“No one has ever watched this process in a mammal,” she
says. “We’re seeing things that nobody has ever seen before.”
Niswander’s penchant for solving three-dimensional puzzles
emerges when she talks about the “beautiful complexity” of
neural tube closure.
In all vertebrate embryos, the neural tube starts out as a flat
plate of cells. That plate must buckle inward, creating a furrow
and two opposing neural folds. The folds come together and fuse
to form the hollow tube that will become the central nervous
system. These tissue movements are driven by complicated cell
shifting and shuffling, which results in chunky parts becoming
slimmer, bringing sections together at spots, and finally zipping
closed down the length of the embryo’s back.

“Sequencing is going through
an amazing revolution right now
and there is opportunity for great
creativity in using it for things
other than straightforward genome
sequencing,” he says. Quake’s
group devised a method to amplify
fetal DNA from a mother’s blood
sample and sequence the millions
of tiny DNA fragments. Next, they
matched up each fragment to its
corresponding chromosome—as if
each fragment gets to vote for a
particular chromosome.
“Then we look for ‘voter
fraud,’” he says. “In other words, is
any sequence overrepresented,
indicating that there are three
copies of that chromosome rather
than two?” In a 2008 pilot study,
the method correctly identified the
number of fetal chromosomes in
18 pregnancies—there were 12
cases of trisomy—and it worked as
early as the 10th week of pregnancy.

This work was published in
October 2008 in Proceedings of the
National Academy of Sciences.
Quake says the simple blood
test could be available to doctors in
the next couple of years. He thinks
the test could work as early as the
7th or 8th week of pregnancy—the
time when most women have their
first prenatal doctor’s visit. Such a
test would carry no risk to the fetus
and would allow families to make
decisions about a trisomy pregnancy
much earlier.
“What we went through as a
family definitely sensitized me to
the problem,” says Quake, the
father of a 4-year-old boy and
7-year-old girl. “I still get e-mail
every day from people who want to
get the noninvasive test. It affects a
lot of people.” —K.P.
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In humans, the neural tube normally forms and closes by the
fourth week after conception, before most women even know they
are pregnant. It is one reason women are encouraged to eat well
and take vitamins such as folic acid (which helps to ensure the
neural tube closes correctly) long before they become pregnant.
Failure of the tube to close properly causes a condition known as
spina bifida, Latin for split spine—which exposes the spinal cord
to the fluid in the womb. The resulting permanent neurological
damage ranges from mild symptoms to partial paralysis. After
heart defects, neural tube defects (NTDs) are the second most
common type of serious birth defect.
“Because of the complexity, there are so many places where
it can go wrong,” Niswander says. She explains that it’s not just
the cell movements that have to come off correctly, but all of the
underlying genetic programming, biochemical signaling, and
incoming environmental influences that together conduct this
choreography. “Based on how many genes we already know are
required for neural tube closure in mice, I would not be
surprised if there were 800–1,000 genes that, if disturbed, might
lead to a defect.”
So far, Niswander and her collaborators are actively working
on about 30 genes in mice that lead to NTDs. Using a powerful
microscope, her lab members observe cellular changes in the
developing neural tubes of mouse embryos. In normal mice,
they’ve seen that some cells at the edges of the opposing neural
folds put out dynamic membrane extensions to communicate or
firm up contacts across the gap. Although the data are very
preliminary, Niswander says, at least some of the genetic mutations change this behavior of putting out feelers.
Niswander has begun to give the mutant mice folic acid
supplements to study how the vitamin acts to prevent some
NTDs. “Folic acid is touted as preventing up to 70 percent of
NTDs in women. I want to know, how is it doing that?” she says.

“It’s totally daunting to think you could try to tackle NTDs,” she
continues. “But as a developmental biologist, I think I can bring
my expertise to make an impact on a very real problem in
human biology.”
Like Niswander, HHMI early career scientist John Wallingford
loves to watch development unfold. He also spends countless
hours at the microscope, making videos of frog neural tubes as
they curl and seal up.
The advantage of working with frogs? “Any kid who has gone
out and caught tadpoles in a pond can tell you,” he says. Frogs
develop outside the womb in open, clear water, which makes it a
cinch for Wallingford’s group to watch the whole process at the
cellular, and even subcellular, level. They can also easily manipulate frog genes to find those critical to neural tube closure by
microinjecting modifiers directly into embryos. This procedure
lets Wallingford, at the University of Texas at Austin, screen
hundreds of embryos at a time.
“Ultimately we have to go to the mouse and then to humans
to see if the genes we’re finding are relevant,” he notes. “But
the frog work has allowed us to move the field forward very
quickly.” Wallingford has found two major groups of genes
critical for closing neural tubes. Recently, his group showed
that certain gene mutations prevented a key process called
convergent extension where neighboring cells cozy up and
slide between one another to bring the neural folds closer
together. At least one similar gene mutation has been found in
humans with NTDs.
Finding more of those human genes is the real goal for both
Wallingford and Niswander. “I’m not out to solve the problem of
neural tube closure for frogs,” says Wallingford. These birth
defects are almost never due to a single gene mutation in
humans; they are most often the result of multiple gene variations and their interaction with the environment. What the

BOOSTING THE BRAIN’S
PROTECTIVE OR REPAIR
MECHANISMS MIGHT BE THE
BEST ROUTE FOR RESCUING
PREMATURE BRAINS FROM
PERMANENT DAMAGE.
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Basic science to save babies: Lee Niswander, David Rowitch, Ananth Karumanchi,
and John Wallingford are bringing their expertise in molecular science to study the causes
of premature birth and developmental problems.
researchers would like to see in the future is a panel of known
neural tube closure genes for screening. Then, when a couple is
considering pregnancy, a blood test could determine whether
they would be at high risk for a NTD pregnancy. From there,
physicians might even personalize a woman’s dose of folic acid.
Niswander’s early findings suggest that an average dose may not
be right for all genetic situations. For some mutations, a higher
dose is needed to rescue the NTD; for other mutations, a lower
dose works better.

Niswander: Anthony D. Kapp Rowitch: Andy Kuno / PR Newswire, ©HHMI
Karumanchi: Kaye Evans-Lutterodt / PR Newswire, ©HHMI Wallingford: Sasha Haagensen

Taking the Premature Out of Pre-Eclampsia
Work from another HHMI investigator’s lab might also lead to a
blood test to assess a woman’s risk for a common complication of
pregnancy that puts both mom and baby in harm’s way. Five to 10
percent of all expectant mothers develop pre-eclampsia, characterized by high blood pressure and “leaky” blood vessels that can
lead to kidney damage, liver damage, and even seizures and coma.
In the developing world, pre-eclampsia kills an estimated
75,000 women each year. In the United States, the total health
care costs for pre-eclampsia treatment for both mothers and
babies run about $7 billion a year. The only treatment available
today is to deliver the baby and placenta, the real root of the
problem, as early as possible after severe pre-eclampsia develops.
Pre-eclampsia therefore contributes significantly to the problem
of premature births. How and why the placenta becomes destructive in some pregnancies has remained an enigma since the
condition was first described some 2,000 years ago.
As a kidney specialist at Beth Israel Deaconess Medical Center
in Boston, HHMI investigator Ananth Karumanchi diagnoses
tricky cases of pre-eclampsia, ruling out other possible kidney
problems to ensure no baby is delivered unnecessarily early. His
research, however, may soon make this duty obsolete.

“We’ve identified biomarkers that, in a very simple blood test,
could potentially replace a kidney biopsy down the line. The
markers could tell us who has pre-eclampsia, who doesn’t, and
maybe even how severe it is,” says Karumanchi.
Karumanchi, whose early research focused on blood vessel
formation, or angiogenesis, brought a new approach to the riddle
of pre-eclampsia. The placenta is just a bag of blood vessels, after
all. “No one had looked at it from the angle of blood vessels and
I thought, here is a disease where I could have a 200 percent
impact—on both the baby and the mother.” But as a young investigator at the time, he wanted to run his idea by his mentor down
the hall, a kidney expert named Frank Epstein.
“He grabbed me and said, ‘Let’s go down right now to the
labor and delivery floor and see these patients,’” Karumanchi
recalls. There, it dawned on him that every day doctors threw
away placentas from both healthy and pre-eclamptic women.
He obtained those tissues and used gene microarrays to look at
which gene expression levels were turned up higher or squelched in
pre-eclampsia placentas compared with normal ones. Karumanchi’s
research team found that two proteins, sFlt-1 and soluble endoglin,
are pumped out by pre-eclamptic placentas. The proteins appear to
disrupt the health of a mother’s blood vessels, which damages her
organs and makes her blood pressure rocket upward.
Karumanchi says that clinical trials of a blood test to measure
sFlt-1 levels as a way to detect pre-eclampsia are ongoing in the
U.S. He predicts such a test will be available in two or three years.
As evidence piles up that sFlt-1 not only indicates pre-eclampsia
but also causes much of the problem, Karumanchi is developing
antibodies to sFlt-1 as a potential treatment.
Although the work is still in early stages, he says that finding
women to help test such a drug will not be hard. Severe preeclampsia results in babies being delivered at 24–26 weeks, when
(continued on page 48)
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hen Kerry Ressler
walks briskly from his car to his laboratory on a steamy July
morning, the rasp of cicadas fills the air. Inside, his fifth floor
office at Emory University’s Neuroscience Research Facility is
quiet and overlooks the wooded grounds of the venerable Yerkes
National Primate Research Center. The building is new, the
atmosphere suburban; grad students tapping smartphones wait
for a shuttle to the main campus.
The next morning, Ressler’s in a different world. He stacks his
car in a deck atop a McDonald’s and lopes alongside the towering, tawny bulk of Grady Memorial Hospital. Perennially
teetering on the edge of financial ruin, Grady remains the hospital of first and last resort for Atlanta’s urban poor. Across from the
main entrance, men leaning on “No Smoking” signs exhale
plumes of smoke and raise their voices over the roar of the
oppressively close Interstate. Although an architectural facelift
has smoothed and tightened Grady’s façade, look more closely
and this massive, 21-story structure is marked by more than 50
years of hard use.
Ressler—a physician and a basic scientist—has been shaped
by both places, and he’s resolved not only to move what he learns
from “bench to bedside” but to take it all the way to the violent
and chaotic streets where Grady patients live.
“My scientific goal is understanding the biology of fear,” says
Ressler, a Harvard-educated M.D./Ph.D. who came to Emory
University, in Atlanta, a dozen years ago to train in psychiatry.
Now an associate professor of psychiatry and behavioral sciences,
he is known for developing rodent models that help reveal what
happens in the amygdala—the brain’s command center for panic
attacks and fight-or-flight responses—when fear is learned,
remembered, and sometimes overcome.
Ressler was the lead author on a 2004 article reporting that a
drug can boost the effectiveness of exposure therapy that uses
virtual reality—a simulated glass elevator—to desensitize patients
who have acrophobia, or fear of heights. These findings, which
have been replicated in patients with social phobia, panic disorder, and obsessive compulsive disorder, are steps toward what he
characterizes as his ultimate “social and political” goal: developing ways to lift weight off poor people who are worn down, held
down, and made sick by post-traumatic stress disorder (PTSD)
and other trauma-related disorders.
But that, he admits, may be a long time coming.
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IT STARTS IN THE LAB
In late 2007, Ressler became the first psychiatrist named an
HHMI investigator since Eric Kandel, who was selected in 1984.
Kandel went on to win the Nobel Prize in 2000 for insights into
learning and memory he acquired by studying Aplysia, a sea slug
that looks like a cross between a tree fungus and a football.
“Kerry Ressler strikes me as a role model for the future of
psychiatry,” says Kandel, who is director of the Kavli Institute for
Brain Science at Columbia University. He laments “disappointingly slow” progress in treating mental health disorders, which he
blames on a shortfall of basic science and translational research
in psychiatry. A new generation of scientists, he believes, can help
close the gaps.
Ressler made his mark in translational research as a secondyear resident, shortly after joining the Emory laboratory of
renowned amygdala expert Michael Davis. In the almond-shaped
amygdala, a structure found deep in the brain, the binding of the
excitatory neurotransmitter glutamate to the N-methyl-Daspartate (NMDA) receptor strengthens synaptic connections
when fear is learned or extinguished. Ressler and Davis predicted
they could speed the extinction of fear in rats by using an
approved human tuberculosis drug, D-cycloserine, which binds
and activates the NMDA receptor, thereby increasing glutamate
binding in the amygdala. The experiment was a success.
“As soon as we knew it was working, I went to Barbara
Rothbaum and asked if we could combine this with psychotherapy in people,” Ressler recalls. Rothbaum is an Emory psychiatry
professor who specializes in treating a spectrum of anxiety disorders. They launched a small study comparing the response of
acrophobic patients to behavioral exposure therapy with or
without a dose of D-cycloserine. Patients given the drug immediately before virtual or real exposure to heights clearly became less
fearful than those not given the drug. Before the Emory team
published these results in the November 2004 Archives of General
Psychiatry, there was nothing in the literature about pharmacologic enhancement of fear extinction.
The idea that pharmacologic agents can alter brain plasticity,
thereby mediating fear extinction, is no longer novel. Ressler’s
team is experimenting with other mediators of synaptic strength.
In the July 2006 Nature Neuroscience, they reported that activation of the receptor for brain-derived neurotrophic factor is
essential for extinguishing fear. His group has also determined
that the protein ß-catenin is essential for stabilizing synapses and
forming fear memories, findings they reported in Nature
Neuroscience in 2008.
In Ressler’s neuroscience lab at Emory, nine graduate
students and postdocs study fear with tools including small
molecules and viral vectors that deliver modified genes to

specific brain regions in transgenic mice. By observing how
mice react to environmental cues, such as a sudden noise or an
elevated maze, researchers can tell whether genetic modifications have changed how animals handle fear. Meanwhile, at
Grady Hospital, Ressler leads a massive search for genetic polymorphisms, or variations, that might predict which individuals
who were abused as children will be especially vulnerable to
PTSD as adults—and which ones will prove resilient.
A KNACK FOR CONNECTING
Growing up in Mississippi in the 1970s, Ressler had no clue he
would become a behavioral neuroscientist with a social conscience.
He certainly never thought Nobel laureates would know his name.
Ressler is an only child whose parents divorced when he was
young. When he was 12, he and his mother relocated from Jackson
to Ocean Springs, a small town between Biloxi and Pascagoula. “It
was a wonderful place: you could bike to the Gulf and crab and
fish and go canoeing in the bayou,” Ressler recalls with delight.
Ocean Springs schools were also better than most in Mississippi.
When puberty hit, Ressler scored the geek trifecta. He had no
gift for sports, he played tuba in the high school band, and he
excelled at math and computers. About this time, his mother quit
her office job to pursue her dream of becoming a nurse. “We both

worked part-time to get her through college,” Ressler recalls.
Some nights he helped her clean the doctors’ offices where she
did desk work during the day. Finances eased when she graduated, got a nursing job, and remarried.
In the 1970s, “you could not grow up in Mississippi and not be
extraordinarily aware of race,” Ressler says about his childhood.
But his mother taught him that “people are often different
because of what life has dealt them, not because of different abilities.” His mother’s lessons helped him at Grady Hospital, where
patients have experienced oceans of disrespect.
“Using a lot of jargon and big words just doesn’t work around
here,” says Grady chief psychologist and Emory psychiatry professor Nadine Kaslow, who supervised Ressler when he was a
first-year resident in the hospital. From the start, Ressler had a
knack for connecting with people of all descriptions: “Female
patients see him as not sexist; male patients see him as someone
they can bond with,” says Kaslow.
Besides his mother, the other influential woman in Ressler’s
young life was his advanced placement math teacher, who
encouraged him to excel in mathematics competitions and to
apply to the Massachusetts Institute of Technology (MIT).
When the MIT acceptance packet arrived, Ressler had been
working the night shift at Delchamp’s Superstore in Ocean

KERRY RESSLER HOPES HIS BASIC SCIENCE RESEARCH CAN HELP LOW-INCOME MEN AND WOMEN
RISE ABOVE THE TRAUMA HE’S FOUND TO BE SO COMMON AMONG THE INNER CITY POOR.
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– KERRY RESSLER
Springs for several years. He swept and stocked shelves in the wee
hours, when customers were rare. When he told his Delchamp’s
coworkers that he was quitting and heading for college, they were
amazed he would leave such a good job. And when he said that
his destination was MIT, the puzzled response was “MIT? That
stands for Mississippi what?”
Ressler left Ocean Springs knowing that computer science
was his destiny. Wasn’t it obvious? “I enjoyed computers and I
was going to MIT.” But he was nervous about moving to a strange
city where he had no friends and might be a total misfit. He
worried that MIT felt compelled to accept someone from
Mississippi, and he was it.
His anxiety was short-lived. Within weeks he joined a fraternity,
which was cheaper than living in a dorm because the residents did
much of their own cooking rather than pay a chef. (“Many of our
meals were pretty awful,” he admits.) He worked hard and played
hard with 40 other guys at Phi Kappa Sigma in Boston’s Back Bay.
He also discovered that biology was every bit as compelling as
computer science and wondered if medicine—which his mother
exposed him to—might be his calling. Then Ressler fell in love with
an advanced genetics lab taught by Drosophila biologist Hermann
Steller, now an HHMI investigator at Rockefeller University.
Steller had his students create transgenic fruit flies and observe
phenotypic changes. “That’s what really sold me on being a biologist and a scientist,” Ressler recalls. Polymerase chain reaction and
other new techniques had slashed the time needed to identify and
clone a gene, introduce it into an animal, and examine the results.
Years’ worth of work could be accomplished in a semester.
Ressler asked to stay on with Steller and remained in the fly lab
until he graduated. Long hours earned him the nickname “the
biologist.” When he wasn’t at the lab or hanging out with the guys,
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he was keeping company with Betsy Craig, a Wellesley student
from Atlanta. The two are now married and have three sons.
As an MIT senior, Ressler was certain he and Craig belonged
together and that he wanted to delve into the biology of thinking
and learning. He was less sure about clinical medicine, but when
he was accepted to the Medical Scientist Training Program at
Harvard Medical School, he could not refuse.
DAZZLED BY SCIENCE
The first two years of medical school at Harvard went well, but
Ressler still needed the right mentor for his Ph.D. work. He knew
he wanted to use molecular biology and genetics to address a
significant, clinically relevant problem in neurobiology—but
what problem? At just this moment, a friend invited him to tag
along to a lecture by Linda Buck, a Columbia University research
associate being recruited by Harvard.
“I had never thought about smell a day in my life until I
heard Linda give her talk,” Ressler says, still jazzed by the
memory, “and I was absolutely blown away.” Buck had methodically identified about 1,000 odorant receptor (OR) genes and
she outlined an orderly plan for decoding their function. Her
work was “a beautiful example of using science to explain
biology,” Ressler says.
He immediately wrote to Buck, asking for a research rotation
in her lab if she did indeed join the Harvard faculty. Helping
figure out how ORs are arrayed and how they integrate information to detect and identify smells—that was exactly the kind of
difficult quest Ressler had been hoping for.
In early 1992, Buck, Ressler, and a truckload of equipment
converged on the Harvard Medical School quadrangle. “My lab
was full of boxes and crates of equipment when Kerry came in.

So I unpacked with him and we set up the lab in about a week,”
says Buck.
She went to work writing grant proposals while Ressler set
about creating a library of mouse OR genes and then determining
where they are expressed in the lining of the nose. “That gave us
the first inkling of how information from 1,000 different receptors
is organized in the nose,” recalls Buck, an HHMI investigator
now at the Fred Hutchinson Cancer Research Center.
Over the next three years, Ressler’s dissertation work contributed to the accomplishments that earned Buck the 2004 Nobel
Prize in Physiology or Medicine, which she shared with HHMI
investigator Richard Axel. Prominently displayed in Ressler’s
Emory office is a framed picture of him with Buck at the
Stockholm ceremony, both grinning broadly in formalwear. “I
was in a numb fog the whole time,” Ressler says with the goofy
laugh that is his signature.
The two have a mutual admiration society: Buck calls Ressler
“a fantastic scientist and a wonderful, compassionate person.” For
Ressler, Buck’s lab will always be where he initially experienced
the joy of being the first to know something. Other epiphanies
would come later, but in places nothing like the beaux-arts splendor of the Harvard Medical School quad. During his first weeks
of clinical training at Grady Hospital, Ressler helped stabilize
gunshot victims and debride wounds colonized by maggots.
URBAN WAR ZONE
Within weeks, Ressler was rotated to Grady’s psychiatric emergency room and from there to the hospital’s outpatient psych
clinic, where the wounds were equally grim but less visible. None
of the patients he evaluated matched the neat diagnostic checklists in DSM-IV, the standard reference for coding mental
disorders. “Diagnostic messiness” is the norm, clinical veterans
say, because Grady’s typical psychiatric patient is poor, black, uses
drugs, and has multiple health problems.
As a fear biologist, Ressler saw something different. These
patients carried “enormous amounts of trauma,” as a result of
living in the urban equivalent of a war zone, and he reasoned
that PTSD might be as common among them as among combat
veterans. But PTSD was not high on the index of suspicion for
Grady doctors because they don’t treat vets, who are cared for by
private doctors or at the large VA Medical Center across town.
Ressler couldn’t shake the feeling that trauma was important
here, and in 2003 he teamed with psychiatrist Ann Schwartz and
psychologist Bekh Bradley to determine the prevalence of undiagnosed PTSD among mental health patients at Grady. Although
PTSD was noted in only 6 percent of the charts, they found that
40 percent of patients met criteria for lifetime or current PTSD.

The three launched the Grady Trauma Project (GTP), today
led by Ressler, which has been assessing environmental and
genetic risk factors for PTSD in a broader sample of Grady
patients since 2005. A team of trained interviewers, most of them
students from Atlanta area colleges and universities, have
collected saliva samples and conducted extensive interviews
with more than 2,500 low-income, primarily African American,
men and women waiting for primary care or ob-gyn appointments at the hospital.
Nearly 90 percent of GTP participants have been exposed to
significant trauma, mostly interpersonal violence, at some point
in their lives. Rates of emotional, sexual, or physical abuse during
childhood are high; later in life, assaults by intimate partners or
others are commonplace. The lifetime prevalence of PTSD is
46.2 percent among these Grady patients—as high as in combat
veterans—Ressler’s team reports in the November 2009 General
Hospital Psychiatry.
As these findings indicate, however, not every traumatized
child or adult develops PTSD. With support from the National
Institutes of Health, Ressler and his colleagues are searching for
gene-environment interactions that may help explain why some
suffer more than others. They started with some of the “usual
suspects,” including genes involved in the glucocorticoid-mediated
stress response. So far they’ve identified four single-nucleotide
polymorphisms, tiny variations in the FKBP5 gene that appear to
interact with severe child abuse trauma to predict adult PTSD
symptoms. These findings were reported in The Journal of the
American Medical Association in March 2008. Additional studies
are under way to identify novel genes that affect who develops
PTSD and who does not.
Although Ressler can offer no guarantees, he is hopeful that
basic science findings—taken to the streets—could have an
enormous public health impact. PTSD is associated with intergenerational violence, poverty, teen pregnancy, broken families,
and a host of maladies both physical and mental. Therapies that
unshackle people from some of their worst fears and help them
establish new emotional habits might relieve some of the human
misery that Ressler confronted as a resident in the Grady Hospital
emergency room.
There’s little doubt that Ressler’s experiences at this battered
landmark helped forge who he is today. As a raw newcomer, he
began each shift “with a sense of dread, because there would be
so much work to do and some of the stories would be so hopeless.
But I always left in a really good mood, because we did help
people and it was not all hopeless.”
Today, knowing what he knows, he still says “I am a pretty
optimistic person.” W
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membr a n e awa k ening
Researchers are taking a more holistic look at cell membranes and the proteins
embedded in them—and the surprises keep coming.

Picture a neatly groomed hedge between
two houses. On one side, a grassy yard is
strewn with jumbles of sandbox toys, halfburied dog bones, and plastic cars.
On
the other side, neat rows of pansies frame a
manicured garden. The hedge is a barrier
between two worlds.
Look closer though,
and the border is a busy place. Insects buzz
through the branches without hesitation and
a rabbit has traveled through the underbrush
so often that a tunnel has formed. Hands
reach across a low gate from one side to the
other, delivering cookies, wrongly addressed
mail, and toys that have leapt the bushes.
by sarah c.p. williams
illustration by Jillian Tamaki

The boundary of a living,
metabolizing cell is surprisingly
similar to that hedge.
The cellular membrane, once thought to
be an inert barrier, is one of the most
dynamic parts of the cell. The membrane
and the plethora of proteins that stud its
surface direct the exchange of information
between cells, tightly control the flow of
materials from inside to outside the cell,
and provide surfaces for some of life’s most
vital chemical reactions.
“We’re in a very, very primitive stage of
understanding the membrane,” says
HHMI investigator Roderick MacKinnon
at Rockefeller University. “We’ve been
looking at the membrane in a very
protein-centric way and we have to understand it with a more holistic view of all its
components.”
For a long time, the immediate challenge was to figure out the structure and
function of the membrane proteins, which
do most of the communicating and transporting. But the proteins tend to fall apart
when removed from the membrane for
study. In 1998, however, MacKinnon
published the first structure of an ion
channel—a protein that acts as a conduit
for potassium through the membrane. Ion
channels allow cells to generate, and pass
along, electrical signals by controlling the
flow of charged potassium, sodium, and
calcium molecules through the membrane.
MacKinnon’s structural breakthrough
earned him, along with Peter Agre of the
Johns Hopkins University School of
Medicine, the 2003 Nobel Prize in
Chemistry and shattered the long-held
notion that determining the structure of
channels was an insurmountable challenge. In the decade since, the structures
of more than 200 membrane proteins
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have been solved and scientists are moving
on to study the finer details of how the
proteins function and interact with the
membrane.
MacKinnon and other HHMI investigators, while still adding to the growing list
of membrane protein structures, are also
beginning to look at the membrane as a
whole. They’re studying proteins in the
membranes, rather than isolated in solution, and asking questions about how
different membrane elements interact
with each other and with proteins. They’re
hoping to uncover what goes on at the
boundary of the cell.
water phobia
The simple fact that oil and water don’t
mix guides much of membrane science.
The molecules that make up most of the
membrane are phospholipids—watersoluble phosphate-containing heads with
lipid tails that will do anything to avoid
water. Drop a small amount of phospholipids into water, and they will
spontaneously form membranes by

aligning themselves into double layers,
with the water-shy lipid tails sandwiched
in the dry area between sheets of the phosphate headgroups. This is just how the
membranes in a cell are arranged. The
strength of the unfavorable reaction
between the tails and water—termed a
“hydrophobic effect”—holds the bilayer
together with no other bonds.
Along with making up the cellular, or
plasma, membrane, such bilayers also hold
together many organelles and compartments, such as the DNA-containing
nucleus and the energy-producing mitochondria.
“All metabolically active life relies on
membranes,” says Jay Groves, an HHMI
investigator at the University of California,
Berkeley. Apart from various kinds of
phospholipids, and related molecules like
cholesterol, plasma membranes teem with
proteins. Some proteins are inserted into
only one side of the membrane, acting as
a beacon for other proteins that need to
find the membrane. Some jut all the way
through the membrane, such as receptors
that detect signals on one side of the

PART 1 OF 2

Membranes inside the cell are just as active and dynamic
as those that surround cells. In the next issue of the
Bulletin, our two-part series on membranes will continue
with a closer look at the membranes that divide the
insides of a cell into constantly shifting compartments.
In February, you’ll learn how membranes form bubbles,
stacks of sheets, and tubules, and how they can change
shape at a moment’s notice.

Gonen: Paul Fetters Groves: Noah Berger / AP, ©HHMI MacKinnon: Matthew Septimus Miller: Yiling Fang

membrane and send them along on the
other. And some proteins help shuttle
materials—like water, nutrients, or charged
particles—across.
One branch of membrane research
focuses on studying the channels that
allow charged ions to pass through a
membrane, sending fast electrical signals.
These channels allow, for example, the
firing of neurons by switching between
open and closed depending on the charge
difference they sense across the membrane.
“Without this switch life couldn’t ever
have been bigger than single-celled organisms,” says MacKinnon, “because you
couldn’t transfer information across the
organisms fast enough to make any appreciable behavior.”
Long before the structures of these
proteins could be fully imagined, scientists
could use probes that measure electric
currents to detect ions moving through the
channels and calculate basic properties of
when and how they functioned.
“At the beginning, ion channel work
was, essentially, basic electrophysiology,”
says Chris Miller, an HHMI investigator
who studies ion channels at Brandeis
University and who mentored MacKinnon
during his undergraduate and postdoctoral training. “And then the whole thing
changed when Rod MacKinnon broke
through this structural barrier, which was
as much a psychological one as a technical one.”
Most of the scientists who have determined membrane protein structures since
then rely on x-ray crystallography to piece
together how the atoms in a protein are
arranged. They shine a beam of x-rays at
the protein and measure how they are
diffracted. For this technique to work,
many copies of the protein must be
isolated from a cell and arranged in a
symmetrical crystal. Since membrane
proteins tend to fall apart unless they’re
embedded just so in the membrane, this is
tricky. Researchers must surround the
proteins with fatty detergents to keep them

arranged correctly in solution. It’s as much
luck as it is hard work, says Miller.
“If you’ve prayed to the right gods that
day, the protein crystallizes and then you
can play games from there,” he says. Using
this method, scientists have illuminated
some of the major protein players in the
membrane: pores that allow water through,
channels that allow ions to move across,
and membrane-embedded receptors that
pass signals between cells.
the full story
Some basic questions about membrane
protein structure remain unanswered.

Each new structure gives scientists a better
picture of how proteins fold into the
membrane and how to predict what a
protein will look like based on its amino
acid sequence.
HHMI investigator Eric Gouaux, for
example, recently found surprising links
between the structures of different
membrane proteins in the brain. The
cells of the brain must pass along signals,
in the form of neurotransmitters, in mere
milliseconds. Neurotransmitters must be
released from one cell, detected by
another, and then mopped up by one of
the cells so that the signaling can take
place again. This happens entirely at the

HHMI investigators (clockwise from top left) Tamir Gonen, Jay Groves,
Christopher Miller, and Roderick MacKinnon are studying the cell’s plasma
membrane by zooming out to look at all its components together,
rather than going the traditional route of isolating individual proteins.
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membranes of the neurons. Understanding
how brain receptors work is vital to
explaining learning, memory, and cognitive disorders.
Using x-ray crystallography, Gouaux
and his lab team at Oregon Health &
Science University have shown unexpected similarities between different types
of neurotransmitter receptors. While the
receptors have vastly different amino acid
sequences, which suggests different structures, his group found that each receptor
forms a similar shape. Piecing out these
unexpected details will help scientists
better predict the shape of membrane
proteins from their amino acid sequences.
“At some point it will happen, maybe
10 years from now, that the next membrane
protein structure will come out and
everyone will yawn because it starts to feel
like stamp collecting,” says Miller, at
Brandeis University. But that hasn’t
happened yet, he says. “The number of
structures is still small enough that each
one has something novel to tell people
about how these things are put together,
how they sit in the membrane, or how
they fold.”
Miller knows well, though, that sometimes it pays to look beyond the structure.
When MacKinnon published the structure of a chloride channel (CLC) in 2002,
scientists thought they knew the basics of
how it worked—it appeared to be a typical
channel. But Miller took a closer look at
the electrical behavior of the protein and
found, much to everyone’s astonishment,
that this particular CLC isn’t a passive
channel. It’s a pump that uses protons to
push chloride across the membrane.
“It ended up being somewhat of a
game-changer,” says Miller, “because
within a year, other labs following our
discovery tested the electrical properties of
other CLCs and found that this family of
CLCs is split into two subtypes.” Some
CLCs are channels; others are pumps.
The structures hadn’t hinted at this.
Pairing the function and structure of the
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proteins illuminated the full story of the
CLC protein family.
As the list of membrane protein structures grows, and lessons are learned,
scientists have also begun to toy more with
other aspects of these proteins. Most
notably: how do membrane proteins
interact with, and depend on, the membrane that surrounds them?
safety valve
If a single-cell bacterium, full of molecules
and salts, fell into a puddle of water, the
water would rush through the membrane
into the cell. If this went on for too long,
the membrane would rupture, unable to
stretch very far. Luckily for the cell, it has
a way to bail itself out.
Doug Rees, an HHMI investigator at
California Institute of Technology, studies
one type of stretch-activated, or mechanosensitive, channel. When these channels
sense a membrane stretching too far, Rees
says, they open, like the safety valve on a
pressure cooker. Their function depends
on the membrane around them. Rees
focuses on bacterial versions, but stretchactivated channels play a role in
maintaining the membrane’s tension in
all organisms. In humans, other mechanosensitive channels in the nervous system
help convey a sense of touch by passing
along a signal when the pressure on a
membrane changes.
To study these channels, Rees inserts
them into an artificial membrane and
sucks up part of the membrane with a
glass pipette, increasing membrane
tension around the channels. As the
tension increases, channels open and he
can measure the molecules flowing
through. His system is a simple way to
probe how membrane proteins can detect
and respond to one type of variation—
tension—in the membrane.
Ultimately, Rees wants to determine
the structures of these channels. Although
he published the structure of one stretch-

activated channel in Nature on September 3,
2009, Rees is frustrated by the limitations
of typical x-ray crystallography for studying
membrane proteins and wants to find a
better method. In 2008, he received a
Collaborative Innovator Award from
HHMI to make membrane protein crystals with colleagues at Caltech and
University of Colorado. His idea is to coax
proteins into forming polyhedral arrangements embedded in membranes. Such a
shape—inspired by symmetrical 20-sided
viruses—would allow proteins to interact
normally with the membrane while still
providing the sample homogeneity needed
for x-ray crystallography.
Tamir Gonen of the University of
Washington, an HHMI early career scientist, also studies stretch-activated channels,
specifically the water channel aquaporin-0
(AQP-0), found in the lens of the eye.
“These channels are much more than just
a hole,” Gonen says. “They let water
through very efficiently, billions of molecules per second.” When they’re not
working due to certain mutations, the
eye’s lens clouds over with cataracts.
In 2004, while working in the lab of
HHMI investigator Thomas Walz at
Harvard Medical School, Gonen determined the structure of AQP-0. While x-ray
crystallography usually uses three-dimensional crystals of membrane proteins that
are enveloped by detergents, Gonen
analyzed the protein while it was
embedded in a membrane, one of only a
few successful attempts to do this. He’s
convinced that observing a protein structure while it’s in a membrane gives the
best picture of how the protein really looks.
“The way we need to look at membrane
proteins is not in isolation,” Gonen says.
“We need to look at them with the
membrane, because in the cell they’re not
operating in a vacuum.”
HHMI investigator John Kuriyan has a
story that illustrates Gonen’s point. Kuriyan,
at the University of California, Berkeley,
studies SOS, a signaling protein that,

“The single molecule approach
will always be there, that’s essential, but we’re starting to have
tools to go after the collective as
well. We want to see the forest
and the trees both.” – Jay Groves
when mutated, causes Noonan syndrome,
a developmental disorder that causes heart
malformation, mental retardation, and
other problems. SOS sends signals by activating Ras, a membrane-associated protein.
Researchers assumed that the Noonan
syndrome-causing mutation changed the
interaction between SOS and Ras.
But when Kuriyan placed mutated
SOS and its normal version in solution
and compared how they interacted with
Ras, he saw no differences. When he
repeated the experiment with Ras bound
to an artificial membrane built by Groves,
however, the mutated SOS kept Ras activated. The interaction, Kuriyan realized,
took place at the membrane and both
SOS and Ras needed the membrane environment to behave as they do in the cell.
The results appeared in Nature Structural
& Molecular Biology in May 2008.
the forest and the trees
Certain that membrane proteins are inexorably linked in function to the lipids
around them, Jay Groves at UC Berkeley
studies how groups of proteins are arranged
in membranes. The first theories on
membrane organization arose in the 1980s

when scientists dissolved membranes and
observed that they separated into distinct
layers—one with phospholipids and one
with other lipid-like membrane molecules, including cholesterol. Proteins
separated into both layers, and the scientists hypothesized that the cholesterol
wasn’t just scattered around the membrane
but was in distinct “rafts” where certain
proteins localized.
So scientists began experimenting with
whatever membrane proteins they studied,
testing whether removing cholesterol from
the membrane—a simple experiment—
altered the function of the protein.
“Lo and behold, everyone who did that
experiment, no matter what they looked
at, messed up the function of the protein,”
says Groves. “And so everything became
‘raft-associated.’ You can find hundreds of
papers with this in the title.”
But Groves thinks those results suggest
something else: the structure and composition of the membrane are important for
all processes. “I think it’s really a mistake to
think there are only two types of things in
the membrane: rafts and everything else,”
he says. “I think every process assembles
its own object. Cholesterol is important,
lipids are important. And a truly useful

description of membrane organization
needs to capture this diversity.”
To probe how the organization of
groups of membrane proteins affects their
function, Groves has developed a technique called spatial mutations. He creates
artificial bilayers that impose organization
on a cell, using miniscule tools designed
for nanoengineers who build things even
smaller than cells. His lab débuted the
strategy in a paper on T cell-receptor
signaling in Science in 2005. T cells are
immune cells responsible for recognizing
antigens in the body and eliciting a specific
response. This process relies on a number
of receptors clustered on a cell membrane
that must work closely together.
When Groves’s team used its artificial
membranes to move the components of
the T cell receptors around, the receptors
stopped working normally. “There were
no genetic mutations, and no drugs,” says
Groves. “We just physically reorganized
the membrane and could track differences
in signaling.”
Membranes, says Groves, provide
places where molecules can be organized
in nonrandom ways, clustered where
they’re needed. His research continues to
(continued on page 48)
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Enhancing
TA Performance

By Andrea Widener
illustration by VSA Partners
After seven years, Catherine Drennan was
finally happy with her lectures for her
introductory chemistry class. She had
integrated engaging techniques and
worked hard to find meaningful examples
from biology for the 200-plus student class
at the Massachusetts Institute of
Technology (MIT). But the recitation
sections—the small groups where teaching assistants (TAs) and undergraduate
students meet to reinforce lectures and
work problems—were hit or miss.
While some TAs were dedicated teachers, others thought that teaching freshmen
interested in engineering or life sciences
was beneath their abilities. That meant
some undergraduates thought they
weren’t getting the support they needed to
pass the class. And that made Drennan
miserable—especially when students
showed up in her office to complain. “It
was very disheartening,” she says.
So Drennan, an HHMI professor and
now an HHMI investigator, decided the

best way to improve the class was to revamp
the TA experience. In 2007, she joined
with fellow instructor Elizabeth Vogel
Taylor, a recent graduate of the doctoral
program in chemistry at MIT, to expand
TA training by creating a TA “boot camp”
to be held the week before school began.
The boot camp included everything
from team building exercises to advice
from former TAs to a discussion on teaching students from diverse backgrounds.
What’s more, the TAs had to apply to
teach the class. The number of applicants
for what had been a dreaded assignment
surprised Drennan and Taylor: 11 of 44
chemistry graduate students applied in
2007, the program’s first year, and 16 of 41
did the same in 2008.
The results have been better than
Drennan imagined. Student complaints
have been replaced by enthusiasm about
chemistry. And, rather than grumbling
about their teaching assignment, the
class’s dozen TAs get together to grade

papers, share ideas, and talk about the best
ways to help problem students.
“It seems to defy the laws of thermodynamics,” Drennan says. “The amount of
time we’ve put into TA training is so little
compared to the time it saved with
complaints and issues later.”
While TA training itself isn’t new, more
faculty like Drennan say comprehensive
TA training improves large introductory
science courses for everyone involved:
undergraduates, TAs, and professors.
Undergraduates get better instruction in
labs and recitation sections where one-onone instruction most often occurs. TAs
learn from the beginning how to handle
common classroom problems and present
challenging material in an engaging way.
And faculty can worry more about teaching
and less about complaints from students.
“I was actually very excited they were
giving this type of training because you
really want to put your best self forward
when you’re teaching,” says Mike Morrison,
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Focus on Critical Thinking
Robert Mason’s first experience with a TA
was when he became one. In the 1980s,
Mason went from College of the Holy
Cross, a small liberal arts school in
Massachusetts with no graduate students,
to pursue a doctoral degree at the
University of Texas at Austin, one of the
largest schools in the nation.
He remembers being told he was a TA,
and that he’d have to report to the introductory biology classroom on Monday
morning. “It was pretty much, ‘Knock ’em
dead, kid!’” laughs Mason, who now heads
the undergraduate biology program at
Oregon State University. “I have a vivid
memory of standing up in front of the class
thinking, ‘Holy cow, three months ago I
was over there, and now I’m over here.’”
Mason thought back to that experience
when he began looking for ways to improve
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Oregon State’s introductory biology class,
with funding from an HHMI grant. The
class includes two immense lecture
sessions of 650 students each—which
doesn’t give the faculty much opportunity
to reach out to individual students. But
Mason had at least 28 graduate students
serving as lab TAs, each meeting with
undergraduates weekly in smaller lab
sections. When Mason asked around
about TA training, colleagues pointed him
to Jessica White, an education professor.
White studies the factors that cause
graduate students to stay in or drop out of
school, and she had heard a lot about the
TA experience. Some students were glad
for the income from the paid position,
since it helped them finance their education. But often, students cried during
interviews when talking about teaching.
“They felt really unprepared and felt they
were being fed to the wolves,” White says.

What scared them wasn’t the subject
matter—it was how to deliver a lecture,
how to manage a classroom, how to write
a quiz.
White agreed to help teach a course for
TAs who were assigned to run introductory biology labs. But first she looked to
see what was available elsewhere and
learned that TA training nationwide varies
greatly. Some schools offer intensive
certificate programs that span years and
cover many types of classes and teaching
experiences. Others offer university-wide
courses for a few hours or a few days before
school starts, though some science TAs
complain that those are often generic.
Many schools, including Oregon State,
had no organized training at all.
White wanted the TA course to begin
with the practical: teaching TAs how to set
expectations for the lab, work with students who have disabilities or otherwise
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who was a TA for Drennan’s class in fall
2008. That is especially important when
teaching freshmen who are often scared
and overcommitted, he says. “You need to
connect with these students early on, and
to do that you really need to have a basis
and a foundation to teach. I had never had
that before.”
Morrison used that connection to help
bring one student back from the brink. She
had stopped coming to his recitation and
her grades were dropping, so Morrison
tracked her down after lecture one day. Like
many MIT freshmen, she was bright and
driven, but as they talked she confessed that
she was having trouble managing her time.
He gave her advice on balancing commitments, and soon she was back in recitation
and ended up doing well in the class.
“As long as you get to a student quick
enough, when you start seeing them slip a
bit, you can get on the problem and show
that you care,” Morrison says. “I think they
get a boost of confidence and are more
likely to do better in the class.”

Leah Fasten
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need special assistance, manage disruptive students, and deal with academic
dishonesty.
Then she moved on to subjects that
would make the TAs better teachers:
writing thoughtful quiz questions, addressing different learning styles, and breaking
the cycle of memorization and repetition.
During the school year, White saw a
notable increase in confidence among the
graduate students that they could handle
both the class and the material. “It became
evident that many of the people were just
craving this,” White recalls. “Even the
veteran TAs were thrilled to have this
opportunity because they had already had
a year or two of really floundering.”
Sarah Eddy, a veteran TA and zoology
graduate student, says White’s course
made her think about her class differently.
She revised her introductory lectures to
include more group activities and learned
how to streamline her weekly grading
duties. But the part she found most interesting was the focus on improving critical
thinking, both in lectures and on quizzes.
“If you can give the students that skill,
then they are much closer to becoming
scientists,” she says.
Within a few weeks after White’s class
began in fall 2008, other graduate students
were asking if they could join. Now faculty
and graduate students in chemistry,
physics, and even departments outside the
sciences want to find out what the class is
about. The idea has been so popular that
Mason and White are creating a teaching
certificate program for graduate students
at Oregon State. But what drives Mason to
do this is the effect on the students.
“My responsibility is to make sure that
these undergrads are taught as effectively
as possible,” Mason says. “Now we’re
saying [to TAs] the onus is on us to make
you an effective teacher. I can’t just say be
an effective teacher. We have to teach
them how.”

A Jumping Off Point
In a TA training course at the University of
Delaware, on a humid August day, about
60 new biology and chemistry graduate
students gathered around tables debating
the best way to explain dependent and
independent variables. They had just
suffered through a video of an obviously
unprepared TA struggling to answer just
that question. The TAs responded with
occasional groans or chuckles.
Hal White, a biochemistry professor
who has taught Delaware’s HHMI-funded
“Introduction to Laboratory Instruction”
class for eight years, says that first-time TAs
often fear they won’t know the material or
be able to answer questions like this one.
But that usually isn’t the kind of problem
they encounter. “There are more issues of
management than there are of content,” he
says. For example, how do you get students
to come to class on time? What do you do
if they are constantly texting or talking on
a cell phone?

White’s goal in this science-specific TA
training is to get them past their personal
fears and these common problems quickly,
so they can move on to the serious business of teaching. He wants them to think
about how people learn—even if for just
one hour a week. “What I‘m trying to do is
take the focus from one’s self to a focus on
the students,” he says.
Graduate students need to understand
that they can have a big impact on undergraduates, White says. College is a time
when many students change how they
think about the world, from a simple black
and white view to one that includes the
shades of gray so common in science. The
TAs can also help students understand the
importance of science—this science class
might be the only one they take in their
college career.
Graduate student Brad Bauer took the
Delaware TA training course in 2006
when he started teaching an introductory
(continued on page 48)
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PERSPECTIVES & OPINIONS

Terrence Sejnowski

IF YOU THINK IT S BAD
THINK AGAIN.
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John Dole

ROBOTIC
LEARNING
’
,

A new science of learning is in the offing, says HHMI investigator and Salk Institute
researcher Terrence Sejnowski. He and others are tapping the disciplines of
psychology, neuroscience, and machine learning to create innovative ways to engage
even the youngest students. One goal: robotic assistants for tomorrow’s teachers.

We face a crisis in public education in America. In my state,
California, class sizes are up, budgets are down, and there is
no clear idea how to improve learning as the system lurches
on with more and more kids left behind.
Science can help. New research on human and machine
learning is extending our knowledge of how kids and computers
can collaborate. This work goes far beyond video games and
keyboard or controller interfaces. I’m talking about something much more human—and far more complex to deliver—
a social robot.
Research (and common sense) shows that the most effective teaching happens one on one. Such directed instruction
can improve a student’s performance from midquartile to
top quartile. Unfortunately, the current ratio of 15 students
to 1 teacher in American schools doesn’t support this level of
interaction. There just aren’t enough teachers—or enough
money to pay for more.
But something strange and wonderful is happening: as
teachers become rarer and more expensive, computers get
cheaper and more powerful. We’re on the verge of an era
where inexpensive robotic teaching machines can augment
classroom learning. Imagine Ms. Smith’s science class with
an Albert Einstein at each desk to help kids grasp the theory
of relativity. Not a computer screen, but a fully interactive
automaton that can talk, recognize facial expressions, anticipate needs, and learn from the student how to teach better.
What sounds like a Hollywood sci-fi flick is already being
refined in the laboratory. Underlying the effort is a new
science of learning that combines psychology, neuroscience,
machine learning, and education, a concept I reviewed
with colleagues Andrew Meltzoff and Patricia Kuhl of the
University of Washington, and Javier Movellan of the
University of California at San Diego, in the July 17, 2009,
issue of Science.
We’re getting a much better idea how young children
come to understand the world around them. They follow
social and physical cues from adults and their peers, mirror
behaviors, and empathically connect with those around
them. But what we do so naturally as humans is both second
nature and enormously complicated. And it depends on
the right cues at the right time.
I N T E R V I E W B Y R A N D Y B A R R E T T.

One of the biggest challenges in designing social robots
is getting children to interact with the machine as a peer.
A robot has to respond to the child within a human interval,
which turns out to be about two seconds.
Javier Movellan has built a social robot named RUBI
and tests it daily in the classroom with 18- to 24-month-olds.
At first, he found that toddlers wanted to treat it like a toy
and pull its arms off. The solution? Install pressure sensors
in the arms and program RUBI to “cry” when mishandled.
Presented with this very human response, the children
stopped tugging and hugged the machine instead.
But robots need to do much more than cry—they have to
act human in key ways. One such golden behavior is shared
attention. RUBI is programmed to follow a child’s gaze at a
third object. Combine that with facial recognition (RUBI
smiles back when smiled at) and the little students become
enthralled with their new acquaintance. Let the learning begin.
If you’re thinking this is all implausible, realize that
RUBI consists of $500 worth of computer parts and motors.
Her progeny will no doubt be cheaper to produce, and more
capable, but the real sticking point to future adoption of
social robots in the classroom is humans. Teachers and
unions are wary of mechanized aides and it will likely be a
long, slow pull to get the technology accepted by school
boards dubious that a “droid” can help a human instructor.
School administrators will no doubt be pushed by parents,
who tend to be intrepid, early adopters of technology that can
help their children learn. But we need a better system to get
innovations from the lab to the classroom faster. A National
Science Foundation-sponsored group I codirect called The
Temporal Dynamics of Learning Center is working to do just
that, bringing together researchers, teachers, administrators, and
policy makers to create a collaborative science of education.
The classroom of the future may look quite different with
social robot assistants, but how do we get from here to there?
We need an X Prize for education, just like the $10 million
competition now under way to build an automobile capable
of reaching 100 miles per gallon. Let’s award $1 million to
the schools that deliver the best improvements for teaching
reading, science, and math, and then $10 million to the
school that is best able to scale it up.

Terrence Sejnowski is director of the Computational Neurobiology Laboratory at the Salk Institute.
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Q&A

What grade in school was your
most formative and why?
While some of our early years remain fuzzy, holding no great resonance as we move
into adulthood, others stand in sharp relief as the ones that shape us and
help decide our futures. Here, four scientists recall the years most significant to them.

Marta Miaczynska

Gerald R. Crabtree

Susan R. Wessler

Peter Cresswell

H H M I I N T E R N AT I O N A L
RESEARCH SCHOLAR
I N T E R N AT I O N A L I N S T I T U T E
OF MOLECULAR AND CELL
B I O L O G Y, P O L A N D

H H M I I N V E S T I G AT O R
S TA N F O R D U N I V E R S I TY
SCHOOL OF MEDICINE

HHMI PROFESSOR
U N I V E R S I TY O F G E O R G I A

H H M I I N V E S T I G AT O R
YA L E S C H O O L O F M E D I C I N E

“It was the 7th grade of
Polish primary school when
chemistry appeared on the
program. I was fascinated
by simple but imaginative
and colorful experiments,
the laboratory glassware and
tools. It was like magic! To
continue my fascination, in
secondary school I chose a
class with an extended program of chemistry—but it
came at the same time with
extended biology. There I
discovered that the two
went hand in hand and my
interest in molecular biology
was born, determining my
future career choices.”
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“My most formative year was
probably 8th grade, when I
began scanning my older
brother’s college chemistry
textbooks for clues to make
rockets and explosives and
obtained my first glimpse of
how the physical world
worked. This evolved into a
serious interest in chemistry,
which later initiated my
interest in many areas of
science. Socially, I remember taking the noon dance
classes offered at our school.
I thought that it was pretty
nice that there were 10 girls
to every boy. I needed those
kinds of odds and hoped
that my newly acquired
dancing skills might impress
a certain girl. They didn’t.”

“After graduating college
I was unable to decide
whether to go to graduate
school, as the prospect of
spending my life in the
proverbial ‘Ivory Tower’ was
troubling. To help gain
some perspective, I took a
year off and worked as a
secretary for a lingerie
company on Fifth Avenue.
Riding the subway from the
Bronx to Manhattan every
day helped convince me
that being cloistered in the
Ivory Tower of academia
might be preferable! I have
never regretted that decision.”

“It wasn’t the grade as much
as the national exam that
everyone in the UK had to
take at 11 years of age. It
was called the Eleven Plus
exam and was later found
to be based on faked data.
It was supposed to determine
whether you were qualified
to attend a grammar school
or what was called a
Secondary Modern school,
designed basically to keep
kids off the streets until
they were 15 years old and
could leave and get a job.
I passed the exam. If I had
failed, I would probably by
now be spending my time
with other geezers in the
pub playing dominoes and
wondering what I might
have been if I’d passed.”

Miaczynska: David Rolls Crabtree: Caroline Tudor / Stanford University Wessler: Imke Lass Cresswell: Courtesy of Peter Cresswell

— E D I T E D B Y S A R A H C . P. W I L L I A M S

James Chen, Ethan Settembre, Scott Aoki, Xing Zhang, Richard Bellamy,
Philip Dormitzer, Stephen Harrison, and Nikolaus Grigorieff.
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VP7 proteins, like the one shown here in atomic detail, keep
a rotavirus from attacking its host before conditions are right.
This detailed structure, with protein in yellow surrounded
by electron clouds in blue, allowed researchers to discover
how sets of three VP7 molecules work together.
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Rummaging for Science
S O M E T I M E S E V E RY DAY O B J E C TS M A K E

D I A N E O ’ D OW D R E M E M B E R S S W E AT I N G T H E F I R S T T I M E S H E

brought the giant cell to class.
She worried that her introductory biology students would sneer at
her demonstration, thinking it condescending and grade-schoolish.
But when she walked across the larger-than-life cell drawing, acting
the part of a motor protein traversing the cell, eyes lit up across the
room as the students grasped the concept.
A professor at the University of California, Irvine, O’Dowd doesn’t
sweat over her presentations anymore. Her “garage demos”—so called
because that’s where she forages for many of her materials—earn rave
reviews. She might arrive at class toting tennis balls that stand in for
hydrogen ions, or her daughter’s old Halloween wig that doubles as
a vesicle studded with spiky purple proteins. In a hurry one day, she
grabbed a pair of old soccer socks to represent sister chromatids.
O’Dowd, who’s been teaching for two decades, revamped her
lectures five years ago as her son and daughter approached college
age. “Would they like the class I’d been teaching?” she wondered. “I
concluded that they would not be excited by listening to me lecture,
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uninterrupted, for 50 minutes.” To learn about incorporating active
learning in large classrooms, she attended the HHMI-sponsored
National Academies Summer Institute on Undergraduate
Education in Biology. Now, with support as an HHMI professor,
she is developing and testing educational techniques and teachertraining programs. Among those efforts are her famous demos,
which are hits not only in the classroom but also on YouTube.
When O’Dowd thinks back to her own college years at Stanford
University, a few courses stand out in her mind. One is introductory
physics, where lecturers routinely use demonstrations, such as the
professor who lies on a bed of nails to show that the force, distributed across so many points, doesn’t break the skin. So O’Dowd
rummaged through her garage and started to build: proteins from
pipe insulation and membrane phospholipids from PVC pipes,
Styrofoam, and an old hanger. She recruited her children as betatesters for new demos before unveiling them in class.
She explains class content with old-fashioned PowerPoint slides
and uses the demos to reiterate important concepts.

Andrew Rae

T H E B E ST T E AC H I N G TO O L S I N T H E C L ASS R O O M .

“It puts an exclamation point on the sentence,” says Michael
Leon, Irvine’s associate dean of undergraduate biology education.
O’Dowd found that students can misunderstand key concepts
when they’re presented two-dimensionally. For example, many
students perceive DNA plasmids as a flat circle, which is how they’re
typically drawn. But they are actually loops, with empty space in the
middle. Her 3-D “plasmid,” manufactured from an old garden hose,
shows students the proper shape.
Students often become moving parts in her demos—for
example, they make great motor proteins. A volunteer in O’Dowd’s
lecture might portray a kinesin, carrying the vesicle-wig across
the giant cell’s microtubule tracks, or one in a lineup of myosins,
pulling and pushing to simulate muscle contraction. Dozing off in
class is dangerous—the sleepy undergrad could wind up starring
as the “resting neuron” in a one-act play on nerve cell stimulation.
O’Dowd tries to break through the invisible barrier between the
lecturer droning at the podium and the students slouched in their
chairs. “They have to feel like they’re people in your class, not just
one in a sea of faces,” she says.
Even those who remain seated are engaged, shouting out instructions to their friends onstage. “They stop looking at their computers
and start looking at the lecture,” says graduate student Melissa
Strong, who was a teaching assistant in the course. In one demonstration, O’Dowd uses tennis balls to represent hydrogen ions in the
blood, and invites six students to come to the front of the room and

act as carbonic acid and bicarbonate ions buffering the blood’s pH.
Three tennis balls “in solution”—that is, on the floor—represent the
ideal pH. The job of the student buffers is to pick up or drop tennis
balls to maintain that perfect state. Once, O’Dowd set out five
“hydrogens,” two too many. When three students reached for balls,
she recalls, “The whole class yelled, ‘Nooo!’” The third bicarbonate
quickly dropped his ball, keeping the blood pH at equilibrium.
In an anonymous survey, 90 percent of students rated the demos
“helpful,” O’Dowd reported earlier this year in the journal CBE—
Life Sciences Education. Vivian Nguyen, a junior who works in
O’Dowd’s lab, recalls that the textbook was crammed with details,
but the demos “went straight to the point.” Sophomore Marina
Nemetalla says she thought back to demonstrations during exams
and continues to do so now in her research. During a recent lab
meeting, Nemetalla even launched into a demonstration of her
own, using colored beads to represent DNA bases.
The students are not the only ones to benefit. O’Dowd says she
gets more satisfaction from teaching than in years past. Inspiring
young people provides rewards that her research on learning and
memory in fruit flies cannot. No fellow neurobiologist has ever
written her with the comment she occasionally hears from her
students: “You changed my life.” W – A M B E R D A N C E
To see some of Diane O’Dowd’s classroom demos, visit
www.researchandteaching.bio.uci.edu/lecture_demo.html.

F O R M O R E I N F O R M AT I O N :

2009 HOLIDAY LECTURES ON SCIENCE

EXPLORING BIODIVERSITY
Sometimes it pays to look in unlikely
places to uncover the secrets of
biology. Researchers Bonnie Bassler
and Baldomero Olivera know from
experience that nature holds clues to
medical science, and this winter they’ll
be sharing their insights in HHMI’s 2009
Holiday Lectures on Science. Available
live by Webcast on December 3 and 4,
the four-part lecture series “Exploring
Biodiversity: The Search for New

Medicines” will introduce viewers to
the intriguing research of these two
biologists. ¶ Bassler, an HHMI investigator at Princeton University, studies
glow-in-the-dark marine bacteria to
learn how they communicate with each
other. Understanding how they coordinate their actions could help improve
treatment of bacterial infections in
humans. ¶ Olivera, an HHMI professor,
focuses his University of Utah research

lab on the venomous cone snail, which
can produce up to 100 different toxins.
He is sorting through the molecules
that make up these toxins in search of
compounds to treat human disease.
¶ Both researchers’ work illustrates
the value in studying the diversity of
organisms found off the beaten path.
For more information on the 2009
Holiday Lectures, visit www.hhmi.org/
biointeractive/hl.
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Removing Radiation Roadblock
R E S E A R C H E R S H AV E FO U N D T H E P R OT E I N T H AT
M A K E S S O M E T U M O R S U N R E S P O N S I V E TO R A D I AT I O N .

Almost half of all cancer patients receive radiation treatment.
When it works, the high-energy rays damage genetic material
inside tumor cells, causing them to self-destruct. But some tumors
are resistant to the radiation. HHMI investigator M. Celeste Simon
at the University of Pennsylvania School of Medicine has uncovered one protein responsible for radiation resistance in some renal
cancers and likely implicated in other cancers as well.
Simon’s lab studies proteins involved in maintaining normal
oxygen levels throughout the body. Called hypoxia inducible factors
(HIFs), these proteins usually signal cells to conserve energy when
oxygen is depleted, promoting survival. But some types of cells, like
those that form new blood vessels, need to grow more aggressively
when they sense an oxygen shortage. This is the job, Simon’s lab has
shown, of HIF2—it encourages oxygen-depleted cells to grow by
activating growth factors and inhibiting p53, a protein that normally
induces cell death in the presence of DNA damage.
It has long been known that p53 is a tumor suppressor. When it’s
turned off, tumors can grow more aggressively. p53 inhibition also
leads to radiation resistance as it is responsible for telling cells with
radiation damage to die.
Knowing this, as well as the fact that radiation-resistant tumors

often show signs of oxygen depletion, Simon hypothesized that
HIF2 was inhibiting p53 in these cancers. So she tested cell lines
from renal cancers for HIF2 and p53 activity. She showed that when
a tumor cell has increased HIF2, it has low p53 activity and is therefore resistant to radiation. Moreover, when the lab decreased the
amount of HIF2 in a cell, it had increased
p53 activity and increased response to radiation. The results appear in the August 25,
2009, issue of Proceedings of the National
Academy of Sciences.
If researchers can find a way to block
HIF2, Simon says, p53 would once more do
its job of directing radiation-damaged cells
to die. HIF2 is not the only protein that
inhibits p53 in cancers, so while Simon’s
approach would work for renal cancers with
active HIF2, there are likely multiple forms
Radiation damages the of radiation resistance. Simon does,
chromosomes inside
however, have evidence that HIF2 is linked
cells (lower panel),
normally causing the
to some forms of radiation-resistant lung
cells to die.
cancer. W – S A R A H C . P. W I L L I A M S

C U T T I N G B AC T E R I A L C H AT T E R

It’s a lesson learned by army generals
throughout history: cut off communication
among soldiers, and their attack strategy
goes haywire. It’s as true for bacteria as it
is for human armies—bacteria rely on
chemical signals to coordinate their activities. HHMI investigator Bonnie Bassler, at
Princeton University, has used her work on
bacterial communication to develop chemicals that can stop a bacterial infection in
its tracks.
The bacteria in growing colonies
produce chemical signals called autoinducers. When the amount of autoinducer
reaches a threshold, the individual bacteria
simultaneously change their behavior—by
releasing a toxin when there are enough
bacteria to have an impact on a host, for
example. Bassler’s lab group focused on
Chromobacterium violaceum, a bacterium
that rarely infects humans but can be lethal
to other organisms. When C. violaceum
reaches a certain growth level, the colony
produces an easily detectable purple dye.
The bacteria rely on an autoinducer called
acyl-homoserine lactone (AHL) to communicate their population density.
Previously, Bassler had screened thousands of chemicals to ﬁnd one that would
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interfere with the bacteria’s AHL receptors.
In her latest work, which appears in the
July 31, 2009, issue of Molecular Cell, she
took a promising chemical from this screen
and tweaked its structure to yield related
chemicals. The most potent version, chlorolactone, protected roundworms from
death due to C. violaceum, without any
side effects. This inhibitor could lead to
drugs that stop bacterial infections without
relying on traditional antibiotics.
DA M AG E R E PA I R I N
M U LT I P L E S C L E R O S I S

Damaged nerve cells cause the tingling,
paralysis, and numbness in multiple sclerosis (MS) patients. In the early stages of
the disease, immune cells attack myelin—
the protective coating surrounding nerve
cells—which begins to erode. An analogous situation resulting from lack of
myelin is seen in the major form of cerebral palsy that affects premature infants
with brain injury. Eventually, unprotected
nerve cells die. New evidence from HHMI
investigator David H. Rowitch suggests
that progression of multiple sclerosis
involves not only initial myelin damage but
also inhibition of the body’s normal myelin
repair mechanism.

Oligodendrocytes, the brain’s fix-it
cells, normally can rebuild myelin. Rowitch
and his lab group at the University of
California, San Francisco, set out to understand why this didn’t happen effectively
in MS patients. The researchers destroyed
a bit of myelin in the spinal cords of
healthy mice, and monitored the activity
of more than a thousand genes during the
repair process.
The team showed that 50 genes
encoding transcription factors, which
control the activity of other genes, were
active during myelin repair. They focused
on one, Tcf4, a member of the Wnt
signaling pathway, which showed a localized increase in expression in white matter
during myelin repair. They found that
hyperactivation of the Wnt pathway in the
oligodendrocytes of mice resulted in
significantly delayed myelin repair
compared with that in normal mice.
Testing also showed that, in humans, Tcf4
protein is found in areas damaged by MS
but not in healthy myelin. Furthermore, the
researchers discovered that many Wnt
pathway signaling molecules are overactive in patients with MS. The results
appear in the July 1, 2009, issue of Genes
& Development.

Omikron / Photo Researchers, Inc.

IN BRIEF

Starving for GABA
A SMALL CHEMICAL IN THE BRAIN IS THE DIFFERENCE
B E T W E E N E AT I N G A N D WAST I N G AWAY.

Control of feeding behavior and body weight is a complicated business. The field has been dominated by studies investigating the role
of hormones and neuropeptides for the last 15 years. Yet the roles of
glutamate and GABA, two major neurotransmitters in the brain,
have been largely ignored. But now, HHMI investigator Richard
Palmiter has shown that GABA plays a critical role in maintenance
of feeding behavior.
A group of neurons in the arcuate nucleus, a part of the brain’s
hypothalamus, has long drawn the attention of scientists looking for
the neural circuits that control eating. These neurons synthesize
protein messengers that promote eating, called agouti-related
peptide (AgRP) and neuropeptide Y (NPY). Though these peptides
were strong candidates for eating regulators, there was a hitch:
animals without them eat normally. Yet killing the neurons that
make them induces starvation; mice won’t even consume food put
directly into their mouths. “So the neurons must be making something that’s critical, and it’s probably not AgRP or NPY,” says
Palmiter, at the University of Washington.
In a series of experiments published in Cell on June 26, 2009, the
authors fingered GABA, a neurotransmitter that inhibits neuronal
activity throughout the brain, as the missing ingredient. After selec-

tively killing the AgRP/NPY
neurons, Palmiter and
colleagues observed that the
activity of many postsynaptic
neurons, in an area of the
brain called the parabrachial
nucleus, was greatly elevated.
They postulated that the
sudden loss of GABA from
Whether or not a mouse eats food
AgRP/NPY neurons was
placed in front of it depends on a
complex circuit in the brain.
responsible and showed that
they could prevent starvation
by supplementing mice with a drug that activates GABA receptors.
Conversely, blocking GABA receptors there led normal mice to starve.
Although it’s unclear how hyperactivity in the parabrachial nucleus
halts eating, the results reveal a pathway critical for food consumption,
one that Palmiter will further delineate by identifying the transmitters
involved in activating the nucleus and the targets of the parabrachial
nucleus. Judging by how quickly appetites can be suppressed, he may
not have to look far. “I think this is a pretty short circuit,” he says. “But
that would just be my gut feeling.” W – M I C H E L E S O L I S

IN BRIEF

Phanie / Photo Researchers, Inc.

I M M U N E SYST E M OV E R D R I V E

Natural killer cells find and destroy
abnormal cells in the body, playing an
important role in preventing cancers. The
pathway of molecules that allows them to
do this, however, has not been fully elucidated. Now, HHMI international research
scholar André Veillette has put one piece
of the puzzle into place, by identifying a
molecular switch that tells natural killer
cells to attack.
The results explain how a healthy
immune system works and give a better
understanding of a rare genetic disease:
X-linked lymphoproliferative disease
(XLP), which causes the immune system
to go into overdrive, making normally mild
viral infections fatal. In the late 1990s,
researchers discovered that a mutation in
an immune system protein called SAP
caused XLP. SAP mutations lead to defects
in many types of immune cells, including
natural killer cells, the researchers found.
Veillette, based at the Clinical Research
Institute of Montreal and the University of
Montreal, decided to probe these ﬁndings
further, examining just what happens to
natural killer cells when SAP is missing. He
genetically engineered mice that lack the
SAP family of proteins. The mice developed

normally, but when Veillette looked at
natural killer cells from them, he discovered something odd. The natural killer cells
could destroy some types of cancer cells
but not cancerous blood cells. The results,
which appear in the September 2009 issue
of Nature Immunology, suggest that,
without SAP, natural killer cells don’t
recognize damaged blood cells, allowing
them to pile up. The standard treatment
for XLP is bone marrow transplantation,
and that’s unlikely to change, Veillette says.
However, he thinks future research on
SAP-related molecules could point toward
better therapies for other viral infections or
autoimmune diseases.
M A N AG I N G SA LT

Researchers led by HHMI investigator
Richard P. Lifton have uncovered clues to
how cells manage their delicate interior
balance of salts and water and how that
affects cell volume. Too much salt inside a
cell causes water to rush in, potentially
bursting the cell, whereas too little salt can
make a cell shrivel up and die. Specialized
ion transporters regulate the flow of
salts across a cell’s outer membrane.
Abnormalities in the regulation of intracellular chloride are believed to play a role in

diverse clinical disorders, including sickle
cell anemia.
In 2001, Lifton discovered a pathway
that helps control blood pressure. Since
then, as his group investigated the key
players in the pathway—protein kinases
called WNKs—they found that the WNKs
are involved in orchestrating the ﬂow of
chloride ions in and out of cells.
To explore this pathway, Lifton’s lab
group at the Yale School of Medicine used
new tools of quantitative phosphoproteomics to identify key sites on chloride
cotransporters. These sites are phosphorylated under resting conditions, which
keeps the transporters inactive, but are
rapidly dephosphorylated in low-salt environments, activating transport. This phosphorylation depends on WNK activity, the
team concludes in the August 7, 2009,
issue of Cell. With further research, they
hope to reveal just how the pathway works.
RANKING SPECIES WITH GOOGLE

The same method Google uses to rank
the importance of Web pages can be
used to rank the importance of species
within an ecosystem, researchers have
shown. Mercedes Pascual, an HHMI investigator at the University of Michigan,
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lab book

Blue Baby Blues
A CO N G E N I TA L H E A R T D E F E C T I S E X P L A I N E D
BY N E W G E N E T I C C LU E S

A deep blue tint in a newborn’s skin is the first sign that something’s
wrong. Blood cells that should be bright red and full of oxygen,
creating a baby’s typically rosy hue, instead lack oxygen due to a
congenital heart defect. Known
colloquially as blue baby syndrome,
tetralogy of Fallot (TOF) occurs in
one in 3,000 live births and accounts
for nearly 10 percent of all serious
congenital heart defects. Its cause
has largely been a mystery, as the
parents of babies born with TOF
usually show no signs of heart defect.
Now, HHMI investigator Christine
Seidman of Brigham and Women’s
Hospital and Harvard Medical
School has found a genetic cause for
The x-ray of the chest of an
some cases of TOF.
infant with Fallot’s tetralogy,
After hitting dead ends when
a congenital heart defect.
trying to pinpoint specific mutations

linked to TOF, Seidman’s lab group hypothesized that TOF might
have its root in the number of copies of particular genes. This kind
of genetic change can lead to incorrect amounts of protein being
made by a cell. Down syndrome, one extreme example of a copy
number variation, is caused by an entire duplicated chromosome.
Seidman’s team searched the genomes of 114 TOF patients and
found 11 segments of DNA that were present in too many or too few
copies. They then looked at these regions in the DNA of another
398 TOF patients and confirmed that seven of the copy number
variations were linked to TOF. The regions did not show incorrect
copy number in the unaffected parents of the babies born with
TOF, the scientists report in the August issue of Nature Genetics.
The team is now studying those seven regions to explore what
particular genes may be implicated in TOF. Seidman also thinks
that variation in copy number could be at play in other congenital
heart defects, where researchers have been unable to pinpoint
specific mutations.
“Our work really reiterates the theme that the dosage of certain
genes is vital,” says Seidman. W – S A R A H C . P. W I L L I A M S

IN BRIEF

A NEW FUNCTION OF KILLER T CELLS

Researchers led by Ralph Isberg, an HHMI
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investigator at Tufts University School of
Medicine, have discovered a previously
unknown function of killer T cells in the
immune system. Scientists knew that killer
T cells can attack cells that have been
invaded by bacteria to thwart an infection.
The new research shows that killer T cells
can also attack cells with bacteria attached
to their outer surfaces.
Isberg’s team inoculated mice with a
strain of Yersinia pseudotuberculosis, a
bacterium that attaches itself to the
outside of cells in the gut. The inoculated mice had high levels of anti-Yersinia
antibodies and increased numbers of
killer T cells—unexpected ﬁndings since
the bacteria generally live outside of
host cells.
To investigate this ﬁnding, the scientists injected weak forms of the bacteria
into mice lacking killer T cells. The mice
died from this infection, whereas normal
mice survived, suggesting that killer T cells
are vital to ﬁghting off the infection. The
results were published September 4,
2009, in PLoS Pathogens.
Further experiments showed that after
the killer T cells attack a cell carrying Y.
pseudotuberculosis, other immune system
cells can engulf the dead cell and bacteria.
The new mechanism sheds light on how
the immune system functions and suggests

new strategies for targeting extracellular
pathogens.
S P OT T I N G OVA R I A N C A N C E R S E A R LY

A new study by HHMI scientists reveals
details on just how long early-stage ovarian
tumors exist before they are detectable by
current tests. The researchers, led by HHMI
investigator Patrick O. Brown at the
Stanford University School of Medicine,
scoured existing data on ovarian tumors to
uncover the new statistics.
They relied on details about ovarian
tumors discovered by chance in healthy
women who had their ovaries and fallopian tubes removed because they were at
high risk for cancer. Most of the tumors
were microscopic and undetectable by the
naked eye. None of the women showed
symptoms of cancer.
The study concluded that most ovarian
tumors exist for at least 4 years before
they spread, and the typical cancer is less
than three millimeters across for most of
this time. In addition, the researchers
determined that these early tumors are
more likely to be in the fallopian tubes
than in the ovaries. The findings were
published July 28, 2009, in PLoS Medicine.
Brown’s lab is now looking for ways to
detect such tumors earlier and intervene
before the cancer spreads.

Zephyr / Photo Researchers, Inc.

studies the tangled network of relationships between species in a food web. To
determine how a species’ extinction
would affect the rest of the web, scientists like Pascual must ﬁrst rank all species
based on how codependent they are. A
postdoctoral fellow working in Pascual’s
lab realized that this was how Google’s
“PageRank” system worked: it rates a page
as more important if it is linked to other
pages ranked important.
Pascual’s lab group and their collaborators tweaked PageRank to apply to their
ecosystem modeling. The new system
performed better, they found, than traditional algorithms. They then applied it to
some real ecosystems, including the
Chesapeake Bay and oceanic coral reefs.
The researchers compared these results
from the new method with those calculated by a more computationally intensive
method and found that it stands up well.
The researchers say that this system,
published online on September 4, 2009, in
PLoS Computational Biology, could also
be made to analyze other biological
networks, such as metabolic networks
within cells or interactions of cells within
organisms.

ask a scientist

Q A
Does the There are almost 28,000 species of fish
the world, more than the number of
anatomy of inamphibian,
reptile, bird, and mammal
combined. Slightly more than
freshwater species
half of these fish, including swordfish,
and saltwater tuna, and angelfish live only in salt
Another 40 percent, such as goldﬁsh differ? water.
fish, guppies, and channel catfish, reside
Eli, a high school student
from Australia

FURTHER READING

“Why Can Some Fish Live in Freshwater,
Some in Saltwater, and Some in Both?” W. A. Wurts
World Aquaculture 1998 29(1): 65
“Molecular Biology of Major Components of
Chloride Cells” S. Hirose et al. Comparative Biochemistry
and Physiology Part B (2003) 136:593–620
“Evolution of Blood Pressure Regulation
in Humans” J. H. Young
Current Hypertension Reports (2007) 9(1):13–18

only in fresh water. The remaining few
percent, like salmon, eel, and striped
bass, can switch between fresh water
and salt water at various stages in their
life cycles.
While fish have many adaptations to
their environments—such as body shape,
size, and color—there are no general
anatomical differences that distinguish
freshwater fish from marine fish. The
differences instead relate to how they
regulate water and salts in their cells.
Ocean water has a salinity of roughly
35 parts per thousand (ppt), or 35 grams
of dissolved salts per liter of water. Fresh
water varies but is usually less than 0.5
ppt. However, all fish, no matter where
they live, have virtually identical salt
concentrations in their blood—around
10 ppt. Since this blood concentration
falls between the salinity of salt water and
fresh water, saltwater and freshwater fish
are constantly facing opposite osmotic
pressures: In fresh water, the natural
tendency is for water to seep into the
fish, and salt out. In salt water, though,
environmental salt tends to diffuse into
the fish and the water in the internal
fluid of the fish tends to be pushed out.
To adapt to these diverging physiological
demands, freshwater and saltwater fish
differ in the function of their osmoregulation machinery—the organs that help

balance ions and water between the
environment and the fish’s blood.
Two major osmoregulatory organs in
fish are the gill and the kidney. Let’s focus
on the gill. Both freshwater and saltwater
fish have specialized chloride cells in
their gills. These large round cells are rich
in mitochondria, to produce energy, and
in ion transporters, which use that energy
to pump salts across the membrane. In
marine fish, the chloride cells pump
salts out of the gills into the surrounding
environment. In freshwater fish that are
constantly trying to stay saltier than the
surrounding water, however, the chloride
cells pump sodium, calcium, and chloride into the fish.
Which, where, and how many
ion transporters and channels are
present in these chloride cells is under
complex regulation by various genes.
Expression of these genes may stay
constant throughout a fish’s life or may
change in response to environmental
shifts in salinity. Chloride cells in fish
migrating between fresh and salt water,
for example, express different pumps in
the different environments. Studying
what genetic makeup allows for adaptation to different salinity environments
will help us understand how freshwater
and saltwater fish evolved as well as
what mechanisms nature has selected
for ion and water regulation, which
goes beyond fish and relates to human
disease and heath.
ANSWER RESEARCHED BY HAILI ZHANG,

postdoctoral fellow in laboratory of
HHMI investigator David Kingsley,
Stanford University.

Science is all about asking questions, exploring the problems that confound or intrigue us. But answers
can’t always be found in a classroom or textbook. At HHMI’s Ask a Scientist website, working
scientists tackle your tough questions about human biology, diseases, evolution, animals, and genetics.
Visit www.hhmi.org/askascientist to browse an archive of questions and answers, ﬁnd helpful Web links,
or toss your question into the mix. What’s been puzzling you lately?
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Freeze Frame Cryo-EM is a way to view protein
structures—now at atomic resolution—as they do their
thing in the biological world.
for an electron microscope, which needs a vacuum
to clear the air, water is the enemy. “It contaminates the sample,
makes the vacuum dirty, and essentially destroys the experiment,”
says Nikolaus Grigorieff, an HHMI investigator at Brandeis
University. “Of course, in biology, water is the one substance that is
present everywhere.”
The solution is to flash-freeze the sample and use the electron
microscope, one of the most sensitive tools in science, to look at
proteins or other biological structures trapped in a frozen matrix. In
electron cryomicroscopy, or cryo-EM, researchers freeze a sample
in liquid ethane so quickly that the watery environment becomes a
glassy, vitreous solid before it can spoil the experiment or crystallize
into regular ice. The living structure is preserved whole, suspended
in time.
The technique has recently begun to achieve the degree of sensitivity that makes it useful for structural biologists who want to resolve
molecular structures at the atomic level. Increasingly, cryo-EM is
seen as a natural complement to—and sometimes a substitute for—
gold-standard methods such as x-ray crystallography for studying
proteins, nucleic acids, and the complexes they form inside cells.
Grigorieff is a specialist in the field of cryo-EM. Working with
fellow HHMI investigator Stephen Harrison of Harvard Medical
School and Children’s Hospital, Boston, he recently reported a
structural map of an outer-coat protein locked in place on an intact
rotavirus particle (see Upfront, “Piecing Together Rotavirus’s
Unique Approach”). The picture was not as detailed as Harrison’s
images of the protein captured by x-ray crystallography, but it
allowed the scientists to visualize the protein’s placement on the
intact particle and infer its role in rotavirus infection.
For almost any technique in structural biology, the trick is to
achieve high resolution without losing the fuller picture of how a
structure looks and behaves inside a cell. That’s a big challenge for
x-ray crystallographers, who must isolate, purify, and coax living
structures into an artificial crystalline lattice to study them. For one
thing, crystallization is not always possible, especially for large structures made of many interlocking molecules. In addition, the
crystallized form captures only one state of the structure: cellular
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parts are made to move, and locking them into a static position gives
only one part of the story. Other structural biology techniques are
limited in that they require dehydration, dyes, or harsh fixatives that
can disrupt fragile chemical bonds.
Developed in the 1970s, cryo-EM has the advantage of being able
to preserve molecular structures in multiple states and hence to give
a more complete picture of a macromolecular machine in action.
Refining Resolution
It’s not easy to prepare a sample in this way, but the bigger challenge
for the cryo-EM community, says Grigorieff, has been getting to an
atomic-scale resolution of one to five angstroms (the average atom is
roughly two angstroms).
“For a long time, people were getting around 20 angstroms resolution, where they might be able to distinguish different proteins but
not different amino acids within the proteins,” he says. “Then it was
six angstroms or so, which still isn’t good enough to show atomiclevel detail.”
Grigorieff is intent on pushing that limit. In the rotavirus study,
his group achieved a resolution of about four angstroms.
There are two primary ways to get three-dimensional structures
from cryo-EM images. Grigorieff uses an approach called single
particle reconstruction, taking two-dimensional images of thousands of copies of the virus particle and then averaging them with
computer algorithms into a three-dimensional picture. In the other
approach, called computed tomography cryo-EM, a single molecular structure is photographed in a series of pictures from many
angles to arrive at a similar three-dimensional average, much like
the CT-scan technology used by physicians. In both cases, the raw
images appear fuzzy, so the averaging step is key.
“Basically, you have a bunch of very snowy images, and then you
stack them up on top of each other and out comes a pattern,” says
Grigorieff. “When we do enough of these—100,000 or even a
million—then we are suddenly able to see much more detail in the
underlying pattern.” Or rather, computers see the pattern and interpret it, creating a color-mapped model that shows the orientation of
molecules and the ways they interact with each other.

James Chen, Ethan Settembre, Scott Aoki, Xing Zhang, Richard Bellamy, Philip Dormitzer, Stephen Harrison, and Nikolaus Grigorieff.

This three-dimensional cryo-EM image of a rotavirus enables researchers to infer the role of two
proteins on the virus’s temporary, outermost coat. The VP4 spike protein (red), which helps
the virus puncture the membranes of target cells, is held in check by the VP7 protein (gold) until
the virus is primed for infection. In green is a third protein, VP6, found in the middle coat.

Grigorieff spends much of his time creating and refining those
algorithms, which must be powerful enough to analyze all those
thousands of pictures—and flexible enough to interpret a variety of
structures. It helps, Grigorieff says, to work with a highly symmetrical particle like rotavirus, which has the same symmetry as the
20-faced solid called the icosahedron. “The symmetry makes the
task of averaging one million molecules much easier,” he explains.
“The rotavirus work showed that we can get sufficient resolution
to build atomic models,” he says. “Because we now have proof of

concept … we have more confidence that we will eventually be
able to get similar resolution with more difficult samples.”
Eventually, Grigorieff would like to tackle cellular behemoths such
as the spliceosome, a structure made of 150 or so proteins that edits
messenger RNA into a more readable form. W
– SARAH GOFORTH

W E B E X T R A : Visit the online Bulletin to learn more about Grigorieff’s cryo-EM images
of rotavirus. www.hhmi.org/bulletin/nov2009
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nota bene

SPOTLIGHT

Druker and Sawyers Win Lasker Award

C H A R L E S S AW Y E R S

HHMI investigator E DWA R D M . D E
of the University of California,
Los Angeles, won the 2009 Ross Harrison
Prize. The prize is awarded every four
years at the Congress of the International
Society of Developmental Biology, which
this year took place in Edinburgh,
Scotland. De Robertis studies cell differentiation in early embryos.

ROBERTIS

ABDOULAYE DJIMDÉ , an HHMI international research scholar at the University of
Bamako in Mali, won the 2009 “Prix de la
Pharmacie Francophone,” a prize awarded
by The National Academy of Pharmacy of
France to the top pharmacist in the
Francophone world. Djimdé is one of the
world’s top experts on the characterization of
drug-resistant malaria.
LAWRENCE S.B. GOLDSTEIN ,

an HHMI
investigator at the University of California,
San Diego, won the 2009 Public Service
Award from the American Society for Cell
Biology. Goldstein is a member of the society’s public policy committee and has given
testimony to the United States Senate on
stem cell research.
HHMI investigator DAVID HAUSSLER , of
the University of California, Santa Cruz,
won the 2009 Curt Stern Award from the
American Society of Human Genetics.
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Haussler shares the award with James Kent,
also of the University of California, Santa
Cruz, for their development of the UCSC
Genome Bioinformatics website, which
contains a completed human genome
sequence and a set of tools researchers use to
study the sequence.
KATHERINE A. HIGH ,

an HHMI investigator at the Children’s Hospit al of
Philadelphia, won the first Audrey E. Evans
Award of Excellence from the Philadelphia
Ronald McDonald House. She shares the
award with Jean Bennett and Albert Maguire,
both at the University of Pennsylvania, for
their work developing a genetic treatment for
Leber’s congenital amaurosis, a rare inherited eye disease.

HHMI investigator H. ROBERT HORVITZ of
the Massachusetts Institute of Technology
was elected as a foreign member to the Royal
Society of London.
The American Society of Plant Biologists
awarded STEVEN E. JACOBSEN, an HHMI
investigator at the University of California,
Los Angeles, the 2009 Charles Albert Shull
Award. The Shull Award is given annually to
a young scientist for pioneering research in
plant biology. Jacobsen studies epigenetic
regulation of gene expression in plants.

HHMI investigators LILY Y. JAN and YUH
of the University of California,
San Francisco, share the 2009 Ralph W.
Gerard Prize in Neuroscience. The annual
prize, given by the Society for Neuroscience,
honors outstanding contributions to the field
of neuroscience. Lily Jan studies how potassium channels regulate the signaling of
neurons in the brain, and Yuh Nung Jan
studies how neurons become specialized
during embryonic development.
NUNG JAN

ROBERT J. LEFKOWITZ, an HHMI investigator at Duke University, is the 2009 recipient
of the American Heart Association Research
Achievement Award. Lefkowitz was chosen
for his research on receptors that transmit
chemical signals regulating heart rate and
blood pressure, among many other physiological processes.

HHMI investigator JOAN MASSAGUÉ , of
the Memorial Sloan-Kettering Cancer
Center, won the first BBVA Foundation
Frontiers of Knowledge and Culture Award
in the biomedicine category. Massagué was
chosen for his body of work studying how
breast and lung cancers spread to other parts
of the body.
HHMI investigator LOUIS J. PTÁČEK of the
University of California, San Francisco, was
elected to the Association of American

Druker: Courtesy of OHSU Sawyers: Liz Baylen / PR Newswire, ©HHMI

BRIAN DRUKER

HHMI investigators Brian J. Druker, of Oregon Health & Science
University, and Charles L. Sawyers, of Memorial-Sloan Kettering
Cancer Center, were awarded the 2009 Lasker-DeBakey Clinical
Medical Research Award from the Albert and Mary Lasker Foundation
for their work on Gleevec, a treatment for chronic myelogenous leukemia. Also sharing the award was Nicholas B. Lydon, formerly of
Novartis AG. Druker’s and Lydon’s research led to the development of
Gleevec, while Sawyers’ work was instrumental in understanding why
some patients are resistant to the drug. The researchers’ combined
discoveries changed chronic myelogenous leukemia from a fatal
cancer to a manageable one. The Lasker Awards are given annually in
the categories of basic medical research, clinical medical research,
and public service.

Physicians in April. Ptáček studies the genetic
basis of paralysis diseases.
The 2009 Ranwell Caputo Award from the
Argentine Society for Neurochemistry was
awarded to HHMI international research
scholar RANULFO ROMO . Romo, of the
Institute of Cellular Physiology at the
National Autonomous University of Mexico,
studies how the activity of brain circuits leads
to sensory experiences.
MICHAEL ROSBASH, an HHMI investigator

at Brandeis University, received the 2009
Neuroscience Prize of the Peter and Patricia
Gruber Foundation. He shares the award
with Jeffrey Hall of the University of Maine
and Michael Young of The Rockefeller
University for their work on the circadian
rhythms of fruit flies.
HHMI investigator STUART L. SCHREIBER,
of Harvard University, received the 2009–
2010 Wheland Medal from the University of
Chicago’s Department of Chemistry. The
biannual award recognizes a scientist who
has made outstanding contributions to chemistry. Schreiber’s research focuses on small
molecules that target the epigenome and
alter the state of cells.
MICHAEL N. SHADLEN , an HHMI investigator at the University of Washington School

SPOTLIGHT

Fuchs Awarded Medal of Science
Elaine Fuchs, an HHMI investigator at The
Rockefeller University, received the National
Medal of Science from President Barack Obama
at a ceremony at the White House. Eight other
scientists were also presented medals—the
nation’s highest honor for science. Fuchs was
honored for her research on mammalian skin and
skin diseases. Fuchs studies skin and hair—two
distinct structures that develop from the same
skin stem cells. She hopes to unravel the question
of how a skin stem cell chooses whether to
become skin or hair. Her work has already made
inroads into understanding hair growth and how
defective stem cells can cause cancer. Congress
established the National Medal of Science in 1959
as a Presidential Award to be given to scientists
deemed outstanding in their ﬁelds.

of Medicine, won the 2009 W. Alden
Spencer Award. The Spencer Award is
given annually by the Columbia University
College of Physicians and Surgeons
Department of Neuroscience and The
Kavli Institute for Brain Science for
outstanding research contributions to
neural science.
HHMI-supported undergraduate and NCAA
diver CRAIG SHEEDY, who graduated from
the University of Arizona in May, was
awarded the 2009 Walter Byers Postgraduate

Fuchs: Courtesy of Rockefeller University Friedman: Robert Reichert

Scholarship. This national award for scholarship, character, and leadership is given
annually to one male and one female
college athlete in the country to fund their
postgraduate education. Sheedy is now
attending the Vanderbilt University School
of Medicine.
HHMI President ROBERT TJIAN received
the Society of Chinese Biochemists in
America 2009 Presidential Award for his
scientific achievements and his leadership in
science.
ANDRÉ VEILLETTE ,

an HHMI international research scholar at the Clinical
Research Institute of Montreal, received the
2009 Bernhard Cinader Award of the
Canadian Society for Immunology. This
annual award recognizes an outstanding
immunologist working in Canada. Veillette
studies the activation and differentiation of
immune cells.

SPOTLIGHT

Keio Prize Goes to Friedman
The 2009 Keio Science Prize was awarded to
HHMI investigator Jeffrey M. Friedman in recognition of his research on hormones that regulate
food intake and body weight. Friedman, of The
Rockefeller University, studies leptin, one molecule linked to appetite and obesity. Friedman
discovered that when an animal loses weight,
leptin concentrations fall and this causes the
animal to search for food. In obese mice, he
found that leptin rewires neurons in the brain to
decrease appetite. The Keio Prize is given annually by Keio University, in Japan, for outstanding
research in medical science.

ELAINE FUCHS

JEFFREY FRIEDMAN

HHMI professors ISIAH M. WARNER , of
Louisiana State University, and RICHARD N.
ZARE , of Stanford University, were among
the 162 scientists named to the inaugural
class of American Chemical Society Fellows.
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CO N T I N U E D F R O M PAG E 1 7

( T H E M O S T V U L N E R A B L E PAT I E N TS )

the chance of losing a baby can be as high as 80 percent in areas
of the world where NICUs are lacking, and most babies who do
survive will have long-term mental and physical disabilities.
“For a woman, that is like being told she has metastatic cancer.
She’s willing to try anything to save her baby’s life,” Karumanchi
says. A therapeutic agent that could prolong her pregnancy by
even a few weeks would increase the odds dramatically—babies
born after 28 weeks have a greater than 90 percent chance of
survival, with fewer complications.
Rowitch now cares for babies born too soon in a new unit at
UCSF, the Neurointensive Care Nursery, which opened in April
2008. The nursery is the only one in the country with round-the-

CO N T I N U E D F R O M PAG E 2 9

( M E M B R A N E AWA K E N I N G )

probe the membrane as a complete system, rather than as isolated
proteins. “The single molecule approach will always be there,
that’s essential,” Groves says, “but we’re starting to have tools to
go after the collective as well. We want to see the forest and the
trees both.”
Harvard’s Walz shares this view. He has moved from studying
the structure of aquaporins to looking at the broader view—probing
how the channels interact with the membrane around them.
His lab has been testing the theory that helix-shaped parts that
exist in many membrane proteins, including aquaporins, can
adjust to the bilayer surrounding them by expanding and
contracting like a spring. If they’re in a thick lipid membrane, the

CO N T I N U E D F R O M PAG E 3 3

( E N H A N C I N G TA P E R FO R M A N C E )

chemistry lab at the university, which is consistently among the
10 schools with the largest number of undergraduate chemistry
and biochemistry majors in the country. Introductory classes are
often packed with 2,200 or so students each fall. The training
helped him overcome his initial nervousness, and the support
structure was important when he encountered his first major
problem in the lab.
In that instance, a nontraditional student in his 70s wasn’t
working well with the other students, most of them just 18, and
he ended up being a burden to his lab mates. Bauer brought the
problem to his TA training class. After much discussion, they
concluded it might be best for the older student to rotate to a
different lab group each week. “I implemented that change in the
lab and it seemed to work,” he says.

clock brainwave monitoring and magnetic resonance imaging for
premature infants. With these tools, doctors and researchers are
developing and testing supportive therapies for the most vulnerable babies’ brains.
“These are the hardest patients, the ones with neurological
injuries. It’s extremely hard to see what families go through and to
routinely have to tell them there are no therapies available,” says
Rowitch. “One way for doctors and nurses to combat emotional
exhaustion is by thinking toward the future. For me, that’s working
on a neuroprotective strategy for these very premature babies.”

W E B E X T R A : To read about an HHMI professor’s efforts to refine inexpensive incubators,
and to hear her describe her students’ work, visit: www.hhmi.org/bulletin/nov2009.

helices can stretch a little bit, and if they’re in a thin spot, the
helices will condense.
“That is just a theory, and using aquaporins we can actually
measure whether this is happening or not,” says Walz. By doing
crystallography of aquaporins while they’re embedded in the
membrane, as he and Gonen did for the AQP-0 structure, Walz
can see how the structure changes in membranes of varying widths.
Innovative experiments like this, membrane scientists agree,
will answer the questions raised by a decade of structural work.
“It’s a little like the stage of biology back when collectors were
going out and collecting things and sending them back to
museums,” says Rod MacKinnon. “We have a large collection
now. Which means we have to start figuring out the logic to how
this all fits together.” W

Bauer says he would like to be a teacher some day and will use
what he learned in White’s class. “He pushed the boundaries of
what else we could try [in class] and helped us get out of our
comfort zones. I think it’s a good jumping off point,” Bauer says.
That’s what White hopes these biology and chemistry TAs
learn: teaching well is a constant learning experience. In the rush
to get into graduate school, most graduate students haven’t spent
time thinking about teaching, he says, and TA training can be the
first step toward becoming a great teacher one day—whether his
students become professors or not. “It doesn’t come easily—and
it doesn’t happen in one semester.” W

W E B E X T R A : Visit www.hhmi.org/bulletin/nov2009 to see an audio slideshow of a new
TA as he prepares for his first time teaching a University of Delaware lab and an audio
slideshow of Catherine Drennan’s MIT training class on diversity.

This paper is certiﬁed by SmartWood for FSC standards, which
promote environmentally appropriate, socially beneﬁcial, and
economically viable management of the world’s forests.
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