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Leroy Hood: Thinking Big in Seattle 
In his pioneering new department at the University of Washington, biologist Hood and his colleagues 

want to develop the next century's molecular biology tools 

SEATTLE-Nobody could accuse Leroy ment are taking on the next generation of ogy'," concedes Hood. He disagrees. "The fu- 
Hood of thinking small. In the early 1980s advanced biological instrumentation: ultra- ture of biology is all wrapped up in the analysis 
at the California Institute of Technology, sensitive protein sequencers, ever faster and of complex systems and networks," he says, and 
Hood set out to transform genome research. cheaper DNA sequencers, and exquisitely if biologists ever hope to understand such sys- 
His goal: to develop the first automatic ma- sensitive mass spectrometers for protein tems, they need access to "really sophisti- 
chines to handle the tedious jobs of sequenc- analysis. It is this heavy concentration on cated tools"-tools he and his colleagues in- 
ing and synthesizing DNA. These tools, com- tools rather than biological problems that tend to create in Seattle. His new depart- 
mercialized by Applied Biosystems Inc., are sets the venture apart. "In my experience, ment will be the test bed of these ideas. 
now standard fare in molecular biology labs technology development is looked at some- 
around the country. Once he had accom- what askance by 'pure biologists,"' says Finding a benefactor 
plished that task-a feat that ushered in Gerald Seltzer of the National Science Foun- It was Huntsman of UW's bioengineering 
much of the large-scale genetic analysis of dation, who oversees Hood's Science and department who first got the idea of teaming 
the past decade-Hood started thinking Technology Center (STC) and funds part of up Hood's vision with Gates' money. Hunts- 
even bigger. He wanted to build a new breed Hood's ambitious experiment. "It has tended man, who considers Hood a "legitimate vi- 
of academic department in which physicists, to be the stepchild in biology; people bootleg sionary," had been trying to recruit Hood 
engineers, chemists, and computer scien- 4 ever since they met in 1988 but was sty- 
tists would work side-by-side with biolo- g mied by lack of money, space, and posi- 
gists to develop the technology that y tions. Enter Gates, the Seattle icon 
Hood believes will revolutionize biology ; known not only for his vast wealth and 
in the 21st century. '? computational expertise but also for his 

An impossible task? The kind of in- keen interest in biotech. After finagling 
terdisciplinary venture universities often an introduction to Gates at a football 
talk about but seldom have the resources game brunch in 1990, Huntsman regaled 
to bring off! That's the way it seemed him with tales of Hood's pioneering 
even to Hood's supporters until a couple work at the interface of engineering and 
of years ago when Hood hooked up with biology and asked for Gates' help in 
software king William Gates-another bringing Hood to Seattle. When Gates 
man not known for thinking small. Now, showed interest, the dean of the medical 
bankrolled in part by a $12 million gift school invited Hood, whom his col- 
from Gates, a new department of mo- leagues consider the "consummate sales- 
lecular biotechnology is taking shape at man," to give three lectures on campus. 
the University of Washington (UW) in Gates attended all three. After the last 
Seattle that is being watched by biolo- lecture in April 1991, Gates and Hood 
gists around the world. went out to dinner, where they spent 4 

It's like no other academic biology hours talking about the interdiscipli- 
department, say its inhabitants. Instead of nary science of the future. Gates was 
focusing on traditional biological sold. In September, UW announced its 
subdisciplines, Hood and hi hand-picked coup: a $12 million, no-strings-attached 
colleagues-most notably Maynard gift from Gates to create a new depart- 
Olson, formerly of Washington Univer- Dlvem -. Maynard Olson (front), Leroy Hood (in plaid ment of molecular biotechnology, with 
sity in St. Louis-are trying to forge a shirt), Barbara Trask (to Hood's right), and their Hood filling the $3-million William 
venture that combines technology de- multidisciPlinaV dleagues. Gates 111 Endowed Chair. 
velopment with cutting-edge biology; Hood immediately pulled off a coup 
provides interdisciplinary graduate training; it off their regular grants. It is unusual to see, of his own by persuading Olson to join him. 
transfers its inventions to industry and aca- at least in biology, a group of people focused Olson, like Hood, has emerged as one of the 
demics; and even tries to turn on the next on technology development." leading lights of the Human Genome 
generation of high school students to the Not everyone is so enthusiastic about this Project. Co-inventor of a key technology for 
excitement of genome research (see box). approach. As Hood himself points out, he cloning large pieces of DNA, Olson "is al- 
One guiding principle, as Lee Huntsman, left Caltech, his research home for 22 years, ways looking for clever ways to do things," 
head of UW's department of bioengineering, because he could not persuade his colleagues says UW colleague Deborah Nickerson. And 
puts it, is that "new technology drives sci- of his vision of the future or convince them like Hood, Olson had been increasingly h- 
ence just as much as the converse." Or, in to carve out a brand-new department. "One trated by what they both see as biology's "un- 
Hood's words: "Instruments have incredible of the places where I failed at Caltech was to dervaluation" of technology. "Lee has been 
power to decipher biological information. get most of my colleagues interested in all an absolute pioneer in orchestrating the ef- 
They will revolutionize our lives." these technologies. There was a feeling that fective interaction between the world of 

Hood and his 10-faculty-member depart- 'they don't have much to do with our biol- high technology and experimental biology," 
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says Olson. "The chance to be part of an 
effort [from scratch] was irresistible." Olson 
gave up his generous support from the 
Howard Hughes Medical Institute and relo- 
cated to Seattle in fall 1992, where he has 
had a major role in shaping the department. 

Specifically, Hood and Olson agreed to 
build a department based on certain "funda- 
mental values"-interdisciplinary training, 
technology transfer, and public education- 
that Hood says were largely shaped by his 
experience in running the STC at Caltech. 
Hood's center, part of which he moved to 
Seattle, is one of 25 established by the Na- 
tional Science Foundation in the past few 
years that combine basic and applied re- 
search indiverse fields and that interact with 
both industry and local schools. While all 
the STCs have outreach efforts, says NSF's 
Seltzer, Hood "really got into it," establish- 
ing a notably ambitious program and seeking 
additional funds to support it. 

The trick was to find "commonalities" in ma1 solution to the problem of analyzing ge- 
their diverse approaches, agrees Nickerson. nomes is in hand." And that newfound opti- 
"Talking as a group we came to some funda- mism is a major shift for Olson, a born skeptic 
mental interests amone ourselves. such as whose unofficial role in the Human Genome 
identifying and eliminating the bottlenecks Project until now had been pointing out that 
in DNA sequencing. To put effort into work- the project's goal-mapping and sequencing 
ing as a group is not something you usually do the entire human genome-is more difficult 
in an academic de~artment. This is a whole than anvone had been lettine on. 
lot different than Leing in a biology depart- Wha; prompted this chaige was Olson's 
ment." savs Nickerson. realization that genome researchers don't need 

n hat said, working with Hood does present ever fancier t&ls to finish mapping and se- 
its own challenges. Hood's interests are broad, quencing the human genome. And that's just 
ranging from immuno- as well, he notes, since 
logy to genome analysis these "blue-sky" tech- 
to protein folding, and INS I R W MENTS HAVE nologies everyone is 
hi strong suit is the big waiting for have yet to 
picture, not the details, INCREDl B E  POWER TO materialize. Instead, 
say Olson and others. Olson believes he can 
"Lee is good at creating DECIPHER BIOLOGICAL get ,he job done by 
opportunities," says 01- picking and choosing 
son. "He created a great INFORmnoNm THEY carefully among the 
one here. But he doesn't ~1 u RFJO~T~ON ~ Z E  tools that exist and in- 
 ma^ out anv detailed teeratine them into an 

Growing pains 
For their department to work, Hood and 
Olson realized it had to have the right mix of 
people who were willing to gamble on an 
untried experiment. Hood brought five fac- 
ulty members with him from Caltech and 
then recruited five more from such fields as 
applied mathematics, chemistry, and applied 
physics, ending up with "the very broad and 
diverse set of skills that could handle almost 
any problem we run into." Recruiting was no 
problem, says Hood: "We got everyone we 
wanted." Molecular biologist Nickerson, 
who moved with Hood from Caltech, at- 
tributes this success to Hood's "natural lead- 
ership and tremendous enthusiasm," which, 
she says "infects us all." But it's not just 
Hood's broad vision of integrating technol- 
ogy into biology that attracts people to him, 
she adds. "Things happen around Lee. 
Things do change." 

It hasn't been entirely smooth sailing, how- 
ever. "The chaos factor is high," concedes 
Hood. "The quest for identity is being played 
out," especially, he says, because many of the 
faculty are junior and are understandably pre- 
occupied with securing grants and establish- 
ing their own scientific careers. Problems 
range from minor inconveniences, such as 
cramped offices until the new building is 
completed in late 1994, to major ones, such 
as having to learn new scientific languages 
and define the department's specific mission. 

"We were all housed in the same place but 
didn't know what the hell the other was do- 
ing and didn't talk the same language," re- 
calls Barbara Trask, a cytogeneticist who mov- 
ed from Lawrence Livermore Laboratory to 
Seattle in large part because she "buys into 
Hood's vision of getting weird disciplines to- 
gether." Frequent bull sessions, including a 
journal club and informal weekly seminars, 
"have brought us around," she says. 

pa& for how ;o take ad- 
vantage of that oppor- 
tunity. That is a blanker 
slate than some mem- 
bers of the department 
find easv to deal with." 

OUR LIVES' 
- - 

overall system for ge- 
nome analvsis. which 

3 ,  

will be automated as 

Ler~u H o d  much as possible. He 
thinks that his team, 
including Deborah 

Not surprisingly, much of the first year and 
a half has been spent trying to figure out 
what, exactly, the department should do: 
how much emphasis to place on biology 
versus technology in the curriculum, for in- 
stance, or which research projects to under- 
take. Now, after much brainstorming, the group 
is finding its feet and carving out its distinc- 
tive niche. The department has applied for a 
Ph.D. program and is offering its first gradu- 
ate course on the analysis of complex ge- 
nomes, which, to the group's delight, has 
attracted students from diverse fields in- 
cluding computational science, bioengi- 
neering, molecular biology, and chemistry. 
To ensure that the next generation of sci- 
entists is more adept than the current one at 
spanning disciplines, Hood and Olson plan 
to implement a "dual mentor" approach, in 
which graduate students may work with fac- 
ulty in, say, both biology and physics. 

At the same time the diverse faculty are 
beginning to forge the collaborations that 
will be the department's bread and butter. 
The projects fall out into two broad but over- 
lapping areas: "pushing the frontiers" of anal- 
ysis for both nucleic acids and proteins, a 
process Hood began at Caltech; and a nearer 
term effort, spearheaded by Olson, to integrate 
existing technologies for genome analysis. 

Unlike Hood, Olson's efforts are focused 
squarely on genome analysis--a problem he 
has been butting his head against for the past 
15 years. And since moving to Seattle, he has 
undergone a transformation in his views. "I 
actually feel for the first time that we have a 
complete set of tools," says Olson. "A for- 

- 
Nickerson, Roger Bumgamer, and Ger van 
den Engh, can have the rudiments of an inte- 
grated system for genome analysis up and run- 
ning in three years. 

Deciphering complex systems 
But for what Hood wants to do-understand 
complicated networks-new tools are defi- 
nitely de rigueur, he says. Genes and proteins 
are the fundamental elements of the net- 
works Hood ho~es  to deci~her. which ex- . . 
plains the department's intensive focus on 
ever more sensitive instruments to isolate, 
handle, and sequence them. For instance, 
Bumgarner, a physical chemist who did his 
postdoc in geology and planetary sciences, is 
creating what Hood calls the "second gen- 
eration" DNA sequencing machine. Hood, 
Rob Kaiser, and Allen Blanchard are experi- 
menting with tiny computer chips, the size of 
a fingernail, containing thousands of gene 
framnents. When unknown DNA is hvbrid- - 
ized to these chips, a computer reads off 
"words" rather than single letters in the 
DNA language, providin& shortcut for both 
mapping and sequencing. This technology, 
Hood believes, should allow researchers to 
do away with the tedious process of sequenc- 
ing stretches of DNA several times to en- 
sure accuracy: Just sequence once and use the 
DNA chips to verify the results. "My guess is 
if we use this quick and dirty approach, we 
will get the sequence 10 times faster" without 
sacrificing accuracy, says Hood. 

Proteins pose a more daunting challenge, 
however. One problem is that the most in- 
teresting proteins, such as the transcription 
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UW Team Reaches Out to Grade- and High-School Students 

factors that regulate gene expression, are pre- 
sent in cells in tiny amounts-for example, a 
few hundred to a few thousand copies per 
cell-and there is no way to amplify them as 
there is with DNA. That puts a premium on 
the development of ultrasensitive tools, able 
to work with minute amounts of protein. 
Hood and Seattle colleagues Reudi Abersol 
and John Yates, and also Caltech's Mark 
Stolowitz, are taking several different ap- 
proaches to building these tools. Stolowitz is 
developing a highly miniaturized micro- 

If think that human genome research can only be done with science, that teachers can learn at the summer institute and then 
state-of the-art equipment in a major biology lab, take a look at take back to the classroom along with free kits and materials. I what is happening in some Seattle-area high schools. Kids are Kiehle and Klinke are already testing the first module, which is 
learning to synthesize DNA, using thermal cycling, modified for called Molecular Machines and focuses on enzymes and proteins 
use in frying pans, and gel electrophoresis; others are actually and their role in industry and medicine, in their classrooms. If 
sequencing DNA. And that's not all. University of Washington funding comes through in June, as expected, the department will 
(UW) biologist Maynard Olson even has plans to enlist high launch the program thii summer, bringing in eight local teachers 
school students in the Human Genome Project. "I hope to have for a one-week training session. 
students sequence new human DNA never sequenced before and Reaching elementary-age kids is a tougher challenge, says 
be sure it gets into the database," he says. Bumgarner, because their teachers rarely have any training in 

Welcome to one of the more unusual projects of UW's new science. He hopes to remedy that by holding Saturday workshops 
department of molecular biotechnology: an outreach program in for elementary-school teachers and parents, funded with a grant 
which researchers from department chair Leroy Hood on down from the Seaver Foundation, where teachers get to try a variety of 
work with local teachers to expose kids to cutting-edge science. experiments themselves before introducing them in the class- 
Hood asks faculty members to devote 5% to 10% of their time to rc . BUI mer also wants to attack the problem at its source: 
outreach, as he does himself. So far, about He and Carole Kubota of the UW educa- 
a third are actively involved-a gratify- tion department are developing a new 
ing response, says outreach manager course that will expose future teachers to 
Valerie Logan, considering the other 
pressures facing junior faculty. Olson is working at the other end of 

The program is modeled partly on an the scale. His efforts to bring sequencing 
effort that Hood and his colleagues into the high schools were inspired by 
launched at Caltech a few years ago. With Pat Ehrman, a high school teacher from 
the help of two local teachers, Susan nearby Y h .  Ehrman wanted to teach 
Grethan and David Bowlus, and a grant sequencing to his high school students, 
from the Keck Foundation, Hood estab- but he had a problem: He didn't know 
lished a summer institute on the Caltech dl how to do it himself. So last summer he 

sumption is that if overburdened teachers can get excited about skill was an appropriate topic for high school. 
science, their enthusiasm will rub off on the students and perhaps Olson XIOW has a pant from the Department of Energy to provide 
on parents and administrators as well. support for teachen l i e  Ehrman to learn their way around a se- 

Molecular biologist Deborah Nickerson and several depart- quencing lab. He's also workmg with Ehrman, Maureen Munn-a  
ment colleagues are now designing a similar summer institute at Ph.D. biologist whose experience rais i i  three small children drew 
UW, this time focusing on seventh-and eighth-grade teachers. her into science education-and five other high school teachers 
Two Seattle teachers-Caroline Kiehle and Kimberly Klinke- to develop user-friendly experiments on DNA synthesis and se- 
convinced them to concentrate on these middle school years, in quencing. These are now being tested in three classrooms. 
which molecular biology is rarely if ever taught. It's a critical The kids are also exploring the ethical, legal, and social 
period when many kids are lost to science, says Roger Bumgarner, issues the genome project raises, such as "who has the right to 
who heads the department's elementary effort: "If you look at genetic information, how do you decide who is aborted, and 
many of the bad things in science, like the disparate represents- should you genetically engineer humans," says Hood, who is ada- 
tion of minorities and women, you find it happens between fhh mant that these issues be examined at the same time as the 
and eighth grade. Kids get turned off to science." science. By the time they are finished, the kids should be ready to 

sequencing instrument that uses a new kind 
of chemistry known as thiobenzylation, says 
Hood. "The current state of the art is you 
need about 5 picomoles of peptide to deter- 
mine a sequence. We would like to be able to 
determine a sequence on 5 femtomoles, 
which is 1000 times more sensitive." 

Cracking the regulatory code 
A major testing ground for this new technol- 
ogy is a collaborative project headed by Hood 
and developmental biologist Eric Davidson 

at Caltech. The goal is to decipher the regu- 
latory code that governs the first 24 hours of 
a sea urchin's development. During this 
time, the sea urchin embryo expands from 
one cell to 500 and differentiates into five 
distinct territories. This early territorial 
specification is accomplished by transcription 
factors that turn on specific sets of genes 
within each territory, which then create a gut 
or a skeleton, for example. The immediate 
task for Davidson and colleagues is to isolate 
and characterize these transcription factors. 
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I 
myriad steps in which reagents are picked up, 

ever, since transcription factors are mixed, dispensed, and so on. Most are now 
present in such small amounts in the cell. done by hand or by a workstation that is slower, 
Former Davidson postdoc Frank Calzone, if more accurate, than a trained technician- 
now at Amgen in Thousand Oaks, Cali- a major roadblock in genome analysis. 
fomia, took a big step toward that goal by But first Meldrum had to leam biology, 
devising biochemical procedures to isolate which she did with the help of biweekly tuto- 
those factors. He was aided in the task by a rials from Olson and Nickerson and by serv- 

ing a stint with several investigators in the 

eggs. Davidson calls the sea urchin "an is among the many techniques the Hood group is cept Lee is talking about. Tell people our 
enormous gonad surround by a spiny using for genome anal~is. problems and let them think of new ways to 
life-support system." He and his colleagues handle them." The collaboration widened 
grow eggs by the billions in 20-gallon garbage AIDS Center to sequence numerous genomes last summer when Olson persuaded Applied 
cans filled with seawater. When the embryos of the AIDS virus to study such problems Precision Instruments (API), which special- 

s drug resistance and epidemiology. Olson, izes in precision motion control, to lend its 
k, Nickerson, and others are working talents as well. Much to Olson's delight, API 

chanized system, working under 
computer control, that will not only extract 

happen for this department to 
Hood of the collaboration, 

What is proving tougher by comparison is who adds that it is too soon to tell whether his 
cross disciplines to, say, physicists new department will end up being an anomaly 

wants to run out and start 
one." To Olson, the true 
test of success is whether 
the department comes up 
with technology that 
makes a decisive differ- 
ence-in other words, 
that doesn't just speed up 
something biologists can 

too complicated to ap- 
proach now by techno- 
logical means. A case in 
point is natural genetic 

hins provide billions variation, or why, and by 
idson-Hood group's how much, DNA varies 

teins needed for from one person to an- 
other. Epidemiologic stud- 
ies offer a perfect way to 

. While doing a collect such data, but epidemiologists rarely 
space robotics, do them because most are not conversant 

increasingly in- with molecular tools. "Ten years from now it 
the Human Ge- will be routine to do some type of geno- 
ved at UW as an typing of individuals from which [epidemi- 

auto- cused of thinking small. 
-Leslie Roberts 
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