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On May 2, 2000, the National Academy of Sciences elected nine HHMI
investigators and 51 other prominent
scientists from the United States as its
newest members. Election to membership in the Academy is considered one
of the highest honors that can be
accorded a U.S. scientist. Those elected in May bring the total number of
HHMI investigators who are members
of the Academy to 71.
The HHMI investigators elected
were Stanley Fields at the University
of Washington, Seattle; Charles A.
Janeway, Jr., at Yale University School
of Medicine; Roderick MacKinnon at
The Rockefeller University; Joan
Massagué at Memorial SloanKettering Cancer Center; Barbara J.
Meyer at the University of California,
Berkeley; William T. Newsome, III, at
Stanford University School of
Medicine; Douglas C. Rees at the
California Institute of Technology;
Richard H. Scheller at Stanford
University; and Michael J. Welsh at
the University of Iowa College of
Medicine.
An HHMI international research
scholar, Armando Parodi from the
Institute of Biochemistry Research,
Campomar Foundation, Buenos
Aires, Argentina, was elected as a
foreign associate.
Margaret Andrews, one of the
original Yale Peabody Museum of
Natural History Fellows under the
museum’s HHMI-supported Precollege
Science Education Program grant, was
named New Haven (CT) Teacher of
the Year for 1999. After completing a
summer Biodiversity Institute at the
museum, Andrews wrote and implemented a science curriculum for third
graders. Her curriculum, which meets
national standards, is available to
teachers throughout her school district. Andrews also serves as science
consultant for the museum’s HHMIsupported summer science camp for
inner-city youth.
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Douglas Chew, an instructor in biological sciences at the University of
Pittsburgh, won the 1999 Chancellor’s
Distinguished Public Service Award
for developing DNA science kits for
high school students and training
teachers to use them. The kits and
teacher support are part of the
University of Pittsburgh’s HHMI-supported Undergraduate Biological
Sciences Education Grant Program.
Purnell W. Choppin, who recently
retired as HHMI president, was one
of four winners of the UCSF Medal,
the University of California, San
Francisco’s highest honor. In a March
ceremony, Choppin was lauded as
“one of the foremost leaders of modern biomedical research,” and his
leadership skills were credited for
helping “make HHMI a symbol of scientific excellence.” At the same ceremony, the university named Donald E.
Ganem, an HHMI investigator at
UCSF, as its 2000 Faculty Research
Lecturer, the most prestigious recognition of scientific achievement
bestowed on a member of the UCSF
faculty. Ganem was cited for his
research on the hepatitis B and D
viruses and on human herpesvirus 8,
which appears to cause Kaposi’s sarcoma, the most common cancer in
AIDS patients.
Jennifer A. Doudna, an HHMI investigator at Yale University, received the
2000 Alan T. Waterman Award from
the National Science Foundation at a
ceremony in May in Washington, D.C.
This award, which honors a young
U.S. scientist at the forefront of science or engineering, includes a
$500,000 three-year grant for research
or advanced study. In making the
award, NSF stated, “Doudna’s leading
work in structural biology provided
an answer to how RNA can act like
an enzyme to catalyze specific biochemical reactions, and how polyanionic RNA forms a three-dimensional

structure.” She is the 25th recipient of
the award.
Alexei V. Finkelstein, an HHMI
international research scholar at the
Institute of Protein Research at the
Russian Academy of Sciences in
Moscow, has won the State Award
for Science and Technology. This
annual award, given by the Russian
president based on recommendations
from a special commission of scientists, was presented to Finkelstein
for his work on the principles of
structural organization of proteins
and their application to the design
of new proteins.
The New Mexico Museum of Natural
History & Science won the U.S.
Environmental Protection Agency’s
1999 Region 6 Environmental
Excellence Award for Environmental
Education. The museum received the
award for its HHMI-supported
Precollege Science Education Program,
The Electronic Bridge. The distance
learning project—headed by Timothy
Aydelott, ecology education coordinator and HHMI program director at
the museum—uses videotapes to introduce rural middle schools to
Southwestern ecosystems.
Charles J. Sherr, an HHMI investigator at the St. Jude Children’s
Research Hospital in Memphis, has
won the American Association of
Cancer Research (AACR) Pezcoller
International Award and the BristolMyers Squibb Company’s
Distinguished Achievement in Cancer
Research Award. At an April ceremony, the AACR recognized Sherr for his
significant contributions to “understanding the mechanisms of cell
growth control and neoplastic transformation.” Also in April, BristolMyers Squibb presented Sherr with
the 23rd annual silver medallion for
outstanding contributions to the field
of cancer research.

CAN WE DO BETTER STILL?

When I have spoken with
our investigators during recent
meetings at HHMI’s conference center in Maryland, I
have spoken of my interest in
building some bridges between
the biomedical research and
education programs. I have
mentioned this briefly, as one
of a dozen goals and challenges, yet it is the one that has generated the most responses—
all positive. I have received letters and e-mails from investigators who are discouraged about the science education
they see their own children receiving and who want to
make an impact on a local or national level, or who want
to reinvigorate medical school education, or who would
like to help explain evolution to the general public.
Before interested researchers can make an impact on our
various grants programs, they need to become more aware
of what these programs entail. We provide considerable
information about the programs on our Web site and,
during the coming year, we plan to devote an evening session of each of the Institute’s science meetings to a presentation about its grants activities. Since we have begun
inviting graduate students and postdocs to these meetings
along with the investigators, word about the grants programs should travel even faster within the HHMI community. In many of our laboratories, there may be a graduate
student or postdoc interested in participating in educational or public outreach activities, independent of the interest
of the investigator. We also hope that our HHMI laboratories may inform and stimulate other research groups in
their departments to participate.
In short, we seek to generate enthusiasm for better science education, both in the schools and among the public
at large, to help people comprehend the biomedical discoveries and technologies that will be making such an impact
on our lives in this century. We hope that this enthusiasm
will be infectious, spreading from some of our laboratories
to their communities and states and, given the power of
electronic media, to more distant sites. For science without
education can neither perpetuate itself nor optimize its
impact on society. And education is blind without the analysis and skepticism of science.
PAUL FETTERS

A

lbert Einstein once wrote that, “science without
religion is lame, and religion without science is
blind.” I like to think that Einstein might have
made a similar observation if he had been talking about
the relationship between research and education, for neither the scientific research nor educational enterprises are
as strong and vibrant by themselves as they are when they
work hand in hand.
Here at the Howard Hughes Medical Institute, science
research and education have both thrived over the past
decade. The Science program, which we have recently
renamed Biomedical Research, now includes about 300
investigators and their research groups located at some
70 institutions throughout the country. With national
competitions recently concluded for new assistant investigators and for investigators in the area of bioinformatics
and computational biology, we expect that number to
grow to about 350 in the coming months. The biomedical
discoveries and leadership of HHMI investigators are legendary, as evidenced by articles published in journals such
as Science and Nature, by reports in the major news
media, and by the announcement of those elected to the
National Academy of Sciences, as noted on the opposite
page. At the same time, our grants programs have
enhanced the education of physicians at the postdoctoral
level, graduate students, undergraduates, and elementary
and secondary school students, and have even reached
out to the general public through science museums and
through our Web site (www.hhmi.org). These programs
comprise the largest privately funded science education
effort in U.S. history.
HHMI’s research and education programs have existed
as independent departments, with only occasional interaction between the two. Sometimes I think of them as two
kingdoms, each occupying a separate mountaintop. And
the evidence is clear that their independence has not prevented their success.
But it is now time to ask the question: Is it possible to
take these programs to an even higher level by finding
opportunities for cross-fertilization? Some of our investigators may have ideas, materials and energy that could greatly benefit our education and public outreach programs if
only there were better conduits for sharing information.
And, as those of you who are involved in teaching know,
there would be benefits in the other direction as well:
Engaging in teaching inevitably induces one to develop
new ways of organizing facts and concepts and explaining
them to those less knowledgeable, activities that can enrich
and even refocus a research program.

Thomas R. Cech
President, Howard Hughes Medical Institute
HHMI

BULLETIN
J U LY

2000

3

U P

F R O N T

Drosophila
Genome
Sequence
Completed
The common fruit fly, Drosophila
melanogaster, has been the workhorse of biology and genetics laboratories for the past 90 years. Now the
entire Drosophila genome has been
sequenced through the collaborative
effort of researchers from the
Drosophila Genome Project Group,
led by HHMI vice president Gerald
Rubin at the University of
California, Berkeley, and researchers
led by J. Craig Venter at the Celera
Genomics Corporation.
The Drosophila genome sequence
was published in the March 24, 2000,
issue of Science. The researchers
report that they have sequenced
97–98 percent of the genome and
perhaps 99 percent of the estimated
13,600 genes. The sequence data are
accessible to scientists worldwide
through Genbank, the National
Institutes of Health genetic sequence
database.
In an accompanying editorial in
Science, Thomas Kornberg at the
University of California, San
Francisco, and HHMI investigator
Mark Krasnow at Stanford
University, report that the Drosophila
sequence will be a “critical resource”
for research in genetics, biology and
medicine.
Over the years, Drosophila has
been one of the most influential
model systems for geneticists. “The
conservation of biological processes
from flies to mammals extends the
influence of Drosophila to human
health,” write Kornberg and
4
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Krasnow. “When a Drosophila
homology of an important but poorly
understood mammalian gene is isolated, the arsenal of genetic techniques
in the Drosophila system can be
applied to its characterization.”
The Drosophila sequencing project
was launched in 1991 when Rubin
and HHMI investigator Allan
Spradling at the Carnegie Institution
decided, says Rubin, that the time
was right to begin a fly genome project. In May 1998, the Berkeley
Drosophila Genome Project was one
year into a three-year NIH grant and
had finished 20 percent of the
sequencing, when Rubin was
approached by Venter with what
Rubin calls “an offer that was too
good to turn down.”
Venter proposed that his newly
formed company, Celera, would
sequence the Drosophila genome freeof-charge using a controversial technique known as whole genome shotgunning. The technique requires
shearing the Drosophila DNA into
three million random clones with
overlapping ends. These clones are
then sequenced by automated DNA
sequencing machines at Celera—some
300 sequencers, each costing
$300,000—and then massive computing power is put to work to assemble
the complete genome sequence in a
process similar to reconstructing a jigsaw puzzle.
Venter formed Celera with backing
from PE Corporation (formerly
known as Perkin-Elmer Corporation),
which makes the DNA sequencing
machines, as a commercial venture to
sequence the human genome by
2001, several years before the date
projected for completion by the international Human Genome Project.
While promising the data would be
made available to researchers, Venter
was also betting that Celera could

make money by licensing early looks
at the sequencing data to the pharmaceutical industry.
The Drosophila genome, says Mark
Adams, Celera’s vice president for
genome programs, would be “a
proof-of-principle” for the whole
genome shotgun strategy. “It seemed
like a good idea to do a medium-sized
organism in which there was extensive scientific interest,” he says, “and
in which there was already a lot of
good information available in terms
of map and sequence data that we
could use to validate the strategy.”
While Rubin says he had some concern about working with Celera, he
was delighted by the offer nonetheless. “Anyone who would help me get
the Drosophila sequence done and
out of the way was my friend,” says
Rubin. “They were offering to do all
this work in a collaborative way and
not expecting any money for it.”
Celera started the sequencing in
April 1999 and finished collecting
the raw data in early September.
“Since then,” says Rubin, “we’ve
been putting all the pieces together,
which is not trivial. It’s the big
challenge of the whole genome shotgun approach.”
The finished genome already seems
to be remarkably revealing. Of the
289 genetic flaws known to cause disease in humans, says Rubin, they have
found Drosophila homologs for 60
percent and for 70 percent of the
genes involved in human cancers.
Among the genes that have already
been identified are Drosophila
homologs of genes involved in
Parkinson’s disease, and the longsought Drosophila homolog of the
p53 tumor-suppressor gene, which is
implicated in a host of human cancers.
The biggest surprise to come out of
the Drosophila sequencing project,
says Rubin, is that flies have only

WILLIAM K. GEIGER

In April, HHMI vice president Gerald Rubin (center) testified about the status and impact of genome sequencing projects before the
U.S. House of Representatives Subcommittee on Energy and Environment. To Rubin’s right is Craig Venter, president and chief scientific
officer at Celera Genomics Corporation, and to Rubin’s left is Robert Waterston, head of the department of genetics at Washington
University School of Medicine in St. Louis.

twice as many genes as yeast. “Yeast
is a simple, single-cell fungus,” says
Rubin, “and yet flies only need twice
as many genes to make an animal
that can fly around without crashing
into walls, has tissues, nerves, muscles, memories and other kinds of
complicated behaviors like circadian
rhythms. The take-home message is
that the higher complexity in animals
like flies and humans comes without
needing a lot of new parts. You can
build them with the same parts list—
with more of the same parts organized together—in much the same
way a supercomputer can be built
from a bunch of desktop PCs hooked
together in parallel.”
Rubin sees the genome drastically
changing the pace of his research.
With fewer than 15,000 genes in
Drosophila, and some 5,000
researchers worldwide working on the

organism, he says, “that’s one human
being for every three genes. If you
give those people very efficient tools
for figuring out the functions of
genes, you can do it in a massively
parallel way.” Moreover, the full
Drosophila sequence allows
researchers to look at multiple genes
simultaneously to understand the
complex signal transduction pathways
that regulate cellular processes. “That
is where the genome project really
comes into play,” he says. “It enables
us to know all the genes so we can
look at all of them at once and see
what they’re doing. ”
At the Princess Margaret Hospital
in Toronto, researcher Tak Mak says
he has been working to understand
the signal transduction pathways
involved in cancer formation. “The
easiest way to understand that would
be some kind of a genetic screen.” As

a result he has recently dedicated onethird of his laboratory to Drosophila
genetics in anticipation of the publication of the sequence. “It will make
Drosophila genetics relatively easy,”
he says.
Whether the whole genome shotgun
technique will work as impressively
for the human genome is now the
next question. Celera’s Adams says
the Drosophila work is obviously
encouraging, and that Celera’s human
sequencing work has already begun
and should “start to look like a
genome” toward the end of the year.
Rubin says, “It worked better in
Drosophila than most people expected it would. I think it will work for
humans. But the problems are more
complex for humans, so we’ll have to
wait and see.” H
Gary Taubes
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Command
Performance
In the San Francisco Bay Area neighborhood where Jo-Jo Wright spent
his childhood, going to college wasn’t
even a dream. “My parents didn’t go
to college. No one I went to school
with went to college,” says the 22year-old. “My classmates were on the
streets. A lot of them are dead or in
prison now.” Wright himself was suspended from elementary school and
placed in foster care and group
homes. “I was violent and had a real
bad temper,” he recalls.
But Wright’s life is moving in a
very different direction today, in no
small part because he became
involved in an HHMI-funded program for teens at the Lawrence Hall
of Science at the University of
California, Berkeley. A former intern
in a biology lab at the science museum, the young man who says he

Working at the Lawrence Hall of Science turned Jo-Jo Wright’s life around.

BARBARA RIES

“never trusted anybody” as a kid has
grown into a diligent college student
and captain of the men’s track-andfield team at the University of
California, Santa Barbara (UCSB).
Wright first heard about the
Lawrence Hall of Science from a
neighbor whose lawn he was mowing
to make some extra money. Wright
mentioned that he was fascinated by
sea life, especially whales, and his
neighbor recommended that he speak
with Craig Strang, director of the
HHMI-funded precollege program at
the museum. Wright, then just 13,
jumped at the opportunity. “All I
wanted was to get away from the
foster homes and be around something that interested me,” he recalled.
Strang saw a chance to help a young
man, and, before long, the museum’s
family health director, Kathy Barrett,
had Wright in the biology lab, working with younger children.
Strang and Barrett are activist
educators who don’t wait for young

Medical Mystery Festival guide
Ben Jenkins uses a model of a human
skeleton to explain bone structure
to Kelly Schultz.
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visitors and their families to find
their way to their museum to learn
something about science. With a
$475,000 grant from HHMI’s precollege science education program,
they take science on the road to San
Francisco and other communities in
the Bay Area. They’re also bringing
students, parents and teachers up to
the museum to participate in a variety of health and science activities,
including plays, family health days
and overnight “camp-ins.”
A particular favorite of the younger
set is the museum’s Medical Mystery
Festival, which capitalizes on elementary-school kids’ natural fascination
with playing doctor. The Medical
Mystery Festival uses eight easily
transportable learning stations, so the
one-hour mystery activity works as
well in a school or community setting
as it does at the museum.
In a crowded corridor outside the
museum’s biology lab, teams of children pick their “patients.” On slips
of paper, fictitious youngsters named
Tino, Ali, Rosa, Nico, Mia, June,
Flori and Mick catalog an assortment
of physical symptoms. Nico, for
example, reports: “Sometimes when I
play sports, it’s hard for me to

BARBARA RIES
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BARBARA RIES

breathe. When it’s hard to breathe,
form health-related plays in the
California, Berkeley, to MIT and
my breathing sounds weird. I cough a
museum’s TEAMS theater.
other outstanding science programs
lot and feel tired.”
Stipends from the museum’s HHMI
all over the country.”
Clutching Nico’s description of his
grant allow its TEAMS program to
For Jo-Jo Wright, working with the
symptoms, his team of “doctors”
attract a diverse group of interns from
children was an awakening.
enters the lab, where trained volunnearby Oakland, Hayward and
“Teaching those kids taught me a
teers staff eight colorful learning staBerkeley. “Before we provided
lot about who I am,” says Wright.
tions, each devoted to a different
stipends, only three or four of approxiHe credits the Lawrence Hall of
body system. Above the “bones” stamately 80 interns were from lowScience program with convincing
tion dangles a skeleton, to the chilincome families and culturally diverse
him that his future is a scientific one.
dren’s giggling delight. At the
backgrounds,” said Strang. “Now
After graduating from high school,
“tooth” station, the kids use an enormore than half of them are.”
he enrolled in San Jose City College
mous toothbrush to hone their dental
At a Family Health Day funded in
to repair the damage he’d done to
hygiene technique on a gigantic
part by the HHMI grant, TEAMS
his schooling during the bad years.
mouth. Learning about acidity and
coordinator Mia Hwang watches
“It was a rough adjustment,” he
alkalinity, the youngsters dip pH
proudly as some of her interns help
says, but the lessons he learned at
probes in mock urine samples and
youngsters and their parents use
the Lawrence Hall of Science—leadwatch them turn pink or blue.
stethoscopes to listen to their heartership, patience and self-discipline—
Nico’s team moves through the lab
beats. Other interns attract a crowd
helped him do well enough to win
from station to station, analyzing
of small, eager helpers as they
a scholarship to UCSB, where he’s
their “patient’s” breath flow, temperremove and replace organs in a
majoring in biology and winning
ature, heart rate and blood pressure,
model of the human body. “It’s
recognition as an athlete. He’s also
comparing it to normal controls and
incredible to watch the interns learn
looking toward graduate and
to their own. After discussing their
and grow,” Hwang says. “We’ve sent
possibly medical school. H
Jennifer Boeth Donovan
data with the Medical Mystery volthem on to the University of
unteers, Nico’s team
comes to a conclusion:
Teen intern Bi Bi Lesch, at right, shows Melissa Benik and her mother, Sandra Elliott, how to use a
“We think Nico has
stethoscope at a Family Health Day exhibit on the heart and circulatory system.
asthma,” the junior
diagnosticians
announce. And
they’re right.
As befits their age,
local teens get more
involved in the museum’s program.
Interns from TEAMS
(Teens Exploring and
Achieving in Math
and Science) guide
younger children
through the Medical
Mystery Festival and
other activities. In
addition, the interns
work in the Hall of
Science’s biology and
computer labs,
explain museum
exhibits to visitors,
assist in a family
health project also
supported by the
HHMI grant and per-
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Growing Up
with HHMI

EDWARD SANTALONE

University and Cornell University
Medical School in New York.
Now a first-year medical student,
Carine is stuffing her brain with
facts about physiology, anatomy and
When she was a little girl growing
the myriad things that can go wrong
up in Queens, N.Y., Carine Waase
with a human body. One afternoon
wanted to be a doctor. She also
a week she shadows a practicing
wanted to be an actress, an artist
physician, learning about both the
and an explorer. The medical profespractical and the human side of clinsion won out, thanks to a series of
ical medicine. She will spend three
HHMI-supported experiences in
summers—before, during and after
research labs during high school and
her first two years of medical
college. These experiences so nurschool—doing research in labs at
tured her love for medical science
Rockefeller, Cornell and Memorial
that they led her into an M.D./Ph.D.
Sloan-Kettering Cancer Center. Then
program at The Rockefeller
comes a break from medical school
while she earns her Ph.D., followed by more medical school
to complete the clinical years
and earn her M.D. Then she
plans to do her residency and a
postdoctoral fellowship or two.
“I’m going to be in school a
long, long time,” the 22-yearold Waase says with a grin.
“But the way I see it, I’m going
to be learning for the rest of my
life anyway. I really enjoy the
process of learning, and I
always have.”
She was a junior at Hunter
High School in New York City
when her advanced placement
biology teacher told her about
The Rockefeller University’s
HHMI-supported Science
Outreach Program, which places
high school students in the university’s labs to work directly
with scientist–mentors. She
promptly applied, and that summer she worked in Nobel laureate Bruce Merrifield’s lab. Her
mentor there was Emil Kaiser, a
guest investigator who, at 91,
was still so excited about doing
research that he was at the lab
Carine Waase feels at home in her M.D./Ph.D.
early
every morning, itching to
program at The Rockefeller University, where
get started on the day’s work.
she first fell in love with medical research
Merrifield and the other scienduring an HHMI-supported program for high
tists in the lab all seemed to feel
school students.
the same way. “I had never
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before run into people who loved
their work that much,” says Waase.
Rockefeller’s Science Outreach had
introduced her to a new world of
biomedical research and academic
medicine. “The people I met were
great role models,” she recalls. “I
was impressed by their dedication,
their diligence, their enthusiasm; the
experience really solidified my interest in science.” She returned to
Rockefeller after graduating from
high school, working in HHMI investigator Claude Desplan’s developmental biology lab.
As a biology major at Cornell
University in upstate New York,
Waase discovered another HHMI
program that supports undergraduate research. “It was like finding
an old friend,” she says. The HHMI
program provided her with a paycheck for a summer of full-time
work in biochemist John Lis’s lab,
looking for evidence of paused
polymerase—a phenomenon in
which RNA stops transcribing its
instructions until other factors
jump-start it again.
By the time Waase graduated with
honors from Cornell in 1999, she
was set on a career in medical
research. Because she also wanted to
practice medicine, she chose to earn
an M.D. and a Ph.D. “I’d like to do
basic research that ultimately has
implications for clinical medicine,”
she says. “Lab research is challenging
and exciting, and finding ways to use
what we learn to treat people is what
research is really all about to me.”
In addition to doing research and
seeing patients, Waase wants to
teach. “In Science Outreach and at
Cornell, I had several mentors who
made a real difference in my life,”
she explains. “They helped me learn
to think like a scientist and to care
about helping people. I’d like to have
that kind of impact on someone else,
to give back some of what has been
given to me.” H
Jennifer Boeth Donovan

P E R S P E C T I V E

Advances in
Stem Cell
Research
by Brigid L.M. Hogan
To produce a human being, a single
fertilized egg must generate billions
of cells and more than 250 different
cell types. Fortunately, all is not over
when the last cell is made and the
last organ system assembled.
Throughout life, most tissues continually generate new cells, either to
replace those lost by wear and tear
or to satisfy increased demand. For
example, when athletes train at high
altitudes the number of their circulating blood cells increases in
response to increased need for oxygen delivery. This capacity for cell
regeneration is particularly evident in
adult tissues such as skin, hair, bone
marrow and intestine, but it probably occurs to some extent in most
organs—including the brain, where,
until recently, conventional wisdom
held that neurons were irreplaceable.
The ability of a tissue to renew
and repair itself depends on small
groups of cells known as stem cells.
These stem cells exist throughout
life in close proximity with specialized “nurse” cells located in tiny
niches in the body. Nurse cells provide growth factors and other signals that help maintain the unique
property of the stem cells—their
capacity to generate differentiated,
or specialized, progeny with a limited life span while making more of
themselves at the same time.
Paradoxically, stem cells divide very
little, while their descendants often
multiply exuberantly en route to
their final identity.

Stem cells, and the various strategies they use to maintain their numbers (outlined in Figure 1), have long
fascinated biologists1. But that interest has now reached fever pitch with
the unexpected discovery that stem
cells from some adult tissues can be
reprogrammed, albeit at extremely
low efficiency, to give rise to differentiated cells of other tissues. For
example, it appears that under certain conditions a few blood stem cells
can give rise to muscle, and neuronal
stem cells to blood, in adult mice.

cells—stem cells that can give rise to
many different cell types—from
human embryos and fetal germ cells.
This followed the well-publicized
cloning of the sheep, Dolly, and of
mice from mature adult cells.
The serendipitous overlap of these
newsworthy discoveries precipitated
an international ethical storm that still
rumbles on. In the United States, for
example, public opposition to research
with stem cells derived from human
embryos threatens to prevent NIHfunded scientists from using such cells.

Figure 1

Two strategies for generating specialized cells from stem cells. In the first (left), a stem cell
(S) divides asymmetrically to give a daughter cell (P) that responds to environmental cues
(green arrows) to differentiate into specialized cells with a limited life span. In the second
(right), stem cells as a population give rise to more stem cells and to differentiated progeny.
There is no set pattern as to how individual stem cells behave. Reprinted with permission
from Science, Vol. 287, Fig. 1, p. 1428, 25 February 2000 © AAAS.

These observations raise the possibility that we might someday be able to
repair damaged organs starting with
only a few residual stem cells taken
from another tissue in the same body.
Two other scientific advances have
also captured the attention of the
research community as well as the
general public. Last year, two
research teams announced that they
had isolated pluripotential stem

The debate has forced many
researchers to realize that they must
be able to communicate effectively
with an anxious public and its legislators about fundamental questions such
as, When does human life begin?
What does it mean to be human? and,
What is an embryo and when does it
become a human being?
Whether science can answer these
complex questions is open to debate,
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and is not something that I will discuss further here. I do, however,
want to address the fact that we
need far more information before we
can answer another fundamental
question: How might we use stem
cells in medicine?
At the most basic level, we still
need to characterize the stem cells of
all human tissues. To begin with, we
need molecular markers that can separately identify the small pool of
stem cells from the far larger number
of their descendant cells. We also
need more information about the
interactions between stem cells and
the niches in which they live, and
how those niches respond to the
body’s needs. Such information,
which we currently have only for the
hematopoietic, or blood-producing,
stem cells of the bone marrow, may
suggest therapies to increase the
number of residual stem cells in a
damaged tissue. Already, such
knowledge allows us to recreate a
person’s blood system from a few
harvested hematopoietic stem cells.
What about a worst-case scenario,
in which a chronically ill patient has
lost most of the stem cells in a tissue
and needs replacements to survive?
Today, the most feasible option would
be to supply stem cells from the same
kind of tissue, but obtained from an
unrelated donor. This approach
involves the same serious risks of
rejection associated with any organ
transplant from an unrelated donor.
A better approach would be to
supply so-called autologous stem
cells, those that are genetically identical to the patient. This is not currently feasible, but we have ideas
about how to accomplish the feat.
One way would be isolate and grow
stem cells from a different tissue of
the same patient, such as the bone
marrow or skin, and reprogram
them in vitro. To learn how to
reprogram stem cells efficiently we
need to study a whole range of
experimental systems in which previously silent genes are reactivated and
10
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active ones switched off. Clues may
come, for example, from studies on
how the cells of an early embryo
become restricted to different lineages. If we can understand the
genetic circuits that control normal
development, it may become easier
to flip the switches in the laboratory.
A second approach is to use
pluripotential stem cell lines derived
from embryos at the blastocyst stage,
reached soon after fertilization of the
egg and before implantation into the
uterus. Blastocysts, which consist of
about 100 cells, contain a few unspecialized stem cells that can be coaxed
to multiply indefinitely in culture
(Figure 2). Under appropriate conditions these cells will give rise to
many different cell types. The first
human pluripotential stem cells were
derived from blastocysts obtained
from an in vitro fertilization clinic
because they were in excess of clinical need. This milestone occurred in
1998 in James Thomson’s lab at the
University of Wisconsin, Madison. A
group at Monash University in
Australia has recently achieved similar results (see Figure 2). Both
groups are currently characterizing
the cells and their differentiated
descendants.
These studies will provide invaluable data about gene function during
early human development. Woefully
little is known about this topic at
present, due in part to restrictions on
federal funding for embryo research.
Although developmental mechanisms
have been highly conserved in evolution, enough differences in detail
have been seen among vertebrate
species to suggest that not all genes
will function identically in mouse
and humans. Thus, research with
animals only cannot reveal everything we need to know about how to
manipulate human stem cells.
The use of human pluripotential
stem cell lines is controversial
because they are derived from fertilized human eggs, and for some people human life begins at fertilization.

Theoretically, then, the use of somatic cell nuclear transfer to generate
autologous pluripotential stem cells
should be less controversial. This
technique would involve injecting the
nucleus from a patient’s adult cell
into an unfertilized egg from which
the nucleus has been removed. In the
laboratory, this egg would then grow
into a blastocyst from which
researchers could derive pluripotential stem cell lines. Apparently, the
researchers from Monash University
have recently achieved this technical
tour de force with mouse cells. The
scientists created one embryonic stem
cell line after injecting almost a thousand eggs with nuclei from genetically marked cells. There seems to be no
reason why this “therapeutic cloning”
would not work with humans if it
could be made more efficient.
This method for making stem cells
might be ethically more acceptable to
some people since the recipient eggs
lack nuclei and are unfertilized. Thus
the creation of a unique combination
of genetic material from two people
never occurs. Moreover, embryonic
stem cells are not embryos, since by
themselves they are unable to give
rise to a complete fetus. Nevertheless,
it is still theoretically possible to
clone a human by implanting the
blastocysts derived by somatic
nuclear transfer into a woman’s
uterus, rather than using them to
make stem cells. Any attempt to do
this is contrary to all existing guidelines and violates some state laws.
Moreover, such an action would
require extensive collusion among
many irresponsible people and would
be ethically indefensible, given the
likelihood that if a baby were to
develop it would be malformed.
Nevertheless, these arguments are
irrelevant to some detractors, who
believe that nuclear transfer into an
enucleated egg still brings into existence for research purposes only a
human being who is subsequently
killed. A great deal more public
debate, based on mutual respect for

P E R S P E C T I V E

Figure 2
Derivation of pluripotential stem cells from human blastocysts

A

C

B

(A) Human embryos in excess of clinical need and donated with
informed consent are cultured to the blastocyst stage. The surrounding trophoblast layer is selectively removed by exposing cells
successively to anti-human antibodies and complement, a component of the immune system. (B) After several days, colonies of

strongly held beliefs, probably lies
ahead before federal funds can be
used to explore the potential of
human pluripotential stem cells, both
for therapeutic purposes and for
basic knowledge.
It can be argued that this dialogue
is, in itself, a good thing, since it
stimulates public interest in biology
and reproduction, subjects not
always effectively taught in schools.
(Cloning frogs does not capture the
attention of high school students as
vividly as does the possibility of
cloning themselves, and the still farfetched idea of regenerating human
limbs can lead to discussions about

tightly packed, undifferentiated cells arise. (C) If cultures become
dense, differentiated cells appear after several weeks, including
neurons. Photos kindly provided courtesy of a collaboration
between Monash University, the National University of Singapore
and the Hadassah Medical Center.

how embryonic limbs are patterned
and which genes make arms different
from legs.)
No matter what, the underlying
assumption is that research on stem
cells will indeed lead to substantial
new therapies. Therefore scientists
must be very careful not to overstate
the case, and to avoid at all costs the
kind of hype that surrounded gene
therapy and led to a loss of public
confidence. This mindfulness is of
particular importance in relation to
the use of human pluripotential stem
cells. As we have seen, for some
members of the public deriving these
cells equates with destroying human

life. The truth is that there are many
hurdles to overcome before we know
how useful stem cell therapies will
be. We must be honest as we move
forward to assess their potential.
Brigid L.M. Hogan is an HHMI
investigator and Hortense B. Ingram
Professor in the Department of Cell
Biology at Vanderbilt University
School of Medicine. She is a member
of the Institute of Medicine.

1
Readers interested in references and further reading about
stem cells and the ethical debates surrounding them should
consult the many review articles in Science 287,
pp. 1417–1442 and Cell 100, 143–168.
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Big

Bright Light

LABORATORY OF JOHN KAPPLER

An HHMI
initiative places
a powerful
research
technique in the
hands of more
scientists

I
WILLIAM K. GEIGER

HHMI investigator John
Kappler is part of a group
of biologists that is mastering the art of growing protein crystals, like the one
pictured above, and using
the techniques of x-ray
crystallography to visualize
the structure of proteins.
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n the early 1990s, John Kappler, an HHMI investigator and
immunologist at the National Jewish Medical and Research
Center in Denver, found himself complaining to a fellow molecular biologist about the state of his research. He and his colleagues
had been studying various proteins involved in the immunologic
actions of T cells, and they had done much of the basic biology. Then
they had turned to the problem of working out the actual function
of the proteins.
“We slogged away,” he said, “making antibodies, purifying proteins and doing genetics, only to have the final answer of the function solved by x-ray crystallographers, who then basically owned the
protein and 20 years of research and could reinterpret all our

B y

G a r y

T a u b e s

e s
LABORATORY OF JOHN KAPPLER

MHC molecules present
antigenic peptides to T
cells. The MHC alpha helices
(cyan and purple) grab the peptide (yellow) very tightly like a hot dog in a bun.
Getting peptides in and out of this binding
groove is a complicated process. In a specialized compartment of the cell, low pH makes
peptide exchange possible and a protein, DM,
shortens the length of the process from many
hours to many minutes. Conservative mutations
in two MHC amino acids (red) have no effect
on the overall shape of the MHC molecule or
its ability to bind peptides, but greatly accelerate peptide exchange at low pH without DM.
The structure reveals that this is due to a very
subtle change in the hydrogen-bonding network
that holds the peptide in the binding groove.

research based on the molecular
structure they had in front of them.”
As Kappler remembers, this colleague, who also happened to be one
of the most renowned x-ray crystallographers in the country, said,
“Stop complaining and do it yourself!” And so he did.
Now Kappler is one of the converted, a biologist who is mastering the
black magic of coaxing large biological molecules to form crystals that
can reveal the precise atomic structures of those molecules. Aiding that
conversion—some would say dramatically—is a multimillion-dollar
device known as a synchrotron, a
CHRISTOPHER DENNEY

By developing a technique
for fine-tuning x-rays, HHMI
investigator Wayne Hendrickson
reduced from years to weeks the
amount of time necessary for
solving protein structures.

machine born of physicists’ quest to
understand the fundamental nature
of the universe. The devices, which
are the size of football stadiums,
emit x-rays as a side effect of accel14
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erating electrons to the high energies
that physicists needed for their
experiments into the nature of matter. Now biologists have harnessed
the synchrotron to explore the inner
workings of gigantic biomolecules.
The dramatic importance of synchrotrons for x-ray crystallography
has been demonstrated repeatedly
over the past decade.
“A few years ago the fraction of all
reports of protein structures that
were solved with synchrotron radiation was around 10 percent. Now
that number is closer to 50 percent.
And if you look at the structures
published in prominent journals like
Cell or Nature, it’s on the order of 80
percent,” says HHMI investigator
Wayne Hendrickson, a Columbia
University crystallographer.
As biologists sequence one genome
after another, and the number of biologically intriguing proteins increases
apace, the simple act of getting
what’s known as “beam time” on a
synchrotron has become the bottleneck in the whole process. At the
Advanced Light Source (ALS) at
Lawrence
Berkeley
National
Laboratory, for example, time for
crystallography on the synchrotron
is dramatically oversubscribed.
“There is 3.5 times more beam time
requested than we can currently
accommodate, and that number will
only go up,” says Graham Fleming
of the Lawrence Berkeley National
Laboratory’s physical biosciences
division, which manages the ALS
protein crystallography program. It’s
a fact of life that biologists often
must ask for synchrotron beam time
a year in advance to get the two days
they need to unravel a structure.
That bottleneck may ease in the
near future. The past decade has witnessed a boom in synchrotron facilities and beamlines that will be dedicated to x-ray crystallography. At the
ALS, for example, HHMI is funding
two new synchrotron beamlines for
use by Hughes investigators and others. These will join an HHMI beam-

line at the Brookhaven National
Laboratory on Long Island that has
already proven fantastically productive. “These beamlines will make it
possible to understand ever larger
and more complicated structures and
to understand simpler structures very
much
more
quickly,”
says
Hendrickson.

The
Synchrotron
Advantage

“If you’re going to understand function, the structure is an enormous
help,” says HHMI investigator Brian
Matthews, a structural biologist at
the University of Oregon. “There are
two ways to determine structure. One
is by nuclear magnetic resonance and
the other is by x-ray crystallography.
NMR is most powerful for smaller
proteins that can’t be crystallized. For
larger complexes and higher resolution images there is no substitute for
x-ray crystallography.”
X-ray crystallography was invented before World War II, and its
promise in biology was demonstrated
first in the 1950s when the Nobel
laureates Max Perutz and Sir John
Kendrew used it to solve the structure of the oxygen-carrying proteins
myoglobin and hemoglobin. For the
next 30 years, researchers relied on
low-power, single-frequency x-ray
sources in their labs to eke out the
information they needed to decipher
the structure of a protein. X-ray crystallography was difficult, and
remained the tool of a limited number of specialists.
The switch to synchrotron xrays—and the attendant democratization of the technique—was a slow
one, beginning in 1971 with the
work of European investigators on a
makeshift beamline at a synchrotron
in Hamburg, Germany. Synchrotron
radiation brought with it a host of
advantages. For starters, the syn-

chrotron x-rays were 1,000 times
more powerful than the x-ray sources
found on smaller machines located in
academic crystallography centers.
This increased radiation intensity
meant that investigators could collect
data more quickly. Synchrotron radiation could also be focused in such a
way that all the energy in the beam
could be brought to bear on a very
small crystal. “It means you can measure data from much smaller samples
than was the case before,” says
Matthews.
But there were problems, too. The
intense energy in an x-ray beam can
damage a protein crystal. The more
potent the beam of x-rays, the faster
the protein crystals will decompose.
But researchers developed methods of
freezing crystals that allowed the pre-

“X-rays basically go in straight
paths,” says Hendrickson, who
developed MAD. “You don’t have
any lenses, so you can’t form images
directly. You need to do image formation by calculation, and that is not
a trivial process.” Two kinds of information are needed for the calculation. One is the intensity at each
point in the diffraction pattern that
forms as x-ray waves from the crystal
hit the detector plate. The other is the
phase, which is the relative excursion
within a wavelength along the path
for each of the various x-ray waves.
That information is not inherent in
the x-ray pattern.

The MAD Method

Until the early 1990s, a technique
called isomorphous replacement was
the solution to the phase problem.
“You start off by putting your protein crystal into a beam and you collect all data at various angles, which

COURTESY LAWRENCE BERKELEY NATIONAL LABORATORY

A beamline (left) that shunts off the main
storage ring of Berkeley Lab’s ALS carries
a finely focused beam of x-rays hurtling
at near light speed toward a target inside
an experimental station (center).

cious crystals to withstand the x-ray
assault. “It used to be that if you
froze the crystal, ice particles would
form within the protein crystal and
that would destroy and disorder it,”
says Matthews. “But if you can use a
cryoprotective solution, like antifreeze for your car, and you freeze the
crystal very rapidly, it maintains the
three-dimensional order. Now you
can continue to collect data from that
crystal for very long periods, even in
a synchrotron beam. It means you
can collect a lot of data from a single
crystal, even a very small one, sufficient data to determine the whole
structure.”
Perhaps the biggest advantage
offered by synchrotrons is that the
beams can be tuned to multiple wavelengths, which is not the case with
laboratory x-ray sources. This allows
researchers to use a technique called
MAD, for multi-wavelength anomalous diffraction, to take on the most
difficult challenge in crystallography—the phase problem.

HHMI

BULLETIN

J U LY

2000

15

LABORATORY OF PAMELA BJORKMAN

is called a data set,” Kappler
without a tunable source of x-rays
structure within a day or two. “That’s
explains. “Then you collect additionthis experiment isn’t feasible.”
how impressive and powerful this
al data from crystals soaked in heavy
Using MAD, the average time for
technique is,” says Kappler.
metals, like mercury, platinum or
getting a protein structure might drop
Hendrickson and his colleagues
uranium salts, that will bind to very
from years to weeks. Add to that the
developed the MAD method in the
specific places on the protein, and
other advantages of a synchrotron x1980s and set up the Brookhaven
you can use those data to calculate
ray source and suddenly crystallograbeamline in part to do MAD experiyour phases. You get the same spots
phy is transformed from a grueling
ments and see how they worked.
you got before, in the same positions,
enterprise mastered by few to a tech“We knew the beamline would be
but the intensity changes.
useful anyway, even if
Some get duller, some
the MAD idea turned out
brighter. That change of
to have less promise
intensity tells you somethan we hoped,” says
thing about the phase of
Hendrickson. “But we
the x-rays.
set it up especially so
“It’s a very laborious
we could tune the x-ray
technique and it’s hit or
wavelengths conveniently
miss. You may have gotacross the energy region.
ten a beautiful protein
It was a slow process for
crystal that diffracts very
us to get it together
well in an x-ray beam.
and we made a lot of
You get a beautiful data
mistakes along the way.
set, and you still may
But as it turned out, the
spend several years trying
Brookhaven
beamline
to get a derivative with
was extremely helpful to
one of these heavy metals
demonstrate to the world
that gives you a second
how valuable the techdata set that you can use
nique was.”
to get phase informaThe first experiments
tion.”
were done in 1992. By
The
MAD
method
1993 Hendrickson and
replaces the heavy metals
his colleagues were genCrystal structure of the hemochromatosis protein HFE, a
with a single atomic substierating seminal papers.
class I major histocompatibility complex (MHC) homolog (blue
tution in the crystal: Most
“It was fairly dramatic
and green ribbons) complexed with transferrin receptor (TfR;
often, the amino acid
growth after that,” he
three shades of purple ribbons). The structure was solved to 2.8
methionine is replaced with
says. “And it’s fair to
Å resolution using data collected at the Stanford Synchrotron
selenomethionine, which is
say that the Hughes
Radiation Laboratory. TfR is the receptor by which cells take up
chemically very similar. The
beamline is one of, if
iron-loaded transferrin. Two HFE molecules bind to the “front”
resulting protein structure is
not the most productive
and “back” of the butterfly-shaped TfR molecule. HFE’s role in
essentially identical, but
of all the beamlines at
regulating iron may involve its binding at an overlapping site with
special scattering from seleBrookhaven—in large
transferrin, as well as conformational changes induced in TfR
nium atoms is sufficiently
measure because a lot of
when HFE is bound. Reprinted with permission from Nature
strong to be used to deterpeople from Hughes
403:46-53, Fig. 1, 6 January 2000 © Macmillan Magazines, Ltd.
mine the phase of the xhave taken advantage of
rays by simply tuning the xthe capability.”
ray wavelength.
nique that is no more challenging than
Having seen how productive the
“In MAD,” says Hendrickson,
other state-of-the-art tools. In short,
Brookhaven beamline could be,
“instead of doing the chemistry of
with MAD and a synchrotron for the
Hughes investigators on the West
adding heavy atoms and changing
x-rays, biologists can obtain strucCoast began lobbying for a more constructure, we can do the equivalent
tures of protein assemblages larger
venient facility. Protein crystals, after
exchange by physics. We change the
than they’d ever imagined, they can
all, were still highly fragile and a
scattering properties by tuning the xdo it with nearly single-atom resolucross-country trip to determine a
ray source. We can do all those meation, and then they can gather all the
structure could end in frustration. It
surements on one single sample, but
information necessary for obtaining a
was not uncommon, says HHMI
16
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investigator Pamela Bjorkman at the
California Institute of Technology, for
researchers to fly to the East Coast to
use the Brookhaven beamline, only to
find that their protein crystals,
shipped in liquid nitrogen or taken at
room temperature on the plane, had
been lost by the shipping company or
damaged en route.
“We had several experiences in which
our crystals did not survive the travel,”
she recalls. “The entire trip would be a
waste of money, time and crystals. We
thought it would be nice to have a centrally located Hughes beamline or West
Coast beamline. You could do a lot
more things if you could routinely go to
a synchrotron and not have to plan for
a year in advance for your two days of
beam time.”
In 1998, HHMI investigators suggested to the Institute that it finance a
beamline at the ALS. The ALS began
operating in 1993 as a soft x-ray source
for applications such as material science
and x-ray microscopy. Although perfect
for these techniques, soft x-rays are
inappropriate for x-ray crystallography.
From the outset, though, ALS engineers
and physicists, working with a
European colleague, were developing
methods to produce higher-energy xrays—hard x-rays in the physicists’ vernacular—that are ideal for x-ray crystallography in general and MAD experiments in particular. The solution was
to replace several of the magnets that
bend electrons around the synchrotron
ring with superconducting magnets,
making it possible to provide more
oomph at less expense in the same
amount of space.
The West Coast investigators suggested that with the new, relatively low-cost
technology, Hughes could fund a beamline that ALS personnel could run,
unlike the Brookhaven beamline that is
run and maintained by Hughes employees. The Institute’s Trustees gave the goahead this year to begin funding two
Hughes beamlines at the ALS at a cost
of $8.05 million. The beamlines should
be finished in about 18 months.
The new beamlines will join several

Argonne Beamline Showcases
Latest Technology
The two beamlines at Berkeley are not the only new facilities HHMI is
establishing for structural biologists. In May, the Institute announced it
would also contribute a state-of-the-art detector to capture data from a
new x-ray beamline at the Advanced Photon Source of the Argonne
National Laboratory near Chicago.
The device—a 3x3 CCD-Optical Taper array—is a high-powered cousin
to the plate that patients lean against when receiving a chest x-ray. It
reveals how x-rays scatter when passing through objects such as the lungs
or, in the case of the new Argonne detector, through proteins and other
molecules. With its large surface, the new device will enable researchers to
collect more data faster, before some fragile crystals erode.
“This is the latest in x-ray diffraction technology,” said David Clayton,
HHMI’s vice president for science development. “It will provide our
investigators and others with a clearer view of large molecules and multiprotein complexes, such as those involved in disease. Along with our facilities in Brookhaven and Berkeley, it will also cut down on delays and long
trips for researchers across the country.”
Peter Kim, an HHMI investigator at the Whitehead Institute for
Biomedical Research at the Massachusetts Institute of Technology, will
direct the new beamline, which is expected to begin operation this summer. Whitehead and MIT are among several institutions that also have
contributed to the project.
—David Jarmul

dozen others that are in the works or
planned at synchrotron sources like
the ALS and others around the country. (See sidebar) The new lines—and
new techniques like MAD—will generate an explosion of structural data
over the next decade, fundamentally
altering our understanding of biology.
“For Hughes investigators, the main
application has been to look at
increasingly more complicated biological systems,” says Hendrickson.
The explosion of data and the
speed at which it can be collected is
also changing the way biologists
work. Crystallographic studies used
to be so ponderously slow that they
lagged behind much of biological discovery. But as Kappler found out,
once a structure was determined, the

biology broke open. “Now we
increasingly find scenarios where the
crystallographic result is contemporaneous with or even leading the discovery phase,” says Hendrickson.
“The crystal structure gives you
insight into the possible biology and
then that directs experiments you do
to understand what the biological
action of this particular molecule
might be.”
“Even in situations where you
already know a great deal about the
biology of the system, the crystallographic insight gives you numerous
ways of understanding the hows, the
mechanisms by which the biochemistry underlying that biology is actually carried out,” he adds. “All of this
is having a profound impact.”
HHMI
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e are living through the most remarkable
revolution in the history of science,” says
Eric Lander, director of the Whitehead/MIT
Center for Genome Research. “We are on
the verge of understanding the fascinating mystery of
the spectacular diversity in the human species.”
At the heart of the revolution are the minute variations
in human DNA known as single nucleotide polymorphisms, or SNPs. These variations are the wild cards of
genetics, locations in the human genome where the DNA
of many people may differ.
Comparing the sequences of nucleotides in the DNA of
two individuals shows them to be virtually identical.
But they are not identical—differences occur about
once every 1,500 nucleotides on average. Where one
person might have an adenine—the norm for that particular spot in the genome—another person might have a
guanine. If the less common nucleotide is present in at least
one percent of the human population, that genomic
location is the site of a SNP.
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SNPs account for most of the genetic differences among
humans. They are likely, therefore, to produce many of our
genetically based differences, including our inborn predispositions to disease. That possibility has many geneticists
looking to SNPs as a way to track down disease-predisposing genes. “Ultimately, what we would like to do is study
the genetics of any given human disorder,” says Aravinda
Chakravarti, professor of genetics at Case Western Reserve
University.
A number of groups are now racing to find SNPs because
they promise to accelerate the pace of disease-gene discovery.
The National Institutes of Health, for example, is spending
$30 million to create a catalog of about 100,000 SNPs. Last
year a group of pharmaceutical companies, along with the
Wellcome Trust, formed a nonprofit consortium to find
300,000 SNPs along the genome by 2002. And Pfizer, Inc.,
one of the members of that consortium, recently signed a
multimillion dollar contract with Celera Genomics
Corporation of Rockville, Maryland, to obtain genetic data,
including information about SNPs.
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STANLEY ROWIN

Are these substantial dollar investments warranted, given that the
potential of SNPs remains largely
unproven? The answer to that question, say researchers, is just starting
to emerge.
Much of geneticists’ interest in
SNPs stems from their frustration
with traditional methods of looking
for genes that contribute to disease.
Researchers have usually sought
such genes by studying inheritance
patterns in extended families or in
large groups of family members,
such as pairs of siblings. This
research relies heavily on the genetic
markers available today, most of
which are repeating patterns of
nucleotides that differ in length from
person to person. If relatives with a
particular disease have the same
genetic marker, then a gene influen-cing that disease is likely to be
near the marker.
This approach has produced good
results for diseases caused by a single gene; researchers have identified hundreds of such genes in recent years. But family studies have yielded poor
results for more complex diseases influenced by a number of genes, such as
heart disease, cancer, diabetes, high blood pressure and mental disorders, and
by environmental factors.
Furthermore, the currently recognized genetic markers are widely scattered
throughout the genome, making the search for disease-associated genes long
and tedious. Pinpointing a gene today is like trying to find someone in a
Chicago suburb when you only know that person’s zip code. You can get to
the right neighborhood, but after that you have to start knocking on doors.

David Altshuler (left) and Joel Hirschhorn
(right) are HHMI physician–postdoctoral fellows researching SNPs at MIT’s Whitehead
Institute (see sidebar on p. 21).

BETTER DIRECTIONS
SNPs offer a set of genetic markers far superior to currently used genetic signposts. Because they are densely situated along the genome, they act more like
street addresses than zip codes. And the combination of their density and
distribution in the population may make it possible to look for disease genes
in unrelated individuals, not just relatives. “With a dense enough SNP map,
we may be able to compare directly the genomes of any two people,” says
David Altshuler, an HHMI physician–postdoctoral fellow working with
Lander at the Whitehead Institute. “But first we need to build and test such
20
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a map to figure out whether and how such studies might work.”
The most straightforward way of using SNPs will be to look for specific nucleotides that directly increase the risk of a disease (see diagram, p. 22 ). A classic example is sickle cell anemia, in which the substitution of the nucleotide thymine for
adenine in the genes that produce the hemoglobin molecule causes the disease.
In most cases, however, the influence of SNPs is more subtle. For many diseases,
geneticists believe that a number of SNPs scattered across the genome, coupled
with environmental factors, influence the risk of contracting a disease. The task is
therefore to find the SNPs, and the genes, associated with the disease. Doing this
requires both knowledge of where SNPS are located in the human genome and
technologies that can efficiently look for SNPs in large numbers of people.
Rapidly emerging SNP maps are about to fulfill the first prerequisite. In July
1999, the journal Nature Genetics published papers from two research groups
that have identified SNPs in particular parts of the human genome. One group,
under Lander’s direction at the Whitehead Institute, identified SNPs in 106
genes suspected of playing some role in cardiovascular, endocrine, developmental and neuropsychiatric diseases. The other group, led by Chakravarti at Case
Western, looked at SNPs in 75 human genes that may play a role in the regulation of blood pressure.
Researchers at the Whitehead Institute are now probing the origins of a number
of diseases using the SNPs they have subsequently discovered in more than 2,000
genes. They are comparing the SNPs in a group of people who suffer from diabetes, obesity or hormone-responsive cancers with the same SNPs in a group of
healthy people. “We’ve found a couple of polymorphisms that probably have a
modest but real effect on these diseases,” says Altshuler. “The results have been
tantalizing enough that we’re enthusiastic to keep doing this comparison.”
Meanwhile other groups at the Whitehead Institute and elsewhere are developing
the technologies needed to apply this approach on a much larger scale. “Methods
of detecting many SNPs at once are getting cheaper and faster,” according to Joel
Hirschhorn, another HHMI physician–postdoctoral fellow at the Whitehead
Institute. It still costs between 50 cents and a dollar for each genotype, in which a
probe is used to look for a specific SNP in an individual. “We’re working to reduce
the cost to 10 to 20 cents in the near future and, hopefully, to pennies per genotype
after that,” says Hirschhorn.
Despite current costs, geneticists are eager to try out the new SNP maps and
genotyping technologies on diseases they have been studying. HHMI investigator
Joanna Groden at the University of Cincinnati College of Medicine, for example,
says that she would be very interested in looking at the SNPs associated with the
colon cancer genes that are the subject of her research. The real power of SNPs,
she says, will be “as detectors of altered function in genes that are already known
by evaluating SNPs in the coding regions of the genes.”
Similarly, Val Sheffield, an HHMI investigator at the University of Iowa College
of Medicine, has begun thinking about ways to use SNPs to identify genes involved
in disorders he has been investigating, including hereditary blindness and deafness.
“There are many different genes that can cause these disorders,” says Sheffield,
who has attacked the complexity of hereditary disease by focusing on small, isolated populations where the genetics are less complicated. “What I see SNPs doing is
allowing us to look for genes more widely in diverse populations.”

SYNERGIES
The study of SNPs combines the
rigor of genetics with the complexities of human disease, which is why
HHMI physician–postdoctoral fellows
David Altshuler and Joel Hirschhorn
have both ended up at the Whitehead
Institute. “I’m very interested in trying
to understand the common diseases
you see in the clinic,” says Altshuler.
Altshuler and Hirschhorn have
followed parallel career paths. Both
became interested in research while
doing undergraduate genetics projects—Altshuler with Richard Mulligan
at the Massachusetts Institute of
Technology, Hirschhorn with Fred
Winston at Harvard Medical School.
Both went to Harvard to pursue
M.D./Ph.D. programs, which is where
they met. “We had lunch together
every day in medical school,” says
Altshuler. “Then we went to different
hospitals, and now we're back together.”
While their clinical work focused
on endocrinology (Hirschhorn’s in
children, Altshuler’s in adults), they
were continually drawn back toward
research. “There were lots of times
when what I saw in the clinic made
me think about research questions,”
says Hirschhorn. HHMI fellowships
enabled them to pursue that interest.
“I've learned things that I never would
have learned if I hadn't come here,”
says Altshuler.
While working at the Whitehead
Institute and beginning the search for
full-time faculty positions, both men
have continued to work in endocrinology clinics. “There’s definitely a
synergy between clinical work and
research,” says Hirschhorn. “You hear
that a lot when you're considering an
M.D./Ph.D. Reassuringly, it has turned
out to be true.”
—S.O.
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Sheffield and other researchers also are interested in exploring a more ambitious application of SNPs. Even if a particular SNP does not cause a disease, it
may be near an unknown genetic variant that does cause a disease (see diagram).
Researchers could look across the
entire genomes of people with a disease for distinctive patterns of SNPs.
If people with the same disease share
distinctive SNP patterns, a gene influencing the disease could be nearby.
Says Sheffield, “The idea would be to
find individuals with a disorder and
then ask, ‘What do these people have
in common?’”
Such genome-wide association
studies could shed light on the environmental factors behind a disease.
For example, HHMI investigator
William Dietrich at Harvard Medical
School has been studying a particular
gene involved in susceptibility to
Legionnaire’s disease, which afflicts
only a fraction of the people exposed
to the Legionella bacterium. “There
are isolated examples of large groups
of people who are exposed to the
Legionella bacterium in public places
where not everyone exposed gets
sick,” he says. “One way to study those groups might be to use a dense system
of SNP markers to discover common inherited loci that influence who got sick.”

Two pieces of DNA show the change
associated with a single nucleotide
polymorphism, or SNP. Each colored
segment represents one of four possible
pairs of nucleotides. When a variant
nucleotide pair is present in more than
one percent of a population, that DNA
position is the location of a SNP.
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STILL IN DOUBT
The investments being made in SNP maps are based largely on the expectation
that association studies will lead researchers quickly to genes that influence disease. But some geneticists are skeptical. “Trying to do association studies on
heterogeneous samples of people is not going to be a useful general strategy,”
says Joseph Terwilliger at Columbia University.
People tend to think of genes in classical Mendelian terms, Terwilliger says,
assuming that each gene has just a handful of forms and acts independently. But
the reality is far more complicated. Many of the genes that contribute to disease
are wildly variable. Consider the BRCA1 and BRCA2 genes that increase the
risk of breast and ovarian cancer. Hundreds of variants of these genes exist,
each with its own distinctive pattern of surrounding SNPs. According to
Terwilliger, whole-genome association studies could not find links between
these genes and disease even if every person on earth were genotyped.
Interaction among genes poses another problem. Diseases that appear to
be identical can have entirely different genetic influences, hopelessly befuddling
association studies. For example, Sheffield and his research team at the

University of Iowa have used traditional family-based studies to map
several loci that seem to play a role in
heart disease. “But when we look at
other cases of heart disease, those
genes don’ seem to be playing a major
role,” he points out.
Terwilliger believes that association
studies will be most useful with special populations, including groups
that have been relatively isolated for
many generations, and with diseases
that are especially amenable to genetic
dissection. “Even the best technology
will not unravel the genetic basis of
complex disease unless we pay careful attention to study design,” says
Terwilliger.
Other researchers agree that complications abound, but they remain cautiously optimistic. Cases like BRCA1
raise a caution, according to Altshuler,
but there are counter-examples in
which common mutations have
already been shown to influence disease. For example, a common genetic
variant in the apolipoprotein E gene
accounts for about half of the risk of
suffering from Alzheimer’s disease.
“Whether such mutations could have
been found by a dense SNP map is an
area of intense interest,” Altshuler
says. “What we need are more data
so we can understand the issues better
and then determine how to proceed.”
Those data are rapidly becoming
available, making the next few years
critical for SNP research. As thousands of newly discovered SNPs pour
into public and private databases,
their potential will be put to the test.
“If it works, it will be an extremely
powerful method,” says Case
Western’s Chakravarti. “If it doesn’t,
we’re scientists. We’ll go on to a different paradigm.”

PRIVATE MATTERS
SNPs are opening new frontiers for genetic counselors as well as for researchers.
“Many of the ethical issues are not new,” says HHMI investigator Val Sheffield at
the University of Iowa College of Medicine, “but they’re new with regard to scale.”
In the past, genetic tests typically have looked for single disease genes. But if
particular SNPs increase the risk of disease, or are widely associated with disease
genes, people could walk away from a genetic test with long lists of diseases for
which they are at increased risk. How will people cope with such information? And
what will employers or insurers do if they get access to it? “If people are going to
be discriminated against because they’re in a risk category for a disease, then we’re
all in trouble,” says Sheffield.
Already many researchers have found individuals reluctant to participate in genetics research because of privacy concerns. “One third of the people we try to
include in our studies of the genetics of breast cancer decline to participate,” says
Barbara Fuller at the National Institutes of Health. Fuller recently participated in a
Privacy Workshop Planning Subcommittee under the National Human Genome
Research Institute and the National Action Plan on Breast Cancer, which last year
published a set of recommendations for dealing with privacy in genetics research
(Science, August 27, 1999). According to the recommendations, experimental
research records not used for health care should be kept separate from medical
records and privacy protections for experimental research data should exceed
those for medical records.
A particular concern, notes Fuller, is that future legislation seeking to protect the
privacy of medical records might have the unintended consequence of making
experimental research information less private. If research data are given the same
protections as medical records, they could be accessed by third parties such as
law-enforcement officials or courts. “Our concern is that a person could be
involved in legal action, for example, and the information could be subpoenaed.”
At the same time, privacy concerns must be balanced with research subjects’
right to receive information about the studies in which they participate. “I think
it’s negligent not to return information to the patient,” says Joanna Groden, an
HHMI investigator at the University of Cincinnati College of Medicine who has been
studying particular forms of colon cancer in Russian Jewish émigrés. Like many
geneticists, Groden collaborates with genetic counselors to decide how to present
research results to patients. “Counselors can work with patients and with physicians in determining what is good for patients to know,” she says.
Genetic counseling can be expensive, even for research projects looking at a
single disease. If research using SNPs provides information about many diseases at
once, the demands on genetic counselors could quickly become overwhelming.
—S.O.
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University of Alabama undergraduate
Alice Boone tests soil samples from
an oil-contaminated site near campus.
As part of her inquiry-based coursework, Boone is looking for signs of
bacterial diversity in the soil samples.
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hen Alice Boone looked over the course
options for her sophomore year at the
University of Alabama, she was intrigued by
a new science course called “Introduction to Inquiry.”
Billed as a “discovery-based” class, it promised to give
students experience solving real scientific problems.
“It wasn’t presented like a regular science class where
you memorize everything, take a test and move on to the
next idea,” recalls Boone. “This was hands-on. It was like
real science.”
So Boone signed up—one of seven adventurous students
willing to give the innovative approach to teaching and
learning science a try. She wasn’t disappointed.
“The things that I learned in that class—the concepts
and theories—stuck better because I had to actually go
out and find them out for myself,” she says.
At the University of Delaware (UD), 750 miles away, senior
John Dueber enjoyed a similar learning experience in his
final “problem-based learning” (PBL) course,
“Intermediary Metabolism.” The course is one of several at
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PAUL FETTERS

“The problem essentially came first,
and the student’s learning was driven
by wanting to know more.”

UD that challenge teams of students to
investigate complex, real-world problems. Dueber says that the class, like
other PBL classes he took during his
undergraduate years, taught him more
than just “background material”—the
kind of information he might forget
soon after handing in an exam. Instead,
the courses taught him how to work
collaboratively with others to solve
scientific problems, forging “the same
skills one has to use in everyday life,”
he says.
Although many undergraduate science classes continue to be taught in a
traditional, lecture-based format, a
growing number of colleges and universities are experimenting with active
and collaborative learning. (HHMI
supports both “Introduction to
Inquiry” at the University of Alabama
and several
PBL courses at the
University of Delaware, with grants
from its Undergraduate Biological
Sciences Education Program.)
Whether termed “discovery-based,”
“problem-based,” or even “student-based,” these classes rest on the
same principle: motivating students
to go beyond memorizing facts to
develop a deeper knowledge of the
material. In such classes, students
work in small groups on real problems, learning to analyze, do research,
think independently, arrive at conclusions and defend their positions. (See
example, p. 29)
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A MEDICAL
SCHOOL MODEL
While PBL may be new to undergraduate science students, the method has
been around for some time. The first
courses were developed some 30 years
ago at several medical schools, led by
McMaster University in Ontario,
Canada.
“Medical students were going into
these large lecture halls where a series
of physician-educators would march
through every two weeks, tell everything they knew, and expect the students to assimilate it all and regurgitate it on an exam. It was very deadening,” says Harold B. White III,
a University of Delaware professor
of chemistry and biochemistry
and program director for HHMI’s
grant there.
Several medical schools, trying a
new approach, built a curriculum
around interesting medical case studies, White says. Groups of students
guided by a physician/tutor analyzed
each case study, trying to unravel
symptoms and other clues to determine what was wrong with the patient
and what the proper treatment might
be. Along the way, the students found
themselves learning physiology, anatomy, pharmacology and more.

At the University of Delaware, professor
Harold B. White III wants his students to
learn how to solve scientific problems in
a new way—actively and collaboratively.

“The problem essentially came
first, and the student’s learning
was driven by wanting to know
more,"says White. This reversed
conventional instruction, he points
out. “Normally, you start with a
textbook; you give all the theories
and concepts and then you do the
problem,” he says. “Very often
students don’t see the relevance of
what you’re doing.”
White and other UD science professors became interested in PBL methods after attending a workshop about
seven years ago on medical schools’
experiences. “Several of us had an
epiphany of sorts,” he says. “We said,
‘Wow, this is what’s missing in undergraduate education as well!’”
A National Science Foundation
grant helped them introduce problem-based learning in UD’s introductory undergraduate science courses in
January 1994. Other grants, including
HHMI’s, enabled them to expand
the program to include student tutor–
facilitators in PBL classrooms.

PAUL FETTERS

Teams of University of Delaware undergraduates work on problem-based learning assignments.

OVERCOMING
RESISTANCE
Winning students and faculty over to
the PBL approach wasn’t easy.
“Problem-based learning is unfamiliar, and it takes time and effort to
implement,” White says.
For students, problem-based learning
means that a professor no longer
spoon-feeds them information. “There
are some students, often very good stu-

dents, who are used to sitting in lectures, gathering information,” says
White. “Suddenly the teacher is saying,
‘I’m not going to give you the answer
even though I know it. You’re supposed to go out and find the answer.’
Of course, that means extra work. It’s
frustrating to some students to learn
that way. But in the long run, this is
what they need to learn how to do.”
Former UD student John Dueber
agrees, although he admits that he felt
hesitant about taking his first PBL
class, “Introduction to Biochemistry.”

“I hadn’t had any previous classes in
biochemistry and felt that this wouldn’t
be a good way of learning background
material,” says Dueber. He found that
he experienced considerable growing
pains during the course. “This style of
learning requires a large amount of
time, especially at first, and I had a very
busy schedule. I was sometimes frustrated with how little gain I was making, but gradually I became better at
using the resources around me and
started to feel that I was making
progress,” he recalls.
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He wound up enjoying the PBL
course so much that he signed up for
others and even served as a
student–tutor for a PBL class during his
junior year. He believes his experiences
helped prepare him for his current
graduate work in biochemistry at the
University of California, San Francisco.
By undertaking PBL coursework “with
the right attitude, one can really learn—
and more importantly remember—a
tremendous amount,” he says.
Professors, too, often find problembased learning a bit disorienting at first.
“It involves a different mindset that
some have described as being a ‘guide
on the side’ rather than a ‘sage on the
stage,’” says White.
In addition to knocking the professor
off his or her pedestal, the method presents logistical problems. In introductory courses, for example, dividing a large
class into small groups—an essential
element of problem-based learning—
can present a major organizational and
management challenge. White uses student tutor–facilitators to tackle the
problem. The students are not experts
in the subject being taught, but they are
familiar with the PBL approach and
receive training on how to facilitate
group work and keep it on track.
Another stumbling block for some
teachers is the effort it takes to develop problems for their PBL courses.
Although White says he enjoys writing problems because of the scholarship and creativity involved, he
knows that others may not. To help,
he and other UD faculty are developing a Web page where teachers can
share PBL problems.
Despite his enthusiasm for problembased learning, White does not think it
is the only way to teach science. “I

Martha Powell, chair of biological
sciences at the University of Alabama,
introduced inquiry-based learning to
generate an enthusiasm for problem
solving among her student teams.
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think that a curriculum based solely on
a problem-based format is as inappropriate as a curriculum based entirely on
lectures,” he says. “Because good students learn best in different ways, they
should be exposed to a variety of learning experiences, including problembased learning.”

NO MORE
“COOKBOOK” LABS
At the University of Alabama (UA), educators aimed to expand students’ learning experiences in the discovery-based
course, “Introduction to Inquiry.”
Martha Powell, who became chair of
UA’s department of biological sciences
in 1997, created the course, which was
first offered in 1998. Powell wanted stu-

dents to experience something other
than the standard “cookbook” science
labs. That kind of lab, she believes,
“teaches certain skills, but doesn’t teach
the big inquiry approach to science. And
it’s not exciting. It really doesn’t portray
how we do science, because as scientists
we work in teams.”
Powell doesn’t want students to ask,
“Did I get the right answer?,” but
rather to say, “This is the answer
I got,” and then critically appraise
that answer.
Students work in small teams on realworld problems. For example, sophomore Alice Boone’s team studied soil
from an oil-contaminated site near the
university to determine if the contamination had decreased bacterial diversity.
The students gathered soil from the site,
extracted DNA and examined it for
bacterial diversity. Then they compared

Problem-Based Learning in Practice
What follows is typical of the kinds of problems students in PBL encounter
in their coursework. To learn more about PBL in action at the University of
Delaware, visit http://www.udel.edu/pbl/.

When Twins Marry Twins Written by Deborah E. Allen, associate
professor of biological sciences, University of Delaware

REPRINTED BY PERMISSION FROM HTTP://WWW.UDEL.EDU/PBL/CURRIC/BIOLOGY-PROB.HTML © 1998 HARCOURT, INC.

ALICE WILSON

those samples with samples from noncontaminated soil.
“We found that diversity actually was
increased in the oil-contaminated samples,” says Boone. “That was a surprise.”
After each team gathers data, members analyze their results and present
their findings to the rest of the class. If
teams come up with contradictory findings, lively discussion ensues—just the
kind of active collaboration and learning Powell wants the class to engender.
“We had to explain [our findings] to
the class as if we were talking to people
who knew nothing,” says Boone. Each
student also had to write up the results
in a standard scientific research paper.
For Alice Boone, an unexpected bonus
was the close relationships she developed
with her “Introduction to Inquiry” professors. “The teachers were more real to
us,” she says. “It wasn’t as if they were
people we just couldn’t talk to. It seemed
like they cared more about us personally
and were more willing to guide us along
and tell us things we actually need to
know out in the world.”
This spring, UA is offering a
second discovery-based course, “Integrated Genetics,” and more may follow.
Powell and her colleagues are also developing a booklet on discovery-based
learning to help teachers at other institutions develop similar courses.
Boone, who intends to go on to earn a
doctorate in microbiology, enthusiastically recommends “Introduction to
Inquiry” to her friends. For her, the
course turned out to be “a totally different learning experience,” one that she
believes will make her a better scientist.
“I ask more questions now,” she says.
“I don’t just remember what I learned in
class and then spit it back out. I actually, truly understand what is going on.”

Sally Thompson meets Harry Branaugh in her junior year at a small liberal
arts college in Massachusetts. It’s a case of love at first sight. In the spring of
their senior year, they both have been lucky enough to find jobs in the Boston
area, so they plan to get married in the June following graduation.
At their wedding rehearsal dinner, Sally’s twin sister Emma meets Harry’s
twin brother Ken for the first time. It’s a case of love at first sight. As Sally
and Harry have their first serious argument about who should have told
whom about having a twin (and exactly when), Emma and Ken make plans
for the evening that don’t include the rest of the family. Three months later,
they also decide to get married.
The couples keep in touch, and 3 years later Sally and Emma are delighted
to discover that they are both expecting (twins?). Emma’s due date is in
October, and Sally’s in December. On December 12th, seventeen hours into
labor, Sally is no longer sure she's delighted about the prospect of motherhood, and begins to worry about the child she’s about to deliver.
“Why didn’t you think of it sooner?” she says to Harry, gripping his arm
rather severely. “Identical twins should never marry identical twins. Our
child’s going to look just like Emma and Ken’s little boy.” Her first impression of Kenneth, Jr. she recalls, was that he had the sort of face that only a
mother and father could love.
Two hours later, Sally is scared to take a look as the obstetrical nurse puts
her first child into her arms.

Questions to ponder:
• Will their child look just like his or her “double cousin,” Ken, Jr.?
Why or why not?
• Assuming that Sally is right and the children will look identical, will they
also have similar personalities, behavior and attitudes?
• What is the maximum percent of the two childrens’ genetic composition that
could consist of identical genes (allelic versions)? The minimum percentage?
This short problem was selected to represent the type of PBL problem that
can be used successfully in a large class for non-majors as well as majors,
can be researched by consulting the textbook alone, and has a content focus
that easily fits within the framework of a conventional course.

Powell doesn’t want students to ask, “Did I get the right
answer?,” but rather to say, “This is the answer I got,” and
then critically appraise that answer.
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DiPlomat
Freshly appointed as an
HHMI investigator, the
scientist knew exactly what
he wanted, a private office
on the window side of
a corridor remote from
his two cramped labs.
But Bob McGhee
knew exactly what the
investigator needed, a
single larger lab with windows, an adjacent office
and ample support space.
Sounds like a setup for
conflict, but Robert H. McGhee,
HHMI architect and senior facilities officer, has a reputation for
transforming contention into cooperation. By the time discussion of
the renovation project concluded,
the investigator knew exactly what
he wanted, one spacious new lab

of

lined with windows, accessible to his private office
and to a large and flexible
support facility.
Who compromised?
No one. McGhee simply showed the investigator a plan that
made sense. “It’s a
matter of helping
investigators look at the
big picture, not at what
they are doing today, but
at the scope of their work
and the directions in their field,”
said McGhee. “All we know for
certain is that whatever they are
doing today is not what they are
going to be doing in five years, and
the technology that they are using
today is not what they will need
then.”
When building or remodeling
investigators’ work space, McGhee
and his team of three are pivotal
players. “Bob has a rare ability to

Design
HHMI Architect

BARBARA RIES

Robert H. McGhee, HHMI architect and
senior facilities officer, shown here at the
University of California, San Francisco,
where he is helping to design a new
research building.
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take what investigators think they
want and turn it into a plan that really
meets their needs,” said W. Maxwell
Cowan, HHMI’s former vice president
and chief scientific officer.
David Clayton, who served as a
senior scientific officer at HHMI for
four years before his recent appointment as vice president for science
development,
remembers
when
McGhee appeared on the Stanford
University campus in the mid-1980s to
help plan the Beckman Center. At the
time, Clayton was a Stanford professor of developmental biology and faculty coordinator for the Beckman
Center project. Home to most of
Stanford’s HHMI investigators, the
Beckman Center also houses the biochemistry, developmental biology, and
molecular and cellular physiology
departments on the Stanford campus.
“There are two institutional things
that people in academia care about:
power over appointments and control
of space,” said Clayton, “and researchers always think they know exactly
what they want.” Into this highly
charged atmosphere stepped McGhee,
with an attentive ear and more than a
decade of experience in designing work
space for investigators. “He never says,
‘You can’t have that,’” Clayton recalls.
“He never says, ‘That’s no good; that
won’t work; we aren’t going to do it
that way.’ He listens, acknowledges,
and suggests alternatives that he can
demonstrate have worked for people
with similar requirements and constraints.”
McGhee has plenty of success stories to tell. He’s been designing biomedical labs since 1971 when, with a
brand new bachelor’s degree in architecture from the University of Texas,
he helped the young UT Medical
School in Houston design a one million-square-foot facility. He went on
to earn his master’s degree in architecture at Rice University and joined
HHMI as director of research facilities
planning in 1985. Since then, he has
overseen hundreds of lab renovations
and dozens of construction projects,
including Stanford’s Beckman Center,
32
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You
have to think
like scientists about
this project.
Each building is
an experiment.”
Yale University’s Bass Building and the
Eccles Center for Human Genetics at
the University of Utah. He’s currently
working with the University of
California, San Francisco, and the
University of Chicago on the design of
their new research buildings.
Raymond White, director of the
University of Utah’s Huntsman Cancer
Institute, was a Hughes investigator
when the Eccles Center was built, so
he had a vested interest in the design
of the labs and other work space. At
one point in the planning process,
White recalls, McGhee remarked,
“You have to think like scientists
about this project. Each building is an
experiment.”
“Yes,” White replied, “but you are
going to walk away from this experiment, and we are going to have to live
in it.”
As it turned out, “[McGhee] did a
masterful job. He has a remarkable
talent for keeping everybody together
and on track,” White said.
Juggling the diverse concerns of university administrators, architects and
scientists is a ticklish job. How does
McGhee do it? “He has an engaging
personality,” Cowan explained. “He
listens well. He knows what works and
what doesn’t work. He can be firm

without being aggressive, respectful
without being subservient. And he
understands that you can’t rely on scientists to know what they really need.”
McGhee has received recognition
from scientists and architects alike as
a leading expert in lab design. Indeed,
universities and medical research centers seek his expertise, even when the
project does not involve HHMI investigators, and with HHMI’s blessing,
McGhee consults with them.
When planning began in 1988 for
the new HHMI headquarters in Chevy
Chase, Maryland, McGhee served on
and later chaired the building committee. He carefully guided the Institute
and its hesitant new neighbors in
Chevy Chase to a comfortable consensus on the design of structures, landscaping (including a buffer of trees),
traffic patterns, the size of the staff and
the kind of work that would be done
there. Typically, McGhee downplays
his own role. “We simply listened to
them,” he said. “We were sensitive to
the fact that they were going to be our
neighbors, and we did everything we
could to address their concerns.”
McGhee’s philosophy of lab building or renovation rests on three principles: understanding the investigators’
needs versus their preferences, keeping
work spaces standardized and rational, and making the spaces adaptable
over time to accommodate changes in
the areas of research. Thus he designs
labs that will work well for just about
anybody, then tweaks them to fit their
intended inhabitants. “We build flexibility into our design, so we can tune
the space to an investigator’s individual needs,” he explained.
“No one can afford the ongoing
cost of idiosyncratic lab design,”
McGhee added. He recalls one university where four of five investigators,
whose new labs were designed to their
personal requirements, were no longer
there by the time the labs were finished—and the fifth had changed the
focus of his research. McGhee, on the
other hand, has designed more than
500 generic labs and only had to redesign one 10-foot section of one lab

after its occupants moved in.
Functionality and cost control are
not his only concerns. “My goal is to
make a place where people want to
work,” he explained. “The quality of
the space contributes to the quality of
the research. And it doesn’t necessarily
cost more to make a lab you’d like to
work in.”
McGhee relies heavily on his two
architects, John Hu and Spencer Ng,
and on Terri Morris, who manages
their Houston office and serves as liaison with HHMI site managers. Hu
and Ng have worked with McGhee
since shortly after he joined HHMI in
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1985. “We love our jobs, and Bob has
a lot to do with that,” said Hu. “He is
results-oriented and gives us a free
hand in how we get there.” Ng added,
“Bob draws the big picture, and we
help him fill in the details.”
David Nathan, president of DanaFarber Cancer Institute, agrees.
Nathan was physician-in-chief at
Children’s Hospital in Boston when
McGhee showed up to help plan construction of HHMI investigators’ labs.
Nathan welcomed the planner from
Houston somewhat reluctantly. “I
didn’t want to offend HHMI, but we
had our own architects,” he recalled.
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It wasn’t long, though, before Nathan
was consulting McGhee on every
question that arose. Several years later,
the HHMI architect joined Cowan,
Purnell W. Choppin, then president of
the Institute, and Senior Scientific
Officer Donald Harter to discuss lab
renovations with a newly appointed
investigator at Dana Farber. Nathan’s
advice to his colleagues was succinct:
“Whatever Bob McGhee says we
should do, that’s what we should do.”

H O M E

Bob McGhee is an architect who loves to design, a
planner who never stops planning. After years of traveling up to four days a week—visiting investigators,
meeting with university administrators and building
committees—McGhee is spending more
time at home in Texas with his wife, Joyce Janak, and
their young daughter, Callie. But his sketchpad and his
imagination are as active as ever.
He renovated one house in Houston, tore it down
and built a new one, sold it, and promptly started renovating another. “I don’t think there’s a door or a
shrub that he hasn’t moved,” Janak said with a grin.
A farm boy from Terre Haute, Indiana, McGhee
moved to Texas at age 13. He’s lived there ever since.
Based in Houston, in offices in a restored old house,
McGhee heads for his 70-acre farm near the rural central
Texas town of Shiner every chance he gets. Janak, who
grew up in Houston, prefers city life. So does Callie, who
summed up her days at the farm with 7-year-old candor:
“Too many bugs and not enough kids.”
Life in Shiner is a perpetual construction project, too.
McGhee remodeled the old farmhouse, then added on
to it. He also renovated a 1908 house in town, doing
the kitchen cabinets, electrical wiring and plumbing
installation himself. Is he a one-man design and construction crew? The architect shook his head. “I didn’t
put up the sheetrock myself,” he said.
When he isn’t sketching plans for relocating doors
or shrubbery, building cabinets or installing pipes,
McGhee unwinds by cooking. His cookbook collection includes Italian, French, Greek and a variety of
Southwestern and Thai-Asian recipes. “I cook because
it is design, but with immediate gratification,”
McGhee said.
—J.D.
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Science
Education and
Research: The
Missing Link
by Julie Graf
A few years ago, a science faculty
member told me a story: A first-year
graduate student came to her to
discuss the results of an experiment
he had just completed. The faculty
scientist remarked that the results
were interesting, surprising, and that
it would be useful to brainstorm
what experiments he might do next,
given these results. It soon became
clear, however, that the graduate
student was somewhat uncomfortable and puzzled in having this discussion. When pushed for an answer
he said he was taken aback, indeed
somewhat disconcerted, by the fact
that his advisor did not already
know and anticipate the results of
his experiments.
This student’s science education
had failed him. Yes, he had succeeded academically. After all, he had
been accepted into a prestigious
molecular biology program. Yet he
had gained no first-hand knowledge
of the basic nature of scientific inquiry. He had mastered science as a
body of knowledge, yet he lacked an
essential understanding of the process by which that body of knowledge is attained and how it constantly evolves. To me, the story of this
young man represents the worst of
what happens when research and
education are done in isolation.
All too often research and teaching
are viewed as opposing, rather than
complementary, endeavors. I would
argue that the two are not only complementary, but that each is opti34
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mized based on its connection with
the other. Research is enhanced when
it is communicated; teaching is
enhanced when it incorporates
research. Especially in the arena of
science, where the process of inquiry
is fundamental, research and teaching are naturally intertwined.
Running a set of programs that
emphasize science education, not just
at the undergraduate level but also,
and very importantly, at the K-12
level, can be an arduous task at a
research university. But surmounting
the inherent institutional challenges
can bring wonderful results and
immense rewards. I speak from experience, having served as program
director of the Hughes Initiative at
the University of Colorado at
Boulder (UCB) since 1989.
At the undergraduate level, the connection between research and teaching is most obvious in students’
research experience. Like many other
HHMI-funded programs, the Hughes
Initiative at UCB provides support for
undergraduates to gain hands-on
research experience in faculty laboratories. From 1989 through 1999, we
supported 929 students, which resulted in 160 publications by undergraduate coauthors in scientific journals.
Gaining this experience provides students critical firsthand knowledge
and practice in the process of science,
and allows them to make better-informed career decisions.
The connection between research
and education at the K-12 level is
perhaps less obvious, but no less
valuable. Linking the two successfully can foster the following benefits:

•

Quality professional development
opportunities. Science advances at such
an incredible pace that it leaves K-12
teachers hungry for opportunities to
help themselves keep current. As the
National Science Education Standards

High school science teachers (above and
opposite page) participate in an infectious diseases workshop at the
University of Colorado at Boulder.

put it, "The challenge of professional
development…is to create optimal collaborative learning situations in which
the best sources of expertise are linked
with the experiences and current needs
of the teachers."1 We strive to meet
that challenge, offering opportunities
in which classroom-appropriate and
relevant activities are linked to the latest in scientific research. These opportunities help teachers model lifelong
learning in their classrooms, inspiring
their students to follow their example.

• Creative pedagogy in K-16. Too

often when people consider university
outreach programs, they think of
them as a one-way street, with the
university as benefactor and K-12
schools as beneficiary. I believe that
the benefits go both ways. At the
K-12 level, teachers employ inquiry-based, constructivist and investigative methods with their students in
science—and undergraduate instruction can benefit from their lead.
Bruce Alberts, in his forward to the
book Science Education Partnerships,
writes, “Effective partnerships are the
only hope for lasting systemic change
in precollege science education."2 I
heartily agree but would amend his
statement to include undergraduate
education as well.

•

Enriched curriculum. The chance
to relate to the latest in scientific

• Increased continuity of student

experience. From the individual student’s perspective, learning experiences in high school and at the university are typically separated by a
mere three months. Institutionally,
however, in terms of the communication paths between secondary and
postsecondary institutions, the separation could be measured in light
years. Because of science education
reform efforts at the K-12 level,
undergraduates are entering universities with different expectations
(e.g., dissatisfaction with lectureonly classes). These students are
better prepared to begin gaining
research experience early in their
undergraduate careers. Collaboration among the K-12 and academic research communities can only
enhance this transition.

•

Diminished isolation in the scientific
and education communities. K-12 teachers often feel isolated in their classrooms, and the world of academic
research is often too insular.
Connecting the two in meaningful collaborations can decrease those tendencies. Teachers are rejuvenated and
rediscover their love of science; scientists participating appreciate the
opportunity to “reconnect” and “give
back” to the community.

• Shared resources. In these times

of tight funding for education,
resource sharing is imperative.
Teachers are extremely appreciative
of equipment and supplies that may
be outdated for use in a research
lab, but that they can put to use in
their classrooms.
Increased value for scientific
research. Collaborations with K-12
classes give scientists practice commu-

•

nicating their research to those outside their field. This opportunity is
critical to the general public’s understanding and appreciation of basic
scientific research. The value placed
on scientific research emanates from
such understanding and can ultimately be measured in terms of funding
for basic research. Focusing on K-12
can increase scientific opportunity
and literacy of future generations.

• Transformed stereotypes. Surpri-

singly, when asked to draw a picture
of a scientist, most children still draw
a crazy-eyed, wild-haired male in a
white lab coat. Opportunities for
youth and scientists to interact at all
stages of their training and careers
help break down these stereotypical
notions and open doors.

•

Good will and trust. In a climate
where all too often our educational
systems (and sometimes, scientific
research) are under attack, collaborations can emphasize the positive, fostering trust among individuals and
good will among institutions.
I am sure that many who are
actively involved in connecting
research and education through university outreach programs could add
to this list. I emphasize the benefits
of such linkages because, in part, the
obstacles to making and sustaining
them are many. The challenges fall
into two main categories: time and
funding. Teachers are asked to do
more with increasing numbers of
students and fewer resources; faculty
scientists face parallel demands at
the university.
Here at UCB, multiple grants from
HHMI have enabled us to accomplish
much that would otherwise have been
impossible. In terms of time, we call
upon the talents and expertise of many
individuals on the UCB campus,
including graduate students and postdoctoral fellows. We employ two scientists-in-residence whose responsibilities include the development of K-12
curricular materials and activities tied

to current scientific research. We also
make it as easy as possible for teachers
and faculty to participate in ways that
are manageable for them.
Realizing these benefits through
effective collaborations, we can
rewrite stories like that of the young
man described above. To guide us as
we move forward, we refer often to
the vision statement developed and
adopted by our staff several years ago:
“We envision the scientific community as inclusive of all individuals
engaged in the process of scientific
inquiry. We seek to increase the diversity of this scientific community
by providing
access to higher education
and scientific
research for
individuals or
groups currently
under-represented in the
sciences. We
seek to extend
bridges
between K-12
and higher
education,
fostering
cooperation
between those institutions for the task
of increasing scientific opportunity
and literacy.”
This vision sustains and inspires our
work—an undertaking I have found
personally rewarding the past 11
years.
LARRY HARWOOD

research can enliven any learning
experience, whether it is at the high
school or undergraduate level. It can
generate excitement among students,
helping them to see the relevance of
what they are learning and inspiring
them to pursue further study.

Julie Graf is program director of the
Hughes Initiative at the University of
Colorado at Boulder.
1National Research Council. 1996. National Science
Education Standards. p. 58. National Academy Press,
Washington, D.C.
2Sussman, Art. 1993. Science Education Partnerships. p. 2.
University of California, San Francisco.
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Trees of
Knowledge
Most fifth graders know they like to
climb trees. But in the treetops of the
University of Alabama Arboretum
they are also discovering how much
fun a living science lesson can be.
Tree Topology, an HHMI-funded
project of Tuscaloosa’s Children’s
Hands-On Museum, takes youngsters
from four western Alabama school
districts into a unique laboratory 30
feet off the ground. There, on platforms built with a $125,000 HHMI
grant and additional support from the
Alabama Power Foundation, the students learn to identify trees by observing their leaves and bark. They also
collect data on rainfall, temperature,
humidity and other abiotic, or nonliving, factors that affect the trees and
the forest ecosystem. Once their feet
are back on the ground, the students
gather similar information from a
sunny field nearby.
As they compare data gathered
from the treetops and the open
field—with an occasional helpful
hint from Tree Topology teachers—
the children’s questions come flooding out: “Why is it warmer in the
field than in the trees?” and “How
does the amount of light affect the
plants, animals and insect life?”
It’s fun to learn the scientific method
nose-to-nose with a tree. “When you
are standing in the treetops, seeing,
smelling and touching things, your
observations just naturally bring questions to mind,” says Kathryn Royall,
an educator who teaches in the tree
labs of the Children’s Hands-On
Museum. From these inquiries it’s a
simple step to designing experiments
that lead to answers. The answers generate further questions, new experiments, and there it is—observation,
hypothesis, data collection and analysis—the scientific method at work.
Swinging hygrometers on strings,
the youngsters learn to measure rela36
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tive humidity. “It’s about 20 or 30
percent,” reports one. Royall replies:
“Not about. Is it 20 or 22 percent? Is
it 28 or 29 or 30 percent? You’ve got
to be exact, because you are scientists.” Back the students go to re-examine their hygrometers, to practice
reading the gauges and to check
results again, as scientists must.
The lessons learned move beyond
acquiring the habits of the scientific
method. “Through the hands-on
learning they do in Tree Topology,
these fifth graders will increase their
understanding of biodiversity within
the forest community and learn to
apply scientific processes to investigate leaves and insects, whatever lives
in the trees,” Kathleen Hughes
explains. Hughes is director of the
Children’s Hands-On Museum. “We
hope that Tree Topology also will foster stewardship and appreciation for
the importance of the forest,” adds
Mary Jo Modica, a horticulturist with
the University of Alabama Arboretum
and assistant director of the project.

Tree Topology brings the fifth
graders to the arboretum in fall and
again in spring so that they can
explore and compare the biotic and
abiotic factors that affect the ecosystems there at different times of
year. During the summer, before the
children’s first visit to the woods,
their teachers also take to the treetops to learn how to use the tree
labs and the trees in their own communities to prepare students to
make the most of their arboretum
adventures. Science kits purchased
with HHMI grant funds help the
teachers bring the hands-on, inquiry-based learning of the tree labs
back into their classrooms.
Because many grown-ups like to climb
trees as much as young folks do—and
because involving parents in their children’s schooling makes education
“take” better—Family Tree Days are a
popular component of Tree Topology. In
fall and spring, children serve as guides
for their families on a visit to the tree
labs. There, adults learn from their

High in the treetops of Tuscaloosa, Alabama, fifth graders examine leaves and learn
about the factors that affect their forest ecosystem.

young scientists how to answer the scientific question: “What kind of trees
shed their leaves in winter?” An artist, a
photographer, a sculptor and a storyteller help the families create drawings, collages and other unique souvenirs of the
Family Tree Day experience.

about ecosystems and biodiversity.
“You might even call it a bird’s eye
view,” says Hughes with a mischievous grin. H

From the day construction on the
treetop platforms began—an event
the Children’s Hands-On Museum
called a “skybreaking”—Tree
Topology has created a special vantage point for western Alabama’s
elementary school students to learn

Jennifer Boeth Donovan

Zippering Up Cell Adhesion

JENNIFER B. DONOVAN

When two cells touch, they often
bind to one another. The stickiness,
or cell adhesion, that allows organs to
form from individual cells and
enables damaged tissue to repair itself
appears to be a much more active
process than previously thought.
When activated by calcium, cadherin acts as the molecular glue that
holds two cells together once they’ve
touched. According to new research,
calcium and cadherin enable a cell to
poke its fingers into its neighbor in
order to draw closer to its partner.
This research, conducted by HHMI
investigator Elaine Fuchs and her colleagues at the University of Chicago,
appeared in the January 21, 2000,
issue of the journal Cell.
In the developing nervous system,
calcium triggers growing nerve cells
to send out tiny filamentous fingers,
called filopodia. Fuchs and her colleagues noticed that calcium also
stimulates epidermal cells isolated
from fresh mouse skin to send out
filopodia. In this case, when neighboring cells approach, their filopodia
touch and glide along one another,
physically embedding into each other’s membrane like the intermeshing
teeth of a zipper.
The tips of the embedded filopodia
seem to catalyze the clustering of cadherins and associated proteins known
as catenins, producing two neatly
aligned rows. During the course of
adhesion between two cells, the two
rows merge, or zip, into a single row,
leading Valeri Vasioukhin, an HHMI
associate in Fuchs’ lab, to name these
structures “adhesion zippers.”
What’s interesting about this finding, says Fuchs, is that it shows cell
adhesion to be a more active process

A

B

Epidermal cells are joined together by adhesion zippers (arrows in image A) in an
intermediate step in cell adhesion. Adhesion zippers (shown magnified in image B)
form when two nearby cells send out finger-like protrusions called filopodia, which
embed themselves in each other’s membrane. The stringing together of actin molecules
at the tips of the filopodia creates the force that draws the cells together. The actin
molecules then reorganize themselves, creating a tight seal between the cells. From Cell,
Vol. 100, p. 210, Fig. 1B-1F, 21 January 2000 © Cell Press.

than previously envisioned. “We used
to think that calcium stiffened the
extracellular domain of cadherin (the
part of the protein that sticks out of
the cell), and that this change alone
brought about interactions leading to
cell adhesion,” she explains, “but
these findings show that by using filopodia, two cells that are reasonably
close to each other can actually physically draw themselves together to
make a stable cell-cell junction.”
In studying this process further, the
HHMI team found that the final fastening of the two cells required a
third component, actin, a protein
originally discovered in muscles, but
now known to be present in all cells.
“Actin polymerization completes the
seal between two cells,” says Fuchs.
A group of at least three proteins—
VASP, Mena, and zyxin—are involved
in driving this polymerization, in
which many beads of actin molecules
are strung together into rope-like
structures. Scientists know little about
how these proteins enhance the actin

polymerization process, and in fact,
the Fuchs team was the first to discover that the trio coordinates the
final step of cell adhesion. Studies in
other labs have shown that the bacteria Listeria and Shigella, which can
cause fatal diarrhea, pirate VASP,
Mena and actin polymerization to
move from one intestinal cell to
another in a virulent state.
In addition to providing clues about
the nasty habits of bacterial invaders,
understanding the mechanisms controlling cell-cell adhesion may shed
new light on wound healing. “In the
future, we may be able to use this
information to identify ways in which
we can speed the healing process,”
suggests Fuchs. “Further investigations into the roles of these new players may also explain more about the
fundamentals of how tissues and
organs develop.” H
Carol Potera

HHMI

BULLETIN
J U LY

2000

37

&

N O T E S

Family’s Genetic
Trail Leads to
Faulty Gene
In 1990, a 31-year-old man came to
the Laboratory of Neuromuscular
Disorders at the University of São
Paulo in Brazil with symptoms suggesting that he had some form of
muscular dystrophy. Indeed, clinical
and laboratory tests showed that the
man had a form of limb-girdle muscular dystrophy, a group of muscular disorders that affect both skeletal and heart muscle. Over the past
decade, researchers have identified
eight genes associated with this
group of disorders.

gene, located on chromosome 17,
codes for telethonin, a small protein
in skeletal and heart muscle. PassosBueno and her colleagues, including
Dieter Jenne and his collaborators at
the Max-Planck Institute of
Neurobiology in Martinsried,
Germany, published their results in
the February 2000 issue of the journal
Nature Genetics.
The quest for the gene, which the
researchers have named TCAP,
began with Passos-Bueno and colleague Eloísa Sá Moreira traveling to
the family’s home in the outskirts of
São Paulo to collect DNA samples
from the six affected children, as well
as from two unaffected siblings and
the parents. “We analyzed all the
chromosomes of the affected and
non-affected family members using

MARIZ VAINZOF

Patients with limb-girdle muscular
dystrophy (LGMD) type 2G were
found to lack the telethonin protein
because of mutations in the gene
that codes for that protein.
Telethonin (red) is present in muscle
samples from a healthy individual
(left), but is virtually absent in samples from a LGMD patient (right).

Upon questioning the man, his doctors learned that he had five siblings
who were also affected by the disease.
This report caught the attention of
HHMI international research scholar
Maria Rita Passos-Bueno, a human
geneticist at the university who was
studying the genes that cause muscular dystrophies. “Finding a family
with a large number of affected siblings gave us the chance to discover
the gene responsible for this particular
form of limb-girdle muscular dystrophy,” explains Passos-Bueno.
In fact, this family—or rather its
DNA—led the Brazilian research team
and its collaborators in Germany to
the gene that causes limb-girdle muscular dystrophy type 2G, one of two
such dystrophies whose genes had
previously escaped discovery. This
38
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about 300 different genetic markers,”
says Passos-Bueno. This first pass
through the family’s genes pointed the
researchers to a large region of DNA
on chromosome 17.
Next came the more challenging
task of creating a detailed map of that
particular portion of chromosome 17.
About a year into this endeavor,
Passos-Bueno joined forces with
Jenne, who was also constructing the
physical map of part of this region of
chromosome 17. “They already had a
part of the physical map of the region
we were looking at, so we joined our
efforts, studied the genes present there
and selected one that was a likely
candidate,” she explains. Making that
choice wasn’t hard, she adds, because
all the other genes in the region were
involved in immune system function.

HHMI international research scholar
Maria Rita Passos-Bueno studies the
genes that cause muscular dystrophies.

The sole exception was the gene
coding for telethonin, a protein that
helps organize the sarcomere—the
contractile apparatus in heart and
skeletal muscle. In the affected family
members, a defect in the gene interrupts the normal production of telethonin. “The resulting protein is
small and unstable,” says PassosBueno, “which undoubtedly affects
the ability of the muscle to function
normally.”
The genetic service run by the
University of São Paulo is a reference
center not only in Brazil but for all of
South America, enabling PassosBueno and her colleagues to find two
additional families that carry mutations in the same gene. Those families
have now received genetic counseling.
“We informed the carriers that they
would have unaffected children provided they don’t marry cousins,” says
Passos-Bueno.
According to Passos-Bueno, the
identification of the defect in TCAP
has a double role in a country such as
Brazil. Not only is it a huge scientific
advance, with important potential
medical implications, but “it also provides an opportunity to train and
stimulate young researchers in vital
scientific activities,” she says. H
Claudio Csillag

Career Counseling Is a Click Away
It used to be simple: go to college,
attend graduate school, get a job. Not
any more. Grants, peer review, tenure—there’s a lot a postdoctoral fellow or a junior faculty member needs
to know to succeed in today’s academic career market. Working collaboratively with the American
Association for the Advancement of
Science and the Burroughs Wellcome
Fund, HHMI is helping to make that
information available at no cost, on a
new Web site called the Career
Development Center for Postdocs and
Junior Faculty (http://nextwave.sci
encemag.org/feature/careercenter.shtml)
One popular feature of the site is
The GrantDoctor. Postdocs and
junior faculty submit their most troubling questions: How can I write a
winning grant? What happens during

the review process? My revised application got a lower score; what do I
do now? After consulting with
experts, The GrantDoctor prescribes
the recommended remedy.
More online advice can be found in
a feature on professional issues,
including Finance 101 for New
Investigators; Time Management 101
for Grant Applicants; The Thrill of
the Paper, the Agony of the Review. A
special section addresses professional
concerns of postdocs. In another,
called Forum, junior faculty and fellows can vent their frustrations and
express their views.
Among the Career Development
Center’s other resources is a bibliography of articles that address a wide
variety of problems that plague new
scientists trying to get a foothold on

Fix the Gene,
Stop the Cancer?

cline regulatory system, a recently
developed strategy to regulate gene
expression in mammalian cells,
Felsher and Bishop produced mice
with a mutant oncogene known as
Myc. The abnormal gene over-expressed the Myc protein, causing
malignant tumors of the lymph system and bone marrow. They then
treated the mice with the antibiotic
doxycycline to inactivate Myc. The
tumors regressed in 90 percent of the
treated mice, and 80 percent remained
in remission for more than 30 weeks.
Tumors transplanted into mice also
regressed when Myc was inactivated,
and the effects of treatment were still
evident 60 weeks later. Felsher and
Bishop published their findings in the
August 1999 issue of the journal
Molecular Cell.
More recently, the two scientists
have investigated the effect of inactivating Myc in mice with a particular
type of liver cancer known scientifically as hepatocellular carcinoma. The
normally incurable liver tumors also
regressed when Myc was inactivated.
Felsher and Bishop expect to publish
the results of that research shortly.

What if you could inactivate a gene
capable of causing cancer or inactivate
the proteins that gene produces?
Would that be enough to stop a malignant tumor in its tracks? Research in
mice, conducted by former HHMI
physician–postdoctoral fellow Dean W.
Felsher in J. Michael Bishop’s microbiology and immunology laboratory at
the University of California, San
Francisco (UCSF), indicates that it
might—not only in blood-based cancers such as lymphoma and leukemia,
but in previously incurable liver cancer.
“We speculated that a highly effective and specific therapy for cancer
would be to inactivate an oncogene,”
Felsher explains. “Even though tumor
development is a multistep process
thought to involve more than one
genetic anomaly, we wanted to know
if some types of abnormal cell proliferation could be reversed by repairing
a single genetic lesion.”
Using what is known as a tetracy-

their future.
Recently
published
articles on
research
funding,
grant writing, job
hunting,
tenure, teaching, journal publication
and other professional concerns are
cited, with links offering free access
to the full text.
A related Web site called GrantsNet
(www.grantsnet.org/) is another collaborative effort of HHMI and the
AAAS’s NextWave. GrantsNet is a
free, searchable database of more
than 500 research and educational
funding sources. H
Jennifer Boeth Donovan

“Our findings are potentially relevant to human disease,” says Felsher.
“Elevated expression of Myc has been
reported in human T cell lymphomas
and acute myeloid leukemias of
hu-mans. We must still see if targeted
inactivation of Myc is sufficient to
cause tumor regression in human cancers.”
Now an assistant professor at
Stanford University School of
Medicine, Felsher recently won the
American Society of Clinical
Oncology’s Young Investigator Award
for his research. He is using the award
to help set up his lab at Stanford,
where he is part of a team working to
apply his findings to human cancers.
“This is the sort of work that we all
hope to see from support by HHMI:
medically relevant, yet informed by a
deep understanding of biology and
executed with cutting edge technology,” says Felsher’s co-investigator,
Bishop, who is chancellor of UCSF.
HHMI physician–postdoctoral fellowships are competitive awards to
physician–scientists for additional
research training. Felsher was a fellow
from July 1997 to December 1998. H
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Enzyme’s Structure Holds Clues
to Better Tuberculosis Drugs
By studying the atomic detail of how
a key enzyme from Mycobacterium
tuberculosis— the world’s deadliest
bacterium—interacts with certain
drugs, HHMI investigator Wilhelmus
G. J. Hol and his colleagues at the
University of Washington may have
found that enzyme’s Achilles’ heel.
Efforts are already underway to use
this discovery to develop new and
more effective drugs to treat tuberculosis, a disease that kills about 2 million people each year.
Hol’s work, published in the
January 2000 issue of the Journal of
Molecular Biology, resulted from
investigations of the well-studied
enzyme dihydrofolate reductase. A
drug that could inhibit dihydrofolate
reductase in M. tuberculosis and penetrate the bacterium’s extremely
hydrophobic, or waxy, membrane
might be particularly effective in
fighting tuberculosis, Hol says.
Inhibitors of dihydrofolate reductase
in humans and other species are play-

ing important roles in treating several
other diseases, including malaria and
certain cancers.
Hol and his colleagues successfully
crystallized the M. tuberculosis
enzyme provided them by Worachart
Sirawaraporn of Mahidol University
in Bangkok. They also prepared
crystals of the enzyme while it
bound to each of three known dihydrofolate reductase inhibitors that
are used to treat other diseases but
are useless against M. tuberculosis.
They then used x-ray crystallography to determine the exact location
of atoms in three dimensions for
each of these crystals.
With the structures, the researchers
could see precisely where the inhibitors bind to M. tuberculosis dihydrofolate reductase. They then compared
the structure of the bound enzyme to
dihydrofolate reductase from humans,
and found that the binding sites in the
tuberculosis enzyme were more
hydrophobic (water-repelling) than in

the human enzyme. This is fortunate,
explains Hol, because any new drug
for tuberculosis must target only the
M. tuberculosis enzyme and leave the
human enzyme alone.
“By making the inhibitor more
waxy,” says Hol, “it appears that
you’d get an inhibitor that would not
attach to the human enzyme, and that
is exactly what you want.”
The world is in dire need of more
powerful drugs for M. tuberculosis,
says Hol. The current treatment for
tuberculosis involves four drugs that
patients must take for at least six
months. But many people fail to complete the treatment, which has led to
the emergence of drug-resistant forms
of the bacterium. The growing number of drug-resistant cases has caused
the World Health Organization to
declare tuberculosis a global public
health emergency. H
Susan Perry

These crystal structures
show the enzyme dihydrofolate reductase (green)
from humans (left) and
from the deadly human
pathogen M. tuberculosis
(far left) bound to an
inhibitor. The different
shape and size of the form
of the enzyme found in
M. tuberculosis may make
it an attractive target for
drug designers. From
Journal of Molecular
Biology, Fig. 6a-6b, Vol.
295(2), pp. 307-323,
January 14, 2000 ©
Academic Press.

Getting Inside Protein Transport

The core of the signal recognition particle reveals a piece of protein (pink and
blue ribbon) and an RNA fragment that
appear to work as a team to interpret signals from newly formed proteins. The
yellow structures are universally conserved nucleotide bases within RNA.
Reprinted with permission from Science,
Vol. 287, Fig. 2A, p. 1234, 18 February
2000 © AAAS.

determining the three-dimensional
structure of the signal recognition
particle, the central component in
this process.
The signal recognition particle
recognizes where in the cell newly
manufactured proteins are supposed
to go. “This is a machine that carries

proteins that are going to be secreted
to their proper places on a cell membrane,” says Doudna. After some
additional processing at the membrane, the proteins are ready for
action outside the cell.
Researchers knew that much from
earlier work by Blobel and others.
They also knew that the particle contained both a small piece of RNA
and a protein that recognized the signal sequence of amino acids—a
molecular address label—on a new
protein. But they didn’t know the
details of how the parts fit together
or what the whole complex looked
like in three dimensions. Doudna’s
group filled this information gap by
isolating the particle from bacteria
and paring it down to the core parts
that still worked when it was put
back in the bacteria. Once they had a
stripped-down, yet functional, particle, they determined its three-dimensional structure using x-ray crystallography, a technique that focuses an
x-ray beam onto a protein crystal to
determine the exact position of that
protein’s atoms in three-dimensional
space. (For more on x-ray crystallography, see the story Bright Light, Big
Molecules on p. 12.)
The core structure suggests that
RNA is more involved in recognizing
the signal than researchers had
thought. The shape of the structure,
which appears on the cover of the
February 18, 2000, issue of the journal Science, roughly resembles a
hand—the RNA component forms an
extended thumb while the protein
component makes up the fingers.
Given the shape and the compatible
structure of the signal sequence, both
the RNA thumb and the protein fingers seem to be involved in signal recognition and binding, an idea that
Doudna is continuing to explore.
Knowing how RNA “talks to specific proteins” is important, she says.
It may help us grasp how life might

HAROLD SHAPIRO

Every minute of every day, cells manufacture dozens of proteins, each of
which must end up in a particular
part of the cell to carry out a specific
function. The quest to understand
how this happens—how proteins get
to their intended destination—led to
a Nobel Prize last year for Günter
Blobel, an HHMI investigator at The
Rockefeller University. Now, HHMI
investigator Jennifer Doudna and her
colleagues at Yale University have
solved another piece of this puzzle by

HHMI investigator Jennifer A. Doudna
(above) and her colleagues at Yale
University are trying to unravel the mystery
of how RNA communicates with proteins.

have evolved from an all-RNA world
to one in which a vast array of proteins conduct the bulk of a cell’s
work. The ancient and unvarying
structure of the signal recognition
particle makes it a good candidate
for understanding that leap.
According to Doudna, the signal
recognition particle may have additional roles in the cell because the
RNA it contains is found in much
greater abundance than its companion protein. “We don’t know all the
roles of RNA in a cell, but the newfound structure is a hint that RNA
has a number of other tricks up its
sleeve,” she says. H
Christine Mlot
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In Pursuit of

Development:
Biologist Turns Underwater Photographer

I

began taking underwater photographs almost 20 years ago when
I would free dive while snorkeling. Then, about 12 years ago, I
learned to scuba dive in preparation
for a trip to Australia’s Great
Barrier Reef. I knew that I would be
able to see so much more as a scuba
diver. I have been hooked on scuba
diving and underwater photography
ever since.
About six years ago, I got a
chance to combine my diving–photography hobby with my research
interests in development and evolution. Most of my research up to
that time involved comparative
developmental studies between different insect species. My results led

Usually closed during the day, this orange tube
coral opens in the evening to begin feeding.
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me to expand these studies to crustaceans, the aquatic relatives of insects.
I was fortunate enough in 1993 to
be invited to work for a week at a
Smithsonian field station off the
coast of Belize. During that visit I
collected a number of crustacean
embryos, which formed the basis for
subsequent research projects. Today
we culture several crustacean species
in the lab, but it is still invaluable to
collect animals in the wild as well
because only a limited number of
species can be raised in the lab.
		
Nipam Patel
Nipam Patel is an HHMI investigator at
the University of Chicago.

A small sponge and several colonial
tunicates adhere to the root of a mangrove at Twin Cay, Belize. Sponges are
generally regarded as one of the simplest and most primitive animals, but
the tunicates, despite their sessile nature
and simple, bag-like appearance, are
actually closely related to vertebrates
like ourselves.

Colorful tube, vase, and barrel sponges
inhabit the deep reef walls of Cayman Brac.
In many locations these steep walls drop to
depths over 1000 feet.

These delicate plumes are the feeding
structures of tube worms. The bodies
of these worms are safely encased in
solid tubes attached to rocks and corals. The feathery head processes catch
passing plankton, but are quickly withdrawn if disturbed.

A flamingo tongue, a shelled mollusca,
feeds on a purple sea fan.
Stingrays cruise over
shallow sandy stretches
between reef patches.

HHMI

BULLETIN
J U LY

2000

43

F R O M

T H E

Protein
Partnering

T O O L B O X

tor—that binds to a specific DNA
sequence. Once bound to DNA, the
transcription factor turns on a
reporter gene that produces a readily
visible gene product.
The original two-hybrid protocol
With the ongoing successes at
(diagram at left), using modified yeast
sequencing the complete genomes of
cells, involves chopping the transcriporganisms such as fruit flies (see p. 4)
tion factor in two and fusing part to
and humans, scientists are already
the protein of interest and the rest to
a second protein that
may or may not interact with the first protein. If the proteins do
interact, they reunite
the two fragments of
the transcription factor,
which can then turn on
the reporter gene. The
scientist can easily identify the cells where
these protein interactions occur because the
cells will grow only on
certain media or turn
blue, depending on the
reporter gene that is
activated.
“Basically, you have
some protein that when
split in half doesn’t
The yeast two-hybrid protocol, illustrated here, detects
work, but when put
protein associations in yeast cells. Reprinted by permission
back together again
from Nature 403:602, Fig. 2, 10 February 2000 ©
works,” says Fields.
Macmillan Magazines, Ltd.
“The way it’s put back
together is by proteinturning their attention to the far
protein interaction.” The protocol,
more difficult task of figuring out
therefore, identifies potential protein
what each individual gene does. This
binding partners.
task would prove formidable with
To speed the screening process,
current protocols, but Stanley Fields,
Fields and his colleagues have creatan HHMI investigator at the
ed large “libraries” of a fragment of
University of Washington in Seattle,
a transcription factor fused randomly
has developed a new tool to aid this
to thousands of individual gene fragherculean effort.
ments from organisms such as yeast,
Detailed in the February 10, 2000,
bacteria, viruses, plants, nematodes,
issue of the journal Nature, the tool is
fruit flies, and even humans. “If an
a variation on the “yeast two-hybrid
unknown protein binds to a known
screen” that Fields and his colleagues
protein, it’s possibly associated with
developed more than a decade ago.
the same function,” Fields says.
The basic ingredients include a pro“That gives you a starting point for
tein that the scientist wants to learn
determining what the function of
more about and a second, well-charthat unknown protein might be.”
acterized protein—a transcription facWith 40 percent of bacterial genes,
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30 percent of yeast genes, and the
bulk of human genes still uncharacterized, this type of random library
screening will prove invaluable. “To
understand how a cell works, you
really have to understand how the
proteins in that cell work,” Fields
explains. “It’s very hard to look at the
proteins one by one and try to characterize their functions.”
Most of the researchers who have
reported using the original two-hybrid
protocol used it for screening some of
the estimated 100,000 human proteins.
For example, a group at the University
of Texas Southwestern Medical Center
at Dallas found that a nuclear factor in
activated T cells—a key player in the
immune system—bound to a transcription factor involved in cardiac development. “There’s a whole signaling pathway that occurs in heart pathology
that involves some of the same components of T cell signaling,” Fields says.
“You would not necessarily have
thought that one process was linked to
the other until you saw the protein
interaction.”
With the new version of this protocol, Fields and colleagues have created
what they call a “protein array.”
Instead of randomly fusing the transcription-factor domain to a mixture
of individual gene fragments, they
moved one-by-one through all 6,000
genes in the yeast genome, making a
fusion product with each. “It’s a lot of
work to do that,” Fields says, but then
“we’re no longer searching a random
DNA library. We always know which
protein has been identified as soon as
we see a positive result.”
At the time Fields submitted the
Nature paper, the group had screened
192 yeast proteins against the array
and identified roughly 300 protein
interactions, most of them new. “We
now know a lot more about protein
interactions in yeast than we did
before,” says Fields. “At the very
least we now have a starting point
for determining the function of each
yeast protein.” H
Sonja Bisbee Wulff

Science
Connection at
the University
of Arizona
Examining human brains, tossing
beanbags while wearing prism glasses, building a working model lung—
activities such as these are powerful
magnets for attracting youngsters to
science. They are just a few of nearly
two dozen tried—and proven—
lesson plans that an HHMIsupported undergraduate program at
the University of Arizona offers to
share with college students and
school teachers everywhere.
Developed by student participants
in Science Connection, under the
direction of neurobiologist Gail
Burd, the lesson plans identify the
grade levels most appropriate for the

activities and include a list of materials needed, step-by-step directions,
discussion questions and student
worksheets. Whenever possible, the
materials are inexpensive and easily
obtainable household or classroom
items such as paper, scissors, clay
and balloons. Science Connection
lesson plans are available at http://
student.biology.arizona.edu/
sciconn/lessons.html
The program serves another purpose as well. Undergraduates in a
two-credit Science Connection class
taught by Burd, and others who
work in the program as volunteers,
take the hands-on science lessons into
elementary, middle and high school
classrooms in the Tucson, Arizona,
schools. Last year, more than 30
undergraduate “Science Connectors”
shared the excitement of scientific
discovery with 550 youngsters in 20
schools. Science Connectors select
classrooms from a long list of teacher
requests. College students, working

in pairs, visit one classroom at least
six times during the semester, becoming role models and mentors as well
as respected friends.
“I used to go into the schools
myself to bring hands-on science
to children,” says Burd, a professor
in the university’s department of
molecular and cellular biology.
“Science Connection has enabled me
to multiply the number of children I
can reach.”
Burd hopes that Science
Connection’s inquiry-based, handson activities will help teachers who
no longer want to rely so heavily on
rote learning from science textbooks.
Her program also is a model for faculty and student involvement in K-12
education, but her primary goal is to
help undergraduates share with children their enthusiasm for science and
to give the undergraduates a firsthand look at some of the problems
that science educators face today. H
Jennifer Boeth Donovan
A “Science Connection” lesson
plan, available on the World Wide
Web and using readily available
materials, guides teachers and
students through a series of
experiments, step by step.
Reproduced by permission of
the University of Arizona.

http://student.biology.arizona.edu/sciconn/respiratory/step4.html
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Meet the
Three New
Vice Presidents
David Clayton
David Clayton’s position as vice
president for science development
at HHMI is a big improvement over
his first job, working in an all-night
gas station as a teenager. “I was
robbed the first night,” he recalls
“I realized I didn’t want to do that
for a career.”
Clayton instead took the scientific
path that led to his new job coordinating HHMI’s long-term planning
and its facilities for both individual
scientists and larger teams. “I’ve
been a scientist for many years and
can’t imagine a greater opportunity,” says the Illinois native, who
joined HHMI as a senior scientific
officer in 1996.
He came to HHMI from Stanford
University, where he was a professor
of pathology and developmental
biology and associate director of the
Beckman Center for Molecular and
Genetic Medicine. Clayton still
maintains a small laboratory at
Stanford, studying the role of mitochondrial genes and related human
disorders. For many years, he also
directed Stanford’s training program
for physician–scientists.
Along with the rest of HHMI’s
new senior team, Clayton seeks to
provide HHMI researchers with
greater control and flexibility in
their day-to-day operations. Over
the next several months, he will lead
an HHMI-wide effort to clarify
long-term goals and promote greater
interaction between the Institute’s
programs in biomedical research and
science education.
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Gerald Rubin
Gerry Rubin had a lot on his mind
during his first few weeks as the
Institute’s new vice president for biomedical research. He was running his
HHMI laboratory at the University of
California, Berkeley, teaching classes,
and—of greatest public interest—
racing to complete the genomic
sequencing of the fruit fly (see p. 4).
“It’s been demanding but fun,” he
says. “One thing that helps is that I
don’t have trouble making decisions.”
An HHMI investigator since 1987,
Rubin is now responsible for reviewing current investigators and running
national competitions to select new
ones. He is also taking the lead in
determining how HHMI can best
make an impact on the burgeoning
fields of bioinformatics and computational biology. Rubin plans to continue his own research at a reduced level
after moving to Maryland.
One of his biggest new challenges
is to continue providing individual
investigators with necessary support—
to “eliminate all of their excuses”—
while encouraging them to use the
freedom provided by HHMI to undertake high-risk projects. Rubin also
emphasizes that “the real breakthroughs are coming at the interfaces
between fields.”
Rubin had long hoped to move
beyond his own research to a broader
role. A decade ago, he now confides,
he mused to a fellow investigator that
a job like his current position might
be interesting when he turned fifty—a
milestone he reached three months
after beginning the job.

watching the rise and fall of the stock
market and interest rates, he sometimes joins visiting scientists over dinner to discuss their research.
HHMI’s new chief investment officer came from the International
Monetary Fund (IMF), where he was
responsible for a $4-billion globally
diversified portfolio. Prior to that he
worked for two decades at the World
Bank. A native of the Philippines,
Santiago has an undergraduate degree
in chemical engineering and received
an MBA degree with high distinction
from Harvard Business School.
His first few months at HHMI have
been “more hectic” than life at the
IMF, he says, with new kinds of
investment challenges. HHMI, unlike
corporations or universities, has
almost no income except from its
endowment, which “limits the kinds
of risks we can take.” Instead of betting its entire portfolio on high-tech
stocks, Santiago explains, HHMI
must spread its assets carefully across
a mixture of equities, fixed income
and private investments.
Santiago is now working with the
Institute’s Trustees, investment staff,
and outside managers to reexamine
that mixture and find ways of generating returns for HHMI’s programs.
He still finds time to volunteer with a
local theater and church, participate
in a book club, sail on the
Chesapeake Bay, and collect Asian
antiques—and, now, to learn about
molecular biology. H

HHMI en Español?

Nestor Santiago
Nestor Santiago is the new person in
charge of HHMI’s $13-billion endowment. With decades of international
experience, he’s interested in seeing
how these financial resources are put
to use in advancing science around
the globe. After spending the day

Recent visitors to HHMI’s Web site
may have noticed something new.
Back in November 1999, with the
announcement of Günter Blobel’s
Nobel Prize, HHMI began offering a
parallel news site in Spanish.
Why Spanish? Spanish-speakers
comprise a rapidly growing segment

of the United
States population, and
HHMI seeks
to provide
news about
biomedical
research
discoveries to
the many readers of
Spanish-language newspapers in cities
such as Miami, Chicago and Los
Angeles. The new service also complements the support HHMI provides

Grants from
HHMI
Over the past year, HHMI has awarded the following grants to institutions
both in the U.S. and abroad:
• Biomedical Research Support —
Four-year awards totaling $92 million presented to 41 medical schools
in 23 states will help the schools find
new ways of combining basic biomedical research and clinical treatment of patients, provide start-up
assistance for junior faculty and support programs in the rapidly developing field of bioinformatics.
• Graduate Program — Fellowships
for advanced training in biomedical
research enabled 92 graduate students to pursue Ph.D. degrees and 60
medical students to take a year off
from their medical studies to do fulltime laboratory research. Another 36
postdoctoral fellowships supported
physicians who want to become
research scientists.
• International — A $1.05 million
grant to the U.S. National Academy
of Sciences will give students and
young scientists in Central and
Eastern Europe, the former Soviet
Union and the Baltic countries an
opportunity to participate in special-

through its international program to scientists in Mexico and
several countries in South
America—Argentina, Brazil, Chile
and Venezuela. Readers can receive
free e-mail notification of HHMI’s
latest Spanish postings by subscribing
at www.hhmi.org/suscribirse.html
The Institute also has begun to provide a number of other resources in
Spanish on its Web site. For example,
translators are currently preparing
Spanish versions of two award-winning, online reports that explain in

ized symposia, laboratory courses
and visiting lectureships in their own
regions. It also will provide continued support for a similar program in
Latin America.
• Montgomery County and Prince
George’s County Schools — Two
grants totaling $1.47 million continue support for science education programs for students and professional
development programs for teachers
in the Montgomery County Public
Schools. A new grant of $100,000
will help Eleanor Roosevelt High
School in Prince George’s County do
teacher and curriculum development
and provide science internships for
juniors and seniors.
• Precollege Science Education —
Awards totaling $12.7 million went to
35 medical schools, academic health
centers and other biomedical research
institutions. The money will support
innovative programs for students and
teachers designed to stimulate interest
in science among young people while
drawing on the unique resources of
biomedical research institutions.
• Undergraduate Education Study —
An award of $100,000 will help support a National Research Council
study of the education, training and
experience that undergraduates need
to ensure their future success as
research biologists. The three-year
study will produce a report and
recommendations. H

nontechnical language the physiology
of our senses and how genetic defects
can lead to disease. H

New Funds for
International
Research
HHMI will award $16.25 million in
new grants for biomedical
researchers in Canada and five Latin
American countries—Argentina,
Brazil, Chile, Mexico and Venezuela.
The five-year initiative will support
the research of outstanding scientists
in fields such as genetics, epidemiology, bioinformatics, virology and neuroscience.
The Institute will award the grants,
ranging from $50,000 to $90,000
annually, based on a competition that
will close on November 15, 2000.
The winners will be announced in
December 2001. Applicants must
hold full-time appointments at nonprofit scientific institutions in one
of the six countries, must have made
significant contributions to biomedical research, and must have significant publications in international
English-language, peer-reviewed
scientific journals.
The new competition builds on two
previous rounds of awards by the
Institute for scientists in the
Americas. It complements two other
HHMI international competitions
now under way: $15 million in
grants to support researchers in the
Baltics, Central and Eastern Europe,
and the former Soviet Union; and
another $14 million for scientists
worldwide whose research is related
to infectious and parasitic diseases.
Altogether, HHMI’s International
Program has awarded or committed
more than $98 million since being
launched in 1991. H
HHMI
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Matthew L. Thomas
Matthew L. Thomas, an HHMI
investigator at Washington University School of Medicine, died suddenly in Paris, France, on September 19,
1999, while traveling to a scientific
conference. Thomas was internationWASHINGTON UNIVERSITY

ally known for his important contributions to understanding the immune
system. He was 46.
Raised in Salt Lake City, Utah,
Thomas obtained both his B.S. and
Ph.D. degrees from the University of
Utah and conducted his thesis work
there with James Prahl and subsequently with Brian Tack at Harvard
University. He discovered a fundamental mechanism by which blood
proteins known as the complement
system protect individuals against
infection.
Thomas did his postdoctoral training with Alan Williams at Oxford
University, where he cloned the gene
for the abundant lymphocyte surface
protein, CD45. He then focused his
research on defining the function of
this molecule, first with Ian
Trowbridge at The Salk Institute
and then in the laboratory that he
established at Washington University
in 1987.
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Thomas discovered the mechanism
by which CD45, a protein tyrosine
phosphatase, regulates immune function, a finding that has stimulated
research in many laboratories
around the world. Early in his
career, Thomas recognized the
power of molecular biology and
genetics as experimental approaches
to understanding immune function
and was a vocal and imaginative
advocate of their use.
In addition to his scientific contributions, Thomas was an outstanding
educator and mentor to young scientists. Thomas was the recipient of
many awards during his career,
including fellowships from the
National Multiple Sclerosis Society
and the Leukemia Society of
America, an Established Investigator
Award from the American Heart
Association, and the James W. Prahl
Memorial Award from the
University of Utah.
As well as being a dedicated scientist, Matt Thomas was also a creative writer. This poem is taken
from a collection of his writings
gathered for the memorial service
held in his honor at Graham Chapel
at Washington University.

A Cherished Thought
If life was ever so simple
It would be but a dream.
It takes a heart ever so strong
And faith in life that we cannot see.

Matt Thomas was devoted to his
family. He leaves his wife and colleague, Dr. Terry Woodford-Thomas,
and two sons, Joseph, 7, and
Nathan, 5, his mother Elizabeth,
sister Kathleen, and brother Eric.

Daniel Nathans
BILL DENISON

In Memoriam

Daniel Nathans, an HHMI senior
investigator at The Johns Hopkins
University School of Medicine, died,
from leukemia, in his sleep November
16, 1999.
Nathans was a 1978 recipient of
the Nobel Prize and a 1993 recipient
of the nation’s highest scientific
award, the National Medal of
Science. He was also University
Professor of Molecular Biology and
Genetics at Hopkins, where he was a
faculty member for more than three
decades. Nathans also served as interim president of The Johns Hopkins
University from June 1995 until
August 1996.
The research for which Nathans,
his colleague Hamilton O. Smith, and
Swiss microbiologist Werner Arber
shared the Nobel Prize in Physiology
or Medicine was a basis for much of
today’s genetic research. Nathans and
his students used a restriction enzyme
discovered by Smith as “biochemical
scissors” to analyze DNA.
Restriction enzymes have allowed
researchers to assemble genes in new
combinations, thus giving birth to the
entire field of genetic engineering and
allowing development of such products as synthetic human insulin,
growth hormone and interferon. The
use of restriction enzymes to construct
maps of the genome of viruses laid the

I N S I D E

Paul B. Sigler
Paul B. Sigler, an HHMI investigator
at Yale University, and a leading structural biologist, died suddenly January
11, 2000, while walking to his laboratory. He was 65.
Sigler, who was Henry Ford II
Professor of Molecular Biophysics
and Biochemistry at Yale, was one of
the pioneers of structural biology. He
was also a member of the National
Academy of Sciences.
Although Sigler was trained as a
physician at Columbia University following his undergraduate education at
Princeton University, he turned fulltime to basic research after his internship and residency at ColumbiaPresbyterian Medical Center.
In the early 1960s, Sigler joined a
small group of biophysicists who were
attempting to unravel the secrets of
enzyme function by determining the
three-dimensional atomic structure of
proteins using x-ray crystallography.
After a short time at the National
Institutes of Health, Sigler went to
YALE UNIVERSITY

groundwork for the present worldwide
effort to map the human genome.
A molecular biologist, Nathans’
research focused first on viruses that
cause tumors in animals and then on
cellular responses to growth factors,
the mechanisms that cause cells to
grow and multiply. In 1969, while
Nathans was studying a virus, SV40,
that created cancers in apes, Smith
came forward with interesting news:
He had isolated a protein that could
cut a piece of DNA, the material containing the “blueprint” of life.
Nathans applied the restriction
enzyme to SV40 DNA and discovered
that it cut the DNA in 10 distinct
places, creating 11 well-defined fragments. He found ways to use this cutting to help determine where genes
began and ended in SV40 DNA, and
this helped him locate a gene in the
virus that gives the order for production of a tumor-making protein.
Born in 1928 in Wilmington, Del.,
the youngest of eight children,
Nathans received his bachelor of science from the University of Delaware
in 1950 and earned his M.D. at
Washington University School of
Medicine in St. Louis in 1954.
Following his residency at ColumbiaPresbyterian Medical Center in New
York, he served as a clinical associate
at the National Cancer Institute and
as a guest investigator at The
Rockefeller University.
His first faculty appointment was as
a Hopkins assistant professor of
microbiology in 1962, and he stayed
at Hopkins for the rest of his career.
He became a full professor in 1967,
director of the Department of
Microbiology in 1972, and director of
the Department of Molecular Biology
and Genetics in 1981.
Nathans was married to Joanne
Gomberg Nathans, a lawyer who
served for years in Baltimore City’s
Department of Legislative Reference.
They have three sons, Eli, Jeremy and
Ben, and six grandchildren.

the Medical Research Council
Laboratory in Cambridge, England,
and joined a group headed by David
Blow. In 1967, the group succeeded
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in determining the atomic structure
of the second enzyme to be solved.
Sigler then spent more than 20 years
on the faculty of the University of
Chicago, where he established the
structure of the RNA molecule
involved in the initiation of protein
synthesis and began his seminal studies
of proteins that regulate the expression
of information encoded in genes.
He joined the Yale faculty and the
Howard Hughes Medical Institute in
1989 to begin what turned out to be
the most extraordinarily productive
period of his career. At the time of
his death, Sigler was leading a large
and very active laboratory and was
widely regarded as one of the preeminent leaders of his field.
The major scientific contributions
of the Sigler laboratory concerned
three areas—the regulation of gene
expression by proteins that bind
specifically to DNA; the elucidation
of the signal transduction pathway
involved in vision; and the structural
basis of chaperone activity. This last
area of inquiry produced some of
Sigler’s most stunning technical
achievements. The GroEL chaperone
is a large assembly of protein that
forms a machine that assures the correct folding of other newly synthesized proteins into their threedimensional structure. This macromolecular machine is among the
largest structures solved and provided
unprecedented mechanistic insights
into a catalyzed process whose existence was not even known until relatively recently.
Sigler’s impact on the field of structural biology far exceeded his own
contributions, as enormous as they
are. Beyond his science, he was an
exciting and enormous presence, an
engaging teller of many stories and a
person who befriended and communicated his enthusiasm for science to
many all over the world.
Sigler is survived by his wife, Jo, their
five children, and a brother, Miles.
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Generally active at night, spiny lobsters spend the
day hidden in coral crevices. (If cornered, these
animals are quick to defend themselves with their
formidable array of thorny appendages.) See
Nipam Patel’s underwater gallery, p. 42.
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