Getting a grasp on how life first emerged on
earth takes scientific knowledge and creative
thinking. Colorful pictures can’t hurt either.
While a postdoctoral fellow in the lab of HHMI
investigator Jack Szostak, Janet Iwasa created
a Website of animations and illustrations
portraying the molecular origins of life—like
this protocell, composed only of a membrane
and RNA. The Website won honorable mention
in the Interactive Media category of Science
magazine’s 2008 Visualization Challenge. To see
more of Iwasa’s portrayals of the first cells,
visit www.exploringorigins.org.
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Meiosis

Chromosomal movement has long
captivated scientists. New research only
adds to the fascination.
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Breaking News
Robert Tjian to Lead Institute
Nobel Prize Goes to Roger Tsien

54

Dynamic sacs called vesicles
snake throughout cells, moving
molecules from one place to
another. Pamela Björkman’s lab
has used electron tomography
imaging to reveal in dramatic
detail how a vesicle (blue) moves
antibodies (gold) through the
cell of a newborn rat, which must
absorb antibodies from its
mother’s milk to establish its
own immune system.

Turn-of-the-Century Science

Rachel Gannon

Wanzhong He / Björkman lab

The first findings on meiosis—the divvying up of the genetic material in a cell—fascinated cell biologists and offered new evidence on one of the most pressing scientific
questions of the previous century: how individual variation is passed between generations. Evolution had been described by both Charles Darwin and Jean-Baptiste
Lamarck, though the details of their theories diverged, and neither could offer an
explanation for exactly how inheritance worked at a physical level. But late in the
19th century, thanks to observations of sea urchin eggs undergoing meiosis, biologist August Weissmann was able to declare that Darwin’s theory was closer to reality
than Lamarck’s. Here, biologist Cyril Dean Darlington describes the impact of this
early meiosis research.
The story begins with Oscar Hertwig’s discovery in 1875 that fertilization, the basis
of sexual reproduction, concerns the nucleus and therefore also the chromosomes.
The ideas which have arisen from this discovery in the century which has passed have
some of them made a great stir. Others have gone on their way to return like comets
after many years. And others have disappeared like the paper of Farmer & Moore in
1905 which left us the word meiosis and a few forgotten fallacies.
The idea from which all our work springs was, of course, Weismann’s prediction
that meiosis in both sexes must be the universal complement of fertilization. But even
this had a chequered career. His statement to the British Association in 1887 was at
once understood. But it carried with it a rider whose meaning has only gradually
unfolded itself. The rider was to the effect that the sexual process had succeeded
because it was ‘a source of individual variability.’ Recombination of the materials of
heredity, which we may call ids or genes, germ plasm or chromosomes, allowed individuals in later generations to expose their variation to natural selection.
Weismann’s sustained purpose behind this formula was to make a clean separation
between Darwin and Lamarck. The idea was novel on the face of it. But behind the
face of it were concealed more implications than behind any evolutionary idea other
than natural selection itself. And these implications could be grasped only piecemeal
as the study of meiosis slowly revealed the mechanism of recombination and the long
sequence of its causes and consequences.
From the paper “Meiosis in Perspective,” C.D. Darlington, Philosophical Transactions of
the Royal Society of London B. Biological Science, 277:185-189 (1977). Reprinted with
permission of the Royal Society of London.
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The Meiosis Dance

Lab Lessons

Researchers are finally
learning the molecular steps
of a chromosome shuffle
that’s been watched from
afar for centuries.

If hands-on is the way to
teach science, hands-on in
a real scientist’s lab has got
to be the ultimate, right?
More programs think so,
and they are finding ways
to make it happen for high
school students.

Carving Out
Her Niche

Science 2.0: You
Say You Want a
Revolution?

[COVER STORY]

Judith Kimble’s
engaged style has made
for a vibrant career
unraveling mechanisms
that control stem-cell
development—and some
interesting airplane chats.

V I S I T T H E B U L L E T I N O N L I N E F O R A D D I T I O N A L C O N T E N T A N D A D D E D F E AT U R E S :
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The collaborative online tools
people are using in other parts
of their lives, such as Facebook,
YouTube, and blogs, are roiling
the disciplined world of
scientific communication.

COVER IMAGE: BRENDAN MONROE

contributors

An artist who digs through science to find loose references for his paintings and sculptures,
Brendan Monroe (cover and “The Meiosis Dance,” page 16) often weaves tiny organisms
among large blob-like figures and interconnected red cellular shapes in his work. Monroe lives
in Berkeley, California, where he also indulges his love of gardening. (1)

(1)

After seven years as a newspaper reporter, Andrea Widener (“Lab Lessons,” page 22) needed a break. So she joined the Peace Corps, serving in The Gambia, West Africa, where she
learned to carry water on her head and bargain ferociously for plastic buckets. Now back in the
U.S., she’s enjoying indoor plumbing, electricity, and her job as a science writer at HHMI. (2)
Photographs from Kevin J. Miyazaki (“Carving Out Her Niche,” page 28) have appeared in
Money, Travel + Leisure, ReadyMade, and BusinessWeek, among other publications. Miyazaki
loves airports, doesn’t watch television, and secretly relishes the wedding section of the Sunday New York Times. In his spare time, he photographs closed-down fast-food restaurants. (3)
John Davenport (“Full Tilt Transport,” page 54) whiled away his 20s in a dark closet watching enzymes move, one at a time. Hungry for a wider field of view, he forsook the lab for a career in science writing. Formerly an associate editor of Science Magazine’s Website on aging
research, he spends his days hanging out with brain scientists at Brown University and writes
about all manner of science from his rural Rhode Island home. (4)

(3)

(2)

(4)
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president ’s letter

Behind the Name

Bruce Weller

Our name—the Howard Hughes Medical Institute—can

be puzzling. Every day we hear from people with questions about
medical conditions that affect them or family members. These
inquiries, whether they come via telephone, e-mail, or handwritten
letter, express a desire for information filled with hope and sometimes desperation: Do you offer clinical trials for my disease? What
new therapies are available? Can you help me?
HHMI is not a medical center with a full roster of doctors and
nurses. We don’t see patients or manage clinical trials here at our
headquarters in Chevy Chase, Maryland. Therefore, our responses
may discourage those who turn to us for immediate, direct help.
At our host institutions, our scientists focus primarily on the basic
biological processes that underlie human diseases. They rely on
worms, flies, mice, and other model systems to probe the functions
of specific genes or to deconstruct complex biochemical pathways
that are important to understanding human biology.
Yet the medical part of our name represents a critical part of our
mission and our work. HHMI’s mission is not only “the promotion
of human knowledge within the field of the basic sciences (principally the field of medical research and education)” but also “the
effective application thereof for the benefit of mankind.” Finding
the effective application for our knowledge can take time. Indeed,
it may take decades to make the definitive connection between the
lab and our ultimate aim: benefiting humanity.
Some HHMI physician-scientists are actively engaged in translating the discoveries in their laboratories into new therapies or
diagnostic tools. I was particularly struck by the medical impact of
HHMI science during a recent gathering of investigators at HHMI
headquarters. These periodic meetings—each of our 350-plus
scientists attends one a year—are always exciting because we hear
about new work and share ideas. This particular meeting focused
on translational medicine and the talks covered the gamut of human
disease—from coronary artery disease and cancer to Alzheimer’s
disease, tuberculosis, and HIV/AIDS.
For example, Helen Hobbs at the University of Texas Southwestern
Medical Center at Dallas focuses her research on the genetic
factors that influence an individual’s blood cholesterol levels and
risk for heart disease. As leader of the Dallas Heart Study, she and
her colleagues are combining population-based research with the
powerful tools of reverse genetics to tease out the genetic basis for
complex traits. Already, Hobbs’ research has generated an important
hypothesis—that early intervention to lower “bad” LDL cholesterol
can substantially reduce the risk of heart disease, even among individuals who have other significant risk factors.
Like Hobbs, Bert Vogelstein of the Johns Hopkins University
School of Medicine works with large pools of data collected from
patients—in his case, patients with cancer. Studying tumors of the
pancreas, brain, colon, and breast, Vogelstein and his colleagues have
built complex maps to chart gene mutations and the biochemical
pathways they alter. The results may change how new drugs are developed. The researchers found 280 genes mutated in breast and colon

“The common thread that connects
these scientists—and dozens of
others in the HHMI community—is
their dedication to directing the tools
of modern biology toward alleviating
human suffering.
th o mas cech

”

cancers—a daunting array of potential targets for any scientist seeking
to develop new therapies—but the mutated genes were involved in
only 15 pathways. Vogelstein hopes to use this knowledge to create
tools to detect cancer early and prevent it from progressing.
Cancer remains one of the most challenging clinical problems—in
part because it is so closely tied to normal cell function—and HHMI
scientists are approaching it from many different angles. Robert
Darnell of The Rockefeller University works with small numbers of
patients whose bodies mount a powerful immune response to cancer.
These rare individuals—only one in 10,000 patients with breast or
ovarian cancer—fend off the cancer but in the process produce
antibodies that cause serious neurological problems. Darnell is now
taking knowledge he’s gained from studying these individuals to
devise customized vaccines for brain tumor patients. The approach
is now being tested in a phase 2 clinical trial at Rockefeller.
The common thread that connects these scientists—and dozens
of others in the HHMI community—is their dedication to directing
the tools of modern biology toward alleviating human suffering. And
the common refrain we hear from the people who contact HHMI—
even when we cannot give them what they most want, a cure or a
treatment—is sincere gratitude. For each of us at HHMI, our challenge is to repay that gratitude by living up to the Institute’s bold
mission by supporting the very best science, from the most basic
studies through translational research. My recently named successor,
Professor Robert Tjian of the University of California, Berkeley, will
undoubtedly find new ways to advance that commitment when he
becomes president of HHMI in April 2009.
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breaking news

robert tjian, an hhmi investigator for 21 years and a
distinguished biochemist on the faculty of the University of California,
Berkeley, will succeed Thomas R. Cech as the Institute’s president.
“This is the most interesting job for a scientist in the nation—if
not the world—because of its impact on research in the life sciences,”
said Tjian. “I feel a sense of responsibility after more than 20 years as
an investigator with the Institute. It is a great opportunity to give back
and a huge honor to be asked.”
Tjian will take office on April 1, 2009, when Cech returns to the
University of Colorado at Boulder to resume full-time laboratory
research. He becomes the fourth president since the Institute’s reorganization in the mid-1980s following the death of its founder,
Howard R. Hughes.
The HHMI Trustees elected Tjian during a special meeting on
September 29. Hanna H. Gray, chairman of the Trustees and head of
the committee that conducted the search, announced the decision.
4
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“The HHMI has been wonderfully fortunate in its leaders, and we
are delighted that Bob Tjian will be continuing that tradition as he
builds on the outstanding achievement that has marked Tom Cech’s
presidency,” said Gray.
“Dr. Tjian is not only a distinguished and productive scientist but
also a committed teacher and mentor of young scientists,” she said,
noting that he already has a thorough familiarity with the Institute
and its programs in research and education.
“He is known as a person of impeccable taste in science who
commands a great breadth of understanding across the life sciences,”
Gray added. “We very much look forward to working with Dr. Tjian
as he and his colleagues explore the ways by which HHMI can
support first-rate scientists and their most promising initiatives.”
Tjian, 59, is a professor of biochemistry and molecular biology at
UC Berkeley. He became an HHMI investigator in 1987—the year
that Purnell W. Choppin began his 12-year tenure as president—and

Barbara Ries

Biochemist Robert Tjian Elected
as New Hughes President

was part of the first wave of scientists brought into the Institute as it continues to be supported, means that the person at the top has to
expanded its research programs beyond a small group of universities. have a really good, deep understanding of what research is.”
His name is pronounced “TEE-jen” and among colleagues he goes
Understanding how genes work is one of the great achievements
by the nickname “Tij.”
of modern biology and Tjian’s contributions to this body of knowlTjian was born in Hong Kong, the youngest of nine children. His edge have been significant and pioneering. He studies the
family fled China before the Communist Revolution and, after living biochemical steps involved in controlling how genes are turned on
in South America for a number of years, eventually settled in New and off, key steps in the process of decoding the human genome. He
Jersey. Known as a voracious consumer of scientific information and discovered proteins called transcription factors that bind to specific
data, Tjian famously talked his way into the biochemistry laboratory sections of DNA and play a critical role in controlling how genetic
of the late Daniel Koshland as a Berkeley undergraduate—even information is transcribed and translated into the thousands of
though he had never taken a course in the subject.
biomolecules that keep cells, tissues, and organisms alive.
Tjian went on to receive a bachelor’s degree in biochemistry from
Tjian’s laboratory has illuminated the relationship between
Berkeley in 1971 and a Ph.D. from Harvard University in 1976. After disruptions in the process of transcription and human diseases such
completing a postdoctoral fellowship at the Cold
Spring Harbor Laboratory with James Watson, he
“This is the most interesting job for a scientist
joined the Berkeley faculty in 1979.
in the nation – if not the world – because of its
At Berkeley, Tjian has assumed a variety of
leadership roles, including spearheading a major
impact on research in the life sciences.
campus initiative to support and implement new
R o b e rt Tj i an
paradigms for bioscience teaching and research.
He serves as director of the Berkeley Stem Cell
Center and as faculty director of the Li Ka Shing Center for as cancer, diabetes, and Huntington’s. More recently, he has begun
Biomedical and Health Sciences. He is a member of the National studying how transcription factors control the differentiation of
Academy of Sciences and has received many awards honoring his embryonic stem cells into muscle, liver, and neurons.
Tjian will continue some laboratory research at the nearby Janelia
scientific contributions, including the Alfred P. Sloan Prize from the
General Motors Cancer Research Foundation and the Louisa Gross Farm Research Campus and at Berkeley while serving as HHMI’s
Horwitz Prize from Columbia University. He was named California president at its headquarters in Chevy Chase, Maryland. He already
collaborates with a small team of visiting scientists at Janelia Farm on
Scientist of the Year in 1994.
“Research is ultimately my biggest passion,” Tjian told The a project to develop approaches that will allow them to image
Washington Post. “The leadership of an institution like the Hughes, biochemical activities in single living cells.
Tjian and his wife, Claudia, an attorney, have two daughters.p
whose primary mission is to make sure that really great research

”

Joe Toreno

R o g e r T s i e n W i n s N o b e l P r i z e i n C h e m i s tr y

The Royal Swedish Academy of Sciences announced, on October 8, that the
2008 Nobel Prize in Chemistry is awarded to HHMI investigator Roger Y.
Tsien, Osamu Shimomura of the Marine Biological Laboratory, and Martin
Chalfie of Columbia University. The prize honors the scientists for “the discovery and development of the green fluorescent protein, GFP.”
The scientists’ work has transformed GFP, a glowing jellyfish protein, into
an essential tool of bioscience. Using DNA technology, researchers can
connect GFP to otherwise invisible proteins and watch the movements,
positions, and interactions of the tagged molecules.
In the 1990s, Tsien, who is at the University of California, San Diego,
obtained the cloned GFP gene from Doug Prasher and reengineered its
protein product to emit colors ranging from blue to yellow. Since then, he
has expanded the palette of fluorescent proteins, adding hues including
tangerine, banana, and honeydew. He has also developed a way to monitor
the interactions of proteins tagged with different colors.
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meiosis. One owner allowed all eight
of his dogs to greet her, their muddy
paws on her pink dry-clean-only coat.
Roeder didn’t mind. But convincing a
breeder that she could handle a FlatCoat was “like being put through the
Spanish Inquisition,” she recalls.
The Illinois breeder who ﬁnally
relented instructed Roeder: “Do something with this dog.”
Mainly to save face with the breeder,
Roeder took the dog, Toby, to agility
classes. There, she heard about the
arcane world of trials for obedience,
agility, and hunting, but she had no
intention of joining in. Eventually, she
decided to take Toby to a trial, but just
one. He excelled. Roeder’s competitive
drive kicked in.
At ﬁrst, though, she chafed at sitting
through all-day agility trials just to see
Toby run two 60-second obstacle
courses. Roeder remembers thinking:
“This is not an efﬁcient use of time!”
She’d been a long-time “workaholic,”
she says, but for years she’d reassured
herself: “I’ll have time to get a life when
this course is over, when this paper is
accepted, when this grant is submitted.
But the time never came.” Now, making
friends with fellow dog trainers, she
stumbled upon an identity separate
from that of scientist. She enjoyed “not

being anybody to them except Toby’s
owner.” Work could wait. “It made me
a happier person,” she says.
Toby earned so many distinctions
he was inducted into the Flat-Coated
Retriever Society of America’s Hall of
Fame for 2005. He died of cancer a few
weeks before the ceremony. At nineand-a-half, he’d outlived the average
Flat-Coat by a year and a half. The
breed is prone to devastating cancers,
partly because the gene pool is quite

The Illinois breeder
instructed Roeder:
“Do something with
this dog.

”

SHIRLEEN ROEDER

Illustration: Peter Arkle Photo: Paul Fetters

It’s a safe bet that Yale University
geneticist Shirleen Roeder is the only
one on her block with a backyard
Zinger Winger—a giant slingshot for
hurling dead ducks.
Possession of a Zinger Winger
explains why Roeder generally keeps a
couple of dead ducks in her refrigerator,
and why she stacks frozen pheasants,
pigeons, and ducks alongside the pizza
in her freezer. The slingshot, the dead
birds, and a canine agility course with
hurdles, ramps, and tunnels are all
accessories for a serious hobby: training
Flat-Coated Retrievers.
This way of life originated in 1995,
when Roeder’s pet black Labrador
was growing old. Roeder decided
against replacing the “irreplaceable”
Jenny with another Lab. Searching
the Internet for a different breed, she
discovered Flat-Coated Retrievers.
They’re handsome dogs, akin to Golden
Retrievers, only black.
Flat-Coat owners tried to dissuade
her. They warned that a Flat-Coat would
be “in your face, all the time,” recalls
Roeder, an exuberant HHMI investigator
who studies the genetics of yeast

A Wiki Whiz Kid

Susana Raab

small—only 800 Flat-Coat puppies are
registered annually in the United States.
“So when you get something bad in
there,” says Roeder, “you’re stuck with
it.” She heads the cancer subcommittee
for the Flat-Coated Retriever Society of
America, raising money and gathering
blood and tissue samples to help
researchers ﬁnd markers for the genes
that make the breed vulnerable.
Markers would allow breeders to avoid
mating two carriers.
Roeder has two dogs now, Java and
Keegan. One Saturday afternoon, the
Zinger Winger ﬂings a dead duck (left
over from a hunt test) into the woods
beside her house in Cheshire, north of
New Haven. Keegan waits until he’s
told to go then zips into the brush and
speedily returns to Roeder’s side,
mallard in mouth. Next, Roeder runs
beside Java as she races through the
agility course. Java ﬂies over hurdles,
up and down a teeter-totter, through a
chute. And then, unaccountably, she
stops short and gazes into the distance.
“She saw a butterﬂy!” Roeder calls
out breathlessly, and she laughs.
—Cathy Shufro

When Andrew Hires was working on his Ph.D. in 2006, he decided
to check out Wikipedia, the popular online reference, and see what
it had to say about green ﬂuorescent protein (GFP). Hires was
immersed in the stuff, working in the lab of GFP pioneer and HHMI
investigator Roger Tsien at the University of California, San Diego.
What he found was disappointing. “There was very little on the
seminal discoveries and who made them, and not much on a lot of
the applications that have been developed in the last 10 years,”
Hires recalls.
So he rolled up his sleeves, grabbed his mouse, and went to work.
Wikipedia’s 10 million or so articles are never ﬁnished—they’re
updated yearly, monthly, even daily if warranted. Hires, now a postdoctoral researcher at Janelia Farm Research Campus, has revised
the article on GFP, a substance made by jellyﬁsh that’s become a
workhorse of biological research, as many as 30 times.
A “wiki”—according to Wikipedia—is “a collection of Web pages
designed to enable anyone who accesses it to contribute or modify
content.” When Hires ﬁrst looked at it, the GFP article was a very
basic introduction to the protein’s chemical makeup and a few of
its scientiﬁc applications. (Interestingly, it did contain a brief
mention of Alba, a ﬂuorescent bunny created in 2000 with GFP
genes commissioned by Brazilian Eduardo Kac, who calls himself a
“transgenic artist.”)
Hires says he has contributed about half the content of the
current version: “All of the historical background, almost all of the
GFP mutations, how they affect the structure and color, and other
molecular variations, some of which are used to make biosensors
to detect pH, for example.” He wasn’t the ﬁrst, however, to update
Wikipedia on Tsien’s 2008 Nobel Prize in Chemistry. Within
moments of the October 8 announcement, a contributor from
Norway had posted the news.
Hires, who has been at Janelia for about a year in the lab of
group leader Loren Looger, say he began contributing to Wikipedia
in part “to procrastinate while working on my thesis.” Since then
he’s launched a science blog (Brain Windows) and has also worked
on a few other science and nonscience Wikipedia articles, including
“Techno-DJ music in the 1990s.” Although there’s no pay, Hires says
being a Wikipedia contributor “is fun. You get to be an authoritative ﬁgure on something that’s pretty important.” —Richard Saltus
F O R M O R E I N F O R M AT I O N : To see Hires’ contributions to the Wikipedia GFP site, visit
http://en.wikipedia.org/wiki/Green_ﬂuorescent_protein.

Visit the Bulletin online to
see photos of Shirleen Roeder and her dogs.
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Under the Mango Tree
“My son likes to make up compositions, and he’ll say, ‘Now we’re going
to make music for a mango tree.’ It’s
not clear whether he’s playing to the
tree or about the tree. At this point, it
sounds like the tree is falling. Or like
someone is falling out of it,” says Leite,
with a laugh.
Violin practice, she says, has given
her fresh insight into both education
and performance anxiety. “When I teach
physiology, I’m conﬁdent, because I
have a great deal of background. But
I’ve never had a violin teacher, and at
ﬁrst I was feeling pressure to be a
teacher for my son.”
That meant a little extra homework.
But keeping one lesson ahead seems to
do the trick. “I focus on teaching what
I’ve just learned, and that makes him
comfortable. He doesn’t feel pressured,
because he knows I don’t know much
more than he does. We make mistakes
together, and we laugh.”
When she’s not practicing with
Victor, on compositions ranging from
Suzuki’s variations on “Twinkle, Twinkle
Little Star” to arrangements of works
by J.S. Bach, Leite investigates the

effects of calcium on liver-cell behavior,
which she hopes will yield clues to
tumor reduction therapies.
The lab work goes on at Brazil’s
Federal University of Minas Gerais,
where Leite divides her time between
research and teaching. “Each time my
son and I practice, there’s a little progress. We both understand that, if the
process can be fun, it’s not so important to get to the end. As I tell my
students, when they feel the pressure
of deadlines, ‘Love what you’re doing
right now. All you can hope to do is to
get a little bit better each day.’”
—George Heidekat
To learn more about Leite’s
research, see the Lab Book spotlight on page 51.
F O R M O R E I N F O R M AT I O N :

“Most of the time
my husband joins
us, a one-man
audience, so the
whole family is
in it together. We
practice all over
the house—sometimes in the living
room, sometimes
under a tree in the
backyard.

”

M AR I A D E FÁTI M A L E I TE
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Victor makes music for a mango tree.
At age four, going on ﬁve, he’s been
studying violin for a little more than a
year—exactly as long as his mom, Maria
de Fátima Leite, an HHMI international
research scholar who lives and works
in Brazil.
Starting with no more musical background than her son had, she never
intended to pick up a bow. When Leite
enrolled 3-year-old Victor at a local
Suzuki-method school, however, she
found that she had, effectively, signed
herself up for 30 minutes of violin practice every day. The Suzuki philosophy
emphasizes training in a “noncompetitive, nurturing” environment; teachers
expect a parent to attend the student’s
weekly lessons and to supervise daily
practice sessions.
The parent isn’t expected to play,
or even know a tailpiece from a ﬁngerboard. But Leite saw an opportunity to
turn a half-hour monitoring chore into
a shared experience. She started practicing with Victor and, to her surprise,
found herself enjoying it. The buddy
system helps her avoid practice-or-else
confrontations and provides Victor
with a role model: “He’s stopped trying
to practice while lying on the ﬂoor,”
she notes.
“Most of the time my husband joins
us, a one-man audience, so the whole
family is in it together. We practice all
over the house—sometimes in the
living room, sometimes under a tree in
the backyard.
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A Pattern Emerges

Diligent work yields the first branching diagram of the
developing lung, a model that sets the stage for studying
other branched organs.
12

Back on Track: Saving Lives

After fleeing Cuba, this medical student tested a new
treatment for heart attack.
14

Restoring Astrocytes’ Protective Nature

Scientists are looking for ways to control the course
of this sometimes wayward support cell.

It’s not often that a piece of science is called
beautiful. Brilliant, remarkable, and compelling
are words more typically used to describe a
groundbreaking research finding. But in the case
of an elaborate scroll diagramming the thousands
of branches in a developing lung, the term fits.
While the research detailing the lung’s lineage
has important implications for understanding
and treating lung diseases, it is most striking simply
for the extent and complexity of the branching:
thousands of bronchioles end in millions of tiny
pockets that allow gases to be exchanged with the
blood. It’s what enables us to draw in a breath of
crisp autumn air. Beautiful, no?
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A Pattern Emerges
Diligent work yields the first branching diagram of the developing lung,
a model that sets the stage for studying other branched organs.
T h e t h i c k s c r o l l i s m a d e o f 2 9 p i e c e s o f pa p e r ta p e d e n d t o e n d.

of painstaking work by Ross Metzger, a
faculty fellow at the University of California,
San Francisco, and a former student of
Krasnow’s. Armed with a fluorescence
dissecting microscope and a lot of patience,
Metzger examined hundreds of mouse
embryo lungs at different stages of development to place them on a timeline.
“This is the first time anybody has
constructed a branch lineage diagram of
any organ in any animal,” Krasnow says.
The branching turned out to be stereotyped—that is, it follows a consistent,
reproducible pattern. The model sets the
stage for studying the development of other
branched organs—the vascular system,
kidneys, mammary glands—to learn if they
also develop in a stereotyped way.
The finding settles a question that has
perplexed scientists for at least a century.
The branching in the lung seemed so
complicated that some argued that it is a
random process. Others believed that it
follows mathematical rules, with branches
simply splitting off from earlier ones in a
repeated fashion, into ever smaller airways,
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creating geometrical patterns. The end
of the process produces millions of tiny
pockets called alveoli that allow gases to be
exchanged with the blood.
Krasnow, whose lab had mapped the
fruit fly tracheal system in detail over a
decade ago, decided that the best way to
answer the question was to map the mouse
lung. Metzger might appear to have been
an unusual pick for this daunting task:
a philosophy major in college, he had
no science background when he started
working in Krasnow’s lab nine years ago. He
had enrolled at Stanford Medical School
intending to pursue a career in psychiatry
and approached Krasnow about gaining
some lab experience.

But Metzger’s medical studies and his
scholarly research skills made him “the perfect
person to set the whole project in motion,”
Krasnow says. “Because he was new to biological research, he had the freedom to think big
and not feel constrained by the everyday challenges that sometimes sour people who have
been working in the field a long time.”
Metzger developed an antibody stain to
make the airways glow bright green under
the microscope. He studied embryonic
mouse lungs from the 11th to the 15th day
of development, a period when the first
branches budding off the trachea bloom
into thousands, filling out the shape of the
lungs’ five lobes.
“Even within the same litter of embryos,
the lungs are not all at the same stage at the
same time,” Metzger says. “They may differ
by a single branch.” He stared at the eerie
green airways under the microscope day
after day, searching hundreds of specimens
for these tiny differences in order to place

“This is the first time anybody
has constructed a branch
lineage diagram of any organ
in any animal.
M a r k K r as n ow

”

Tim Archibald

As HHMI investigator Mark Krasnow unrolls it in his office at Stanford
University, an elaborate diagram looking something like a family tree
reveals itself. But instead of chronicling births and deaths, marriages
and children, it traces the lineage of thousands of branches of the
mouse lung during its early development. ¶ This scroll—“our Torah
of the lung,” he calls it—represents the culmination of nearly a decade

Jacob Magraw-Mickelson

the lungs in a developmental sequence. (“It
does help that they’re beautiful,” Metzger
says.) Gradually, over many years of work,
the branching pattern started to emerge,
and its elegance was startling.
Metzger and Krasnow deduced that the
complex network of airways arises from just
three simple types of branching. During
domain branching, airways sprout in rows
from the sides of an existing branch like
bristles on a bottlebrush. But the domains
don’t grow haphazardly; the branches start

from the near end and move toward the far
end within each domain, with new domains
spiraling around the circumference. Domain
branching sets out a scaffold for each lobe of
the lung, determining its overall shape.
From these domains, the airways branch
in two different ways. During planar bifurcation, an airway forks into two in the plane
of the original branch, helping to form the
thin edges of the lobes. During orthogonal
bifurcation, the airway splits perpendicular
to the plane, which helps form the surfaces

of the lobes and fill out their shape. The
researchers describe the process in the
June 5, 2008, issue of Nature.
As if in a computer program, each of these
types of branching forms a “subroutine” that
gets called on at predictable stages. “What
we’d like to do now is start assigning genes
and gene products to translate the computational model into a genetic and molecular
model,” Krasnow says. Their strategy is to look
at mice with mutations in genes known to be
expressed in the lungs. Before, such mutants
might not have shown obvious lung defects,
but perhaps the defects were so subtle that
they escaped notice. Metzger is also working
with another group to do computer simulation
of the branching using the rules discovered in
mapping the normal mouse lung.
“We’re hoping that understanding the
process in such detail will not only reveal
interesting developmental principles but
will also lead to novel types of treatments
for lung disease,” Krasnow says. Premature
infants often have problems with lung
function, and studies have found that
differences in lung development might
predispose people to respiratory disease
later in life. The scientists’ Torah of the lung
took a decade to write; now, scroll in hand,
Metzger and Krasnow say they have enough
to fuel their research for decades to come.

p – Corinna

Wu
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Back on Track: Saving Lives
After fleeing Cuba, this medical student tested a new treatment for heart attack.

Cuban-born

Felix

Gonzalez

decided early that he wanted to
be a doctor. At age 16, he entered
medical school. Three weeks into
his studies, however, soldiers burst
into his classroom, lined up all
the young men, and took them to
be enlisted in the Army. “I had
been training how to save lives,”
says Gonzalez, “and now they
were training me to take lives.”

Nitrite may have a place in rescuing heart muscle cells after a heart attack,
according to research by medical student Felix Gonzalez and his NIH mentors.
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Christopher Jones

Fast-forward 12 years. Gonzalez is close to
earning his U.S. medical degree. During two
years as an HHMI-NIH Research Scholar,
the tenacity that helped him recover his
dream led to findings that may yield a new
therapy for heart attack patients.
With lead investigators Mark T. Gladwin
and Andrew E. Arai at the National Heart,
Lung, and Blood Institute, NIH, Gonzalez
showed that a ubiquitous chemical, nitrite,
can prevent cellular damage in dogs after a
heart attack, and the treatment has moved
into human studies.
During a heart attack, when blood
supply to the heart muscle is blocked, the
lack of oxygen kills some heart muscle cells
through necrosis, a process in which the
cells’ internal parts break apart. Treatments
such as drugs, stents, and balloons aim to
open blocked arteries to improve blood flow
after a heart attack. The return of oxygenated
blood (reperfusion), however, can cause a

second round of damage. Remaining cells
become stressed and begin the process of
apoptosis (cell suicide) instead. Apoptosis
may be triggered by reactive oxygen
species—unstable molecules containing
oxygen—which deliver a final blow.
This study confirmed that nitrite
improved the percent of heart muscle that
was salvaged by restoring blood supply to the
heart. Nitrite also dilates veins and arteries,
which helps restore blood flow to cells at
the center of the affected area. Additionally,
nitrite seems to protect the cells from reactive oxygen species, reducing apoptosis.
The researchers used magnetic resonance imaging to observe dog hearts before,
during, and after a simulated heart attack in
which blood flow in the coronary arteries
was blocked and then restored. About 70
percent of heart cells deprived of blood
died in the untreated control animals. In
dogs treated with nitrite for an hour before
reperfusion, however, fewer than a quarter
of the heart cells died. The results of the
study were published June 10, 2008, in the
journal Circulation.
Importantly, a second group that
received nitrite for only five minutes before
reperfusion recovered almost as well, with
about 36 percent cell damage. “It means
that you could be treated with nitrite while
you’re being prepared to be catheterized [to
remove artery blockages] with no time lost,”
says Gonzalez, the paper’s first author.
With this paper and an early, or phase 1,
safety study in human volunteers complete,
Gladwin, now at the University of Pittsburgh
Medical Center, is pursuing funding to

carry out a phase 2 clinical trial in heart
attack patients.
Testing each subject required 22 hours
of continuous work, and Gonzalez sometimes did two tests a week. “It took very
physically grueling work to get the data,”
says Arai, Gonzalez’s mentor and a cardiologist skilled in imaging techniques. “Felix
did an outstanding job.”
Gonzalez had years of practice being
resolute and working hard. Soon after he

Jersey’s Kean University, which offers
courses in Spanish and English, he earned
a B.S. and was accepted at several medical
schools and two M.D./Ph.D. programs.
They offered scholarships, but he was
suspicious, he says, since in Cuba, free
education came with strings attached. He
decided to enter the Robert Wood Johnson
Medical School in New Jersey, and to apply
separately to research programs. He hopes

“I think I have had success because of my
perseverance. If I really want something,
I don’t ask permission—I just do it.
Felix Gonzalez

was conscripted, he decided to leave Cuba.
It took a year of planning, some deception,
and luck to gain permission to go to the
United States. Still, on departure day, he
felt torn. His parents had separated when
he was 3 years old, and he felt guilty leaving
his mother behind.
“It was the uncertainty that made it
difficult. I wasn’t sure when I would see
her again,” he says, recalling that day at
the airport. “She told me, ‘When you start
something, you have to finish it.’”
When he reached the United States,
Gonzalez received some support from a
Cuban-American organization and his
estranged father, a factory worker who had
moved to New Jersey years earlier. After a few
months, Gonzalez began to support himself
as a dishwasher while he studied English.
For a time he lived out of a small car.
Gonzalez still dreamed of having a
medical career. After studying at New

”

to specialize in interventional radiology and
to continue his involvement in research.
Two years ago, after becoming a U.S.
citizen, he helped his mother move to the
United States. It had been more than a
decade since he had last seen her.
“I think I have had success because of
my perseverance,” Gonzalez says. “If I really
want something, I don’t ask permission—I
just do it.” He says he hopes those still living
in Cuba will also someday have better
career opportunities. “I would like to see
more freedom and economic investment
in Cuba, so people can make their own life
choices.” p – K a t h l e e n O ’ N e i l

November 2008

|

hhmi bulletin

13

upfront

Restoring Astrocytes’
Protective Nature
Scientists are looking for ways to control the course
of this sometimes wayward support cell.
The motor neurons that control muscles can’t survive on their

scholar. “They demand from the astrocytes
the right growth factors at the right time.
Otherwise, they die.”
Defective astrocytes can turn against
the motor neurons, however, and are at the
root of the muscle-wasting disease amyotrophic lateral sclerosis (ALS), according to
recent findings by Radi and his team at the
Universidad de la República in Uruguay.
Their work, published April 16, 2008, in the
Journal of Neuroscience, agrees with findings published in Nature Neuroscience last
year by a competing research group from
Columbia University.
Even more important, Radi’s team has
identified a drug that might guide astrocytes
back to their nurturing role, a move that they
hope can slow or stop the disease’s progress.
ALS—sometimes called Lou Gehrig’s
disease—has no treatment. “You cannot grow
new motor neurons, but you can prevent
new ones from dying,” Radi says. “If our
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hypothesis is right and we can rescue astrocytes, then they would not kill the motor
neurons” and the muscles would be saved.
Chemical Cell Killer
Radi didn’t set out to uncover the cellular
secrets behind ALS. His lab studies how
immune system cells called macrophages
fight off bacteria and other pathogens by using
the toxic chemical peroxynitrite. But Radi
and his colleagues have found that peroxynitrite has a darker side, which emerges when
cells malfunction. They have linked the cellkilling chemical to cardiovascular disease,

high blood pressure, and neurodegenerative
conditions such as Alzheimer’s disease. “In
infectious diseases, it is a good guy because a
macrophage is generated to kill parasites and
bacteria,” Radi explains. “But if formed in
neurons or astrocytes or vascular endothelial
cells, peroxynitrite will harm you. You want
to keep this guy under control.”
In the mid-1990s, Radi’s colleague Joseph
Beckman, then at the University of Alabama
at Birmingham, postulated that peroxynitrite
could kill neurons, which would make it a
key player in ALS. But Radi’s team knew it
wasn’t produced only by the motor neurons;
damage to motor neurons alone wasn’t
enough to cause muscle wasting symptoms in
rat models of ALS. “Another cell was participating,” Radi says. “The most immediate cell
we started looking at was the astrocyte.”

“If our hypothesis is right and
we can rescue astrocytes,
then they would not kill the
motor neurons.
R afae l R ad i

”

David Rolls

own. They rely on a complicated relationship with another member of
the nervous system, cells called astrocytes. ¶ Astrocytes act as sheltering
mothers to motor neurons, providing nutrition when needed, keeping
their chemical world in balance, protecting them from outside invaders,
even physically supporting them. “The motor neurons are very
demanding cells,” explains Rafael Radi, an HHMI international research

Riccardo Cassiani-Ingoni / Photo Researchers, Inc.

Motor neurons rely on astrocytes—like the one shown here in green—for nutrition, protection, insulation,
and support. When astrocytes are defective, they can turn against the neurons they’re meant to protect.

Because astrocytes play such a key role
in the life of motor neurons, Radi and his
colleagues searched for a defect that could
cause astrocytes to turn from nurturers into
killers. They already knew that oxidative
stress—a condition in which highly reactive
chemicals overwhelm a cell—could cause
astrocytes to change.
Looking closer, the team saw that oxidative
stress caused the astrocyte’s internal engines,
the mitochondria, to fill up with misfolded
proteins, triggering a chemical chain of
events within the overwhelmed mitochondria that converts normally harmless nitric
oxide into peroxynitrite. “It is possible that
this peroxynitrite formation in the astrocytes
participates in signaling the death of the adjacent motor neuron,” says Radi.

To investigate whether these dysfunctional
mitochondria caused motor neuron death—
and ALS—Radi’s team looked for a drug
that could restore balance in the astrocyte.
“We thought that if we could send specific
molecules to the mitochondria to eliminate the oxidative stress, we could reverse
this neurotoxicity,” he explains. They gave
specially designed antioxidants that target
the mitochondria to rats with a form of ALS.
It appeared to work: the drug restored mitochondrial function and spinal cord damage
was significantly delayed in the animals
treated with the mitochondria-targeted antioxidants compared with untreated rats, and
peroxynitrite disappeared.
There is much Radi’s team still doesn’t
understand about this process, most impor-

tantly how the mitochondria-targeted
antioxidants reverse oxidative stress and
slow progress of the disease. They also
don’t know how the rat models of ALS
will respond to long-term trials of the
targeted antioxidants—so far, treatment
time has been less than a week because
the mitochondria-targeted antioxidant is
custom-made and hard to get. But their
research partners are scaling up production
of the drug and they hope to start larger
animal trials soon.
Radi expects that, whatever they find,
peroxynitrite will play an important role.
“I think peroxynitrite is a central mediator
of cell death,” he says. “It can kill pathogens, but it can also kill your own cells.” p
– Andrea Widener
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peering through the lenses of the most advanced
microscopes of their time, the curious scientists of the
late 19th century observed a whole new universe inside
cells. The darkened cell center at times looked like balled
up thread; at other times the threads separated, stretching
like a hammock from one side of the cell to the other.
The meticulous scientists noted each cell cycle and
named the phases for how they appeared—leptotene
from the Greek for “thin threads,” pachytene for “thick
threads,” zygotene for “paired threads.”
Today, scientists know that these
“threads” are chromosomes containing the
cell’s genetic material. The dynamic
changes visible through a microscope occur
as chromosomes bunch together, readying
themselves for the precise ballet of meiosis.
From the Greek word for “to make
smaller,” meiosis is the divvying up of
chromosomes inside cells destined to
become eggs and sperm. Through meiosis,
each precursor cell divides into four cells
with only half the genetic material of most
cells in the body. These resulting germ
cells are primed to pass on their unique
genetic fingerprint to the next generation.
Through their keen observations,
scientists in the 1880s and 1890s deduced
that germ cells accomplished this halving
of chromosome number through two
successive divisions, but the mechanism
remained a mystery.
“The cytologists who looked at chromosomes figured out that there were two
divisions but they didn’t even know what
chromosomes were yet,” says Nancy
Kleckner of Harvard University, one of
the first geneticists—along with HHMI
investigator Shirleen Roeder—to bring
molecular analysis to the study of meiosis
in the 1980s.
Kleckner, Roeder, and others have
spent the past two decades using modern
genetics, biochemistry, cell biology, and
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structural biology to reveal exciting new
details of meiosis. Each researcher sheds
light on a different angle of meiosis, with
the hope of illuminating all aspects of the
complicated process.
first steps
Scientists interested in chromosome
dynamics and DNA cell cycles had already
tackled the tamer cousin of meiosis—the
comparatively straightforward copying of
chromosomes and division, referred to as
mitosis, that happens in most cells. After
characterizing the cellular machinery that
controls mitosis, these scientists turned
their attention to how a cell borrows that
machinery for meiosis.
“Meiosis is mitosis with some bells and
whistles,” says Scott Keeney, an HHMI
investigator at Memorial Sloan-Kettering
Cancer Center. Some of the bells and whistles that he and other scientists are making
headway in understanding: In meiosis,
matching segments of genes are shuffled to
make new combinations. Meiosis has not
one but two chromosome divisions. And
some stages of meiosis go wrong more often
with age, which explains the higher incidence of birth defects in the children of
older parents.

Most cells in the human body boast
two copies of 23 chromosomes—one copy
from Mom and the other from Dad. If
both parents passed along an entire set of
genes, their children would have four
copies of each chromosome, and chromosomes are one case where there’s no point
in being greedy: even one extra chromosome in a cell can kill it. So germ cells
undergo meiosis to ensure just one version
of each chromosome—and it’s not a blueprint of either chromosome found in other
cells in the body, but a mix of the two.
The first step in the programmed dance
of meiosis is to copy each chromosome
pair. The original two—one from Mom
plus one from Dad—are considered
homologues: they are similar in makeup
but have different versions of some genes.
The new copies of each are sister chromatids—identical Xeroxes. As each copy is
made, it remains tightly bound to its sister
by proteins that embrace both chromatids
along their length.
But then, the cell does something
daring: it breaks the DNA at various points
along the paired sister chromatids. “This is
a really dangerous game for the cell to be
playing, breaking its own DNA,” says
Keeney, whose research focuses on how
and where these breaks are made. The
unexpected action, he says, forces the
attached sister chromatids to seek out the
only source available to find the missing
data—their homologous chromosomes.
In 1997, Keeney made a grand entrance
into the meiosis field, while a postdoc in
Kleckner’s lab, by discovering the protein
that makes these breaks in yeast chromosomes. Kleckner was one of the first to
study how so-called double-strand breaks
in DNA led to crossovers of genetic material between homologous chromosomes.
In most cells that her lab group observed,
the double-strand breaks seemed to come
and go during meiosis. That transience
made it hard to detail their collective
number and locations. But in one yeast
mutant, the breaks just seemed to collect.
“That observation was kind of apocryphal lore actually,” says Keeney. “No one
followed up on it, but then I came into the
lab and attacked it.” Keeney’s background
studying proteins that bind to, and cut,
DNA during mitosis gave him an idea:
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perhaps the protein responsible for doublestrand breaks in the Kleckner lab mutant
was bound to each break, preventing it
from being resealed. He—as well as
researchers in two other labs working on
the problem at the same time—showed
that was, in fact, the case. Keeney then
isolated the protein, dubbed Spo11. He’s
still trying to answer one of the most basic
questions about its function: where does
Spo11 cut?
“Where you exchange bits of DNA is
going to affect the evolution of the genome
from one generation to the next, so underst anding how it works is really a
fundamental problem in biology,” he says.

Keeney and others took advantage of the
fact that Spo11 could be found at each
double-strand break in the mutant to map
out where those breaks occurred on a
whole-genome basis. “But the special resolution of these maps is still fairly low,”
explains Keeney. “These methods are like
me looking out my window without my
glasses on—it’s a very different picture
from when I do have my glasses on.”
His latest scheme is to work with a
different step in the recombination
pathway—the point at which Spo11 and a
short piece of the DNA where it binds are
cut off at a break site. Because Spo11
remains attached to the bit that’s released,

Keeney can collect and scan hundreds of
thousands of the bits to figure out where
they came from—and therefore where
Spo11 was cutting. The resulting maps are
two to three orders of magnitude higher
resolution than older versions.
Barbara Meyer, an HHMI investigator
at the University of California, Berkeley,
focuses on understanding how some X chromosomes are normally regulated in
females, and her research has begun to
intersect Keeney’s work. She has found
that a mutation affecting proteins that
repress the X chromosomes also affects
how many double-strand breaks are made,
and their locations, during meiosis. Meyer

meiosis: step by step
Homologous Chromosomes

Paternal Chromosomes
Maternal Chromosomes

Sister Chromatids

Cell Nucleus

homologous
chromosomes
pair up

chromosomes
replicate

chromosomes
swap sections
of dna

daughter nuclei
divide again

homologous
chromosomes
divide

sister chromatids
separate

the resulting gametes have one copy of each chromosomes, and a unique mix of genetic material.
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Adapted from http://publications.nigms.nih.gov/thenewgenetics

daughter
nuclei
divide

thinks that the overall structure of chromosomes, including how compact they are,
influences both double-strand breaks and
X chromosome repression.
“These very different processes seem
to have in common that changes in
higher-order chromosome structure
mediate how and where the biochemistry
happens,” she says.
find your partner
Even if Keeney and Meyer can pinpoint
where double-strand breaks are made,
scientists have no shortage of questions
about the next stage of meiosis. Full of
double-strand breaks, chromosomes need
to pair up with their homologues, repair
the breaks, trade some larger bits of genetic
material, and then separate.
Nancy Kleckner and Shirleen Roeder
both want to know how matching chromosomes find each other and associate while
exchanging bits of DNA.
In 1993, Roeder’s Yale University lab
group characterized a protein, appropriately named Zip1, which acts like a zipper
between matching yeast chromosomes.
“They look like railroad tracks lined up
connecting the chromosomes,” says Roeder
of the proteins. To show that Zip1 was
linking chromosomes, a graduate student
in Roeder’s lab toyed with the length of the
Zip1 protein. The result: longer Zip1
proteins spread matching chromosomes
farther apart, while shorter proteins drew
the chromosomes closer together. “It was
just the coolest thing!” says Roeder.
In the decade and a half since, Roeder
has discovered a handful of additional
components of the structure known as the
synaptonemal complex, or SC, which
includes Zip1 and holds chromosomes
together. Each round of discoveries about
how the SC assembles has surprised her,
Roeder says.
First, her team found that in mutants
that can’t undergo recombination—the
exchange of genetic material between
homologues—Zip1 doesn’t zip up the
chromosomes but instead appears at a
single point: the centromere. Moreover,
the linked chromosomes in these mutants
aren’t necessarily even matches.
“This initially was so surprising to us
that we thought there must be something

wrong with our experiments,” says Roeder.
But the results were confirmed. Roeder’s
interpretation is that the Zip1 dots act more
like worn-out Velcro than zippers—they
disconnect easily and are a normal part of
how a chromosome finds its mate. Two
chromosomes come together, make this
weak connection at the centromere, and
then separate if they’re not matches. If they
are matches, Zip1 can zip them together.
“It’s like speed dating,” Roeder says. “If
the partner doesn’t work, you get up and
try the next one.”
Zip1 and the rest of the SC can’t be
entirely responsible for the whole process
of chromosomes finding each other
though—Roeder and others have shown
that in the absence of SC proteins, matches
are still made. “The synaptonemal complex
is not what brings things together, it’s the
glue that finally cements them together,”
explains Kleckner.
The surprises as to what Zip1 does are
likely to keep coming. The protein appears
to play many different roles during meiosis.
In recent experiments, Roeder identified
two proteins that keep Zip1 from zipping
up mismatched chromosomes. Her next
goal is to figure out how those proteins
work at the molecular level. Their
mechanics may, in turn, reveal just how
Zip1 acts as a chromosome zipper.
come together
While the earliest meiosis researchers
would surely be surprised by the intricate
molecular interplay that controls meiosis,
they might be just as astonished at the new
techniques used to study it and how interdisciplinary the field has become.
“Different people in the modern era
have brought to the table all different
perspectives and points of view,” says
Kleckner. Some scientists look at meiosis
with an interest in regulatory molecules,

she says, while others want to see the bigger
picture of chromosomal movement.
HHMI investigator Abby Dernburg at
the University of California, Berkeley, uses
her microscopy background to study
meiosis the old-fashioned way: through a
lens. But where microscopes of the 19th
century revealed only fuzzy movements of
dark Xs and Ys within a cell, Dernburg
can show a much clearer picture of meiosis
with fluorescence, three-dimensional visualization, and higher-powered lenses.
Dernburg’s study system of choice is
the roundworm Caenorhabditis elegans,
which boasts larger chromosomes than
yeast cells—“so you can see clearly what’s
going on,” she says. Plus, it’s easy to genet
ically manipulate worms and see the
consequences for meiosis.
Dernburg’s research focuses on
“pairing centers” in C. elegans—regions
on each chromosome that are essential for
the zipping-up between chromosomes
(the role Roeder thinks Zip1 plays at
centromeres in yeast). In worms, the
pairing center helps chromosomes find
their matches (pairing) and then cement
their connection (synapsis). The two
processes are distinct from one another,
says Dernburg. “You can get synapsis
between improperly paired chromosomes
and you can also have situations where the
chromosomes pair but they don’t synapse,
because components are missing.”
The worm’s pairing centers, she has
found, seem to tether the chromosomes to
the edge of the nucleus. She thinks they
attach, through the nuclear membrane, to
proteins outside the nucleus, and tug on
chromosomes. Correctly matched pairs of
chromosomes could resist this force, but
others would be pulled apart until they
found a stronger match. Through advanced
microscopy techniques, Dernburg plans to
investigate the strength of this tension.
Kleckner too, thinks mechanical forces
are likely to be important during meiosis.
In a June 2008 Cell paper, Kleckner
presented evidence that chromosomal
movement within the nucleus during
(continued on page 58)
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Lab Lessons
If hands-on is the way to teach science, hands-on
in a real scientist’s lab has got to be the ultimate,
right? More programs think so, and they are finding
ways to make it happen for high school students.
by Andrea Widener
illustration by Jim Stoten

In one corner of Bob Braun’s bright, cluttered lab,
Gabriella Puente stares intently at her computer
screen, hands on her normally smiling cheeks,
shoulders slumped in concentration under an
oversized white lab coat. / At a nearby lab bench,
Gideon Logan holds a vial and pipette at eye level
with blue-gloved hands, hoping despite multiple
failures that this time his antibody will work. /
Puente asks a question of postdoc Meng-shin
Shiao, who puts a reassuring hand on her shoulder.
Logan comes over and jokes about his next failure.
It’s a normal scene in a normal lab—scientists
taking a break to encourage each other when the
stress starts to mount. >>
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The
difference:
Puente
and
Logan
are high
school
students.
In just seven weeks at The Jackson Laboratory in Bar Harbor,
Maine, the teenagers have become an integral part of the lab
team. Braun, who recently joined Jackson Lab as associate
director and chair of research, is hosting high school students for
the first time. He is surprised at how much valuable science
Logan and Puente have done, going beyond his carefully outlined
plan for their summer. “These students have really galvanized my
lab, and the lab has embraced them,” he says.
The pair has conquered projects that moved the lab’s work
forward, and they’ve brought unexpected enthusiasm. The
students occasionally break into song—Braun prefers The Sound
of Music, but their range includes classic Disney and Hannah
Montana. And they have bonded with other lab members, joining
excursions to the opera or picking strawberries.
The Jackson Lab’s summer student program is the granddaddy
of training grounds. The 60-year-old program has hosted hundreds
of high school students from across the country—including
Nobel Prize winner David Baltimore. But until recent years, most
motivated students had to go door to door to find a scientist
willing to take them in.
Now research universities, school districts, and nonprofit
groups are creating programs to connect students with labs. Some
programs aim to support students with classes in lab skills before
they enter a lab or with weekly meetings to train them on presentation skills. Others want to get students into the lab as quickly as
possible. A number of programs focus on recruiting underrepresented students into science early. All aim to put more top students
on the path to becoming scientists.

24

HHMI BULLETIN

| November 2008

Help Along the Way
Students hear about the growing number of organized research
opportunities from teachers, fellow students, or, like Puente,
from Google. Those who make the effort to line up work in a lab
“are the students we see who are just so excited about research,”
says Elizabeth Marincola, president of the nonprofit Society for
Science & the Public, which owns and administers the Intel
International Science and Engineering Fair and Intel Science
Talent Search, the highly competitive, application-only science
competition.
More than 40 percent of the 1,500 domestic and international
finalists in the Science and Engineering Fair have worked in a lab
as part of their research project, and the Society for Science & the
Public wants to expand that number. It is developing a program
to get more kids into the lab, especially those from geographic
areas with few research opportunities. Primarily, that means
advice and assistance for students, but the society also may facilitate placing students in researchers’ labs.
Many high schools and school districts in the suburbs around
New York City have created programs to equip students for
research, says Naomi Cook, a science teacher at Horace Greeley
High School in Chappaqua, New York. Cook oversees a research
class that prepares 25 to 30 students a year to work on a major
research project, almost all in a professional lab. Her students
read research articles on topics they are interested in and then
approach possible mentors. “It is a very independent type of
student who is attracted to this type of class,” Cook says.
More schools are placing students in labs because “they want
their students to get the training, to successfully compete for science
awards, and get into prestigious colleges,” says Shirley Raps, HHMI
undergraduate program director at Hunter College and professor
and chair of Hunter’s Department of Biological Sciences.
The college, part of the City University of New York system,
runs an HHMI-funded research preparatory class for students
from Manhattan Hunter Science High School, a public high
school preparing a diverse group of average students to attend
college and major in science. The students attend the class after
school three days a week to learn basic lab skills—like making
solutions or using a pipetter—and practice research and presentation skills. Only the top students in the class go on to do lab
research. The program makes a difference, Raps says. “Six
students from the program joined Hunter labs this summer,
which is a relatively large group from one high school.”

Andrea Widener

No one has studied the direct benefits of lab-based research for
students, but Columbia University’s Samuel C. Silverstein says
that lab experiences in high school may have more impact than
in college. “There are many kids who are ready for much more
powerful experiences than high school biology provides,” says
Silverstein, a biologist and medical school professor who runs a
science training program for high school teachers.
Cook says that students gain a world of skills from working in
a lab: researching a scientific topic, taking organized notes, giving
presentations, working with adults, and working
independently on a project. “For a lot of [students],
it reinforces their desire to go into science.”
Even if students decide that research isn’t for
them, they will still have a greater appreciation for
working in a lab, which Silverstein compares to
visiting a foreign country. “Now, for the rest of
their lives, they have learned something about the
practice of science and about data,” he says.

are interested in her work rather than in just getting a project for
the science fair. “I’m looking to see who they are. Are they interested for some meaningful reason—not because they want a tick
on their resume?” she explains. “[An answer] I don’t like: I’m
preparing to go to medical school.”
Bargonetti doesn’t expect every student to become a scientist,
but she wants to find someone who is genuinely considering
research as a career. She also asks basic questions to make sure
the student understands that lab work is not all moments of bril-

The Right Fit
HHMI investigator Susan Ackerman’s first time
hosting a high school student in her Bar Harbor lab
almost turned her off the experience. The student,
from an area high school, seemed perfect at first
glance but science wasn’t her first priority. “She saw
it as ‘I’ll bop in for an hour and a half,’” Ackerman
recalls. “Experiments take longer than that.”
Ackerman learned an important lesson: ask the
right questions before the student gets into the lab.
High school senior Peter Sylvers is happily surprised by what he’s been
“You tend to get overachievers anyway, and they
able to take on during his internship on the NIH campus.
tend to have their lives really booked,” says
Ackerman, who has successfully hosted several high
liant discovery: Can you stay late if an experiment takes longer
school students since. “I think I had been expecting more committhan expected? Will you do the dishes?
ment from that first young woman than she was able to give.”
Now Ackerman always interviews potential students to probe
about other commitments. Dedication to the lab is not usually a
Year-Long Programs
problem during The Jackson Lab’s highly competitive summer In Steven Kozlowski’s lab, high school student Peter Sylvers peers
into a microscope and clicks a counter, checking to see that the
program, where students from all over the country live near
mouse white blood cells he harvested haven’t died overnight.
campus and work in the lab full time. But students who do research
Unfortunately, many have. So he consults with staff fellow
during the academic year often have many other commitments.
Kamalpreet Arora, his mentor in Kozlowski’s Food and Drug
For the past few years, Hunter College biology professor Jill
Administration lab on the National Institutes of Health (NIH)
Bargonetti has welcomed students who go through the HHMIcampus, to decide on the next step.
funded preparatory class. But she still makes certain the students
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Hunter College biology professor Jill Bargonetti mentors students
who express a clear interest in her line of research.

interested in science. Now, with mentorship from Kozlowski,
Arora, and the lab’s previous high school student, he can work on
research projects almost independently. And the best part for
Kozlowski and Arora: he will be around for another nine months,
and maybe more.
This program, sponsored by HHMI and NIH, allows high
schools in Montgomery County to nominate students to work in
a lab on the NIH campus. Around 20 students each year work in
a lab during the summer and four afternoons a week during their
senior year. That means Kozlowski can ask the students to tackle
projects that might not be possible in the short term. During the
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summer, “they do a few things, they learn them, and they may
not get a chance to repeat them,” says Kozlowski, who has hosted
students for a dozen years. “For the lab, we get a much better deal
when they come back.”
Two-Way Benefits
Most scientists assign a staff member, usually a graduate student
or postdoc, to be the student’s day-to-day contact, to answer questions, and to oversee progress. It helps if they’re working on
similar projects. Program veterans say the
student helps the mentor at the same time
the mentor helps the student.
In many cases, these assignments are
important teaching experiences for graduate students and postdocs, since many
science graduate students aren’t required
to teach classes, Ackerman says.
Shiao, the postdoc from Braun’s lab,
works harder now that she’s mentoring
Puente. “It is not like you just hand them
the project and run with it. You teach
them a lot because you want them to
enjoy it,” she says. Originally, she worried
that mentoring a high school student
would be a burden, but Puente was a
quick study—and has ended up helping
Shiao with her own projects.
Jackson Lab bioinformatics researcher
Carol J. Bult mentors her high school
interns herself because she thinks it makes
her a better scientist. “They aren’t embarrassed by asking basic questions that
sometimes make us as mentors … say, ‘I’ve
never stopped to think about that,’” she remarks. “I tend to think
more critically about what I’m doing.”
Sometimes the entire lab takes on an intern as a team, which
is how it has worked for Jackson Lab summer students Elizabeth
Deerhake and Ryan Keating in Gary A. Churchill’s lab. “It
forces us to explain things. It makes the writing better and the
presentations better,” says Churchill, who includes the students
in lab meetings.
Deerhake and Keating had a bit of a head start on the summer:
they each took an online bioinformatics class taught by Churchill
and his research program manager Randy Smith. The students

Matthew Septimus

She has good news: the remaining live cells can still be put to
good use. So Sylvers gathers up rectangular dishes of bright red
and blue liquids he will use to stain the cells, which he has affixed
to glass slides. He carefully dips two slides in each dish and readies
them for a trip to a microscope room.
“It is amazing that I can even do what I’m doing right now—
keep cells alive and put them on slides,” says Sylvers, a senior at
Damascus High School in Maryland. Two months before, he had
never set foot in a professional lab, though he had always been

Words from the Wise Long-time mentors say that carefully choosing the right high school student and providing enough
support can make the difference between a successful experience and all-around disappointment. “These kids are our
future scientists. Giving them an opportunity to do this can be really fun. But you have to take the time to make it
work,” says Carol Bult, who has hosted high school students in her Jackson Lab research group for a decade. “You don’t
want to take on a high school student and just throw him in a corner and hope that he will do well.”

Pick your student carefully.
Do a thorough interview—preferably
in person—to make sure the student
understands the time commitment
and is genuinely interested in your
research.

going to happen,” says David Harrison,
who has hosted students for 36 of his 37
years on the scientific staff at The
Jackson Lab. “I like to have my students
do stuff where I don’t know what is
going to happen any more than they do.”

Assign a good mentor.
The mentor can be a postdoc, a graduate student, even an experienced
undergrad. He or she should like
working with people and not mind
questions. Mentoring will be a good
learning experience for the mentor too.

Match the project to the timeline.
Take into account that the first few
weeks will be spent bringing the
student up to speed on the lab’s work
and techniques. Summer students will
probably be able to get more done
every day than those in the lab during
the school year, who likely have other
obligations.

Choose a project that
needs to get done.
Avoid “make work” assignments. “I
don’t like to have a student assigned to
a project where they are just turning a
crank and pretty well know what’s

Don’t give a stalled project
to a student.
Avoid projects that are prone to difficulties, such as molecular-based projects, or
that are already having problems.

were offered the year-long course through their state’s specialized
math and science high schools—Deerhake in North Carolina
and Keating in Maine—and then found out about and applied
for the summer internship. But being in the lab is different.
“Every day it is like a new problem that you’re facing. And when
you get the results that you want—or even the ones you didn’t
expect—it is really exciting,” Deerhake says.
When it came time for the students to give a presentation to
the other summer students, Smith took that task as seriously as
the science. “We’re scientists. We generate knowledge. And the
only way the community sees what we’ve done is through our
publications and presentations,” Smith explains. He videotaped
the students’ practice presentation so they could watch themselves and improve. A friendly critique labeled Keating the
“swaying ship” and Deerhake the “hand puppeteer.”

It’s not just about the science.
The students also need to learn how to
properly communicate their science by
writing up their results and making
presentations, so emphasize those skills.
It’s okay to not take
a student every year.
“This year, we have been under a lot of
pressure in the lab, so we couldn’t have
any students,” says Hunter College
biology professor Marie Filbin. Her
advice: “Don’t always say yes, but don’t
always say no.”
Read up!
For advice and support on mentoring,
see the research society Sigma Xi’s list of
resources for mentors, some specifically
aimed at hosting high school students:
www.sigmaxi.org/programs/education/
men.high.train.shtml.

For their formal presentation, Deerhake and Keating tagteamed in a talk worthy of a research meeting—with much less
swaying and hand waving. It put their work in a larger context
and elicited good questions on each of their projects. “I want to
inject an enthusiasm that is going to carry through the next 10
years of their lives,” Smith says. “I want to show them that doing
this kind of stuff is fun.”
It’s worked for Logan, who’s convinced he wants to be a scientist—if his not-so-secret dream to be a Disney Imagineer doesn’t
work out. While he still thinks he’ll major in physics at Brigham
Young University where he is a freshman this fall, his summer
experience has renewed his interest in biology.
“I know that I want to make a difference,” Logan says. “I
want to do something that is purposeful, and I see that in
research.” p
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carving out her niche

Judith Kimble’s engaged style has made for a vibrant
career unraveling mechanisms that control stem-cell
development—and some interesting airplane chats.

by David J. Tenenbaum

photography by Kevin Miyazaki

M

icroscopehopping through her biochemistry lab at
the University of Wisconsin–Madison,
Judith Kimble shows off plates holding
Caenorhabditis elegans, the nematode
that jump-started her career. In some
plates, glowing blotches of green fluorescent protein draw attention to different
structures within the living worms. At the
last microscope, the glow is concentrated
on one particular cell, a sock-shaped giant
located toward the center.
This cell, which Kimble named the
“distal tip cell,” turned out to have astonishing powers. In the distal tip cell, Kimble
made the first discovery of a “stem-cell
niche,” a specialized biochemical environment that controls stem-cell fate.
That 1981 discovery alone would have
earned her a solid place in any history of
developmental biology, but in the decades
since she has made it her foundation for
investigating the molecules that help stem
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cells “choose” which daughter cells they
will form. Should they make more copies
of themselves, enter the irrevocable
process of differentiation, or go 50/50 and
make one stem cell and one specialized
cell? A stem cell in the germline (which
contains genetic material that can be
passed to offspring) faces similar decisions: whether to reproduce itself or to
undergo meiosis—reduce its number of
chromosomes by half and produce, after
another decision, a sperm or an egg.
By observing one giant cell in a tiny
worm, Kimble invented a “lens” for the
study of stem-cell regulation, says HHMI
investigator Geraldine Seydoux, who
studies germ cells in the nematode at the
Johns Hopkins University School of
Medicine. “She established the germline
of C. elegans as a model system for the
study of stem cells and stem-cell renewal.
She was so much at the forefront that few
people at the time realized the implica-

tions of her work. They did not understand
what could be learned from a tiny worm.”
Kimble, at Wisconsin since 1983, and
an HHMI investigator since 1994,
explains that her research interests have
always been driven by curiosity about the
control of development—and C. elegans
was a useful means to that end. But these
pursuits also have an eminently practical
side: defects in stem-cell regulation may
lie behind a variety of developmental
diseases, cancers, and even aging.
Yet Kimble’s enthusiastic curiosity
extends beyond the lab. Outgoing, gregarious, and self-confident, she will
(sometimes) shelve her in-flight routine
of scientific editing for a chance conversation. En route to a recent HHMI
conference in Lisbon, for example, she
found herself deep in discussion with
Bright Sheng, a Chinese-born composer
whose work has been performed by Yo-Yo
Ma and the New York City Ballet.

at the time, it was
foreign to think
that answers from
a worm would
be relevant to
humans.
—Judith Kimble
“He had a theory that the structure of
music was somehow a reflection of the
structure of your brain; that what we find
beautiful in music is beautiful because it
reflects the structure in the brain,” she
says. “I was not convinced this was right,
but it was a beautiful idea, and the twohour flight went fast.” He offered her a
ticket to the Gulbenkian Orchestra,
which was showcasing one of his new
pieces. But she and her HHMI colleagues
were already scheduled to attend the
concert, which Kimble says, “was a
pinnacle experience.”
Luck plays a role in the Kimble lab, as
it does in any science lab, but more important is a disciplined focus on the big
picture. “When I got here, I was asking
dumb questions,” says Ph.D. student
Aaron Kershner. “She helped me zero in,
focus my thoughts and my energy, cut
through to the really important stuff.”
Kimble gained an appreciation for big
questions at the Medical Research Council
(MRC) in Cambridge, England, where
Nobelists Sydney Brenner, John Sulston,
and Bob Horvitz had embarked on
research that would transform the transparent C. elegans into one of biology’s
most fruitful model organisms. The MRC
was a hotbed of scientific creativity, where
young scientists were encouraged to
pursue the big questions—even if nobody
else thought they were important.

Worthwhile Detours
Judith Kimble showed her willingness to
swim against the tide early in life. The
daughter of a Duke University psychology
professor and a “very smart mother,” she
professed atheism—at age four—when
neighbors asked about her church. Hers
was not the ideal approach for winning
friends in the mid-century South, and as a
teenager she recalls “doing a lot of reading
and listening to Bob Dylan.”
When her father took a sabbatical at
the University of California, Berkeley, she
discovered “a world I could communicate
with,” so she enrolled at Berkeley as an
undergraduate. Her original ambition to
become a veterinarian had shifted to
human medicine—until the death of a
close friend revealed that doctors were
often helpless to treat diseases they did
not understand. “When I saw how primitive medicine could be,” she recalls, “it
transformed my ideas about a career.”
Kimble had been accepted at medical
school but changed her plans amid the
stirrings of a lifelong fascination with
embryonic development. She approached
a University of Copenhagen professor
about studying human embryonic development in his lab. Though he was
agreeable, Denmark’s union laws prohibited her employment as a technician—but
they did permit her to join the faculty. “So
instead of attending medical school in the

United States,” she says, “I became a
histology lecturer at medical school in
Denmark,” teaching students about the
structure and function of human organs.
“Thankfully, people were forgiving of my
pidgin Danish,” she adds with a smile.
The lab work in Copenhagen fueled her
curiosity. “The development of the mammalian embryo was the most astonishing
phenomenon I had ever encountered,”
Kimble says, but descriptive studies failed to
explain the changes she saw. This was
during the early 1970s, when molecular
biologists were starting to unravel how
genes are controlled, and “that was the level
I wanted to understand an embryo at.”
When Kimble returned from Denmark,
she decided to attend graduate school at
the University of Colorado and study with
David Hirsh, who had recently returned
from the MRC. She became captivated by
C. elegans. “I thought I could study development in this creature and ask in-depth
molecular questions about animal development,” she recalls. “At the time, it was
foreign to think that answers from a worm
would be relevant to humans. But I thought
it would be better to understand one simple
organism in depth than to work on a
mammal and not really understand it.”
One of the scientific attractions of
C. elegans was the predictable sequence
in which its cells emerge from the fertilized egg, which allowed researchers to
begin tracing a genealogy of each of the
worm’s cells back to the egg. But when she
and Hirsh tried to track the origin of cells
in the gonad (a large, sausage-shaped
structure producing a continuous stream
of eggs and embryos), they discovered that
germ cells broke the rule: germ-cell divisions varied from one worm to another.
Still, intrigued by what the simple creature
had to teach, Kimble moved to the MRC
for a postdoctoral fellowship to delve more
deeply into C. elegans development.
She had a habit of perusing old
science journals and decided that her first
MRC experiment would test a theory
she’d read in an 1890s publication—that
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tiny undividing cells in early embryos
might be vestigial (an “ancestral reminiscence,” in 1890s vernacular). If the distal
tip cell had lost its function during evolution, Kimble figured that killing it should
not affect the worm. But when she zapped
the cell with a laser, the animal was
sterile—all the germline stem cells differentiated, exhausting the worm’s supply of
eggs. “It was my first experiment at the
MRC,” she says, “and it showed that I was
wrong—the first of many times!”
In the course of refuting her hypothesis, however, Kimble discovered the first

same proteins that govern whether the
worm’s germline stem cells divide to
produce more stem cells, or begin to
differentiate and undergo meiosis, also
help to determine whether the germ cells
will be a sperm or an egg.
Startling Findings and Radical Notions
Beginning with her first insight into the
stem-cell niche, Kimble and her
colleagues have made a series of startling
findings that seem to apply to most,
perhaps all, multicellular organisms. First,
she and HHMI investigator Iva Greenwald

when i got here,
i was asking dumb
questions. she
helped me zero in,
focus my thoughts
and my energy,
cut through
to the really
important stuff.
—Ph.D. student Aaron Kershner on Judith Kimble
example of a stem-cell niche and opened
a window into the complex mechanisms
that govern the critical stasis-or-change
decisions in stem cells.
It’s hard to overstate the importance, or
the ubiquity, of stem cells and the
processes that control them. “Our bodies
are full of stem cells, which must be regulated to maintain and replenish tissues,”
Kimble says. In unraveling the ultimate
point-A-to-point-B question—How do
stem cells decide to become something
else?—it became clear to Kimble that the
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at Columbia University found in parallel
that the distal tip cell works partly through
Notch signaling. Notch is a protein that
plays major roles in cell-to-cell communication in many animals, including
humans. Without Notch protein, all
worm germline stem cells differentiate;
with excess Notch, they fail to differentiate and instead form a tumor.
In the 1990s, Kimble’s explorations led
her to examine the role of RNA regulation in stem-cell development. Although
RNA is the middle step in the “central

dogma” of molecular biology (“DNA
makes RNA makes proteins”), it was long
considered a delivery boy that simply
carried DNA’s instructions to the cell’s
protein factories. In 1997, Kimble and her
husband Marvin Wickens, an expert on
RNA at Wisconsin (whom she met at the
MRC), collaborated to identify a protein
called FBF that binds to RNA and controls
whether a germline stem cell in the nematode forms a sperm or an egg. In 2002, she
and Wickens proceeded to show that
these stem cells also require an FBF signal
to divide into more stem cells. Otherwise,
they differentiate into a sperm or an egg.
Like Notch, FBF and related “PUF”
proteins now appear to be utility players in
regulating animal development. PUF
proteins, for example, establish the frontand-back orientation of the fruit fly embryo
and are active in the planaria’s neoblasts,
which enable a tiny fragment of this flatworm to completely regenerate. Neoblasts,
like their kindred stem cells in germlines
and embryos, are totipotent—able to form
any cell type. Thus, if RNA regulation is a
general requirement for controlling totipotent cells, the “delivery boy” may deserve a
promotion, Kimble proposes. “The idea,
not proven, is that the PUF RNA-regulatory
proteins may be responsible for maintaining totipotency.” It’s suggestive, she
adds, that PUF proteins are also found in
human embryonic stem cells.
Espousing the radical notion that some
stem cells are regulated through RNA in
addition to DNA shows Kimble’s comfort
with flouting convention. Further
evidence came in 2006, in a Nature review
she wrote with HHMI investigator Sean
Morrison at the University of Michigan.
The subject was the link between stem
cells and asymmetric cell division, the
splitting of a stem cell into one stem cell
and one differentiated cell. “A lot of
people have talked as though asymmetric
cell division is the defining characteristic
of stem cells,” says Morrison. “But when
you look at the data, there are many
systems where this is not true, and others
where it has not been adequately tested.”

If stem cells always divided asymmetrically, they could never increase their
numbers, but they do. “The issue was the
elephant in the room,” Morrison says, “so
we agreed it would be useful to write a
review article” showing that stem cells
actually divide symmetrically and asymmetrically. Kimble turned out to be “a
really great collaborator,” he adds. “It’s
not very often that you run into someone
who cares just as deeply about the topic as
you do and is always there when you pick
up the phone to talk it over.”
Joyful Engagement
As Morrison notes, Kimble is as good on an
interpersonal level as on a scientific one.
“When she is with you, her focus is on you;
she is not distracted by all the things that
need to be done,” says Susan Strome, a
long-time friend who is on the faculty at
the University of California, Santa Cruz.
“She has a huge lab and a lot on her plate,
yet I have the feeling that I get her undivided attention. It feels like a gift.”
Kimble combines grace and enthusiasm with a detailed knowledge of the
explorations of the young researchers in
her 22-person Wisconsin lab, which
includes six graduate students, six postdocs
and two senior scientists. “I had heard she
travels a lot and gives a lot of seminars,”
says Ph.D. student Dyan Vogel, “but she
always seems to think about your project.
After a big, exciting experiment, you are
likely to get a weekend e-mail: ‘How did
that go?’” Her help is balanced, Vogel
adds. “She knows when you need guidance and when to leave you alone.”
A long leash is part of the plan, Kimble
admits. “I floundered in grad school, but it
made me figure out how to solve problems
and be successful. When students in my
lab are floundering, I try to be there for
them, but they need to flounder sometimes and learn how much they can do.”
Still, when an investigation is at a critical stage, Kimble doesn’t stint on advice
and encouragement, says Clinton
Morgan, an M.D./Ph.D. student in her
lab. “When something starts working, she

This petri dish holds over a thousand C. elegans nematodes, the tiny worms that
Judith Kimble uses to analyze the biochemistry and cell biology of stem cell regulation.

always says, ‘Go for the throat. Follow
that, finish it off.’ She’s very good at raising
the bar for everybody.”
The success resulting from this
Zen-like awareness of when to intervene
and when to refrain is evident to Kimble’s
colleagues. She has won many accolades
and was asked this year to join the council
of the National Academy of Sciences,
which sets policy for the academy.
According to David Page, an HHMI
investigator and stem-cell expert who
directs the Whitehead Institute for
Biomedical Research at MIT: “It’s fair to
say that Judith and those she has trained
have really pioneered that entire field [of
the regulation of the C. elegans germline].
She has set the standard against which

work in other labs, and in other species, is
measured. Her work is really a model of
clarity, thoroughness, and perseverance.”
The Kimble model has rubbed off on
her son Zach Wickens, 20. Growing up
an only child, he was initially bored when
his folks talked about weird things like
RNA and FBF, but now he’s dabbling in
the family business. A double major in
chemistry and math at Macalester College
in St. Paul, Minnesota, Zach has already
begun the late-night lab rituals. “He told
me recently that he was gearing up for a
reaction he’d been working on for a
month,” says Kimble. “Zach used to think
we worked too hard, yet now he is discovering, as we did, that once you’re engaged
it’s no longer work.” p
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Science 2.0:

you say you
want a
by Randy Barrett illustration by Clare Louise Mallison
The collaborative online tools people are using in other parts of
their lives, such as Facebook, YouTube, and blogs, are roiling the
disciplined world of scientific communication.

small group of researchers wants science

to come out from behind closed doors, and they
are exploiting a variety of Web-based means to
help it do just that. Consider Brain Windows, a
blog launched in 2006 by Andrew Hires to track
and discuss advances in brain-imaging technologies. “Mostly, blogs are an easy way to communicate and distribute knowledge”—a
“filtering mechanism” that can help scientists navigate their way through the blizzard of information online and find what’s important to their work, says Hires, a
postdoc in Loren Looger’s lab at HHMI’s Janelia Farm Research Campus. ¶ Hires’
effort is but one small step in a
quiet revolution for researchers,
who have relied on traditional
forms of scholarly communication—peer-reviewed journals,
scientific meetings—for more
than a century. His forebears would likely have
blanched at the very prospect of free, unfettered,
and seemingly instant access to proprietary information, as scientists have long been hesitant to
share their thinking process with others prematurely for fear of having their ideas stolen.
Slowly, however, the culture is changing, not
only through blogs but also by means of open notebooks, open publishing, and other interactive
models. Those involved call it Science 2.0, an effort
to harness the capabilities of the Internet to help
scientists communicate better among themselves as
well as to the public at large.
Into the Blogosphere

While many of their older counterparts remain wary,
younger scientists have taken to the medium quite
naturally. When Hires is not blogging himself (he
posts when the spirit moves him, or research catches
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his eye), he enjoys visits to other cyber sources such as Bohemian Scientist, Brain
Waves, and Neurodudes.
Neville Sanjana, a graduate student in the lab of HHMI investigator
Sebastian Seung at Massachusetts Institute of Technology (MIT), founded
Neurodudes in 1999 along with Bayle Shanks and Stephen Larson, both at the
University of California, San Diego. It started as an informal e-mail list among
friends but soon became a place to share scientific concepts, news, and
commentary with the world at large. It now officially focuses on the intersection of two knotty fields—neuroscience and artificial intelligence—but Sanjana
is still adamant that it remain easily readable and interdisciplinary in nature.
“No one should feel like it’s a formal academic journal,” he says.
Cross-pollination among research disciplines is in fact at the core of many
other popular science blogs. Michael Eisen, an HHMI investigator at the
University of California, Berkeley, is an avid blog reader who particularly
enjoys John Hawks’ site on paleoanthropology, genetics, and evolution (johnhawks.net/weblog/). A recent post there discussed a new sequencing of
Neanderthal mitochondrial DNA. “It’s like a conduit into another whole
world,” says Eisen.
Through a blog, “anyone can eavesdrop on a conversation scientists may be
having,” says Matthew Nisbet, a professor of communications at American
University whose research—and daily blog Framing Science—focus “on the
intersections of science, media, and politics.” The advantage is twofold: bloggers promote improved public understanding of how science ticks; and they can
present their own ideas to other researchers and get feedback. Presently, most of
that data is posted only after it has been formally published elsewhere. Nisbet
adds that scientists are a bit behind in the blogosphere when compared to the
prevalence of political bloggers, but some science sites generate big traffic.
Pharyngula, run by University of Minnesota biologist Paul Myers, attracts 1.5

Susana Raab

million visitors a month. It is one of 60 or so blogs
hosted by Seed Media Group’s Scienceblogs.com.
Blogs also provide a platform for the meeting of
scientific minds, says University of Iowa epidemiologist Tara Smith. Her Aetiology blog, where she
discusses everything from AIDS issues to the anthrax
attacks to fossilized dinosaur bacteria, helped her
connect with Yale University neurologist Steven
Novella. The two recently collaborated to publish a
paper about AIDS misinformation on the Internet
(propagated in large part by those who deny that
HIV causes the disease) and the need for scientists to
do a better job of tracking and rebutting it.

Where the Cool People Are

The current extreme of collaboration via Science 2.0 is OpenWetWare.org.
Begun in 2003 by Austin Che, who was then a computer science and biology
graduate student at MIT, this biological-engineering Website uses the wiki
model to showcase protocols and lab books: everything is open and can be
edited by any of its 4,000 members.
OpenWetWare (OWW) is now overseen by Stanford University bioengineering professor Drew Endy, until recently at MIT. “I was the permissive adult
who didn’t say no” to the idea, he recalls, even though he didn’t know much
about wikis at the time: “When I did my Ph.D., I had to go to the library and
collect papers.”
But Endy quickly saw the power of the open online concept. OWW carries
lab experiment protocols on everything from DNA precipitation to electrophoretic mobility shift assays. Particularly intriguing are
the open lab notebooks that outline experiments,
whether successful or not, in their entirety. It’s a
novel concept, and one that demands an attitude
adjustment among researchers.
Harvard Medical School systems biologist Pam
Silver, an early convert to OWW, has all of her
experiments and protocols on the site. “I think it
has made my lab members feel that they are part of
a larger community of scientists who share ideas,”
she says, “and that their research can move forward
more quickly.” Silver maintains that the freeflowing interactions on OWW have contributed to
her work in bioenergy and her educational efforts
in systems biology. “I always encourage people to
be as open as possible,” she says. “No one has to
join OpenWetWare, but that’s where the cool
people are.”
Experimental biophysicist Steven Koch at the
University of New Mexico also uses OWW, but
only about 25 percent of his work is publicly available there. Although highly in favor of the OWW
mission, he sees it as a work in progress and therefore not something on which he is willing to share
so much information that he’d be risking his career.
Andrew Hires uses his blog, Brain Windows, to share
articles he finds interesting on brain imaging. The blog’s
“Maybe tenure will allow me to,” he says.
tagline: new tools for peering into the brain.
MIT biology professor Michael Laub isn’t so
sure either. “Somebody may have discovered some
interesting gene and doesn’t want to blab to the
whole world about why it’s interesting,” he recently
told The Boston Globe in a story about OWW. “I
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Noah Berger / AP, ©HHMI

OWW and aiming for more interaction around
each paper in a journal.
In April 2003, a group of leading American
scientists, research funders, publishers, and librarians met at HHMI headquarters in Chevy Chase,
Maryland, to discuss the future of biomedical
information. The landscape was already changing,
they concluded. Increasingly “out” was the traditional closed model of medical publishing
controlled by a small list of rarified and expensive
print journals. “In,” or at least holding great
promise, was a new concept called open-access
publishing, which aimed to blast a hole in the
status quo by making scientific studies free online
to all readers.
Traditionally, print journals have been gatekeepers regarding access to new scientific
information. While they usually serve their specific
Michael Eisen, a fan and originator of open-access
specialty readers quite well, the resulting stovepublishing, is convinced that the scientific community
piping of information leaves researchers in related
is ready for Science 2.0.
fields largely unaware of the new ideas and
advances presented in particular journals. That
don’t want my grad students to be scooped by
makes no sense to HHMI investigator Patrick O. Brown, a biochemistry
someone else.”
researcher at Stanford University.
To those fearful of exposing their experiments to
In 1998, Brown began discussing the open-access concept with Harold
competing researchers, Endy has a simple response:
Varmus, then director of the National Institutes of Health (NIH), and Eisen,
No one can steal what is already public and credthen a postdoc in Brown’s lab. Their idea culminated in the launch of the
ited on the OWW site with a time stamp. In
online Public Library of Science (PLoS) in 2001. The free peer-reviewed site
addition, unlike Wikipedia, no anonymous edits
reads like a traditional academic journal, but there are two fundamental differare allowed. If a member makes a change, he or
ences: the papers’ authors pay $1,300 to $2,850 for publication, and they
she is identified and has a responsibility to the
relinquish all publishing and distribution rights to the public as long as the
community, Endy says.
work is properly cited.
Nevertheless, OpenWetWare is still well ahead
“Most publishers wish open access would go away,” says Brown. It won’t.
of the scientific culture curve. “We’re a multistage
Major research-funding organizations, including NIH, HHMI, and the
rocket that has only gone through stage one,” he Wellcome Trust, now require their grantees to post their findings on openacknowledges. By the end of this year, however,
access Websites such as PLoS or PubMed Central within 12 months of
Endy would like to see more projects fully repre- publication in traditional journals. Publishers are pushing back, however, and
sented, from initial brainstorm to conclusion. In
in September, the House Judiciary Committee began holding hearings on
that spirit, at his new lab at Stanford, he plans to let
whether the federal government should be allowed to require grantees to submit
it all hang out on OWW.
accepted papers to a free archive.
Even with the recent advances in collaboration and sharing made possible
with open-access publications, there is a feeling among Web-savvy scientists that
Open-Access Journals
more could be done. Both Eisen and Brown are working on a more interactive
Meanwhile, a realignment in academic publishing
concept, essentially a major upgrade to PLoS, that would allow readers to respond
is borrowing some of the strengths of blogs and

to papers and share their insights. The goal is to tap
the often-evanescent thought processes of scientists
as they consider the experiments of others.
“In a way, this would be a natural offshoot of
what we do in our labs and offices,” says Eisen, with
online papers becoming nuclei for discussion—
including annotations in the margins from qualified
readers. Adds Brown: “Sites like this, if they’re good,

will take over one of the most important roles that journals play—selecting and
stratifying articles relevant to a particular area—while separating that role from
the process of publication itself.”
To Overcome Cultural Barriers

Another online publishing option takes selection and stratification a bit further.
Launched in 2002, “Faculty of 1000 Biology” (F1000) is designed to let leading
biochemists, cancer biologists, neuroscientists, and endocrinologists, among
others, help colleagues identify the most important
new papers among the thousands released each year
in biology and medicine. These top scientists—
Virtual Access to the Ancients
some 2,300 according to their Website—evaluate
new papers on a numerical scale, allowing F1000 to
p Carey Phillips, a biology professor at Bowdoin College, is in the process
publish an online rating, abstract, and category (one
of acquiring an island to help his students recreate and study a Greek
of seven) ranging from “new finding” to “technical
colony in its heyday 2,300 years ago. The colony actually existed, while
the island will be part of Second Life—a 3-D virtual community inhabited
advance” to “refutation.” In recognition that F1000
by thousands of “avatars,” or computer representations of real people.
can be a great time-saver for their busy scientists,
Phillips sees Second Life as having great potential as an educational platmany of the world’s major research institutions
form that capitalizes on the Internet’s connectivity. The project is funded,
subscribe to it. It has another benefit as well, says
in part, by an HHMI grant to Bowdoin.
HHMI investigator Paul Sternberg at the California
p Phillips is working with students at Bowdoin and other universities
around the globe to recreate Chersonesos, an ancient Greek outpost on
Institute of Technology, who serves as a section
the Black Sea in what is now Ukraine. “One of the basic goals,” says
editor for the publication. “It’s especially good at
Phillips, “is to develop new informatics tools and approaches that allow
highlighting papers that are obscure and bringing
students to integrate information across disciplines,” not unlike the
them to light.”
process of writing one’s own blog. Moreover, “students will form teams
and interact with faculty experts, within the virtual world, who serve as
Given the obvious benefits of F1000, which also
consultants,” as if they were all involved in an advanced collaborative
happens not to challenge the existing order, it has
form of open-access interaction.
been the proverbial overnight success. But most
p Chersonesos is a unique quirk of history. It was burned and abandoned
manifestations of Science 2.0 largely remain
around A.D. 1200 and then left untouched; unlike the history of most other
obscure. The greatest roadblock to these innovaancient sites, subsequent populations did not build over its foundations.
And it largely escaped modern notice because it sat next to the off-limits
tions is not the established print journals themselves
environs of the Soviet Black Sea Fleet. Since the U.S.S.R.’s demise, however,
but an academic culture that is still inclined to
local archeologists have unearthed thousands of artifacts, from decorated
value traditional publishing and that doesn’t credit
sarcophagi to mosaic floors to household items made of blue glass.
scientists who share their expertise on blogs and
p Students will use geospatial data provided by the University of Texas at
open-access sites.
Austin to rebuild the town, as well as its agricultural economic base, in
Second Life. “The surrounding farmland has been cored, and we have
“There is still an incredible premium put on
3,000 years’ worth of data from which to study the evolution of various
how many articles you have in Cell, Science, or
cultivars based on planting practices, human impact, and cultural [and]
Nature,” says Alex Palazzo, a postdoc in the Harvard
historical events,” says Phillips.
Medical School lab of HHMI investigator Tom
p The citizens of Chersonesos also practiced an early form of democracy.
Rapoport. Palazzo runs The Daily Transcript, a blog
Through their avatars, students will set up a government on the island and
solve problems presented by Phillips and other teachers. “We will record
dealing with technical issues in cell biology.
all the virtual chat by participants and use software developed by the
Advocates of Science 2.0 admit there is still
military to assess the evolution of group sophistication as they interact,”
resistance,
but they insist that the scientific commuPhillips says. “I will then work with a group at Amherst College to use this
nity
has
turned
the corner on change. “The wind is
data to develop better educational tools within immersive virtual environat our backs,” says Eisen. p
ments.” —R.B.
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Nancy Andrews

An Unabashed
Advocate
Natalia Weedy

physician scientists on a
tightrope need a safety net.
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Physician-scientists encounter firsthand the pathology of disease, and with highly developed research skills they can wield the tools of the laboratory to create new treatments,
says Nancy Andrews, former HHMI investigator and now dean of the Duke University
School of Medicine. It’s time for schools and others to step up and relieve the social and
economic pressures that threaten this important career path.
I got my first taste of the biases I would encounter as a
physician-scientist when I was applying to M.D./Ph.D.
programs as an undergraduate. At the end of an interview
with a surgeon at a prominent medical school, he
concluded, “I can tell already that you are never going to be
a scientist, because you like people more than molecules.”
Science is not a molecules-versus-people endeavor. It is
often an intensely social enterprise, in which you work closely
with talented people on exciting, challenging projects.
Still others warned me, “You have to choose one or the
other, or you are not going to be good at either”—another
misconception that persists today.
Wrongheaded attitudes about combining medicine and
research make me wince. I know many physician-scientists
who have made a critical difference in their fields.
One of my favorite examples is pediatrician-geneticist Hal
Dietz, an HHMI investigator at Johns Hopkins University
(and a Duke alum). Early in his career he discovered the
molecular etiology of Marfan syndrome, a common disorder
that predisposes young people to catastrophic cardiac aneurysms. Over the following years Hal worked out how
mutations in the fibrillin-1 gene cause Marfan syndrome,
and he took advantage of his scientific knowledge to try a
new, rationally conceived treatment. If Hal hadn’t been
a pediatrician, he wouldn’t have become interested in this
problem. If he hadn’t developed expertise in genetics, he
would not have solved it. And he made major contributions
to our understanding of the fundamental cellular process
called nonsense-mediated mRNA decay, which protects
against deleterious mutations.
M.D./Ph.D. physician-scientists—as well as M.D.s who
seek to do research—face considerable pressures not experienced by their purely clinical or research colleagues. For
example, academic medical centers may push young physician-scientists to take on heavier patient loads, viewing
clinical income as more predictable and cost-effective than
revenue from research grants. On the other hand, scientific
colleagues may view clinical work as an irrelevant distraction.
Physician-scientists must repeatedly defend the notion that
combining patient care and scientific investigation opens up
important new ways of thinking about medical problems.

Pressuring physician-scientists to increase patient loads
and decrease research may not, in fact, be in the long-term
economic interest of an academic medical center. True, a
medical center needs to foster excellence in patient care,
but what really puts it on the map is the excellence of its
research. A center is more likely to attract cancer patients, for
example, if it has investigators actively testing experimental
diagnostics and therapies at the leading edge of treatment.
In addition, strong clinical and translational research can
enhance fundamental science efforts at medical schools
and universities. Many basic scientists enjoy thinking about
their work in the context of real-world problems and gain
from collaborations with physicians and physician-scientists
that broaden their perspectives.
The stark funding climate at the National Institutes of
Health puts enormous pressure on all biomedical scientists
and, in particular, discourages young people from choosing
physician-scientist careers. With a net decline in the
spending power of the NIH budget, young people hear a
negative drumbeat of how hard it is to attract funding and
how much time they will spend writing grant applications.
Full-time clinical careers seem secure by comparison. I am
very worried about the talent drain that may ensue.
Leaders in academic medicine must take concrete
steps to correct wrongheaded attitudes and support young
physician-scientists. We can provide mentoring beyond
the usual apprenticeship training given graduate students,
with mentors who understand the distinctive pressures
physician-scientists face. I feel especially fortunate to have
had a graduate advisor, David Baltimore, who strongly advocated my finishing clinical training after defending my
Ph.D. thesis and encouraged me to span both worlds.
Medical centers and research foundations can also show
their support with cash. At Duke we are exploring institutional mechanisms for providing salary relief more
systematically to those young physician-scientists with the
highest potential. Such efforts must be deliberately aimed
at providing flexibility to junior faculty negotiating how to
effectively allocate time between clinic and laboratory.
It would be terrific to see HHMI take a leadership role in
solving this problem.

I n t e r v i e w b y D e n n i s M e r e di t h . Nancy Andrews is the first woman to head a top-ten medical school. She was previously
dean for basic sciences and graduate studies at Harvard Medical School and director of the Harvard-M.I.T. M.D./Ph.D. program.
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Elizabeth Nabel

A Window
on Aging

Paul Fetters

studying a rare disease
provides uncommon insight.
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One of the rarest diseases in the world is progeria. It is known to exist in only
100 children, causing them to age rapidly—looking 60 years of age when they’re
10. They eventually die in their early teens. Elizabeth G. Nabel, director of the
National Heart, Lung, and Blood Institute, says research on this rare disorder
may offer help to these children, provide insights into normal aging, and furnish
information about one of our biggest killers, heart disease.

How can studying rare diseases lead to broader discoveries?
By sorting through the molecular and genetic mechanisms
involved in rare diseases, we can learn a great deal of biology
that has implications for common diseases. For example,
by studying progeria, we are learning about the biology of
smooth muscle cells, which line the blood vessels. This has
important implications for many vascular diseases that
affect millions of Americans.
Your research area is atherosclerosis. How did you get
involved in studying progeria?
Children with progeria uniformly die of heart attack or
stroke in their early teens. But there were few pathology
reports on the cardiovascular aspects of progeria. Nothing
was really known. When two groups working on progeria
asked me to join them, I was really intrigued.
For the past 20 years, I’d been studying smooth muscle
cells, the cells that proliferate in atherosclerosis and eventually cause heart attacks and stroke. These smooth muscle
cells, we learned, also play a key role in progeria.
At the beginning of the project, did you think you might
learn something about normal aging?
Initially, we just wanted to understand this rare disorder. But
I quickly realized that understanding progeria would provide
a window into understanding atherosclerosis that occurs
with aging. The signal feature of blood vessel disease in
progeria is a loss of the smooth muscle cells in the arteries.
When these cells die, the blood vessels become scarred and
inflexible. Eventually, the normal artery is replaced by a stiff,
fibrotic tube that can no longer constrict or dilate. The coronary blood vessels can’t respond to blood flow demands and
a heart attack follows.
This process in progeria is a little different from the
atherosclerosis that occurs during aging. In fact, you can
think of them as opposite processes with similar results.
In progeria, smooth muscle cells die. But in normal atherosclerosis, smooth muscle cells proliferate in a chronic,

inflammatory condition caused by high levels of low-density
lipoprotein, nicotine, diabetes, high blood pressure, and other
things. But because cell growth and cell death are intimately
connected, studying one provides insight into the other.
And what have you learned?
We knew that smooth muscle cells arise from a specific kind
of progenitor or stem cell that resides within blood vessels.
We thought that these progenitor cells generated new
smooth muscle cells throughout life. But by studying progeria, we’ve learned that the progenitor cells can only divide,
or double, a finite number of times and then they die. In
children with progeria, these cells double only until the
children are in their mid-teens. Our working hypothesis is
that this early death of the progenitor cells is due to the
genetic defect that causes progeria, which was identified
by Francis Collins [former head of the National Human
Genome Research Institute]. That defect occurs in the gene
that makes the protein lamin A, turning it into a defective
protein called progerin. And while we haven’t worked out
the precise molecular mechanisms involved, we think that
progerin causes the progenitor cells to die early.
How is this relevant for normal aging?
A colleague, Tom Misteli at the National Cancer Institute,
discovered that as healthy people age, they begin to make
progerin. Somehow their normal lamin A gene starts
producing this mutant protein. We don’t know why this
happens, but because we now have the resources from the
progeria work—including a mouse model and a tissue
bank—we hope we’ll be able to puzzle out exactly why
older people produce progerin. We think it could be an
important clue to understanding many aspects of aging.
I n t e r v i e w b y B r i a n Va s ta g . Elizabeth Nabel, National
Heart, Lung, and Blood Institute director since 2005, is a
cardiologist whose lab focuses on molecular, cellular, and
genetic mechanisms of vascular diseases.
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A small group of scientists are beginning to post their lab
notebooks and draft research papers on open-access Websites
for comment and discussion. Would you greet this so-called
Science 2.0 with open arms or major skepticism?

Andrew Camilli

Michele M. Barry

Teresa Nicolson

Jason G. Cyster

H H M I I n v e s t i g at o r
T u f t s U n i v e r s i ty S c h o o l
of Medicine

H H M I I n t e r n at i o n a l
Research Scholar
U n i v e r s i ty o f A l b e r ta

H H M I I n v e s t i g at o r
O r e g o n H e a lt h & S c i e n c e
U n i v e r s i ty

H H M I I n v e s t i g at o r
U n i v e r s i ty o f C a l i f o r n i a ,
San Francisco

“It’s an intriguing idea—
feedback and critical comments on your work could
greatly influence the direction of your project.
Sharing your work at meetings is almost always a good
thing, so why not extend
that to the Web? There
may be a lot of scientists
out there happy to share
helpful advice or start collaborating, especially if
they do similar work. The
people most apt to browse
through your notebooks or
drafts, however, may be
your closest competitors, so
there is some risk involved.
I’m sure many scientists
would be too worried to
post their notebooks or
drafts on the Web.”

“I would have skepticism as
to the benefit of this effort
except as a teaching exercise. As Aldous Huxley put
it, ‘Life is short and information endless, no one has
time for everything.’
Experiments usually need
to be repeated, discussed,
and repeated many times
before they lead to a robust
finding that is likely to be
of value to the wider community. I’m not advocating
it, but I could more clearly
see merit in the reverse
scenario—requiring that
all the ‘raw’ data on which
a submitted study is based
being made open-access
after publication.”

“I would be open to such
a ‘MyLabSpace’ but am
doubtful it would gain
wide acceptance.
Although I welcome open
access to papers, I think
posting lab notebooks and
draft manuscripts online
could lead to undue competition and intellectual
property issues. A
‘MyLabSpace’ could make
for occasional interesting
reading (expletives, selfpsychoanalysis), however
its major value would be
access to data that are
never going to see the
light of day in peerreviewed papers. Perhaps
this could be accomplished more efficiently
by wider use of journals
with lower subjective hurdles for publication.”

44

hhmi bulletin

| November 2oo8

“There is no doubt that the
World Wide Web has had a
tremendous impact on our
daily lives. Some of these
impacts have been beneficial and some perhaps not.
This impact includes new
networking capabilities
such as MySpace and
Facebook (used religiously
by my students!). As a new
Web-based network for the
communication and discussion of science, the obvious
advantages to Science 2.0
would be quick access to
information, quick feedback, and worldwide collaboration. At a time when
fewer scientists seem to be
presenting unpublished
data at conferences, however, I wonder whether
Science 2.0 would catch
on. It may take some time.”

Camilli: Robert Klein / AP, ©HHMI Barry: David Rolls Nicolson: Greg Wahl-Stephens / AP, ©HHMI Cyster: Tim Archibald

Most new technologies are a boon to science—new lab equipment, software, and
procedures make things faster, easier, more accurate. But when it comes to the growing
trend toward open-access online networks, scientists have mixed feelings as to
whether this technology might help their fields. — E D I TE D BY S a r a h C . P. Wi l l i a m s
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How does a snake get so long?
With 315 somites—the precursors to vertebrae—this corn snake embryo will have many
more segments in its spine than most other
vertebrates. An HHMI investigator has now
discovered how snakes, among other organisms, control the development of somites.
Visit www.hhmi.org/bulletin/ to read about it
in a Web-only Lab Book spotlight.
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Hook ’Em with Science
L e a r n i n g s c i e n c e n e e d n ot b e t h e pa i n f u l e x p e r i e n c e t h at
m a n y k i ds e x p e c t. Fo u r r e s e a r c h e r s a r e s h ow i n g h ow

D e n s e t e x t b o o k s , l o n g l e c t u r e s , a n d c o m p l i c a t e d fa c t s

to memorize: these are the things that make many kids dread science
class. Even though most scientists consider their work to be a great
personal joy both intellectual and otherwise, methods for teaching
science to youngsters, as well as to nonscientist adults, have often
struggled to convey that excitement.
Hoping to trigger fresh ideas for bringing science to students
and the public, HHMI awarded special education grants in 2007
to four HHMI investigators who want to share the fun side of their
research—Roger Y. Tsien, Ronald D. Vale, David Baker, and
Sean B. Carroll.
“As experts in their respective fields, [these researchers] bring
to the table unique perspectives and knowledge that has provided
expanded educational opportunities for students at many levels,”
says Peter Bruns, HHMI’s vice president for grants and special
programs. “So far the projects have been remarkably diverse.”
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Tsien and his former postdoc Jeremy Babendure, at the University
of California, San Diego, are exploiting the properties of fluorescent proteins—work for which Tsien won the 2008 Nobel Prize in
Chemistry. The rainbow of colors, though, are not only indispensable
to research but also fun to use. “You see all these bacterial plates with
the whole range of colors, just wonderful colors,” says Babendure. “The
scientists in the lab love it—they fool around with it and make designs.
So we thought this is probably a really great tool to get to kids too.”
Working together with some teachers they came to know, Tsien
and Babendure developed a curriculum—dubbed BioBridge—that
uses the colorful array of proteins in high school classrooms.
Vale, of the University of California, San Francisco, also wants to
illuminate the colorful side of science, though not quite as literally.
His approach: online seminars that reveal scientific fact as well as the
not-necessarily smooth process of discovery, the links between fields,
and the more personal side of science.

Maxwell Loren Holyoke-Hirsch

s c i e n c e i n t h e c l as s r o o m c a n b e a d ow n r i g h t p l e as u r e .

Thus “any time I’m trying to explain something to somebody,”
One of the inspirations for his project was his travels in India,
says Carroll, “whether they’re my kids, students, a neighbor, or
where he noted the dearth of seminars even at top institutions.
a colleague, I’m sort of in that mode—trying to decide what the
“Some schools are real magnets for attracting seminar speakers,
appropriate level of detail is, where the hooks are, and what’s
and they have the money to afford them,” says Vale. “But the vast
really interesting.”
number of places in the world, and even in the U.S., don’t have that
One such hook is to show scientists at work in visually arresting
luxury of access to top speakers in biology.”
locales. Instead of filming them at a desk or behind a podium, his
Calling most existing videos of seminars “not visually engaging”
documentary has HHMI investigator David Kingsley of Stanford
and “very focused on just the latest data,” Vale says he set out to
University, for example, discussing fish evolution “on location” at a
make videos that would keep the viewer’s attention. One approach,
British Columbia lake.
derived from his collaboration with the UC Teaching, Learning,
Carroll and the other three investigators and their collaborators
and Technology Center, is “chroma key” films—videos that can
have a knack for drawing people in. They think science is fun, and
combine two overlaid images, such as of a researcher together with
they want students and the public to see that side of research—the
slides depicting his or her science.
fooling around, the friendly competition, and the personal success
Less than two years after its launch with four pilot videos, iBio(and disappointment) stories.
Seminars—hosted on the Website of the American Society for Cell
Biology—boasts 32 seminars on biology, and
Vale has received positive feedback from
“You see all these bacterial plates
numerous colleges in the United States and
with the whole range of colors, just
around the world.
Baker, at the University of Washington,
wonderful colors.
is also taking advantage of the Internet to
J e r e m y B ab e nd ur e
reach a diverse audience. He has developed
an online game that challenges players
But while they’re hoping to show the playful side of science, all
to predict how a chain of amino acids will fold into a structured
four investigators agree that managing their new grants isn’t all fun
protein—a process that biologists have long struggled to master.
and games. Balancing lab work with the nitty-gritty administrative
Baker says his game requires little knowledge of science, as long
work required for the projects is challenging. “I don’t think I would
as one follows directions and enjoys puzzles—not unlike playing
have been able to do research and do this too,” says Babendure,
with Rubik’s Cube—and its players “range from 12 years old to
who gave up his postdoctoral appointment to become the full-time
well into retirement.”
director of BioBridge.
To tailor the game for use in classrooms, Baker has been collaboAs the program has grown, running it is has become too much
rating with local high school teachers to develop a new release that
for Babendure to do alone. So he recruited a staff of interested
will let students design proteins for medical applications and learn
community-college students to make the protein kits for high
about biology along the way.
schoolers’ experiments. “Our goal is to make this effort sustainable
Carroll, at the University of Wisconsin–Madison, is embracing
television. The author of two books on evolution—Endless Forms in the long run without continually needing to write grant applications,” says Tsien.
Most Beautiful and Making of the Fittest—his project is to turn
Vale and Baker say the greatest challenge for them is convincing
them into a NOVA documentary. The two-hour program will air
teachers to make time in their courses for new classroom activities.
in fall 2009, around the 150th anniversary of the publication of
“Because there are so many mandated things, curriculums are full,”
Charles Darwin’s On the Origin of Species and just a few months
says Baker. All in all, though, the projects appear to be successful.
after Darwin’s 200th birthday. “All the new developments in
Tsien’s and Babendure’s BioBridge is expanding to classrooms
evolutionary science in recent years, plus the anniversaries, were
outside California, and Vale has scientists approaching him with
compelling reasons to do something for 2009,” says Carroll.
The challenge of assembling video footage differs greatly from offers to give new seminars.
“In general, the scientific community is supportive when it
that of book writing, he concedes. “It has to be visually engaging.
comes to education,” says Vale. “It’s very easy to get scientists who
The idea of showing bacteria, yeast, and fruit fly after fruit fly would
are willing to donate their time. There’s definitely good will in the
give filmmakers night sweats. A lot of the organisms that make for
community.” p —S a r a h C . P. W i l l i a m s
good research don’t necessarily make for good television.”

”
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HHMI Funds Renovations at
Two Research Facilities
While cutting-edge scientific equipment can become

outdated in mere months, the buildings that house laboratories
last much longer. But at two research institutions, the time has
now come to renovate aging facilities. HHMI is contributing $15
million toward the costs of construction at the Cold Spring Harbor
Laboratory (CSHL) in Cold Spring Harbor, New York, and another
$15 million toward revamping the Marine Biological Laboratory
(MBL) in Woods Hole, Massachusetts. Both are used widely by
HHMI investigators and are considered vital scientific training
grounds for the broader biomedical research community.
“Cold Spring Harbor and MBL are preeminent in combining
scientific research and education, synonymous with HHMI’s

to their repertoire—in topics such as structural and functional
neuroanatomy, rodent behavior, and live-cell imaging—CSHL
needs new laboratories and research buildings. The HHMI grant
will help fund the construction of a 12,241-square-foot laboratory
building with a computer classroom, six new research buildings
that will make up the 11-acre “Hillside Campus,” and the renovation of a 1926 teaching laboratory building. Additionally, the
grant will allow CSHL to purchase equipment for high-resolution
microscopy and protein analyses.
Like CSHL, MBL also has a distinguished record of offering
advanced training to scientists. Their training is primarily through
a series of summer courses in biology that have been held since

This summer’s imaging course at CSHL brought together
scientists from around the country, including teaching
assistant Yusuf Tulfail (right) of Arizona State University,
and students Nicholas Frost (above, left) of the
University of Maryland School of Medicine and Gregory

mission,” says David Clayton, vice president for research operations
at HHMI until August 2008. “They have been a unique resource
for the broader scientific community since the late 1800s, and
HHMI is pleased to participate in contributing to strengthening
their resources for the benefit of future generations of scientists.”
Nearly 90 percent of HHMI investigators say they participated
in at least one meeting or course at CSHL between 2002 and
2007. A significant number of courses offered during that time
included HHMI investigators as lecturers. But to add courses
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1982. The building that houses these summer courses, however,
was built in 1970 and has inadequate heating, air conditioning,
ventilation, and electrical systems. The HHMI grant will upgrade
these systems to better accommodate the summer courses. The
state of Massachusetts has also authorized $10 million of state
support toward renovations of MBL.
The renovations will allow both institutions to continue
offering classes at the forefront of biomedical research, helping
HHMI and non-HHMI scientists alike. p

Berkin / Cold Spring Harbor Laboratory

Digby (above, right) of the Medical College of Georgia.

Alison F. Richard Elected as HHMI Trustee

P r o f e s s o r A l i s o n F. R i c h a r d, v i c e - c h a n -

cellor of the University of Cambridge, has
been elected a Trustee of HHMI. She is one
of nine Trustees of the Institute, a medical
research organization dedicated to discovering and disseminating knowledge in the
life sciences.
Richard, 60, spent more than 30 years
at Yale University before 2003, when she
became Cambridge’s 344th vice-chancellor,
the chief academic and administrative
officer of the university. Richard is the first

woman to hold the position on a full-time
basis in Cambridge’s 800-year history.
As vice-chancellor, Richard has led
several notable initiatives at the university,
including the introduction of a needs-based
financial aid program for undergraduates, the launch of a $2 billion fundraising
campaign, and governance reforms.
Born in Kent, Richard was educated
in England and trained as an anthropologist, earning her undergraduate degree
at Cambridge and a doctorate from the
University of London. She joined the faculty
of Yale University in 1972, becoming a full
professor in 1986. She was named director of
the Yale Peabody Museum of Natural History
in 1990 and was credited with bringing new
vitality to its storied collection. In 1994, Yale
President Richard Levin appointed her as
provost with responsibility for overseeing the
university’s budget and educational policies.
Richard is a world authority on the
evolution of complex social systems among
primates. She is best known for her research
on lemurs in Madagascar, but she has also

done field studies in Central America, West
Africa, and the foothills of the Himalayas.
She has written numerous articles and
two major books on the subject, including
Primates in Nature (W.H. Freeman, 1985).
The University of Cambridge’s reputation for outstanding academic achievement
is known worldwide and reflects the intellectual achievement of its students as well as the
research of its faculty. Members of the university have won more than 80 Nobel Prizes.
As the university approaches its 800th
anniversary in 2009, it is looking to the
future. Cambridge today is an international
center of teaching and research in a vast
range of subjects; about half the students
study science or technology.
In partnership with Cambridge, HHMI
offers a program leading to the Ph.D.
through its Janelia Farm Research Campus.
It is designed for a small number of wellprepared, highly committed students
who spend one year at Cambridge (or the
University of Chicago) and then conduct
thesis research at Janelia Farm. p

Courtesy of the University of Cambridge

HHMI Donates $1 Million for Flood Relief
F l o o dwat e r s s w e p t a c r o s s t h e M i dw e s t this summer, leaving
Iowa drenched. While the biomedical research facilities at the
University of Iowa escaped the worst of the water damage seen elsewhere, researchers there were still hard-hit by the shutting down of
the university power plant, which provides the steam necessary for
hot water, autoclaves, and temperature control in labs.
To help the biomedical research community recover from the
effects of the flood, HHMI donated $1 million to the University of
Iowa and the Roy J. and Lucille A. Carver College of Medicine.
“Given the magnitude of the flood and its devastating effect
on the UI campus, we needed to participate in the recovery,” says
HHMI President Thomas Cech.
The contribution allows temporary heating and cooling systems
to be installed at the medical school campus so that scientists—
including HHMI investigators Kevin Campbell, Val Sheffield,
Edwin Stone, and Michael Welsh—can continue their research.

Campbell, the head of molecular physiology and biophysics
at UI, originally alerted HHMI to the severe consequences of the
flooding. University officials then kept HHMI updated on the effects
of the flooding and the recovery process.
“We are extremely grateful to HHMI for this generous contribution,” says Paul Rothman, dean of the Carver College of Medicine.
“The speed at which HHMI responded to our request for help
speaks volumes to the Institute’s commitment to sustaining and
fostering biomedical research across the nation.”
The total flood damage at the university is estimated at $231
million, and it’s unknown how much of the damage will be
covered by insurance and the Federal Emergency Management
Agency. Donations from other organizations and individuals—
totaling more than $767,000 as of the end of August—have been
given to students, faculty, and staff who lost their homes or possessions in the flood. p
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Extreme Makeover: Pancreas Edition
R esearchers create insu l in - producin g
ce l l s from adu lt pancreatic ce l l s .

Without using adult stem cells or reverting a cell’s programming to
its earliest stages, HHMI researchers have flipped an adult cell
from one type to another. The team converted one form of adult
pancreatic cells into insulin-producing beta cells, the kind of cells
destroyed in patients with type 1 diabetes.
The scientists, led by HHMI investigator Douglas A. Melton of
Harvard University, repurposed the adult cells by using viruses to
introduce three regulatory genes into them. These genes gave the
cells their new job descriptions. This novel technique doesn’t
require wiping out the identity of one cell type before generating a
new type. It’s like, for example, turning a scientist into a lawyer
without sending her all the way back to kindergarten.
“I think this approach could be broadly applicable,” says
Melton. “It could be applied to the nervous system or to the cardiovascular system.”
About 95 percent of the pancreas is made up of exocrine cells,
which secrete digestive enzymes—the pancreatic cells that Melton’s
team started with. Only a tiny percentage of the pancreas consists of
insulin-producing beta cells, which are organized into discrete clusters called islets. Melton says the next step in his research is to create
groups of beta cells capable of replacing the missing beta cells in
patients with either type 1 or type 2 diabetes.

A pancreatic islet, or cluster of hormone-producing cells.

“This is a step forward toward eventually developing a treatment for diabetes,” he says. “What we’d like to do is get a collection
of those cells together, to make a pancreatic islet.”
Functional beta cells not only produce insulin, they also detect
how much glucose is in the blood, providing feedback that adjusts the
levels of insulin production. The cells produced by Melton’s team do
this full job, and electron micrographs confirm that they are fullfledged beta cells. The findings were published on August 27, 2008,
in an advance online edition of Nature. p —S a r a h C . P. W i l l i a m s

IN BRIEF

After a malaria parasite invades a red blood
cell, it sends a crew of proteins inside to
remodel, creating a nest for new parasites.
The converted blood cell can harden and
stick inside blood vessels, a dangerous
chain of events.
Alan F. Cowman, an HHMI international
research scholar at the Walter and Eliza Hall
Institute of Medical Research in Melbourne,
Australia, has spent the past five years
leading a team of researchers in studying
the malaria proteins that oversee this
remodeling. The scientists’ hard work has
finally paid off, with a July 11, 2008, paper in
Cell identifying 83 of those proteins.
“What this paper has done is identify
new proteins that are different from
anything we’ve seen, that are absolutely
essential for different functions in the red
blood cell,” says Cowman.
The researchers began with a list of
about 85 malaria proteins and created 55
successful “knockout” parasites—each
missing the gene for one of the proteins.
They then ran tests on each knockout to see
how its missing protein affected function.
Eight of the malaria proteins deposit a
sticky layer on red blood cells, and two
build knobs on their surfaces. Others
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change its structure, and 30 of the proteins
were essential for malaria parasites’ survival
once they’re nestled inside the blood cell.
Eventually, understanding the role each
protein plays in helping malaria parasites
infect their host, and then survive, could
lead to new treatments for malaria,
targeting the most vital of the parasites’
protein crew.
O n wa r d i n t h e S e a r c h f o r
Au t i s m G e n e s

While scientists agree that the causes of
autism are largely genetic, the hunt for
autism genes has been slow. Now, by
studying large Middle Eastern families, an
international team of scientists led by HHMI
investigator Christopher A. Walsh has
homed in on six new genes involved.
Walsh, of Beth Israel Deaconess Medical
Center and Children’s Hospital Boston, had
been attempting to find genes contributing
to autism by comparing autistic and nonautistic siblings. In the United States, small
families make this difficult. So he turned
toward the Middle East, where families
average six children—compared to two or
three in the U.S. and Europe. Walsh and his
colleagues also narrowed their search by
focusing on families in which the parents
share a recent ancestor.

After sifting through data from 88 such
families in eight countries—Jordan, Saudi
Arabia, Kuwait, Oman, Pakistan, Qatar,
Turkey, and the United Arab Emirates—the
researchers identified five families with
individuals missing large segments of their
genome. Family members lacking a
segment on only one copy of a chromosome did not have autism, but those lacking
segments on both copies were affected.
Many of the deletions inactivated genes
that help nerve cells strengthen connections—a process necessary for learning and
memory, and one that’s been implicated in
autism before. Moreover, all but one of the
deletions reside in the on-off switches that
control genes, rather than in the genes
themselves. This suggests that autism could
be treated by activating the switch in some
other way. The results appear in the July 11,
2008, issue of Science.
A G e n e T h at L e ts
Fruit Flies Sleep

Even though they don’t close their eyes
when they sleep, fruit flies have sleep cycles
similar to humans. They sleep at night, they
get groggy if they miss out on rest, and
they try to make up for lost sleep.
By probing the extremes of fruit fly
slumber, HHMI investigator Amita Sehgal

Melton lab

M a l a r i a Pa r as i t e ’ s V i ta l
P r ot e i n s I d e n t i f i e d

Turning Growth On and Off, One Cell at a Time
O sci l l atin g ca lcium concentrations in the nuc l ei of l i v er ce l l s
trans l ate insu l in ’ s si g na l s into operatin g instructions .

Hepatology, Vol. 438, No. 5, 2008, cover. © 2008 John Wiley & Sons, Inc. Reprinted with permission of John Wiley & Sons, Inc.

How does your body regulate its 50 trillion cells? The short answer
is that it sends chemical messages to tiny subassemblies operating
inside each one of them. Despite decades of study, however, intracellular communications are only dimly understood. Now a team
led by HHMI international research scholar Maria de Fátima
Leite has discovered an elegantly simple explanation for one of
these command mechanisms.
In the November 2008 issue of Hepatology, the researchers describe
for the first time the transfer of information from insulin to calcium
ions in liver cell nuclei. Because it
regenerates even after severe
damage, the liver could be a key to
explaining both normal cell
growth and cancer. And calcium is
a known “second messenger,”
decoding commands like “Die!”
or “Grow!”—carried through the
bloodstream by hormones such as
insulin—into language that the
cell’s subsystems understand.
Insulin receptors, shown in green,
“We’ve known for a long
coat liver cells.
time that insulin affects regen-

eration,” Leite says. “We’ve also known that insulin changes
calcium concentrations in the cytoplasm, the part of the cell
surrounding the nucleus. But we’d never seen insulin receptor in
the nucleus itself.”
Detecting insulin receptors in the same places and at the same
times as rising and falling calcium concentrations told the
researchers they had made two discoveries, says Leite: “One, insulin
causes calcium oscillations in the nucleus; and two, receptors translocate from the cell wall to the nucleus, traveling much deeper
than we had thought.”
Although a receptor is submicroscopic, Leite says, at the cellular
scale its dive to the nucleus is an epic one. “If you imagine a
receptor molecule as a two-meter-tall lifeguard, the distance would
be something like swimming the length of Lake Titicaca.”
Both discoveries are far more than just scientific curiosities, she
says. “These are very important clues to specific problems. If we
can learn to stimulate calcium oscillations in the nucleus, in a way
that switches on regeneration or inhibits tumor growth, we may be
able to design finely targeted medications with fewer side effects.
“And the beauty here is that the explanation is so simple. In
science, the simplest explanation tends to be the right explanation.” p
—G e o r g e H e i d e k a t

IN BRIEF
has now discovered one gene that’s necessary for normal fly sleep. She and her
colleagues at the University of Pennsylvania
School of Medicine sorted through more
than 3,500 lines of fruit flies searching for
the one that slept the least each day.
The line they found—with a mutation in
a gene dubbed SLEEPLESS—slept 80
percent less than most flies, and 9 percent
of flies with the mutation didn’t sleep at all.
The SLEEPLESS gene, the researchers
discovered, codes for a small protein that
likely regulates potassium ion channels.
Sehgal thinks it might regulate channels in
neurons involved in arousal—these neurons
have to be silenced for sleep to occur.
SLEEPLESS flies not only had shorter
and fewer sleep episodes, but also shorter
life spans compared to flies without the
mutation. “Even the SLEEPLESS animals
need sleep,” says Sehgal. “That’s probably
why they are so short-lived.”
The details on SLEEPLESS were
published in the July 18, 2008, issue of
Science.
S c i e n t i sts Sp ot C au s e o f
Eye Disorder

A common eye movement disorder is
caused by a mutation in a signaling molecule
that normally allows developing nerves to

reach eye muscles, HHMI researchers have
discovered. Individuals with the disorder—
Duane syndrome—can’t move one or both
of their eyes outward toward their ears. And
when they look inward toward their nose,
the eye is pulled back into the socket.
Scientists once thought that muscle
defects caused these symptoms, says HHMI
investigator Elizabeth C. Engle of Children’s
Hospital Boston and Harvard Medical
School, who led the latest study. Engle’s
long-standing hypothesis, though, has been
that Duane syndrome—and other congenital eye movement disorders—results from
improper nerve development.
An earlier study had identified a mutation within a large chromosome region in
individuals with Duane syndrome. To zero
in on the mutation, Engle and her
colleagues screened DNA isolated from
patients and their family members and
discovered mutations in CHN1—a gene
that encodes alpha 2-chimerin, a signaling
molecule known to be essential in mice for
guiding neurons during development. The
team showed that in chicks the Duane
syndrome mutations cause neurons to stall
while they’re growing, so they never reach
the correct eye muscles. The results were
published August 8, 2008, in Science.
Engle next hopes to learn why the muta-

tions she’s found cause the symptoms they
do. “We’re very interested in why these
mutations in this ubiquitously expressed
molecule affect the development of just
this circuit,” she says.
E x e r c i s e i n a P i l l?

It’s a couch potato’s dream: a pill that offers
all the benefits of an afternoon run. HHMI
investigator Ronald M. Evans has discovered two compounds that increase the
ability of cells to burn fat, enhance exercise
endurance, and genetically reprogram
muscle fibers to use energy better.
In 2004, Evans and his colleagues at
the Salk Institute engineered mice that
could run twice as far as normal mice and
were resistant to weight gain, even when
fed high-fat diets. The researchers
wondered whether they could mimic the
genetic effects through drugs and began
testing compounds.
One drug they’ve found—called AICAR—
allows mice to run 44 percent longer than
untreated mice. Another drug, GW1516, has
even more pronounced effects, but only if
it’s combined with regular physical activity.
Both drugs cause shifts in muscle composition and blood flow, and enhance fat metabolism. The results were published July 31,
2008, in an advance online edition of Cell.
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Guiding Motor Neurons
R esearchers are untan g l in g how a protein he l ps point
motor neurons toward their correct destinations .

Every movement, from picking up a pencil to doing a backflip,
requires the precise wiring of specific neurons in the body. If a
motor neuron destined for the leg instead wound its way along an
arm during development, chaos would ensue.
“Mammalian limbs possess over 50 muscle groups and each is
innervated by its own, dedicated, set of motor neurons,” says HHMI
investigator Thomas M. Jessell, whose lab at Columbia University
has studied a key gene for controlling that specificity.
The Jessell lab had already
found that the Hox family of
genes plays a role in determining which neurons go
where. But there are 21 Hox
genes involved in mice
neuron development, and so
probing their function further
by gene inactivation would
be a laborious task. Jessell
and his colleagues searched
A cross section of an embryonic
for factors that might be
spinal cord, with clusters of FoxP1
labeled in red.
required for Hox activity and

discovered that the transcription factor FoxP1 is needed for the
activity of all 21 Hox proteins, permitting a way of inactivating all
Hox proteins involved in spinal motor neuron differentiation.
“FoxP1 gives us access to the entire Hox program at one fell swoop,”
says Jessell.
The team looked in mice with mutated FoxP1 to see whether
motor neurons would simply stall at the base of a limb. Instead,
they observed the axons of motor neurons projecting along random
paths in the limb.
“It’s as if you’re blindfolded in a garden maze and told to keep
moving,” Jessell says. “You’ll take any of the paths that are available
to you, but you’ll just be wandering aimlessly.”
This randomness is a disaster for motor control, he says. In
effect, the mice with the mutation have a spinal motor system that
resembles those found in more primitive vertebrates. The results
are published in the July 25, 2008, issue of Cell.
Mice with a complete loss of FoxP1 activity die before they’re
born, so Jessell and his colleagues are now developing ways to eliminate the protein solely from motor neurons. They hope to elucidate
the biochemical and functional connection between FoxP1 and
the Hox proteins. p —S a r a h C . P. W i l l i a m s

Since the drugs could be used by athletes
who want an edge, Evans also developed a
test that can detect whether the drug is
present in serum, plasma, or urine. The
World Anti-Doping Agency has placed both
drugs on its list of prohibited substances for
2009 and is working to implement the analysis to retroactively test athletes who
competed in the 2008 Olympics.
U n d e r sta n d i n g B ac t e r i a’ s
G r o u p Dy n a m i c s

By itself, one bacterium can’t do much
damage. It’s their ability to band together
that allows some bacteria to cause such
deadly infections.
New details on how bacteria detect
each other to initiate these group behaviors—such as inducing virulence or
expressing a useful gene simultaneously—
could help scientists develop strategies to
fend off bacterial attacks. Bonnie L. Bassler,
an HHMI investigator at Princeton University,
has made just such progress.
Bassler and her colleagues study
quorum sensing: the capacity of bacteria
to communicate, sense each other, and
coordinate activities. “You need a lot of
bacteria working together to make some
tasks successful,” says Bassler. The
researchers most recently took advantage
of a marine bioluminescent bacterium with

52

hhmi bulletin

| November 2oo8

a useful property: Vibrio harveyi lights up
only when sufficient numbers of the
organism come together.
The team screened 30,000 bacteria
lines with mutations in LuxN—the receptor
that detects signaling molecules from
neighbors. They found mutants that light
up before the quorum is reached, and ones
that never light up, no matter how crowded
they become. They also screened 35,000
chemicals in search of compounds that can
inhibit bioluminescence and found 15 that
specifically disrupt quorum-sensing mediated communication.
By combining data from the two hunts,
published in Cell on August 8, 2008, scientists are gaining a better picture of how
bacteria initiate group behaviors, and what
it takes to artificially interfere with these
processes. They learned that LuxN’s position in the bacteria is what allows it to
detect signaling molecules from neighbors, but not those produced within the
same cell.
N e w D i s e as e - Sp e c i f i c
St e m C e l l L i n e s

New stem cell lines, created from patients
with 10 different genetic disorders, will allow
researchers to study the diseases at a depth
never before possible. The researchers, led
by HHMI investigator George Q. Daley of

Children’s Hospital Boston, used a set of
genetic reprogramming factors to turn
diseased adult cells into stem cells, which
can be coaxed to develop into many
different tissue types.
“This enables us to model thousands of
conditions using classical cell culture techniques,” says Daley.
In the past, researchers wanting to
study diseased cells from patients were
limited by the short life spans of human
cells grown in laboratory dishes. They
often relied on cells modified to live
forever, but these changes cast doubt on
whether the cell’s physiology remained
the same.
Now, the researchers can use the stem
cell lines—which model diseases such as
Duchenne muscular dystrophy, Becker
muscular dystrophy, type 1 diabetes,
Parkinson’s disease, Huntington’s disease,
and Down syndrome—to observe how the
diseases develop in different tissue types.
The cells will also offer a proving ground
for screening drugs to treat the diseases.
The details of the stem cells were published
online in Cell on August 7, 2008.
The Harvard Stem Cell Institute will
make the lines available to other researchers
as quickly as possible, says Daley. The
scientists are working on generating lines
for other diseases as well.

Jeremy Dasen / Jessell lab
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ask a scientist

q a
time, organisms acquire new
Where do Over
genes that help them survive in new
new genes ways. Arthropods such as insects,
and spiders are a great
come from? crustaceans,
example: their ancestors were probably
Jason, from Ohio

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

“From DNA to Diversity: Molecular Genetics
and the Evolution of Animal Design,”
by Sean B. Carroll, Jennifer K. Grenier,
Scott D. Weatherbee.
Blackwell Science, 2001.
F. Ge, L.S. Wang, and J. Kim. 2005.
The cobweb of life revealed by genome-scale estimates of
horizontal gene transfer. PloS Biology 3(10): 1709-18.
P. Dehal and J.L. Boore. 2005.
Two rounds of whole genome duplication
in the ancestral vertebrate.
PloS Biology 3(10): 1700-1708.

legless, wormlike aquatic creatures
with limited locomotion. At some
point in evolution, they developed
outgrowths that may have helped them
crawl through mud, swim, or cling to
rocks. These primitive legs were useful,
so evolution favored the animals that
had the genes required to make them.
This process is called positive selection. Additional new genes eventually
caused some animals to create a leg
with a joint, which made the limb
stronger and more flexible, and so that
improvement became favored.
There are two ways an organism
can gain new genes to make this kind
of progress possible: horizontal gene
transfer and gene duplication.
Horizontal gene transfer is common
among prokaryotes—single-celled
organisms without nuclei, such as
bacteria. It occurs when an organism
acquires new DNA from its surroundings or another organism. For example,
two bacteria can exchange small pieces
of DNA in a process known as conjugation. Or, when a virus leaves an
infected organism, it may carry some of
that organism’s DNA with it into a new
host. Through this process—called
transduction—the second organism
can acquire genes from the first.
Single-celled organisms also take
up pieces of DNA they encounter in
their environs—often loose genetic
material from other organisms that
have died and released their contents.

This type of gene transfer can occur
between different species and has
consequences for human health: it
is how antibiotic-resistance genes are
spread among bacteria.
In gene duplication, a new gene can
arise within a cell of a multicellular
organism when an error in the cell’s
replication process makes an extra copy
of an existing gene. When two copies
of a gene exist, the “spare” copy is able
to change its function. Over evolutionary time, the differences between
the duplicates may become great.
By combining gene duplication and
horizontal gene transfer with other
processes, like the random mutations
and shuffling of genes that happen
when cells copy their genetic material,
large-scale evolutionary changes, like
the acquisition of limbs, can occur.
Today, arthropods have the most
diverse array of limb morphologies of
any animal group: they have grasping
claws, walking legs, swimming legs,
mating appendages, feeding tools,
and spear-like hunting appendages, to mention a few. And a single
arthropod can have several different
types of limbs; lobsters, for example,
have walking legs, swimming legs,
and claws. Such specialization makes
it possible for animals to invade
new environments and exploit new
resources for survival.
A n sw e r r e s e a r c h e d b y A n n a l i s a

Formerly in the
laboratory of HHMI investigator Nipam
Patel, University of California, Berkeley,
she is now at the American Association for
the Advancement of Science.

Va n H o o k , P h . D .

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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up close

Full Tilt Transport Electron tomography’s
three-dimensional images give surprising insights
into cell trafficking.
dimensional picture. Björkman’s team developed antibodies
l ava l a m p s s e e m s i m p l e a t f i r s t, b u t s ta r e a t
tagged with gold particles so that FcRn was visible when it
one for a while and the complexity behind how the colored
grabbed an antibody.
blobs stretch, tangle, and pinch off becomes evident. Cells use
What they saw shocked them. For example, they found amalsimilarly complex and dynamic structures for transport,
gams of FcRn and antibodies in enormous balloons carrying lots
according to HHMI investigator Pamela Björkman of the
of vesicles. Normally, these big balloons carry proteins to the
California Institute of Technology. New images from her lab
cell’s recycle bins. But other molecules present in the structures
reveal ornate structures cells use to shuttle proteins that help a
suggested that they helped transport antibodies across the cell,
newborn fend off infections.
not dispose of them. The structures also formed long tubes and
Developing fetuses and newborns don’t have fully formed
broke off into small vesicles that—apparently—convey antiimmune systems. Instead, the mother provides protection by
bodies through the cytoplasm.
donating her antibodies. A newborn absorbs them from its mothAn efficient trucking system might involve a small number of
er’s milk with the help of a protein called FcRn. The protein sits
vesicles specialized to carry just FcRn, so Björkman expected to
in the outer membrane of intestine cells and grabs antibodies as
see a few vesicles containing a lot of FcRn and antibody. Instead,
they pass through the gut. A sac called a vesicle pinches off from
cells had a lot of vesicles holding only a little of the cargo.
the membrane, carries FcRn and antibodies to the other side of
Moreover, the vesicles weren’t neat spheres. They were “looped
the cell, and dispenses antibodies into the baby’s bloodstream.
Björkman has devoted years to studying
high-resolution details of the protein’s shape
The vesicles weren’t neat spheres.
by shining x-rays through FcRn crystals.
Because making crystals out of membrane
They were “looped and bent, and
proteins is tricky, she has been able to study
twisted around each other. They
only the portion of the protein that pokes out
almost tied themselves in knots.
from the membrane—the part that clamps
down on antibodies. She knew, however, that
Pam e l a B j ö r k m an
the protein behaved differently when it sat in
a membrane. Plus, the x-ray method probes
and bent, and twisted around each other. They almost tied
the protein in isolation, and Björkman wanted to know how it
themselves in knots,” says Björkman. “It was a tangled mess I
worked in the intestine.
wasn’t expecting.” Previous results from two-dimensional
To learn more, she turned to a technique called electron
imaging had suggested a more orderly grouping of small vesitomography. The method builds on electron microscopy
cles, where vesicles typically travel across cells on protein tracks.
(EM), in which beams of electrons pass through a tissue
But in Björkman’s observations few vesicles were lined up with
sample to create a detailed two-dimensional image. In electhese tracks. She suspects that once the longer tubes expunge
tron tomography, multiple images are captured while tilting
the smaller vesicles, those small vesicles move randomly through
the sample at different angles relative to the electron beam.
the cell until they collide with the membrane.
The images can then be analyzed and combined into a three-

”
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Wanzhong He / Björkman Lab

By tagging antibodies with gold particles, Pamela Björkman’s group has visualized, using electron tomography, how a
newborn rat absorbs these antibodies from its mother’s milk and transports them within a cell. The resulting images reveal
several surprises about key transport vesicles (blue) among other cellular components (various colors).

The delivery step also bore a surprise. As expected, vesicles
arrived at the blood vessel side of the cell and fused with the
membrane to release their antibody load. But the vesicles also
carried the tell-tale hexagons and pentagons of clathrin, a molecule that helps form vesicles by constructing a cage around them.
Conventional wisdom holds that vesicles have to shed this cage
before they deliver their cargo, so Björkman was surprised to see
clathrin there. The observation might reveal a new mechanism
for releasing cargo, says Björkman. For instance, vesicles might
shed only a small part of their clathrin coating to quickly jettison
antibodies and immediately return to pick up a new load.

Björkman is now after a more detailed view of antibody
transport, employing other methods to witness transport in
action. “In EM, everything is in a vacuum; nothing is alive,”
says Björkman. “But in fluorescent live imaging we can take 5
frames per second and watch vesicles move.” Gazing at the
mysteries those movies hold could provide action-packed
evidence for some of Björkman’s speculations.

p

– R . J o h n D av e n p o r t

Visit the Bulletin online for a slideshow of Björkman’s
electron tomography images.
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nota bene

spot light

Lefkowitz Awarded National Medal of Science
In a ceremony at the White House, President George W. Bush presented Robert J.
Lefkowitz, an HHMI investigator at Duke University Medical Center, with the National
Medal of Science—the nation’s highest honor for science. Administered by the
National Science Foundation, the award was established by Congress in 1959 to
recognize individuals in a variety of fields for pioneering scientific research that has
led to a better understanding of the world around us. Lefkowitz studies a type of
protein receptors, called G protein-coupled receptors, which translate hormonal
signals into cellular responses in the heart and other organs throughout the body.
Many of these receptors are known to contribute to physiological processes,
including pain tolerance, glucose metabolism, and the regulation of heart rate and
blood pressure.
R o b e r t L e f kow i tz

Michael D. Ehlers , an HHMI investigator at Duke University Medical Center,
won the 2008 Life Sciences Achievement
Award for Breakthrough Research. The
award is given jointly by the North Carolina
Biotechnology Center and the National
Multiple Sclerosis Society. Ehlers studies
the molecular basis of how brain cells
communicate with each other and adapt to
changing environments.

HHMI investigator Evan E. Eichler of
the University of Washington received the
Curt Stern Award from the American Society
of Human Genetics. This award is presented
annually for outstanding scientific achievements in human genetics that occurred in
the last 10 years.

HHMI investigators Joachim Frank of
Columbia University and Thomas A.
Steitz of Yale University were awarded the
2008 George E. Palade Gold Medal from
Wayne State University for their research on
ribosome structure and function. They share
the award with Ada Yonath of the Weizmann
Institute of Science.

HHMI international research scholar
A l e xa n d e r A . Ko n sta n t i n ov of
Moscow Lomonosov State University in
Russia received the 2008 A.N. Bach Prize in
Biological Chemistry from the Russian
Academy of Sciences. This top national
prize recognizes an outstanding Russian
biochemist or group of biochemists.

David Ginsburg, an HHMI investigator at

HHMI investigator Susan L. Lindquist
of the Massachusetts Institute of Technology
received the 2009 Excellence in Science
Award from the Federation of American
Societies for Experimental Biology. She also
won the 2009 Ralph and Helen Oesper Award
from the American Chemical Society.

the University of Michigan Medical School,
received a Distinguished Scientist Award
from the American Heart Association at its
2008 annual meeting. Ginsburg studies the
components of the blood-clotting system.
HHMI investigator Arthur L. Horwich
of the Yale School of Medicine and Ulrich
Hartl of the Max Planck Institute of
Biochemistry share the 2008 Louisa Gross
Horwitz Award from Columbia University
for their research on how proteins fold. The
annual award is for outstanding basic
research in biology or biochemistry.
S. Ananth Karumanchi ,

David Eisenberg,

an HHMI investigator
at the University of California, Los Angeles,
received the 2008 Harvey Prize in Human
Health from the Technion–Israel Institute of
Technology for his research on how proteins
interact with each other and how these interactions are related to disease.
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an HHMI
investigator at Beth Israel Deaconess Medical
Center, won the 2008 Young Investigator
Award from the American Society of
Nephrology. Karumanchi studies how
certain growth factors in pregnant women’s
blood are linked to pregnancy complications
such as preeclampsia.

Scott W. Lowe ,

an HHMI investigator at
Cold Spring Harbor Laboratory, was awarded
the Colin Thompson Memorial Medal by the
Association for International Cancer Research.
Lowe studies the genetic and molecular
machinery of normal cell death, and how the
machinery is hijacked in cancers.
HHMI

investigator

J.

Andrew

McCammon of the University of California,

San Diego, received the 2008 National
Award for Computers in Chemical and
Pharmaceutical Research from the American
Chemical Society for his invention of
computational methods leading to the
discovery of several antiviral drugs.

Stewart Waller / PR Newswire, ©HHMI

HHMI investigator Harry C. Dietz , of
The Johns Hopkins University School of
Medicine, received the 2008 Humanitarian
Award from the American Skin Association.
Dietz studies Marfan syndrome, a disease
that affects connective tissues in the body.

Harvard University’s Vamsi K. Mootha ,
recipient of an HHMI early career physicianscientist award, won the 2008 Judson Daland
Prize for Outstanding Achievement in
Clinical Investigation from the American
Philosophical Society. Mootha studies how
mitochondria, energy-producing organelles
inside cells, are linked to human diseases.
an HHMI investigator at The Johns Hopkins University
School of Medicine, received the 2008
Champalimaud Foundation Award in Vision
Research from the Champalimaud
Foundation in Portugal. He shares the award
with former HHMI investigator King-Wai
Yau, also of The Johns Hopkins University.

spot light

DeRisi Receives Heinz Award

Jeremy H. Nathans ,

HHMI investigator Christopher V.
Plowe of the University of Maryland
School of Medicine won the 2008 Mary
Betty Stevens Award, a prize given annually
by the Maryland Chapter of the American
College of Physicians to recognize contributions to clinical medicine.
Gerald I. Shulman ,

an HHMI investigator at Yale School of Medicine, received
the 2008 Stanley J. Korsmeyer Award from
the American Society for Clinical
Investigation in recognition of his contributions to our understanding of type 2 diabetes.

J o s e ph D e R i s i

The Heinz Family Philanthropies honored
HHMI investigator Joseph L. DeRisi of the
University of California, San Francisco,
with a 2008 Heinz Award for his breakthroughs in viral detection in malaria and
other infectious diseases. The Heinz
Awards recognize outstanding individuals
in five categories—the arts and humanities; the environment; the human condition; public policy; and technology, the
economy, and employment—and honor
the late U.S. Senator John Heinz.

Shulman also was presented a 2008
Distinguished Leader in Insulin Resistance
Award by the 6th Annual World Congress on
the Insulin Resistance Syndrome.

recherches cliniques de Montréal, was
elected to the Royal Society of Canada.
Veillette studies the activation and differentiation of immune cells.

HHMI investigator Li-Huei Tsai of the
Massachusetts Institute of Technology was
elected to the Academia Sinica, Republic of
China—the national academy of Taiwan.
Tsai is interested in neuronal development
and signaling, and the demise of the nervous
system in adult life.

HHMI investigator Huda Y. Zoghbi of the
Baylor College of Medicine was nominated
to serve on the new Scientific Management
Review Board of the National Institutes of
Health. Authorized by the NIH Reform Act
of 2006 and signed into law in 2007, the
board will examine the organization of the
NIH and provide recommendations for
enhancing the agency’s mission.

André Veillette ,

an HHMI international research scholar from the Institut de

spot light

DeRisi: George Nikitin / AP, ©HHMI Sonenberg: David Rolls

Sonenberg Wins Gairdner International Award
Nahum Sonenberg, an HHMI international research scholar at McGill University in
Montreal, Canada, received a 2008 Gairdner International Award. These prestigious
annual awards recognize outstanding discoveries and contributions to medical
science. Five researchers received 2008 Gairdner International Awards. Sonenberg
was recognized “for his pioneering discoveries in cellular translation of genetic information.” Sonenberg’s primary research interest has been to understand the control
of protein synthesis in eukaryotes. He investigates the importance of translational
control in cancer, obesity, and learning and memory. He has also had a long-term
interest in virology, studying poliovirus, rhinoviruses, HIV, and the hepatitis C virus.

N ahum S o n e n b e rg
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CO N T I N U E D F R O M PAG E 2 1

( T H E M E I O S I S DA N C E )

intermediate stages of meiosis is in part due to chromosomes’
connections with actin—molecules that form connective cables in
the cytoskeleton of a cell.
“Obviously there has to be some movement,” says Kleckner. “The
question is how much of it is directed by the cytoskeleton.”
Missteps Happen
In both worms and yeast, and humans too, when a chromosome
finally snuggles against its match, the two use each other as templates
to fix their breaks, and they exchange other parts of DNA. What
results are chromosomes that ideally (for evolutionary benefit) don’t
look exactly like either parent’s chromosome, but have some genes
from each.
After this exchange, the first division of meiosis occurs—
sectioning off pairs of chromosomes into different daughter cells.
Later, a second division—much less mysterious, as it resembles the
well-researched sole division in mitosis—splits the sister chromatids

apart. Four sets of distinct genetic material are sealed in four separate cells. The dance is winding down.
As a dance, though, meiosis is full of missteps. In fact, says HHMI
investigator Angelika Amon, that’s what makes it so fascinating to
study. “We’re looking at evolution still in progress,” she says.
In humans, almost one-third of the eggs produced by meiosis have
the wrong number of chromosomes. In yeast, only one in ten thousand products of meiosis has the wrong number of chromosomes; in
flies it is less than one in a thousand, and in mice one in a hundred.
In humans—females particularly—this error rate grows dramatically with age, and Amon, a cell biologist at the Massachusetts
Institute of Technology, wants to know why. Her lab has recently
shown that old yeast cells don’t undergo meiosis very well either,
and she’s just starting to find the molecules responsible.
“Once a cell decides to undergo meiosis, certain genes are turned
on to control the process,” says Amon. One yeast gene, called IME1,
plays a notably large role. “What we’ve found is that old yeast cells
don’t enter the meiotic program any more, and they don’t express
IME1 any more.”
In human females, meiosis doesn’t happen all at
once, and researchers think that may lead to the
problems with age. Eggs go through the first half of
meiosis while a female embryo is developing; then
they rest in the ovary in an inactive state. After a girl
reaches puberty, one of these eggs is released each
month during ovulation. The egg completes meiosis
fully only if it’s fertilized by a sperm.
“So when you’re close to menopause, these eggs
that you’re ovulating have been sitting in this inactive
state for 50 years,” says Amon. “It’s no wonder they’re
getting worn out!”
Amon’s broader research focuses on how the cell
coordinates all the stages of meiosis. How does it
know when to move from one stage to the next? What
signals are important?
Her findings, and those of other modern meiosis
researchers, have made the original terminology for
the phases of meiosis largely irrelevant. Today,
researchers talk about synapsis, pairing, and recombination more often than leptotene, zygotene, and
pachytene—after all, they now know the molecular
detail behind “thin threads,” “paired threads,” and
“thick threads.” No matter what the steps are called,
the same chromosomal dance seen a century ago still
plays out in the cells of organisms large and small,
with scientists still learning the moves. p
Visit the Bulletin online to see microscopy
images of the phases of meiosis.
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