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N O T A

B E N E

■ Six hhmi investigators and an hhmi
professor were elected 2002 fellows of the
American Association for the Advancement
of Science. Investigators include David J.
Anderson, California Institute of Technology;
Nancy L. Craig, The Johns Hopkins University
School of Medicine; David Haussler, University of California, Santa Cruz; Philip Leder,
Harvard Medical School; John H. R. Maunsell,
Baylor College of Medicine; and Huda Y.
Zoghbi, Baylor College of Medicine. The
hhmi professor is Isiah M. Warner,
Louisiana State University.
■ Graeme I. Bell, an hhmi investigator at
The University of Chicago, was one of three
winners of the 2002 J. Allyn Taylor International Prize for Medicine, awarded to scientists who have made significant contributions to basic or clinical research. He shared
the award with C. Ronald Kahn, Harvard
Medical School, and director of the Joslin
Diabetes Center, and Åke Lernmark, University of Washington.
■ Axel T. Brunger, an hhmi investigator at
Stanford University, shared the 2003 Gregori Aminoff Prize with T. Alwyn Jones of
Uppsala University in Sweden. The prize is
awarded by the Royal Swedish Academy of
Sciences to recognize an individual’s contribution to the field of crystallography.
Mario R. Capecchi, an hhmi investigator at

the University of Utah School of Medicine,
received the 2002 Meira and Shaul G. Massry Foundation Prize, which recognizes outstanding contributions to biomedical sciences and the advancement of health, and
the 2002 John Scott Medal for outstanding
contributions “to the comfort, welfare and
happiness of mankind.” He also was elected
to the European Academy of Sciences.
■ hhmi President Thomas R. Cech received
an honorary doctorate from Charles University in Prague, Czech Republic.
■ Dave Chokshi, an hhmi undergraduate
research fellow at Duke University, won a
Rhodes Scholarship for graduate study at
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Oxford University in England, one of 32
awarded nationwide in 2003.

papers by Lefkowitz cited 13,861 times in
the past 10 years.

■ Mark M. Davis, an hhmi investigator at
Stanford University School of Medicine,
received the 2002 Rose Payne Distinguished
Scientist Award from the American Society
for Histocompatibility and Immunogenetics
for his contributions to the understanding of
T-cell receptor gene diversity and selection.

■ Sandra Mayrand, director of an hhmisupported community outreach program at
the University of Massachusetts Medical
School, received the 2002 Bruce Alberts
Award for Outstanding Contributions to
Science Education from the American Society of Cell Biology.

■ Scott D. Emr, an hhmi investigator at the
University of California, San Diego, was
named winner of the 2003 Hansen Foundation Gold Medal for elucidating the intracellular transport of proteins and the targeting of vesicles in yeast.

■ Gerald I. Shulman, an hhmi investigator at
Yale University School of Medicine, was honored by the Pennington Biomedical Research
Foundation for his research on insulin resistance in diabetes.

■ Elaine Fuchs, an hhmi investigator at
The Rockefeller University, will receive an
honorary doctor of science degree from
Mount Sinai School of Medicine at its convocation in May 2003.
■ David Haussler, an hhmi investigator at
the University of California, Santa Cruz,
won the 2002 Distinguished Scientist of the
Year Award sponsored by the Boston Biomedical/Clinical Ligand Assay Society.
■ Tyler Jacks, an hhmi investigator at the
Massachusetts Institute of Technology,
received the 2002 Chestnut Hill Award for
Excellence in Medical Research from the
Chestnut Hill Charitable Foundation.
■ Stanley J. Korsmeyer, an hhmi investigator at Dana-Farber Cancer Institute,
received the 2002 Baxter Award for Distinguished Research in the Biomedical Sciences
from the Association of American Medical
Colleges (aamc).
■ Robert J. Lefkowitz, an hhmi investigator
at Duke University Medical Center, won a
2003 Medal of Merit for Distinguished
Achievements in Cardiovascular Sciences
from the International Academy of Cardiovascular Sciences. He also is the most-cited
scientist in the field of biology and biochemistry, according to the Thomson ISI
Essential Science Indicators, which lists 136

■ Wenying Shou, a former hhmi predoctoral fellow, was named winner of the
North American Regional Prize in the 2002
Amersham Biosciences/Science Young Scientist Prizes competitions. Her essay on the
molecular mechanisms governing the final
stage of cell mitosis was published in Science
Now in November 2002. Shou is now a
postdoctoral fellow in Stanislas Leibler’s
laboratory at The Rockefeller University.
■ Natalie C. J. Strynadka, an hhmi international research scholar at the University of
British Columbia, Canada, won the 2002
Steacie Prize recognizing outstanding scientific contributions of a Canadian scientist or
engineer age 40 or younger.
■ Bert Vogelstein, an hhmi investigator at
The Johns Hopkins University School of
Medicine, received the 2002 American Association of Pathologists Award for Excellence
in Molecular Diagnostics. He also won the
2002 Caporella Award for Gastrointestinal
Cancer Research from the University of
Texas M. D. Anderson Cancer Center and the
2002 Career Achievement Award from the
Collaborative Group of the Americas on
Inherited Colorectal Cancer.
■ Bruce D. Walker, an hhmi investigator at
Massachusetts General Hospital, was
inducted into the Ludwig Heilmeyer Society, a German honorary society that promotes research in internal medicine.

LETTER

Reaching Out

F

ifty years ago, francis crick and james

Watson discovered the structure of DNA. As the story
goes, the two young scientists walked into The Eagle pub
in Cambridge, England, and announced they had found
the secret of life.
Although the timing was probably coincidental, Howard R.
Hughes made a no-less-startling announcement 50 years ago. Late in
1953, the aviator and industrialist created the medical institute that
bears his name and decided to fund its work through the profits of
the Hughes Aircraft Company. Though unheralded at the time,
Hughes’ commitment to the Howard Hughes Medical Institute would
have powerful consequences for science in the succeeding decades.
The efforts of hhmi scientists and many other researchers who
have built on the Watson and Crick discovery over the last half-century have brought us squarely into the era of molecular medicine,
and these advances continue to captivate the public imagination.
Numerous revelations in biological research have transformed our
understanding of basic life processes.
On the cusp of its 50th anniversary, hhmi can be proud of its
achievements. With more than 300 leading investigators and their
research teams across the country, the Institute has a vibrant program of innovative biomedical research. We’re building a campus at
Janelia Farm in Virginia that in time will become an incubator for
interdisciplinary scientific research and collaboration. Through our
grants efforts, we support initiatives to improve the teaching of
biology and to draw talented young people into careers in biomedical research. As one recent example of our work, take a look at our
collaboration with the Cold Spring Harbor Laboratory to support a
dynamic Web site, DNA Interactive (www.dnai.org), which provides
a lively window into a century of discovery.
hhmi over the past 50 years has become renowned in scientific
circles, but remains virtually invisible outside those bounds. For
example, we are not well known in public policy circles and to elected decision makers on Capitol Hill. These circumstances provide an
untapped opportunity.
hhmi has explored in depth many of the science-related issues,
including some of the most controversial, that leaders in government
and elsewhere must now routinely confront. We have worked diligently to develop sound policies that respond to salient and pressing
questions—including such issues as how to best fund innovative biomedical research, how to approach the ethics of research involving
human embryonic stem cells and how to manage the conflicts of
interest that can arise when academic scientists interact with forprofit enterprises. Our experience could be of special value to those
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leaders. Moreover, hhmi is in a position to deal as an honest broker,
effectively mediating some of the hot-button biology-based issues of
our time, since we’re neither trying to sell a product nor competing
directly for federal funds.
Many of our investigators already participate actively, through
institutions such as the National Academy of Sciences and the
National Institutes of Health, in helping to frame the public discussion of important scientific issues. Many of us have also testified
before congressional committees or participated in other programs,
such as the excellent decade-long Congressional Biomedical
Research Caucus series sponsored by the American Society for Cell
Biology.
But if we are to leverage the contributions we make as individuals, it would be useful if people knew what the Institute is. Thus,
we’re pursuing new initiatives to reach out from these cloistered
walls and become a bigger part of the science policy scene. One program is a series of talks for congressional staffers and Washingtonarea policymakers addressing such questions as “How do basic biomedical discoveries make the transition from lab to bedside?” and
“Why does this process take so long?”
Our collaborator in this venture is the Center for Strategic and
International Studies, a nonpartisan public policy research organization founded 40 years ago. Members of the Center’s Council on
Biotechnology include Josh Lederberg, Paul Berg, and hhmi’s president emeritus, Purnell Choppin. The csis/hhmi series, which
began in February 2003 and will continue through September, will
spotlight many of our investigators on subjects that include obesity,
diabetes and targeted therapies. We hope these programs will educate important audiences about significant scientific discoveries and
opportunities while informing them about the work of the Institute.
As with many other Institute activities, we view the collaboration with csis as something of an experiment. It has the potential
to help build a broader understanding of important issues in biomedical research while providing decision makers with access to
hhmi’s knowledge and experience. The important factor here is
that we are exploring alternatives. Fifty years after the discovery of
the structure of DNA and the Institute’s founding, there is still
much to do. This is no time to stop experimenting.

Thomas R. Cech
President
Howard Hughes Medical Institute
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Up Front
Fast Track to Teaching
States design high-speed routes for scientists to run classrooms.

T

wo years ago, Huân Ngô’s career
trajectory seemed preordained.
He would finish his postdoc in
infectious diseases at Yale University and become an assistant
professor. But something was weighing on his
mind—perhaps it was the faces of the students he had met when he volunteered in the
New Haven public schools or of the children
in inner-city Chicago, where Ngô had earlier
developed new biology teaching tools
through an hhmi fellowship.
“I realized that disadvantaged kids don’t
have a fighting chance,” says Ngô. “They are
not getting the training they need to even
consider science as a career.” So Ngô chose a
different path. He’s now in his first year as a
science laboratory teacher at New Haven’s
Sheridan Middle School.
In the past, he would have had to go
back to school himself to meet the state
requirement for teacher certification. But
in Connecticut, and increasingly in other
states, scientists and other professionals
who want to give teaching a chance can
take an accelerated route to the classroom
through an alternative certification
program. In Ngô’s case, it was an eightweek summer “boot camp,” as he
affectionately calls it.
Once regarded as just a stopgap
measure, alternative certification programs
and other nontraditional routes to teaching
are being touted as the best way to remedy
the severe shortage of committed teachers
who know their subject matter.
One-third of high school students and
almost two-thirds of middle school
students are being taught mathematics by
teachers with essentially no background in
the subject, according to a report by the
nonprofit Education Trust in Washington,
D.C. The National Science Teachers Associ-
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ation reports that 48 percent of all middle
schools and 61 percent of all high schools
have difficulty finding qualified science
teachers. And the situation could get much
worse. A National Research Council report

predicts that U.S. schools will need to hire
20,000 new teachers a year for at least the
next 10 years to fill vacancies created by an
aging teacher population and a growing
student body.
Figures like these have created a sense
of urgency about recruiting and training
new science teachers, and now the move to
recruit professionals and college science
majors to teaching is gathering steam. In
1983 only 8 alternative teacher-certification
programs were offered in the United States;
today there are 45. In the past five years
alone, 17 states have created new programs
of this type, and in 2002, two major
national initiatives aimed at recruiting and
training “nontraditional” teachers were

Huân Ngô left a promising research career to teach students such as Jamell Donegan-Maddox (left), Nolishya Balseiro and Ivy

Co

launched: the U.S. Department of
Education’s $35 million Transition to
Teaching program and part of the National
Science Foundation’s $240 million, fiveyear initiative called the Mathematics and
Science Education Partnerships.
Now that the number of such programs
has expanded, the challenge is to find
candidates who will not only fill them but
remain committed to the profession long
afterward. So programs are reaching out to
people at key decision-making points in
their lives and offering some important
incentives, says Fred Eiserling, dean of life
sciences at the University of California, Los
Angeles (ucla). These incentives include
the following:

Combining depth of subject knowledge with
basic teacher training. “The problem in

designing a program that incorporates
science and education is that we don’t
understand each other’s cultures,” says
Eiserling. “We [scientists] think we know
how to teach as soon as we get our
Ph.D.s, but we don’t.” Eiserling in fact
helped design and run an hhmisupported cooperative program between
ucla’s schools of life sciences and
education to help bridge the cultural
divide. Similarly, since 1997 the University
of Texas, Austin (UT), has offered
UTeach—a joint program of the colleges of
natural sciences and education—in which
undergraduates major in math or science
and simultaneously receive teacher
training. “It has taken several years,” says
Michael Marder, professor of physics and
codirector of UTeach, “but today both
colleges view the program as part of their
essential role and core mission.”
Compensation from the start. Financial
support must be available during preservice
teaching—before candidates are certified.
“We have to show them that they will be able
to earn money right away,” Eiserling says.

A M Y E T RA

Mentoring for new teachers. “For us, the
key has been six master teachers who
direct, design and teach the courses,” says
UT’s Marder, and their results so far are
impressive. Through 2002, 80 percent of
the program’s first 65 graduates are still
teaching, although Marder emphasizes that
the sample is small and long-term data
will be needed to determine how many
continue as teachers. Mentoring is a vital
aspect of UCLA’s program as well, which
boasts a 70 percent retention rate placing
math teachers in urban Los Angeles
schools, says Eiserling. He adds, “The fact
that department chairs and principals at
their schools try to take care of the new
teachers, along with the caring attitude of
a few key faculty members in the education
school and the math department, shows
them that they are valued as colleagues.”

y

Conyers from Sheridan Middle School in New Haven, Connecticut.

Teaching early and often. Hector Penaflor, a
current UTeach student majoring in
mathematics, says he was attracted to the
program because it allowed him to get prac-

tical classroom experience right away. “I
thought, ‘If I’m going to be doing this for the
rest of my life, I’d better get in there and
decide,’ ” he says. “When I was able to watch
[the students] grasp for themselves the
concepts I was trying to get across, that’s
when I decided this is what I want to do.”
Ability to stay connected to research. Would-

be teachers in the science community fear
being cut off entirely from the mainstream,
but a pilot project in Montgomery County,
Maryland, is addressing that very issue. Scientists at the National Institutes of Health (nih)
remain on the nih payroll while taking courses to meet state teacher-certification
requirements and learning how to teach with
extensive mentoring. They return to work in
nih labs during the summers in paid
positions. “We have found that it was
important to people that they could keep one
foot in the laboratory,” says Michael M.
Gottesman, deputy director for intramural
research at nih.
With such incentives in place, the potential yield is great. A 2002 report by the
National Academy of Sciences, “Attracting
Ph.D.s to K–12 Education: A Demonstration
Program for Science, Mathematics and Technology,” found that although less than 1 percent of Ph.D. scientists are employed in
K–12 education, up to 36 percent of those
surveyed would consider teaching.
Huân Ngô concurs. “I have had to overcome the stigma within the scientific world
that I was on my way to become a
prestigious professor and it is a waste of
training to become a teacher,” says Ngô.
“But I have seen many people who enjoy
science but are not interested in getting
involved in the politics of setting up a
research laboratory. Of course, not
everyone is equipped to teach kids, but I
think there is a pool of people who would
consider teaching if it were presented as a
[genuine] career option.”
For those who choose to trade the life of
an academic researcher for a roomful of preteens, the hurdles are many but the rewards
are great, says Ngô. “My sixth graders are so
revved up to get in the lab and get started;
they can’t wait to get in. This is the
enthusiasm that I am trying to tap.”
—KARYN HEDE

hhmi bulletin | march 2003

5

Up Front

In Defense of Jawless Fish
The lack of immune memory places the sea lamprey and hagfish
at the cusp of an important moment in evolutionary history.

O

6

hhmi bulletin | march 2003

Not Your Average Fish The sea lamprey
(top) is an aggressive parasite with a tooth-filled
mouth that flares open at the end of its eel-like
body. It fastens onto its prey and digs a hole with
its rough tongue. The hagfish (bottom), another
parasitic, jawless creature, secretes massive
amounts of slime as a defense mechanism. It can
tie itself into a knot to escape predators, clean
itself of slime and bore into a fish carcass. It can
also sneeze to unclog its nostrils of slime.

MIKE CLEMMER

ne of the most significant leaps
the Max Planck Institute for Biology in
in vertebrate evolution was the
Tübingen, Germany, Cooper is hoping to
development of adaptive
uncover clues about the immunological big
immunity—the ability of the
bang by identifying the genes expressed by
immune system’s lymphoid
lymphocyte-like cells in the sea lamprey.
cells to recognize and form a “memory” of
“Adaptive immunity couldn’t have evolved
foreign invaders. The primitive immune sysovernight,” says Cooper. “We are trying to
tems of the sea lamprey and hagfish, by confind representatives for what happened at
trast, appear to lack the genetic makeup for
that crucial phase in evolution to lay the
such memory. But as hhmi investigator Max
groundwork for adaptive immunity.”
D. Cooper at the University of Alabama at
In the studies reported in the October
Birmingham recently reported, certain
29, 2002, Proceedings of the National
immune cells in these ancient, jawless fish
Academy of Sciences, the scientists collected
look and act remarkably like the T and B lym- and isolated lymphocyte-like cells from lamphocytes found in humans and all other verprey intestines. The purified cells appeared
tebrates with jaws.
to be indistinguishable from mammalian
Like their fossil ancestors, the sea
lymphocyte cells, even when observed with a
lamprey and hagfish appear to possess only
very high-resolution microscope.
an innate immune system—an immunologiThen they studied gene activity in the
cal defense preprogrammed to unleash an
lamprey’s cells to identify which genes known
immune response against foreign objects it
to be active in mammalian lymphocytes were
recognizes. In contrast, vertebrates with jaws
also present in the lamprey and which were
possess both an innate immune system
and an adaptive immune system.
Max Cooper is looking for the missing links that led to
Cooper and his colleagues believe that
development of the adaptive immune system.
studying the evolutionary links
between these two systems may help
reveal how the more sophisticated
adaptive immune system developed.
Until roughly 500 million years ago,
countless species of jawless vertebrates
dominated the seas, but today, only
lampreys and hagfish survive. Over
about 50 million years—a virtual blink
of the eye in evolutionary terms—came
the so-called “immunological big bang.”
Several evolutionary adaptations took
place, but among the most significant
ones were the emergence of jawed vertebrates and the nearly simultaneous
appearance of adaptive immune
systems that greatly improved the ability
of these creatures to ward off harmful
bacteria and parasites. It is unclear if or
why these two events are linked.
Working with Jan Klein’s group at

not. Although the lamprey cells expressed
many of the same genes found in the
mammalian lymphocytes, the fish lacked what
Cooper terms “the big three”—MHC (major
histocompatibility complex) molecules, T-cell
receptors and B-cell receptors. These elements
are characteristically found on lymphocytes
that circulate in the blood, where they
recognize pathogens and elicit immune
responses to them. These molecules are cardinal elements of adaptive immunity.
Cooper hopes to determine how the lamprey and hagfish have survived while all
other jawless vertebrates have disappeared.
“The innate mechanism works well,” Cooper
says. But he suspects that the lamprey may
harbor other elements—“possible missing
links”—that will help explain the origins of
the adaptive immune system, and he and his
colleagues intend to analyze the fish further
to find those links.
Now that Cooper has studied cells from
the intestines of larval lamprey, he will look
at adult lamprey cells and examine lymphoid
cells from other organs. “It is hard for me to
conceive that the adaptive immune system
evolved in one big bang,” he says. “I think we
just do not yet know the missing steps.”
—MARC WORTMAN

I N T E R V I E W

Fun with Phages
A conversation with Bill Jacobs
illiam R. Jacobs, Jr., an hhmi
investigator at the Albert Einstein
College of Medicine in the Bronx,
New York, believes he can use bacteriophages
to defeat the parasites and microbes that
cause tuberculosis (TB), malaria and
other infectious diseases. These tiny
viruses, also called phages, prey on bacteria and are able to pierce through their
tough coats. He also plans to use phages
to ferry foreign genes into bacteria, which
will produce specific mutations in the bacteria, enabling scientists to study their genetics.
Last year, Jacobs received a senior fellowship
from the Ellison Medical Foundation, a
Bethesda, Maryland, group that supports
research on global infectious diseases, to try
this method on microbes and parasites that
have proved “genetically intractable.”

W

cine has been used against TB for about a
century, we’ve only just discovered how it
works—thanks to phages. And in the
process, we’ve identified some new genes.
Are you always on the lookout for phages?
Jacobs: Yes! Recently I went to the Bronx
Zoo with six high school students. It’s a
good place to hunt for phages, as well as a
great place to walk. Just as we got to the
zebra pit, I sniffed the air and said, “Hmm.
I smell good dirt—must be a phage!”
So I reached down, grabbed some dirt
and put it in my pocket. Back at the
lab, I isolated Bxz1 [Bronx Zoo-1]
from that dirt. Interestingly, the
sequence analysis revealed that Bxz1
has a homolog of a human gene, Ro,
which is associated with lupus, a disease of
connective tissue.
When my twin sister Debbie JacobsSera, who is a high school teacher, phoned
to say she was looking for a science project
for her students, I said, “Send them out
phage prospecting,” which she did. Her students promptly found two new phages,

Q
A

&

Why do you like phages so much?

Barnyard and Rosebush—that’s where the
samples came from, so that’s what the kids
named them. My long-time collaborator
Graham Hatfull [recently named an hhmi
professor] and his colleagues at the
University of Pittsburgh sequenced these
and many other phages, including one that
he found in dirt near a sewer at the university. The interesting thing is that they’re all
different.
Do you consider phages a useful vehicle
for teaching?
Jacobs: I think they are ideal model organisms for teaching high school biology, and I
want to write a textbook based on phages
with Graham and my sister. You start out
with dirt. You isolate a phage. You grow up
large quantities of it. You characterize it by
looking at it under an electron microscope.
Then you isolate its DNA and cut it up with
restriction enzymes …
You think kids can do all that, at that age?
Jacobs: Just get 9th to 12th graders, and

they’ll do it.
What else do you plan to do with
phages?
Jacobs: We’ve just developed a
revolutionary technology, based on
phages, that will allow us to knock
out specific genes in TB bacteria.
It’s called “specialized transduction.” A Bulgarian fellow in my lab,
Stoyan Bardarov, made it work.
Now everyone in the lab uses it,
and it was published in the journal
Microbiology in October 2002.

William Jacobs dons protective gear to work with M. tuberculosis.

most abundant organisms on
earth—there appear to be more
than a million trillion trillion
phage species—and we still know
so little about them. When I first
came to the Bronx back in the
1980s to develop genetic tools to
study Mycobacterium tuberculosis,
the bacterium that causes TB, I isolated a phage right from the dirt in
my own backyard. I called it Bxb1,
for Bronx bomber-1. It turned out
to have a unique enzyme, a serine
integrase, which we believe will
prove very useful in studying
Plasmodium falciparum, the most
dangerous malaria parasite.
When you smell “good dirt” in
the garden, you’re actually smelling
bacteria growing in the dirt, together with their phages. Many people
before me have isolated phages
from soil and dung, but it’s only
now that we’re learning to appreciate them. For example, although the
BCG [bacille Calmette-Guérin] vac-

G RA N T D E L I N

Jacobs: Because phages are the

And besides TB?
Jacobs: Well, we’re getting all
these new genome sequences of
bacteria and even parasites, but if
you can’t do genetics on them—if
you can’t make genetic mutants to
see the effect of specific genes—
then you can’t figure out the
functions of those genes. So we
need to develop new techniques,
and the use of phages holds great
promise. Hardly anyone cares
about phages right now, but that
will change very soon.
—MAYA PINES
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Discoveries about narcolepsy could one day enable people to control when, and how deeply,
they sleep and when they stay alert. By Maya Pines Illustration by William Duke
the 30-year-old woman was playing bridge with her
friends when she suddenly leaned back in her chair and fell sound asleep.
One minute later she woke up and continued to play her hand, unaware
that anything had happened.Her friends seemed unfazed.They knew that
Katherine suffered from a strange condition called narcolepsy,which produced a dozen spells of this sort every day.
Her attacks of acute sleepiness could occur anywhere: in the car
(she no longer took the wheel), at the dinner table, in the kitchen. And
if Katherine felt any strong emotion—if she was angry or if someone
said something so funny that she laughed out loud—she might have
an episode of cataplexy: She would lose control of all her muscles and
collapse on the floor, still awake but seemingly paralyzed.
Not surprisingly, people with narcolepsy (about 150,000 in the
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United States alone) have a terrible time finding or keeping jobs;
falling asleep at one’s desk is not likely to impress employers. But they
have other problems, too. Unless bolstered by strong medications,
which present their own difficulties, many patients won’t carry anything breakable lest they drop it during a sleep attack. They dare not
stand on a chair to change a light bulb, for fear of breaking their own
necks. They don’t take part in sports because the excitement of winning or losing might trigger an attack of cataplexy at the height of
the game. Even fishing may be dangerous, because they could fall in
the water while asleep or paralyzed. And public speaking is usually
out of the question.
Until very recently, scientists who sought to understand this
intriguing and unique condition—narcolepsy is the only neurologi-

cal disorder that specifically affects sleep—found its cause elusive. But
two separate teams of researchers, using totally different methods, have
now uncovered the roots of the ailment and, incidentally, galvanized
the whole field of sleep research.
One team was led by hhmi investigator Emmanuel Mignot at the
Stanford University School of Medicine in Stanford, California; the
other was headed by hhmi investigator Masashi Yanagisawa at the
University of Texas Southwestern Medical Center at Dallas. Their discoveries, which complement each other like a lock and key, involve the
genes that, when mutated, cause narcolepsy.

Narcoleptic Dobermans
Mignot, a French physician-scientist, moved from Paris to Stanford
in 1986 “because they had this unique colony of narcoleptic dogs,” he
says—dozens of Doberman pinschers that the famous sleep researcher
William C. Dement had started breeding in 1973. Unlike most human
narcoleptics, these dogs inherited the disorder from their parents, yet
their symptoms were quite human-like. The Dobermans inexplicably fell asleep in the middle of activities. They also lost muscle con-

Paths Merge
A year earlier, while working with mice, Masashi Yanagisawa had discovered the gene for a neuropeptide that binds this receptor—but he did
not know it had anything to do with narcolepsy. Both groups were
astounded at what Mignot calls “this amazing convergence.”It was especially surprising because Yanagisawa had not even planned to study sleep.
Yanagisawa’s goal was to find previously unknown chemical messengers in the body. He was particularly interested in the neuropeptides, which regulate such essential functions as circulation, eating and
sleep, and he had figured out an ingenious way to seek them out. First
he looked through the newly sequenced human genome and picked
out several hundred genes whose DNA followed a particular pattern—
that of the G protein–coupled receptors, which usually play important
roles in the brain—but whose specific functions were still a mystery.
Then he inserted these genes into mouse cells, signaling the cells to produce the corresponding receptor proteins. The newly made receptors
attracted neuropeptides, which then bound to them.
It was while “fishing”for neuropeptides in this way that Yanagisawa
discovered a pair of them that seemed to control appetite. When he

“I knew I’d eventually find this gene in dogs,” Mignot says, “but I
thought it would take a maximum of 5 years—not 10!”
trol and flopped down in cataplectic attacks when they became too
excited. This made for unusual problems when the scientists tried to
mate the narcoleptic dogs: The dogs tended to collapse at the critical
moments. “It took much longer than with normal dogs,” Mignot
recalls, “but finally the dogs succeeded.”
In his early experiments, Mignot gave the dogs various drugs and
examined their effect on the animals’ brains and behavior.“But I soon
realized these drugs were not going to lead me to the cause of narcolepsy,” he says. “For that I needed to isolate the gene involved.”
Tracking down a gene mutation in dogs in the 1980s was enormously
difficult. Only a few human disease genes had been identified by positional cloning (solely through the gene’s position on a chromosome,without knowing what protein the gene encoded), as Mignot planned to do.
To make matters worse, little was known about the genes of dogs. But he
persevered for more than a decade, propelled by one important fact:
Because the Dobermans inherited narcolepsy directly from their parents
(as a recessive trait, meaning that a dog had to receive a bad copy of the
gene from both parents), Mignot could be sure he was looking for a single gene.“I knew I’d eventually find this gene in dogs,”Mignot says,“but
I thought it would take a maximum of 5 years—not 10!”
After many ups and downs, his team isolated a marker, a section
of DNA that was found only in the narcoleptic dogs and therefore had
to contain the faulty gene.“It was a huge portion of dog chromosome
12,” he recalls. The researchers slowly made their way along this stretch
of DNA, seeking the guilty gene with the help of several hundred DNAsequencing machines. Finally, in 1999, they zeroed in on a gene that,
when normal, encodes a receptor that sits on the surface of nerve cells
and brings news of incoming small peptide hormones, called neuropeptides. When mutated, the gene (called Hypocretin receptor 2, or
Hcrtr2) was clearly responsible for the dogs’ narcolepsy.
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injected these neuropeptides into the brains of rats,“this caused them
to eat much more,”he recalls. So he named these agents “orexins A and
B,” after the Greek word for appetite.
His group then generated mice whose orexin genes had been
knocked out. Nothing dramatic happened to the mice during the day,
which is when mice sleep. But when the researchers used infrared video
to record the activities of these mice at night, when the animals normally
feed and play, they noticed that the mice would unaccountably collapse,
seemingly asleep for a minute or so, many times during the night.
“At first we thought it was some kind of seizure disorder,” says
Yanagisawa. “Could it be petit mal epilepsy without the shaking?
Then we realized these mice actually had a sleep disorder that looked
like narcolepsy.”
Despite their different names, Yanagisawa’s orexins and Mignot’s
hypocretins soon proved to be one and the same. “We’re very glad
that we contributed to discovering the fundamental molecular cause
of narcolepsy,” says Yanagisawa. “Now we can try to develop a fundamental cure for it.”

Better Treatments
The standard treatment for narcolepsy used to be stimulant drugs such
as Dexedrine, a type of amphetamine. These stimulants did keep people awake, but they also produced jitteriness and interfered with nighttime sleep. As a result, patients often took sleeping pills, and many of
them ended up addicted to both kinds of drugs. A more recent stimulant drug, modafinil, works better, but its molecular targets are
unknown. Furthermore, modafinil does not prevent attacks of cataplexy, for which patients must take tricyclic antidepressants (which
have their own side effects).
Orexin-like drugs would be far more specific and effective,Yanagisawa

G RA N T D E L I N

Emmanuel Mignot knows
just how to make a Doberman
fall down and play dead.

without much success. Sometimes a joke with
sexual connotations made some men laugh but
not women; at other times, it was the reverse. It’s
all very culture-bound, he says. Once, when he
had a patient’s head in a magnetic resonance
imaging scanner to look for changes in his brain
waves, Mignot was desperate enough to try tickling him. “It didn’t work,” he reports. “He started to move about in the scanner when he was
supposed to be still.” The researcher ended up
relying almost exclusively on patients’ own
reports of their cataplexy episodes.
Dogs are much easier to work with, he says.
“Of course, you can’t make them laugh, but
there are several ways of making them so happy
that they have an attack.”All you need to do with
narcoleptic puppies is play with them, Mignot
explains, or put them next to their littermates.
“They start chasing each other around and biting each other’s ears in a friendly way, having
such a good time that suddenly they all collapse
together.”As the dogs grow older, however, they
become very focused on status. Instead of playing with other dogs, they try to dominate them.
At that point, Mignot switches to food.
“I give them something really special—for
example, canned wet food like chunky beef
with a lot of meat. It looks pretty disgusting, but
it works well,” he says.“Furthermore, it’s easy to
standardize. We can put 12 pieces of this meat
on the floor and record how long it takes for an
animal to eat them all. One dog took 20 minutes because he collapsed so often; he would
nibble at a piece of meat and then boom! he’d
collapse. This happened over and over again,
from the excitement.”
After working with dogs, which Mignot really likes (he has a dachshund of his own), he is
finding it difficult to deal with the two creatures,
mice and zebrafish, that he has recently begun to
study. Fellow sleep researcher Masashi
Yanagisawa, of the University of Texas
Southwestern Medical Center at Dallas, sent
Mignot some narcoleptic mice, but they spend
so much of their day and night sleeping that “we
can’t really see cataplexy,” Mignot says.“We can’t tell why they collapse.
Are they just falling asleep very quickly, or are they paralyzed but awake?”
By contrast, when a dog has an attack of cataplexy, “it will track
food with its eyes even though it can’t move about, so you can see the
dog is awake and excited,” Mignot says.“But with mice, it’s hard to tell.
We can’t see their emotions. And there is no clear trigger—it seems to
be just random events.”
What about zebrafish? “We’re just breeding them now,” says
Mignot.“We don’t yet have any narcoleptic zebrafish. But we did find
hypocretin in their brains, and our hopes are high.”
—M.P.

Man’s Best
Friend
when people or animals with narcolepsy get very
excited—when they are laughing uproariously or extremely happy—
they often have attacks of cataplexy: They collapse on the floor for a
minute or so, awake but paralyzed. To study the details of such attacks,
Emmanuel Mignot at the Stanford University School of Medicine
attempted to trigger them in his lab. But it is far from easy to make
humans laugh in a lab setting, he says.“Humans are so unpredictable!
What makes one person laugh may not seem funny to another. And it’s
particularly difficult to make people laugh when they are not relaxed.”
Mignot tried everything: cartoons, comic books, even comedians,
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Even Experts
Get Jet Lag
“i’m jet-lagged right now,” confesses masashi
Yanagisawa a day after his return to Dallas from Tokyo. One might
think that an expert on the sleep/wake cycle would know how to prevent this problem. But “it’s 15 hours earlier in Tokyo than in Dallas,
the opposite of day and night here, so your circadian clock will be out
of sync for a while,” he says. “That’s unavoidable.”
Yanagisawa, an hhmi investigator at the University of Texas
Southwestern Medical Center at Dallas, recently made five round-trips
to Tokyo within six months to set up a satellite lab there.
He suggests that travelers try to prevent extreme fatigue by “sleeping as much as possible during the flight. Then you won’t have a sleep
debt on top of your circadian debt.” His own policy is to try to fall
asleep naturally after the meal.“That would be the best solution, since
normal sleep includes several periods of rem (rapid eye movement)
sleep,” he explains. If he cannot fall asleep within an hour or two, however, he takes an ultra-short-acting sleeping pill called Sonata, a prescription drug approved by the Food and Drug Administration in
1999. Although the drug does inhibit rem sleep, “you lose only one
or two rems and can pick them up later.”
It’s better not to lose any rems at all, however. So Yanagisawa
hopes a new kind of sleeping pill that shuts down orexin, the “wakeup” neuropeptide he discovered, will be available in the near future.
He imagines the pill would induce rem and non-rem sleep alike.
Upon arrival in Tokyo,Yanagisawa uses one of two opposite strategies to deal with the circadian problem, depending on his intended
length of stay. The human body takes about two weeks to adjust to a
new time zone, he explains. So if the visit to Tokyo will only be a couple of days,“I try to keep my rhythm intact. For example, I don’t expose
my eyes to bright light in the morning.” It’s actually easier to fly back
almost immediately, before you’ve had a chance to adjust to the new
time zone, he believes. When staying longer, Yanagisawa does his best
to adapt to the new day/night cycle as soon as possible.
“The worst is to stay just one or two weeks,” he says, “because then
coming back is more difficult—just as you’re starting to adapt to the new
time zone, you’re hit again with a time shift during your reentry.” —M.P.

believes. To test the power of orexin, his team injected some of it directly
into the brains of knockout mice that could not make their own.“The mice
stayed awake continuously and had no cataplexy,” he reports.
The ideal cure would be to swallow some orexin/hypocretin and
have it travel to the brain, Yanagisawa explains. But like other neuropeptides, orexin would be broken down by the body before reaching the bloodstream—and even if injected intravenously, it would not
cross the blood/brain barrier. “What we need is a small molecule that
would mimic the activity of orexin but would have a different chemical structure so as to overcome both of these obstacles,” he suggests,
adding that drug companies are very good at finding such molecules.
Meanwhile, Mignot and his associates discovered that about 90 percent of people with narcolepsy have no orexin/hypocretin at all in their

12

hhmi bulletin | march 2003

Masashi Yanagisawa says jet lag
is unavoidable, at least until his
work leads to a new pill.

cerebrospinal fluid.“We were stunned,”he says,“particularly because we
couldn’t find any mutations in the patients’hypocretin genes.”Autopsies
on the brains of deceased narcoleptic patients told a similar tale: Nearly
all the hypocretin-secreting cells were missing.“This suggests that the cells
that normally secrete hypocretin in the brain have been selectively killed
or have degenerated,” Mignot says. “So we may be able to treat patients
by replacing the hypocretin molecule with a drug, but the patients would
have to keep on taking this drug. Longer term, we need to figure out what
is killing these cells and then try to prevent it from happening.”

An Autoimmune Disorder?
In humans, the disorder seems to strike randomly. “The large majority of my patients have no relatives with narcolepsy,” says Mignot, who

sees patients regularly at the Stanford Center for Narcolepsy. “There
may be an inherited predisposition, but it is very small. And when one
identical twin has narcolepsy, the other one usually does not. So something else must be involved.”
That “something else,”Mignot speculates, may be “an autoimmune
reaction.” A decade before Mignot began his research on narcolepsy,
a Japanese group found a close association between cases of narcolepsy
and a particular variant, or allele, of HLA (histocompatibility antigen,
which can bring on a transplant rejection when the donor and recipient are mismatched) called HLA-DR2. This was discovered “by pure
luck,” Mignot says, though it did not lead anywhere at the time.
Taking it one step further, Mignot and his associates studied 420
patients and 1,082 controls from three ethnic groups (white
Americans, African Americans and Japanese). The research confirmed
that people with narcolepsy are much more likely to carry the HLADR2 variant than those who don’t. The most striking association, however, was with another HLA variant located close to the first one on
chromosome 6, HLA-DQB1*0602. People who inherit this allele from

for at least an hour and a half before going into rem sleep,”he says.“You
never go directly to rem sleep—unless you have narcolepsy.”
He recently discovered different roles for the two orexin receptors:
One seems to regulate mainly non-rem sleep, while the other controls
the onset of rem sleep. “One immediate implication is that if we can
find drugs to block or activate these two receptors separately, it may lead
to some interesting—and I hope useful—controls of sleep,”Yanagisawa
says. “What if we could turn rem on, make it last longer, cut it down
or suppress it at some point, at will?”
Insomniacs who depend on sleeping pills are deprived of normal
sleep, he points out. “The majority of currently available sleeping pills
sedate the entire brain, nonselectively, so there is no rem sleep at all. Yet
rem sleep seems to be very important.” Exactly why it’s important remains
a mystery,however.“We need to find out what would happen if you specifically increased or decreased the rem state,”Yanagisawa suggests.Research
of this type “might lead to a totally new class of sleeping pills.”
At the same time, research on orexin-like drugs might lead “not
only to an instant cure for narcolepsy but to a new family of wake-up

N A N C Y N E W B E R RY

“Why do we need to sleep at all?” Yanagisawa asks. “What is
replenished by sleep? That’s a big question in biology.”
both parents are two to five times more likely to develop narcolepsy
than those who inherit it from only one parent.
These findings resemble what is known about several autoimmune
diseases such as multiple sclerosis and type 1 diabetes,which also are associated with particular variants of HLA. As Mignot points out, all these
diseases start in adolescence or early adulthood, and all involve the selective destruction of particular classes of cells. “If the immune system is
involved in narcolepsy, we need to find out how it works,”he says,“so we
can find a way to stop the autoimmune process before it is too late.”
Mignot has also started experiments with zebrafish, the tiny multicolored fish that have become a prized model organism for geneticists. Zebrafish have two advantages over dogs: Their genome has been
almost entirely sequenced, and it is easy to produce specific mutations
in them. They also have a big advantage over mice: “They produce
more progeny,” Mignot says. He found that zebrafish have normal
receptors for hypocretin/orexin, as well as 20 cells that secrete it. He
is trying to create single-gene mutants in which these 20 cells are somehow killed, which might enable him to locate the source of the killing.

Altered States
Yanagisawa, for his part, has become fascinated with the different stages
of sleep. He says that the discovery of orexins has raised new questions
about what he calls the three different states of behavior: wakefulness,during which one is alert and can move muscles at will; non-rem (rapid eye
movement) sleep, when the sensory system is damped down and muscles are resting; and rem sleep, the dreaming phase that occurs about
five or six times a night. This is the time when the brain is most isolated
from the environment and muscles are completely limp, as if paralyzed.
Yanagisawa would like to know, for example, why people with narcolepsy fall into rem sleep almost immediately.“The normal progression is to doze from wakefulness into non-rem sleep and to stay there

pills,” he says, that could be lifesavers for airline pilots on extended
flights, soldiers on the front lines and tired drivers.

Altered Agendas
“Why do we need to sleep at all?”Yanagisawa asks.“What is replenished
by sleep? That’s a big question in biology. A Nobel Prize is waiting for
whoever finds the answer. But we do know that sleep is essential for sustaining life in mammals—for example, rats that are totally deprived of
sleep die within 10 days or two weeks. It’s also one of our most timeconsuming activities, as one-third of our lives is spent on sleep.”
It is probably no coincidence, he adds, that we spend another third
of our lives seeking food or eating it. Some of his experiments have
revealed that hungry mice produce more orexin, which “impels them
to run around to find food,”he says. By contrast, knockout mice that produce no orexin display no such drive, even when they really need to eat.
This brings Yanagisawa to an interesting hypothesis: “Mammals
must have some mechanism to switch between sleep and feeding, which
are mutually exclusive,” he says.“Our theory is that orexin may be this
switch, coordinating nutritional status and the sleep/wake cycle.”
This could have major implications for research and development.
Until now, narcolepsy has been a so-called “orphan disease,” generally ignored by the drug companies. “It’s way too small a market,”
Yanagisawa says. But the latest studies could lead to drugs for a much
wider audience—all the people who suffer from some kind of sleep
disorder. Such medications might help us “fine-tune”our state of alertness, he suggests, and eventually provide ways to remain awake and
productive for days on end—on demand.
In effect, we will learn to control the sleep/wake cycle, Yanagisawa
predicts, while remedying some basic problems. The sleep-deprived
could enjoy real, REM-filled sleep whenever they want to, and those
H
with narcolepsy could lead normal lives.
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The Worldwide

War

Malaria
on

Decades of work to develop a vaccine
against malaria, and there is still no way to
prevent this complex killer. With new
approaches, however, excited researchers
claim solutions may be in sight.

EY E O F S C I E N C E / P H OTO R E S E A R C H E R S , I N C .

Adrian Hill

A scanning
electron micrograph
of a female Anopheles
mosquito, one of several
species of mosquito
that transmit
malaria.

By JENNIFER BOETH DONOVAN

was in Farafenni, a town in the West African nation of
The Gambia, meeting last winter with the local field staff working on a trial of his
malaria vaccine. Most greeted him with grins, recalls Hill, but Modou Jallow’s face
was uncharacteristically long and his eyes sad. “I had a bad weekend,” he said softly.
Jallow’s two-year-old son had died of malaria the day before. Yet there he was,
back at work fighting the disease, checking on some of the 372 adults who had been
vaccinated in the first large-scale trial of a novel approach to vaccine design. Losing
children to malaria is an everyday event in The Gambia. Parents mourn; life goes on.
A new generation of potential malaria vaccines, such as the one developed by Hill,
comes too late to save Jallow’s little boy. But the hhmi international research scholar
believes that the “prime-boost” malaria vaccine he and colleagues at Oxford University
in England developed might save many others. He is one of several hhmi international research scholars working to develop vaccines and drugs against malaria.
Caused by a parasite spread by the bite of an infected mosquito, malaria kills
more than 1 million people a year, most of them children in sub-Saharan Africa.
Only tuberculosis and aids take a greater toll. Half a billion people are infected by
malaria annually, so most do survive, though many of them still suffer years later
from the anemia and developmental disorders caused by severe malaria infection.
There are drugs that prevent malaria temporarily—long enough to be useful to
travelers but not for residents of endemic regions. Such drugs include doxycycline,
mefloquine and Malarone, but they are too costly for those in poor countries and
can have serious side effects.
Quinine sulfate, chloroquine, Malarone and mefloquine can be used to treat
some strains of malaria, such as the one caused by Plasmodium vivax, which broke
out unexpectedly in northern Virginia in 2002, but Plasmodium falciparum, the
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A Vaccine in Five Years?

taunts

next time
different

Until recently, malaria vaccines were all based on antibodies,
proteins produced by B cells in the immune system to neutralize the
antigens or proteins that cause disease. Hill’s vaccine is different. It is
designed to rev up the immune system’s production of T cells that target
and kill infected cells. It is called “prime-boost” because immunization
is a two-step process: First, a fragment of P. falci-parum DNA “primes”
the immune system to recognize the malaria antigen; then a virus—
modified so that it can’t replicate and cause illness (called modified
vaccinia virus Ankara, or MVA)—boosts production of T cells. These in
turn attack and destroy the malaria parasite at an early stage, in the liver,
before it can burst free to flood the bloodstream and produce the high
fevers and other life-threatening effects of malaria.
“At first, we thought this approach wouldn’t work,” Hill recalls. In
studies in mice, the DNA alone provided no protection, and the MVA
by itself protected less than 20 percent of the time. MVA followed by
DNA did not work very well either, but—“amazingly,” says Hill—
DNA followed by MVA produced 100 percent protection. “We all
remember that day,” he remarks.
Only three years after the groundbreaking mouse studies, Hill
and colleagues moved into human safety studies, or phase I trials. At
Oxford, the group recruited volunteers who were willing
to be vaccinated and then bitten by mosquitoes infected
with a treatable form of malaria. The results looked
promising, so his team moved on to phase I trials in The
Gambia, collaborating with the United Kingdom’s
Medical Research Council unit based there.
In 2002, the first large-scale trial began. Working with
tribal chiefs and village leaders, Hill and co-investigators
Vasee Moorthy and Kalifa Bojang found 372 adult villagers
from rural parts of the country who volunteered to be
vaccinated. The trial was randomized and blinded, so half
of the volunteers received a placebo—in this case rabies
vaccine. Rabies vaccine is much needed in The Gambia but
is prohibitively expensive. Even if the placebo hadn’t offered
benefits, Hill thinks his group would have had no trouble
getting volunteers.“Malaria is such a devastating part of
their lives that both the people and the government of The
Gambia are eager to assess potential new malaria vaccines,”
he explains.“Happily, neither the test vaccine nor the rabies
placebo caused any significant adverse side effects.”
If the adult trials are a success, the next step would be
a phase II trial testing the vaccine’s efficacy in 500 to
1,000 children. Here too, Hill doesn’t anticipate any
VAS E E M O O RT H Y

Hill hopes to fill a major gap: the lack of effective vaccines. “We have
some drugs that work, but we don’t have vaccines,” he says.
Researchers around the world have been trying to create malaria
vaccines for decades. They’ve come up with a few promising candidates,
but none have proved effective enough. P. falciparum is a formidable
opponent. It has a complex life cycle, changing character and virulence
as it moves from an infected female Anopheles gambiae mosquito to the
liver of the human host, and from there into the bloodstream and back
into another mosquito. P. falciparum also is clever at mutating to evade
a vaccine’s antibodies.“It’s almost as if the antigen taunts the immune
system,” Hill explains,“saying ‘take a good look at me, because the next
time you see me I’m going to be entirely different.’”

P. falciparum

is clever at
mutating to evade a vaccine’s antibodies.
“It’s almost as if the antigen
the immune system,” Hill explains,
“saying ‘take a good look at me, because
the
you see me I’m
going to be entirely
.’ ”
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most lethal malaria parasite, has developed resistance to most of
these drugs. Even where antimalarial drugs are still effective, they are
prohibitively expensive for malaria-prone developing nations. One
treatment can cost more than $5, and children in Africa—where the
per capita expenditure for all medicines averages less than $5 per
year—often contract four or five malaria infections a year, says
Monica Parise, a researcher with the Centers for Disease Control and
Prevention’s Malaria Epidemiology Branch.
So some scientists are focusing on preventive measures, including
vaccines, insecticides, mosquito netting and public education, while
others work to develop new treatments to replace drugs to which
P. falciparum has become resistant.
“Malaria is a complex problem that must be addressed in many
different ways,” says Thomas E. Wellems, acting chief of the
Laboratory of Malaria and Vector Research at the National Institute
of Allergy and Infectious Diseases in Bethesda, Maryland. “The more
approaches we use to learn the secrets of the parasites, the better it
will be for the future of malaria control.”

Adrian Hill’s
prime-boost vaccine
is being tested with high
hopes in The Gambia.
Baba Tam Bah (facing page),
a Gambian government
nurse, vaccinates a study
participant.

difficulty finding parents willing to have their
children immunized with the experimental
vaccine. “If you’ve got something that works in
adults, you’re going to get lots of volunteers,” he says.
The final stage, Hill continues, would be a phase III clinical trial
in more than 1,000 infants, which would take another two years. All
told, he estimates the earliest any vaccine could become generally
available is around 2008. But even getting there that fast would
require more resources, he says.

Different Paths, Same Goal
Regina Rabinovich, a pediatrician and epidemiologist who headed the
$50 million Malaria Vaccine Initiative at the Program for Appropriate
Technology in Health in Rockville, Maryland, funded by the Bill and

Melinda Gates Foundation, thinks Hill’s work is important. “He has
been uniquely able to move his concepts into successful clinical trials,”
says Rabinovich, who recently moved to the Gates Foundation as
director of its infectious diseases program. “Whether or not the
prime-boost approach proves itself, we’re really interested in his viral
vectors, the modified viruses used to boost T-cell production.”
Hill is 1 of 12 hhmi international research scholars working on
different aspects of malaria. Louis Schofield of the Walter and Eliza
Hall Institute of Medical Research in Melbourne, Australia, is
developing a vaccine based on glycosylphosphatidylinositol (GPI), a
toxin responsible for the intense fevers of malaria. In August 2002,
Schofield and colleagues Peter H. Seeberger and Michael C. Hewitt at
the Massachusetts Institute of Technology reported success in tests of
an anti-GPI vaccine in mice.
“We are a long way from clinical trials with a vaccine,” says
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Melanesians
Provide

Malaria
Clues
Just as a car can approach a

city using different roads, Plasmodium
About half
falciparum can invade a red blood
of the Melanesians in
Papua
New Guinea
cell through several portals, says
(see children below) are
Alan F. Cowman, an hhmi
unusually resistant to
international research scholar at
malaria. Australia’s Alan
Cowman has figured
the Walter and Eliza Hall Institute
entering red blood cells, the
out why.
of Medical Research in Melbourne,
critical mass necessary to trigger
Australia.
a full-fledged siege of chills and
Cowman thinks he’s found a new route
fever isn’t reached. “The parasites still
of the malaria parasite. Cued by an unusually invade, but the person is unlikely to get as
high frequency of malaria resistance and very sick,” says Cowman. The mutation in the
mild cases among the Melanesian people of
glycophorin C gene may also deform the red
Papua New Guinea, Cowman and his
blood cell membrane, which may contribute
colleagues have identified an important point to dampening parasite invasion.
of entry on red blood cells that could
Cowman and his colleagues identified a
ultimately serve as a vaccine target. Defects in molecule that participates in the bonding
this portal may explain the relatively healthy
between the malaria parasite and its host. First,
Melanesians who live in an area where malar- the researchers identified a protein they named
ia is otherwise quite common.
EBA140 (for erythrocyte-binding antigen)
That entry point is glycophorin C,
from P. falciparum. Then, using normal
which accounts for a mere 4 percent of the
parasites as well as mutants they constructed
glycoproteins that dot the red blood cell’s
that lack EBA140, and red blood cells that have
surface. About half of the Papuan
or lack glycophorin C, they mixed
Melanesians are missing part
of glycophorin C, and
evidence suggests that they do
not suffer severe malaria. In
1984, Michael J. Tanner, at the
University of Bristol, showed
that cells lacking glycophorin
C admit fewer parasites, but
he didn’t zero in on the
significance of his findings.
“Our results are now
explained,” Tanner says, “by
the presence of a distinct
invasion pathway elucidated
in the paper by the Cowman
group” (published in the
January 2003 issue of Nature
Medicine).
With fewer parasites
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combinations of surface proteins from the parasite and host cells to reveal the important relationships. Results were clear: Parasites lacking
EBA140 could not latch onto glycophorin C,
and parasites with EBA140 could not attach to
proteins from red blood cells that lack
glycophorin C. That is, the pathogen’s EBA140
must bind with the red blood cell’s
glycophorin C to gain entry to the cell.
Blocking glycophorin C, then, might prevent or slow infection, at little or no physical
cost. Though glycophorin C normally helps
hold the cell’s outer membrane to its inner
skeleton, other glycoproteins do the same, so
its loss is not harmful.
The discovery of the role of glycophorin
C in malaria explains why Papuan
Melanesians have an easy time with the
disease. “Their mutation is an
advantage,” says Cowman.
Over time, the mutation
accumulated in the
population as malaria weeded
out those who lacked it. Now,
the discovery may benefit
countless others elsewhere.
“The work done by Dr.
Cowman and his colleagues
could help develop a vaccine
that would stop the parasite
from spreading from one red
cell to another,” says Brian
Greenwood, director of the
Malaria Centre at the London
School of Hygiene and
Tropical Medicine.
—RICKI LEWIS

T H E WA LT E R A N D E L I Z A H A L L I N ST I T U T E O F M E D I C A L R E S E A R C H

Schofield.“The vaccine has to be put through preclinical testing in
monkeys.” Daniel E. Goldberg, an hhmi investigator at Washington
University in St. Louis, whose own research focuses on the biochemistry
of malaria infection in humans, calls Schofield’s published findings on
the GPI toxin “elegant and important.” Goldberg explains: “He actually
synthesized this complex carbohydrate molecule to show that the activity seen was due to the GPI, then he demonstrated the central role of the
GPI toxin in P. falciparum pathogenesis, suggesting that this molecule
would be a good vaccine target.” Schofield’s approach is also
controversial, says the Gates Foundation’s Rabinovich, because
essentially it treats the fever, which is itself deadly, but does not attack
the underlying cause.
Meanwhile, Chetan Chitnis, an hhmi international research
scholar at the International Centre for Genetic Engineering and
Biotechnology in New Delhi, India, is doing extremely promising
malaria research, according to Rabinovich. Using Plasmodium
knowlesi—a malaria parasite that infects monkeys—as a model,
Chitnis is studying the invasion pathways that P. knowlesi uses to
infect red blood cells. P. falciparum and P. vivax—malaria
parasites that infect humans—use similar invasion pathways.
Understanding the molecular interactions that mediate these
pathways has enabled Chitnis to develop a vaccine for P. vivax that
blocks invasion of red blood cells. He expects to begin phase I
clinical trials by the end of 2003.
“His fundamental scientific rationale is sound, and he has shown
the ability to take a protein made on the benchtop and translate it
into a real product of sufficient quality to test in humans,” says
Rabinovich. “To say that is not easy is an understatement.”
Alan Cowman, an hhmi international research scholar also at
Australia’s Walter and Eliza Hall Institute of Medical Research,
studied a population with uncommon resistance to malaria and
identified an important pathway—used by P. falciparum to infect red
blood cells—that might be exploited to prevent or slow infection
(see sidebar).
The work of another Australian research scholar, Magdalena
Plebanski, at the Austin Research Institute in Melbourne, focuses on
dendritic cells—key players in the immune response because they
activate pathogen-fighting T cells. Plebanski has shown that blood-stage
malaria parasites impair the ability of dendritic cells to mature, thereby
suppressing some of the T cells that could protect against the disease.
However, when she injected mice with immature dendritic cells that
had been altered by interaction with parasite-infected whole blood cells,
the animals developed 80–100 percent immunity after one injection.
Four months later—a long time in mice—protective immunity had not
diminished, and the procedure did not make the mice sick.
Plebanski has developed a method to target dendritic cells in vivo
with a novel carrier-adjuvant—a substance added to a vaccine to take
it to the right place in the body and to boost the immune response—
that elicits similarly high and long-lasting levels of protection against
lethal blood-stage malaria. “Some vaccines are carriers, and others are
adjuvants. Good vaccines aim to be both,” she explains.
Although the United States has been and continues to be a major
contributor to malaria research, the enormity of the problem and the
importance of the solution mandate an international effort, says Jill
Conley, director of hhmi’s international program. “History has
shown that no single country has the answer,” she observes.
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A Portfolio of Approaches
Prevent it. Treat it. Protect people from mosquito bites. Kill the
mosquitoes. Transform them into harmless nuisances through genetic engineering. There are myriad potential approaches to combating
malaria, and a great many are being tried.
Washington University’s Goldberg believes that’s a good thing.
He also endorses the private-public partnerships that have been
forming to take on malaria. “They’re the only way to go. Industry will
not take the lead because malaria is not a financially rewarding
venture for them,” he explains, “and public funding is not adequate
by itself to take things forward.”
In addition to the Gates-funded Malaria Vaccine Initiative, there
is the Multilateral Initiative on Malaria, whose players include the
Wellcome Trust, the National Institutes of Health and hhmi;
Roll Back Malaria, a global partnership of the World Health
Organization, the United Nations and the World Bank; and the
Medicines for Malaria Venture, a private-public partnership
underwritten by the Gates Foundation, ExxonMobil Corporation,
the Global Forum for Health Research, the International Federation
of Pharmaceutical Manufacturers Associations and others. In
November 2002, pharmaceutical company GlaxoSmithKline
awarded $1.5 million in community development grants to combat
malaria in seven African nations.
Meanwhile, two international consortia of scientists published
the completed genomes of P. falciparum (Nature, October 3, 2002)
and Anopheles gambiae (Science, October 4, 2002). Many scientists
hailed the work as a breakthrough in the war on malaria, predicting
that data mined from the parasite, mosquito and human genomes
will yield new and effective drugs, insecticides and vaccines. One new
antimalarial, fosmidomycin, already has been developed in Germany
by using P. falciparum genome data, and preliminary results of
animal tests have been promising.
Hill still pins his hopes on prime-boost vaccines. “If the genome
helps,” he says, “that’s really bad news!” Come again? “That means
we’d have to wait another 25 years for an effective vaccine,” Hill
explains. “With anything that comes out of the genome, we’d be starting
at square one, with unfamiliar, untested genes and antigens. There are
several candidate vaccines in trials right now that can be made at reasonable cost and that could be useful well before then, if the resources are
provided for vaccine development. A useful malaria vaccine is needed by
H
this generation’s children, not their grandchildren.”
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Leaveand
Learn
After years of running his own laboratory , hhmi investigator William N. Zagotta went back to
basics—he took time off to learn something altogether new in somebody else’s lab.
Zagotta says he had reached a point where his research was stalled because he lacked certain technical skills.At the University
of Washington School of Medicine in Seattle,Zagotta was studying the molecular mechanisms of ion channels,which he describes
as “brain transistors,”or proteins that produce electrical signals in the brain. But he needed to see the atomic structure of these
molecules in three dimensions. He needed to learn the science and art of x-ray crystallography.
So he and his wife, Suzanne Black, packed up, took their
dog, and drove cross-country to New York City in the fall of PLACES TO GO, PEOPLE TO MEET
2001 to spend 10 months learning the process from anoth- Never underestimate the restorative power of a break.
er hhmi investigator, Eric Gouaux, at Columbia University “One of the great perks of this job is the sabbatical you
College of Physicians and Surgeons. Gouaux had specifically can take every seven years,” Zagotta says. “In effect, you
been applying the technology to ion channels.
get to be a grad student or postdoc for a whole year, and
“I had learned from trying to do x-ray crystallography you can focus on your work in a way that you can’t do
on my own that I was never going to be able to do it with- most of the time,” in large part because of administrative
out being in a lab where it is being done,” Zagotta says.“You chores and seemingly endless meetings. The interlude
just can’t read a book and do it. You really need to be there.” allows seasoned researchers to get back to the bench,
where their scientific careers began.
It could be a traditional sabbatical, like Zagotta’s—typically one year off after seven on the job. Or it could be a
“summer vacation” or a long weekend to learn a new technique. It could even be what some might regard as doing
nothing at all: just taking time off from official duties.
Regardless, it is a rare opportunity to generate new ideas in
a climate free of the usual pressures.
hhmi investigator Pamela J. Bjorkman, who studies the
structures of immune-system proteins at the California
Institute of Technology, likes to talk about how she spent her
2002 summer. She visited the Laboratory for 3-Dimensional
Electron Microscopy of Cells at the University of Colorado
at Boulder, to learn electron microscopy from its director,
J. Richard McIntosh.
Bjorkman went there with a feeling, much like Zagotta’s,
that she had reached an impasse in her work and needed to
learn more to do more. She had been studying a molecule—
called the neonatal Fc receptor, or FcRn—that transfers
maternal antibodies to the fetus or newborn.“We wanted to
see how the receptors and their cargo were actually arranged
inside the intracellular vesicles,” she says, and that required
Both Pamela Bjorkman (left) and William Zagotta (above) traveled east to learn
electron microscopy to be able to look inside cells—a technew techniques that helped them view cell structures in three dimensions.
R EX RYST E DT

M I S H A G RAV E N O R

An interlude away from the lab
was just what the doctor ordered for
these accomplished researchers.
By Marlene Cimons
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Many scientists say that a major advantage of s
transcend the subject or technique being a
the scientist’s creativity in his or her own field, a
age a few samples along the way, Bjorkman acknowledges. When that
happens, “instead of the workings of the cell, you’ll see ice crystals.”
Zagotta went through a similar struggle, though in his case, crystals were the aim—he had to turn his proteins into crystalline form so
that an x-ray beam could obtain the desired information. It was hard
work, but worth the effort, he says. With this technique, “people have
been able to study the behavior of ion channels in incredible detail.”
The effort of teaching new tricks to
old dogs brings benefits to the hosts as
well. While Bjorkman was learning the
practicalities of doing structural biology, McIntosh says she enriched his lab.
“Through visitors like Pamela, we are
stimulated to think about scientific
problems that are completely new to
us,”he says, adding that “Pamela’s project also made technical demands on
some of our standard methods.” His
staff had to manipulate conditions so
that Bjorkman could work with the
very small particles of gold she used to
label her proteins.
Columbia’s Gouaux agrees, stating
that Zagotta taught his lab members
about framing problems, designing
experiments and analyzing data.
“There is nothing better than having
someone with unbridled enthusiasm
and fantastic talent in your lab,”
Gouaux says. The New Yorker adds
happily that his Seattle-based colleague got him re-addicted to caffeine.
“I can now properly order an espresso
beverage from my local barista.”
ENHANCED CREATIVITY

T H O M AS B R O E N I N G

nique that no one in her lab had the expertise to do.
So she went to Boulder to learn it. “The real fun of this,” says
Bjorkman,“was making three-dimensional reconstructions of the parts
of the cell that I’d only seen before as two-dimensional pictures in a
book. Looking at them was quite wonderful for me.You can rotate them
and look at all angles. This taught me a lot of things about what goes
on inside a cell.”
Such experiences can be humbling. Accomplished researchers quickly realize that, despite their achievements, they are novices when it comes
to acquiring the new skills. The toughest part for Bjorkman, for example, was trying to prepare the cells for microscopy, a process that involves
high-pressure freezing of the samples.“It turned out to be quite tricky,”
she says. “You need to freeze them within milliseconds so you can capture these dynamic events without damaging them.” And she did dam-

Many scientists say that a major advantage of these kinds of sabbaticals is that
they transcend the subject or technique
being acquired. They can enhance the
scientist’s creativity in his or her own
field, and at a fundamental level.
hhmi investigator Mark M.
Davis and his wife, Yueh-hsiu Chien,
both immunology faculty at Stanford
University School of Medicine, say
that this is what happened when they
took a year off beginning in the fall of
2000 and spent it at Oxford University.

of sabbaticals is that they
g acquired. They can enhance
d, and at a fundamental level.

learn from those who do genetic work in
aging,” he says.“I’m starting to talk to leaders in that area to see what they suggest.”
Buckner’s new interest in genetics
stems from an idea his lab group is starting
to explore, that of genetic origins of brain
changes. “We’re very good at identifying
those brain changes at the structural and
functional level,” he says. “What we don’t
know much about is, potentially, how to
link those changes to genetic factors.”

S C OT T F E R G U S O N / F E R G U S O N A N D K AT Z M A N P H OTO G RA P H Y

They simply needed some space away
from the academic bureaucracy, and some
fresh influences.
“There are so many things that get in
the way,” Davis says. “The longer you’ve
TRAVEL BROADENS
been at a place, the more jobs people find
for you to do. The parking-lot committee
Once the visitor returns home, it isn’t neccan meet for hours. Meetings take forever,
essarily easy to continue applying the
and accomplish precious little. You could
skills acquired elsewhere. For example, now
work a whole week at these jobs, and not
that Zagotta is back in Seattle, he finds that
find time to do any science. On sabbatical,
one major piece of equipment he needs is
we suddenly had all this time that we’d
not portable.
never had before.”
He and his colleagues can do the basic
Living and working in a foreign counbiochemistry and molecular biology of the
try has other rewards as well. For example,
initial experiments, but the laboratory
“science is done differently in England,”
doesn’t have what it needs to take the final
Davis maintains. “They can’t do as many
step and actually do the crystallography.
experiments as we can, so they have to put
Mark Davis (facing page) sought out and found refuge from long
Says Zagotta, “we need access to a synmeetings. Randy Buckner (above) got so much out of his month in
more thought into it. Ours is the only culchrotron, the instrument that generates
London that he’s planning a full-fledged sabbatical next year.
ture where we throw lavish sums of
the x-rays. It generates very high energy
money into basic research.”
and is roughly the size of a football field.”
This experience enabled him to review his own research priorities,
When he was in New York City, two synchrotrons were within drivand design new experiments, Davis says. He was never totally out of ing distance. One was upstate in Ithaca, and the other—which he and
touch with his lab group—they communicated often by e-mail—and his colleagues used—was at the closer Brookhaven National Laboratory
he did make five trips home during that year for some “face time.” But on Long Island. But the Pacific Northwest doesn’t have a synchrotron,
most often, he just sat and thought. In doing so,“I thought up really good so now things are more difficult for Zagotta—though not insurmountexperiments,” he says, and suggested them to members of his lab at able.“The closest one is at Berkeley, which means instead of jumping in
Stanford.“Our lab has been incredibly productive since then. You real- a car for two hours I have to jump in a plane for two hours,” he says.
ly need that time to be creative, and you can run off that for years.”
Such practical details do not diminish the fundamental value of their
Results of one of those experiments, Davis notes, were published in graduate-student-for-awhile sabbaticals, the researchers agree. Getting
the October 24, 2002, issue of Nature.“It was about how T cells recognize away is truly refreshing, rendering them more creative and productive
things,”he explains.“What we were able to do was label the individual anti- upon their return.
gens as they sit on the surface of the cell that the T cell was looking at. We
Moreover, being in a new and different location carries its own bencould tell, in real time, how many antigens the T cell was seeing and what efits. Zagotta and his wife landed in New York City from Seattle fearing
it did about it.”
the worst—even under routine circumstances. They arrived there just
Randy L. Buckner, an hhmi investigator at Washington University a week after the September 11 attacks. Nevertheless, he says, their expein St. Louis who studies memory and the brain, had a similar opportu- rience “was completely different from what we expected. New Yorkers
nity a few years ago, though for a shorter period, to “take a step back and have a reputation for being cold, but they were totally the opposite—
look at the big picture.” He took a month off and went to University incredibly welcoming—which was a real surprise to us.”
College London—an experience that “was invaluable,” he says, adding
At Oxford, Davis enrolled his teenage daughter, Sara, in an English
that it was actually a turning point in the direction of his research, when school and enjoyed watching her attitude change from resistance to leavhe shifted the focus of his studies of the brain to aging issues. It led to a ing home to embracing new friends and a new culture. And he especially
paper in Neuron in 2002 delineating two distinct kinds of changes in brain savored his own downtime and temporary isolation from Stanford.
function that occur with age. He says his group is now studying “whether
That respite was inadvertently aided by his assignment to a small
these changes are responsible for the kinds of mild cognitive change we office that had been used by a visiting Danish scientist. Its answering
see often in aging or are the beginnings of Alzheimer’s disease.”
machine’s outgoing message, in heavily accented English,“was enough
Having discovered the value of a month off, Buckner now hopes to to convince all those callers trying to reach us that they’d called the
take a real sabbatical next year to learn about genetics.“It’s hard to learn wrong number,” Davis says. “We couldn’t figure out how to change it,
H
a new field, and I want to take some time to talk to smart people and and that turned out to be a major plus.’’
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L e p t i n’s
Legacy
BY DAV I D T E N E N B AU M

When jeffrey m. friedman, an hhmi investi-

■

I L L U ST RAT IO N BY B R I A N STAU F F E R

Once touted as
a possible
cure for obesity,
the hormone leptin
couldn’t trim
America’s waistline,
but it has led
to a focus on the
biology of
obesity—and to
treatments for two
rare diseases.

gator at The Rockefeller University, announced in 1995
that he and his colleagues had discovered a hormone
called leptin that melted away fat in obese mice, the New
York Times wrote, “researchers have found what they
hope will be a magic bullet for obesity, or at least the
forerunner of major new therapies.”
Scientists, of course, approach any notion of a magic
bullet with supreme skepticism, if not total disdain. But
electrified by leptin’s potential for the treatment of obesity—the mice had lost 30 percent of their body weight
in just two weeks—business pounced on the discovery.
With more than half of U.S. adults overweight or obese,
a cure would be a major advance in public health.
Moreover, the treatment was sure to be a cash cow for
its marketers. The biotech company Amgen paid $20
million to license the hormone.
When Amgen sponsored a large clinical trial of leptin,
however, few participants lost weight, dashing hopes that
the hormone could curb obesity. “Treatment with highdose leptin did not achieve the clinical or commercial hurdles necessary,”
says Amgen spokesperson Christine Brown.“The company is not looking
further at using leptin in normal adult obesity.”
That first look at leptin might have stopped everything, but scientists kept digging. They had compelling reasons to persist, such as
Friedman’s dramatic finding that leptin also lowered resistance to
insulin in those obese mice.
Today, studying leptin’s role in metabolism while continuing to
explore its therapeutic possibilities, Friedman and others are beginning
to piece together the mechanisms through which the hormone affects
several systems in the body. And, importantly, leptin has been found
to treat successfully—possibly even cure—two rare diseases: a defect
in the leptin gene and lipodystrophy, a disease caused by the absence
of fat cells, which the body relies on to make leptin.
A D J U ST I N G T H E I R S IG H T S

Stephen O’Rahilly, an endocrinologist at the University of Cambridge, has
given leptin supplements to extremely obese children who have a defective leptin gene. The children, he says, “are constantly hungry, are eating
frozen food without thawing it. Their lives are dominated by the search for

food.” Treatment with leptin, he adds, is
“utterly dramatic. With a once-a-day
injection, you are essentially taking
almost wheelchair-bound children and
changing them into near-normal children.”Elif Oral (now at the University of
Michigan) and her colleagues at the
National Institute of Diabetes and
Digestive and Kidney Diseases (niddk)
achieved similarly remarkable results by
using leptin to treat lipodystrophy (see
sidebar, page 26).
Perhaps equally important may be
leptin’s impact on insulin for some people with type 2 diabetes. “It’s very clear
in a number of settings that leptin can improve diabetes,” Friedman
remarks. “Its usefulness is not limited to lipodystrophy patients.”
Thus, even though leptin did not live up to initial expectations that
it would cure obesity, it has since proved to be an invaluable research and
therapeutic tool. Peter J. Havel, a nutrition researcher at the University
of California, Davis, says that by “demonstrating that body weight is a
physiological parameter regulated by hormones, leptin opened up the
whole field of obesity research.”Leptin experiments, O’Rahilly adds, have
debunked the notion that obesity results from people’s “immorality,
behavior and gluttony.”

R E S I STA N C E V E R S U S D E F ICI E N CY

The leptin story began in 1950,when researchers at The Jackson Laboratory
in Bar Harbor, Maine, noticed that they had a strain of mice that were
obese, lethargic, insulin-resistant and constantly hungry. This so-called
ob/ob mouse,Friedman says,“lives in a state of perceived starvation,so ironically it becomes fat.” The scientific explanation finally emerged in 1994,
when Friedman and his colleagues found the mutated ob gene responsible for the syndrome. The next year, they purified the normal ob gene’s
product, a hormone they dubbed leptin for the Greek word leptós, which
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means “thin.”When they gave the obese mice leptin supplements, the animals lost weight, became more active and began responding to insulin.
At first, leptin seemed to be simply a signal sent by fat cells to the
brain:“We’re full. Stop eating.” But as leptin research took off—the hormone has been the subject of more than 4,200 scientific papers since
1995—the picture became more complicated. Scientists found large
numbers of leptin receptors on the hypothalamus, a brain structure
known to control appetite. Many other effects of leptin—or the absence
of leptin—seem to work through the blood, Friedman explains, adding
that the hormone “modulates T cells, macrophages, platelets and a whole
host of other physiological systems” (see diagram).
In retrospect, it seems clear why so many people in the Amgen clinical trial failed to lose weight, says Friedman. Obese people have many fat

cells, and they generally make lots of leptin. Therefore, obesity results more
often from a failure to respond to leptin than from an absence of leptin.
Although most people in the trial may have had sufficient leptin,a subset was probably deficient in the hormone, says Friedman. “Fifteen to 20
percent of the obese people [in the study] did in fact lose significant amounts
of weight.A key unresolved issue concerns the plasma level of the hormone
below which a robust biologic response can be predicted,” he adds.
“I don’t want to protest too much, but it’s as if we found that the
majority of adult-onset diabetics don’t respond to insulin, and concluded that insulin has nothing to do with lowering glucose.” In other
words, leptin resistance in the majority of participants may have masked
leptin deficiency in the minority. Friedman and his colleagues are now
trying to identify obese people who have low concentrations of leptin

P r o of Po s i t i v e

Doctors at the National Institutes of Health (nih) could not
treat Christina’s underlying disease, so they cleaned her blood of triglycerides weekly, in a procedure akin to kidney dialysis.“When I first went
to nih, they said there was nothing they could do,”Christina says.“They
said I would probably die from it. It was pretty extreme.”
In 1995, about the time her symptoms began to appear, hhmi’s
Jeffrey Friedman discovered the hormone leptin. Although people with
lipodystrophy are extremely skinny, their insatiable hunger resembles
that of the obese mice Friedman studied. When Christina’s doctors at
nih found that her body was making no leptin, they decided to test leptin supplements.“The logic was that if you are deficient in the hormone,
and we give you the hormone, you may very well respond,” says Phillip
Gorden, then director of the National Institute of Diabetes and Digestive
and Kidney Diseases (niddk).
In July 2000, Elif Oral and her colleagues at niddk began a study of
Christina and eight other girls and women with lipodystrophy.When they
gave Christina leptin injections, the results were swift and dramatic. The
compulsive eating, the blood cleansing, the horrid skin lesions—even the
rude stares of classmates—became memories. “I’m not hungry all the
time,”says the 20-year-old sophomore at Rowan University in Glassboro,
New Jersey. Her life is consumed by schoolwork and a job, ironically
enough, making sandwiches in a deli. Sounding a bit awed by something
that most people take for granted, she adds,“I can eat a little bit and be full.”
Christina and the others in the lipodystrophy study also experienced
another positive effect seen in Friedman’s original animal experiments:
a great reduction in what Gorden calls the “extreme form of insulin-resistant diabetes” that is typical of lipodystrophy. Leptin somehow increases
sensitivity to insulin, perhaps by redistributing fat.As a result, most of the
people in the lipodystrophy study were able to stop taking medicine to
control the high concentrations of sugar in their blood.“I’ve been involved
in insulin resistance for 35 years,” says Gorden. “To treat patients with
something that has such remarkable benefits was quite gratifying.”
Christina now seems cured, but her body may some day stop responding to leptin. Or it may start making antibodies to leptin.Although resistance has occurred in some people who are receiving leptin supplements,
their treatments continue to work, according to Stephen O’Rahilly of the
University of Cambridge.
For three years, leptin has allowed Christina to attend college, hold
a job and feel like a fairly normal young woman. “I consider myself
cured,” she says. “I’m still really skinny, but I don’t have any symptoms
that I can’t live with.”
—DT

DAV I D G RA H A M

When christina vena, a girl from Vineland, New Jersey, entered
puberty a few years ago, her fat cells atrophied and disappeared. She grew
extremely thin and obsessed with food.“I thought I was starving,” she recalls.
“My parents had to lock the kitchen cabinets, or I’d eat until I got sick.”
Christina had a rare metabolic disorder called lipodystrophy. She also
had type 2 diabetes, and her blood contained more than 50 times the normal concentration of triglycerides, a fat precursor. Lacking fat cells, she
stored fat in her liver and in lesions under her skin. These pockets of fat
were so painful that Christina could not dress or bathe herself.

Christina Vena is back to living a normal life—she's not incessantly hungry,
her diabetes is gone and she's in college studying special education.
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Weight Regulation and Then Some
Most of leptin’s effects occur through the hypothalamus, the part of the brain

shifting several body systems into starvation mode. It results in urges to eat

that integrates all basic drives and regulates food intake, energy expenditure
and glucose and fat metabolism. With weight loss, the body’s fat stores

more and expend less energy, making it difficult to maintain the weight loss.

shrink and therefore produce less leptin. The hypothalamus responds by

Other changes, such as increased stress response and weakened reproductive
Source: Friedman Lab
and immune function, cause their own set of problems.

reproduction and immune status may represent evolutionary efficiency, he adds.“Leptin is designed to measure the amount of fat you carry,
and once you have a molecule that can signal that, it’s logical that it
would send that signal to a number of physiologic systems.”
The leptin gene apparently conferred a selective advantage on our
ancestors by enabling them to survive lean times. These days, the challenge in developed societies is to remain lean during flush times: Obesity
and diabetes are far more threatening than starvation. Indeed, studies
emanating from the discovery of leptin emphasize how hard it is to lose
weight. Randy J. Seeley, a neuroscientist at the University of Cincinnati
who studies appetite regulation in the brain, points to the melanocortins,
a group of leptin-sensitive neuropeptides that help regulate energy balance. Although drugs that target the melanocortins might result in lower
food intake, he says, the control of food intake is complicated and
inclined toward storing, not burning, fats. “You were not built to lose
weight, you were built to not starve to death.”
Although leptin was not a magic bullet for obesity, many researchers
say the discovery of the hormone has changed forever the study of obesity, diabetes and metabolism. “Leptin was so successful in the rodent
model that people immediately became excited about it as an obesity
treatment factor,”says Gorden.“In reality, that was probably an enormous
leap of faith.”
Still, Gorden adds, leptin’s ability to treat—and possibly cure—two
rare diseases has renewed hope that it, or a compound discovered
P R E V E N T I N G STA RVAT IO N
“There are a lot of interesting hypotheses [about leptin] out there,” says through it, may help treat obesity, diabetes and other devastating metaPhillip Gorden, former director of niddk, who now does research there. bolic disorders. Leptin, he says, “offers a window of opportunity that
“Some people think it’s a protective mechwe didn’t have before.”
anism against starvation, some think it’s a Jeffrey Friedman is now looking at genetic factors in obesity.
Friedman says the window is wide
satiety signal and some think its major role
open, and in the February 7, 2003, issue
is to control lipid distribution,” directing
of Science, he called for a large effort
the body to store fat in fat cells rather than
aimed at understanding the biology of
in, say, the liver, where fat deposits are
obesity. Now that a molecular framework
linked to disorders such as diabetes.
of the system that regulates body weight
The many, seemingly unrelated
is in hand, he says, it’s time to define the
effects of leptin, Friedman says, may have
genetic differences between lean and
evolved to provide a “link between the
obese and figure out how environmental
nutritional state and the physiology and
and developmental factors alter the funcbehavior of an animal,” enabling it to
tion of this system. Only from this, he says,
adapt to starvation. The fact that one fatwill come rational therapies to combat
H
derived molecule affects metabolism,
obesity and its complications.
M A R C B RYA N - B R OW N

and might therefore benefit from supplements.
To treat leptin resistance, scientists must have a better understanding of the signaling pathways activated by the hormone. Studies of two
components of those pathways were published in 2002.
Friedman and James M. Ntambi, a biochemist at University of
Wisconsin–Madison, measured the effect of leptin on the expression of
12,000 genes that seem to be active in the liver. The biggest change
occurred in the expression of the gene that makes an enzyme called
stearoyl-CoA desaturase-1 (SCD-1). SCD-1 helps determine whether the
body stores fat or burns it. When the researchers removed the gene for
SCD-1 from their ob/ob mice, they discovered that the animals’ metabolism returned almost to normal. Even though the mice made no leptin, they were not obese. Moreover, says Ntambi,“these animals are more
insulin-sensitive and don’t become diabetic.” The results help show how
leptin works. “For years the mechanism was a black box,” says Ntambi.
“Now we know that SCD-1 is on one pathway of leptin’s actions.”
Barbara B. Kahn, an endocrinologist at Harvard Medical School and
Beth Israel Deaconess Medical Center in Boston, reported on a different leptin pathway involved in fatty acid metabolism in muscle. Like
Ntambi, she says her study shows that pathway research may lead to
drugs that improve leptin’s efficiency by sidestepping resistance to the
hormone and activating molecules further along the signaling pathway.
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A Science-Education Dream Team
ourage may not be the first word that
comes to mind when describing the
qualities of an inspirational teacher.
Yet it may be a characteristic that distinguishes a great teacher from a good one.
“I never care about
whether I am sticking my
neck out or not,” Darcy B.
Kelley says. “If something is
important, I just do it.”
Kelley, a biology professor at Columbia University in
New York City, is a committed teacher and researcher
who is attempting to transform undergraduate science
KELLEY
education into an exciting
and meaningful experience—and not just
for science majors. “Science is widely
thought of as an add-on, something that
nonscience students have to struggle
through to get their degree. This is what we
seek to change.”
Kelley is one of 20 scientists recognized
by hhmi as professors committed to making undergraduate science education more
relevant and engaging to their students;
each professor has received $1 million to
support their inspired work in the classroom at research universities. This is a
departure for hhmi, which more typically
funds scientists as researchers.
All 20 of these professors actually conduct research and run their own labs. But
they also have reputations for pushing their
teaching dedication beyond the usual
boundaries to prompt their students to connect more directly with science.
“I love ... discussing the impact that science, particularly recent developments in
genetics, genomics and biotechnology, has on
their lives,” says Robert B. Goldberg, another
grant recipient, who is a professor of molecular, cellular and developmental biology at the
University of California, Los Angeles.
“In all of my courses, I intermingle dis-

C
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cussions about scientific principles with
those on the history and impact that science
has on society,” Goldberg says. He describes
his classes as “rigorous and highly unorthodox,” making extensive use of the Socratic
method in lectures and discussion groups. “I enjoy
engaging students and providing a learning environment that allows them to
interact intellectually—and
reach for the sky.”
In that spirit, Goldberg
uses popular films that deal
with compelling scientific
issues—Lorenzo’s Oil, Inherit
the Wind, Jurassic Park—as
teaching tools. And he goes a step further by
requiring students to write, produce and
videotape a movie of their own as a class
project. Along the way, they also write docudramas. Both assignments aim to put people in real-life situations that deal with science, ethics and society, and they are acted
out by the students themselves.
Similarly, Goldberg gives take-home
exams in which students are encouraged to
talk and work together.“They interact intellectually—that is, they become their own teachers,” he says. Applying much the same principle, he gives each class a “whole-class” oral
exam, which he says teaches students “how to
speak in public and think on their feet.”
Kelley’s approach at Columbia follows
similar lines. She is developing a new
course called “Frontiers of Science” to
debut in the fall. The course aims to develop in students the same kinds of “habits of
mind,” Kelley says, that characterize working scientists, “while exposing them to
some of the great ideas of modern science.”
These include “dark matter, the nanoworld,
how the brain works, global climate change,
the chemistry of light and biodiversity,” she
says. The course involves both discussion
groups and lectures. Kelley describes the

lectures, which she developed with science
faculty at Columbia as “visually stunning
introductions to science at its current frontiers, and they are very labor-intensive to
prepare.” For example, “How Your Brain
Works (or Not!)” took her 100 hours to
draft, not including the time of the graphics
artist and animator.
Most of the new hhmi professors’
courses place a strong emphasis on providing early research experiences for the students in the lab or in the field—and not just
Robert Goldberg (second from left) tackles the
impact of science on society with UCLA students
(from left) Joshua Lich, Yuki Yamauchi, Erika
Krystian and Jaclyn Stitz.

as exercises. The idea is not
only to expose them to real
research but also to elicit
their contributions to the science enterprise or to solving
societal problems.
Some professors have
additional motives. For example, Hilary A. Godwin, a
GODWIN
chemistry professor at Northwestern University, wants to increase the
numbers and improve the retention of minority students in freshman chemistry, and she
has created a project with that end in mind.
This summer, Godwin will send incoming freshmen into Chicago neighborhoods
to map out soil lead levels to get a better
sense of how these levels correlate with
known lead poisoning rates in the area.
Godwin, whose primary research interest is
lead poisoning, describes the work as “desperately needed.” Initial studies of the
region, which the students would build on,
have shown that some neighborhoods have
“astronomical” lead levels—“higher than at

Superfund sites,” she says.
Godwin expects that this
project will enlighten students on several levels. “The
kids will get to learn about
the city, plus the skills that
they learn while analyzing
the samples will be directly
applicable to much of the
material covered in the first
quarter of freshman chemistry,” she says.
“On a social level, the project should also be
interesting to them because lead poisoning
disproportionately affects African Americans
and Hispanics—the same minority groups
we’re targeting with the summer program.”
That lead-sampling project is only one
part of a much larger mosaic, she adds. Her
students will be encouraged to continue

working on research projects throughout
their time at Northwestern, Godwin says,
and to help mentor incoming students in
subsequent years who will be traveling
similar paths.
In fact, the undergraduate students of
all 20 hhmi professors will participate in
research at the bench or in the field. “Students who begin research as juniors or seniors often express the wish that they had
started earlier,” says Ellen Fanning, a molecular-biology professor at Vanderbilt University, who plans to recruit sophomores to
spend the summer as full-time research
interns rotating through several labs.
“Undergraduates amaze themselves with
how their approach to classroom material is
changed by the research experience.”
—MARLENE CIMONS

Fearless Attitude Opens Doors
llen Fanning, one of 20 new hhmi professors, is Stevenson
Professor of Molecular Biology at Vanderbilt University in
Nashville, Tennessee. Born in Joliet, Illinois, in 1946, she
received her doctorate in virology from the University of Cologne
and then spent 24 years in Germany, most recently teaching biochemistry at the University of Munich. In 1995, she returned to the
United States to be closer to her aging parents and to take her present position, which she describes as “an offer too good to refuse.”

E

FANNING

Many scientists talk about being influenced by early exposure to science, often from
family members. Although this was not the case for you, did your parents influence your
career at least indirectly?
Fanning: My mother was very practical and conservative; I learned the importance of frugality, and the need to think before you speak, from her. My father never finished high
school, but built his own real estate firm. He was basically fearless, convinced that you
could do anything you want to do if you just make up your mind to do it. I acquired his
taste for risk. When I was about two years old, I took crayons and drew all over the walls of
my room. My mother said, “Just wait until your father comes home.” But when he did, he
took one look at the walls and declared, “This is great! She’s talented.”

TO M K E L L E R

Despite your father’s belief that you could do anything you wanted, why did he initially
oppose your decision to make chemistry your college major?
Fanning: My father had a fit. He said, “I’m paying for this? What in the world are you going
to do with it?” I told him I could be a high school chemistry teacher. That’s the last thing I
wanted to do, but it satisfied him. My parents never quite understood my love of science,
but they always were very proud of me. My mother liked bragging about me to her bridge
friends. And after I got the job at Vanderbilt, my father called me “my little professor.”
What’s the message for young people with similar backgrounds who want to pursue science?
Fanning: If something appeals to you deeply, and you think you might be good at it, go with

your gut and your heart. Take that path and find out what doors will open to you.

—MC
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oviemakers bank on the brain’s
rapid response to intense facial
expressions—we shrink back
when we see a terrified person as if we, too,
see the danger. In real life, judging whether
a mask of fear is a warning of imminent
peril can be a life-or-death matter.
To probe how the brain processes seeing
fearful situations, medical student Margo
McKenna worked in the laboratory of Leslie
G. Ungerleider at the National Institute of
Mental Health. She was one of about 40
medical and dental students in the hhmiNational Institutes of Health (nih)
Research Scholars Program who spend a
year living and doing research on the nih
campus. Fascinated with the workings of
the nervous system, particularly the senses,
McKenna says she saw the Ungerleider lab
“as a very good fit.” She plans to specialize
in ear, nose and throat medicine.
Ungerleider’s team overturned the longheld idea that the brain region called the
amygdala can be counted on to respond right
away to a threat. This finding has practical
implications for anyone whose attention is
impaired or distracted—from intoxication,
for example, or from a cell phone conversa-

M

tion—in a potentially dangerous situation.
Past studies had
shown that the amygdala,
the almond-sized structure in the brain that handles emotions and alerts
us to danger, responds
automatically in the face
of peril. But the situations
used in those studies were
overtly threatening, such
Margo McKenna learned how to delay the brain’s response to danger.
as the approach of a snake.
tions. “The pictures flashed for 200 millisecThe researchers reasoned that if the
onds,” she adds—enough time to complete
response is not hardwired, or automatic, a
the face or bar task, but not both.
person could be distracted. So they used
Even though the pictures did not
functional magnetic resonance imaging to
change, brain-activation patterns for the
study reactions to someone else’s facially
amygdala and several nearby brain strucexpressed state of mind. “We used a series of
tures did change, depending on whether
pictures for people to watch while in the
people paid attention to the faces or not.
scanner, with faces in the center and colored
lines in the upper-right and upper-left visual These brain areas did not distinguish fearful
from neutral when the person was concenfields. The faces alternated between happy,
trating on the peripheral images. “We confearful and neutral expressions,” McKenna
explains. Half of the time the subjects had to cluded that attention is critical in how the
brain perceives the world,” McKenna says.
identify the face as male or female; during
The team’s research, reported in the
the other half, they had to say whether the
August 20, 2002, issue of the Proceedings of
lines were in the same or different orienta-

The Indelible Imprint of Fear
anic attacks, phobias and anxiety disorders may someday
yield to more effective treatments now that researchers
have discovered the first genetic component of the brain’s
fear-learning circuitry. A research team including hhmi investigators Eric R. Kandel at Columbia University and Catherine
Dulac at Harvard University has identified a gene that helps
keep learned fear under control. Lead author of the paper was
Gleb P. Shumyatsky, a postdoctoral fellow in Kandel’s laboratory
who also spent two months in Dulac’s lab.
The researchers used a technique, developed by Dulac with
hhmi investigator Richard Axel at Columbia, for isolating and
comparing the genes of individual cells. Specifically, they compared the genetic activity of cells from the amygdala, where fearrelated learning takes place, with cells from another region of the
brain that is not involved in learned fear. One result was the
identification of the gene, Grp, which encodes a short protein

P
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called gastrin-releasing peptide (GRP) that acts in the amygdala
to ultimately inhibit its excitatory principal neurons—that is, to
diminish fear. They reported their findings in the December 13,
2002, issue of Cell.
The team used knockout mice that lacked the receptor for
GRP in their brains and compared their ability to learn fear with
that of normal mice. First the mice were trained to associate a
tone with an electric shock. After they were trained, the mice
froze in fear in response to the tone alone. “When we compared
the mouse strains, we saw a powerful and long-lasting enhancement of learned fear in the knockout mice,” Kandel says. In contrast, the mice were no different in their pain sensitivity or
instinctive fear.
This work could have important long-term implications for
treating anxiety disorders, he notes. “Since GRP acts to dampen
fear, it might be possible in principle to develop drugs that activate the peptide, representing a completely new approach to
H
treating anxiety.”

FO R E ST M c M U L L I N

Med Student Examines
Power of Distraction

Will Lab Security Go Overboard?
wo new federal laws passed in 2002—
the USA Patriot Act and the Bioterrorism and Public Health Preparedness and Response Act—tighten security on
researchers who work with so-called “select
agents,” a government term for microbes
and toxins that terrorists could use as
weapons of mass destruction. Unlike earlier
safety rules, which were intended mostly to
protect lab workers from hazardous materials, the new ones
have one major purpose—to
keep bad guys out, so they cannot harm university workers,
damage or destroy labs or take
hazardous materials from labs
to cause public harm.
Since fall 2001, numerous
research institutions have been
tightening security on their
own, without government
prompting. After the anthrax
scare and a few false alarms
involving chalk dust and powdered milk, the University of
California, San Francisco
(ucsf), convened a high-level
task force that went from lab to
lab, training staff to keep doors
locked, question unfamiliar
people and call campus police if
newcomers fail to give straight
answers, says Ara Tahmassian,
who coordinates ucsf’s labsafety and campus-security
efforts. Similarly, at the University of Alabama at Birmingham,
Max L. Richard’s occupational health and
safety team began keeping closer tabs on
dangerous materials, installing video monitors and issuing key cards.
The new federal rules make such voluntary measures mandatory and more intense.
Institutions previously had been required to
inform the Centers for Disease Control and
Prevention (cdc) only if they were shipping select agents—microbes such as the
anthrax bacterium and the Ebola virus and
toxins such as Shiga toxin. Under the new
rules, institutions must submit an inventory
of all the select agents they possess. They

T

must also have security plans to keep the
agents in the right hands; training plans for
everyone with access to the agents; and
emergency-response plans for responding to
bomb threats, fires, floods and other disasters. In addition, all personnel with access to
the agents will be screened by the federal
government, and cdc inspectors can come
in unannounced at any time and inspect

CORBIS

FO R E ST M c M U L L I N

the National Academy of Sciences (pnas)
has helped to unveil a new view of the
amygdala: It doesn’t always respond automatically, it senses emotions other than fear,
and it apparently activates other brain
regions. Discovering those communication
pathways may require a molecular
approach, such as the one used by hhmi
investigators Eric R. Kandel at Columbia
University and Catherine Dulac at Harvard
University (see sidebar).
Before her time at nih, McKenna had
only glimpsed clinical research between
medical school classes at the State University of New York at Buffalo and hospital rotations. So she welcomed her year at nih as a
“good opportunity to do research full-time,”
she says, “and see if I really liked it and if it
would be compatible with my personality
and career plans.”
For this study, McKenna had to learn
how to plan a protocol, and she learned how
to obtain images independently and analyze
the data. Imaging the amygdala is particularly challenging because of its location at the
base of the brain, requiring lots of trial runs
to develop an optimal protocol, says Luiz
Pessoa, a postdoctoral researcher and first
author of the pnas paper. “Labor-intensive
cycles of scanning and data analysis were
necessary. Margo’s determination and diligence were instrumental in taking the design
to its final form,” he says.
McKenna sees her new skill set in a broader light.“I learned a new way of approaching a
problem, to design an experiment that will
address the problem while controlling for as
many other factors as possible, and to read the
literature critically and apply that one small
truth to the big picture,” she says.
McKenna readily admits to wanting it
all—seeing patients, working in the operating room and conducting research. “I hope
to put my research and clinical interest
together to have a successful lab and clinical
practice,” she concludes.
She is on her way, beginning an internship in July at the Harvard-affiliated Massachusetts Eye and Ear Infirmary. “It’s a special position that includes two extra years of
research,” she says. “I hope it will teach me
to integrate science and clinical medicine in
a similar way as my experiences in the
hhmi-nih program.”
—RICKI LEWIS

labs from top to bottom.
W. Emmett Barkley, director of hhmi’s
Office of Lab Safety, acknowledges that new
security rules were needed, but he believes
that as currently written, they go overboard.
For example, every package must be
inspected before going in or out of a lab
that handles hazardous microbes, even
agents that have been grown safely in open
labs for decades. These and other provisions, he says, are “too severe, too stringent
and inappropriate.”
Ron Atlas, president of the American
Society for Microbiology (asm), which has
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lobbied to keep the new rules from stifling
research, says he has heard from many colleagues that out of frustration they are
destroying frozen stocks of select agents.
These actions could indeed damage research,
he says. asm supports rules that ensure safe
and ethical research, he adds, but the current
rules won’t guarantee the public’s safety
from a bioterrorist attack—most of the listed microbes can be obtained in other countries or easily isolated from nature.
Many researchers are especially unhappy with the restrictions on personnel. After
initially trying to prohibit all foreign scientists from research involving select agents,
Congress ended up barring only citizens of
countries that sponsor international terrorism. By June, the U.S. Department of Justice
(doj) will issue individual security clearances to anyone who has access to select
agents. The law also excludes anyone who
has ever been judged mentally defective as
well as anyone who has received a less-thanhonorable discharge from the military.
Researchers and lab officials worry that
these broad criteria might exclude, for
example, 1960s antiwar activists, former
members of the military who are homosexual and potentially anyone who has ever
been hospitalized for depression.
cdc spokesman Dave Daigle says he
doesn’t know how doj will screen
researchers, and so far the department isn’t
telling; doj spokespersons did not return
repeated phone calls for this article. asm is
waiting anxiously for doj to say, says Atlas.
“We don’t have a clue how it’s going to work
or if it’s going to work,” says Atlas.
hhmi’s Barkley suggests that even if
they do work, many of the new rules “seem
extraordinarily burdensome.” One example
he cites is an ambiguously worded provision
that appears to require scientists to get
cdc’s approval for changes—even minor
changes—in experimental procedures. Aiming to prevent such overkill and intrusion,
he has pulled together a coalition of major
research universities to submit comments to
cdc, asking that some of the rules be eased.
“We’re hopeful they’ll be receptive to practical recommendations,” Barkley says.
—DAN FERBER

» For HHMI’s recommendations, see:
www.hhmi.org/research/labsafe
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The Magic of Woods Hole Endures
or nearly two decades, Joe L.
Martinez, Jr., and Steven J.
Zottoli have been giving back.
Their scientific careers benefited
greatly from a memorable early
experience—a summer of research
at the Marine Biological Laboratory
(mbl) in Woods Hole, Massachusetts. Now they help make it available to others, particularly minority
students and young scientists.
The two met in 1974 during
their first summer at mbl. Martinez, an Albuquerque, New Mexico, native of Hispanic descent and
the first and only scientist in his
family, was an assistant professor of
biology at California State College,
San Bernardino. Zottoli, a grandson and nephew of physicians, was
a graduate student at the University
of Massachusetts, Amherst.
Both recall the summer as an
eye-opener. “Even though I had a
Ph.D. and was teaching in a university, I really did not have a clue
what neuroscience and a research
career were all about,” Martinez
says. As a graduate student, Zottoli Mayra Padilla (left) and YiFan Guo overcame tough obstacles
admits he was myopically focused before their summer at the Marine Biology Laboratory.
on his own neuroscience research
and hadn’t grasped a broader perspective of vice provost for research at the University of
the field either.
Texas at San Antonio; Zottoli is a professor of
There’s a magic about mbl and the
biology at Williams College in Williamstown,
Cape Cod seaside village that surrounds it,
Massachusetts. Yet the magic has been drawsays Martinez, and both men fell under its
ing Martinez and Zottoli back to mbl in the
spell. “I compare Woods Hole to Brigadoon, summer. Since the 1980s, they have been
the mythical Scottish village that comes alive bringing undergraduate and graduate stuonly once every 100 years,” says Martinez,
dents with them to work in the labs, hear the
“except that Woods Hole is a community of
lectures, rub shoulders with today’s and
scientists that self-assembles every summer” tomorrow’s research pacesetters, experience
for an intense interlude. “We all live in the
the exhilaration of research—and regain some
same moldy cottages and have roughly
of that Woods Hole magic for themselves.
equivalent old lab space,” Martinez explains,
Mayra Padilla, for example, spent last
but “the density of scientists and the oppor- summer at mbl in Martinez’s program for
tunities for interaction make it an incredibly minority graduate students, called the Sumexciting place.” Both Martinez and Zottoli
mer Program in Neuroscience, Ethics and
call the Woods Hole summer of 1974 a
Survival (spines). Padilla, a fourth-year
defining point in their research careers.
graduate student in behavioral neuroscience
Martinez is now director of the Cajal
at the University of California, Berkeley, is
Neuroscience Research Center and associate
the daughter of a construction worker and a

F

tists, attend summer courses and do research
alongside graduate students from Martinez’s
spines program. This is essentially a nolose situation for his students, Zottoli says. “If
they learn that research is not for them, I
consider that a positive outcome too.”
Sponsored by the National Institute of
Mental Health and mbl, spines exposes
minority students to a lot more than the
nitty-gritty of research. “We want to give
them not only the latest concepts in neuroscience but the survival skills they need to
make it as minorities,” Martinez explains. “We
talk about the unwritten rules, such as the
secrets of gaining tenure. We go into the nuts

and bolts of getting grants. We discuss issues
that are almost never mentioned anywhere
else, although everyone knows they exist, such
as racism and gender issues in science.”
Martinez and Zottoli find mbl an ideal
spot for showing minority students that
there may be a home for them in science.
“We think that the graduate students and
undergraduates who meet here will continue to be a reference group for each other as
they go on in school and in their careers,”
Martinez says. “Like Steve and me, they will
carry on the educational and research tradition here or elsewhere.”
—JENNIFER BOETH DONOVAN

Genes, Proteins and Small Molecules
n early December snow didn’t stop these budding scientists. Braving the first of too
many snowstorms to hit the mid-Atlantic region, close to 100 students from the
Washington, D.C., area attended hhmi’s 2002 Holiday Lectures on Science to hear
Stuart L. Schreiber, hhmi investigator at Harvard University, and Eric S. Lander, director of
the Center for Genome Research at the Whitehead Institute, explain the vast potential of
human and chemical genomics. After the scientists described how their specialties will one
day help explain how proteins and molecules work together to build living systems, the students went to work building models of substances found in the refreshments served at the
event. Prabhjote Kumar (foreground), a student at the Landon School in Bethesda, Maryland, uses multicolored plastic “atoms” and “covalent bonds” to build the artificial sweetener aspartame. Schreiber discusses another model with Roxanna Farrow, a student at
Theodore Roosevelt High School in Washington, D.C. In the background are students Hannah Muller from Episcopal High School in Alexandria, Virginia, and Brian Chaikind, Walt
Whitman High School in Bethesda. Teachers and students can order videotapes and DVDs
H
of the annual Holiday Lectures on Science at www.holidaylectures.org.

A

WILLIAM K. GEIGER

ST E V E N J . ZOT TO L I

house cleaner who moved to Richmond,
California, from Mexico when she was
eight. Class president of her predominantly
minority high school, she graduated from
high school in June and gave birth to her
son, Jesse A. Naputi, in July.
At community college, Padilla fell in
love with physics, so she went on to the University of California, Davis, to seek a bachelor’s degree in applied physics. But “there
was only one other woman and no minorities in my major,” she recalls, and not much
in the way of encouragement. “One professor told me that all I could expect to be was
a lab technician, so I should have stopped
with my associate degree.”
That unfortunate comment hit a nerve,
and Padilla left the lab crying. “I completely
doubted myself,” she recalls. Still, she had the
presence of mind to call her community college mentor for advice. “He reminded me of
my talent and told me that the professor was
probably threatened by me.” When she got off
the phone, Padilla says she felt sad, “but not
about my situation. I was now sad for this
professor who had such a limited outlook.”
She stuck it out in the applied physics
program at Davis. “I realized that I was a role
model not only for my son but for the students I work with in metas, a tutoring program aimed at Latino students in grades 5
through 12,” she explains. “I didn’t want to
have to go back to them and admit that the
messages society sends them about minorities
not being talented enough were true. I also
wanted to prove that professor wrong.” She
did. Now finishing her Ph.D., Padilla plans to
pursue a career in academic research. During
her summer at mbl, she received no fewer
than three offers for postdoctoral positions.
“I thought I’d been through a lot until I
heard her story,” marvels Williams College
sophomore YiFan Guo, listening to Padilla’s
tale during an informal session among students at mbl. Guo’s family emigrated to
Guam from China after the 1989 massacre
at Tiananmen Square. His father, a physician in China, had to work as a cook and
computer technician in Guam.
Zottoli designed his program, which is
now supported by an hhmi grant, to broaden and deepen his students’ understanding of
career opportunities in science. The Williams
undergrads freely interact with neuroscien-
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Biology as Art
eft and right. Black and white. Smooth
and rough. Fast and slow. Opposites
seem to have inherent appeal for our
bifurcated brains. To that list of polar duos,
San Diego-area native Lilia Villa would once
have added art and science. “I was never a
science fan,” she says. Like many of her
peers, this art history major at San Diego
City College associated science—particularly
high school chemistry—with an arid quest
for irksome detail. Not anymore. “I still
don’t like all the rules you find in chemistry,”
she says, “but I know now that science is a
lot more than just math. It can be fun too.”
That appraisal seemed remote two years
ago when Villa enrolled in an hhmi-supported science-enrichment program for
high school students that was based at the
University of California, San Diego, School
of Medicine. The program’s coordinator,
Carmela Arstill, challenged Villa to test the
thesis that virtually any topic, including her
beloved art history, could be turned into a

L

science project. Though doubtful at first,
Villa ultimately crafted an award-winning
science project on the brain’s role in the
perceived aesthetic appeal of artwork.
Her poster presentation demonstrated
simply and elegantly that personal preference for certain paintings might be tied to
left- or right-handedness (and by implication, to biology). It earned her first-place
behavioral-science prizes at the Greater San
Diego Science and Engineering Fair and a
fourth-place ribbon at the state level.
“The whole experience completely
changed my mind about what science is,”
she says, “and I felt very good about that.”
So apparently did the judges who reviewed
Villa’s Web site-based survey of 20 paintings—including Picasso’s Blind Man’s Meal,
David’s The Death of Marat and Titian’s
Venus of Urbino—displayed in mirrorimage fashion. Villa’s inspiration came during an advanced-placement art history class
at Sweetwater High School in National City,
California, she recalls. “My teacher asked us
which one of two Rembrandt images we
preferred. They were both of the same
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Art and science came together for Lilia Villa.

painting, but each one was facing a different
way.” The right-handed students all preferred the right-facing choice. Villa and the
one other southpaw in the class chose the
left-facing view. Her curiosity was piqued.
Guided by her school’s science adviser,
Geraldine O’Brien, Villa researched brain
lateralization and its relationship to handedness. Next she chose her art samples, selecting paintings that had a clear tendency
toward one side of the composition. She
then flopped the images to create left and
right perspectives, composed her Web site
ive young researchers have been named by the European Molecular Biology Organi(www.geocities.com/art_survey) and comzation (embo) to receive three-year grants supported in part by hhmi. The grants,
piled the results. The high school student’s
test sample of 50 completed surveys was
each of which provides approximately $26,000 annually to outstanding individuals
small, but the findings were consistent with
who have established laboratories in just the past three years, come from a nearly $2 milher hypothesis.
lion commitment made by hhmi in 2002 to help embo launch promising scientific
careers in Eastern Europe.
“There was a clear connection between
Winners of embo/hhmi Young Investigator grants include Zdena Palková, 40, of
preferences in image composition and
handedness,” says Villa. Eighty percent of
Charles University, Prague, Czech Republic, whose research focus is yeast colony development; Igor Konieczny, 41, of the University of Gdansk, Poland, who studies plasmid DNA
the right-handed participants preferred
subject matter or movement toward the
replication; and Janusz M. Bujnicki, 27, of the International Institute of Molecular and Cell
Biology, Warsaw, Poland, who studies enzyme evolution. Recipients of embo/hhmi
right side of a painting. The bias of leftScientist grants are László Homolya, 35, of Semmelweis University/Hungarian Academy of
handed participants was pronounced as
Sciences, Budapest, who is working on ABC transporters; and Miklos Nyitrai, 33, of the Uni- well, although to a lesser degree—60 perversity of Pecs, Hungary, whose research interest is the regulation of the actin cytoskeleton. cent chose the left-facing image.
“These grants fill an important gap in the career development process, in a part of the
As she begins college, Villa is pondering
world where excellent scientific work is being done but financial resources are often quite
how to combine her long-term passion for
scarce,” says Jill Conley, director of hhmi’s international programs. Specifically, the grants art and her burgeoning romance with sciprovide sustenance for lab leaders whose work is just beginning to bear fruit but has not yet ence. So she’s exploring a special major in
become fully established or widely recognized.
art therapy. “I am very interested in using art
The hhmi-supported scientists will join 78 others in 17 European nations who are
therapy to help children who can’t speak,”
supported by embo. They will receive mentoring by embo’s 1,100 scientist-members and she says. Thanks in part to that scienceby hhmi’s international research scholars in their countries. The recipients will also parenrichment program, and the challenge it
ticipate in an annual scientific meeting of embo scientists and in hhmi’s annual interna- posed and she accepted, Villa is starting to
H find her own voice.
tional meeting.
—JEFF MILLER

EMBO/HHMI Grant Recipients Named

F
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A Lesson in Hot-Button Science

laboration of young UC Berkeley biologists.
The scholars “feel part of biology from the
time they arrive on campus,” says Caroline
hen they reported in October
trenches they had dug. “The frogs would
Kane, hhmi’s program director at Berkeley.
that male leopard frogs exposed
hop along and then plop into the holes
The students say the media attention
to a popular weed killer develwhen they weren’t looking,” she says.
taught them important lessons. Haeffele saw
oped female sex organs, researchers at the
Hayes offers undergraduates “so much
reports stating “another laboratory claims
University of California, Berkeley were hit
opportunity and so much involvement,” says
that they can’t reproduce our work,” but
by a media storm. Three hhmi-sponsored
coauthor Cathryn Haeffele, 19, who did histo- failing to note that “vastly different”
undergraduates had front-row seats.
logic studies and analysis for the paper. A jun- research methods make the two labs’ studies
Atrazine, the most widely sold herbicide, ior with a dual major in Arabic and molecular incomparable. Tsui says she learned that
is used on corn and other crops and travels
and cell biology, she hopes to become a physi- “you can’t escape politics [in high-profile
into groundwater, rivers and streams. After
cian involved in world health issues. Hayes, an research]. It plays a bigger role than you’d
Tyrone Hayes and his colleagues showed in
associate professor of integrative biology, says think,” especially in cases, like this one, that
an October 31, 2002, Nature
involve “companies that might
paper that male Rana pipiens
benefit [from certain research
become hermaphrodites when
results].” Haston notes that sciexposed to atrazine in the wild
entists must pay attention to
or in the lab, the finding was
“what their findings mean to
hotly debated in the major news
people who don’t necessarily
media. Some experts, including
understand the science fully.”
Harvard University biologist
She has resolved to emulate
James Hanken, praised it; othHayes’ example of keeping
ers, such as endocrinologist
explanations “layman-friendly.”
James Carr of Texas Tech UniAtrazine’s effects on people
versity, declared that they
are unknown, but Hayes suspects
couldn’t replicate the results.
that land-based species face less
Kelly Haston, Mable Tsui
risk than amphibians because
and Cathryn Haeffele—all
atrazine is a small, water-soluble
undergrads in Hayes’ lab—were
molecule.“With the exception of
coauthors on the Nature paper.
maybe farm workers or factory
“Watching Tyrone handle [the
workers who are exposed to high
publicity] has been a good learnconcentrations,” humans and
ing experience,” says Haston, 32,
other land animals can probably
who served as study director in
“filter out and urinate out
the lab and did much of the hisatrazine,” he says.
tologic work. She earned her
Forthcoming articles by
bachelor’s degree in integrative
Hayes and his students will
biology in May 2002 and contin- Tyrone Hayes and his undergrads made headlines with their frog studies.
expand on the report in Nature
ues in the Hayes lab as a graduand respond to criticisms.
ate student, aiming for a research career.
that when recruiting students he looks for
“Every one of [the labs that reported failure
“Tyrone is a different kind of professor,” “enthusiasm,” a variety of backgrounds and “a to replicate our findings] is funded by the
adds coauthor Mable Tsui, 20, a biology
diversity of reasons for wanting to enter the
company that makes atrazine,” Hayes points
major and modern dance minor who vollab” rather than strictly academic credentials
out, adding that none of those labs had valid
unteers as a birth coach for Chinese immior ambitions for a research career. Lab alumni controls or duplicated his group’s handling of
grants and plans a career in nursing and
include environmental lawyers, biotech execu- the animals. Larger studies on amphibian
education. With Haston and others, Tsui
tives and optometrists. A hands-on undereffects, involving additional labs and covering
accompanied Hayes on an expedition to
standing of science “is important in any
“everything from the molecular biology all
round up hundreds of wild frogs from “big
career,” Hayes notes.
the way up to the ecology and evolution” are
puddles, corn fields, golf courses,” and
Haeffele, Haston and Tsui participated in also under way, he adds. And with them will
streams across the Midwest. Sometimes
hhmi’s Biology Fellows Program, which
come, most likely, more widely publicized
team members would “walk slowly and, if
provides stipends to support students’ work, results and deep involvement by undergraduwe saw [a frog], we’d pounce on it.” At other as well as its Biology Scholars Program,
ate researchers.
times they tried to drive the frogs toward
which selects first-year students to join a col—BERYL LIEFF BENDERLY
C AT H E R I N E L E D N E R
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Double Jeopardy A patient receiving
experimental treatment for HIV infection
became infected with a second strain of
the virus. The possibility of serial infections suggests that vaccine developers
will likely face a long-term battle against
a continually mutating virus.
Researcher: Bruce D. Walker
www.hhmi.org/news/walker.html

Model Gene

Researchers have created a mouse model of a new type of
tumor suppressor gene that, when inactivated, causes an aggressive childhood
cancer. The technique used to create the
model may prove important in studying
genes involved in other forms of cancer.
Researcher: Stuart H. Orkin
www.hhmi.org/news/orkin.html

Key to Resistance Structural studies
of an enzyme have revealed how dangerous strains of Staphylococcus aureus are
so effective at resisting antibiotics. This
finding may lead to ways around drug
resistance and ultimately to more effective drugs against the bacterium commonly known as “hospital staph.”
Researcher: Natalie Strynadka and
Daniel Lim
www.hhmi.org/news/strynadka.html
Stomaching the Acid

A primitive
type of ion channel similar to those found in
mammalian nerve cells helps bacteria fend
off the stomach acid of their hosts. This
may be how bacteria survive the stomach
environment long enough to establish
themselves in the intestine, and it provides
the first insight into why bacteria have ion
channels similar to higher organisms.
Researcher: Christopher Miller
www.hhmi.org/news/miller.html

Stop the Nonsense Researchers
have found important distinctions
between two methods that cells use to
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Getting the Brain’s Message Across
esearchers may have discovered one
point, once-dormant mRNA in the growth
way that neurons and their axons—
cone began producing proteins. They reported
long projections that carry electrical
their results in the July 26, 2002, issue of Cell.
impulses from nerve cells to final destina“This helps explain how the axon
tions such as muscle cells or other nerve
changes its responsiveness quickly,” says Britcells—use local, dormant messenger RNA
tis. “We’ve shown that translation of the
(mRNA) to manufacture proteins that help
mRNA is regulated and is not going on all
guide them on their way. This process allows
the time. There is a cue that tells the growth
axons to follow carefully marked paths, using
cone to actively respond and make someguideposts such as the midline of the spinal
thing locally.” If local protein synthesis in
cord, to stay on course.
axons can be made to occur in situations
In the first part of their work, hhmi preother than developing embryos, the sciendoctoral fellow Perry A. Brittis and cell biolotists say, it might have important implicagist John G. Flanagan, both at Harvard Medtions for nerve repair.
ical School, showed that
the axons’ growing tips,
Growing on Cue The yellow at the tip of this growing axon (red)
called growth cones, could
indicates that messenger RNA is activated and begins producing proteins
themselves make proteins
as the axon encounters a guidepost in the developing spinal cord.
rather than relying on the
axon’s distant cell body.
Next, they decided to see
whether growth cones
could make proteins in
response to certain cues.
The scientists knew
that as axons reached the
spinal cord midline,
increasing amounts of a
receptor called EphA2 are
produced in the growth
cone. The mRNA that
codes for EphA2 contains
“control elements,” which
are RNA sequences that
can turn on the growth
cone’s protein-making factory. When they placed
EphA2 control elements
into developing chick
spinal cord neurons, the
researchers observed that
as an axon touched the
midline of the spinal cord,
a signal in the midline was
needed to turn on the control elements. At that
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deal with errors in messenger RNA
(mRNA), part of the cell’s protein-making
machinery. Further study of the differences between these two mechanisms
may improve understanding of how cells
protect against potentially catastrophic
errors in gene expression.
Researcher: Harry C. Dietz
www.hhmi.org/news/dietz.html

HARRISON LAB

Carriers Beware

Arm in Arm The capsid, or outer coat, of the papillomavirus is made of 72 ring-like structures. Each
is connected to its neighbors via a type of outstretched arm arrangement. Harrison and colleagues believe
this assembly affects the way the virus appears to the immune system.

New Look for
Papillomavirus
he architecture of the papillomavirus,
the major cause of cervical cancer, is
somewhat different from what
researchers previously thought, which is
important news for vaccine developers.
hhmi investigator Stephen C. Harrison
at Children’s Hospital and Harvard Medical
School and his colleagues integrated images of
the virus taken by electron microscopy with
x-ray crystallography data to reveal new
details about the virus’ outer coat, or capsid.
They wanted to know how the capsid’s 72
building blocks, each of which is a five-sided
ring-like structure, were interlinked.
The scientists discovered that the “arm” of
each five-sided ring that connects it with its
neighboring ring is arranged differently in the
full-sized capsid than in the smaller, 12-subunit virus-like particles (small VLPs) that they
had previously studied by x-ray crystallography. So they developed a rearranged model of
the outer coat’s arm, which they called an
“invading arm.” The team’s results were pub-

T

lished in the September 16, 2002, issue of the
European Molecular Biology Organization’s
EMBO Journal.
“Imagine that you have your hand on your
waist, and you’re rubbing elbows with the person next to you,” says Harrison. “That’s the
type of connection that exists between subunits
in the small VLPs. But in the virus, the invading-arm arrangement suggests that you each
have your hand on the other person’s waist,
with your elbow extended.”
According to Harrison, these differences in
how the viral subunits are connected suggest
that the outer coat of the virus might appear differently to the immune system as well. “The
invading-arm model affects loops on the viral
surface that are known to be involved in its ‘antigenicity’—or ability to elicit an immune
response,” he explains.
Because companies and research groups
are developing vaccines based on small VLPs,
Harrison suggests that some adjustments may
be in order. “Vaccine developers would want to
consider whether this new understanding of
viral assembly might be used to modify or
enhance the protective immunity they want
their vaccines to achieve,” he says.

» www.hhmi.org/news/harrison3.html

HHMI Lab Book written by Steven I. Benowitz

Carriers of a rare
disease called Bloom syndrome are at
higher risk for developing colorectal cancer. A mutation in only one of two copies
of that gene is enough to increase risk.
This is the first evidence that simply
being a carrier of a recessive cancer-syndrome gene can raise the risk for cancer.
Researcher: Joanna Groden
www.hhmi.org/news/groden.html

Delivery Service

Using x-ray crystallography, researchers have produced the
first images of a large complex that helps
shape and load the small, bubble-like vesicles that transport newly formed proteins
in the cell. Understanding this process is
central to learning how proteins are sent
to their correct destinations.
Researcher: Jonathan Goldberg
www.hhmi.org/news/goldbergj2.html

Not All Bad

The BRCA2 gene, which is
implicated in the development of hereditary
breast and ovarian cancers, does some
good—it produces a protein that is intimately involved in repairing damaged DNA.
Scientists took molecular “snapshots” of
the BRCA2 protein, showing that it can
bind to DNA in the repair process.
Researcher: Nikola P. Pavletich
www.hhmi.org/news/pavletich3.html

Some Like It Hot

A small hairpinshaped segment of RNA acts as a temperature-sensitive switch to turn on or off the
genes of the bacterium Listeria monocytogenes that make it potentially dangerous,
researchers report. Such a system—in
which virulence genes are switched on at
37°C (body temperature)—could also control other properties of bacteria.
Researcher: Pascale Cossart
Cell 2002 Sept 6; 110: 551–61
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Two Roads to Cell Death
Can cancer cells be reset to respond to suicide signals?
mall protein segments created by hhmi investigator Stanley J.
Korsmeyer, Anthony Letai and their colleagues at the DanaFarber Cancer Institute and Harvard Medical School have
revealed important new details about the intricate machinery of cell
suicide. The work, reported in the September 2002 issue of Cancer
Cell, reveals two distinct pathways to trigger cell death and points the
way to drugs that stimulate the process in cancer cells.
Cells that are defective or that become unnecessary during growth
and development are induced to commit suicide through a finely
balanced process known as apoptosis. Certain proteins activate this
cellular suicide, while other proteins protect against it. If apoptosis is
disabled, the body loses its natural protection against cancer, and cells
grow out of control.
The scientists concentrated on proteins containing only the BH3
domain, the prodeath component of apoptosis. These proteins are
offset by anti-apoptotic proteins, notably the protective protein
BCL-2. Although the various proteins with BH3 domains have some
similarities in structure, the differences among them are so significant

S

that the proteins could play many roles in apoptosis, says Korsmeyer.
To attempt to delineate those roles, the scientists decided to construct
peptides representing only the segments known to be BH3 domains.
“Our major question up front was whether the small death
domains of these proteins themselves actually do anything,” says
Korsmeyer. “These apoptotic proteins are pretty large, so it was seen
as a bit of a stretch to suppose that just the BH3 domains would be
functional.”
The true test of the synthesized BH3 domains would be whether
they triggered cell death, either in mitochondria (the structures in
the cell where the destructive process begins) or in whole cells. The
peptides’ mechanism of action would be revealed most clearly in
mitochondria; however, an ability to activate apoptosis in whole
cells would suggest that the peptides could be prototypes of
anticancer drugs. So the researchers tested their BH3 peptides in
genetically altered whole cells and in their isolated mitochondria
that either lacked certain components required for apoptosis or that
overexpressed the protective protein BCL-2.

BID-BH3

Inactive
BAK

BCL-2

Mitochondrion
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Their experiments revealed clearly for the first time that BH3
domains from different cell-suicide proteins govern two distinct
mechanisms for triggering apoptosis:
■ BH3 domains from the proteins called BID and BIM trigger
apoptosis directly, by activating other proteins that release the
death-triggering substance cytochrome c from mitochondria.

■ BH3 domains from the proteins called BAD and BIK trigger
apoptosis indirectly, by binding to and interfering with the
protective protein BCL-2. (Normally, BCL-2 prevents cell
death by binding the BH3 domains that trigger apoptosis
directly. Those domains become free to act when the BH3
domains from BAD and BIK bind to BCL-2.)

The scientists also studied the cancer-killing potential of BH3
domains. They introduced the BH3 peptides into cultures of

leukemia cells and found that the peptides could activate the indirect
apoptosis pathway to kill the cells.
“These findings have led us to view these BH3 domain peptides
as highly instructive tools to understand apoptosis,” Korsmeyer
says. “And while they will not themselves prove to be anticancer
compounds, they are important prototypic leads to development of
such drugs. Tony Letai has laid out a pathway for pharmaceutical
companies to begin to screen small molecules for such activity.”
Drugs specific for tumors would most likely be peptide mimics
that use the indirect pathway to induce suicide in cancer cells, according to Korsmeyer. “We are most excited by the BAD-like compounds
that would sensitize cancer cells to apoptosis,” he says. “If cancer
cells—one example being leukemia—are protected by anti-apoptotics
like BCL-2, a BAD-like drug could tie up the BCL-2 and reset the sensitivity of the apoptotic pathway. Then, you could hit the cancer cells
with a second drug that is tumor cell specific and that would trigger
apoptosis only in those cells.”
—DENNIS MEREDITH

INDIRECT KILLING
1. Cancer cells are protected from committing

2. When another peptide called BAD-BH3 is

3. Once BAK is activated, cytochrome c is

suicide, or apoptosis, by a protein called BCL-2

added, it binds to BCL-2, and the cell can once

released from the mitochondrion and the cell dies.

on the surface of the cell’s mitochondrion. BCL-2

again undergo apoptosis. BCL-2 can no longer bind

Korsmeyer and colleagues hope that a drug like

grabs hold of a peptide called BID-BH3 and

BID-BH3, leaving BID-BH3 free to activate a pro-

BAD-BH3 will be developed to reset the suscepti-

keeps it from doing its job, which is directing the

tein, called BAK, on the mitochondrion’s surface.

bility of cancer cells to die. A second agent that

cell to die. With BID-BH3 out of action, the can-

activates a BID-like BH3 in the cancer cell holds

cer cells go on living, and multiplying.

the promise of selectively killing that cell.
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“We really work closely with these folks.”
And she’s very big on teamwork. “She is
always encouraging hhmi scholars to collaborate,” says Chuck Schultz, an analyst with the
international program. One project in the
works will send American
undergraduates abroad to
scholars’ labs.
“We are uniquely
poised to make these
connections,” Conley
observes. “We put one of
our scholars from
Uruguay in touch with
the Lawrence Hall of
Science [in Berkeley,
California], where one of
our precollege grantees
had developed a handson activity designed to
demystify medical science for young children,”
she says. As a result, the
curriculum will be translated into Spanish and
brought to Uruguay to
use in collaboration with
hhmi scholar Rafael
Radi. “We’ve talked
Jill Conley has landed where she says she can do the most good.
about this program with
some of our other scholstruggling to swallow. Her reply: “It is the
ars in Argentina, and they are interested as
best tadpole I have ever had!”
well,” says Conley.
Conley joined hhmi in 1994, bringing
As head of hhmi’s precollege science
extensive experience in working with people
education program, which funds initiatives
from around the world. After the Peace Corps for children and their families, Conley says
debacle in 1989, a fellowship from the
she hopes to expand partnerships such as the
American Association for the Advancement
one with Uruguay and create other initiatives
of Science placed her at the Agency for
to support science education internationally.
International Development, where she partic- “We’ve had a great deal of success with our
ipated in programs with several African
precollege programs, both with formal and
countries. “I wanted to use what I had
informal science education institutions,” she
learned from my Ph.D. in an international
says. “The pipeline is everything. If you don’t
context, so this fellowship seemed a great way get kids interested in science before they
to do it,” says Conley. From there, Conley
reach high school, you’ve lost them.” Conley
joined the National Research Council, where
has particular interest in the precollege proshe focused in turn on Latin America,
gram because of her two “lively” boys:
Central Asia and the Middle East.
Matthew, who is 7, and Andrew, 4. “Matthew
Conley and her staff take great personal
plans to become a scientist, although there is
satisfaction in their work, she says. They help still time for a career change or two,” says
international scholars make equipment pur- Conley. “Andrew hasn’t yet committed.”
chases, deal with customs officials, organize
Looking back, Conley is happy that her
workshops and establish and maintain concareer took the course it did. “I can do more
nections with other scientists. “We are not
this way than I probably could have done in
just a funding agency,” Conley points out.
the Peace Corps,” she says. —LAURA BONETTA

ill Conley’s first brush with international development was inauspicious.
After she earned her Ph.D. in molecular biophysics and biochemistry at Yale
University, Conley and her computer-scientist husband were offered Peace Corps
assignments in Kenya. Jumping at the chance
after years of trying, they quickly broke
camp. “My husband, Jim, had quit his job,
we had already given all our furniture away
and we were about to unplug the phone
when it rang,” recalls Conley. “It was the
Peace Corps asking whether we could wait
another year. We couldn’t. At that moment,
all we could do was sit on the floor.”
Thirteen years later, Conley has a better
seat. She’s in charge of hhmi’s international
program, which funds the research of scientists in 29 countries—from nearby Canada
and Mexico to distant Estonia and Uganda.
Working with scientists abroad can be
tough, says Conley. “The infrastructure is different in each country, so it’s really important to understand the environment each
scientist is working in.” For that reason, she
and her staff try to keep up not only with the
scientific progress but also with the political
and economic situation in each country.
She recalls when the banks crashed in
Russia in 1998 and an hhmi employee in
Moscow was about to lose all of his savings.
“We found a loophole, though,” recalls Conley.
“His credit card could be used to charge something, but it had to be done within 24 hours
and from outside of Russia. The grants office
needed to purchase some laptops, so this gave
us the solution. We got together the folks in
purchasing, in finance and in legal, and within
24 hours, we were able to get his credit card
number and buy the laptops, and later reimbursed him of the expense.”
In such an anything-can-happen office, it
helps to have a sense of humor, and Conley
is famous for her lively comebacks. “She can
always lighten up a situation when things are
frustrating or difficult,” says colleague Mark
Hertle. Invited to dinner once by a science
adviser in Senegal, Conley recalls, she was
asked how she liked the fried tadpole she was
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A Global Perspective

HHMI ONLINE

The Awesome Power of
Yeast, Flies, Worms and Mice
e humans have a
genetic plan that is
remarkably similar
to that of other species. The
genes that guide our lives are
largely the same as those in
other creatures, even such
simple organisms as worms
or yeast. Studies of these simpler, model organisms are
unlocking the secrets of
human health and disease.
You can learn about the
power of model organisms
by reading the latest of

W

»

hhmi’s award-winning
science reports—The Genes
We Share with Yeast, Flies,
Worms and Mice. You’ll find
it on our easy-to-navigate
Web site—in Spanish as well
as English. Original
illustrations, charts and
images are presented, along
with an extensive glossary.
On the 50th anniversary
of Watson and Crick’s discovery of DNA, read how far biomedicine has come since their
historic revelation.

www.hhmi.org/genesweshare (English)

H

»

www.hhmi.org/genesweshare-esp (Spanish)
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» Blood Vessel Chatter

Arteries and veins hold a conversation
and invite other cells to join in when
it’s time for the developing body to
form certain organs.

» Closer Cholesterol Control

Statins are the ticket to lowering
cholesterol for many. But when
cholesterol levels remain stubbornly
high, the answer may lie in a new
pathway.

» What’s Behind the Buzzwords?

Dozens of new research facilities are in
the works, including HHMI’s Janelia
Farm, and their developers all describe
them as interdisciplinary, integrative,
innovative. How different will they be?

» Genetics Jackpot

YO S U K E M U KOYA M A , A N D E R S O N L A B

They threw the full power of genomics
at a childhood disease that’s been devastating a community in Quebec, and
came out with the culprit gene and a
carrier test. Can they do the same for
schizophrenia and diabetes?
Communication
between arteries and
nerves enables arteries
(pink) in this skin from
an embryonic mouse
limb to follow the
branching of the
peripheral sensory
nerves (green).

Howard Hughes Medical Institute
4000 Jones Bridge Road
Chevy Chase, Maryland 20815-6789
301.215.8855 www.hhmi.org
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