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N O T A

B E N E

Mark F. Bear, an HHMI investigator at
Brown University, won a Barrett Hazeltine Citation for outstanding teaching.
Each year the graduating class at Brown
chooses citation winners. Bear is a neuroscientist who studies how sensory experiences modify the effectiveness of synaptic
transmission between neurons and how
these changes are consolidated into longterm memory.

Purnell W. Choppin, HHMI president
emeritus, received an honorary doctor of
science degree from The Rockefeller University. He had been associated with
Rockefeller from 1957 to 1985 as a professor, vice president of academic programs and dean of graduate studies.
Choppin was president of HHMI from
1987 to 1999.

Joanne Chory, an HHMI investigator at
The Salk Institute, won the 2000 L'OrealHelena Rubinstein Award, which recognizes woman researchers for their
scientific work.

Donald French, an associate professor of
zoology at Oklahoma State University,
was named the National Association of
Science Teachers’ undergraduate science
teacher of the year. With support from
an HHMI grant, French revised the introductory biology course, introduced a
problem-based laboratory and developed
an online biology learning resources center.
(zoology.okstate.edu/zoo_lrc/index.html)

Tamás Freund, an HHMI international
research scholar, won the Bolyai Prize,
Hungary’s most prestigious scientific
award. The $50,000 prize is given biennially to the Hungarian or Hungarian-born
scientist who has made an internationally
recognized contribution to scientific research, education of scientists or use of
1
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scientific findings to benefit Hungary.
Freund’s research focuses on the cellular
mechanisms underlying the effects of
cannabinoids, or marijuana derivatives,
on the brain.

James R. Gavin III, HHMI senior scientific officer and director of the HHMINIH Research Scholars Program, received
the Ricardo Fernando Medal for Distinguished Service and Contributions to
Physician Education in Diabetes. The
award is given by the Institute for Diabetes
Studies of the Philippines to leaders in the
field who have contributed to improved
understanding and management of diabetes by Philippine physicians. Gavin also
delivered the Ricardo Fernando Professorial Lecture at the institute’s annual scientific meeting in Manila in July.

William R. Jacobs, Jr., an HHMI investigator at the Albert Einstein College of
Medicine, has been appointed to the National Advisory Allergy and Infectious
Diseases Council by Secretary of Health
and Human Services Donna E. Shalala.
Jacobs studies the genetics of drug-resistant tuberculosis.

Eric R. Kandel, an HHMI investigator at
Columbia University, won the Heineken
Prize for Medicine for his research into
the physiology of behavior. The $150,000
prize is awarded biennially by the Royal
Netherlands Academy of Arts and Sciences. A neuroscientist, Kandel studies the
behavioral, cellular and molecular
changes that underlie learning and memory. (See story, p. 6.)

Oregon State University’s precollege outreach program, supported by an HHMI
grant, received a Presidential Award for
Excellence in Science, Math and Engineering Mentoring, one of five given nationally. The awards are administered by
the National Science Foundation.

Janet Rossant, an HHMI international research scholar at the Samuel Lunenfeld
Research Institute, University of Toronto,
Canada, has been elected to fellowship in
the Royal Society of the United Kingdom.
Rossant’s research in developmental biology has defined a new role for fibroblast
growth factor signaling in early embryonic development.

Terrence J. Sejnowski, an HHMI investigator at The Salk Institute, was elected a
fellow of The Institute of Electrical and
Electronics Engineers, for advances in the
theory and practice of neural networks
and for contributions to computational
neuroscience.

Charles F. Stevens, an HHMI investigator
at The Salk Institute, received the National Academy of Sciences award for excellence in scientific reviewing. He was
chosen for his “News and Views” articles
in Nature on advances in molecular neuroscience.

Bert Vogelstein, an HHMI investigator at
The Johns Hopkins University School of
Medicine, was awarded the General Motors Cancer Research Foundation’s annual $250,000 Charles S. Mott Prize for
his role in defining the molecular causes
of colorectal cancer. Vogelstein’s research
has led to the discovery of a series of genetic mutations that trigger and cause
progression of colon cancer.

LOOKING BEYOND THE ROUGH DRAFT
Other HHMI scientists also
have emerged as leaders at this
intersection between biology
and computing. Gerry Rubin,
our vice president for biomedical research, helped lead the
worldwide effort to sequence
the fruit fly genome. Allan
Bradley, an HHMI investigator
at the Baylor College of
Medicine, has just been selected to head the Sanger Centre in
England, one of the world’s foremost genome sequencing facilities; he’ll be leaving HHMI for this new post and we wish him
well. Other investigators have played key roles in the sequencing and genetic analysis of other organisms, or have pioneered
techniques such as “virtual protein design.” HHMI also
recently selected 48 new investigators in national competitions
and, for the first time, included 12 specifically within the field
of computational biology. These new members of our HHMI
family are developing a wide range of research tools, such as
computer algorithms to decipher genomic DNA sequences and
software to produce genetic maps, and are addressing biological problems that range from protein folding to memory formation. Many of the 36 other new investigators, like biomedical scientists elsewhere, are also using innovative computational techniques.
We’re trying to incorporate computational biology into our
educational activities as well, as in HHMI’s most recent round
of science education grants—more than $50 million to 53 colleges and universities, including awards to support new computational biology classes and programs at the undergraduate
level. We’re even reaching out to youngsters with various programs and a new “Virtual Laboratory” on the HHMI Web site
that lets visitors try their hands at sequencing a bacterial
genome (www.biointeractive.org).
This is just a glimpse of how computational biology is beginning to change life at the Institute—and within the biomedical
research community more broadly. As a philanthropy, HHMI
has a special responsibility to look beyond conventional
approaches and promote developments that will serve science,
speed the pace of discovery and produce benefits for society.
We’re watching computational biology closely and think this
past spring’s announcement was only a taste of what’s to come.
PAUL FETTERS

W

hat next? That’s the question we’ve been pondering
at the Howard Hughes Medical Institute since the
historic announcement in June that researchers had
completed a rough draft of the human genome. All of us in the
biomedical research community knew the genome announcement was imminent, but it was stirring nonetheless to see molecular biologists gathering in celebration at the White House,
and to read the headlines the next morning. The event was a
milestone both on its own terms and as a symbol of how
advances in computational biology are beginning to transform
science and our larger society.
Even before the announcement, we at HHMI believed that
the convergence of molecular biology and high-powered computing would transform both the understanding of basic cellular processes and the practice of medicine. Researchers will not
just be able to crunch numbers faster; rather, they will use
emerging databases and tools to address biological problems in
fundamentally new ways. A few days before the White House
ceremony, for example, Patrick O. Brown, one of our investigators at the Stanford University School of Medicine, gave a
talk at HHMI headquarters and described the “lymphochip”
that he and colleagues recently developed to study cancer—
specifically, lymphomas. By arraying nearly 18,000 genes on a
glass chip about twice the size of a postage stamp and recording the expression patterns of those genes, the researchers produced detailed portraits of how cells change as they become
malignant. The chip reveals which genes turn on, and when, in
a disease that afflicts about 25,000 patients annually.
The lymphochip is not just the sum of 18,000 individual
experiments that show whether specific genes are turned on or
off in lymphoma. Its value is greater since it shows patterns of
gene expression by compiling individual data points into vivid
pictures of health and disease. At one point in his talk, Pat
illustrated this by presenting two slides. The first was a familiar photograph of a cancerous mass; the second showed the
expression patterns from the lymphochip, with “on” genes
shown in green and “off” genes in red. Although both slides
depicted lymphoma, the second revealed the molecular machinery that propels so many patients toward disease. It depicted a
stunning amount of data in a clearly understandable manner.
Such new “DNA microarrays” promise substantial medical
benefits. Two patients with the same diagnosis may have different genetic profiles, for example, so a treatment that helps
one may be useless for the other. Indeed, the lymphochip
revealed that the most common type of non–Hodgkin’s lymphoma, diffuse large B cell lymphoma, is actually two different
diseases. Although the chip is not yet ready for clinical use,
physicians may well be able to use similar devices to predict
whether chemotherapy or some other approach will work for a
specific patient, thereby improving the quality of care.

Thomas R. Cech
President, Howard Hughes Medical Institute
HHMI
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Teachers Explore
Biodiversity and
Find New Lessons
In the midst of the salt marsh, students in
Clemson University’s “South Carolina
Life: Natural History of Coastal South
Carolina” class can see biological
diversity in the coarse, thick grass that
spreads to the horizon. But it’s not the
kind of diversity they expected. As the
students walk through the marsh on a
boardwalk, passing over sticky mud and
slowly moving black water, they observe
that the same Spartina grass towering
above them in some spots resembles a
freshly mown lawn elsewhere. The
diversity is in the height, not the species,
of the grass.
“What do you suppose causes the
height variation?” asks Ed Ruppert, a
professor of invertebrate biology at
Clemson. After examining the ground
beneath the boardwalk, the students
guess that access to water is responsible.
Ruppert and coinstructor Bob Ballard, a
botany professor, agree. The tallest grass
grows along the banks of the tidal creeks
that crisscross the marsh, while the
shortest blades are farthest from the
water.
The students in this class are actually
teachers from middle schools and high
schools throughout South Carolina.
They’ve traveled to the state’s coastal
habitats to participate in a two-week
workshop that is part of a program at
Clemson supported by an HHMI grant.
They’re learning new approaches for
getting their students interested in the
natural world.
During a discussion of how salt crystals
form on the blades of grass, Ballard
explains to the teachers that Spartina
grass excretes some salt itself to keep
from drying out. As their walk continues,
a teacher spies marble-sized bulges on the
grass, which the instructors identify as
small snails—marsh periwinkles—that
hide there to avoid predators such as
blue crabs in the mud below. Later, the
4
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Clemson botany professor Bob Ballard (left) and invertebrate biology professor Ed
Ruppert (second from right) help South Carolina science teachers Jenny McKesson
and Kevin Jones identify examples of coastal biodiversity.
teachers head to a laboratory, where
they slice the grass with razor blades
and examine sections under
microscopes, identifying the structures
that help retain water or excrete salt.
On other days, the teachers explore
coastal beaches, oyster reefs, wooden
docks and a freshwater pond. At each
site, they try out new kinds of lessons,
such as creating topographic maps to
display tides or working in teams to
gather data about the natural cycles of
erosion and renewal.
At the same time, teachers on the other
side of the state enrolled in a course
called “South Carolina Life: Natural
History of the Piedmont and Mountain
Regions of South Carolina” are
exploring plants, animals and insects of
their region.
Teachers in both courses develop
lesson plans of their own. One coastal
teacher, for example, decides that she
wants to have her class study seasonal
changes on a floating dock near her
home. Another, from upstate South
Carolina, devises a lesson plan based on
salamander diversity in the mountains.
“You develop the plans,” Barbara
Speziale, another Clemson professor,
tells the teachers, encouraging them to
let their imaginations roam free. “When
you reach stum

bling blocks, turn to your course faculty.
We’ll help you find the information or
the supplies you need, or we may be able
to suggest an alternative strategy.”
Teachers who have completed the
coastal life course say they believe it is
helpful in establishing a growing cadre
of South Carolina teachers who can
teach students about the biology and
environment of their state.
“The course acquainted me with an
area of our state that I’d never really
studied before,” says Laura Bellum
Fleming. A high school biology teacher
in South Carolina’s lowlands, Fleming
took the piedmont and mountains
course. “I learned new ways to look at
ecosystems, using a biotic index [the
relative number of different
macroinvertebrates] to study the quality
of stream and pond water, for example.
It gave me the confidence and
knowledge to guide my own 11th and
12th graders on a weekend field trip.”
“Much of what I learned can be
applied to ecosystems near where we
live,” Fleming adds. “So my students
and I have been able to compare animal
and plant life, as well as soil
composition and water quality, in
mountain and piedmont regions with
what we find in a local park near our
school.” H

Beth Schachter

Children’s Discovery Museum of San Jose
San Jose, California.
Third to fifth graders explore the
diversity of life along the Guadalupe
River and help protect their watershed
by collecting and submitting water
quality data to the San Jose Unified
School District’s River Alliance
Initiative.
For more information:
On the Web—BioSITE
www.cdm.org/biosite.html
Contact—Sandy Derby
(408) 298-5437, ex. 261
sderby@cdm.org
Children’s Hands-on Museum
Tuscaloosa, Alabama
Tree Topology takes 5th graders into the
tree tops at the University of Alabama
arboretum, where they classify plants
and animals and collect climate data to
submit to NASA’s Project GLOBE.
For more information:
On the Web—University of
Alabama news release,
www.treetopology.ua.edu
Project GLOBE, globe.fsl.noaa.gov/
Contact—Kathleen Hughes
(205) 349-4235; chom@dbtech.net
Museum of Science and Industry
Tampa, Florida
Wetland Wonders introduces 5th graders

to central Gulf Coast Florida habitats,
where they analyze water quality and
learn water conservation techniques to
use at school and home.
For more information:
On the Web—
www.mosi.org/education/schoolgrpprog.html
Contact—Karen Pate (813) 987-6323
Kpate@mosi.org
Pratt Museum of Natural History
Homer, Alaska
Seabird nesting activity serves as a gateway to scientific inquiry, as junior high
schoolers observe at the shore and via
remote cameras controlled from the
museum.
For more information:
On the Web—
www.prattmuseum.org/programs/kbd/
Contact—Michael S. O’Meara
(907) 235-8635
mikeomea@prattmuseum.org
University of Utah’s Red Butte Garden
Salt Lake City, Utah
Summer workshops acquaint science
teachers and high school students with
ecological study techniques, including
bird-banding and water quality assessment. Student-teacher teams share
their findings on the museum’s Web
site.
For more information:
On the Web—
www.redbutte.utah.edu/ftconnex.html
Contact—Adrienne Cachelin
(801) 581-4760
acachelin@redbutte.utah.edu

TED BORG

Many HHMI-supported programs use
biodiversity and the environment to
interest young people in hands-on science. Take a look at some of them:

Teachers sharpen their observation skills
on a boardwalk crossing the salt marshes
of coastal South Carolina.

Biology teacher Laura Bellum Fleming (right), and high school students Kristen Gettys
and Blair Elliott, who live in coastal South Carolina, are seen here studying biodiversity
in the state’s piedmont region.
ELAINE ECHERD SMITH

The Woodrow Wilson National Fellowship
Foundation Commuter Institute
New York, New York
During the summer, New York City high
school teachers learn hands-on activities they
can use in their classrooms, such as collecting
and analyzing leaf litter from a nearby park.
For more information:
On the Web—www.woodrow.org/teachers/
Contact—Deborah Engel-DiMauro
(609) 452-7007, ex. 22
ENGEL@woodrow.org
Yale Peabody Museum of Natural
History, New Haven, Connecticut
At a summer institute, New Haven elementary school teachers learn techniques
for hands-on, inquiry-based biodiversity
lessons.
For more information:
On the Web—www.peabody.yale.edu/
education/Institute.html
Contact—Laura Fawcett (203) 432-9589
laura.fawcett@yale.edu
HHMI
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The Future of
Psychiatry:
Eric Kandel Says
It Lies with
Biology
Some five miles north of Manhattan’s
trendy and misnamed Upper West Side
lies a grittier part of town, just as westerly and even more upper, known as
Washington Heights. Traveling to this
tough, working-class neighborhood on
Duke Ellington’s A train is like moving
from the city’s id to its ego, to a region
dealing squarely with life’s realities.
Fittingly, West 168th street is the home
of the Center for Neurobiology and
Behavior and of the Howard Hughes
Medical Institute at Columbia University.
Eric Kandel works here.
Kandel’s is a household name to students of the brain. His textbook,
Principles of Neural Science, coauthored
with Columbia colleagues James
Schwartz and fellow HHMI investigator
Thomas Jessell, is in its fourth edition.
Kandel’s research on the biology of
memory has won him the National
Medal of Science, the Lasker Award, the
Wolf Prize and membership in the
National Academy of Sciences. After a
half-century contemplating behavior,
mind and brain, he has also won a hardfought perspective: The time has come
for psychiatry, once his training ground
and long an art more than a science, to
reinvigorate itself by embracing biology.
Kandel first outlined his thoughts in a
1996 talk commemorating the 100th
anniversary of Columbia’s New York
State Psychiatric Institute. That talk
became a 1998 article, “A New
Intellectual Framework for Psychiatry,”
for the American Journal of Psychiatry.
“I don’t consider this my science,”
Kandel says of his prescriptions. “This is
my avocation. But that avocation has
been completely influenced by my science.” For example, the humble snail
Aplysia and the common fruit fly
6
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Drosophila showed Kandel that memory
storage depends on the coordinated
expression of specific genes. These genes
code for proteins that actually alter the
structural elements in the brain. “In
Aplysia,” he says, “you can see in front
of your eyes that the connections change.
When the animal remembers something
for the long term, it grows new synaptic
connections.” Biology thus reflected and
revealed mental functioning.
These findings were part revelation
and part confirmation for Kandel, who
long believed that biology could inform
psychiatry. “I went into the biology of
memory because I was looking for a
problem that was at once deep and yet
amenable to a reductionist approach relevant to psychiatry,” he says. Healthy
behavioral changes rely on memory and
learning. “What happens in psychotherapy in part is a learning experience,” he
notes. “You relearn old ways of behaving and take on new degrees of freedom.”
Born in Vienna, Kandel would connect
to that city’s psychiatric roots, but in a
circuitous fashion. His family came to
the United States in 1939 and he eventually enrolled as an undergraduate at
Harvard. There he met the children of
other Viennese, some of whose parents
had been psychoanalysts. “Through
them I got extremely interested in psychoanalysis,” he recalls, “and changed
my career interests from history and literature to psychoanalysis.” He went to
medical school at New York University
with the idea of becoming a psychoanalyst, but his growing interest in biology
led him also to study neuroscience. “I
thought I should learn something about
the brain, because an analyst should
know something about what’s between
the ears.” He would eventually learn
that this seemingly reasonable notion
was not necessarily common wisdom.
After his internship ended in 1957,
Kandel trained in neuroscience at the
NIH, studying the cell biology of the
hippocampus, a region of the brain that
had just been shown to be involved in
memory formation. When he returned to
Harvard in 1960 for residency training
in psychiatry, Kandel found a climate
that he perceived as highly intelligent but
anti-intellectual. “There were no

required or even recommended readings,” he recounts in his 1998 paper.
“We were assigned no textbook; rarely
was there a reference to scientific
papers…even Freud’s papers were not
recommended reading.” The assumption
was that residents unburdened by too
much theory had a better chance to connect to each patient as a unique individual—the patient was the textbook.
Kandel laughs heartily—as he does
often—when he remembers this attitude,
but then quickly points out some of its
benefits. “I must tell you that even
though it sounds humorous, there is a
component of truth in it,” he admits.
“You can intellectualize too much. If you
read about schizophrenia and depression
in a textbook, you’ll never get a feeling
of what they’re about. And there is a
tendency for medical students to substitute the book for the patient.”
Kandel pointed out in his 1998 article
that Freud himself originally sought “a
neural model of behavior in an attempt
to develop a scientific psychology.” But
the backward state of brain science in
Freud’s day convinced him to abandon
that search and rely on an abstract
model of the mind, to be found in the
verbal accounts of subjective experience.
This reliance eventually became codified,
in some camps, into a dogmatic exclusion of material, physical processes.
The advent of effective psychiatric
drugs in the last three decades forced
psychiatry to confront neuroscience to
some degree, “if only to understand how
specific pharmacological treatments were
working,” Kandel writes. He argues that
the input from biology, to both psychiatry and psychoanalysis, can be even
more profound. “The idea right now is
to take advantage of the enormous
increase in knowledge in the biological
basis of behavior, such as imaging
methodology and the human genome,”
he says. “Psychiatry, in principle, is
going to be in a wonderful position to
profit from this.”
Imaging technology, for example, has
the potential to do away with the differentiation between “organic” conditions,
marked by obvious brain lesions, and
“functional” ones, which so far are
reflected solely in behavior. “Insofar as
psychotherapy works,” Kandel explains,
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CHRISTOPHER DENNEY

Eric Kandel, who
planned to become a
psychoanalyst before
choosing a career in
research, says modern
psychiatry would benefit
from a more biological
outlook.
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it’s got to be doing something [in the
brain]. And if it does, one should be able
to detect it with various imaging techniques. To me it’s really a question of
time and resolution in finding it.” The
ability to detect the subtlest physical
response means that the effects of therapy could, in theory, be objectively
observed. Kandel exclaims, “We’ll see
whether you do better psychotherapy
than I do!”
Similarly, behavioral modifications
should be reducible to modulations in
the levels of the various proteins crucial
for memory and learning, and attendant
structural changes. If so, then pharmacology and psychotherapy must finally converge at the end point of gene expression.
“So then the question is what is most
effective for a particular patient,” Kandel
says. Cognitive neuroscience and molecular biology thus may be able to identify
the physical structures and biochemical
signaling systems of the brain that are
associated with the various components
of the classical psychoanalytical model of
the mind. Psychiatrists would then have
access to that most crucial scientific
gift—something material to measure.
Kandel’s article provoked a large number of responses, both positive and negaCHRISTOPHER DENNEY

tive, including many from psychoanalysts. (He answered them in detail with a
second article, published in 1999, titled
“Biology and the Future of
Psychoanalysis.”) Some of the objections
seemed to note that Kandel’s kind of
data merely move the mystery of the
mind back another step. “Fuller knowledge about how genes function does not
account for how a thought, feeling or
choice becomes a physical thing,” wrote
one correspondent. Nevertheless, fuller
knowledge, even if still incomplete, may
be informative. “Of course, we are
extremely far away from grasping, even
in outline, the nature of human thought
processes, of motivation, aspiration, conflict, social interaction,” he notes. And
to those who fear he is reducing the psychiatric patient to a set of biological
functions, Kandel replies, “The patient is
a set of biological functions,” and then
laughs again. “But I think one has to
realize,” he continues, “that the whole is
more than the sum of the parts. There is
something wonderful and special about
each person as a unique individual—a
unique set of biological functions, if you
will. The ultimate aim is to use reductionism, not only to take things apart,
but to put them together again. You have
to be a reductionist and a holist at the
same time.”
Two additional benefits may accrue
from the incorporation of a more biological outlook in psychiatry. Kandel
believes that the specialty, which has
become less popular over the years,
could once again attract increasing numbers of talented medical students. And
there could be feedback in the opposite
direction—as psychiatrists and neuroscientists find more common ground, the
former could help define for the latter
the mental functions that should be most
closely studied. Such study might complete Kandel’s quest for “a meaningful
and sophisticated understanding of the
biology of the human mind.” H
Steve Mirsky

Kandel’s experiments with mice and
other organisms have begun to elucidate
at a molecular level how the brain carries out tasks such as storing memories.

Institute Selects
48 Investigators
In May, the Institute announced that
it had selected 48 scientists in a
national competition to be appointed
as HHMI investigators. The scientists, from 31 institutions, were
selected as assistant investigators or
in the emerging field of computational biology.
“These new investigators are an
incredibly talented group who have
begun to make their mark on biomedical research,” HHMI president
Thomas R. Cech said in a statement.
“We were looking for researchers
who explore big questions and take
risks—people with that special quality that leads to scientific breakthroughs and medical advances.”
Those selected include 12 in the
field of computational biology—a
new initiative by the Institute to pursue the growing opportunities at the
confluence of biology and computing, in areas such as genomics, cognitive neuroscience and the folding of
biomolecules. They also include a
chemist, a physicist and—for the first
time—an engineer, illustrating the
breadth of fields that now contribute
to biomedical advances.
The 48 new investigators are now
being formally appointed. Assuming
that all of them are able to accept the
appointment, the HHMI scientific
staff will increase to 353 investigators, based at 72 medical schools,
universities and research institutes
nationwide.
The Institute invited more than 200
U.S. institutions involved in biomedical research to nominate outstanding
biomedical scientists to be considered
for appointment. By the closing date,
September 10, 1999, it had received
430 nominations, which were evaluated by a review committee of distinguished biomedical scientists meeting
at HHMI. Following the recommendations of these advisers, the Institute
selected 48 scientists for potential
appointment.

U P
Angelika Amon studies regulatory networks that ensure accurate duplication
and segregation of genetic material during cell division. Her research in the budding yeast Saccharomyces cerevisiae is
vital to understanding both normal cell
division and the abnormal cell division
that leads to cancer. Amon combines
genetic and biochemical techniques to
determine how the various cell cycle transitions are regulated.
Massachusetts Institute of Technology
Kristi S. Anseth designs and develops new
biomaterials that can serve as scaffolds
or templates for cells and the engineering
of tissues. In particular, Anseth would
like to understand how the structure,
chemistry and mechanics of materials
influence the biology of tissue formation.
Scientists who seek to create organs
through tissue engineering will need such
“intelligent scaffolds” to guide cell organization, to control cell interactions and
to provide appropriate structural,
mechanical and chemical signals in three
dimensions.
University of Colorado at Boulder

Carolyn R. Bertozzi probes the molecular basis of cell-cell interactions relevant
to disease states. She studies oligosaccharide structures that correlate with
inflammation and tumor metastasis,
and develops new technologies for
altering those structures with chemical
tools.
University of California, Berkeley
Nancy M. Bonini seeks to understand
and help prevent neurodegenerative diseases. Her group introduces human disease genes into Drosophila to recreate
fundamental features of human neurodegenerative diseases. The group
hopes to identify genes that prevent
neurodegeneration in Alzheimer’s,
Parkinson’s and Huntington’s diseases.
University of Pennsylvania
Randy L. Buckner develops and applies
brain imaging methods to explore the
basis of human memory and explain
why memory abilities become compromised in normal aging and in aging
associated with dementia.
Washington University

Adam P. Arkin is interested in the principles by which biochemical and genetic
networks guide cell metabolism, signal
transduction and development. His group
employs sophisticated data analysis and
does quantitative experiments to create
detailed mathematical models of cellular
processes. It then analyzes these models
to deduce how cellular processes may be
controlled—or rescued from failure.
University of California, Berkeley

Bradley R. Cairns is learning how a
cell’s identity and fate are determined
by its genes. Cells turn off genes by
packaging them into special protein
DNA structures called chromatin. This
packaging is removed by “chromatin
remodeling machines” to enable gene
expression. Cairns seeks to explain how
these cellular machines recognize and
unpackage chromatin.
University of Utah

David Baker uses a combination of
experimental and computational
approaches to understand the basic principles of protein folding. He is applying
this knowledge to interpret genomic
sequence information and design novel
proteins.
University of Washington

Jason G. Cyster’s laboratory studies
how B and T lymphocytes come together to generate an antibody response to a
protein antigen. Cyster’s group focuses
on defining and characterizing the molecular cues that guide cell movements
within lymphoid organs.
University of California, San Francisco

Stephen P. Bell is investigating the mechanisms that allow the correct propagation
of chromosomes in animal cells. He is
focusing on the events that are required
to replicate the DNA molecules that form
the foundation of each chromosome.
Massachusetts Institute of Technology

Raymond J. Deshaies is identifying molecules that facilitate a cell’s movement
through the four steps of the cell division process. He also studies ubiquitindependent proteolysis (UDP), the
process by which cells eliminate damaged proteins and remove “blocker”

F R O N T

proteins that prevent various cellular
processes from occurring. Deshaies’s
group would like to understand how
UDP is deployed to regulate the progression of cell division.
California Institute of Technology
Sean R. Eddy develops computer algorithms to decipher genomic DNA
sequences. He is interested in finding
genes that produce catalytic RNAs
instead of protein enzymes. Some
researchers hypothesize that these genes
may be ancient remnants of the life
forms that preceded the modern DNAand protein-based world.
Washington University
David Eisenberg likens the human
genome to a dictionary without definitions. He applies structural and computational methods to supply the definitions—the interacting partners of each
protein encoded by the genome and the
structure and cellular role of each of
these proteins.
University of California, Los Angeles
David D. Ginty studies the molecular
biology of nervous system development.
His laboratory focuses on understanding how growing nerve cells find their
appropriate synaptic targets and how
growth factors released from target tissues support nerve cell survival. This
research may provide insight into basic
mechanisms governing neural development and may facilitate development of
new approaches that promote nerve cell
regeneration and survival under pathological conditions.
The Johns Hopkins University School of
Medicine
Jonathan D. Goldberg studies the intracellular vesicle transport pathways that
are responsible for secreting proteins
and maintaining the internal compartmentalization of cells. Using biophysical
methods, primarily x-ray crystallography, Goldberg’s team seeks to reveal the
three-dimensional structures of these
proteins and then to use biochemical
methods to elucidate their mechanisms
of action.
Memorial Sloan-Kettering Cancer
Center
HHMI
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J. Eric Gouaux probes the relationships
between structure and function in
ligand-gated ion channels. These channels are protein molecules that act as the
“electrical switches” of the nervous system and play central roles in learning,
memory and the normal development
and function of the nervous system.
Columbia University College of
Physicians and Surgeons
Philip Green develops mathematical, statistical and computer methods for analyzing the genomes of humans and other
organisms. He has written a number of
software packages that are widely used
in the Human Genome Project. Green’s
programs have been used to process and
assemble DNA sequencing data; make
the genetic maps that are used to localize
the genes for genetic diseases; and identify genes and other biological features in
the genome sequence.
University of Washington
Rachel Green uses biochemical and in
vitro genetic approaches to explore the
role played by ribosomal RNAs in the
ribosome in the translation of the genetic
code.
The Johns Hopkins University School of
Medicine
Nikolaus Grigorieff uses electron
microscopy to visualize the three-dimensional structure of large molecular
machines in cells. His aim is to understand how the individual components of
these machines function and interact
with one another.
Brandeis University
Nick V. Grishin is interested in understanding proteins by means of theoretical methods. He combines sequence and
structure analysis with evolutionary considerations to facilitate discoveries of
biological significance.
University of Texas Southwestern
Medical Center at Dallas
David Haussler has pioneered the use of
novel mathematical and computational
approaches in the analysis of biological
data, including the identification of genes
in genomic DNA. He is developing new
statistical and algorithmic methods to
10
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analyze high-throughput genomics data
of diverse types in order to decipher gene
function and regulation.
University of California, Santa Cruz
Barry Honig is developing new methods
in computational biology and chemistry,
including structure-based sequence
analysis, predictions of protein structure
and calculations of the physical-chemical
properties of proteins, nucleic acids and
membranes, starting from their threedimensional structures. He applies these
methods to a range of problems, determining biological functions from common features and specificity differences
within protein families.
Columbia University College of
Physicians and Surgeons
Kenneth D. Irvine is examining the molecular mechanisms that regulate the
growth and shape of tissues during animal development.
Rutgers, State University of New Jersey
Yishi Jin is interested in specialized subcellular structures that nerve cells use to
communicate with their targets. Jin is
learning how such structures form and
then change in response to an animal’s
development.
University of California, Santa Cruz
Leonid Kruglyak is interested in the
genetic basis of common diseases and
other traits. The genetic bases of these
diseases are complex, involving many
genes that interact with each other and
the environment. Kruglyak’s group uses
mathematical and computational methods to identify these genetic effects,
drawing on data from families and populations.
Fred Hutchinson Cancer Research Center
Bruce T. Lahn uses the mouse as his primary model organism to dissect how specific genes control mammalian brain development and function. His lab also studies
the formation of sperm in mammals, using
the mouse as a model organism.
The University of Chicago
Jeannie T. Lee studies X-chromosome
inactivation, a mammalian mechanism
that shuts off one X chromosome in

female cells so that males and females
can have equal X-chromosome dosage.
This even dosage occurs despite the fact
that females have two X chromosomes
while males have only one. Lee’s team is
also interested in how two RNA-coding
genes, Xist and its antisense partner Tsix,
work together to control the early steps
of X inactivation.
Harvard Medical School
Stanislas Leibler studies systems analysis,
an emerging field that seeks to understand the ways in which individual components of biological systems give rise to
complex, collective phenomena.
Princeton University
J. Andrew McCammon develops theoretical and computational methods for
studying the function of biological molecules. By modeling the structure and
dynamics of assemblies of these molecules, McCammon’s group develops
insights that help in the discovery of
new pharmaceuticals.
University of California, San Diego
Ruslan M. Medzhitov’s studies of the
innate immune system focus on Toll
receptors. These receptors are involved
in the recognition of pathogens and are
evolutionarily conserved in insects,
mammals and plants. Medzhitov’s
group is looking at the molecular and
cellular mechanisms that mediate the
control of adaptive immune responses
by Tolls and other receptors of the
innate immune system.
Yale University
Craig C. Mello is exploring how embryonic cells communicate with each other
and how they differentiate during development. He is also investigating a genesilencing phenomenon called RNA
interference (RNAi), which appears to
be a novel form of immune response
that protects an animal or plant from
invading nucleic acid sequences like
those found in viruses or in transposons. RNAi holds promise as a
reverse genetic tool for studying and
manipulating gene function in various
organisms.
University of Massachusetts Medical
School

U P
Cecilia B. Moens is interested in understanding how the vertebrate brain is subdivided into distinct domains during
embryogenesis. Her group is looking at
how genes control this process in
zebrafish by identifying mutants in which
embryonic brain organization is disrupted in specific ways. By studying these
mutants and the genes responsible for
their phenotypes, Moens hopes to
explain the complex genetic hierarchy
that sets up the scaffold upon which the
mature nervous system is built.
Fred Hutchinson Cancer Research
Center
Sean J. Morrison is investigating the role
that stem cells play in the development
of the nervous and hematopoietic systems. Stem cells are the rare, primitive
progenitors that give rise to most of the
other cells in particular tissues. Morrison
studies mechanisms of stem cell regulation, and the extent to which those
mechanisms are conserved between stem
cells from different tissues.
University of Michigan
Eva Nogales is studying the structural
mechanisms by which large protein complexes come together to form functional
units, and how such complexes are regulated. Nogales’s team is applying cryoelectron microscopy, image analysis and
other complementary biophysical techniques to characterize the structures of a
polymerization system, the microtubule,
and of large molecular complexes
involved in the regulation of transcription.
University of California, Berkeley
Erin K. O’Shea studies how cells monitor the environment and regulate their
growth, work that has promising implications for understanding human cell
growth in cancer and other diseases.
University of California, San Francisco
Daphne Preuss is interested in the cell
surface molecules that allow female
plant cells to recognize appropriate
pollen grains. She is also identifying the
DNA sequences, called centromeres, that
are required for proper chromosome
inheritance during cell division.
The University of Chicago

Michael K. Rosen is studying the actin
cytoskeleton, the molecular framework
that underlies the structure of the cell.
His research team looks at the mechanisms by which the cytoskeleton is controlled and remodeled in response to
cues from the environment. This regulation is important in many basic cellular
processes, such as division and movement, as well as in disease processes
such as tumor metastasis.
Memorial Sloan-Kettering Cancer
Center
H. Sebastian Seung develops computational models of the synaptic basis of
learning and memory in the brain.
Massachusetts Institute of Technology
Michael N. Shadlen studies the neurobiological basis of visual perception. His
group is trying to unravel the neural
computations that the association cortex
performs on the information it receives
from the visual cortex in order to form
an interpretation, make a decision or
instruct subsequent behavior. This is a
model for understanding higher cognitive function at the level of neurons.
University of Washington
Eero P. Simoncelli’s research addresses
the processes by which visual information is analyzed and represented in biological systems. Simoncelli constructs
computational models of these processes, with an emphasis on the fundamental constraints induced by both the statistical properties of the visual environment and the behavioral goals of the
organism. He is also comparing his
computational models to their biological
counterparts at both neuronal and perceptual levels.
New York University

F R O N T

obesity, diabetes and atherosclerosis.
University of California, Los Angeles
Gregory D. Van Duyne is studying how
cells maintain their genetic material.
The recent focus of his lab has been on
specific types of DNA rearrangements
used in the integration of viral genomes
into bacterial hosts and in the maintenance of circular chromosomes. Van
Duyne’s team uses x-ray diffraction
methods and other techniques to determine the structures of the proteins and
DNA involved in these processes.
University of Pennsylvania
Matthew K. Waldor focuses on the evolution and pathogenicity of microorganisms that result in human disease, using
Vibrio cholerae as a model organism.
He’s interested in the molecular mechanisms of horizontal transfer of genes
that encode virulence factors, and in
how mobile genetic elements regulate
expression of the virulence factors they
encode.
Tufts University School of Medicine
Matthew L. Warman seeks to understand how bones and joints form and
how they are maintained throughout a
lifetime of use. By studying patients who
have heritable skeletal diseases, Warman
hopes to identify genes and biological
pathways that are essential for skeletal
health.
Case Western Reserve University
Jonathan S. Weissman is looking at how
cells ensure that proteins fold into their
correct shape. His group also studies
why protein folding fails and the role of
protein aggregation in disease and normal physiology.
University of California, San Francisco

Karel Svoboda’s research team is using
biophysical and molecular tools to
probe how the brain rewires itself at the
neural and synaptic level in response to
changes in sensory experience.
Cold Spring Harbor Laboratory

John D. York is elucidating intracellular
communication pathways and the mechanisms by which defects in these pathways may lead to diseases such as cancer and manic depression.
Duke University

Peter Tontonoz studies the regulation of
gene expression by nuclear receptors
and the relationship of these signaling
pathways to human diseases such as

Yixian Zheng is interested in understanding how animal cells organize their
interior and divide.
Carnegie Institution of Washington H
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Public attention focused on genomics in
late June when scientists announced they
had completed a rough draft of the human
genetic code. How will this achievement
really affect scientists—and a society that is
being led to expect speedy medical
advances? Four HHMI investigators, all of
whom work with organisms whose
genomes have been sequenced, offer some
perspective.

TUBERCULOSIS
By William R. Jacobs, Jr.
Albert Einstein College of Medicine
Learning the genetic sequence of
Mycobacterium tuberculosis has revolutionized how we do science on this deadly
bacterium. As Louis Pasteur once wrote,
“It is characteristic of both science and
progress that they continually open new
fields to our vision.” That has clearly been
the case with the sequencing of M. tuberculosis, which was pioneered by Stewart
Cole at the Institut Pasteur and Bart
Barrell at the Sanger Centre. Previously,
graduate students and postdoctoral fellows
spent much of their time acquiring the
DNA sequence of specific genes, a task
made even more tedious by the technical
problems associated with sequencing a

mycobacterium such as tuberculosis. Now,
researchers can spend most of their time
doing biology, using the genetic sequence
to identify variations, or phenotypes,
involved in disease. Knowing which genes
are present (and which are not) helps them
form and test hypotheses more quickly.
Already, the availability of this information
and the ability to identify interesting genes
almost immediately has drawn a large
number of new scientists to the tuberculosis field. The unique properties of M.
tuberculosis, such as its ability to metabolize lipids and to grow and persist in mammalian hosts, also make it an attractive
organism for studying diverse areas of
biology.
This renewed interest in tuberculosis is
timely because the disease remains one of
the leading causes of death and mortality
worldwide, and new kinds of effective
interventions are urgently needed.
However, knowledge of M. tuberculosis is
only part of what’s needed; tuberculosis
researchers also must understand the biology of the organism being infected—namely, humans. So, just as the M. tuberculosis
sequence has catapulted our understanding
of the bacterium, researchers will now benefit from the human DNA sequence. The
simultaneous availability of both genomes
should lead to novel interventions for controlling tuberculosis, as well as to new
knowledge about how the human host
controls and eliminates intracellular
pathogens in general.

ERIK JORGENSEN

How the Human
Genome Will
Change Biology

WORM
By Judith E. Kimble
University of Wisconsin-Madison

INSTITUT PASTEUR, PHOTOTAKE

About 10 years ago, a big topic of conversation among biomedical researchers was
whether it was realistic to think about
sequencing the entire genome of any complex animal and, if feasible, whether
enough people would use the information
to justify the cost. Now, 10 years after
those conversations and years after release
of the complete genome sequences of
yeast and the nematode worm, it is hard
to remember having any doubts.
Completion of the sequence for the nematode worm Caenorhabditis elegans was a
stunning achievement for all of biomedical science. As a direct result, the efforts

FRUIT FLY
By Thomas C. Kaufman
Indiana University
The recent publication of the sequence
of the fruit fly, or Drosophila, genome
has had a major impact on the field of
Drosophila research. The initial effect
has occurred on two fronts. First, it is no
longer necessary to perform much of the
labor involved in cloning genes of interest, thus speeding the pace of gene
discovery and analysis. Second, it is
now easy to determine if a gene
being studied is
a member of a
family or is
unique. These
two facts, coupled
with a set of welldeveloped genetic tools, the
plethora of molecular reagents
available for studying this organism and our reasonably robust
understanding of its development,
make Drosophila an ideal model system
for understanding basic molecular
processes. Indeed, the sequence of the
genome has revealed that the genes
responsible for many fundamental cellular and developmental processes are held
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The only downside is that this wealth of
new information is so rich that it is
sometimes difficult to know where to
begin. It is indeed a very exciting time in
the history of basic biological science,
and the next few years undoubtedly will
produce profound insights into what
makes humans tick. The scientific community owes a debt of gratitude to the
numerous labs, private and public, that
have provided this invaluable tool.
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in common by the fly and humans.
Thus, the fly provides a convenient,
inexpensive and fast way to investigate
the genetic regulation of phenomena of
significance to human health and development.
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of the C. elegans research community to
link fundamental biological functions to
molecular mechanisms were completely
transformed from a labor-intensive,
expensive and often risky venture to a
much more routine and reliable procedure. The genome sequence has also
resulted in a revolutionary change in how
we approach problems of biological regulation. The gold standard for the past
decade has been analysis at the level of
single genes and regulatory pathways; in
the postgenomic era, these problems can
be tackled with much broader scope, at
the level of the complete genome. Finally,
the genome sequence has made it possible for researchers who study vertebrates
to use the powerful tools of genetic
manipulation available in C. elegans to
analyze the function of molecules that
have been conserved across different
species. The impact of the C. elegans
genome sequence has therefore been
tremendous and far-reaching.

YEAST
By Stephen J. Elledge
Baylor College of Medicine
The sequencing of the human genome is
likely to be one of the most significant
accomplishments of biology in my lifetime. It represents the culmination of
many of the greatest discoveries in biology, including the discoveries of DNA as
the genetic material, the deciphering of
the structure of DNA and the emergence
of the recombinant DNA revolution. In
many respects, it is like putting a man on
the moon: In addition to being a remarkable technical achievement, it is a triumph of the human spirit and a transforming event that will change all
that follows.
While the full impact of the
sequencing of the human
genome remains to be seen,
it is possible to draw
analogies from the experience of scientists who
work on other sequenced
genomes. Part of my
research is dedicated to
studying budding yeast,
JOHN KACHIK
and I can say with certainty that virtually every
experiment we now do has been changed
by access to the complete sequence of the
organism. Knowing that there is a
defined number of genes that must be
taken into account in trying to explain a
particular phenomenon changes one’s

enables
us to
more systematically
design experiments for exploring the role of all of
the genes in the genome
at once, instead of a few at a
time. The yeast genome sequence
enables us to gain so much information
from our experiments that we have had
to develop new ways of analyzing our
data. This embarrassment of riches now
awaits human biology and will have a
profound impact on the rate of scientific
discovery for the rest of our lives.
HHMI
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Strong Unity,
Rich Diversity:
The Human
Genome
By Susan L. Lindquist
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ry, aggression, our nurturing response
and even our desire to cuddle. We also
hope to find treatments for conditions
such as senility, mental retardation,
schizophrenia and autism.
Many people find this research frightening. But knowledge itself is neither
good nor evil. The desire to attain
knowledge is universal, and, once
attained, knowledge is empowering. I
believe passionately in this research and,
just as passionately, that it should be
conducted with the advice and consent
of an informed public. After all, the
world is getting smaller and faster. We
are increasingly confronted by collisions
PAUL FETTERS

“Without a doubt, this is the most
important and most wondrous map ever
produced by humankind.” Thus did
President Clinton describe the
announcement, at a White House ceremony on June 26, that scientists had
completed the first draft of the human
genome, the blueprint of life that guides
heredity and the workings of our bodies.
Certainly, it is only a draft and much
hard work lies ahead, but as a technological achievement and for its medical
and social implications, this is a milestone. As Francis Collins, director of the
National Human Genome Research
Institute, observed at the event,
“Researchers in a few years will have
trouble imagining how we studied
human biology without the genome
sequence in front of us.”
Yet this is no time to be smug. As
both a molecular biologist and a citizen,
I hope this achievement will focus public attention on the profound impact of
modern biology, particularly on what it
is revealing simultaneously about both
our unity and diversity as human
beings.
Virtually every biologist I know is
motivated by two things: first, by an
unquenchable, inexhaustible curiosity
about that greatest of all mysteries, life;
and second, by a desire to make life better. For us, the rewards, intellectual as
well as aesthetic, have been great. The
more we discover about life, the more
beautiful and wondrous it appears.
At the same time, we are confronted
by a planet increasingly mired in pollution, with multitudes suffering in the

direst poverty and our loved ones facing
shortened lives or years of agony from
crippling birth defects or debilitating illness.
As biologists, we have started to make
a difference. We can now produce crop
plants with higher yields and built-in
natural insecticides. We’re learning to
create food and water supplies that are
no longer awash in fertilizers, pesticides
and herbicides. We’re curing some diseases, making some more manageable
and providing timely warning of others.
We’ve even started to discover bits of
genetic code that help shape our personalities—genes that contribute to memo-

between our simplest human qualities
and our incomprehensibly diverse
cultures. Some collisions delight, as
anyone who has sampled the music
scene or ethnic restaurants can testify.
Other collisions of language, culture
and ideology can produce carnage, in
the United States and worldwide.
In this regard, I believe the lessons
now emerging about human genetics
from countless laboratories can have a
major impact, if we are open to
learning from them. If the proper
study of mankind is man, modern
biology will yield not only practical
benefits but also a new sense of
ourselves as a species.
Amid an astonishing number of
revelations, two things have surfaced
above all.
The first is the principle of unity. All
living things on this planet share much
of the same genetic code— the strings
of nucleotide sequences in DNA, the
“master molecule” of life. Indeed,
some of the greatest recent leaps in
medical research have sprung from
studies of the simplest organisms. This
is because the basic underpinnings of
their growth and metabolism are the
same as ours. Cells in our bodies
transform themselves into cancers, for
example, because they ignore the same
“stop signs” that control cell growth
in yeast, worms and fruit flies.
Our genetic code differs from that of
chimpanzees by only about 2 percent.
But, some people ask, what about
those vastly different human DNA
patterns we’ve heard so much about
in the world of criminology? (Who
can forget O. J. Simpson?) Indeed,
those differences do exist, but they
derive from junk regions of the genetic
code that are free to vary precisely
because they don’t do anything
important. In truth, where it matters,
human beings differ from each other
hardly at all. This doesn’t mean we
are “our brother’s keepers”; it means
we practically are our brothers. The
“family of man” is not a cliché but an
irrefutable fact.
This seems to go against the grain for
many nonscientists. When they look
around, they see people who are
clearly unique. Indeed, human beings
have been exquisitely shaped by
nature to recognize even the subtlest
differences among

people. This is an essential survival
strategy that enables us to know which
neighbor is likely to shake our hand
and which to lift our wallet.
Thus, our unity as human beings
blends inevitably with the second great
revelation of biology, which is our
simultaneous diversity. We should
treasure the fact that diversity exists
among us. It is good to have some
people who pay the strictest attention
to every detail and some who bumble
through the details but ponder the
larger picture. We need poetic spirits to
touch our souls and comic spirits to
make us laugh. Pigmented skins
promote health and well-being under
intense tropical suns and may ensure
survival should the ozone layer be
destroyed, as humankind seems bent
on doing. White skins absorb sufficient
light to produce vitamin D in the feeble
suns of northern climes and may grant
us survival should nuclear clouds
darken our skies.
The list continues. The combinatorial
diversity of our immune system grants
some people the capacity to survive an
epidemic of typhus, and others to
survive smallpox, influenza or
pneumonia. It has even become clear
that a small fraction of us have natural
immunity to AIDS. The implication is
clear: Who knows what lies ahead?
Because of our diversity, nothing is
likely to wipe us out, unless we do it
ourselves. The diversity of this world’s
peoples is our single greatest treasure,
our richest resource.
Thus, the outpourings of this new
research reinforce the most traditional
humanistic principles. They cut another
facet in the time-polished stones of
ethics, politics and philosophy.
Together, these principles help weave a
tapestry that is strong in its unity and
rich in its diversity. And as we continue
to expand this tapestry, in part through
scientific explorations to understand
more fully what makes us human, there
will be surprise, delight and challenge. I
believe it is a quest that will put all of
us on a path—together—to a better
world.
Susan L. Lindquist is an HHMI
investigator at the University of
Chicago. This article is adapted from a
convocation speech she gave last year
at the university.
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CHRISTOPHER DENNEY (2)
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rom his fifth-floor lab bench, Eugene
Simuni looks out of a huge picture
window onto Manhattan’s East
River and traffic-laden Queensboro
Bridge. It’s an expansive view, fitting
for a high-powered workplace where
a dozen researchers put in long hours exploring
scientific questions.
Simuni, however, seems a little out of place.
With his lanky frame, angular face and dark eyes,
he looks younger than his years. And since he’s
only 19, this is not yet a compliment.
A gangly adolescent seems an unlikely member
of the HHMI laboratory of Thomas Sakmar,
known for its pioneering studies of rhodopsin,
the protein that reacts to light in the retina of the
eye. Simuni has done research here since July
1998, working as an intern alongside postdocs,
graduate students and lab technicians. Situated
on The Rockefeller University campus, it’s a
friendly place, but an intellectual pressure-cooker—surely, no place for a kid.
Or maybe it’s the perfect place for a kid.
Judging from the number of investigators these
days who welcome high school interns—ordinary
students as well as whiz kids—something must be
going right. Educational altruism aside, though,
why do highly competitive scientists devote space
and time to those who are so young?
As with much in science, the answer surprises
at first, then seems elegantly simple: Kids add
spark to an experienced team. They also give
researchers a chance to practice teaching and
mentoring, and rather than turn up their noses at
mundane lab work, teenagers tend to approach it
with a sense of curiosity and fun. And, perhaps
most important, their questions can jolt everyone
into thinking more creatively.

Eugene Simuni’s
(right) research as a
high school intern led
Thomas Sakmar’s
(above) laboratory to
turn in new
directions.

EARCHERS

CHRISTOPHER DENNEY

Ethan Marin (left), an M.D., Ph.D. candidate, guided Eugene in his studies of cellular
signaling pathways involved in sending visual signals to the brain.

A CAUTIOUS BEGINNING

S

was happy to have somebody else to work
with, but I was uncertain about how
much a high school student would be able
to do.” In the end, he decided to give it a
try, in part because an intern would give
him some teaching experience. At
Rockefeller, explains Bonnie Kaiser, who
runs the university’s Science Outreach
Program, “We have no undergraduates.
One of the ways people get teaching experience is by mentoring.”

to conclude that these interactions help
control the rate at which G proteins are
activated.
It was a remarkable discovery that won
Simuni fifth place and a $25,000 scholarship in the prestigious Intel Science Talent
Search. It also landed him and three classmates on the cover of the New York Times
Magazine, for a story on “The Triumph of
the Brainiac.”
Simuni’s experience in the Sakmar lab
was not unique. At the opposite end of
Rockefeller’s campus, Marcelo Magnasco,
a mathematical physicist, nurtured a high
school star of his own: Raymond Raad,
who studied how water flows through the
intricate veins of leaves. Raad says his parents initially disapproved of his working
in a lab for free, but he delighted in interacting almost every day with Magnasco.
Under this tutelage, Raad turned up startling evidence supporting his hypothesis
that tree veins act more like water filters
than plumbing pipes. The discovery
enabled him to join Simuni and eight
other students in the Rockefeller program
as an Intel semifinalist—and to convince
his parents he hadn’t wasted his time.

FRESH THINKING

P

imuni, who came to the United States
rize-winning interns are actually
from Russia only three years ago and
pretty rare. But kids don’t have to be
has just begun his undergraduate
prodigies to make a solid contribustudies at Harvard, was a star science stution. In truth, those who are a little less
dent in his Brooklyn public high school. A
goal-oriented in their research are somecrack computer programmer, he learned
times the most valuable because they’ll
about the Sakmar laboratory through a
tackle tasks that their more career-orientRockefeller University program that proed labmates might shun.
vides research opportunities for high
Once they get going, in fact, teenagers
school students, one of
can be amazingly promany such efforts across
NCE THEY GET GOING IN FACT TEENAGERS ductive in such work;
the country supported
some are better lab
CAN BE AMAZINGLY PRODUCTIVE IN SUCH technicians than many
by HHMI grants.
Sakmar, who worked
WORK SOME ARE BETTER LAB TECHNICIANS college students. Even
as an arc welder when he
more important, perwas in high school, wel- THAN MANY COLLEGE STUDENTS
haps, they have the
comes
interns
like
freedom to pursue longSimuni. Like many investigators, he desigSimuni learned quickly after Marin
shot hypotheses that are too risky for
nates a lab member to work closely with
took him under his wing, studying a cellupostdocs or grad students, whose projects
the youngster and then keeps an eye on
lar signaling pathway involved in sending
must offer promise of advancing their
things from afar. In Simuni’s case, the
visual signals to the brain. Specifically, he
careers.
bench-side mentor was Ethan Marin, an
focused on the structure and function of
It’s an interaction, in other words, that
M.D., Ph.D. candidate.
two important members of the G protein
can serve everyone well. The students
Marin was—understandably—anxious
family. In a short time, Simuni became
gain valuable—sometimes career-alterwhen Sakmar first broached the idea.
skilled enough to notice differences in
ing—experience, and the mentors have the
“My reaction was mixed,” he recalls. “I
how certain protein subunits interact, and
satisfaction of knowing they’ve provided a

O

,

,

;

.

18

HHMI

BULLETIN

SEPTEMBER 2000

service. Mentors like those at
Rockefeller who invite kids back year
after year say there’s an even bigger payoff: the fresh thinking that results when
you expose lab members to the infectious curiosity, the “naïve” questions of
a novice.
No matter what type of work high
schoolers do, “if they’re good, they’ll
ask questions,” Sakmar says. Answering
those questions forces him to rethink his
own assumptions. “It really gets you
into a different mindset when you start
trying to justify what you’re doing in
basic terms,” he says.
Magnasco is even blunter. “They question you on one thing, on another

WORKING

thing,” he says. “They question everything—they can be so bloody obnoxious. ‘Why do you do it that way?’ ‘I
don’t know; my thesis adviser told me to
do it that way!’”
“If you are doing basic research,” he
adds, “it is about asking fundamental
questions—and who asks more fundamental questions than kids?”
That’s what Raad, Magnasco’s intern,
did in pursuing his unorthodox notion
that leaf veins are complexly woven, like
cloth, and not simply built like a trunk
with branches. “I don’t think Marcelo
believed me at first,” Raad says. “All the
books say that leaves are like trees. The
books are just wrong.”

Simuni, too, got hooked on a question
his labmates had dismissed—and his
findings left their mark on the Sakmar
lab. “Eugene, in his interaction with
Ethan, reactivated something we worked
on previously and had set aside,”
Sakmar recalls. “His interest got other
people interested, so now we have three
people working on it.”
That, in a nutshell, is why so many
cutting-edge scientists offer high schoolers a seat at the bench, an enthusiasm
that goes both ways. “I had to learn a lot
of things to solve a [seemingly] simple
question,” says 18-year-old Raad. “I
love science for giving me that—and,
really, Marcelo for doing that.”

RELATIONSHIPS THAT ACTUALLY

B

ringing high school students to a scientific laboratory can
be fun and productive, but investigators who have
enjoyed the experience also have some advice to offer:

• When interviewing a youngster, nothing trumps motivation
and curiosity. “Their motivation is the most important
thing,” says Michael Lai, an HHMI investigator at the
University of Southern California. “I tell them that science
requires a long-term commitment.”
• While students with proven academic accomplishments
catch on especially quickly, investigators report very good
experiences with youngsters whose academic backgrounds
are less stellar, which is often the case with inner-city students. Robin Wright of the University of Washington in
Seattle has hosted economically disadvantaged students
from a program that targets those interested in earning an
M.D., Ph.D. “One is in my lab now, and she is amazing,”
she said. Similarly, Bonnie Kaiser notes that a third of the
participants in the Science Outreach Program at
Rockefeller are disadvantaged or from groups underrepresented in science.
• Provide the student with a mentor who can really use an extra
pair of hands. “You need to have somebody willing to supervise
him closely,” says Pamela Bjorkman, an HHMI investigator and
structural biologist at Caltech, whose first intern was barely 16.
“We didn’t just turn him loose in the lab.”
• Give the student something significant. “They are capable of far
more than I ever expected,” says Elizabeth Sanford, an organic
chemist at Hope College in Michigan. “They’re not content to do
busy work; they want to do real science. I think you would fail if
you tried to make them into a dishwasher. You have to have a real
project for them.”

WORK

• Consider how you feel about students who are motivated primarily by scientific competitions. Lai, for one, says, “It’s OK
with me, as long as the kid is motivated.” Rockefeller’s
Magnasco agrees, but Sakmar will not accept students whose
main motivation is to win an Intel or other prestigious award.
• Work through the institution regarding safety, parental permission and child labor laws. Typically, for example, high
school students are not permitted to work with radioactive
substances.
• Don’t be disappointed if the student chooses a nonscience career.
“It’s important to remember that a successful outcome could be
that students decide science isn’t for them,” Sanford says.
For More Information:
The Rockefeller University’s Science Outreach Program
On the Web—www.rockefeller.edu/outreach
Contact—Bonnie Kaiser, (212) 327-7431;
bonnie@rockvax.rockefeller.edu
The Research of Thomas Sakmar
On the Web—www.hhmi.org/science/neurosci/sakmar.htm
Contact—Thomas Sakmar, (212) 327-8676;
sakmar@rockvax.rockefeller.edu
The Research of Marcelo Magnasco
On the Web—asterion.rockefeller.edu
Contact—Marcelo Magnasco, (212) 327-8542;
magnasc@rockvax.rockefeller.edu/marcelo/marcelo.html
HHMI’s Precollege Science Education Program
On the Web—www.hhmi.org/grants/precollege
Contact—Mark Hertle, (301) 215-8881; hertlem@hhmi.org
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AN UNFINISHED STORY ABOUT THE GENESIS OF MALENESS

T H E

B O O K

O F

by

delia

k.
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f a book about the human Y chromosome
were to make the best-seller list, it might be
titled The Masculine Mystique. Like a biological counterpart to Betty Friedan’s The
Feminine Mystique, the book would explore
the genesis of maleness. Some of its themes might
even echo Friedan’s classic: sexual identity, evolution
and self-expression. But as the story of Y unfolds,
the book would read more like a mystery, a murky
tale that reveals long-held secrets about a diminutive
protagonist who veers toward degeneracy.
Not that our central character is powerless. After
all, Y can take credit for about half the human
population. (The other half are, of course, women.)
But when it comes to chromosome allocation,
there is no equality of the sexes.
Consider this: Women carry 23 pairs of chromosomes, each set matched like a new pair of socks. In
females, the 23rd pair is an XX. Males carry 23 sets
also, but their 23rd pair is an XY twosome—one sock
and its severely frayed partner, the Y chromosome,

I
David Page has spent his career
studying the mysteries of the
Y chromosone.
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which is actually an X cropped at one end.
The maimed chromosome has only 20 or
30 genes compared with roughly 2,000 to
3,000 genes on the mighty X.
Scientists identified the X and Y chromosomes at the turn of the last century.
Not until 1959, however, did they realize
that Y carries the code for maleness.
Having discovered the male chromosomal
headquarters, they could now figure men
out—or so they thought. During the ensuing manhunt for maleness genes, which
began in earnest in the 1980s, scientists
sought to answer a handful of questions.
How did the Y come to be? Might the
source of male infertility lie hidden within
it? Are X and Y related? Which genes on
the Y chromosome instigate diseases?
Then came a map to guide researchers
through the wilds of the human Y.
Published in 1992, the rough map showed
the chromosome’s genetic landmarks,
which would help scientists pinpoint the
locations of genes. The map emerged from
the laboratory of HHMI investigator
David C. Page, a seasoned veteran of Y
chromosome research at MIT’s Whitehead
Institute for Biomedical Research. Now,
Page and his lab team are about to release
the next chapter in the book of Y: The
completion of a map of all the DNA on Y.

A HOUSE OF MIRRORS
As Page and his group have readied their
findings for their next series of articles, set
to begin publication later this year, their
workplace itself looks like a map. Three
long sheets of white paper hang on a huge
bulletin board, creating a paper trail of
the group’s journey along the Y chromosome. At several points, the word “GAP”
is scrawled inside circles in yellow highlighter next to stretches of terra incognita:
DNA still undefined. Some of the circles
are X’ed through—simple shorthand that
marks the group’s progress.
Other researchers around the world,
though not many, are also intrigued with
Y and by the details on those wide ribbons
of paper. “It’s a smallish field,” says Bruce
T. Lahn, a former graduate student of
Page’s who recently was named an HHMI
investigator at The University of Chicago.
And, no wonder. Y has a small number of
genes, and the genes are not implicated in
many human diseases.
22
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The chromosome’s small size might suggest that it’s a fast read, but short books
aren’t always the easiest to grasp.
Mapping and identifying the chromosome’s active genes has been maddening,
in fact, as investigators have found themselves hampered by the presence of multiple gene copies and many inert genes.

perspectives. “In the same breath, we can
think about the gene’s relationship to making eggs and sperm, the role of mutations
in that gene to infertility, and that gene’s
arrival on the sex chromosome in evolution,” Page says. All of these are roles that
researchers began exploring in the early
1980s and still haven’t fully explained.

SCIENTISTS

AGREE

THAT

THE

CHROMOSOME IS
DEGENERATING

AND

MIGHT EVENTUALLY
DISAPPEAR
“Mapping the Y chromosome,” says
Page, “is like walking into a house of mirrors for a few minutes and, when you
leave, being asked to draw a floor plan.”
Figuring out this confusing layout and
understanding the design is a tantalizing
puzzle for Page, whose office is lined on
three walls with shelves filled with textbooks and binders carefully organized by
subject and with journals clustered
according to date and publication—a
setup that would make a librarian beam.
Gazing out his window toward an area of
Cambridge where several biotechnology
companies involved in genomics are headquartered, Page rattles off a series of questions that hint at semantic implications:
“Why do we call sex chromosomes sex
chromosomes? What puts the sex in sex
chromosomes? What do the sex chromosomes have to do with sex, being male and
female?”
His phrasing is no idle wordplay; nor
are these the same question. The Y chromosome’s idiosyncrasies need to be examined simultaneously from slightly different

SPERM PRODUCTION
AND MORE
Page and Finnish geneticist Albert de la
Chapelle embarked on their research in
the early 1980s—not by studying typical
XY men but rather by seeking out socalled sex-reversed individuals. XY
women and XX men, individuals who
appear to be one sex but have sex chromosomes of the opposite sex, provided
clues to where the sex-determining gene
might dwell on the Y chromosome. The
tip-off was a snippet of Y attached to an
X on the XX males as well as a segment of
Y chromosome absent in the XY females.
Page and de la Chapelle deduced that
those bits of Y housed the critical gene.
They produced an early map of the crucial
area of where the sex-determining genes
reside. The map would help researchers
take the critical step in honing in on the
exact address.
Page thought he had pinpointed the
area on the Y itself and published his findings in 1987. But in 1990, a British team

led by Peter Goodfellow nailed down the
region, calling it SRY (short for sexdetermining region Y). The protein produced by SRY may regulate other genes
that cajole an embryo’s fetal genital
ridges into boyhood and prod the formation of testes. Once on the scene, the
testes secrete hormones that instigate the
male reproductive tract’s development.
At puberty, sperm development and
production, or spermatogenesis, are triggered within the seminiferous tubules in
the testes by the hormone testosterone
from the testes and gonadotropin hormones from the pituitary gland.
Researchers wondered whether other
genes on the Y chromosome orchestrated spermatogenesis.
Again, the answers turned up in men
who departed from the norm. In 1976, Y
was first implicated in male infertility by
Italian researchers who found deleted
portions of the chromosome in men with
spermatogenic failure. They labeled the
region AZF, short for azoospermia factor. Two decades later, Page uncovered a
chromosomal pattern in infertile men
with azoospermia—an absence of sperm
from semen, or oligozoospermia—a very
low sperm count. In analyzing blood
cells from these two groups, Page’s team
found that some men were missing a
region of the Y chromosome, a deletion
that was the same in each case. Later,
Page’s group found AZF deletions in the
Y chromosomes of sperm isolated from
men with oligozoospermia and evidence
of AZF in blood cells. Within the AZF
region, they discovered one gene with
fertility connections, which they branded the DAZ gene (for deleted in
azoospermia). DAZ is expressed only in
the testes, where the gene is active in the
very earliest stage of spermatogenesis.
Last year, the group uncovered a mutation in USP9Y, a gene also within the
AZF region, that results in infertility.
“One of the striking things is that at
least half of the genes on the Y chromosome appear to be active in sperm production,” Page says.
The discovery that gene mutations can
cause infertility brought another question to the fore. Obviously, azoospermia
is not inherited since men who produce
no sperm cannot have children.
Azoospermia shows up de novo in some

males. But could men with oligozoospermia pass on the mutation to their sons?
Researchers could not even approach
this puzzle until 1992, when a revolutionary method of assisted reproduction
enabled men with low sperm counts to
father children, even if the oligozoospermia resulted from genetic defects.
(Through intracytoplasmic sperm injection, or ICSI, physicians first retrieve
sperm from the testicles or epididymis
and then inject a single sperm into an
egg.) By studying the fertility of sons
conceived with ICSI, Page’s group and
researchers at the Infertility Center of St.
Louis found that men with oligozoospermia do, in fact, produce sons likely to be
infertile.
The inheritance of mutations other
than those that cause infertility also captivates scientists who study the human
male chromosome. For example, Page
and his colleagues reported findings this
summer in Nature concerning children
with genetic diseases caused by a newly
identified mutation. His group was
interested in determining the proportion
of new mutations that were inherited
from fathers as opposed to mothers.
Since the 1940s, biologists thought that
the majority of new mutations came
from the father. However, Page’s lab
found that the rates of inheritance
between mothers and fathers are similar.

EVOLUTIONARY
DIVERGENCE
While tracking genes in human offspring, Page and other investigators are
also pondering where Y itself got its
genes. To trace Y’s lineage, researchers
could not ignore this chromosome’s
heftier counterpart, the X. The two
chromosomes have quite a history, coexisting as equal partners without specialty some 240-300 million years ago, only
to part ways around 170 million years
ago—dates arrived at by Page and Lahn.
The Y chromosome map that Page’s lab
released in 1992 aided the investigators’
trip back in time. An article in Science
late last year detailed how they determined the time intervals and the
incidents that caused two autosomes—
chromosomes not involved in sex determination—to differentiate into the

mismatched set of sex chromosomes we
have today.
The project originally started in a different direction, Lahn recalls. He was
looking at the degree of sequence similarity and dissimilarity between genes on
the Y chromosome and those on the X
and other chromosomes. The high
degree of correlation between X and Y
got his attention. “Lo and behold, a
striking pattern emerged that could
readily explain the progression of X-Y
divergence,” Lahn says.
The split between X and Y took place
over millions of years. The chromosomes
became less and less alike in four instances
of genetic reshuffling on the Y. Most of
the genes on our modern X existed before
the breakup, but their counterparts on
Y gradually degenerated. In mammals,
the 22 other pairs of chromosomes
swap genetic material, through the
process called recombination which
occurs during meiosis, the cell division
that takes place in ovaries and testes
before half of each pair is sequestered into
either a sperm or an egg. In human
females, XX pairs do this without
problem. During sperm formation in
males, X and Y still exchange some DNA,
but with only a few genes. These reside
in Y’s “pseudoautosomal” region—the
address
for genes
that Y has
in
common
with X. The rest
of Y’s genes belong
to the genetic equivalent of a boys-only club.
Proof exists that genes
came from elsewhere to join
this all-male chromosome.
One such gene is DAZ. In the
same study that identified DAZ,
the Page group identified a cousin
called DAZL on chromosome 3.
Evidence points to DAZL as the original gene, a copy of which made its way
to Y. Page and the other investigators
wrote in their research report that the
existence of a Y-gene precursor challenges
theories that X was the source for most or
all of Y’s genes. While many of Y’s genes
do have homologs on X, the researchers
suggest that Y’s evolution had other outside influences.
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SAVE THE MALES
Such exclusivity by the male chromosome could engender many jokes about
guys being guys—and does. For example,
Page’s Tuesday morning lab meetings
break up into laughter in response to
occasional wisecracks of the sort, “If, by
any chance, we find the gene that gives
males big teeth….” The researchers have
heard them all: Genes for remote control
use, unwillingness to ask for directions,
selective hearing. The Borscht Belt it’s
MARK SEGAL

Bruce T. Lahn worked with David Page
to determine Y’s curious evolution.

not; the quips distract for only a moment
during the weekly updates.
During one recent meeting, Page sipped
juice from his teal-colored mug imprinted
with “Save the Males.” In some ways,
that slogan is no joke. Scientists agree
that the Y chromosome is degenerating
and might eventually disappear—though
not for another 100 million years or so.
Unable to recombine or repair themselves, the Y’s clannish genes are left to
fend for themselves. Autosomal genes
may repair themselves during mitosis
when they couple with the opposite
member, but Y genes have no chance for
repair. So, in the course of millions of
years, mutated Y genes with no more reason for being will fall out of service. Y’s
arms will dwindle. The chromosome will
lose genes faster than it gains.
That fact, though, helps researchers
develop other evolutionary insights. “It
tells us that there’s something special
about recombination for the long-term
persistence in genes or species,” says
William R. Rice, an evolutionary geneti24
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cist at the University of California, Santa
Barbara. “The Y chromosome is a model
system to study the adaptive significance
of recombination.” For example, asexual
species become extinct because of a lack
of recombination. Rice says that a suppression of recombination is behind Y’s
degeneration and eventual demise.
“Species that don’t recombine decay over
time,” he says. “If you stop recombining,
you have a limited future.”
This history has given the Y chromosome a reputation as a wasteland, essentially ineffective save for its sex-determining gene. Because that imputation
arose from anecdotal data, Page and
Lahn took inventory of Y’s nonrecombining region and published their results
in 1997. They found a dozen genes that,
combined with previously discovered
genes, brought the total number of
known genes on the Y at the time to
about 20. The two researchers observed
that about half of the known human Y
genes appear to be engaged in functions
needed by all cells in the body. And this
housekeeping crew—around ten genes,
including the five reported in this
study—does have complementary genes
on the X.
Page and Lahn think their discovery
suggests that these genes are not inactivated in one member of a pair of sex
chromosomes. Rather, everyone may
require two working copies for cell
health. When both Xs are present, as in
normal females, one X is silenced except
for these five genes. In the condition
known as Turner’s syndrome, which
affects one in 3,000 females, only one X
chromosome is present. The absence of
half of these housekeeping genes may
help explain the short stature, infertility,
webbing of the neck and lack of female
secondary sex characteristics associated
with the syndrome. The rest of the
recently identified genes probably function within the testes and are involved in
spermatogenesis, the investigators say.
Researchers know that Y holds more
genes. This quirky little character still
possesses many secrets, and it will be
years or decades before investigators can
write the final chapters of the story. “The
X and Y represent a very peculiar experiment of nature,” Page says. “The experiment isn’t over.”

Another
the Sexes:
he genetic power struggle between the
sexes extends beyond the X and Y
chromosomes to the level of individual
genes.
Called genomic imprinting, this intricately orchestrated give-and-take plays out
within a developing embryo, although the
stage is set much earlier, when sperm and
eggs are formed. About 40 genes have
now been identified that are distinctively
marked, or imprinted, so that the embryo
will recognize its parental origin. As the
embryo grows, the genes act differently
depending on whether they came from the
mother or the father.
Embryonic genes interact like performers in a jazz ensemble. A pianist introduces a passionate melody, the bassist
starts up a few bars later and the saxophonist and drummer slip in, embellishing
harmony and tempo. The genes from both
mother and father cooperate with one
another to create a perfect embryo.
Imprinted genes, in contrast, go solo, such
that only one copy is expressed, while the
same gene inherited from the other parent
remains mute because of chemical
silencers, known as methyl groups, on the
DNA. But, unlike musicians playing
together, the genes are not cooperating
with one another: They are at war, with
the maternal genes trying to slow down
growth and the paternal genes trying to
promote it.
Sometimes, an imprinted gene misses a
cue and either toots its own horn inappropriately or remains silent at the wrong
time. Since there’s no backup to fill in for
the aberrant gene, the slip-up can result in
a devastating disease such as Prader-Willi
or Angelman syndrome. “We’ve become
slightly more vulnerable because of this
imprinting process,” says Marisa S.
Bartolomei, an HHMI investigator at the
University of Pennsylvania. Bartolomei did
her postdoctoral studies in the laboratory
of another HHMI investigator, Shirley M.
Tilghman of Princeton University, a leading expert in genomic imprinting.

T

Genetic Battle of

Imprinting

A Genetic Arms Race
David Haig of Harvard University compares gene imprinting to a genetic arms
race in polyandrous species, including certain types of mice, in which females mate
with several partners within the same litter. According to Haig’s theory, paternal
genes that are expressed and lobby for
fetal growth duke it out with maternal
genes that limit growth. In evolutionary
terms, such a parental tug-of-war is good

for a species. While large offspring put
more of a strain on the mother’s
resources, they have a better chance of
survival. But the mother has a worthy
argument for smaller offspring: Females
need to conserve their nutritional
resources within one litter to ensure that
they themselves will survive to produce
more litters.
Tilghman and colleagues sought to test
Haig’s theory about polyandrous mammals in monogamous species in which
both parents have an equal interest in
the offspring’s survival. They chose
Peromyscus polionotus, a wild breed of
mouse. Imprinting, they found, occurs
in this monogamous species—an observation that didn’t fit with Haig’s theory.
Moreover, when crossed with
Peromyscus maniculatus, a distant
polygamous relative, the hybrids failed
to imprint. Tilghman’s team concluded
that imprinting is rapidly evolving and
could contribute to a high rate of speciation in mammals.
The same researchers published a
study in the May 2000 issue of Nature
Genetics that provides more insight into
what happens when closely related
species are crossed. “What my recent
paper shows is that imprinting can contribute to the rapid acquisition of genetic
incompatibilities between two related
species that are no longer breeding,”
Tilghman says.
What end, then, does imprinting serve?
Tilghman suggests that it may be that
imprinting did not arise to benefit mammals. Rather, genomic imprinting is the
consequence of the differences in parental
strategies that optimize the number and
fitness of their offspring.
Preventing the expression of a gene
makes the most sense in the X chromosome, which in fact carries the greatest
number of clusters of imprinted genes.
Females inherit two X chromosomes

KAY CHERNUSH

Genomic imprinting certainly did not
catch Gregor Mendel’s attention in the
mid-19th century when he was experimenting with crossing garden peas. His
peas in a pod inherited their traits in a
predictable pattern, helping Mendel figure
out how genes are transmitted between
generations. Mendel concluded that crosses are the same whether a dominant trait
is maternal or paternal in origin. Perhaps
he should have studied mammals and
used his leisure time for gardening—a
pastime that Tilghman throws herself
into, but not for genetic insights.
Scientists didn’t recognize the phenomenon of mammalian imprinting until the
1980s. In 1991, Bartolomei says, the concept of imprinting underwent a molecular
revolution when scientists discovered that
the gene for insulin-like growth factor 2
(Igf2) is imprinted. Scientists had previously conducted experiments to show
that genetic imprinting occurs, but now
they had actual genes responsible for the
process, genes whose molecular mechanisms they could study. Additional genes
have since been identified, and researchers
have discovered that these tend to cluster
together. But investigators in the field are
still trying to answer some fundamental
questions: What purpose does imprinting
serve? Why are so few genes imprinted?
Exactly how does an imprinted gene
silence its complement?

while males get an X and a Y. If both X
chromosomes were expressed, females
would get a double dose of the protein
encoded by the genes. Males would get
only half the amount because they have
only one X. Gene expression, however,
logically should be at the same levels in
both sexes of a species. Thus, jettisoning
one of the female’s sex chromosomes
would allow for equality of the sexes.
Investigators would like to find the
genetic switch that shuts off one copy of
a gene for life and lets the other one replicate often and at a very active rate.
Tilghman is studying six imprinted genes
residing in one chromosomal region.
DNA methylation is acting as a genetic
muffler in one of these genes, but not in
the others. She and Bartolomei have suggested that the imprinting of one gene,

Shirley Tilghman says genomic imprinting
is rapidly evolving.
Igf2, depends on the methylation of
another gene, H19, rather than on its
own methylation. H19, which encodes a
highly expressed RNA and not a protein,
is expressed in embyronic and neonatal
tissues, but its function is unclear.
“The bottom line is that there is not a
single mechanism for silencing genes in
imprinting,” Tilghman says.
She and her fellow researchers in this
field are hard at work trying to understand the various genes that seek solos
during embryonic development. The
arrangement works nicely, to be sure—
but its driving force and ultimate purpose
remain unclear.
– DKC
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By Karyn H

Bob Lefkowitz doesn’t simply walk into a room, he bounces in.
On one sunny summer day, he arrives in his office carrying giant
yellow and green rubber bands and accompanied by a postdoctoral fellow. “We’re doing a little PT [physical therapy] here,”
he announces, as he ties one end of a band to a table leg and
inserts a sneakered foot into the loop at the other end. “Here’s
what I’ve been doing,” he says to the postdoc, and proceeds to
swivel his foot to the right and then to the left. She responds
with a few pointers.
“When you’ve been running as long as I have,” he offers, “it

starts to catch up with you.”
At 57, Lefkowitz is an energetic man, lean and angular. He

carries a mere 158 pounds on his six-foot frame. But
appearances deceive, and you would never guess by
looking at him that what he’s been running from is
coronary heart disease. His father died at age 63, following his
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The schematic representation shows some of the salient features (indicated in color) of a typical G protein-coupled receptor. Eade Creative
fourth heart attack, and his mother had
a heart attack at age 59. It’s a disease he
knows intimately.
“I knew I had it coming from both
sides,” he says, but he just pushed it to
the back of his mind. Too many other
things to think about—and Lefkowitz is
not your ordinary heart patient. He can
tell you in minute detail exactly what’s
going on when the heart starts to labor
against arteries filling with fat-laden
plaque. He helped define what it means,
with molecular precision, when the
heart starts to fail. He laid the basis for
understanding the intimate details, the
biochemical drama that silently weakens
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and then saps the life of 400,000 people
a year in the United States alone.
But when his own number came up,
well, the mind plays tricks on even the
nimblest of brains. “I developed angina,” he said. “But interestingly, I could
only bring it on by running.”
Didn’t he, a trained cardiologist and
consummate biochemist, realize what
was happening? “You know, and you
don’t know,” he responds with his distinctive Bronx accent, still quite recognizable after 27 years in North Carolina
as an HHMI investigator at Duke
University Medical Center. It was only
after nine months of denial that he could

ignore the symptoms no longer and, in
June 1994, had a quadruple bypass
operation.
Since then, he has maintained a strict
vegetarian diet, continues to run—
despite nagging injuries—and now, from
all appearances, leads a charmed life. He
is the man who essentially defined receptor biology through his work with b
adrenergic receptors, the molecules that
translate hormonal signals into cellular
responses in the heart and other organs
throughout the body. Lefkowitz is largely responsible for decoding all of the a
and b receptors. He was the first to isolate the b2 adrenergic receptor (bAR) in

“Especially when you are young,
you have chutzpah…the brazen gall of
youth,” Lefkowitz says.
1982; the first to clone the b2 receptor in
1986, the b1 receptor and all the a1 and
a2 receptor subtypes (there are nine
known adrenergic receptor subtypes);
the first to identify and clone the G protein-coupled receptor kinase: b adrenergic receptor kinase (bARK) or GRK2,
the major regulator of bAR activity; and
the list goes on. A member of the
National
Academy
of
Sciences,
Lefkowitz’s office walls are papered with
plaques and certificates attesting to his
achievements.
“One of the things that I think has categorized my research throughout the
years, and something which I have
delighted in, is how hard it is to categorize,” he says. “I’ve had fellows in my
lab from every [medical] discipline.”
(See sidebar, p. 32)

Road to Research
Lefkowitz himself is fundamentally a
biochemist and molecular biologist who
never intended to make research his
career. As a child, he read medical fiction
(and detective stories), and it was in the
third grade that he decided to become a
physician.“Doctors were my heroes,” he
said. Thus, when the time came, he went
to medical school at Columbia
University, finishing first in his class. He
got hooked on research, however, during
a short stint at the National Institutes of
Health—and never looked back.
When he started working on adrenergic receptors in the early 1970s, even
Raymond Ahlquist, who coined the
terms “alpha” and “beta” receptors,
believed them illusory. Experiments suggested that they should exist, but scien-

tists had seen only their shadows, the
marks they made on the cell. No one had
ever proven them real.
Ever the pragmatist, Lefkowitz was
undeterred by the idea that receptors
may not exist as separate entities.
Logically, he was convinced that they
existed, so he set out to isolate them.
“Especially when you are young, you
have chutzpah… the brazen gall of
youth,” he says. “I didn’t appreciate that
it was a risk, and you know what, it
never entered my mind that I wouldn’t
succeed; incredible isn’t it? … I had no
reputation to lose.”
But he soon gained a reputation, and it
wasn’t the one he had hoped for. The b
adrenergic receptor whose identification
he reported in a journal article turned
out to be another adrenaline binding
protein. The scientific press pilloried
him.
“I watched his response through this
period,” said Lewis T. (Rusty) Williams,
Lefkowitz’s first graduate student and
now chief scientific officer at Chiron
Corp. “Here he was, a young faculty
member trying to make his mark. He
wasn’t demoralized by the criticism. He
just wanted to get the right answer. He
probably doesn’t even realize that
watching his response to adversity made
a huge impression on me. I watched him
doggedly pursue this goal even through
all the criticism. He kept going until he
got it.”
It took a couple of more years, but he
found the receptor. Since then,
Lefkowitz and his army of graduate students, medical students and residents,
and postdoctoral fellows (some 160
since the mid-1970s) have methodically
dissected and reassembled the essential

elements of a signaling system that has
been a model for receptor biologists.

From Worms to
People
It is hard to overestimate the importance
of G protein-coupled receptors (GPCRs)
and their cognate G proteins. They seem
to be everywhere in the human body,
regulating heart rate; basic endocrine
function; the senses of sight, smell and
taste; pain tolerance and even the high of
cocaine. And that’s just for starters.
Sequence homology data suggest that
there are hundreds, perhaps thousands,
of GPCRs still to be identified in the
human genome. Five percent of the
genome of the worm C. elegans, one of
the first model organisms to be
sequenced entirely, for example, consists
of genes for GPCRs, says Henrik
Dohlman, a former Lefkowitz protégé
who is now an associate professor of
pharmacology at the Yale University
School of Medicine.
It might seem that in view of how long
GPCRs have been studied and the many
scientists now working in the field, there
would be no more room for innovation.
But nothing could be further from the
truth, says Lefkowitz. Even after all
these years, the field continues to produce many surprises.
Three years ago, a genetic variation
was discovered that protects some people from developing AIDS despite
repeated exposure to HIV. The variation
turned out to be a slight modification of
a molecule called CC-chemokine receptor 5 (CCR5), the GPCR that HIV uses
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“I would say that over the last decade or so,
Lefkowitz laid the groundwork that now
allows us to expand the study of these receptors in many systems,” says Linda Buck.
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to enter a T cell, which is its preferred
entry point into the immune system. In
separate work, Dan R. Littman, an
HHMI investigator at New York
University Medical Center, and Ed
Berger at the National Institutes of
Health showed that CCR5 is a co-receptor for HIV. Suddenly the world of HIV
research came knocking on Bob
Lefkowitz’s door, and he found himself
speaking before international AIDS conferences.
As with AIDS, so with epilepsy. Lee
Limbird, Lefkowitz’s first postdoc, is
exploring a weak “agonist” or activator
of the b2 subtype receptor to control
that disease. She and her colleagues at
Vanderbilt University are starting a clinical study to see if clonidine, a blood
pressure medication, can reduce the frequency of epileptic seizures. Other
research in her lab suggests that weak
partial GPCR agonists can lower blood
pressure without sedative side effects.
“The clinical applications seem unlimited,” she says. Right now, fully half of all
prescription medications work through
the GPCR cascade, she points out.
And just this year, HHMI investigators Charles Zuker at the University of
California, San Diego, and Linda Buck
at Harvard Medical School, working
separately, identified the first human
bitter taste receptors. No surprise:
These, too, are GPCRs, as are a series of
smell receptors that Buck and her colleagues previously identified. It is the
Lefkowitz is a clinician who still makes
hospital rounds. After more than 30
years in the laboratory, he now hopes
to help improve the treatment options
for heart patients.

way Buck found the smell receptors that
illustrates the power of Lefkowitz’s
work. Her group launched its search of
the genome under the assumption that
the receptors would look like cousins to
the GPCR family that Lefkowitz defined
early in his career.
“I would say that over the last decade
or so, Lefkowitz laid the groundwork
that now allows us to expand the study
of these receptors in many systems,”
says Buck—and there are literally thousands of varieties of GPCRs in the sensory systems alone.
In fact, the first GPCR to be identified
and cloned, rhodopsin, translates light
signals into images in the brain. It was
Lefkowitz and his group who discovered
in 1986 that bARs are strikingly similar
to rhodopsin, exhibiting what has come
to be called a “seven transmembrane
structure”—a portion of the protein that
snakes its way through the membrane
seven times. When he further predicted
that GPCRs would turn out to be a
superfamily of receptors, he made quite
a splash.
But that was then, and Lefkowitz has
moved on. He is, after all, a clinician
who still makes hospital rounds and,
after 30-plus years of lab work, is ready
to make a foray into the clinical arena.

Into the Clinic
In the early 1990s, with the help of
Duke surgical fellow Carmelo Milano,
postdoctoral fellow Walter Koch and a
team of other trainees, Lefkowitz began
to examine the possibility of using the
bAR system as a kind of molecular ventricular-assist device—a way to help a

failing heart increase its ability to
pump. Their idea has its origins in
Lefkowitz’s early work and in basic
knowledge of how the heart responds
to stress.
Lefkowitz knew that when the heart
is under stress, it increases the production and release of the stress hormone
norepinephrine, which binds to bARs
located on heart cells. This stimulation
initially helps the heart beat faster and
more powerfully, but it quickly
becomes self-defeating: The norepinephrine-stimulated receptors become
desensitized by a second molecule
called b-adrenergic receptor kinase
(bARK).
The group demonstrated in 1994
that mice genetically altered to produce excess b 2 ARs have supercharged
hearts that beat faster and stronger
than normal mice. They reported in
the April 24, 1994, issue of Science
that these mice mimicked normal animals treated with the human heart
failure drug dobutamine—even though
the mice didn’t receive any drugs.
This finding was quickly followed in
1995 with a report on genetically
altered mice that produce too much
bARK in their hearts. These mice
mimic aspects of congestive heart failure in humans. When the researchers
injected a synthetic adrenaline-like
hormone, the mice couldn’t contract
their heart muscles as well or increase
their heart rate as much as normal
mice. The transgenic mice displayed a
lack of hormone response similar to
that seen in patients with heart failure.
The study confirmed what in vitro
studies suggested: Too much bARK
desensitizes the bAR system so that the
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Mentor
heart can no longer recognize hormone
stimulation.
Once they were convinced that
increased levels of bARK reduce the
ability of the heart to respond to hormones, the researchers wondered
whether they could restore heart function by blocking bARK. As it happened, Koch had been offered a position in the surgery department at Duke
and saw it as an ideal opportunity to
take Lefkowitz’s work into the clinic,
with the goal of delivering genes, or
perhaps small molecules, to treat or
even prevent heart failure.
Koch designed a molecule that competes with the normal bARK in heart
cells, thereby diluting its effect. First in
transgenic mice and now in rabbit
models, Koch, Lefkowitz and their surgical colleagues have shown that the
bARK inhibitor keeps heart cells sensitive to hormone stimulation when normal heart cells would have become
desensitized.
Their work has caught the interest of
several pharmaceutical companies that
are now testing their own bARK
inhibitors. Although neither Koch nor
Lefkowitz will speculate on when clinical trials might begin, it is clear the
clinical progress pleases Lefkowitz.
“My father died in 1963, right on the
cusp [of research progress],” he says.
“The first coronary artery surgery was
performed in this country in the mid1960s. My father never had a cath
[coronary artery catheterization], he
never had anything. If he were here, I
believe he would be pleased,”
Lefkowitz says.
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Just about everywhere you look in
receptor biology—indeed, biomedical
research—you find someone who
trained with Bob Lefkowitz. They total
some 160 so far.
Walter Koch, a former Lefkowitz
postdoc and now close collaborator at
Duke University Medical Center, once
picked up Lefkowitz at the airport in
Ohio when Koch was a still a graduate
student at the University of Cincinnati.
“I had read all his papers,” Koch
recalls. “He’d been publishing so long,
I was expecting somebody 65, and here
he was only 45. I was amazed.”
Lefkowitz’s most enduring contribution to biology may, in fact, be his
dedication to mentoring and his
unflagging devotion to his students.
When asked how he thinks he will be
remembered, he replies that he hopes
he’ll be remembered as someone who
made a contribution to science and as
“somebody who trained a helluva lot
of people.”
Talk to his former students and a
consensus emerges that Lefkowitz has
a gift for helping students succeed.
Virtually all of the alumni of his laboratory, including four current or former
HHMI investigators, have gone on to
establish independent research careers.
“He has succeeded as a mentor
because he has made a decision to
resist the things that distract too many
scientists,” says Henrik Dohlman, a
Yale pharmacologist and former graduate student in Lefkowitz’s lab from
1982 to 1988. “He rarely travels, never
chaired a department, doesn’t own a
biotech company, doesn’t edit a journal. His important and noble focus has
been on the education of his students. I

always tell my students a mentor
should do three things: inspire, instruct
and inform. He does all these very
well.”
But there’s one thing you’d better
have if you want his attention: Data.
“Bob is sort of a data junkie,” says
Rick Cerione, professor of molecular
medicine at Cornell University and former Lefkowitz postdoc.
Koch concurs, “He’ll talk to you
about anything—rock music, movies,
whatever—but if you really want his
attention, you’d better have some data.
He really, truly gets genuinely excited
when you have a good result, and the
beauty of it is he gets excited every time
you show it to him. I’ve shown him a
result in the lab and then presented it at
a lab meeting, and he gets excited all
over again.… It’s contagious. He really
motivates you.”
Lefkowitz himself has divined the
secret for success in science. “I always
tell my trainees there are four secrets
to success in science: the first is focus;
the second is focus; the third is: You
get the idea.”
He tells the story of a microscope he
bought in medical school. It had been
passed down through several generations of students and was showing its
age. Lefkowitz would be studying his
histology slides and he’d look away to
his notes. When he looked back, the
microscope would be slightly out of
focus.
“I learned after a while just the right
amount of pressure to put on that finetuning knob to hold it in focus, look
away, and—when I looked back—it
was still in focus. That’s what I have to
do with the fellows—exert just this lit-

&
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Data Junkie
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The mid-1970s found Bob Lefkowitz
playing mentor to postdoc (and future
HHMI investigator) Marc Caron.
tle pressure. I find I go out of town for
a week, I don’t talk to a fellow, I come
back, they’re losing their focus! Every
experiment suggests an infinite number
of possibilities. The magic is to see the
path through, to see where there is a
clear space. That’s what I do.”
Lefkowitz makes sure his students not

only stay focused but also focus on big
questions.“Bob has a way of taking
complicated situations and reducing
them to the simplest forms,” says
Dohlman. “His attention is always
focused on one question ahead of the
game. He taught me how to think big.
But the most important thing is that he
helps people so eventually they won’t
need him. He has a way of asking questions instead of dictating answers, so
that any success I’ve enjoyed is my
own.”
Says Lefkowitz, “There is no way to
develop a person’s independent creativity unless they have some room, both to
make mistakes and to develop their
own ideas. Nothing gives more confidence than having an idea and showing
it’s true. In order to let that happen,
you have to let go some.”
But make no mistake, says Lee
Limbird, Lefkowitz’s first postdoc and
now associate vice chancellor for
research at Vanderbilt University
Medical Center, he’s the kind of guy
who you go to with data. What you
learn from him very quickly is that data
are the currency of research. If you go
to a scientific meeting and don’t have
data, you may as well not be there, she
adds.
“The biggest thing Bob taught me
was that sometimes your data look like
garbage, but if the same result comes up
a couple of times the data are telling
you something and you’d better listen,”
says Sheila Collins, a former Lefkowitz
trainee and now associate professor of
psychology and pharmacology at Duke.
Lefkowitz has had a large lab almost
since the beginning. Today he has 30
people working in it, including students,

postdoctoral fellows and technical and
administrative staff. With that many
people, he has to be judicious with his
time. Without data, it can take a while
before you see him. “If I couldn’t get an
audience with him because I was dataless, I would sometimes call him from
next room to get his advice,” Limbird
recalls, laughing.
Of course, everyone has an Achilles’
heel, and former graduate student Rusty
Williams, now at Chiron Corp., says
Lefkowitz’s is lab work: The guy was
not meant for the lab bench.
“Bob took great pride in doing things
himself, but he wasn’t very good in the
lab,” Williams says. One day Williams
was working in the lab trying to isolate
a substance he’d been working on for a
week. He had a homogenate of tissue
and had spun down the solid, trying to
get supernatant, the liquid portion of
the sample. “At this point Bob strode
into the lab and said ‘Here, let me show
you how to decant the sup [supernatant],’” says Williams. He then proceeded to dump the liquid right down
the drain. “My jaw just dropped,” says
Williams. “After that I learned to stay
clear if he came into the lab.”
– KH

More Reading on
HHMI’s Web Site:

Lefkowitz’s Laboratory:
Current Research
www.hhmi.org/science/cellbio/lefkowitz.htm
Lefkowitz and G ProteinCoupled Receptors
www.hhmi.org/annual99/a212.html
Possible Applications for Pain Relief
www.hhmi.org/news/lefkowitz.html
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magine a future when human
cloning

and

other

genetic

manipulation of people is not
only possible, but practiced.

What ethical problems might these
brave new technologies pose? As the
house lights dim and the stage
comes alive at the Boston Museum
of Science, professional actors Steve
Auger and Chandra Pieragostini

CLONES
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by Beth Schachter

Wearing white and black sheep’s noses, actors
Steve Auger and Chandra Pieragostini set the stage
for The Clone Show with the true story of the
cloning of Dolly.
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STANLEY ROWIN

“Wrap it up in any fancy words you please, but you want to make a copy of yourself...,”
actress Chandra Pieragostini tells actor Steve Auger in the one-act play, “The Living Will,”
part of The Clone Show trilogy.
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bloodline by cloning himself—
not once, but many times.
With support from HHMI,
the museum has developed a
novel strategy for complementing and enhancing the science
classroom experience: commissioning professional playwrights and actors to write
and perform plays on ethical
issues of modern science. A
previous production examined
ethical questions raised by the
Human Genome Project. The
actors stage the plays in individual high school science
classes, at the museum or at
their schools.
Participating school groups
study the scientific topics covered in the plays before attending the performance, preparing
“It would be Lili inside. That’s
all that counts,” a grief-stricken
wife tells her husband as they
discuss cloning their dead baby,
in the one-act play, “The New
Birth.”
STANLEY ROWIN

invite Fenway High School students to confront some tough questions. “If you had
died as an infant, would you want your
parents to have cloned you? If you could
design your kids to be stronger, smarter,
more beautiful, would you do it? If you
could give yourself immortality by having
yourself cloned, would you? Should you?”
The Clone Show is a trilogy of one-act
plays written by Boston playwright Jon
Lipsky. In “A New Life,” a couple is
mourning the death of their infant daughter Lili. The wife wants to create a genetic
clone “to give our baby another chance at
life.” The husband objects; creating a
genetic copy of Lili does not ensure that
the new baby would have their departed
daughter’s spirit or soul, he says. He also
argues that the cloned child would bear
an unreasonable burden—fulfilling the
expectations her parents had for Lili. (See
accompanying excerpt.)
Two other plays pose different dilemmas. “The Body Shop” considers the ethical challenges that accompany the ability
to cut and paste embryonic DNA to give
babies a predetermined helping of beauty,
brains or brawn. “The Living Will” presents a man who seeks to continue his

themselves for an informed discussion,
explains Mike Alexander, the museum’s
program manager for science theater. A
spirited exchange among audience and
actors follows each performance.
“A clone of a person wouldn’t be that
person,” one Fenway student observed
after a recent performance of The Clone
Show. “Cloning isn’t for the child; it’s for
the parents,” said another.
The idea of genetic enhancement of
unborn children appealed to a few of the
students. “Why not help them feel good
about themselves?” one asked. But another objected, “It wouldn’t really be my
child; it would be an ideal creation.”
The museum selects actors who are
eager to lead teen discussions on science
and ethical issues, and science advisors
help prepare the actors for their unusual
roles. If someone asks a question that the
actors cannot answer on the spot, they
research it and e-mail a response to the
teacher.

The
first
scene
of of
The
Clone
Show
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called
“The
New
Birth.”
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excerpt,
a husband
and
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argue
about
whether
to to
create
a clone
The
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Clone
Show
called
“The
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this
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a husband
and
wife
argue
about
whether
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a
of clone
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who recently
died. died.
of theirdaughter
infant daughter
who recently
HUSBAND: Are you out of your mind?
WIFE: It would be Lili inside. That’s all that counts.
HUSBAND: Her DNA. Her genetic code. That’s all.
WIFE: That’s enough.
HUSBAND: Margaret, for godsake listen to yourself. Do you really want to go down this road?
WIFE: Don’t you understand? Why doesn’t anyone understand? I just want my baby back.
HUSBAND: It won’t be our baby! You know that! A clone is no different than a twin . . .
WIFE: Yes, a twin.
HUSBAND: But a twin is not the same . . .
WIFE: But a twin is very much the same . . .
HUSBAND: No, they’re different . . .
WIFE: I know they’re different . . .
HUSBAND: They just look alike . . .
WIFE: But they have so many of the same . . .
HUSBAND: But their spirit, their souls, their personalities . . .
WIFE: — The same potential . . .
HUSBAND: — Are completely different . . .
WIFE: I don’t care! And I’m not crazy. I know she wouldn’t be our baby. But at least something of Lili would live on in . . .
HUSBAND: Only in our minds.
WIFE: Yes, in our minds. You want me cursing God for the rest of my . . .
HUSBAND: So you’ll play God, to keep from cursing . . .
WIFE: Don’t you get that superior air. You’re just afraid.
HUSBAND: Afraid?
WIFE: Afraid to keep her memory alive. Afraid to mock death.
HUSBAND: Yes, mocking death scares the hell out of me. When I see you like this . . .
WIFE: Like what?
HUSBAND: Inside your own head. Did you ever think of the new baby? Did you ever think of her?
WIFE: What about her?
HUSBAND: She would always be Lili in your mind. She would always have to live up to your great loss, what a terrible burden . . .
WIFE: No, I would love her. I just want to love her . . .
HUSBAND: Then let Lili go.
WIFE: Nooo . . .
HUSBAND: Let her go.
WIFE: I can’t. I can’t.
HUSBAND: Why not?
WIFE: Because she deserves to make a difference in this world. If she could just have a second chance.
HUSBAND: If you could have a second chance, you mean. Don’t deny it. You just don’t want to deal with your grief. I know, I’ve been
there . . .
WIFE: Oh yeah you’ve been down Donnelly’s every night throwing back a few. That’s where you’ve been, and don’t deny that!
HUSBAND: I-I’m sorry, I’m just trying to clear my mind . . .
WIFE: You deal in your way, I’ll deal in mine.
HUSBAND: You’re right. I-I’m not . . . I can’t stand coming home to this. When
there’s nothing we can . . .
WIFE: But we can do something. . . . All we need to do is sign the papers.
Reprinted by permission © Museum of Science,
HUSBAND: They should never have told you this was possible. They should
Boston/ Jon Lipsky.
never have opened up this door.
WIFE: Why not? We have the power . . .
For more information about this program:
HUSBAND: A terrible power . . .
Boston Museum of Science (www.mos.org)
WIFE: No, just a comfort.
HUSBAND: — Over life and death! Don’t you see? To make a copy of Lili,
For more from Boston playwright Jon Lipsky:
they’re going to have to destroy another life.
“Matters of the Heart,” A Science Theater Play
WIFE: No.
www.pbs.org/wgbh/aso/resources/play
HUSBAND: The potential for another . . .
WIFE: How?
A Guide to Ethical, Legal and Social Issues
HUSBAND: You can’t put her DNA into an egg without taking DNA out. The
(www.nhgri.nih.gov/ELSI/)
DNA of another baby waiting to be born . . .
HHMI Precollege Science Education Program
(www.hhmi.org/grants/precollege)
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The Eyes Have It:
New View of
Cell Death
For big lessons on life and death,
Roderick McInnes focuses his gaze on the
retina. Resting above the optic nerve, at
the edge of the brain, the tiny retina offers
a vantage point for a sweeping view of the
neural landscape. The view, says McInnes,
can be spectacular.
McInnes, an HHMI international
research scholar at the University of
Toronto and the Hospital for Sick
Children, and his colleagues report in the
July 13 issue of Nature a study that started by observing typical cell death in the
retina and ended with a new model of
neurodegenerative disease.
The study began predictably enough:
The scientists knocked out a mouse photoreceptor gene, ROM-1. In humans, a
defective ROM-1 gene is linked to retinitis
pigmentosa, so it came as little surprise

that the ROM-1 mutant mouse cells died.
The proportion of photoreceptors dying,
however, stayed constant, which was a
surprise. Scientists have assumed that
weakened mutant cell populations die
more rapidly as neurodegenerative diseases progress.
This “cumulative damage hypothesis,”
however, could not explain why the
mutant mouse photoreceptor cells in
McInnes’s laboratory were at constant
risk of death during any given time interval. In other words, the ROM-1 mutation
didn’t gradually sicken cells over time.
Instead, it somehow pushed mutant cells
to die at random. A ROM-1 mutant photoreceptor cell seems to work just fine
until the moment it dies.
The scientists called their finding a
“one-hit” model of brain cell death and
went looking for other examples to support their new theory. They didn’t have to
go far. Studying data from their lab and
others, they found evidence for the same
pattern of cell death in 15 other forms of
neurodegeneration, including Parkinson’s
and Huntington’s diseases. To be sure,
McInnes says, each disease is unique, with
WILLIAM K. GEIGER

different mutations striking unique genes
and proteins—but he argues that the numbers hint at a similar process behind these
conditions.
The simplest explanation, he says, is
that a mutation or toxic insult has slightly
upset the cell’s biochemical balance. As
long as the chemical abnormality hovers
below some critical level, the cell carries
on normally. But when the imbalance
momentarily—and randomly—tips past
that level, the mutant cell launches a
genetic program that results in its death.
In a “News & Views” article in the
same issue of Nature, neuroscientist
Nathaniel Heintz, an HHMI investigator
at The Rockefeller University, writes,
“The importance of this elegant study lies
in its implications for therapeutic intervention, and in its demonstration that a common biochemical principle appears to govern cell loss in a broad spectrum of neurodegenerative disorders.”
How might patients benefit? If
McInnes’s model is correct, a diagnosis of
Parkinson’s disease, for example, does not
doom all of a patient’s affected neurons.
Instead, drugs that reverse the biochemical
imbalance might be used to salvage cells
that have been altered but not yet killed
by the disease. The challenge, McInnes
adds, is to take the one-hit model back to
the lab bench, identify the precise biochemical imbalances behind these neurodegenerative conditions, and set about
reversing their effects. No small task, he
concedes.
If the retina offers a window into cell
death, it also offers a peek at early cell
life. Earlier this year, in the March 17
issue of Science, McInnes and others
reported discovering what appear to be
stem cells in the adult mouse eye. In the
future, scientists possibly could coax the
stem cells to grow new photoreceptor cells
for patients with damaged retinas. In the
meantime, McInnes is eager to see what
other life lessons the retina will reveal. H
Kathryn S. Brown
“We have gone way past the age of only
being able to identify the mutant genes
that cause neuronal damage,” Rod
McInnes says. “Now we want to know
what all these genes do.”

Gene Mutation
Upsets Mammalian
Biological Clock
A team of scientists has pinpointed the
cause of a genetic mutation that switches a
hamster’s biological clock to a 20-hour day
from the normal 24-hour day. The discovery offers researchers a new tool for understanding biological clocks in humans, as
well as a target for drugs that control the
biological clock.
In the April 21 issue of Science, Joseph S.
Takahashi, an HHMI investigator at
Northwestern University, and his colleagues reported that they had identified
the enzyme produced by a mutant form of
the circadian gene, tau. Discovered more
than a decade ago, the tau defect was the
first mutation shown to alter the biological
clock in mammals.
Takahashi and Northwestern colleagues
Phillip L. Lowrey, Kazuhiro Shimomura,
Marina P. Antoch and Peter Zemenides
teamed with Shin Yamazaki and Michael
Menaker at the University of Virginia and
Martin R. Ralph at the University of
Toronto to use genetic and biochemical
techniques to find the enzyme altered by
the tau mutation. Menaker and Ralph discovered the tau gene mutation in 1989.
Most mammalian biological clocks operate on a 24-hour cycle that governs sleeping and waking, body temperature, cardiac

output and oxygen consumption. The
clocks’ main components, which are found
in brain cells, are “reset” daily by light and
other stimuli.
Using a genetic mapping and comparative genomics approach in cells from hamsters, mice and humans, the researchers
determined that the mutant tau gene
directs the production of a protein called
casein kinase I epsilon (CKIe)—an enzyme
that had not been associated with the
machinery of circadian clocks in mammals.
Further, they determined that the mutation
causes the substitution of a critical amino
acid that alters the CKIe protein’s ability to
bind to other proteins.
The researchers then set out to find how
this alteration in the structure of CKIe
shortened circadian rhythm. They learned
that the mutation reduced the enzyme’s
biochemical activity. The CKIe enzyme
became slower at phosphorylating proteins
produced by another key circadian rhythm
gene called PERIOD, Takahashi said. In
Drosophila, a circadian gene named double-time (discovered in Michael Young’s
laboratory at The Rockefeller University)
encodes a CKIe homolog that affects the
turnover of the PERIOD protein. The hamster tau mutation thus appears to accelerate a portion of the circadian cycle—in this
case, changing the hamster’s circadian
rhythm to 20 hours.
This discovery offers an unprecedented
opportunity for developing drugs to control the biological clock in humans, according to Takahashi. Although scientists have

identified nine genes that govern circadian
rhythms, eight of them are regulators of
gene transcription, which are difficult drug
targets. “This circadian gene is the only
one that produces an enzyme, which is a
lot easier to use as a drug target,” he said.
“Such drugs could conceivably shift a person’s biological clock, enabling that person
to more readily adapt to changing schedules due to travel or shift work, for example.” More speculative, Takahashi said, is
whether rhythm-altering drugs can be used
to treat seasonal affective disorder, a type
of depression that strikes people during the
winter when there is less natural light.
The discovery also will enable
researchers to study the kinetics of circadian rhythms. “Right now, we can draw
these nice diagrams of how the system
works, but we don’t have any sense of the
rates of the process,” Takahashi said. “We
now have CKIe as a target regulatory
enzyme that we can study to learn what
makes the clock go faster or slower in
mammals.” H
Dennis Meredith

Joseph S. Takahashi and fellow
HHMI investigator Michael
Rosbash will present HHMI’s
2000 Holiday Lectures on Science
on December 4 and 5, discussing
“Biological Clocks.” For details,
see the inside back cover.

WILLIAM K. GEIGER (3)

International
Scholars Meet
in Maryland

Researchers from São Paulo to St. Petersburg gathered
at the Institute in June for a four-day scientific meeting. HHMI’s international research scholars attended
from 17 countries in the Americas and Europe.
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HHMI researchers have identified two
molecular switches that stimulate programmed cell death induced by ultraviolet (UV) light. Programmed cell death,
also called apoptosis, is executed during
development to eliminate unneeded cells
or cells that have been damaged by
stresses, such as radiation or oxidation.
If apoptosis is not working properly, cancer, autoimmune diseases or neurodegenerative disorders may arise.
In an article published in the May 5,
issue of the journal Science, HHMI
investigator Roger J. Davis and colleagues at the University of
Massachusetts Medical School in
Worcester reported that embryonic
mouse fibroblast cells lacking the genes
Jnk1 and Jnk2 survived lethal doses of
UV radiation. HHMI investigator
Richard A. Flavell and colleagues at Yale
University aided in developing the Jnkmutant mice.
The Jnk genes code for proteins called
c-Jun NH2-terminal kinases (JNKs)—
enzymes that switch on other enzymes.
Earlier studies by Davis and his colleagues showed that disrupting another
member of the Jnk gene family, Jnk3,
protected brain cells from apoptosis
induced by chemical stress.
“While we could show that the Jnk
gene found in neurons was part of the
apoptosis pathway, we had much more
difficulty extending that finding to other
cells,” said Davis. “The problem was
that other cells possess the closely related
genes, Jnk1 and Jnk2, and knocking out
only one gene produces no detectable
effect. On the other hand, knocking out
both genes causes death very early during
embryogenesis.”
It took the scientists five years to
solve the problem, and they did that by
learning how to isolate and culture
mouse embryonic fibroblast cells that
lacked both genes. “By showing that
these fibroblast cells were nearly completely protected from the effects of UV
radiation, we clearly established that the
Jnk genes are part of the stress-induced
40
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apoptotic pathway throughout the
body,” Davis said. “What’s more, we
were able to take this finding a step further and establish how JNK fits into the
apoptosis pathway discovered by
Xiaodong Wang.”
Wang, an HHMI investigator at the
University of Texas Southwestern
Medical Center at Dallas, discovered
that the release of the energy-carrying
molecule cytochrome c from a cell’s
mitochondria is the key molecular
event that triggers cell death. Mito chondria are the energy-producing
powerhouses of the cell and scientists
believe that mitochondria contain the
cell’s “sensors” that trigger apop tosis.

Biochemical studies by Davis and his
colleagues revealed that JNK-deficient
cells exposed to UV light failed to release
cytochrome c from their mitochondria.
“Finding that JNK was necessary for
proper functioning of the cytochrome c
pathway was something we had not
anticipated,” said Davis. “It’s important
because JNK’s role in apoptosis had been
controversial. This finding serves to fit
JNK into an established apoptosis pathway.
“While we have much more work
ahead to identify the relevant molecular
mechanisms, this finding provides a critically important framework for future
experiments,” said Davis. “It also provides an extremely good opportunity for
the development of drugs to turn apoptosis on or off.” H
Dennis Meredith

STANLEY ROWIN

N E W S

Programmed cell death eliminates unneeded or damaged cells. Roger Davis’s research
team has discovered two molecular switches that stimulate programmed cell death.

instance, to see a four-dimensional view
of a plant that covers all the details from
when the seed germinates to when the
next-generation seeds fall off the mother
plant,” Chory said. “And we’d like to be
able to stop the process at any phase in
the plant’s life cycle and see which
proteins are expressed and how they
interact.”
A fundamental understanding of
Arabidopsis will be widely useful, she
added, because most of its genes are
found in every other type of plant. “Any
discovery in Arabidopsis will be very
easy to apply to any other plants, such as
crop plants or medicinal plants,” Chory
said. “Thus, these studies will either
have very powerful predictive value or
will even enable scientists to insert an
Arabidopsis gene directly into a crop
plant or manipulate the crop plant
gene.” Studies of Arabidopsis also will
aid more general understanding of
biological principles. For example,
researchers will be able to study
phenotypic plasticity—how organisms
alter their genetic expression in response
to the environment.

"Virtual Plant"
Is Goal of The
2010 Project
Second Green
Revolution Needed

Dennis Meredith

Joanne Chory says that sequencing the genome of Arabidopsis would be only the first
step of a project that helps explain how plants develop and function.
MARK HARMEL

A group of plant biologists has proposed a
major multinational effort—to construct
by 2010 a “virtual plant” that can be used
to examine every aspect of plant
development.
“The goal of The 2010 Project is to
understand all of the genes of
Arabidopsis,” said Joanne Chory, an
HHMI investigator at The Salk Institute
for Biological Studies. “This is the only
way we are going to understand what
makes a plant a plant.” Chory and Joseph
Ecker of the University of Pennsylvania
were cochairs of a planning workshop for
The 2010 Project that was held at Salk in
January. The organizers of The 2010
Project published a working draft of the
proposal in the June 2000 issue of the
journal Plant Physiology.
Sequencing the genome of the plant
Arabidopsis thaliana is only the first step
of the project. As with the recently
completed draft of the human genome, the
next challenge will be to understand how
all plant proteins function and interact,
Chory said. Arabidopsis, a member of the
mustard family that also includes cabbage
and radish, is the laboratory mouse of the
plant kingdom. Like the mouse,
Arabidopsis is small, prolific and easily
grown. Arabidopsis has the smallest
known genome of any flowering plant, and
researchers already have an array of tools
available for use in plant genetic studies.
The ambitious effort emphasizes the
importance of training scientists and of
continuing to develop research tools.
Another goal of the project is to produce a
complete “wiring diagram” of all the
biological pathways of Arabidopsis by
2010. The result will be, in essence, a
“clickable” plant that researchers can
scrutinize by computer. “We’d love, for

“Plants more than almost any other
organism change their development in
terms of their environment,” Chory
said. “And since they are easily
manipulated, we can begin to ask some
very fundamental questions about the
effects of the environment on plasticity.
Asking these questions in plants will
yield techniques that can be applied to
other organisms, including animals.”
The Arabidopsis studies also will be
coordinated with research on critically
important crop species, such as rice, to
avoid duplication and to provide basic
knowledge that can be applied to
agriculture.
“We need another Green Revolution
in the next 50 years,” Chory said.
“Since we’ve already achieved much of
the productivity increase we can
through traditional breeding, we will
need to use transgenic technology to
take the next steps in domesticating
wild species and producing higheryield, more nutritious crop plants.” H
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A Model for
Finding Heart
Problems Faster

Chest pains may send someone to the
emergency room, but what happens if the
electrocardiogram fails to detect a problem? The person may, in fact, have heart
damage caused by insufficient blood flow

(ischemia) that is too subtle for current
machines to identify. Eventually, 5 percent of such patients do suffer heart
attacks, some of which could be prevented by earlier detection.
What’s required is a computer model of
miniscule changes in the electrical activity
of cells damaged by ischemia. Armed
with such a model, doctors and others
who read ECGs could spot the minute
changes that are harbingers of trouble.
Biomedical engineers at The Johns
JAY VAN RENSSELAER

Feasting on Carbs
Cut back on carbohydrates? That’s what
some recent diet book authors say, but
it’s not what you’ll hear from Jamey
Marth. He’s a connoisseur of carbohydrates—specifically, of the role that tiny
variations on their surfaces play in guiding the flow of information within the
body. Marth, an HHMI investigator at
the University of California, San Diego, is
studying how changes in the shapes of
carbohydrates and other sugar chains, or
glycans, affect interactions between cells
and, when distorted, lead to disease.
Marth describes glycobiology as “a
frontier and emerging area of biomedical
research,” a scientific feast that’s involved
in everything from protein folding to
42
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Hopkins University are deep into this
research, and they are doing it with the
help of undergraduates. Their work is at
the intersection of biology, mathematics,
computer science and engineering—and it
is proving to be a valuable experience for
students like Mahesh Shenai. Shenai tackled the problem of detecting subtle signs
of ischemia with support from an HHMI
undergraduate grant to Hopkins. His
work contributed to the development of
the computer model. Indeed, he coauthored an article on the findings, with his
faculty advisers Boris Gramatikov and
Nitish V. Thakor, that was published in
the December 1999 issue of the Journal
of Biological Systems. Thakor is a professor in the department of biomedical engineering, where Gramatikov is a research
associate.
“This research gave me an opportunity
to do work that proposes novel ideas,”
says Shenai, who is now a first-year student at the University of Michigan
Medical School. H
Anne Haddad

Mahesh Shenai (right), a student at The
Johns Hopkins University, helped Nitish
Thakor develop a computer model for
detecting heart problems.
microbial infection. Yet he says it’s also
relatively undiscovered, attracting fewer
students than some hot research fields.
That’s one reason why Marth, whose
own research ranges from signal transduction to immunology, recently joined with five
other scientists to produce the
first-ever textbook on the field—
The Essentials of Glycobiology,
published by Cold Spring Harbor
Press. He hopes the book will spur
more students and young scientists to
sample the topic. Contributor John
Lowe, an HHMI investigator at the
University of Michigan, agrees, saying “A
lot of students come to the lab with a
naïve perspective on glycobiology. A
book like this makes it so much easier to
bring them up to speed.” H
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HHMI Grants

Lab on
Wheels

Awards and Competitions
Undergraduate Biological Sciences
Education Program
Fifty-three colleges and universities in 22
states and Puerto Rico have received new
grants totaling $50.3 million from HHMI.
Ranging from $700,000 to $1.7 million,
the awards will help schools that grant
bachelor’s and master’s degrees respond to
a surge in enrollments in the biological
sciences, as well as to the rapid advances in
molecular biology, genetics and related
disciplines. The grants will be used to
expand and update laboratories, recruit
faculty members and provide research
opportunities for undergraduates. The
latest round of grants brings to $476
million the total awarded to 232 colleges
and universities in 47 states, the District of
Columbia and Puerto Rico since the
program began in 1988. See list of grants
at www.hhmi.org/news/070600.html.
International Research Scholars Program
Research scientists in 20 countries have
received five-year grants totaling $15
million in an HHMI initiative that focuses
on infectious disease and parasitology. The
scientists will seek new ways of combating
microbial and parasitic diseases—global
problems that have been exacerbated by
international travel and growing antibiotic
resistance. Scientists from 40 countries were
nominated, 139 of whom applied for a
grant. A panel of distinguished scientists
reviewed the applications and
recommended awards to 45 researchers.
See list of grants at
www.hhmi.org/news/072600.html.
GrantsNet
A three-year $1.35 million grant will enable
GrantsNet, the American Association for
the Advancement of Science’s online
database of graduate funding opportunities
in the life sciences, to offer a similar
database for undergraduate science
funding, to be launched in September 2000.
The Institute developed the GrantsNet
database and launched it on Science’s Next
Wave Web site in March 1998. HHMI

Montgomery County (Md.) high
school students learn molecular
biology laboratory techniques
and lab safety at the traveling
benches of Boston University
School of Medicine’s MobileLab.
A 40-foot-long bus fitted out as
a molecular biology lab,
MobileLab spent a day on
Capitol Hill in June, while
Maryland students who had
participated in HHMI-supported
research internships at the
National Institutes of Health
demonstrated experiments for members of Congress and the public. The bus spent
the next day at Walter Johnson High School in Bethesda, Md., where students and
teachers training for this year’s internships learned lab techniques. MobileLab is
supported in part by an HHMI precollege science education program grant.
and the Burroughs-Wellcome Fund also
support the Next Wave Career Development
Center, a Web site offering career advice for
postdoctoral fellows and junior faculty,
which launched in the fall of 1999. See
GrantsNet at www.hhmi.org/grants/
grantsnet.htm; Career Development Center
at nextwave.sciencemag.org/feature/
careercenter/shtml.
Predoctoral, Medical Student Fellowships
Ninety-two graduate students and 53
medical students have received new HHMI
fellowships. Since 1988, the Institute has
awarded $124 million to 894 predoctoral
fellows from the United States and 41 other
countries. Since 1989, when research
training fellowships for medical students
were first offered, the Institute has awarded
a total of $27 million to 870 medical
students from the United States and 17 other
nations.
See list of awards at www.hhmi.org/
news/060900.html.

New Competitions
International Research Scholars-Canada and
Latin America
HHMI will award $16.25 million to support
biomedical scientists in Canada and five Latin
American countries: Argentina, Brazil, Chile,
Mexico and Venezuela. This is the third round
of awards to scientists in the Americas. The fiveyear grants will range from $50,000 to $90,000
annually. The deadline for applications is
November 15, 2000, and awards will be
announced in December 2001.
Precollege Science Education-Museums/Informal
Science Education
HHMI has invited 800 museums and other
centers of informal science education in the
United States to compete for grants totaling $12
million. The grants will support programs that
stimulate enthusiasm for science, particularly
among young people and their families. Awards
will be announced in July 2001. H
Jennifer Boeth Donovan
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Protein Design
Pushes Limits of
Computing
“It started in the late 1970s, when I
was in high school,” says protein
designer Stephen Mayo, looking back
on how he began his epic quest. “I
was always very interested in computers and math—but also in architecture, structures and how things were
built. So when I went to college at
Penn State, I took some chemistry and
biology courses and I thought,
‘Wouldn’t it be fun to design protein
molecules the way people design cars,

1

MARK HARMEL

F R O M

a more stable protein to hold it.”
Mayo has been mounting a full-scale
attack on protein design for more than
a decade. “There are two fundamental
difficulties,” he says. “One is to understand and describe the forces that
shape the molecule. If we were designing a bridge, we’d have to know about
gravity, the strength of steel and so on.
But since we’re designing proteins, we
need to know about a whole list of
chemical interactions.” For example,
all proteins are made of smaller molecules called amino acids, which are
linked like pearls in a necklace. But the
necklace is never straight. Instead,
some stretches like to coil up in a
helix, while other stretches prefer to
form two-dimensional sheets. And

Define the biological forces that cause a string of amino acids to
fold into a unique shape, like a precisely tangled telephone cord.
or bridges, or airplanes?’”
Well, yes, it would—just like it
would be fun to climb Mount Everest
or land on the moon. Even then, says
Mayo, an HHMI investigator at the
California Institute of Technology, he
knew that designing proteins that do
not exist in nature was going to be
horrendously difficult. But if he could
do it, then he could have a tremendous impact on human health.
“Almost all the compounds used in
biotech today are derived from natural
proteins,” he explains. “But natural
proteins are not designed to be used
as therapeutic agents. Insulin, for
example, is heavily used to treat diabetes in industrialized countries. But
its use is pretty spotty in developing
nations. And one of the reasons is that
insulin is not very stable; it won’t last
long unless kept in a refrigerator—
which may be the last thing you can
afford if you live in sub-Saharan
Africa. Well, we could eliminate that
problem if we could isolate the therapeutic core of insulin, and then design
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then there’s the fact that amino acids
with positive or negative electrostatic
charge prefer to be on the outside of
the protein, where they can be in contact with the surrounding water molecules, whereas amino acids that are
electrically neutral prefer to be on the
inside of the protein, as far away from
the water as they can get. “All these
forces need to be described in some
way,” Mayo says.
Second, he says, “Even if we had a
perfect description of the forces, we’d
still face a huge computational challenge.” What scientists need to find is
a chain of amino acids that will fold
up to produce the protein structure
they want. But the body uses 20 different amino acids. So to find that
chain, researchers have to look at 20
possibilities for the first amino acid,
20 possibilities for the second, 20 for

2

the third, and so on for every position in the chain—and most proteins
are at least 100 amino acids long.
“That’s already 20100 possibilities,
minimum,” says Mayo—a number
that vastly exceeds the number of
protons, neutrons and electrons in
the observable universe.
The solution is to search cleverly,
he says. Instead of asking a computer
to search through every possible
sequence, scientists need to use their
knowledge of existing proteins to
find shortcuts: rules of thumb that
will help the computer focus on the
most promising sequences. “It’s very

“Spec out” the molecule you want to produce, such as for a new
drug. Then use high-powered computers to predict the sequence of
amino acids most likely to fold into the desired shape.

3

Test the prediction by assembling the sequence of amino acids in a
laboratory to see if it folds correctly. If not, note the discrepancies
and use them to improve the procedure.

Stephen Mayo combines biological
insights with high-powered computers to
design new kinds of proteins.

computer they’re designing for biological computations like this one.”
A third challenge comes after the
computer eventually delivers an
amino acid sequence. The sequence
needs to be tested in a modern
biotech lab to see whether it folds
into the desired three-dimensional
molecule. And because the result is
never quite what’s expected, says
Mayo, “we go back and use any difference between our prediction and
the real protein to improve our procedure at each step.”
In sum, he says, protein design is
tough, demanding expertise in math,

theory, computation, biotechnology
and molecular biology—all at once.
Not until 1997 did he and his team
succeed in designing even a smallish
protein of 28 amino acids.
But though the job is daunting, for
Mayo that’s what makes protein
design so exciting. “I think this is the
wonderful thing about modern science,” he says, “and one of the big
opportunities for young people in science: to get broad training, with theory, computation, experiment and all
the rest, rather than being very narrow.” H
M. Mitchell Waldrop

similar to the problem of finding a
good chess move, based on your
knowledge of existing games,” he
says. “In fact, that’s how IBM was
able to program its Deep Blue computer to beat Gary Kasparov in
1997.”
Even then, Mayo adds, you still
have to do a lot of computing.
“Today, we use a computer from
Silicon Graphics that has 32 processors running in parallel, and we’re in
the process of buying a 128-processor computer from IBM. We’re also
negotiating with IBM to run our programs on Blue Gene, the ultrafast
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Biology in a Box

Teachers are busy. They may have to
prepare lessons and grade homework for
five classes of 30 students each day—not
to mention coaching the volleyball team
and advising the science club. So a typical
kit must contain lesson plans, overheads
and background material that teachers
can use “as is” or modify as needed.
In Seattle and elsewhere, teams of
scientists and mentor teachers develop the
kits, test them and then participate in

By Barbara Berg

Think the supply budget’s tight in an
academic research laboratory?

Many teachers receive less money
per student for an entire year than it
costs to buy a pizza.
In some Seattle public schools, this
means less than $4 for each student.
That’s why the Fred Hutchinson
Cancer Research Center—the
“Hutch”—assembles kits like this
one, which it fills with equipment
and loans to local teachers so their
students can run gels, clone DNA or
carry out experiments. Other
biomedical research institutions
across the country sponsor similar
programs, many of which — like
those described here — receive
support from HHMI.
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Try a high school science classroom.

summer workshops where they train
teachers how to use them. Once school
opens, participants can receive additional
assistance by telephone, e-mail or classroom
visits. Teachers in Seattle say that one of the
main benefits of this approach is that, in
addition to receiving new classroom
resources, they get to know experienced
research scientists and other volunteers,
including postdoctoral fellows, technicians
and graduate students.

Stocking kits with consumable supplies like
tubes, pipette tips and solutions is tedious
yet essential, requiring a high level of
quality control. The Department of
Biological Sciences at the University of
Pittsburgh customizes its kits with just the
right amount of supplies for every new
classroom, as do programs in Seattle,
Alabama and elsewhere. The Hutch packed
314 kits for use by 115 teachers in the
1998–1999 school year; Cornell packed
283 kits during the 1999–

2000 school year. The supplies must include
even commonplace items like graph paper
and marking pens, which students use to
record data. Without such supplies, a lesson
may falter. Typically, research institutions
lend their kits to teachers for about two
weeks, which makes precise scheduling
necessary. Teachers in the University of
Pittsburgh program sign up for kits by
telephone throughout the school year; in
Seattle, they participate in an annual “kit
sign-up day” each fall.

Many kits feature research-grade
materials that are far too costly for a
typical school budget. The kits developed
by Alabama’s BioTeach program for
teaching students how to duplicate DNA
fragments through the PCR technique, for
example, cost as much as $20,000 apiece.
Micropipettes and gel electrophoresis
boxes included in other kits are also
expensive. Isn’t it risky to put such
equipment into the hands of teenagers?
Apparently not. The Hutch has been
loaning equipment for a decade and has
lost only one micropipette. Students
handle the equipment responsibly,
especially since there’s enough for
everyone to use in small groups.

Glass test tubes and micropipettes can
break easily–especially if loaded onto a
pickup truck and transported across a
snow-swept mountain pass to a school
in Washington. The Science Education
Partnership at the Hutch uses creative
packaging to minimize the damage to
its kits, packing DNA samples and
enzymes into insulated containers to
survive long drives. The sturdy green
crates are easy to carry, don’t weigh
much and can survive dozens of trips...
even an occasional classroom flood.
Teachers arrange to pick up kits on
their own, after they’ve been trained
how to use them. Some other programs
around the country, such as BioTeach
at the University of Alabama at
Birmingham, use a courier service to
deliver the kits to teachers. Regardless
of how kits are delivered, it’s essential
that they contain everything a teacher
needs for a lesson, whether it is on
DNA electrophoresis, bacterial
transformation or some other topic.
Some institutions, like Cornell
University, loan everything from
microscopes to heart models. H
Barbara Berg is a science writer at the
Fred Hutchinson Cancer Research Center,
whose Science Education Partnership is
featured at www.fhcrc.org/education/sep.
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When 3,000 employees work in labs and
offices from Maine to California, how do
you create a community that shares an
identity and works smoothly toward common goals? At HHMI, Sherry White and
Pam Phillips are working on the answer.
White is the director of special projects
and planning in HHMI’s Science
Development department. Phillips, her
counterpart in the Biomedical Research
department, is HHMI’s director of
research operations.
“We’ve operated as islands,” Phillips
says, defining the challenge succinctly.
“Now it’s time to build a cooperative culture where people help each other during
times of crisis, work together toward
mutual goals and keep each other
informed.”
“It’s particularly difficult to find ways
to create and maintain an HHMI identity
among a workforce that is so scattered,”
adds White.
While White works at the policy and
planning level with David Clayton,
HHMI’s vice president for science development, Phillips is busy building bridges
from island to island. Working with
Gerald Rubin, vice president for biomedical research, she is trying to link more
closely the field offices and the labs they
support, both to each other and to HHMI
headquarters in Chevy Chase, Md.
Phillips has established cross-departmental teams to work together on projects that involve them all. “That’s how
you build consensus,” she explains. “You
get more buy-in, as well as a better product.” She’s also appointed a research
operations manager and a project and
process manager who work at HHMI
headquarters, as well as three associate
directors in the field who provide a dayto-day link between the sites and headquarters.
“The field offices are at the very heart
of what we do,” says Phillips. “We need
48
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Pulling Together a
Nationwide Team

Sherry White (left) and Pam Phillips are working to strengthen the HHMI community
across the country.
their input, and we want to help them
understand what HHMI as an organization is trying to accomplish. I see the
associate directors as facilitators, helping
all that to happen.”
White and Phillips agree that communication is the key to accomplishing their
goal. “If you want to help people do
things differently and do them better, then
clear, two-way communication is the only
solution,” says White. Adds Phillips, “We
need to go beyond memos to forums for
discussion, regional meetings, conference
calls, mentoring.” To open those lines of
communication, Phillips has been visiting
field offices, explaining the expectations
of HHMI leadership, answering questions and taking note of concerns.
“Secrets have no place in a cooperative
culture,” she says.
When Phillips talks about cooperation,
she is speaking from experience. She cites
the day that Duke University—and the
HHMI office of administrative services
(OAS) that she headed there—was buried
under 20 inches of snow. Duke shut
down for four days, but HHMI labs
throughout the South continued running
smoothly because HHMI’s office at
Vanderbilt University Medical Center in

Nashville stepped in to fill the gap.
A graduate of the Boston University
Graduate School of Management, Phillips
is no stranger to administrative reorganization, having served on a team that
redesigned MIT’s administrative processes. Neither is White. While working for
the National Institutes of Health’s
Division of AIDS, she participated in several project teams that planned and
implemented changes involving everything from management and operational
activities to workplace culture. White also
brings years of experience in managing
laboratories.
“I like to work at the big-picture
level,” explains White, who holds a doctorate in policy analysis from the
University of Maryland, Baltimore
County. Recently, she’s spent much of her
time staffing the President’s Strategic
Planning Group as it reviews the operations of HHMI headquarters departments. She’s also developing procedures
to help HHMI’s leaders respond quickly
to new scientific opportunities. The complexity and size of the assignment is “a
big challenge, but an exciting one,”
she says. H
Jennifer Boeth Donovan
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Everything You Always
Wanted to Know . . .
www.hhmi.org/about

HHMI’s Web site features a new introductory section that answers
common questions about the Institute. Curious about HHMI investigators? Interested in the grants programs? Looking for financial information or a specific department? Here’s where to start.

Training Basic
Biomedical and
Clinical Researchers
How can private foundations and organizations such as HHMI help ensure that
future biomedical scientists get the training
they need?
Earlier this year, HHMI convened a
meeting with the American Cancer Society
and the Burroughs Wellcome Fund where
representatives from government, academia, philanthropy and elsewhere discussed
how the private sector can be most effective. The meeting, at HHMI headquarters
in Maryland, also examined related ethical
and other issues.
A new report on the meeting, The Role
of the Private Sector in Training the Next
Generation of Biomedical Scientists, is
available online at HHMI’s Web site
(www.hhmi.org). The printed report can
also be ordered from the publication menu
on the homepage.
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