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Max D. Cooper, an HHMI investigator
at the University of Alabama at
Birmingham, received a Lifetime
Achievement Award from the American
Association of Immunologists for his
research on the development of the
immune system.

Peter Cresswell, an HHMI investigator at
Yale University, was named a fellow of
the Royal Society, the United Kingdom’s
national academy of science.

HHMI investigators Edward M. F. De
Robertis, University of California, Los
Angeles; Stanley J. Korsmeyer, DanaFarber Cancer Institute; Douglas E.
Koshland, Carnegie Institution of
Washington; and Jeremy Nathans, The
Johns Hopkins University, were elected
to membership in the American Academy
of Arts and Sciences. The academy is an
honorary society that recognizes achievement in the sciences, arts and humanities.

Ronald M. Evans, an HHMI investigator
at The Salk Institute, received the 2000
Bristol-Myers Squibb Award for
Distinguished Achievement in Metabolic
Research. Thomas M. Jessell, an HHMI
investigator at Columbia University, won
the 2000 Bristol-Myers Squibb Award for
Distinguished Achievement in Neuroscience Research. The awards were presented in September.

Bonnie Kaiser, HHMI Science Outreach
program director at The Rockefeller
University, received a distinguished service award from The University of
Chicago Division of Biological Sciences
for her work in K–12 science education.

Stanley J. Korsmeyer, an HHMI investigator at the Dana-Farber Cancer
Institute, won the Louisa Gross Horwitz
2
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Prize, which is awarded annually by
Columbia University to recognize outstanding research in biology or biochemistry. Robert Tjian, an investigator at the
University of California, Berkeley,
received the prize in 1999.

Robert J. Lefkowitz, an HHMI investigator at Duke University Medical Center,
received the annual Novartis-Drew Award
in Biomedical Research. He also won
the Fred Conrad Koch Award, the
highest honor given by the Endocrine
Society, for his contributions to
endocrinology.

Roderick MacKinnon, an HHMI investigator at The Rockefeller University,
received the Lewis S. Rosentiel Award,
given annually by Brandeis University to
recognize distinguished basic medical
research.

Michael A. Marletta, an HHMI investigator at the University of Michigan
College of Pharmacy, was named
Michigan Scientist of the Year. A professor of biological and medicinal chemistry, he focuses his research on signaling
pathways and energy metabolism in
cells.

Brian W. Matthews, an HHMI investigator at the University of Oregon, won the
2000 Stein and Moore Award, the
Protein Society’s highest honor, which
recognizes lifetime contributions to the
study of proteins.

Nikola P. Pavletich, an HHMI investigator at Memorial Sloan-Kettering Cancer
Center, received the Cornelius P. Rhoads
Memorial Award from the American
Association for Cancer Research. The
annual award recognizes outstanding
contributions to cancer research by a scientist under the age of 41.

Michael F. Summers, an HHMI investigator at the University of Maryland,
Baltimore County, received a
Presidential Award for Excellence in
Science, Mathematics and Engineering
Mentoring. The awards, given to 10
individuals and 10 institutions, are
administered and funded by the National
Science Foundation. Humboldt State
University in Arcata, California, received
one of the institutional awards. The prize
recognized the university’s Indian
Natural Resources, Sciences and
Engineering Program, which, with
HHMI support, works to recruit and
retain Native American students in the
natural sciences.

Shirley M. Tilghman, an HHMI investigator at Princeton University, won the
American Society for Cell Biology’s
Woman in Cell Biology Senior Award.
She also received this year’s Mellon Prize
from the University of Pittsburgh.

Xiaodong Wang, an HHMI investigator
at the University of Texas Southwestern
Medical Center at Dallas, received the Eli
Lilly Award from the American Chemical
Society and the Schering-Plough Award
from the American Society of
Biochemistry and Molecular Biology.
Peter J. Bruns, professor of genetics at
Cornell University, is HHMI’s new vice
president for grants and special programs.
He will head the Institute’s grants program, which awards more than $100
million annually, primarily to support
science education efforts across the country. Bruns gained a national reputation at
Cornell for his efforts to expand research
opportunities for undergraduates and
assist high school science teachers. He succeeds Joseph G. Perpich, who left HHMI
in October after serving for 13 years.
The Bulletin will publish a story about
Bruns in the next issue.
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s the new year begins, I’ve been keeping my eye on four
trends that seem likely to affect the course of science and
universities. All are significant not just for biology but
also for science and society generally.
The first is the extraordinary impact that technology is having
on biological and biomedical research. Advances in computing
and imaging, for example, are likely to continue to have a transforming effect on biology—no small feat for a discipline that’s
already celebrated as having undergone a revolution. Several
universities have announced plans for new centers in genomics,
molecular medicine and related fields, and the challenges they
face go beyond raising money or designing new laboratory
space. They also need to recruit expert faculty members, create
new undergraduate courses and graduate programs, and establish new relationships with industry. Most important, perhaps,
they must find ways to make their departments and bureaucracies more nimble in the face of change. Keeping ahead of the
technological curve will be costly and difficult, and those in
charge must balance these needs with others. Our Institute has
assisted academic institutions with a variety of grants programs
and through our recent competition for investigators in the area
of computational biology, but this is a tiny fraction of what’s
needed. In the face of rising costs, universities and others will
benefit by working together in new ways to establish facilities
that none can afford alone.
The second trend is the growing importance of teamwork in
science and the need for our educational system to adapt accordingly. Biology is rooted in a tradition of individual researchers
running small laboratories, but financial and technological realities, and the interdisciplinary demands of the science itself, are
beginning to change this, as can be seen with the Human
Genome Project and the growing lists of authors on papers in
other areas of biology. Teamwork is now an essential skill, yet
when it comes to graduate education, universities continue to
award doctoral degrees and other recognition almost entirely on
the basis of individual work. We certainly want young scientists
to develop and prove their technical and intellectual skills, but
we also need to know they can work with others, especially if
they are entering a field such as genomics where they are likely
to join a large team. Biology thus faces a conundrum familiar to
other disciplines and much of corporate America: how to nurture and reward personal achievement in a group context.
A third trend is the innovative approaches that colleges and
universities are adopting to integrate education with research.
This has long been one of the great strengths of our country’s
scientific system, but more at the graduate level than at the
undergraduate level. Over the past decade, however, with support from HHMI and other organizations, hundreds of colleges
and universities have begun expanding the opportunities for
undergraduates to carry out research and to interact with scientists. They have shown that it is indeed possible to enable large
numbers of undergraduates to do science instead of just
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memorizing facts in a classroom.
Such experience is vitally important even for students who do
not become scientists since they,
too, need to learn to keep an
open mind, evaluate evidence,
form conclusions and maintain a
healthy skepticism regarding
those conclusions—essential skills
in a democratic society.
Finally, biology is stretching old disciplinary boundaries, as
well as national borders and social differences. Researchers are
combining fields such as, say, immunology and neuroscience in
productive ways and finding fertile ground where biology meets
mathematics, physics, chemistry, engineering and even astronomy.
They also are dealing with ethics, politics, business, journalism
and other concerns, which is why it is so important for science
students to venture out of the science building for a portion of
their education. Similarly, science is invigorated by international
collaborations. However, we have too few opportunities for true
global partnerships among equals, which has led HHMI to
support international scientists in their home countries in places
such as Eastern Europe, Russia and Latin America, where outstanding potential is constrained by limited resources and, in
some cases, by government disinterest. Along the same lines,
although women now receive more than half of our country’s
bachelor’s degrees in biology, African Americans, Hispanics and
Native Americans are still represented at disproportionately low
levels, especially when it comes to faculty positions. There are
now a number of successful models for increasing the retention
of underrepresented minorities in the sciences, and it is time to
implement such programs more broadly.
Since becoming president of the Institute in January 2000, I’ve
been struck by how widely these four trends appear to be taking
hold. From Maine to Hawaii, scientists and universities are
searching for ways to keep up with rapid technological change,
promote new kinds of teamwork, better integrate research and
education, and break down old barriers of disciplines, nationhood and ethnicity. All of us within the science and education
community need to learn from one another and work together,
especially on problems whose solutions lie beyond the scope of
individual campuses. HHMI, with its nationwide and international perspective, will continue to search for ways to contribute
to this process.
PAUL FETTERS
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Cold Spring Harbor Laboratory
Cold Spring Harbor, N.Y.
Bioforms, DNA Sequence Server
High school students use computer-based
tools to apply DNA data to biological
mysteries such as The Mystery of the
Romanovs, in which they determine
whether bones found in a Russian mass
grave are those of the executed Russian
royal family (see related story, page 38).
On the Web: vector.cshl.org/bioservers/
Contact: David Micklos
(516) 367-7240
micklos@cshl.org
Montgomery County Public Schools
Educational Foundation
Rockville, Md.
Having Fun with DNA
Middle school students learn to solve
science mysteries using everyday
materials such as foods found in a
school lunchbox.
Contact: James Laws
(301) 929-2175
james_laws@fc.mcps.k12.md.us
University of Alabama at
Birmingham
BioTeach
Birmingham high school teachers
learn genetics and molecular biology techniques, including DNA extraction and
analysis and gene cloning. They develop
hands-on experiments for their students,
supported by kits. They also bring classes
to work in laboratories at a city science
center.
On the Web: main.uab.edu/
show.asp?durki=11315
Contact: Stephen Hajduk
(205) 934-6033 shajduk@bmg.bhs.uab.edu

University of Cincinnati College
of Medicine
Saturday Science Academy
Middle school students and partners from
their families learn about blood typing
and DNA as well as about using physical
evidence and forensic pathology to solve
crimes.
On the Web: www.med.uc.edu/meded/
admissions/summerenrich.cfm
Contact: Roberta Handwerger
(513) 558-0693
Roberta.Handwerger@uc.edu
University of Maryland, College Park
Jump Start
Teams of high school students analyze
forensic evidence in dollhouse mockups of crime scenes.

KIRK BOONE

The Chicago program is a model for
teachers and organizations interested
in creating science experiences that
grab children’s attention, but it is far
from the only one to use forensics or
DNA analysis as teaching tools. The
following programs, all supported by
HHMI grants, provide a sample of
other approaches.

On the Web: www.life.umd.edu/hhmi/
Programs/jspd.html
Contact: Kaci Thompson
(301) 405-3353
kt21@umail.umd.edu
University of Utah School of
Medicine, Salt Lake City
Natural History of Genes/
Day in the Lab
Youngsters and adults learn to extract
and analyze DNA from samples of
their own cheek cells. Utah’s state
judges have participated, using what
they learned as a foundation for discussions of genetic science, public policy and law.
On the Web: gslc.genetics.utah.edu/
society/news/GSLCnews.html
Contact: Ellen Wilson
(805) 581-5374
wilson@genetics.utah.edu

Chicago sixth graders Meshell McGee,
Kristin Williams and Brittany Hood
(back to front) examine magnetic
resonance images and x-rays of the
mystery woman’s head injury.

West Virginia University,
Morgantown
Health Sciences and
Technology Academy
A week-long summer program in
which 10th graders from disadvantaged communities learn to analyze
forensic evidence to solve a mock
murder.
On the Web: wv-hsta.org/
Contact: Ann Chester
(304) 293-2420
achester@wvu.edu
HHMI
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HIV Researchers in the
Media Monsoon
One of the biggest news stories of the
past year was the worsening AIDS pandemic in Africa—at least briefly. In July,
as researchers assembled in Durban,
South Africa, for the 13th International
AIDS conference, newspapers and the
airwaves exploded with stories about the
disease’s terrible impact on Africa and
other parts of the world. Then, almost as
quickly, the media turned its attention to
the presidential election, the Olympics
and Mideast peace talks. For the people
of Africa, however, the problem of AIDS
remained after the reporters went home.
So, too, for biomedical researchers who
have spent years striving to learn HIV’s
biological secrets and thereby open the
door to new approaches for bringing the
disease under control.
What’s it like to be a basic scientist
whose field of study bursts onto the front
page? HHMI investigator Wayne
Hendrickson, at New York’s Columbia
University, knows how it feels to be hit
by a media monsoon. Hendrickson uses
x-ray crystallography to study molecular
structure and HIV infection. A decade
ago, he published in Nature a structure
for the HIV receptor CD-4 and found
himself on page one of the New York
Times. “A consequence to me personally,” he remembers, “was that I received a
number of phone calls from people who
read the story. It was very poignant.
These were people who were sick and
wanted help. And all I could tell them
was that I was not a physician. It really
does raise your consciousness.”
The experience was so profound that
Hendrickson momentarily considered

6
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changing the entire thrust of his work.
“Should I drop my basic research activities and try to exploit this knowledge to
the direct benefit of people?” he wondered. “I actually did think very seriously
about what I should be doing. And I concluded that my activities in basic research
are probably going to be far more important overall.”
For other HIV researchers, press coverage is more like being in Nebraska during a hurricane in Florida: the storm is
compelling but remote. Michael
Summers, an HHMI investigator at the
University of Maryland, Baltimore
County, pays attention to AIDS coverage
in the popular press—“certainly, because
I work in the field”—but says it has less
effect on him than does the competitive
nature of scientific funding. “I think
most scientists feel the heat just because
they have to be productive to maintain
their operations,” says Summers, who
uses nuclear magnetic resonance imaging
to examine HIV’s structure. “Anything
that’s really hot, whether it’s HIV or cancer or cloning, is going to have several
people working on it. And I think that
scientists are probably driven by competition more than by the fact that it happens to be a hot public topic.”
The public’s interest in a particular
field, however, can be an indirect driving
force. “The National Institutes of Health
or other federal agencies will earmark
money for a particular area,” Summers
points out. “When it became known that
AIDS was caused by a retrovirus, the
NIH decided to put more money into
AIDS-related research. What happened

then is that scientists tailored their
laboratory’s research toward those
projects. I think the fact that there is a
hot issue in the public eye can lead more
scientists to work on those projects. But I
don’t think it’s necessarily motivated by
the desire to be working on something
that’s a hot public topic. I think it’s
because researchers look for ways to
support their research.”
Working in a field often in the public
eye can be “a mixed blessing,” says
Bryan Cullen, an HHMI investigator at
Duke University Medical Center who
studies the molecular biology of HIV,
including the regulation of infection.
“Obviously, it’s nice that people are
interested in your work,” he says, but
media coverage of HIV research may be
more of a distraction than a motivation.
“Invariably, when I say I work on HIV,
the first question is, when is there going
to be a cure?” he notes. “But we’re basic
researchers. Our research is not directly
targeted toward generating a treatment—
although, of course, we’d all be delighted
if something along those lines happened.”
A Cullen critique of HIV coverage is
that the press itself is easily distracted.
The media may closely scrutinize a controversy, such as the one generated by
South African President Thabo Mbeki’s
questioning whether HIV causes AIDS, at
the expense of more fundamental subjects. “The issue that really needs to be
addressed,” he says of the African AIDS
situation, “is how to try to prevent further transmission. Of course if you don’t
believe the virus is responsible, then it’s
hard to get motivated to stop further
transmission of the virus. I think it’s
unfortunate that the important message

U P
is lost in these secondary controversies.”
Dan Littman’s ears perk up when he
thinks that reporters are becoming
breathless about AIDS. “I may have a
reaction if I hear something that I know
is being very hyped,” says Littman, an
HHMI investigator at New York
University Medical Center who works on
the mechanisms by which HIV enters
cells and destroys the immune system.
“But I think one takes a great deal of
pride when there is a significant advance
in the field.”
Nevertheless, news coverage is less
important than the research itself,
Littman believes. “I think it’s a very personal kind of thing,” he says. “All of us
want recognition when our group does
something that we feel is deserving. At
the same time, it’s not something that
drives many of us. And I would say that
I cannot imagine any of us doing the
kind of work that we do in order to get
that kind of recognition. I think most of
us who really are dedicated to the kind of
work that we do want peer recognition

before all else, because that is what really
validates the importance of our work.”
Ultimately, Littman thinks that the reason most scientists became scientists
remains their most important motivation:
the pleasure that they experience when
they open a window on the unknown,
even if this occurs rarely. “We can get
conditioned to the excitement of seeing a
revealing new piece of data,” Littman
says, “and that excitement can carry us
through subsequent frustrating stretches
until the next result comes along.” For
Hendrickson, the life-and-death aspect of
AIDS research, with or without a media

F R O N T

spotlight, leads to the distinctive sense of
urgency that people bring to the task. “A
technician working with us takes special
meaning in the work,” he says. “It motivates everyone, secretaries and scientists.”
The bottom line, then, may be that press
attention is, at most times for most scientists, virtually unrelated to the passion
they bring to their research. Instead,
media coverage and research commitment
are siblings, twin consequences of the
challenge posed to humanity—reporters
and researchers alike—by HIV. H
Steve Mirsky
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Kristi Anseth Creates New Materials
to Mend Broken Bones and Hearts
Kristi Anseth wants to do for broken
bones what dentists are now doing for
teeth, only better. Orthopedists often
mend fractured legs with a combination
of metal bars and screws. Contrast that
with a dentist who fills a tooth by applying a white composite resin, shining a
laser on it and waiting for the compound
to harden. Anseth, an HHMI investigator
at the University of Colorado at Boulder,
thinks dentists are onto something.
“Wouldn’t it be neat,” she says, “if an
orthopedist could do this with a broken
bone?”
That’s why Anseth, a chemical engineer
who recently became an HHMI investigator, is designing polymers that emulate
living tissue. She’s hoping that one day
orthopedists can squeeze these polymers
into damaged bone or cartilage and
solidify them with light. Once in place,
the compounds would support and guide
the healing of damaged bones or cartilage and then gradually dissolve as natural tissue fills in. No more metal bars and
screws.
Rather than create new biomaterials
from existing materials, Anseth starts
from scratch and draws on expertise that
spans the fields of materials science,
chemical engineering and molecular biology. When she began thinking about
compounds to fix broken bones, for
instance, she took a fresh look at photopolymerization, the use of light to bond
together individual molecules. The
process is fast, does not require heat and
allows spatial control of the reaction.
“This got me thinking that all these
things are very amenable to actually
making polymers in the body,” she
recalls. Her collaborator, orthopedic surgeon Michael J. Yaszemski of the Mayo
Clinic, agreed that photopolymerization
might be adapted for bones, but he challenged Anseth to go one step further and
design a polymer to repair soft tissue,
such as cartilage.
Anseth knew that the polymers she was
developing to fix either bone or cartilage
must share three basic qualities. They
had to be liquids that would harden to
solids; they needed the right amount of
8
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strength and elasticity; and they had to
disintegrate over time within the body.
Disintegration was necessary because,
unlike dental applications, the material
couldn’t just remain as a filling while the
bone rebuilt itself. Other researchers had
tried to create temporary bone substitutes
from degradable sutures, but the sutures
degraded throughout, causing the entire
substance to collapse—“not a good
feature for a load-bearing structure,”
Anseth says.
“We wanted to make a material that
would degrade from the outside in yet
maintain its structural integrity,” she
says. Anseth considered creating a polymer that enzymes could degrade, but
rejected the idea because enzyme concentrations vary too widely within the body.
Instead, she used a blend of molecules
that degrade in water at different rates.
She created a polymer in which only
molecules at the surface degrade, so
water gradually works its way inside,
enabling the structure to hold together
until it is no longer needed. Using molecules with a greater or lesser tolerance
for water, Anseth found that she could
control the rate of degradation. She
created a number of different polymers
suitable for use in injuries that take anywhere from one month to a year to heal.
And by adding light-sensitive chemicals
to the mix, the compounds remain liquid
until light hardens them.
There are still a number of important
details to be worked out before these
compounds see use in the clinic—for
example, the bone polymer is not as
strong as living bone. Yet recent experiments in rats indicate that new bone
growth occurs earlier in bone treated
with the polymers, results that postdoctoral fellow Amy Burkoth describes as
“very encouraging.”
Cartilage doesn’t repair itself in the
same way as bone, so Anseth and her
colleagues have had to develop a different recipe for a cartilage polymer. Their
special ingredient: living cells that secrete
cartilage. These “chondrocytes” need
water to exchange nutrients, gases and
wastes, so the polymer mixture has to be

permeable. Adding water-attracting molecules to the polymer would have enabled
this but also might have accelerated the
breakdown of the polymer matrix. So the
team turned instead to polymer bonds
that degrade more slowly in the presence
of water.
Two firms, Advanced Tissue Systems
and Abbott Laboratories, have licensed
the cartilage and bone polymers and will
develop them for clinical trials. Anseth
and her students, meanwhile, are continuing their basic research on polymers
and have begun looking beyond bone
and cartilage to a new collaborative
effort to design heart valves. For this
project, Anseth is using a technique that
controls where living cells take up residence within a polymer, a strategy that
she envisions might someday be useful
for guiding nerve growth. Robert Langer
of the Massachusetts Institute of
Technology, one of the founders of modern biomaterials science and Anseth’s
former mentor, describes her current
work as “pioneering” and calls her “one
of the young leaders in this field of biomaterials.”
The field of biomaterials lies at the
interface of several disciplines, integrating chemical synthesis with biomedical
applications. “Collaboration with the
molecular biology department on campus
has been critical to our research,” Anseth
says. This blending of fields is apparent
in her laboratory, where equipment for
characterizing polymers mingles with
sterile tissue culture hoods, and a microtome for slicing histological sections is
juxtaposed with lights and lasers for catalyzing photopolymerization reactions.
After receiving her Ph.D. in chemical
engineering from Colorado in 1994,
Anseth headed back to her alma mater,
Purdue University, for postdoctoral
research with her former undergraduate
adviser Nicholas Peppas. He hasn’t been
surprised by Anseth’s success. “From the
very beginning she was not just one of
the best students I’ve had but definitely
the best,” Peppas says. “There was no
doubt in my mind that she was going to
be as successful as she turned out to be.”
After Purdue, Anseth went to MIT for
more postdoctoral research, this time
with Langer. She credits her success to
the influence of both Peppas and Langer,
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A pioneer in the field of biomaterials,
Kristi Anseth blends research from
disparate disciplines to create new
compounds to fix broken bones.

as well as her Ph.D. adviser, Christopher
Bowman. “I think that I was very fortunate to have great mentors,” Anseth says.
“They always pushed you to think more
creatively, to think beyond, to take more
than just the next incremental step. It
was a very supportive environment for
that.”
Two years after finishing her doctorate,
Anseth returned to Colorado as an assistant professor of chemical engineering. In

less than a decade, she has received an
endowed chair, obtained several patents,
published dozens of research articles and
won awards that recently included being
listed in Technology Review’s “top 100
innovators.”
As a faculty member at a research and
teaching university, Anseth considers students integral to her work. Her laboratory
includes a half-dozen undergraduates and
several graduate students and postdocs,
and she takes pride in belonging to a
department in which two-thirds of the
undergraduates work in a research laboratory at some point during their education.
“We start out trying to teach undergraduates how to solve open-ended scientific

problems, and they end up becoming very
creative and independent researchers,”
Anseth says. “We’ve had some students
that stay in the lab for two years and, at
the end, they are authors on a paper or
present a paper at a scientific meeting.”
Anseth’s students appreciate the opportunity afforded them in the laboratory.
“It’s a really great place to work,” says
current undergraduate researcher Mariah
Mason. “Meeting with her and talking
about research is just amazing because
she’s so smart—you present a problem
and five solutions come to her mind.” H
Barbara Maynard

HHMI

BULLETIN

J A N UA RY

2001

9

P E R S P E C T I V E

Africa’s Health
Problems Hit
Close to
Home for Its
Biomedical
Researchers
By Thomas G. Egwang

HIV/AIDS, or have been rendered ineffective by drug resistance, as with malaria. We desperately need new drugs and
vaccines that are efficacious, safe, inexpensive and easy to use, even in regions
that lack refrigeration.
As a Ugandan scientist who specializes
in infectious diseases and parasitology, I
am deeply disheartened to see so many
people die from diseases that I know
could be prevented or treated with
better resources. I also know, however,
that we cannot rely solely on scientists
in places like New York or London.
“Solutions” that emerge from such
places, where economic and social
conditions are so different, are too
often unaffordable or impractical for
Africa. That’s why it’s essential for
scientists on the scene in Uganda and
the rest of the developing world to
participate actively in developing new
approaches for overcoming infectious
diseases through basic and applied
research.

Recent advances in molecular biology and cell biology are helping us
understand how organisms invade our
bodies and disguise themselves to
avoid attack by the immune system
and how we might defeat them with
new drugs or vaccines. The experience
of AIDS researchers shows us both the
power of new insights and how quickly they can be applied to save lives. It
was only about six years ago that
these scientists came up with the idea
of using protease inhibitors and
combination therapies to control
replication of the virus, an inspiration
that rapidly enabled large numbers of
patients to live longer, healthier lives.
Another reason for optimism is the
incredible advances being made in
genomics. This past summer, scientists
completed the first draft of the human
genome, the fundamental blueprint of
life that guides heredity and the body’s
daily activities. Scientists have also
begun to unravel the genomes of many
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Here in Uganda, parasitic and infectious
diseases are not just interesting research
challenges for scientists like myself but
also a daily threat to our families and fellow citizens. We, like people throughout
Africa, confront these diseases personally.
More than 8 million Africans are
infected with tuberculosis, and 3 million
die from the disease every year. Malaria
infects as many as a halfbillion people worldwide,
90 percent of whom live
here in sub-Saharan Africa,
where the disease kills more
than a million children
every year—three children
per minute. Diseases caused
by filarial parasitic worms
afflict tens of millions of
people in Africa as well as
in Asia and South America.
These organisms cause
untold misery through
afflictions such as elephantiasis, blindness and severe
skin reactions.
To compound matters,
the HIV/AIDS pandemic
now sweeping through
Africa and Asia is killing
millions more people and
threatening to undermine
our economic future. Many
of the drugs for fighting
these diseases are either too
expensive, as in the case of
Thomas Egwang studies parasitic diseases with his laboratory team in Kampala, Uganda.

JILL CONLEY

Researchers in Thomas Egwang’s laboratory analyze human blood samples gathered
from rural areas of Uganda.
of the microscopic killers that afflict
developing countries. Within a year or
two, scientists will be able to access
through the Internet the genetic sequence
information of the primary malaria parasite, Plasmodium falciparum, of some
filarial parasites and of some of the trypanosomes that cause the devastating
disease known as sleeping sickness. The
genetic sequence information for the
tuberculosis parasite, Mycobacterium
tuberculosis, and for several other common scourges is already available.
However, the genomics landscape in
Africa is barren, and we need more of
our own scientists to become involved in
genomics research if Africa is to benefit
from the enormous promise of these
breakthroughs.
The advent of new HIV drugs and
genomics information doesn’t help most
Africans at present. People are too poor
to buy the drugs and our scientific and
technological workforce lacks access to
the equipment, materials and other
resources that are essential to modern
research. At our universities and scientific centers here in Uganda, it can be a
challenge just to log on to the Internet.
Several factors have prevented us from
developing a stronger biotechnology
base for medicine and other purposes.
As in genomics, we have lacked a critical

mass of scientists trained in the requisite
technologies. In addition, neither government nor industry has made a sufficient
investment in science and technology.
Biotechnology is expensive, and most
African laboratories are in dire need of
funds. Unlike in the United States or
Western Europe, it is essentially impossible here to raise private venture capital.
African entrepreneurs would rather
invest in traditional industries, such as
processing coffee or manufacturing textiles and tires. Foreign companies have
been discouraged from investing, in part
by the lack of clear policies on patents
and other intellectual property rights.
These and other constraints must be
addressed if biotechnology is to take
root and begin to provide Africans with
better medicines, foods and other products.
I come into contact with many promising young African scientists here, and I do
not want them to become passive
observers of advances occurring elsewhere. I am organizing an annual
genomics workshop for young African
scientists, to begin in 2001 in our capital
city, Kampala. I have recruited an international organizing committee, including
top researchers from the United States
and Europe, and hope the workshops will
help bridge the genomics gap between
Africa and the developed world. If even

one African student obtains a Ph.D. in a
genomics-related area as a result of these
workshops, I will consider them a success. Along the same lines, I have begun
working with several local secondary
schools to help increase awareness of science among our young people.
We may sometimes stumble in moving
along this path. But move we must—and
I believe that we will. It is essential to
our country’s scientific future and, even
more important, to the economic health
and political stability of our entire continent that Africa’s scientists become more
active participants in biotechnology,
genomics and the related fields that hold
such promise.
Thomas G. Egwang directs the
Medical Biotechnology Laboratories in
Kampala, Uganda, where he carries out
research on the filarial parasite
Onchocerca volvulus, the causative
agent of onchocerciasis (river blindness),
and Plasmodium falciparum, which
causes malaria. This article is adapted
from a speech he gave at a local ceremony honoring his recent selection as an
international research scholar by
HHMI, which awarded him and 44
other scientists outside the United States
a total of $15 million in five-year grants
to carry out research on parasitic and
infectious diseases. Details about the
awards are available online at
www.hhmi.org/news/072600.html.
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HAROLD SHAPIRO

BUILDING A
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f the genome is the blueprint that defines an organism and
directs every facet of its operation, then the ribosome is where
the bare-knuckled work of carrying out those instructions
takes place. A typical human cell contains millions of these
protein-building factories, where the 20 different amino acids
derived from foods are linked together—one at a time, accurately and rapidly—into the proteins needed for life.
“Without ribosomes, you’re dead,” says Thomas A. Steitz, an
HHMI investigator at Yale University. “But despite their vital
role, major questions have persisted about how ribosomes are
built at the atomic level and about how they promote the synthesis of proteins. We’ve now answered a big part of that first
question, and we’ve provided some of the first hard evidence that
will help in understanding the second part.”
Steitz and a small group of talented researchers assembled a
richly detailed, three-dimensional map of the structure of the
ribosome that promises to clarify the fundamental process of
protein synthesis. The implications go even further, however,
offering new insight into how life may have evolved on Earth
and suggesting a more focused approach to designing antibiotics.
“This work is a scientific tour de force,” says Robert
Haselkorn, a molecular geneticist at The University of Chicago
and president of Integrated Genomics, a biotechnology company
based in Chicago. “Since the critical role that ribosomes play in
cell metabolism was first identified half a century ago, scientists

The awesome size of the ribosome
demanded a different approach,
says Thomas A. Steitz.

JOACHIM FRANK

OF THE CELL’S
PROTEIN FACTORY

have wanted to better understand the structure of these massive
molecules and to learn exactly how they do their work as protein
builders. Tom Steitz and his colleagues have really nailed this
information down, and we now know with assurance the most
intimate details of the ribosome.”
As with most scientific achievements, the work builds on a
foundation established by the thousands of scientists who have
pored over every aspect of ribosome function during the past 50
years. Through the years, research groups large and small have
amassed an impressive amount of information about the
ribosome, but no group has succeeded in creating an accurate
three-dimensional map.
“We decided to take a different approach,” Steitz says.
“Rather than assemble an army, we brought together just a few
really good researchers to work very closely with each other. In
this way, all of us knew everything about the project, so each person was prepared to contribute and critique ideas on every
aspect of the problem. We met every Friday for lunch—no seminars, no slides, just open discussion of what we were doing.
Looking back, I think that was important. We didn’t think about
it when we began, but later someone observed that what we had
assembled was really a guerilla force rather than an army.
Whatever we had, it seemed to work.”
Steitz assembled a core team that included postdoctoral
researchers Nenad Ban, Poul Nissen and Jeffrey Hansen, along
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GETTING DOWN TO BUSINESS
Though microscopic, the ribosome is
gigantic in molecular terms. The simplest
ribosomes found in bacteria are perhaps
100 times larger than a typical protein.
(Although they have some additional
complexity, ribosomes of higher organisms are structurally similar to bacterial
ribosomes.) Previous studies had established that the ribosome is an intricate
tangle consisting of three strands of
ribonucleic acid (RNA) and 54 proteins—
by mass, about two-thirds RNA and onethird protein. Further, it consists of two
subunits: a large subunit, called 50S,
which makes up about two-thirds of the
structure, and a small subunit, called 30S.
The Yale researchers focused on crystallizing the 50S subunit, working with ribosomes from Haloarcula marismortui, a
salt-loving bacterium from the Dead Sea.
Although ribosomes from H. marismortui
had a reputation for being amenable to xray analysis, Steitz and his colleagues still
faced a daunting technical challenge. “In
fact, when we began, we weren’t even sure
14
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with Peter Moore, a professor of chemistry at Yale. “I had known Peter for a
long time—we had been graduate students
together—and for a decade or more he
and I had been kicking around the idea of
tackling this project,” Steitz says. “When
you’re considering something that seems
this hopeless, given how long the problem
had resisted solution, it helps to have
someone like Peter just down the hall.”
In Moore, Steitz had a person who knew
ribosome behavior and, more important,
knew how to grow ribosome crystals in
such a way that the “frozen” ribosomes
retained much of their structure. In Steitz,
Moore had a seasoned x-ray crystallographer who could work a protein crystal the
way Michael Jordan worked the basketball court. As much art as it is technique,
x-ray crystallography provides a means of
determining a protein’s atomic structure
by analyzing the diffraction pattern produced by x-rays that are bounced off
protein crystals. In his career, Steitz and
various colleagues have been the first to
decipher the atomic structure of many
large biological molecules and molecular
assemblies—in particular, those involved
in converting DNA instructions into functional protein products.

Members of the team that solved the ribosome structure: (from left) Nenad Ban,
Thomas Steitz, Peter Moore and Poul Nissen. Not pictured is Jeffrey Hansen.
if the atomic structure could be determined,” Steitz recalls. “But not really
knowing if this was possible made for
some pretty interesting times during our
lunches.”
The team began its project in 1995 and
almost immediately ran into trouble. One
problem the researchers encountered was
“twinning.” When the researchers crystallized the 50S subunit, two mirror-image
crystal structures formed within what
seemed to be a single crystal. When the
crystal was pulsed with x-rays, a confusing diffraction pattern emerged. “It took
us two years to figure out how to overcome twinning,” Steitz says.
Unfazed by the setback, the group persevered, gathering most of its x-ray data
at the National Synchrotron Light Source
at Brookhaven National Laboratory on
Long Island, New York. (“It helps to have
a synchrotron just about in your backyard,” Steitz says.) The group also used
the Advanced Photon Source at Argonne
National Laboratory in Illinois.
Then came the calculations, “the fun
part,” according to Steitz. The researchers
used powerful computer programs to
analyze the copious amounts of data
collected—more than 6 million readings
in one data set alone—and to produce
maps showing the electron density of the
atoms in the crystal. Next, they used

computer graphics software to “fit”
three-dimensional atomic models developed from known chemical information
into the electron density maps. Fun?
“Fitting the models into the map is something like working a jigsaw puzzle, in that
it involves a lot of pattern recognition,”
Steitz explains. “In the end, we come
away with a detailed picture, if you will,
of the location of nearly all of the individual atoms that comprise the RNA and
proteins in the ribosome crystal.”
The researchers methodically produced
a series of structural maps of the 50S subunit at progressively finer resolution. In
August 1999, they published in the journal Science a map of the 50S subunit at a
resolution of five angstroms, or five tenbillionths of a meter, which is approaching atomic resolution. “This map gave us
some important hints as to the ribosome’s
detailed structure,” Steitz says, “but we
needed to do even better in order to pin
down the final answers.”
And so they did. In August 2000, the
team published two reports in Science
featuring the structure of the 50S subunit
at a resolution of 2.4 angstroms. “At this
resolution, we were able to resolve the
atomic structure for nearly all of the
100,000 or so atoms in the crystal,” he
says. “We can see that the approximately
3,000 nucleotides of RNA in the subunit

form a compact, complexly folded structure, and that the unit’s 31 proteins permeate its RNA.”

THE RIBOSOME UNVEILED
The findings confirm much that was suspected about the ribosome’s structure and
function, but they also bring some surprises. “One important lesson we’ve
learned is that the ribosome is actually a
ribozyme—that is, an RNA machine,”
Steitz says. “The term ‘ribozyme’ was
coined some years ago to signify a biocatalyst in which RNA performs the important work, as opposed to a conventional

enzyme in which proteins are the active
materials. In the case of the ribosome,
RNA catalyzes protein synthesis, and the
proteins in the ribosome simply act as
staples holding its structure together.
There had been suggestions that this was
the case, but there hadn’t been direct
proof. Now there is, beyond any doubt.
The structure reveals that there are no
proteins, only RNA, located anywhere
near the active site where protein catalysis
occurs.”
The findings also shed light on the
details of how ribosomes actually catalyze
the construction of proteins. As might be

CAUGHT IN THE ACT

CHRISTOPHER DENNEY

Imagine going into a cell and watching the intricate writhing of a ribosome as it cranks
out vital proteins. Structural biologists are nearing such powers of observation with new
analytical techniques that manipulate ribosomes and other macromolecules while tracking
changes in their structure and shape.
Among the most remarkable of the new methods is three-dimensional cryo-electron
microscopy (cryo-EM). In the hands of researchers such as HHMI investigator Joachim
Frank at Health Research Inc. at the Wadsworth Center in Albany, New York, cryo-EM has
proven to be one of the few techniques capable of visualizing large, dynamic molecules.
“Cryo-EM’s strength is that it allows a three-dimensional reconstruction of macromolecules
that cannot be crystallized for analysis by x-ray crystallography,” Frank says. The technique also makes it easier and faster to explore how such dynamic molecules change

The niche for cryo-electron microscopy is likely to be big, says
Joachim Frank.
shape as they carry out their biological functions. “In this way,” he says, “we can essentially produce a movie of the macromolecule in action, which would be much more difficult and time-consuming to generate using other methods.”

expected, the picture is exceedingly complex. In simplest terms, there are two
parts to the process. In one part, the larger 50S subunit orients the transfer RNA
(tRNA) molecules so that the relative
positions of the newly delivered amino
acid and of the growing peptide chain are
optimal for forming bonds. This is similar
to what conventional protein-based
enzymes do—but in ribosomes the orientation occurs because of interactions
between RNA components of the 50S subunit and the tRNA molecules rather than
because of interactions between bits of
protein, as happens with enzymes. In the

Here’s how cryo-EM works. First, Frank and his colleagues immerse their macromolecules—let’s say ribosomes—in a water solution. Then, they flash-freeze the molecules in
supercold liquid ethane. The rapid freezing imprisons the ribosomes in ice, preserving
their original conformation. Next, using an electron microscope with a low-intensity beam
to avoid damaging the molecules, the scientists obtain images of thousands of the captive
ribosomes. They then use sophisticated software called SPIDER, developed in Frank’s laboratory, to transform these low-contrast, “noisy” images into a detailed, three-dimensional
map of a ribosome.
Cryo-EM’s power to detect the contortions of working macromolecules was highlighted
this past July in a report by Frank and his colleagues in the journal Nature. The
researchers announced that they had detected a subtle ratcheting rotation deep inside the
ribosome—the complex biomolecule “powered” by ribonucleic acid—at a key stage in
the protein-building process. In their paper, the scientists characterized the ratcheting as a
rapid rotation of one of the ribosome’s two subunits. This rotation occurs just as the messenger RNA (mRNA) and its two attached amino-acid-carrying transfer RNA (tRNA) molecules are advanced. Their analysis revealed that at a key point, the smaller subunit
(called 30S) rotates about six degrees with respect to the larger subunit (50S). Then,
after a chemical reaction advances the mRNA-tRNA complex, the smaller subunit rotates
back. In this herky-jerky manner, the two subunits cooperate to build the long chains of
proteins.
Discovery of the movement offers yet another clue to how the ribosome creates the
enzymes and other components of the cell’s machinery. “There have been hypotheses
about subunit movement in the ribosome for years,” Frank says, “but there has never
been a direct confirmation of this. The problem was that all the evidence was indirect.
And only now, with cryo-EM, can we visualize the ribosome with such clarity.”
To Frank, the achievement underscores the broader promise of cryo-EM. “The niche for
cryo-EM is likely to be pretty big,” he says, “because it can be used to study macromolecular machines, like the ribosome, in all their different states, with all their necessary functional materials attached, as they normally operate in the cell.” He emphasizes, however,
that the far higher resolution achievable with x-ray crystallography makes the two analytical techniques partners rather than competitors. “It’s not that x-ray crystallography
puts cryo-EM out of business,” he says. “On the contrary, it really puts it into business. By
marrying these two techniques, one can proceed from the detailed atomic structure, from
crystallography, to make sense of the different conformation you see with lowerresolution cryo-EM.”
—TB
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second part of the process, one of the
ribosome’s structural building blocks
(specifically, the chemical base adenine)
located at the site of protein synthesis has
the unusual property of being just about
neutral in its acidity. This condition helps
promote the addition of each new amino
acid onto the lengthening polypeptide
chain.
Beyond helping to illuminate the innermost workings of cells, these findings hint
at conditions that existed during the earliest days in the evolution of life. Since ribosomes in all classes of organisms share so
many common features, many biologists
believe that ribosomal structure has
remained essentially unchanged over time.

An increasing number of researchers
argue that the first biocatalysts must have
been RNAs rather than something resembling today’s protein-based enzymes.
“It’s the chicken-and-egg problem,”
Steitz says. “After all, before there were
proteins, how could there have been a
protein-catalyzed synthesis of a protein?
Now, proving that ribosomes are indeed
RNA machines adds considerable weight
to the notion that, in the beginning, it was
an RNA world, in which RNA was able
both to convey genetic information and to
catalyze important chemical reactions.”
The new results may also point to a
healthier future. Since every living cell
needs machinery for protein synthesis, the

ribosome is one of the most important targets of antibiotics. With the detailed map
of the ribosome, drug designers may begin
to use an approach called structure-based
design to develop new drugs that can effectively shut down the ribosomes of bacteria
and other disease-causing organisms.
“Structure-based design can considerably speed up the drug-development
process, since it provides researchers
with a clearer picture of their structural
targets,” Steitz says. “Rather than having
to develop thousands of chemical compounds at random and then test them for
biological activity, as is typically the case
today, researchers should be able to
selectively design new compounds that
GEORGE EADE

DNA

peptide
chain

amino acid

mRNA

ribosome
tRNA

Protein synthesis begins when information contained in the sequence nucleotide bases of DNA is copied into an RNA molecule.
In the bacterial cell, the resulting messenger RNA (mRNA) is then carried to the ribosome, where it specifies the order in which
the amino acid building blocks are placed in the growing protein chain (RNA processing is a little more complex in eukaryotes).
Each set of three nucleotides on the mRNA molecule constitutes a codon, which designates a particular amino acid. To mediate
between the nucleotide sequence of the genetic material and the amino acid sequence of the growing peptide, an adapter
molecule, called transfer RNA (tRNA) is required. The elbow-shaped tRNA molecule has a three-nucleotide sequence, called
an anticodon, at the end of its long arm, which recognizes and binds to its cognate codon sequence on the mRNA molecule.
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are likely to be able to attack the ribosome.”
This approach may well help in dealing
with today’s troubling spread of drugresistant bacteria. “Many bacteria have
developed resistance through mutations
that have changed the ribosome’s shape,”
Steitz says. “With the atomic structure of
the ribosome now in hand, researchers
should be better able to determine
precisely where mutations have occurred
and how such changes can be sidestepped
by new drugs.”
Indeed, he says, the Yale team is “moving fairly quickly” into research on the
interactions between the ribosome and
various antibiotics. “We’ve been studying
one particular family of common antibiotics, the macrolides, and we’ve identified
a number of kinds of interactions that
appear interesting from a medical standpoint.”
Such interests are even moving his
group toward the world of business.
“We’re now developing a small biotechnology company to take advantage of our
knowledge about ribosome structure and
our ability to explore how small organic
molecules, which is what drugs are, bind
to ribosomes,” Steitz says.
“By knowing the exact shape of the ribosome, we can design new chemicals tailored
to fit into its various pockets and crevices.
In a sense, we want to design ‘keys’ to fit
into the ribosomal ‘lock,’ and this job obviously will be much easier if you know the
shape of the lock. I’ve already had contact
with lots of pharmaceutical companies, and
we expect a number of them to join with us
in trying to speed the development of effective new drugs,” he says.
On a more fundamental level, the team
continues to study how the ribosome operates over time. “The atomic structure that
we’ve determined represents the ribosome
at only one state in its proteinbuilding cycle. But the ribosome is a very
complicated machine, and we need to
understand its dynamics,” Steitz says.
“Right now, it’s like trying to explain how a
grandfather clock works just by determining the position of the pendulum at only
one moment. This doesn’t reveal anything
about what happens to the pendulum in the
following moments, let alone about all the
other gears and springs that are vital to the
clock’s operation.”

Other teams have been making important advances in understanding the
ribosome as well. This past September, a
group led by Venki Ramakrishman of the
Medical Research Council in Cambridge,
England, published an atomic-level structural map of the ribosomal small subunit,
30S. A team based in Israel and Germany
and led by Ada Yonath, a pioneer in structural research on ribosomes, has published a similar, though less detailed, map
of the 30S subunit. Harry Noller and colleagues at the University of California,
Santa Cruz, have developed structural
maps of the entire ribosome at a somewhat coarser resolution, with subunits
joined together and some of the transfer
RNA molecules attached. And Joachim
Frank, an HHMI investigator at Health
Research Inc. at the Wadsworth Center in
Albany, New York, has used cryoelectron microscopy to reveal dynamic
characteristics of the ribosome (see
page 15).
Amidst this flow of information, however, the Yale team’s results are being
heralded as a scientific milestone. “Just
given the sheer immensity of the ribosome, this is a remarkable achievement,”
says John Kuriyan, an HHMI investigator at The Rockefeller University. “It
gives those of us working in structural
biology hope that it will be possible to
determine the structure and functions of
other very large, very complex biological
molecules—and in this business you are
always looking for rays of hope. When I
first read the reports of this work, I was
filled with emotion on a very personal
level. I felt much as I did when humans
first stepped on the moon. I think this
achievement will be just that important
in the field of structural biology.”
Such praise “is nice, of course,” Steitz
says, yet he remains firmly grounded.
After years of puzzling over the structures of molecules, he has learned the
importance of patience, of keeping
things in perspective. “That’s why I
took up gardening,” he laughs. “You
prepare the soil, you plant the seeds, the
flowers bloom and the flowers die—and
you still haven’t completed the structures
of the molecules you’re working on! So I
use gardening as a way to get results that
are more commensurate with the time
frame of human emotions.”

LURING RECRUITS
TO STRUCTURAL
BIOLOGY
Within the field of structural biology, the study of the
interactions of large molecules or molecular assemblies is largely invisible to many of today’s graduate
students, says HHMI investigator Joachim Frank.
“The students see the strong emphasis on molecular genetics and now the wave of bioinformatics, all
of which concentrate on understanding genes and the
structures of their protein products. What doesn’t get
across is that some structural biologists are already, in
a sense, beyond bioinformatics," says Frank. "We are
already working on understanding the dynamic interaction of the genetic products in the cell. In fact,
we’re eventually going to develop three-dimensional
reconstruction techniques for the cell.”
Despite such excitement, Frank says, he and other
structural biologists often have difficulty attracting
graduate students and postdoctoral researchers to the
study of macromolecular interactions, and even some
tenure-track positions in this area are going unfilled.
Part of the problem, he believes, may be that new
tools such as cryo-electron microscopy began to flower
after the current crop of graduate students and
younger scientists had already chosen their fields.
One solution, he suggests, is to begin educating
potential structural biologists while they are still
undergraduates. “For example, we’ve had great success at the Wadsworth Center in attracting students to
the National Science Foundation Research Experiences
for Undergraduates program,” Frank says. “We get
about 800 applications, and we select the 20 best
students to work with us.” In addition, Frank’s group
employs promising high school students during their
academic breaks. “We let the students assist in a variety of tasks, such as scanning micrographs and processing images, as a means of getting them interested
in this field,” he says.
Grabbing students early seems to work. “We find
that these young people are smart enough that after
training, they immediately grasp the kinds of challenges we offer,” Frank says. “Their imaginations are
fired and, as a result, they may be encouraged to
look for graduate schools where they can pursue
these types of studies in structural biology.” —TB
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Biomedical scientists
attend a job fair to
explore career options.

BAZAAR
BIOLOGY’S NEW JOB

A

hotel ballroom in Cambridge, Massachusetts,
offers a snapshot of a rapidly changing world. It’s
10:30 on a sunny but brisk New England morning, and the double doors won’t open for another half
hour. Already, a line of 100 people snakes down the hallway, past several meeting rooms, all the way to the escalators. They appear to be corporate neophytes looking for
their very first jobs—and many are. Fresh out of school
they may be, but they’re hardly entry-level applicants.
They are, in fact, highly trained university scientists,
mainly postdoctoral fellows, who are here to trade
academic aspirations for biotech careers.
Thousands of life scientists have flocked to the annual
biotechnology job fair since its launch by the journal
Science in 1997. The rising turnout—this year’s fair drew
a record 700 scientists—illustrates a significant shift in
the field. Not long ago, many academics shuddered at the
thought of “selling out” to industry and looked down on
peers or protégés who made the move. But with the recent
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boom in biotechnology and genomics, the private sector
is becoming an attractive alternative—intellectually as
well as financially—for many young scientists, even those
with stellar academic credentials. It’s a change with
important implications not only for the scientists themselves but also for the broader research community,
affecting the relationship between academia and private
industry and overturning assumptions about how biomedical science advances in the United States, where and
by whom.
Some of the job seekers at the Cambridge job fair don’t
want their mentors to know about their interest in
biotech; others say they’ve come with their mentors’
blessings. Either way, when the doors finally open, they
hand over their curricula vitae—the price of admission—
to a woman at the entrance, who collects about 400 in the
first hour. Past fairs drew that many attendees in an entire
day. The room is packed with booths representing 30
biotech heavyweights—Genzyme, Genaissance and

K.
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Genentech; Merck, Millennium and
Millipore, for example. People form new
lines inside, this time for a chance to make
an impression during a 10-minute interview.
Lisa Flanagan, an NIH postdoctoral fellow at Harvard Medical School, strides
into this bazaar with an open mind and a
simple mission: to gather data while making contact with a select handful of
recruiters. While other attendees say
they’ve decided to work in biotech,
Flanagan is still unsure. She has talked to
friends who left academia for the private
sector. Her impression? Industry offers
more of a team approach and more
resources, two aspects she likes.

“At a company, if you want to explore a
new technique instead of having to set it
up in your own lab from ground zero,”
she says, “you can go down the hall to
another division of the company that is
already using it. Your research can move
all the faster.” But she wonders to what
extent scientists in biotech must justify the
direction of their research, and she wants
to know how much autonomy and freedom they have. She will seek answers to
these questions by talking to company scientists rather than recruiters. Today, she
simply wants to make contacts and learn
more about each company's research.
Before the fair, Flanagan checked
Science’s Web site for the list of exhibitors,

then pored over each company’s site to
determine geographic location (her destination: Boston or California) and research
focus (her specialty: neuroscience). She
whittled down her list to five companies:
Genentech, Merck, Aurora, Genzyme and
Axys. As she enters the ballroom, she
scans a map of exhibitors, locates the
Genentech booth and weaves through the
crowd toward the far corner of the room.
Craning her head to scout the best path,
she scans corporate banners bearing cheery
come-ons: “Consider the Possibilities!”
“How Far Do You Want to Go?”
Across the river in Boston, her husband
is on a more traditional career path.
Edwin Monuki, an HHMI physicianSTANL,EY ROWIN

“When you see how many
hours new assistant professors
spend on research, grant
writing and teaching, and you
have small children, it’s hard
to imagine how to fit it all in.”

Lisa Flanagan and Edwin Monuki hope to find jobs that will enable them to balance their scientific careers with the needs of their family.
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postdoctoral fellow, is tucked away in an
eighth-floor lab in a Harvard Medical
School research building, finishing a
grant application and preparing a presentation that he will give in Detroit the
following week. Without question, he
will stay in academia. “My desire to do
clinical pathology is always easier to pursue in an academic setting,” he says. “I
guess I never really imagined it any other
way.” With a few months left in his fellowship, Monuki has received one offer,
but he will look into other university
hospitals on both coasts before committing himself.
The options and pressures facing this
dual-science-career couple, who possess
comparable credentials and related
research interests, typify those of today’s
postdoctoral fellows. Monuki, who is
37, and Flanagan, 33, met at the
University of California, San Diego,
where they were doctoral students in
neuroscience and he was also working
toward his medical degree. Married for
six years now, they have a 3-year-old
daughter and an infant son. Raising children has made them thoughtful about
balancing their careers with parenthood.
Spending as much time as possible
together as a family is important to
them. They alternate dropping off and
picking up their children at day care so
that, each day, one gets the chance to
arrive earlier and the other stay later at
his or her respective labs, which are in
buildings opposite each other on Avenue
Louis Pasteur in Boston’s Longwood
Medical Area. They try to avoid coming
in to work on weekends, but Monuki
realizes that may change once he starts
his own lab.
Monuki credits two factors with
cementing his stay in academia. One is
great mentors; the other is a successful
graduate career, during which he published several papers. After talking with
a friend who works in human resources
at a biotech company, Monuki came
away thinking that doing “what’s best

for the company” is the antithesis of
what he loves about academia. “That
gets to the heart of it. I guess it would be
awful if a company drops your project in
the middle. The main thing is [academic]
freedom,” he says. “But the biggest reason I want to keep doing research in
academia is that I really like to do it.”
His wife isn’t so sure she wants the
tenure track. “When you see how many
hours new assistant professors spend on
research, grant writing and teaching, and
you have small children, it’s hard to
imagine how to fit it all in,” Flanagan
says. “Basically, there is no good time at
the early stages of your career to have
kids. The best time would be when you
already have tenure, but biologically
that’s a bit late.”
For Flanagan and others, the private
sector now offers a viable alternative.
HHMI investigator Shirley Tilghman
sees the broadening of opportunities as
a boon for new scientists. “One of the
things that I think is most positive over
the last 25 years is that the options for
postdoc fellows have greatly expanded
from when I was in training,” says
Tilghman, who chaired a National
Research Council (NRC) committee
examining the job scene facing life scientists at this critical point in their
careers.
Today’s life scientists are 32 years old,
on average, when they earn their Ph.D.s
and twice as likely to receive a postdoctoral fellowship as their counterparts
three to four decades ago, Tilghman’s
committee notes in its 1998 report,
Trends in the Early Careers of Life
Scientists. Nearly 8,000 people in the
United States earned life sciences Ph.D.s
in 1996—more than triple the number
granted in 1963, and the biomedical sciences accounted for nearly all of the
increase, the committee found. The average life scientist will, after a fellowship of
five or more years, secure a permanent
position between ages 35 and 40. But
here’s the catch: While universities still

Trends in the Early Careers of Life Scientists
A 1998 report by the National Research
Council’s Committee on Dimensions, Causes,
and Implications of Recent Trends in the Careers
of Life Scientists, chaired by HHMI investigator
Shirley Tilghman. Also available in print.
www.nap.edu/books/0309061806/html/index.html
Career Development Center for Postdocs and
Junior Faculty
A collaborative effort of HHMI, the American
Association for the Advancement of Science
(AAAS) and the Burroughs Wellcome Fund.
Affiliated with Next Wave, which offers extensive career information.
nextwave.sciencemag.org/feature/careercenter.shtml
GrantsNet
Another collaboration between HHMI and
AAAS, GrantsNet speeds the search for funds
for graduate and undergraduate training in the
biomedical sciences and undergraduate
science education.
www.grantsnet.org
Phds.org
Science career library provides graduate students
and others with extensive resources.
www.phds.org/
Biospace
A clearinghouse about the biotechnology
industry, including job listings.
www.biospace.com
Sciencejobs.com
Online jobs site affiliated with BioMedNet,
NewScientist and Cell.
www.sciencejobs.com/bio/
Post-docs.com
Recently launched site highlights postdoctoral
positions at universities and elsewhere,
with related resources.
www.post-docs.com
Guide to Nontraditional Careers in Science
A 1999 book by Karen Young Kreeger that
examines how scientists use their skills in new
careers in writing, business, law, technology
transfer and other fields.
—DKC
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Many of the scientists who receive fellowships from the Institute or
work in HHMI laboratories early in their careers still pursue the
academic path. But that choice is far less automatic than it was
even a few years ago, as illustrated by these three examples.
Jenifer Görlach
Technical Specialist
Myers, Bigel, Sibley & Sajovec
Research Triangle Park, N.C.
After the birth of her second child, Jenifer Görlach decided to
look for a career away from research during the time remaining on
her NIH grant to study antisense suppression in Cryptococcus neoformans. She met with a career counselor at Duke University,
where she was a research associate in an HHMI laboratory after
receiving her doctorate, to explore her options and learn how to
market herself. Görlach also assessed the skills she had that she
might apply to other kinds of science-oriented jobs, about which
she gathered information. To learn about a possible career in science writing, for example, she interviewed technical writers at
pharmaceutical firms.
The process paid off. Görlach landed a job at a law firm specializing in intellectual property issues, where she now assesses
biotech-related innovations. She studies the experiments and supporting technical information from scientists, looks for similar
products or techniques that are already patented, puts together a
report and prepares the patent application. Early next year, she
will take the exam that qualifies her to become a patent agent.
“Here I do everything but the bench work,” she says. The only
thing she misses is networking with colleagues at professional
meetings.
Imre Kovesdi
Vice President and Chief Scientific Officer
GenVec
Gaithersburg, Md.
Imre Kovesdi, a native of Hungary, was older than his peers when
he earned his science degrees in Canada and then joined an HHMI
laboratory at The Rockefeller University. As his postdoctoral work
neared completion, he was considering offers for tenure-track positions at several universities when a colleague asked whether he’d
be interested in working as a molecular biologist in the medical
research division of American Cyanamid Company. For Kovesdi,
the issue was age, not salary. “I felt it would be difficult to compete in academia for grants and such with people 10 years younger
than I am,” he says.
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After his first industry job, he again weighed jobs in academia
and pharmaceutical companies. A headhunter, however, told him
in 1993 about a start-up biopharmaceutical firm called GenVec.
Kovesdi, the first scientist hired by the company, was named director of vector biology. GenVec now holds 300 patents and has a
product candidate in phase 2 clinical trials. Kovesdi was named
chief scientific officer last year.
Like many principal investigators in academia, he does no lab
work at this point in his career. Instead, he works on strategy. “I
still have a little bench space and my pipettes,” he says. “I’m
threatening my staff that I’m going back to cloning.”
Clara Alarcon
Research Manager
Pioneer Hi-Bred International, division of DuPont
Johnston, Iowa
A native Guatemalan from a family of academics, Clara Alarcon
came to the United States to get her Ph.D. in human nutrition at
the University of Iowa. Most of her training, however, is in molecular biology. After carrying out postdoctoral research in an HHMI
laboratory at Duke, where she learned protein biochemistry and
yeast genetics, she returned to her husband’s native Iowa.
The transition from human nutrition to agricultural biotechnology isn’t much of a stretch. Working in a company like Pioneer
Hi-Bred, she says, uses all her training in molecular biology and
protein biochemistry. She assumed her research manager position
in transgenics research with Pioneer in 1997 and now oversees
seven people in her lab. “You can do as much biotech research as
in academia,” she says. “In addition to interacting with fellow scientists, I interact with other disciplines—finance, marketing, strategy. I do bench research and I still publish.”
Family members who work in academia have asked her to talk
to students about her nonacademic career. If they are definitely
going into biotech, she tells them, they should do an internship or
a postdoctoral fellowship in industry first. (Alarcon did a postdoctoral fellowship at Pioneer.) She also recommends acquiring management experience and “people skills.”
Looking back, she says, “I wouldn’t have done anything different. I don’t miss academia, but I don’t rule out the possibility of
teaching at the college level, although not necessarily full time.”
—DKC

In response to the changing job market, several universities have introduced
programs that assist postdoctoral fellows with career development.
employ the majority of life scientists, the
number of academic positions has not
grown enough to absorb the flood of
Ph.D.s. The biotech industry, meanwhile,
has been booming, fueled in part by the
overflow of life scientist Ph.D.s, according
to the NRC report. During this period,
Ph.D.s also began to explore alternative
science-related careers—in law, writing
and secondary or undergraduate teaching.
Among scientists, the changes are
spurring a cultural shift. “Twenty-five
years ago, jobs in industry were thought
not to be very interesting or very prestigious,” Tilghman says. Now, however, she
notes, “younger scientists see it as a place
for exciting careers” and adds that “one
of the largest problems today is a disconnect between the attitudes of the current
generation and their advisers.”
The attitudes of younger scientists about
biotech are shaped not so much by the
appeal of higher salaries as by the prospect of
doing cutting-edge science. Celera’s pioneering use of EST clustering and whole genome
data mining, Affymetrix’s GeneChip expression monitoring probe arrays and Genzyme’s
innovations in tissue repair are a few examples. “When I visit companies like these,

they strike me as places of great energy
and enthusiasm,” says David A. Clayton,
HHMI’s vice president for science development. “A lot of very exciting science is
being done there.” Clayton says the
Institute will continue focusing its scientific and educational activities in nonprofit
settings, and he emphasizes the importance of academic training even for
researchers who enter industry. But, he’s
quick to add, “I believe the essence of
doing science is the same no matter where
you end up.”
In response to the changing job market, several universities have introduced
programs that assist postdoctoral fellows
with career development. In 1997, the
University of Pennsylvania School of
Medicine created an office to do just
that. Its director, Trevor Penning, who
has mentored many postdocs over the
years, tells those now entering the program to prepare from the start of their
fellowships for their intended permanent
positions. To some, this comes as a
shock. “Many have been in a protected
environment and were not exposed to
career options in their graduate programs,” he says.

Scientists attending a job fair meet with representatives from biotechnology
firms and other employers.

Penning’s office holds career workshops
that bring together academic scientists
and those in nontraditional careers to
speak about their experiences and career
paths. Penning has also established a link
with the career services office, which, at
Penn as at most other universities, ordinarily serves only students and employees.
Now, postdocs can turn to career specialists to learn effective job search skills,
participate in mock interviews and get
feedback on their CVs and cover letters.
Many scientists applying for biotech
jobs are eager for career counseling. At
the Science career fair, a résumé expert
runs a very popular booth, with a long
line spilling out into the hallway. At no
charge, he will scan a CV and offer a few
tips, all within five minutes or so.
Aside from the résumé
expert, there are

One job seeker says, “It will depend on who gives me the better offer—
grants, fellowships, salary. I’m really on the fence.”

only three nonbiotech exhibitors
at the fair. The National Cancer
Institute and U.S. Food and
Drug Administration have each
set up booths, which draw
few applicants. The booth for
St. Jude Children’s Research
Hospital isn’t hopping either.
William S. Walker, vice chair of
the department of immunology
and associate director of academic programs, who is staffing
the St. Jude exhibit, says his
presence among the biotech
companies provides an excellent
chance to meet postdoctoral scientists of the highest caliber,
given the proximity of nearby
universities like Harvard and MIT. He
hopes to hook some undecideds, if only a
few—and sell them on working at St. Jude.
At the moment, the lone job seeker at
the St. Jude booth is Paul Beresford, who
is nearing completion of his postdoctoral fellowship at the Center for Blood
Research at Harvard Medical School and
whose wife anticipates the birth of their
first child in March. Beresford, 32, feels
uncertain about his prospects in academia and worries about supporting a family. His friends, who are his age and
work outside academia and science, are
farther along in their careers, he
observes. He might not consider leaving
the university world if he had a better
idea of how long it will take his career
and salary to progress.
“It can take five to
10 years to establish
a lab,” Beresford
says. “That really

Among those exhibiting at the job fair are
pharmaceutical companies, government
agencies and research institutions.
takes its toll psychologically and financially.” Still, while higher-paying biotech
jobs may beckon, it was his heart that
lured him to the St. Jude booth.
Walker talks to Beresford at length
about the hospital’s start-up package and
core facilities. Beresford likes what he
hears, but St. Jude is in Memphis and he
and his wife have family ties in Boston.
In the end, however, location will not be
the deciding factor. “It will depend on
who gives me the better offer—grants,
fellowships, salary,” Beresford says. “I’m
really on the fence.”
Unlike Beresford, Flanagan stays
away from the St. Jude booth as well
as the other nonbiotech
exhibitors. Yet she still
debates about moving to
industry. It’s not that she
still feels uncomfortable
with entering biotech;
the more she talks to

people who have gone
to the “other side” and
taken research positions
in biotech, the more
conceivable the option
feels. Flanagan used to
question whether a job
in industry would mean
selling out as well as
whether it would prevent her from ever
returning to the academic world. That was
before she began gathering information about
biotech careers, however. In the end, she says,
her decision will depend
on finding a situation that suits her,
whether in biotech or academia. “My
hope for my career has always been that
I continue to love what I do each day. I
find the workings of the human brain
fascinating, and I particularly like
thinking about the intricate details of
neuronal function,” she says. “So from
that standpoint, as long as I continue to
do that research, I’ll be happy.”
Flanagan manages to introduce herself
to all five recruiters on her list today,
reciting her credentials and interests while
looking each interviewer straight in the
eye. Mission accomplished.
“This was useful,” she says at the end
of the day. “I got a couple of contacts at
companies, which is good. I’m a step
farther along than when I came here,”
she says as she leaves the now hot and
airless ballroom. Will she take the leap
or, like her husband, continue on an
academic track? Like so many postdocs
in this shifting career world, she's still
undecided—but either way, she knows
she’ll be doing research.
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The boom in biotechnology and genomics is also having an
impact on science education.
Colleges and universities are moving quickly to help their
biology students gain the interdisciplinary skills they’ll need to
deal with the mountains of data churned out by enterprises
such as the Human Genome Project. They’re retooling their
curricula, faculty and facilities, most notably with courses in
computational biology, the emerging discipline that blends the
life sciences with computer sciences and mathematics. At least
20 schools have launched entirely new programs in the field.
At Kenyon College in Ohio, mathematical biologist Keith
Howard, with support from an HHMI grant, is helping
establish math courses that emphasize computer modeling of
biological problems. This year, the college hopes to fill a new
faculty position with a joint appointment in the mathematics
and biology departments.
The biology and mathematics faculties at Harvey Mudd
College in California decided to alter their programs—and not
just because the life sciences are increasingly quantitative.
Professors had also noticed that students were assembling
makeshift majors that combine mathematics with the sciences,
says F. Sheldon Wettack, a chemistry professor and dean of the
faculty. An HHMI grant will enable the college to hire a bioengineering faculty member, update computational and molecular biology facilities and free up faculty to develop a program
in quantitative life sciences. In addition, a new joint major in
mathematics and biology is in the planning stages.
Biology professor David H. Deheer, director of HHMIsupported education programs at Calvin College in Michigan,
also cites the need to keep pace with trends in biotechnology
and to prepare graduates for academia or industry. Last year,
Calvin introduced an undergraduate major in biotechnology, in
which life sciences courses emphasize computational biology.
At Haverford College in Pennsylvania, the quantitative skills
of both faculty members and students are being brought up to
speed. “This year, we have a course called Computing Across
the Sciences for faculty members in the natural sciences,” says
biologist Philip M. Meneely, chair of the department of biology.
Meneely hopes the training will help professors incorporate
computational and mathematical skills into existing courses.

This past fall, Rensselaer Polytechnic Institute in New York
welcomed its first group of freshmen majoring in bioinformatics, a program implemented with an HHMI grant. The students
will take a variety of molecular biology courses and work in a
new computer lab where they can run biological simulations
during lectures. Instead of the usual introductory biology
course, they’re starting off with cell and molecular biology.
These and similar programs at campuses across the country
appear not a moment too soon. Scientists proficient in computational biology are in great demand, as illustrated by the
growing number of job announcements in the journal Science.
According to a 1999 report in Science and Public Policy by
economists Paula E. Stephan and Grant Black of Georgia State
University (GSU), the number of announcements in Science for
computational biology specialists doubled between 1996 and
1997. Since then, the field has gotten even hotter.
Many researchers, however, have had little formal instruction
in computational biology. To get the help they need, they may
hire younger scientists who gained the necessary skills informally through Web-based tutorials, commercial software and
seminars. But such individuals are in short supply, and the
shortage is likely to persist until colleges and universities catch
up. That won’t be easy with so few experts available to teach
courses in computational biology and to help integrate computational biology into the broader curricula.
Certain academic realities will prolong the shortage. “There
is very little cross-pollination between mathematics and biology,” says Kenyon’s Howard. Long-standing barriers between
disciplines discourage students and faculty from crossing over,
so biology students avoid taking computer science or mathematics courses, just as computer science and mathematics students are reluctant to delve into other sciences.
Another factor noted in the 1999 GSU study is that the needs
of industry—while clearly pressing—have exerted less influence
on life sciences departments than on departments of engineering and computer sciences, whose students traditionally go into
industry. In contrast, faculty members in the life sciences tend
to steer their graduates toward academia and may even be
ignorant of the training students need for the biotech industry.
— DKC
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hy did you ever try
narcotics?”
William
Burroughs writes in
Junky, his classic tale of
descent into the hell of
drug addiction. “Why did you continue
using it long enough to become an
addict?” To Burroughs, the answer is simple, if not mundane: “You become a narcotics addict because you do not have
strong motivations in any other direction.
Junk wins by default. I tried it as a matter
of curiosity. I drifted along taking shots
when I could score. I ended up hooked.”
To scientists, drug addiction is considerably more complex. For half a century,
they have searched for the biological
mechanisms that lead to addiction—the
cascade of chemical and electrical phenomena that starts with an injection or a
snort or a puff or a sip and ends with
abuse and addiction. Why, they’ve asked,
have addictive drugs been constant companions to the human condition, used by
the Sumerians in Mesopotamia, the
ancient Egyptians, the Greeks of Homer’s
era and the Romans of Virgil’s? Why are
almost 2 million Americans today using
crack cocaine and more than 200,000
hooked on heroin?
These biologists have learned about the
nature of human desires and the biochemical and genetic basis of pleasure. And they
have come upon at least one simple fact of
life and neuroanatomy: substances that
have the power to make us feel good, that
evoke a strong sensation of physical pleasure, seem to share remarkable similarities
once they hit the brain. Indeed, their most
profound effects take place in a few specific brain regions—known as “reward” or
“pleasure” centers—and involve their
capacity to boost the levels of a single
brain chemical, dopamine. Research is
revealing that addiction is not evidence of
human weakness or lack of willpower but
rather a disease in which these reward centers become dysfunctional through some
combination of genes and environment.
The research is also generating a host of
new clues and potential targets that might
be employed someday to cure or treat the
affliction.
If there is a single villain in the neuroanatomical world of drug addiction, says
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Marc Caron, an HHMI investigator at
Duke University, it may be evolution.
“Survival of the species,” he says, is what
brought about a reward system in the
brain that reinforces healthy behavior
with a sense of pleasure. Prehistorically,
those behaviors involved food and procreation of the species. If something felt
good, you were more likely to do it again.
Over the centuries, however, mankind has
become adept at locating or manufacturing substances that hijack these reward
systems, putting pursuit of the particular
substance ahead of all else.
James Olds, a psychologist at the
California Institute of Technology, first
identified and mapped the reward centers
of the brain. At McGill University in the
1950s, Olds showed that he could induce
a sensation of pleasure in a rat by placing
an electrode in its brain and applying a
mild electric stimulus. The intensity of the
pleasure seemed to depend on the precise
position of the electrode. Drawing on the
work of the legendary Harvard psychologist B.F. Skinner, Olds developed a system
in which rats could administer their own
stimuli by pushing a lever, and they would
do so as many as 6,000 times an hour if
the electrode was placed to their liking.
He measured how frequently and monomaniacally the rats pressed the lever for
their cerebral buzz when the electrode was

neurons and reinforcement loops runs
from the prefrontal cortex through the lateral hypothalamus to a small but potent
bundle of neurons known as the nucleus
accumbens. It ends at the ventral tegmental area, atop the brain stem.
While Olds was at work with electrical
stimulation, psychologists and pharmacologists were using similar systems to
characterize the pharmacology and phenomenology of drug abuse. In their laboratories, rats and monkeys pushed levers
to get intravenous amphetamines, cocaine
or opiates. These researchers wanted to
know which brain chemicals these drugs
affected, so they simultaneously gave the
animals other drugs to interfere with some
of the brain chemicals to see what would
happen. In particular, the researchers suspected that a class of neurotransmitters
known as catecholamines—which includes
norepinephrine, dopamine and serotonin—might be involved. Sure enough,
“what we found was that selective blockade of the dopamine system made it so
rats wouldn’t work for cocaine or
amphetamines anymore,” says National
Institute of Drug Abuse psychologist Roy
Wise, who pioneered research in this area
in the 1960s and 1970s. “And blocking
the dopamine system made animals lose
interest in the electrical brain stimulation
as well.”

science’s

by Gary Taubes

GROWING
placed in different positions. What he
found were hotspots of pleasure sprinkled
throughout the brain but one common
neural pathway that rats would happily
die for. Known as the medial forebrain
bundle, this highway of pleasure-inducing

By the late 1980s, researchers had
demonstrated that activation of this
dopamine system in the reward pathways
of the nucleus accumbens is the common
denominator in all drugs of abuse—
whether “downers” such as heroin, mor-
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ADDICTION

phine and alcohol, or “uppers” such as
cocaine and amphetamines. As Caron
describes it, the drugs are simply “hijacking” the evolutionary mechanism that
rewards beneficial behaviors by making
the organism feel good. “Because we did
not evolve to just use drugs,” he says,
“things like eating and any other kind of
pleasure, whether sex or eating chocolate,
will create the same changes in the
dopamine system that many of these drugs
do. But the drugs produce changes in the
dopamine system that are much, much
greater than what natural behaviors
would ever do.” Drug abuse becomes a
search for chemical equilibrium in the
brain, a homeostatic regulation mechanism to keep dopamine levels higher than
could be attained through normal activity.
“Put an animal in a cage,” explains
Wise, “and let it start pushing a lever to
get an injection of heroin or cocaine. The
drug will cause dopamine levels to go up
two, three, four, even five times normal
levels in the nucleus accumbens. The aniC. BRUCE FORSTER

mal will be satisfied for 5 to 30 minutes,
depending on what dose of what drug,
and then dopamine falls back down to
some trigger point and it presses the lever
again and gets another injection.”
Having identified which neurotransmitter was mediating the effect of addictive
drugs, and where in the brain this was
happening, researchers have spent the past
decade dissecting the mechanism and its
various interactions with both the drugs
and other systems in the brain. Normally,
when dopaminergic neurons are given the
signal to fire, dopamine is released into
the extracellular space. There, in the gap
between synapses, it binds to dopamine
receptors on downstream cells, thus transmitting messages from neuron to neuron.
It’s a communication process controlled as
much by the firing signal as by the amount
of dopamine available, which in turn
depends on the cells’ ability to recapture
the dopamine after it has been dispatched.
A molecule known as a dopamine transporter has the responsibility of recapturing the dopamine and returning it inside
the nerve terminals where it is then
repackaged into vesicles for the next firing. “The transporter is often thought of
as a pump that pumps neurotransmitters
into the cell against their concentration
gradients,” says Susan Amara, an HHMI
investigator at the Vollum Institute in
Oregon.
Addictive drugs can prevent the
dopamine transporter from performing
this job. Cocaine, for instance, competes
directly with dopamine for the binding
site on the transporter molecule. Like a
passenger unable to board an overcrowded bus, the dopamine is left behind in the
extracellular spaces instead of being
recaptured and repackaged in the vesicles
for further firing. The dopamine hangs
around to stimulate receptors downstream, causing the pleasurable rush of
cocaine and hyperactivity. Amphetamines,
on the other hand, function in a more
complex way. They bind to the transporter and are carried by it back into the
nerve cell, where they abolish the ability
of the vesicles to store dopamine.
“Normally the amount of intracellular
Susan Amara and her team are studying the dopamine transporters and
other molecular players involved in
cocaine addiction.

dopamine is very low as it is packaged
away very rapidly in the vesicles,” says
Caron. “When you destroy these vesicles,
you drive the dopamine transporter backward, leading to a marked increase in the
extracellular concentration of dopamine.”
This is why the effects of amphetamines
are usually much stronger than those of
cocaine.
In the late 1980s, Amara cloned the
gene for the norepinephrine transporter.
This led other researchers to clone the
genes for the transporters of other neurotransmitters. It was a flurry of discovery
that “opened up a whole series of experiments you could do,” Amara recalls.
“You could now analyze how drugs interact with the transporters, how the transporters function, under what conditions,
and how they’re regulated. It was clear it
was going to be very informative.”
Since then, Amara and her colleagues
have been meticulously picking apart the
various mechanisms of transporter function. “These carriers are actually electrically active,” she says. “As they transport
dopamine, for instance, they transport
ions as well. When these ions are moved
across the cell membrane, they generate a
measurable current that we can observe in
dopaminergic neurons from rat brains as
well as in cultured cells expressing the
human dopamine transporter.” Not only
dopamine but any package the transporter
might be carrying—amphetamines, for
instance, or even neurotoxin MPP+,
which destroys dopamine neurons and
produces a syndrome resembling
Parkinson’s disease—will generate this
electrical activity as it is carried by the
transporter through the cell membrane.
Amara and her colleagues have also
found evidence that cocaine molecules do
more at the transporter than interfere with
neurotransmitter movement; they also
affect the movements of ions through
these transporters and block the generation of these electric currents. “In the
past,” she says, “we thought cocaine had
its effect solely by binding to the carrier
and blocking transport of the neurotransmitter. But we found that when we put
cocaine on the carrier, it blocks a current
that normally goes through the transporter when no dopamine is present. So
that may have its own effects in terms of
the direct impact of cocaine, one that isn’t
involved in the elevation of dopamine lev-

...scientists studying drug addiction now find themselves
with the neuroanatomical version of nested Russian dolls.
els.” Now Amara and her colleagues are
trying to put this knowledge to work by
finding a molecule that would block the
transporter molecule from binding
cocaine but leave it free to do its work
with the dopamine. Such a molecule, a
kind of “cocaine antagonist,” might help
ease withdrawal symptoms for addicts.
SCOTT DINGMAN

Marc Caron hopes that growing understanding of the brain pathways involved
in addiction may lead to new therapies.
Caron has also been studying the
dopamine transporter molecules—with
some surprising results. He is a biochemist
who has spent a quarter century studying
a class of cellular receptors known as G
protein-coupled receptors. “They are one
of the most important families of molecules that mediate cellular communica-

tion, and they are the receptors that define
the specificity of signals,” says Caron.
“For example, signal transduction
through G protein-coupled receptors is
how we perceive light, how we perceive
odors, how we perceive tastes, how our
heart basically beats and how essentially
many of the cells in our body function.”
As it turns out, the receptors for catecholamines, and specifically dopamine,
are also G protein-coupled receptors,
which is why Caron and his colleagues
found themselves studying first neurotransmitters and then addiction. After
Amara and her colleagues cloned the
norepinephrine transporter gene, they followed it up, as did Caron and his
colleagues, by cloning the dopamine
transporter. Caron has been studying the
molecule ever since. His primary tool has
been “knockout” mice that are bred without the gene for the dopamine transporter
molecule, which makes them unable to
produce the transporter. “The absence of
the transporter,” says Caron, “created
havoc in the brain dopamine system. It
changed just about every parameter we
ever looked at. The receptors were downregulated and the storage of dopamine
was almost abolished. Yet the small
amount of dopamine left in the cell was
more active than the big load that was
there before.”
Physically, the mice were smaller than
average, and they seemed to stay small
because they were so hyperactive that they
rarely stopped to eat. Indeed, they seemed
to show many of the symptoms of attention deficit hyperactivity disorder
(ADHD), illustrating just how complicated these systems can be. When Caron and
his colleagues gave cocaine or amphetamines to these mice, doing so actually
calmed them, mimicking the effect of the
stimulant Ritalin on children with ADHD.
To Caron, this suggests that cocaine and
amphetamines must also interact with the
re-uptake of serotonin. In other words,
when the dopamine transporter molecule
is removed, stimulants may work just like
Prozac. “This is a pretty controversial

area,” says Caron, “but we hope that we
can start looking at these brain pathways
and understand how serotonin interacts
with the dopamine system to produce a
calming effect.”
After a half century of research, scientists studying drug addiction now find
themselves with the neuroanatomical version of nested Russian dolls. The more
they learn about how drugs of abuse alter
the electrical and chemical circuitry of the
brain’s reward centers, the deeper they
have to go to understand the ultimate
nature of addiction. They now know, for
example, that cocaine blocks the transport
and re-uptake of dopamine, which in turn
activates dopamine receptors, but it’s far
less clear what happens next. “Dopamine
activating its receptors for longer periods
of time will lead to changes in secondary
messengers, and that will alter the activity
of other neurons, which will fire more or
fire less, depending on which they are,”
explains Eric Nestler, a neurobiologist and
psychiatrist at the University of Texas
Southwestern Medical Center. “That has
long-term consequences. The neurons
adapt to that excessive stimulation
through other changes, which in turn
means those cells are now different in a
stable way. Even without the drug present,
they’re different. The neurons are different. The brain is different. The behavior is
different. Those are the changes that cause
an addictive brain, and they are the
changes we have to understand.”
Most researchers are confident, however, that they will eventually nail down
these and other details of addiction, at
least enough to speed the development of
new pharmaceutical treatments. “The
process of addiction is as old as mankind,”
says Caron, “and there may be mechanisms involved that we haven’t even
dreamed of yet. But we now understand an
awful lot about what brain pathways are
involved in rewards and behavioral manifestation of drug abuse. We still don’t
know how to modulate them, we still
don’t have any successful therapeutic interventions, but that’s the ultimate goal.”
HHMI

BULLETIN

J A N UA RY

2001

29

KAY CHERNUSH

Time, Money,

Mentors:
OVERCOMING THE BARRIERS TO UNDERGRADUATE RESEARCH

By Kathryn Brown
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ow do you find FSH
receptors on dog-fish
gonad cells? That question, unlikely as it seems,
sparked Zed Mason’s
love of science. To fulfill an undergraduate honors program at the University
of North Wales, Mason undertook his
first research project on those receptors.
“It was the most daunting—and exciting—thing I’d ever done,” Mason says.
He was hooked.
Today, Mason is a marine biologist at
California State University, Long Beach.
A believer in passing the torch, Mason
participates in a new HHMI-funded
program to give undergraduates their
own shot at lab life. “At least a quarter
of my students could probably be better
scientists than I—you just have to generate that spark,” Mason says. And he’s
not the only one hoping to light a fire or
two. At colleges and universities across
the country, researchers are looking for
new ways to nudge promising researchers into the lab.
But first some barriers must be overcome. With the pressure of submitting

Katie Kennedy carries out research on ovarian development with mentor Vaughan
Lee at Texas Tech University.

Marc Orbach (left) guides University of Arizona student Michael Bolaris in gathering
soil samples for a research study.

grant proposals, writing papers and teaching courses, who has time to mentor?
With little pay—or prestige—offered by
most schools for spending hours with a
curious kid, who can justify the extra
effort? And, although they often learn
quickly and make important contributions to a research project, undergraduates don’t always make the easiest protégés. Here this year and gone the next,
they have little time to master techniques
or see a project through to the end. Even
when mentor and protégé are willing,
everyday logistics—lack of lab space, for
instance—can come between them.
“Undergraduates tend to get lost,” says
Tory Hagen, a biochemist at Oregon State
University in Corvallis. The good news is
that some schools have decided to tackle
the problems that commonly discourage
undergraduate research. In the process,
they have demanded more—from themselves and their students.

STRETCHED STUDENTS
Long before most undergraduates even
consider the lab, their calendars are
crammed. “The kids in our summer

HHMI program tend to be pretty talented, and they often overcommit,” says
Carol Bender, director of the undergraduate biology research program at the
University of Arizona. Whether playing in
the university orchestra, volunteering at
local hospitals or serving in student government, these undergraduates have plenty to do, and packing in weekly blocks of
time in the lab can be hard.
The University of Vermont has been creative in meeting this challenge. Rather
than schedule a hefty lab project smack in
the middle of the semester, the university
serves up a measured dose of researchrelated experience year-round, with preparation for intensive research built into the
process. In the spring of their junior or
senior year, students choose mentors and
write grant applications to compete for
summer research internships. Their proposals include a research hypothesis, a
description of experimental methods, a
timetable and a budget. What’s more, the
students must pitch their proposals to an
academic panel, which selects the scholars
each year. “Our students aren’t just in a
lab with an adviser telling them what to

do,” says Vermont biologist Judith Van
Houten. “They really have to think
through their projects and make them
work.” With more expected of them, and
a little help managing the schedule, students typically rise to the challenge.
Over the summer, the research scholars
at Vermont conduct their projects with
faculty mentors, earning about $3,500 for
their efforts. In August, after the last
beaker has been washed and shelved, the
students present their study results to their
peers and mentors. Finally, they meet periodically through the next year to hear
guest speakers and stay in touch. “The
students asked us to help them stay
together, to network and make this experience stretch year-round,” Van Houten
says. Real work, mentors and peers are
the spark as these University of Vermont
students experience the culture of science
at an early age.
And the earlier the better. To provide for
plenty of mentoring and hours at the lab
bench, Kansas State University actively
recruits second-semester sophomores for
biology research. “By getting them earlier, we give students a better chance at
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undergraduate biology success,” says
KSU biologist Brian Spooner. At the start
of their senior year, some biology undergraduates at KSU have a full two years of
experience, and some see the results of
their research submitted for publication.

PRESSURE AT THE PODIUM
Sometimes it’s not the lack of time or
opportunity but overbooked faculty that
dampens the enthusiasm of science students. At the University of Michigan in
Ann Arbor, biology majors can earn
research course credit in schools ranging
from public health to dentistry. Occasionally, students have complained that
they were just an extra pair of hands for

For faculty swamped with competing
commitments, a major issue is support.
Prospective mentors on the tenure track
often face a dilemma: If researchers need
five publications to win tenure, can they
afford the time—or earn professional
recognition—for taking on students? “At
Cornell University, the majority of professors do take undergraduates into their
labs,” says Michael Goldberg, a biologist
at the university. “But it’s a fair investment of time. It’s hard to choose a good
project for an undergraduate, for instance,
since they often won’t be in the lab long
enough to master that many techniques.”
Schools that emphasize faculty involvement in teaching are naturally more likeROBERT RATHE

courses, when going up for promotion or
tenure, Hagen says. “We are thoroughly
encouraged, in both attitude and deed, to
help undergraduates undertake research
projects in our labs.”
Good mentoring flourishes less often in
schools that don’t reward it. “There needs
to be some sort of calculation in the system so researchers get credit for mentoring,” says Mason. The time spent with an
undergraduate has definite value, often
motivating the first step to a science
career. When a school or funding agency
evaluates a researcher’s teaching efforts,
mentoring should always count, Mason
says. “What will the students who benefit
bring to the rest of their careers?” he asks.
“It’s substantial.” Mason’s students have
gone on to graduate degrees in genetics,
neuroscience and other fields at universities across the United States.
Even for eager students and motivated
mentors, sharing a spot on the lab bench
requires the right logistics. Despite outside funding, there are limits on lab space.
At Vermont, for instance, less than half
the hopeful students win a coveted
HHMI summer research slot. Van
Houten and others at Vermont have
begun to seek extra funds to expand the
opportunities, asking university departments or funding agencies to match their
outside grants—and they have had some
success. In other cases, would-be mentors
find room in their own research budgets
to hire summer applicants who otherwise
wouldn’t see time in a lab.

IF YOU BUILD IT, THEY WILL COME

Annette Fornos screens for mutants in the alga Chlamydomonas with Peter Luykx, her
mentor at the University of Miami.
a busy instructor, not real contributors to
research. So the biology department
launched what Julian Adams, who chairs
the department, calls “quality control.”
Each student-mentor team writes up a
short description of its upcoming research
project, including the student’s duties.
This extra bit of clarification, Adams
says, lets students and mentors alike
know just what to expect from their
shared time at the bench.
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ly to promote undergraduate mentoring
(see sidebar). At Oregon State University,
for instance, Hagen says faculty attitudes
make all the difference. “Research is
clearly important, but teaching is a major
part of why we’re here,” he explains. “I
consider undergraduates a major, not
peripheral, part of my lab.” That view
gets hammered home at Oregon State,
where faculty members list their mentoring duties, along with publications and

Mason and others at Cal State Long
Beach are taking a different tack. To offer
biology students more research experience, they’re building an honors curriculum. Instructors will teach a broad range
of relevant subjects, from critical thinking
to research design and scientific writing,
and seniors in the program will earn a
year’s paid position in a faculty lab. “One
key strategy is to offer a stipend that outpays what they’d earn in casual employment, some place like McDonald’s,”
Mason says.
Cornell has found a way to introduce
students in early biology courses to the
culture of science. Each semester, students in two introductory biology
courses venture off in small groups for

an afternoon’s work with a faculty
member in the lab or the field. “It’s not
meant to teach them the subject of what
we do but how we do it,” says Cornell
geneticist Peter Bruns. “We want to connect students to the research culture—
the creativity, discovery, self-reliance.
We’d like to develop that vision.”
In other classes, too, Cornell is sharing
“the life of science” with students. One
year, when lab-minded undergraduates
outnumbered spaces at the bench, the
genetics section created a hands-on
course—students screened fruit fly
mutants for an embryogenesis study. The
one-time course was costly, says
Goldberg, since it required a faculty member’s close supervision and plenty of lab
equipment. Still, he adds, the class gave
students a chance to roll up their sleeves
and try molecular biology firsthand.
Meanwhile, Cornell developmental

THE

biologist Mariana Wolfner, working first
with evolutionary biologist Amy
McCune and then neurobiologist Ron
Harris-Warrick, has created cross-disciplinary research seminars for students.
Students read and present research
papers and attend seminars given by visiting scientists. Afterward, the students
get a chance to talk with the scientists
about their research. “It’s not a substitute for working in a lab,” Wolfner says,
“but it’s far more cutting-edge than your
standard science survey course can possibly be.” The seminar series also soaks up
time and money, so it’s offered only sporadically. “Still, it’s a very energizing
experience for faculty and students
alike,” Wolfner says. People flock to the
seminars, she adds, to hear how biologists nationwide are unraveling basic
questions of, say, evolution or human
development.

THE TORCH IS PASSED
Exposure to real science pays off. Just
ask Sathya Ravichandran, a senior at
Oregon State who did a project last summer in Hagen’s lab, exploring the role of
excess iron in brain cells affected by
Parkinson’s disease. The low point was a
three-week stint in which every new
batch of cells came out contaminated.
The high point was sifting through her
data to draw research conclusions along
with Hagen and his graduate students.
As Ravichandran turns toward graduate
school, she’s grateful for the summer
experience. “I know exactly what I’m
looking for now,” she says. “When I look
at a school, I know I’m looking for a certain kind of project, a certain set of techniques, a certain number of researchers
working together.”
A future scientist—and mentor—
Ravichandran is hooked.

SMALL COLLEGE EXPERIENCE

When Haverford College biologist Philip Meneely needs to troubleshoot an experiment, he turns to his research colleagues: the undergraduates working in his lab. At Haverford and other small schools,
professors and students work side by side, sharing disappointment
and success alike. “There’s a rare kind of closeness at a small school,”
Meneely says.
For research-minded students, small schools can offer an intensely
satisfying lab life. Meheret Birru is a case in point. After considering
several big and small schools, she settled on Kenyon College in
Ohio. Now a junior, Birru has spent much of her time there in one
lab, researching the expression of virulent E. coli genes. “The experience has been second to none,” she says. “At big research universities, there can be a real disconnect between students and professors, with graduate students doing the teaching and mentoring.
Here, that middleman doesn’t exist, and we get so much attention
from faculty.”
But small schools also face unique challenges in providing undergraduates with rich research experience. Labs that rely heavily on
transient undergraduates often feel a sharper loss when one student
graduates and another rolls in.The constant flux of students means
researchers are forever in transition, trying to design short-term
projects and teach lab recruits the necessary techniques. Small
schools also have fewer labs, leaving some students without a spot at
the bench.
So at these schools, faculty members are learning to think out of
the box—literally. At Earlham College in Indiana, for instance, biology

students have left campus for the past three summers to work in
the labs of alumni at nearby drug giant Eli Lilly and Company.
Another Earlham alumnus, immunologist Carter Van Waes, has welcomed interns into his lab at the National Institute on Deafness and
Other Communication Disorders.
At Williams College in Massachusetts, even the youngest students
can get involved.The school encourages all students to try research
before they’ve settled on a major. For instance, Steven Zottoli, a
biologist at Williams, brings freshmen and sophomores to the Marine
Biological Laboratory in Woods Hole, Massachusetts, for programs
that provide a hands-on introduction to science. Some students get
on track for a science major early, possibly heading toward a science
career, but others do not. “From my perspective, scientific research
is truly in the liberal arts tradition,” Zottoli says. “All students should
try it.” Even students who do not choose a science career, he adds,
benefit from trying something new.
Perhaps the biggest payoff for undergraduates who study science at
small schools is the chance to find out just what they are capable of
accomplishing. At Haverford, Meneely says, some waltz in with confidence from day one—but others discover themselves along the way.
“As a mentor, the real reward is knowing you’ve had an impact on a
student who might not have prospered in a different environment,”
Meneely says. “Sure, some students go on to become well-known scientists. But some are simply satisfied with their short time in the lab.
They’ve accomplished things they didn’t dream they had in them.”
—KB
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Learning Biology
Through Science
Fiction
Sophomore Zak Rose steps to the front
of the Kenyon College lecture hall to present his Biology 103 project, a unique
binary taxonomy key for classifying living organisms by primary and secondary
characteristics. “Primary characteristic:
limbs or no limbs,” he begins. “In other
words, humanoid or blob. Secondary
characteristics: plant, animal or plant
and animal.…”
According to the syllabus, Biology 103
is taught by Joan Slonczewski, a “visiting
extraterrestrial,” and it is “the only biology course on Earth investigated by the
K-Files.” Previous instructors include
“Xenon of Castor 6, from the Pangalactic Bureau of Investigation (PBI),
and Yyrda of Betelgeuse, visiting professor of extra-Betelgean studies.”
This is a biology class? It’s “Biology in
Science Fiction,” a course designed by
Slonczewski, a molecular biology professor and HHMI undergraduate program
director at Kenyon, to capture the interest of nonscience majors at this small liberal arts college in Ohio. The course’s
reading list, which is as startling as the
syllabus, includes Galapagos, by Kurt
Vonnegut; Dune, by Frank Herbert;
Jurassic Park, by Michael Crichton; and
“The Trouble with Tribbles” episode
from Star Trek. But the issues are real

NICHOLAS JAINFCHIGG

and solidly rooted in biology: How
do living organisms grow and
reproduce? What type of planet is
needed for living things and
ecosystems to evolve? How does
the science of genetics create and
re-create us? What forces shape the
evolution of species? Could human
beings evolve into something very
Kenyon College biology professor Joan
different?
Slonczewski, a published novelist, uses science
Rose based his student project on
fiction to teach biology to nonscience majors.
Barlowe’s Guide to Extraterrestrials:
Great Aliens from Science Fiction
Literature, which is described by
students to distinguish real science from
one Web-based bookseller as “an illuspseudoscience. Even the best science fictrated field guide to extraterrestrials.” By
tion’s biology sometimes goes awry, she
creating a taxonomy key to Barlowe’s
says. In Frank Herbert’s Dune, for examaliens, Rose helps his 60 fellow students
ple, explorers landing on another planet
learn a basic principle of biological clasimmediately start eating some of the
sification: the technique of dividing living
plants they find there. Slonczewski’s own
things into two categories, then dividing
novel The Children Star presents a sceeach of those categories into progressivenario that planetary explorers would be
ly more specific categories. “This is the
more likely to encounter: a biosphere
most fun homework assignment I’ve ever
that has such alien chemistry that local
done,” he says.
biochemicals are indigestible or even
Slonczewski herself is a published scitoxic to humans.
ence fiction novelist. Her latest book,
Who takes “Biology in Science
Brain Plague, has been described by
Fiction”? Hilary Hodge, a Spanish major,
Publisher’s Weekly as “a story that is not
took it on a whim. “I haven’t read much
only exciting but also filled with memoscience fiction, but I do watch Sliders
rable characters: human, alien and senand The X-Files,” she says. Adds Tim
tient machine.” Away from the world of
Lloyd, a political science major, “We get
science fiction, Slonczewski studies bacteto read books we actually enjoy.” The
rial genetics, specifically the molecular
course is by no means an easy alternative
biology of stress response in Escherichia
to “real” courses, he stresses. “We’re
coli. Under her direction, Kenyon’s
reading more than 300 pages a week, a
HHMI program supports undergraduate
lot more reading than I do for any of my
research and provides state-of-the-art
other classes,” Lloyd says.
equipment for science majors and laboraSometimes, the students’ close encountory courses.
ters with biology even motivate a major
Her science fiction course focuses on
change of academic direction. Toby
quality literature, although Slonczewski
Rand, a student artist who created the
says she also includes examples of inac“portrait” of Yyrda of Betelgeuse on the
curate science from “bad science ficcourse’s Web site, decided to major in
tion” books, movies, television shows
biology after taking the class.
and tabloid publications to teach her
The Web site (www2.kenyon.edu/
depts/biology/slonc/bio3/bio03syl.htm)
also contains the course syllabus and
Kenyon students explore
reading list; sample student projects;
biological principles by studying
and K-Files (K for Kenyon, of kourse)—
creatures in speculative fiction,
student-written “investigations” patsuch as this alien “shepherd”
terned after the popular end-of-alphabet
from Slonczewski’s novel, The
television show. H
Wall Around Eden.
Jennifer Boeth Donovan

New Drugs
Could Be More
Effective at
Lowering
Cholesterol
HHMI investigator David J. Mangelsdorf
and HHMI associate Joyce J. Repa, both
at the University of Texas Southwestern
Medical Center, have discovered two targets for a new generation of cholesterollowering drugs. The targets are protein
receptors, called LXR and FXR, that
control the production of proteins that
regulate cholesterol levels.
The scientists previously had shown
that LXR and FXR help regulate the

production of bile acids from cholesterol.
Bile acids speed cholesterol absorption
(by making it more soluble) and help the
body shed excess cholesterol.
In their studies, reported in the journal
Science, Mangelsdorf, Repa and scientists
at two California-based companies,
Tularik, Inc. and Ligand Pharmaceuticals,
demonstrated in mice that regulating the
action of LXR and FXR affects cholesterol metabolism. Since no drug existed
for regulating LXR or FXR directly, the
scientists used a compound, called
LG268, that indirectly affected these
receptors. The scientists found that
LG268 enhanced FXR’s ability to repress
a gene crucial for bile acid synthesis, thus
reducing cholesterol absorption. LG268
also activated LXR’s ability to speed up
production of a compound called ABC1,
which transports excess cholesterol out
of cells to the liver for excretion. Treating

Researchers Identify New Genetic
Culprit in Type 2 Diabetes
For the first time, the most common
form of diabetes has been linked to a
specific genetic abnormality, according to
studies by a research team that includes
HHMI investigator Graeme I. Bell and
colleagues at The University of Chicago.
More than 135 million people worldwide have type 2 diabetes, which results

MARK SEGAL

from the body’s inability to respond
properly to insulin. If untreated, the disease causes blindness, kidney and heart
disease, stroke, loss of limbs and reduced
life expectancy.
The team, which also includes scientists from the National Institute of
Diabetes and Digestive and Kidney
Diseases, announced
its findings in two
journal articles. In
Nature Genetics, the
scientists reported the
discovery that certain
small genetic variations, called single
nucleotide polymorphisms (SNPs), in the
gene that expresses an
enzyme called
A long search pays
off for Graeme Bell
and his colleagues.

mice with LG268 completely blocked
their absorption of cholesterol—“an
astounding effect,” Mangelsdorf says.
This research may turn out to be good
news for people who have an increased
risk of heart disease even after losing
weight, exercising and controlling their
intake of cholesterol and saturated fats.
These patients might be able to use a
new generation of drugs to prevent cholesterol absorption while also taking
statins, commonly prescribed drugs such
as Lipitor, Pravachol and Zocor that help
lower cholesterol. “Using both kinds of
drugs could actually produce a net loss
of cholesterol from the body,” says
Mangelsdorf. “By carefully monitoring
drug dosages and cholesterol levels, you
could essentially ‘dial in’ exactly the level
you wanted a person’s cholesterol
to be.” H

calpain-10 are associated with type 2 diabetes in a group of Mexican Americans
susceptible to the disease. In the Journal
of Clinical Investigation, the scientists
showed that a similarly susceptible group
of Pima Indians had the same type of
genetic variation.
In previous research, Bell and Craig
Hanis, a researcher at the University of
Texas at Houston, determined the probable location of an unknown gene that
appeared to increase susceptibility to
type 2 diabetes. “Such an identification
had never been done before for a genetically complex disorder such as diabetes,”
Bell says.
In the current studies, the scientists
first narrowed their search for the gene
from a vast region of chromosome 2 to a
much smaller region. Further analysis led
the scientists to the SNPs in a specific
gene, which they called CAPN10. The
SNPs may somehow decrease levels of
calpain-10 expression.
Understanding this pathway may lead
to new therapies for diabetes. “This discovery is an important piece of the puzzle,” Bell says, “but having gotten this
far, we now end up with many more
challenges ahead.” H
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They’re two famous scientists with a secret life. One is
renowned as a cancer researcher; the other for his work in molecular biology and immunology. Both have long lists of honors. But Bert Vogelstein and Richard Flavell share something
else: They both play in rock bands that blend science with
music.
Vogelstein’s band, Wild Type, has played gigs from the
National Academy of Sciences to charity events at crowded
bars in Baltimore, where Vogelstein is an HHMI investigator
at The Johns Hopkins University. He is the keyboardist for the
seven-piece group whose drummer, Ken Kinzler, is his frequent collaborator in studying cancer. Flavell, an
immunologist who is an HHMI investigator at Yale
University, plays lead guitar and writes songs for
the Cellmates, who’ve rocked biology gatherings
at places like the Massachusetts Institute of
Technology and Cold Spring Harbor
Laboratory.
Wild Type plays standards like “Johnny B.
Goode” and newer songs from performers
such as Fiona Apple and the Black Crowes,
as well as originals like “Grant Writing
Blues” by band members Bob Casero and
Pat Morin. “I wrote myself a grant,” that
song begins, “I sent it on down; Now the
study section ’ciding; Whether I’m gonna stick
around.”
The Cellmates, who also blend familiar and
original songs, are surely the only group ever to
sing, “It’s a prion you can rely on.” Flavell’s tune
“1-800-Kits-R-Us,” about postdoctoral fellows
who want their principal investigator to buy them
easy-to-use laboratory kits, concludes with: “And, if
perchance this gel’s a bust; Why, there’s no need to
make a fuss.” His “Molecular Millionaire” celebrates discoveries that can lead to riches.
Both bands are composed mainly of scientific
colleagues—and they take their music seriously. You can hear them at the HHMI
Web site, www.hhmi.org/
bulletin/bands/. H

Q&A: Darwin, Elvis and More
Your musical hero?
Flavell: Jimi Hendrix.
Vogelstein: Ray Charles.

Richard Flavell

Your scientific hero?
Flavell: No heroes, but biggest influences are Charles Weissman
and Piet Borst, for whom I worked as a postdoc.
Vogelstein: Paul Erdos.
Were you first interested in science or music?
Flavell: Science, but only just. I got turned on to chemistry
at the age of 15 and started in a rock band at 15 1/2 .
Vogelstein: Science.
The song people request of you most often?
Flavell: “Mitosis,” by our bass player Ira Mellman. It’s
a reggae song to which people frequently do the limbo.
Vogelstein: “Freebird.” We don’t play it.
What characteristics do rock and science have most in common?
Flavell: High intensity and energy level.
Vogelstein: Both rock musicians and scientists can count.
Least in common?
Flavell: Rock is easy; science is hard. For example, rock has
mostly three chords, while science uses quite a few more.
Vogelstein: Scientists don’t smash their equipment after successful experiments.
The biggest similarity and difference between a lab and a band?
Flavell: Good moments in both labs and bands involve multiple
people contributing to create something new through synergy.
The biggest difference is, as soon as scientists become musicians,
they start acting like musicians: they are always late, throw
tantrums and don’t want to lift heavy equipment.
Vogelstein: As our bass player Bob Casero notes, both have an
excess of opinions but a lab has more sinks.
The current music star who most reminds you of a scientist?
Flavell: Eric Clapton. In his formative years, he was a meticulous student of blues licks, and he learned to synthesize those
into something of his own.
Vogelstein: The artist formerly known as Prince.
HAROLD SHAPIRO

Whom would you rather meet: Darwin or Elvis?
Flavell: I have no interest in meeting Elvis, but there are other
musicians I would enjoy meeting. I have, however, visited
Elvis’s grave, standing next to numerous weeping fans. I held
back my tears.
Vogelstein: Chris Torrance, our backup guitarist, suggests that
we mate them. What evolves would definitely be worth meeting.
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From a
Murdered
Czar to a
Dying Brain

WILLIAM K. GEIGER

Russian ruler and his family were executed by the Bolsheviks in 1918. Were the
bones the real thing? Rogaev’s analysis,
carried out in Russia, was convincing
enough that the government laid the
remains to rest with full honors in the
old imperial capital of St. Petersburg in
1998. The Russian Orthodox Church
canonized the family in August. Still
more tests, Rogaev adds, could now help
How do the bones of a czar relate to the
resolve any lingering questions raised by
genetics of Alzheimer’s disease?
some social and religious organizations.
Very indirectly, says Evgeny Rogaev,
Notably, a genetic analysis of the paterdirector of the Laboratory of Molecular
nal lineage could be carried out to comBrain Genetics at the Russian Academy
plement the completed analysis of the
of Medical Sciences’ Research Center for
maternal lineage.
Mental Health in Moscow. “My major
In addition, says Rogaev, such DNA
background was in genomic research,”
techniques have been a powerful tool in
he says: looking for markers in human
medical genetics and population studDNA that would help investigators track
ies—tracing, say, the genetic mutations
down specific genes among the 46 chrothat give certain families a high incidence
mosomes. Among other things, these
of Alzheimer’s disease. “And that,” he
markers are useful in forensics—which
says, “is what led me to Peter”—
was why the Russian government and
Alzheimer’s specialist Peter St. Georgerelatives of Czar Nicholas II called on
Hyslop of the University of Toronto,
Rogaev to carry out an independent
who, like Rogaev, is an HHMI internaanalysis of human remains that were distional research scholar. The two scientists
covered at the site where the former
have been collaborators ever since they
first met nearly a
decade ago. “For
example,
Evgeny’s lab
might do some
population studies of candidate
genes,” says St.
George-Hyslop,
“and then we
would confirm or
disconfirm in a
different population.”
Certainly
there’s plenty of
work to go
around. The how
of Alzheimer’s is
clear enough, at
least in a general
way. A smallish,
sticky protein
called amyloid
Evgeny Rogaev (left) and Peter St. George-Hyslop collaborate in
beta begins to
studying genetic mutations that can lead to Alzheimer’s disease.
build up in the
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brain, setting off a chain reaction of devastation in the surrounding neurons;
thus, the sufferer’s progressive loss of
memory, language and personality. But as
for the why of Alzheimer’s—what causes
this particular protein to accumulate in
the first place—St. George-Hyslop says,
“What we’ve got is a few glimpses, from
which we can imagine a picture. The
goal is to fill in the picture properly,
which is what will ultimately lead us to
new diagnostics and new therapies.”
In particular, he says, amyloid beta
turns out to be a fragment of amyloid
precursor protein, APP, a much larger
molecule that plays an unknown role in
the normal functioning of cells. Something
in the brain of an Alzheimer’s victim
attacks APP and causes the beta fragment
to break off. In many cases, the attacker
appears to be a mutant form of a protein
known as ApoE. No one is certain why
the protein goes awry in Alzheimer’s, says
Rogaev. But, as he described at a meeting
of HHMI’s international program at the
Institute in June 2000, recent studies of
higher primates and human populations
confirm that the pathological “e4” variant of ApoE is actually an ancient form
of the ApoE gene. Carriers of the variant do indeed have a risk of developing
Alzheimer’s that is much higher than
average, even if they are in different
population groups.
So do carriers of mutants in the presenilin gene family, which Rogaev and
St. George-Hyslop and their colleagues
first identified in the mid-1990s. At the
HHMI meeting, Rogaev described some
of their joint studies of presenilins in
other organisms, such as in the fruit fly
Drosophila and in rat cells, while St.
George-Hyslop described the recent discovery that presenilin genes facilitate
the early embryonic development of the
brain and spinal cord. Indeed, it’s at
least conceivable that mistakes made by
a mutant presenilin while constructing
the brain early in life are what cause
the degeneration of that same brain
later in life. H
M. Mitchell Waldrop

Calling up vivid memories activates
some—but not all—regions of the brain
responsible for processing sensory experiences, according to studies by HHMI
investigator Randy L. Buckner and colleagues at Washington University in St.
Louis.
For more than a century, scientists
have debated how the brain represents
sensory-specific memories, such as the
face of a loved one or the chords of a
favorite song, when it retrieves them.
Buckner’s studies, published in the
Proceedings of the National Academy of
Sciences, confirm and extend the “reactivation hypothesis,” a long-standing theory that the sensory regions of the brain
responsible for a vivid memory are reactivated when the memory is recalled.
Buckner and colleagues Mark E.
Wheeler and Steven E. Petersen used
functional magnetic resonance imaging

(fMRI) to watch the brain activity of test
subjects who were asked to perform
memory-retrieval tasks. They presented
the subjects with vivid visual or auditory
information, such as a picture of a dog
or the sound of a dog barking, accompanied in each case by a descriptive label.
After familiarizing the subjects with the
pictures and sounds, the researchers
placed them in an MRI scanner, where
they were shown only the labels and
asked to recall the associated image or
sound. Almost invariably, the fMRI scans
showed that the subjects activated the
visual cortex of their brains when recalling images and the auditory cortex when
recalling sounds.
The subjects did not reactivate all of
the regions of their brains involved in
perception. Instead, they reactivated
only a subset—an insight that extends
the reactivation hypothesis. The data
suggest that vivid memories selectively
reactivate brain areas that already contain complex representations of sensory
information. Areas of the brain involved
in the earliest levels of perception are
not reactivated. “As we learn more
about these perceptual areas,” says

Data on Undergraduate Science
Funding Is Just a Click Away
Three people share one big problem.
One is a biology professor who wants to
provide her undergraduates with more
research opportunities. The second is a
college dean trying to overhaul the
science curriculum. The third is a high

school science teacher looking for a
local campus that offers summer training programs. Their common problem:
Where to find the resources they need?
A new online database created by
GrantsNet, www.grantsnet.org, provides
information on programs that might fill
the bill. The free site gathers information about funding and other resources
offered by foundations, corporations,
government agencies, professional societies and other organizations. Visitors—
more than 70,000 of them have registered so far—can find possible sources
of support to modernize undergraduate
biology classes, build or equip life
sciences buildings and laboratories,
provide internships for local high
school teachers and students and meet

Buckner, “we will begin to understand
how they serve as building blocks for
memories.” H

MARK E. WHEELER, STEVEN E. PETERSEN, RANDY L. BUCKNER

Researchers
Trace Roots of
Vivid Memories

Four horizontally sliced brain images
acquired using magnetic resonance
imaging show regions of the brain active
during perception of environmental
pictures (top left) and sounds (top right)
and subsequently during retrieval of the
same pictures (bottom left) and sounds
(bottom right) from long-term memory.
These data indicate that regions of the
sensory cortex are reactivated when
a person remembers sensory-specific
information.

other needs. The information is updated
regularly.
Focusing on undergraduate education,
the database breaks new ground for
GrantsNet, which is part of Science’s
Next Wave site. HHMI and the American
Association for the Advancement of
Science launched GrantsNet in 1998 to
provide graduate students, postdoctoral
fellows and junior faculty with a single
source of information about grants and
fellowships. It has since grown to include
more than 650 programs, including new
listings on mathematics, engineering and
technology. GrantsNet, which is searchable by field and education level, provides
the eligibility requirements, award
amounts and application deadlines for
programs, along with their contact
information and Web site links. A new,
three-year grant from HHMI will enable
GrantsNet to continue expanding and
improving. H
Jennifer Boeth Donovan
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Chemotherapy kills cancer cells, but
effectively high doses can damage healthy
tissue too. And sometimes tumor cells
develop resistance to their killers; then no
dose is high enough.
Qing He, an HHMI predoctoral
fellow at the Massachusetts Institute of
Technology, has found a new way to
boost the effectiveness of certain
drugs commonly used to fight cancer.
Her research focuses on a family of
proteins that bind to DNA damaged by
chemotherapy. The more there is of one
of these proteins, called HMG1, the
harder it becomes for the DNA to repair
itself. Normally, that would be a bad
thing, but it’s desirable if the cells are
cancerous because they’re easier to kill if
they remain unrepaired.
While thinking about how to get more
HMG1 into cancer cells, the graduate
student read a journal article saying that
hormone treatment could raise HMG1
levels. She began testing cells treated with
combinations of estrogen and progesterone. Sure enough, she found that these
steroid hormones made cancer cells easier
to control with cisplatin and carboplatin,
two widely used anticancer drugs that
bend DNA’s helixes into abnormal shapes
and prevent the cells from replicating.
Cisplatin is used successfully against testicular tumors, but serious side effects
have limited its use against other cancers.
Carboplatin is standard chemotherapy
for ovarian cancer but too toxic for use
in large doses.
The young researcher immediately realized that her findings might help patients.
“The proper combination of estrogen or
progesterone and cisplatin or carboplatin
could make chemotherapy more effective,
enabling us to give patients lower doses
or possibly to overcome resistance,” she
says. Already, her research has led to a
preliminary clinical trial at the DanaFarber Cancer Institute.
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STANLEY ROWIN

Fellow Teaches
Cancer Cells a
New Trick

Qing He hopes her research will help make chemotherapy more effective.
“She’s one of those students with a
clear sense of which experiments are
worth doing,” says Stephen Lippard, her
mentor and the senior author of a paper
published in the May 23, 2000, issue of
the Proceedings of the National Academy
of Sciences, in which the results were
reported. Adds Lippard, chair of the
chemistry department at MIT, “Her project has been exciting. Not often does a
basic science experiment move into the
clinic.”
When Qing He started college at
Franklin and Marshall College in
Lancaster, Pennsylvania, she didn’t know
that biomedical research would beckon
her. She had arrived in the United States
from China just a year earlier and was
on her own. Her father, a computer science professor, had stayed behind. To

earn money for her first textbooks, she
took a job washing dishes in the school
cafeteria.
“My first day of chemistry lab, I didn’t
know the English words for flask or
spatula,” she recalls. “The professor was
talking to me after class, and he asked if
I wanted to work in his lab. I thought it
sounded better than washing dishes, so I
did it.” Soon she was hooked on laboratory science. She majored in chemistry
and did undergraduate research in physical chemistry. During a summer internship, she discovered biochemistry and
molecular biology, her fields of study in
graduate school. Now, she says, “I want
to do something with potential applications.” H
Nancy Volkers

Transgenic Crops
Genetic engineering of food crops is
generating heated debate, including
protest demonstrations in the United
States and Europe, but finding unbiased
information about the topic can be difficult. A Web site produced by Sarah
Ward and Patrick Byrne, assistant professors in the department of soil and
crop sciences at Colorado State
University, helps to fill this gap.
Transgenic Crops: An Introduction and
Resource Guide describes transgenic
crops in nontechnical terms, examines
the controversies surrounding them and
provides numerous links to other sites.
The Colorado State University Center
for Life Sciences, supported by an

HHMI undergraduate
biological sciences education grant, runs the site,
which plans to add a
Spanish version, more
detailed content and new
material for classroom
presentations. It’s located
at www.colostate.edu/
programs/lifesciences/
TransgenicCrops. H
Barbara Maynard

Ukrainian Neuroscientist Provokes Ideas with His Novel
he find out that his girlfriend never
had an abortion. The brain injection
he received was a placebo. Her
child—his child—is alive and well in
her arms, with a father who needed
only a shot of self-confidence.
Frightening? Macabre? Sure, but
thought provoking, too. It’s the story
line from Homunculus, a Russianlanguage novel praised by a leading
literary magazine, Neva.
Oleg Krishtal, an HHMI international research scholar, wrote
Homunculus a morning at a time
before leaving for work at the
Bogomoletz Institute of Physiology at
the National Academy of Sciences of
Ukraine in Kiev, where he studies the
mechanisms of long-term neural plasticity and memory. Published five
years ago, the novel recently was
translated into French. “It’s now in
Oleg Krishtal’s novel Homunculus is a blend
the shops along the Boulevard Saintof biology, philosophy and drama.
Germaine,” Krishtal says.
The Ukrainian neuroscientist, who
into English. He’s also working on a new
has been a visiting professor at Harvard
book, less dramatic but equally philoUniversity, the University of Pennsylvania
sophical. “Every word will have meanand universities in Japan and Spain, now
ing,” he promises with a smile. H
hopes to have Homunculus translated
WILILAM K. GEIGER

Have you read this one yet?
A neuroscientist with a brilliant girlfriend wants to become smarter—unnaturally smart. He decides to persuade his
girlfriend to become pregnant, abort the
fetus and allow some of the fetal brain
cells to be injected into his brain so he’ll
gain some of his girlfriend’s intelligence.
Sure enough, the scientist’s girlfriend
gets pregnant, and he receives a brain
injection and becomes smarter—so
smart, in fact, that he soon makes a brilliant discovery about the biological
mechanisms of learning. Only
later does
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Holiday Lectures Experiment Tests
Whether Teens Snooze Like Adults
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available to classrooms nationwide. The
teen volunteers were selected randomly
from 200 high school students who were
invited to attend the lectures.
In the study, each volunteer strapped
on the lightweight device that looks like
a wristwatch but actually monitors
movement. Widely used in clinical
research on human circadian rhythms
and sleep, the Actiwatch registers even
the smallest movements. It contains an
accelerometer that measures the amount
of activity over time and integrates the
data into an electrical signal that the
watch stores. Participants also recorded
anecdotal information
about their activities during the study period.
The study compared the
effects of two seasons—
summer and fall—on adult
circadian rhythms. HHMI
volunteers wore their
Actiwatches for 11 days
during the summer and the
same number of days in
the fall to determine
whether a longer number
of daylight hours affected
the sleep patterns of the
group as a whole. The
high school students wore
their devices only during
the fall. Data from the
teenagers were compared
with data collected at the
same time from the HHMI
It looks like a wristwatch, but the Actiwatch actually
adult volunteers, allowing
measures a person’s activity throughout the day and night.
a comparison of sleep patterns of teenagers and
adults in fall.
research studies, participated in the
During the Holiday Lectures,
experiment and was surprised by her
Takahashi discussed the data collected
results. “I didn’t expect such a consistent
during the Actiwatch study. He also
level of activity,” Plunkett says. “I didn’t
presented information from another
realize how busy I was. Now, I’m tired
informal study of the effects of jet lag on
just thinking about it.” H
the human body. On a transatlantic trip
to Portugal, study coordinator Donna

WILLIAM K. GEIGER

Are they early birds or night owls, sound
or restless sleepers? What time of day are
they most active? Forty staffers at HHMI
headquarters wanted to know, so they
volunteered for an experiment to monitor their activity levels around the clock
for more than a week during the long
days of summer and again during the
shortening days of fall.
Looking at the peaks and valleys on a
computer-generated graph of data collected by wearing an activity measurement device called an Actiwatch, Birgit
An der Lan, a program analyst in the
grants office, could see from her
“actogram” that her activity levels dip
low in the early afternoon—a fact that,
she speculates, may correlate with her
occasional insomnia. Barbara Filner, a
senior grants program officer, learned
that she wakes up in the middle of the
night only about half as often as she
thought she did and that she consistently
wakes up well before her alarm clock
rings, even on weekends. Jan Ebert, an
administrator in the accounts payable
department, realized that she’s “really
charged up” for work on Mondays and
Tuesdays if she’s had a restful weekend.
Approximately 30 high school students
from the Washington, D.C., area also
wore Actiwatches to provide a comparison of activity levels between teenagers
and adults. The study was designed by
Joseph S. Takahashi, an HHMI investigator at Northwestern University, and
HHMI senior grants program officer
Dennis Liu to stimulate interest in this
year’s Holiday Lectures on Science
(www.holidaylectures.org). Takahashi
and Michael Rosbash, an HHMI investigator at Brandeis University, gave the
lectures, called “Clockwork Genes:
Discoveries in Biological Time,” on
December 4 and 5 at Institute headquarters in Chevy Chase, Maryland. The program was also broadcast live on the Web
and televised by satellite, making it

Messersmith wore a special Actiwatch
that holds up to 90 days of data.
Institute President Thomas R. Cech
strapped on a similar watch when he
traveled back and forth between HHMI
headquarters and his laboratory at the
University of Colorado at Boulder.
Messersmith’s wake-up time in Portugal
advanced about two hours, but it did not
shift a full five hours to local time,
Takahashi points out. Cech, who traveled
across only two time zones, experienced
a complete two-hour shift in his wake-up
time. “These activity patterns are very
typical and show that we can shift our
circadian rhythms one or two hours easily but that larger shifts of five or six
hours are much slower, leading to the
effects of jet lag,” says Takahashi.
Karen Plunkett, a desktop publishing
specialist at HHMI and veteran of many

Researchers Determine How Drug
Blocks Leukemia-Triggering Switch
By exploring how a new anticancer drug
inhibits a runaway cellular switch that
causes a form of leukemia, a team of
researchers has discovered a potential
way to regulate the switch in a very precise manner. Controlling these protein
switches, called kinases, could give pharmaceutical companies and basic
researchers new tools for manipulating
the signaling pathways that control cell

growth and a host of other functions.
In the journal Science, postdoctoral fellow Thomas Schindler and HHMI investigator John Kuriyan at The Rockefeller
University and colleagues at Memorial
Sloan-Kettering Cancer Center and the
State University of New York at Stony
Brook described their use of x-ray crystallography to determine how the anticancer drug STI-571 inhibits the

LORE LEIGHTON

The drug STI571 (yellow)
binds to the
inactive form
of Abl (left),
but not to the
active form of
the Src protein
(right).

Protein Chips
Offer Powerful
Method for
Probing Protein
Function
Using new “protein chips,” researchers
can measure the function of thousands of
proteins simultaneously. The chips, developed by HHMI investigator Stuart L.
Schreiber and Gavin MacBeath, both of
Harvard University, will enable rapid
screening of thousands of small molecules to determine their therapeutic

potential. Ultimately, scientists will use
the chips to create protein “snapshots”
of the many enzymes and proteins in
cells.
In the journal Science, Schreiber and
MacBeath described the development and
testing of their protein chips, which are
counterparts to the “gene chips” that
simultaneously reveal the activity of
thousands of individual genes. Schreiber
and MacBeath built the protein chips
with affordable equipment and materials,
using a robot developed earlier by HHMI
investigator Patrick O. Brown at
Stanford University. “We are particularly
proud that we were able to develop a
technique that can be carried out in a
typical university environment under
conditions compatible with a typical university research budget,” Schreiber says.

wayward protein switch—called Abelson
tyrosine kinase, or Abl—that causes
chronic myelogenous leukemia (CML).
In CML, the Abl switch becomes overactivated by a chromosomal mix-up during blood cell development. The mix-up
causes an overproduction of Abl and, in
turn, an overabundance of white blood
cells. Among their studies, the scientists
looked at why STI-571 inhibits Abl but
does not affect another family of switches
called Src kinases. “This puzzle of STI571’s extreme affinity and specificity is of
broader interest because protein kinases
are crucial elements in signal transduction pathways that control cell growth,”
Kuriyan said. “Thus, understanding how
kinases are turned on and off is a matter
of immediate interest.”
The scientists found that STI-571
binds only to certain forms of Abl.
Differences in the structure of the Abl
and the Src kinases, Kuriyan says, may
explain the drug’s preference. While
CML may be special in that its cause is
so singularly regulated by one specific
kinase, he adds, understanding the structural differences between kinases presents
the potential for engineering kinasespecific drugs. H

In a series of tests, Schreiber and
MacBeath confirmed that the chips detect
interactions between proteins, reveal
interactions between enzymes and the
molecules upon which they act and probe
interactions between proteins and small
molecules.
“This is only a starting point,” says
Schreiber, who believes the microchips
may propel the next wave of research on
the proteome—the cell’s vast collection of
proteins. The chips will find practical
applications as well in drug development
and beyond. Says Schreiber: “Profiling
proteins will be invaluable, for example,
in distinguishing the proteins of normal
cells from early-stage cancer cells and
from malignant, metastatic cancer cells
that are the real killers.” H
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doing—they needed to purify the proteins
of interest, label each with distinctive dyes
and then inject them into a cell. However,
“the dyes often interfere with the function
of the protein, and the injection kills many
types of cells,” he says.
GFP fluorescence rests on a special trick
of quantum mechanics, in which energy
travels invisibly from one

LABORATORY OF ROGER TSIEN

In the field of cellular signaling, Roger
Tsien’s work literally shines. He has
borrowed from jellyfish a molecule that
glows, green fluorescent protein (GFP),
and has honed it genetically so that it
helps researchers peer into cells. Using
this tool, Tsien has devised techniques
that monitor when other proteins team
up, separate or change shape. These
activities underlie “almost everything
interesting in the cell,” says Tsien, an
HHMI investigator at the University of
California, San Diego.
“The popular press gets all excited
about the human genome being
sequenced, but that provides just a
static cast list of 50,000 to 100,000
gene products,” Tsien says. In his
opinion, the critical questions in
biology relate to how these myriad
players interact with each other. “Like
in soap operas, the action is about cast
members getting in and out of each
other’s bed. Using GFP is like tagging
the characters so when two proteins get
into a clinch, we know it from outside
the cell.”
GFP is the first tool that has allowed
researchers to generate fluorescence
reliably within living cells so they can
watch the behavior of proteins in real
time. Formerly, if scientists wanted to
see individual proteins, they had to
generate antibodies that bind to a
particular protein—a laborious
process. Even with such tools, they
could study only dead cells because the
procedure for using antibodies requires
slicing tissue into thin sections and
“fixing” the tissue with lethal
chemicals. “That takes much longer,
and the cells are dead,” says Tsien. If
researchers wanted to get more
sophisticated and probe protein-protein
interactions—which is what Tsien is

molecule of GFP to another, but only
when the GFP proteins are close enough
to each other. “It’s like the proteins are a
quarterback and a receiver of a lateral
pass,” explains Tsien. “If we feed energy
to the quarterback and get it back from
the receiver, we know that the proteins
must have gotten within a short distance
of each other.” Scientists see a color
change when the handoff is complete.
With one hue alone, however, the energy
trick won’t work, because the emission
spectrum of one has to overlap the
absorption spectrum of the other.
Natural GFP comes only in green, but
Tsien and his colleagues have engineered
the protein so it emits colors that range
from blue to yellow. To accomplish this
task, they’ve used a combination of

This computer-processed fluorescence image shows a dish containing many bacterial
colonies, each expressing a different mutant of jellyfish GFP. Researchers use such
images to help identify mutants with new and improved properties.

LABORATORY OF ROGER TSIEN

strategies. In some cases, they randomly
altered the DNA sequence that encodes
GFP and sifted through the resulting
proteins to find those that produce
different shades of color. But this scheme
failed to produce a yellow protein, which
they needed because of its unique spectro
scopic and technical properties. Reaching
that goal required a more calculated
approach, which was made possible by
knowledge of GFP’s crystal structure.
This high-resolution picture revealed
which of the amino acid building blocks
that compose the protein lie next to the
chromophore, the portion that radiates
color. The researchers replaced a
particular amino acid with one that has
extra electrons that wiggle when the
chromophore gets excited, and they
successfully created a protein that

Proteins labeled with GFP mutants
“kiss” each other in living cells. A rise in
cell calcium encourages the cyan-labeled
calmodulin to associate with the yellowlabeled M13. This increases the transfer
of fluorescence resonance energy, as
shown in the overlaid diagram, causing a
color change that can be imaged by
computer-aided microscopy. Reproduced
with permission from Science
280:1954–1955 © 1998 AAAS.

beamed yellow instead of green.
With the yellow GFP in hand, Tsien and
his colleagues could probe the
activities of living cells. A unique strength
of the method lies in its ability to monitor
protein-protein interactions as they are
occurring. Normally, scientists wait hours
to assess the effects of hormones such as
estrogen because they’re measuring
indirect responses that occur well after the
introduction of the hormone. But, by
attaching different versions of GFP to the
receptor that initially binds estrogen in the
cell and to one of the several molecular
buddies with which the receptor
collaborates, the researchers could
untangle some of the immediate
consequences of estrogen exposure. They
determined, for example, that the estrogen
receptor travels with its protein gang

A recently discovered fluorescent protein
from coral produces this brilliant red
color. The live bacteria that express the
red protein are arranged here to show
the protein’s structure.

even before it encounters estrogen, which
then tightens the association.
Tsien has applied the technique to
processes that rely on changes in the shape
of single proteins as well as those based on
altered protein-protein interactions. Every
time a muscle moves, a neuron fires or a
sperm meets an egg, calcium levels change—
fluctuations that control the behavior of
proteins that grab calcium. Tsien’s group
uses the calcium-binding proteins as sensors
to monitor the changing calcium levels,
attaching different GFPs to their heads and
tails. Because the two ends of these sensor
proteins move relative to each other as they
grip calcium, the distance between the two
GFPs changes. This causes an
emission of color—visual evidence of
calcium’s concentration in different
conditions.
In addition to opening the door to studying
basic physiological processes, Tsien’s work
may enlighten the search for new treatments
for human diseases. Aurora Biosciences
Corporation, a San Diego–based company
founded on Tsien’s technology, announced
in September that it is collaborating with the
Hereditary Disease Foundation to search for
drugs that might attack Huntington’s
disease, an incurable inherited disorder that
causes severe neurological problems and
early death. Some scientists think that
defective versions of the protein involved in
Huntington’s kill brain cells by aberrantly
sticking together. Because the company
has a simple visual test for proteinprotein interactions, it can easily search for
chemicals that interfere with this
destructive protein aggregation.
Clearly, scientists are exploiting Tsien’s
altered GFPs in a wide array of research
areas, and the proteins are proving, well,
illuminating. “Someone did a literature
search recently and said GFP had been
used in several thousand research articles,”
he says. H
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Meet Mithradates,
a Living System
for Testing
New Drugs
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Ronald Evans says the
Mithradates mouse will
help researchers identify
possible problems with
new drugs.

it may also begin to metabolize other
drugs that the patient is taking. Indeed,
Evans says, one-third to one-half of all
prescription drugs are susceptible to such
“xenometabolism.”
Mice have a gene called PXR (pregnenolone X receptor) that is similar but
not identical to SXR. Evans and postdoctoral researcher Wen Xie knew that
rifampicin had no effect on mouse PXR,
MARK HARMEL

The name Mithradates may soon become
associated with a revolution in drug
development and testing. HHMI investigator Ronald M. Evans and colleagues at
The Salk Institute for Biological Studies
have created the Mithradates mouse, a
“humanized mouse” that has been genetically altered to respond to drugs and
toxic substances the way that humans
do. By replacing a single mouse gene
with a human gene, Evans’s research
team has created a mouse that can alert
researchers to adverse drug reactions that
otherwise might have become apparent
only after a new drug had come onto the
market.
Named after Mithradates, the ancient
king who made himself immune to poison, this is the first mouse ever to acquire
a uniquely human trait by targeted gene
replacement. It’s a new kind of animal
system that “could change the entire
pharmaceutical testing process, which
has been nothing if not random to date,”
says David Mangelsdorf, an HHMI
investigator at the University of Texas
Southwestern Medical Center.
Until now, no animal model or cell
assay could detect drug interactions or
drug tolerance in which progressively
larger doses of a drug are needed to
achieve a desired therapeutic effect.
Humans, by necessity, have been the
“guinea pigs” of prescription drug testing. “Rodents are poor predictors of how
a new drug will respond in humans,”
Evans says. “There is a great deal of dice
rolling when it gets to the population.”
For example, if an HIV-positive patient
develops tuberculosis and begins taking
the powerful antibiotic rifampicin to

treat the tuberculosis infection,
rifampicin may inactivate the AIDS
drugs. A woman’s birth control pills may
become useless if she uses the herbal
antidepressant Saint-John’s-wort, leading
to unexpected “miracle babies.”
In 1993, Evans isolated a human gene
that directs the metabolism of hormones
and toxins. He named the gene SXR for
the protein that the gene encodes, a
steroid and xenobiotic
receptor. Xenobiotics are
drugs and other chemical
compounds that the body
considers foreign, such as
environmental pollutants,
certain herbal compounds
and many natural and
synthetic hormones. Evans
showed that SXR, which
is found mostly in the
liver and intestines, acts as
a powerful “metabolic
garbage disposal” for
eliminating xenobiotics.
SXR controls a family of
enzymes, called
cytochrome P450s, that
can break down both natural and synthetic compounds.
Eliminating foreign
compounds is usually a
good thing, but SXR
sometimes gets carried
away, as it does with
rifampicin. Like a virus
that trips the immune system, rifampicin triggers
the xenobiotic reaction,
which causes the body to
eliminate rifampicin. Once
SXR gets going, however,

so they used genetic engineering to knock
out the PXR gene in a mouse and replace
it with the human SXR gene. The scientists showed that mice bearing SXR
reacted to rifampicin in the same way
that humans do, and they say this mouse
model will be useful in determining how
drugs are processed by xenobiotic
enzymes. Researchers can use the mice as
a primary sensor to detect a drug that
activates human SXR or to determine the
degree of interaction between two or
more drugs. The mouse helps reveal
whether the primary drug alone is metabolized, whether secondary drugs are also
eliminated or whether the primary drug
remains active but the therapeutic activity of secondary drugs is affected.
Evans has developed a second line of
mice that features a human SXR gene
that is permanently switched on. He
hopes researchers will use these mice to
test drug tolerance as well as the susceptibility of drugs to P450 metabolism.
Some drugs require ever greater quantities to produce the same effect, because
the body continually activates SXR to
eliminate the drug, which is perceived as
a toxin. “It’s like what happens when
you drink wine,” Evans says. “The more
you drink, the more it is metabolized. So
you need more to produce the same
effect.” The mouse with switched-on
SXR will help drug researchers predict
the tolerance phenomenon.
The mice have been patented, but they
have not yet been licensed, although
Evans says that pharmaceutical companies are beginning to show interest. Steve
Kliewer, a senior research investigator at
Glaxo Wellcome, hopes his company is
among the suitors. “It’s remarkable how
drugs get to clinical trials or even to the
market before interactions show up,” he
says. “I believe this mouse will contribute
to our ability to detect such problems
much earlier.” H
Renee Twombly

A

revolution is taking place in biomedical research. This clearly written,
richly illustrated new volume takes you to the front lines. It describes
advances that scientists are making in fields ranging from genetics to
immunology—everything from how our bodies form to how we see a sunset.
Written by leading science writers, this inexpensive book compiles an awardwinning series of HHMI publications that many teachers have adopted for their
classrooms. It brings the people, technology and issues of modern biology to life
for students and anyone else interested in how today’s research will change
medicine and tomorrow’s world.

Exploring the
Biomedical
Revolution
Distributed by The Johns Hopkins University Press for HHMI
442 pp., 450 color photos
Paperback, $19.95
To order by phone from the United States and Canada,
call: 1-800-537-5487
Online: www.press.jhu.edu
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Minding the
Details at
Science’s
Frontiers
HHMI wants its scientists to pursue
innovative research and to assist in converting their findings into new therapies
and drugs. But the Institute can’t mandate innovation, can it? And a nonprofit
philanthropy shouldn’t interact with private companies—or should it?
Every day, Carl Rhodes and Christopher
Moulding sift through scientific papers,
legal agreements, e-mail messages and the
like in an effort to answer such questions.
Rhodes oversees HHMI’s system for
selecting and evaluating its investigators,
and Moulding guides the scientists in their
interactions with other laboratories and
the for-profit world.
Both joined the Institute this past
year: Rhodes came from the Stanford
University School of Medicine, where he
was the associate dean for graduate education, and Moulding from the
California Institute of Technology’s technology transfer office. They are key players in a reorganized team that assists
Gerald Rubin, who became HHMI’s vice
president for biomedical research in
January 2000.
“Gerry believes that we shouldn’t just
push money out to our laboratories,”
Rhodes says. “HHMI investigators
should be venturesome and show leadership, going beyond research that’s safe
and doable.”
Taking more risks increases the chance
of failure, of course, and Rhodes stresses
that HHMI’s review process should not
punish scientists who pursued good ideas
that didn’t pan out. The Institute employs its scientific staff directly instead
of awarding research grants, and it
assembles panels of eminent scientists
with appropriate expertise to evaluate
each investigator at five-year intervals.
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The investigators submit reports for
review and meet with the panels to
explain their progress and plans. The
panelists then recommend who should be
reappointed. Rhodes says that his biggest
job is “to make absolutely certain the
process is fair.”
So, too, when it comes to appointing
new investigators, which the Institute
does every few years through national
competitions. Rhodes manages this effort
as well, along with the annual series of
scientific meetings at HHMI headquarters
for investigators, who are accompanied
by selected students or postdoctoral associates from their laboratories. In addition,
Rhodes has found time to coauthor a
student guide to a leading biochemistry
textbook.
Fairness is also a daily concern for
Moulding, although with a different set
of issues. He assists HHMI’s investigators
as they consult or form collaborations
with industry, share biological materials
and interact in other ways with scientists
outside the Institute, particularly in private industry.
“It’s a balancing act,” Moulding says.
“When an HHMI investigator comes up
with an important discovery or great
idea, you need a company to help transform that into a new medicine or useful
product. The company, in turn, may need
the investigator’s knowledge and vision
to keep things moving. We encourage
these interactions, but HHMI also needs
to be sure that its investigators are
unconstrained by commercial concerns as
they pursue their research.”
Many HHMI investigators now serve
as consultants to private firms, and some
have established collaborations with
companies. There’s also a steady flow of
resources, such as cell lines and genetically modified mice, between HHMI
scientists and colleagues in both the academic world and industry. This sharing
of research tools is essential to science
and may yield lifesaving benefits, yet
each interaction raises potential problems. A seemingly innocent transfer of
cells to an HHMI laboratory may be

Christopher Moulding (left) and Carl
Rhodes work closely with HHMI
investigators across the country.
accompanied by a document that, if
signed, would give a company the rights
to any subsequent discovery made by the
laboratory. A collaboration between two
laboratories may degenerate into a dispute over who contributed what to a
breakthrough and who should profit.
These concerns have sharpened in
recent years as the dividing line between
basic and applied research has blurred,
with universities and companies strengthening their ties and staking their claims
to discoveries. Moulding has watched the
landscape evolve as he moved from academic research laboratories to business
school, then to several biotech firms and
finally to the technology transfer offices
at the University of California, Los
Angeles, and Caltech.
“HHMI has a great legal staff, and
they take the lead in working with the
investigators and their host institutions,”
he explains. “Over the past few years,
the Institute has developed policies for
most of the intellectual property issues
that have come up. There’s always something new, though, and I help the scientists and the lawyers figure out what
makes sense in a given situation.”
Working in adjacent offices, Rhodes
and Moulding seem to be in different
worlds. Both emphasize, however, that
their real mission is to help HHMI’s
research team be as productive as possible. As Rhodes explains, “We’re here to
advance the scientific frontiers.” H
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HHMI’s Latest
Research News
in English or
Spanish—Free
HHMI’s free online news service provided its subscribers with more than 70 stories this past year on a
wide variety of topics, such as the treatment and prevention of HIV, the control of hypertension and the
genetics of diabetes. It sends the stories by e-mail in
English and Spanish, highlighting the latest research
from the laboratories of HHMI investigators.

Join our mailing list at
www.hhmi.org/news/subscribe.html.
To receive the stories in Spanish, go to
www.hhmi.org/news/suscribirse.html.

CHARLES MANLEY

Eric Kandel speaks at a press conference in New York City
after receiving the 2000 Nobel Prize in physiology or
medicine, which he shared with Arvid Carlsson of the
University of Göteborg and Paul Greengard of The
Rockefeller University. Sweden’s Karolinska Institute
honored Kandel for his pioneering research on the
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molecular mechanisms that underlie learning and memory.
Kandel, whose HHMI laboratory is located at Columbia
University’s Center for Neurobiology and Behavior,
discussed the future of psychiatry in an article in the
September Bulletin, now available online at
www.hhmi.org/bulletin/kandel.

