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DRUG DISCOVERY

NEWS

Structural Genomics Offers
High-Speed Look at Proteins

With the human genome nearly sequenced, the next frontier is
understanding the shape and function of the encoded proteins

The research was only a tiny victory in the
ongoing war against AIDS. But it showed the
power of a new technique that’s likely to
have ‘a major impact on the world of drug
discovery.

In the late 1980s, researchers at the phar-
maceutical giant Merck and elsewhere
managed to snap a series of
pictures of the HIV protease,
the protein that helps the dead-
ly virus replicate. The pic-
tures, three-dimensional (3D)
close-ups, revealed the precise
locations of all of the protein’s
component atoms. The scien-
tists used those maps to design
drugs that would interact with
the protease’ and gum up its
works. Their research has

sequence of A’s, G’s, C’s, and T’s in genes.
Now, with this newfound efficiency in sight,
researchers have begun to think audaciously
about surveying the complete spectrum of
protein structures in the same way that ge-
neticists have used DNA sequencing ma-
chines to decode entire genomes. The ap-
proach is expected to extend
the genomics revolution
from a catalog of genes to a
catalog of the 3D shapes of
the proteins for which the
genes.code.

This untold wealth of bio-
chemical information at the
atomic level is also likely to
provide drug designers with

vate companies, similar to the competition in .

the genomics community over the last decade.

Taking a fresh look

Historically, 3D protein structures have
been created with the help of techniques
such as x-ray crystallography. But the pro-
cess is slow. To obtain a crystal structure,
for example, structural biologists must first
isolate proteins of interest, purify them, and
coax them to form crystals. Then they must
subject them to beams of x-ray photons,
measure the way those photons ricochet off
the crystal, and work out the configuration
of atoms that must be present in the crystal
to produce the diffraction pattern. For many
proteins, this process has taken months or
even years. As a result, structural biologists
have tended to seek out crystal structures
for proteins for which the biochemical
function was already known in order to bet-
ter understand how the molecules accom-
plished their tasks.

All that is beginning to change. Today, vir-
tually every aspect in the structure-
determining process is being automated and
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to make a systematic survey of all protein
structures, cataloging the common ways in
which proteins fold. That information, in
turn, could eventually lead to computer pro-
grams capable of predicting the shape and
function of any protein from the simple linear

both new targets for drugs and hints for mak-
ing them successful, as it did with HIV pro-
tease inhibitors. But some researchers see a
darker side, too. They worry that the nascent
field will spawn a high-stakes race between
publicly funded academic researchers and pri-

Genomics is also bringing a sea change in
structural biology. “The genome project has
changed our attitude completely,” says Tom
Terwilliger, a crystallographer at the Depart-
ment of Energy’s Los Alamos National Labo-
ratory in New Mexico. Gene sequencing, he

17 MARCH 2000 VOL 287 SCIENCE www.sciencemag.org

SOURCE: PROTEIN DATA BANK; SCIENCE



CREDIT: FROM ZAREMBINSKI ET AL, PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES 95, 15189 (DECEMBER 1998)

Early Successes Hint at Big Payoff,
But the Road to New Drugs Is Long

With researchers racing to set up structural genomics efforts in
both academia and industry, two unanswered questions loom over
the field. How well will this highly experimental approach work?
And will it lead to the development of new drugs? “It’s early days in
the field,” says John Moult, who heads a budding structural ge-
nomics group at the University of Maryland's Biotechnology Insti-
tute in Rockville. "But we are very encouraged.”

Moult’s team is attempting to glean structural information from
dozens of proteins in Haemophilus influenzae, a microbe that caus-
es bacterial meningitis, among other diseases. The bug's full gene
sequence was worked out in 1995 by researchers at The Institute
for Genomic Research in Rockville, Maryland. Then, starting with
these genes, Moult's group cloned 55 of them into Escherichia coli,
coaxed bacterial hosts to overexpress them, purified the proteins,
crystallized them, and used x-ray crystallography to resolve their
structures.

Moult and colleagues have run just a few proteins through this
gauntlet, but the results have come quickly. One newly identified
protein folds in a manner similar to the anticancer protein endo-
statin. And its shape suggests that it spends its days binding to ei-
ther DNA or RNA, project member Osnat Herzberg reported last
summer at the American Crystallographic Association meeting in
Buffalo, New York. Other protein structures that the team has re-
solved but not yet reported have been even more revealing of func-
tion, she says.

That structural knowledge clearly speeds the process of under-
standing how the protein functions inside the cell, asserts Herzberg.
Without structural information, she says, “if you don’t know anything
about the function, you have to do tens of thousands of assays to un-
derstand the biochemistry. That's not practical.”

The Maryland team is not the first to tease out structural infor-
mation from unfamiliar proteins using this approach. In the 22 De-
cember 1998 issue of the Proceedings of the National Academy of
Sciences, Sung-Hou Kim and his colleagues at the University of Cal-
ifornia, Berkeley, described a protein from a microbe called
Methanococcus jannaschii, which lives in the extreme conditions
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found near volcanic vents. From the structure, they deduced that
the protein was either an energy-producing enzyme or a molecular
on-off switch. The group performed a couple of quick biochemical
assays and found that it is an on-off switch. “The conclusion is that
structural information is powerful for inferring functional informa-
tion of unknown proteins,” says Kim. Meanwhile, other structural
genomics centers around the globe are beginning to turn up equal-
ly encouraging results.

Although the structural genomics approach promises important
information on-a protein’s basic biology, it's not clear whether such,
information would benefit companies searching for new pharmaceu-
tical and agricultural compounds. True, the three-dimensional struc-
ture of the HIV protease made it possible for researchers to design
the hugely successful AIDS drugs called protease inhibitors. But that
may be an exception, some caution. One concern is that the bulk of
the high-speed structure-determining techniques may work only on
proteins that make the least interesting targets for new drugs. Most
drugs are designed to target proteins that straddle cell membranes
and help to control the molecular traffic of cells. But membrane pro-
teins are exceedingly difficult to crystallize even one at a time and
thus aren’t ready for these new
high-speed techniques. As a re-
sult, researchers using these
techniques will focus initially on
nonmembrane proteins to hone
their skills and hope to generate
enough good science to justify
the effort.

Although most drugs are still
discovered through painstaking
trial and error rather than de-
sign, Chris Sander, the chief sci-
ence information officer at Mil-
lennium  Pharmaceuticals in
Cambridge, Massachusetts, is
convinced that such techniques
are rapidly becoming obsolete. “The fraction [discovered by design]
will increase steadily but surely,” he predicts. If he's right, the race to
resolve protein structures could get very hot, very soon. -R.FS.

Clued in. Berkeley researchers used
this structure to determine pro-
tein's role as a molecular switch.

explains, has revealed the linear sequence of
amino acids for thousands of proteins for
which no function has yet been discovered. To
determine their functions, researchers are now
looking to structural genomics for help.

The idea is to take closeup photos of each
protein and study them for clues to what that
protein might be doing. By reversing the
starting and ending points, the approach
turns structural biology “on its head,” says
Mark Swindells, scientific director of In-
pharmatica. This UK.-based start-up is look-
ing to provide pharmaceutical companies
with computer predictions of important pro-
tein structures. It’s akin to asking a car me-
chanic to troubleshoot an unfamiliar engine
using engineering diagrams of key compo-
nents: A component that looks like a fuel
valve is not likely to work as a spark plug.

A handful of preliminary research pro-
jects are already beginning to show that 3D
crystal structures can provide important in-
sights into the role of proteins inside cells

(see above). “There’s a widespread feeling
that if more structures were available, cell bi-
ology and medicine would move more rapid-
ly,” says Eisenberg.

Indeed, governments and industry are
ramping up efforts to search for such
structures en masse (see tables). Although
most efforts include both experimental
work and computer modeling techniques,
it’s the verifiable 3D maps that provide the
most reliable information. This fall the
U.S. National Institutes of Health (NIH)
will announce up to six winners of a
$20 million competition for structural ge-

nomics pilot centers. If fruitful, the invest- -

ment is seen as a likely first step toward a
larger program. Last month, the Ontario

* provincial government announced plans to

spend $23 million over 3 years on a struc-
tural genomics center at the University of
Toronto. And three more countries—
Japan, Germany, and the United King-
dom—either have funding in place or are

considering plans for similar investments.

For industry, structural genomics promises
not only a wealth of new drug targets but also
help in eliminating those not likely to be use-
ful. The Genomics Institute of the Novartis
Research Foundation in La Jolla, California,
is keen to improve its high-throughput ap-
proach to x-ray crystallography, says director
Peter Schultz. Researchers there are working
to automate virtually every aspect of the pro-
cess, from finding proteins to solving their
structures. And a company spin-off, Syrrx, is
looking to commercialize the approach.

Syrrx is one of a handful of biotech
start-ups in the field. A few, including
Structural Genomix in San Diego, intend to
resolve the structures of thousands of
unique proteins over the next several years,
providing information that could be useful
to clinical researchers in many fields. If
they succeed, their efforts would roughly
equal the number of protein structures re-
solved over the last 4 decades.
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Hard choices

Even at this relatively blistering pace, how-
ever, 3D structure determination and related
structural genomics projects remain too slow
and costly to provide an atomic map for all
human proteins, at least anytime soon. “Struc-
tural genomics is a lot harder than sequenc-
ing,” says Terwilliger. Whereas the tools used
in sequencing can decode virtually any gene,
proteins are more finicky. They require more
attention to find the right conditions under
which they will be expressed, purified, and
coaxed into forming a crystal.

That complexity also makes the work
expensive—it costs roughly $100,000 to re-
solve a single protein structure. At that price,
researchers may need to be content in the near
term with structures for fewer than 10% of the
human protein, forcing experts to choose
from among their preferred targets. NIH offi-
cials say one desired outcome from the pilot
centers is technology that would drastically
lower the cost of resolving new structures.

So far there is no consensus in academia
on which proteins to pursue. One camp, says
Terwilliger, aims to resolve the structures of
specific unknown proteins to gain clues
about their biochemical function. A second
emphasizes the need to survey general
shapes of proteins by lumping those thought
to be similar into families and obtaining the
structure of at least one member of each. A
third approach seeks structures for as many
proteins of a given organism as possible,
such as pathogenic bacteria. And a fourth—
the approach most similar to conventional
structural biology—homes in on proteins
thought to be important for understanding
diseases and basic biochemistry.

No matter what the strategy, one concern
for academics is that few research groups
have the expertise to combine all the pieces
of a structural genomics effort. “A single in-
vestigator really can’t do much on his or her
own,” says Emil Pie, a crystallographer at
the University of Toronto. One result is
that academic groups that produce proteins
are teaming up with others that specialize
in crystallography and bioinformatics. One
early pilot project that’s looking at proteins
from a heat-loving archaeon, for example,
involves 17 labs at seven institutions, includ-
ing the University of California, Los Ange-
les, Los Alamos National Laboratory in New
Mexico, and the University of Auckland in
New Zealand.

The situation is a bit better in industry
because it’s often easier for companies to
marshal both money and expertise to tackle
specific problems. “We have the ability to
build [high-throughput] tools that are diffi-
cult for the university sector to [build],”
says Schultz of Novartis, who also retains
an academic appointment at The Scripps
Research Institute in La Jolla, California.

Another reason, say Shultz and others, is
that industrial researchers are more narrow-
ly focused on short-term goals. “We’re not
looking to define protein fold space,” says
Tim Harris, president and CEO of Struc-
tural Genomix. “We will work on protein
families we know are of interest to industry
and [on those] we predict they will be inter-
ested in.” One such example, says Harris,
are protein kinases, which regulate infor-
mation traffic inside cells and have been
shown to be involved in a wide variety of
diseases such as leukemia.

One big unknown is whether public and
private efforts will dovetail or if, as happened
with sequencing, the sectors will race each
other to bank their data. Harris says he be-
lieves the focused industrial work “will com-
plement what the public domain is doing”—
namely, going after the big picture of how
proteins fold. Others aren’t so sure. “We may
see a replay of the situation in genome se-
quencing,” says Chris Sander of the Mas-
sachusetts Institute of Technology’s Center for
Genome Research and of Millennium Phar-
maceuticals in Cambridge, Massachusetts.

In the genome arena, says Sander, industry
has competed with the publicly funded
genome project in a scramble for new
medicines, diagnostics, and agricultural prod-

ucts. Although Sander believes that this dupli-
cation has accelerated the pace of genome re-
search, Terwilliger sees a downside for struc-
tural genomics. If industry keeps half of the
data secret, he says, “there will be an awful lot
of waste and duplication”” Asked whether aca-
demic groups will have access to his compa-
ny’s structural data, Harris is noncommittal:
“We anticipate that at least some of the struc-
tures will be available to the public domain.”
Next month NIH is sponsoring a meet-
ing at the Wellcome Trust’s Sanger Centre
for genome sequencing near Cambridge,
UK., to coordinate international financing
of structural genomics as well as to address
issues surrounding intellectual property
and access to data. If all goes as planned,
the result will be an agreement akin to one
that grew out of a 1994 meeting in Bermu-
da that helped promote the coordinated in-
ternational effort to sequence the human
genome, says John Norvell, who is heading
up the structural genomics program at the
National Institute of General Medical Sci-
ences on the NIH campus in Bethesda,
Maryland. But even such an agreement is
unlikely to give researchers all the help
they will need as they travel along the new
road of structural genomics.
—ROBERT F. SERVICE

NEWS

Malaria Researchers Wait
For Industry to Join Fight

A huge toll of illness and death, a dire need for new treatments, and rapid
scientific progress are inspiring researchers to battle malaria. But most
drug companies balk at investing in what they see as a Third World disease

By most indicators, the time is right for the
pharmaceutical industry to make a major push
against malaria. Existing treatments are failing
in the face of rising resistance from both the
parasite and its mosquito vectors. At the same
time, the first results of a major effort to se-
quence the genome of the parasite have identi-
fied some chinks in its armor that could lead to
promising new drugs. And there’s no shortage
of patients: Each year brings as many as a half-
billion new cases, including more than 1 mil-
lion deaths, most among children.

But there’s a problem: The drug industry
is not interested. Companies need to make
money to satisfy shareholders, and as stag-
gering as malaria’s toll may be, medicines to
combat or prevent malaria do not set an in-
vestor’s heart beating faster. The obvious
target populations live in sub-Saharan
Africa and South Asia, where most patients
can’t afford expensive new drugs. Wealthy
tourists from industrialized countries offer a
market, but, at $100 million to $250 million

annually, it is modest in pharmaceutical
terms. “The commercial return is negligi-
ble,” says Simon Campbell, a retired senior
vice president and head of drug discovery at
Pfizer Inc., “so it really is not cost efficient
for pharmaceutical companies to undertake
malaria research on their own.” Another ma-
jor factor keeping companies out of malaria
research is insufficient patent protection in
the developing world, says Bert Spilker, se-
nior vice president of the Pharmaceutical
Research and Manufacturers of America
(PhRMA) in Washington, D.C. “It is diffi-
cult for companies when countries pirate
drugs,” he says.

Add to those obstacles the declining poten-
cy of current treatments and the paucity of
drugs in the pipeline, some of which may not
pan out, and the result is that some parts of the
world may soon have nothing with which to
counter the scourge. “It’s a paradoxical situa-
tion,” says Dyann Wirth, director of the Har-
vard Malaria Initiative. “It’s a very exciting
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