structure is about to be revealed by research-
ers at Harvard University and the University
of California at Los Angeles.

As researchers close in on the structure of
these enterotoxins, they are gaining ideas for
the design of new drugs—some of which
could have applications far beyond cholera.
For example, some investigators are consid-
ering the disarmed toxins as vectors for
launching other drug payloads into cells.

That might be a way to destroy cancer cells.
While such drugs still are distant prospects,
researchers are pleased that after decades of
work they are finally deciphering the elegant
way in which nature designed these toxins to
poison cells. “The toxin figured out a long
time ago how to block the regulatory pro-
teins inside the cell,” says Sigler. “And now,
we’re following its work. This [result] was
long overdue.” = ANN GIBBONS

First Protein Kinase Structure

OVER THE PAST TWO DECADES, FEW ENZYME
families have achieved the preeminence of
the protein kinases. The enzymes in this
large family (cell biologists have identified
some 200 members) play key roles in many
of the pathways by which hormones, growth
factors, neurotransmitters, and toxins, such
as the cholera toxin, have their effects.
What’s more, several protein kinases that
transmit growth signals can, if they mal-
function, contribute to cancer development.
For these reasons, the protein kinases have
been intensely studied. Yet all the while,
researchers have had to work in the dark,
without a good picture of the kinases’
three-dimensional structures, informa-
tion that could help them understand
how the enzymes function.

Now come Susan Taylor, Daniel
Knighton, Janusz Sowadski, and their
colleagues at the University of Califor-
nia, San Diego, who report on pages 407
and 414 that they have for the first time
solved the three-dimensional structure
of a protein kinase. The achievement “is
a monumental piece of work,” says
Edwin Krebs of the University of Wash-
ington in Seattle, the leader of the team
that in 1968 isolated the kinase whose
structure was just determined.

And the work’s significance is not lim-
ited to the specific kinase in question,
which goes by the name cyclic-AMP de-
pendent protein kinase. On the contrary, the
discovery should lead to a better understand-
ing of the structures of all the family mem-
bers. Several years ago, Tony Hunter of the
Salk Institute in La Jolla, California, showed
that, based on similarities in their amino acid
sequences, the catalytically active portions of
all the protein kinases ought to have similar
three-dimensional structures. The new struc-
ture means, Hunter says, that “it is possible
to model almost all of the eukaryotic protein
kinase structures now.” That will not only
help scientists pin down the molecular mecha-
nisms of kinase action, Krebs notes, but it
may have practical consequences as well—
providing targets for drugs to treat a variety
of conditions, ranging from cancer and high
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blood pressure to cholera.

Although the cyclic-AMP dependent pro-
tein kinase itself has many important func-
tions—for example, it transmits signals for
the neurotransmitter norepinephrine, a ma-
jor regulator of blood pressure and heart
rate— biochemist Taylor says she and her x-
ray crystallographer colleagues Knighton
and Sowadski chose to study that enzyme
mainly because of its relative simplicity.

All protein kinases consist of two parts.
One is a regulatory subunit that enables
them to sense incoming signals. The cyclic-

All in the family. The new protein kinase structure,
shown here with an inhibitory peptide (right), may
help decipher the structures of related enzymes.

AMP dependent protein kinase, for ex-
ample, is so called because its regulatory
subunit responds to cyclic AMP, formed as
a “second messenger” when certain recep-
tors are activated by hormone binding. The
other component, the catalytic subunit, is
the business end of the enzyme: It takes
phosphate groups from adenosine triphos-
phate (ATP) and adds them to other pro-
teins, altering the targets’ activity and ulti-
mately producing cellular responses.

In most of the kinases, the regulatory and
catalytic components are functional elements
of one large protein. But in cyclic-AMP de-
pendent protein kinase, they are separate.
Taylor and her colleagues were thus able to
study the catalytic protein without the added

complication of the regulatory subunit.

Even so, Taylor says, the project, which
took 6 years from start to finish, posed tough
technical challenges. She and her colleagues
had no problems getting crystals of the pro-
tein good enough for x-ray diffraction stud-
ies. But they ran into trouble when it came to
interpreting the data those studies produced.

A three-dimensional structure is built up
by using x-rays to “photograph” a crystal at
different angles and then superimposing the
resulting electron maps on one another. But
in order to orient each image with respect to
the others, crystallographers have to incorpo-
rate a heavy atom into the crystallized protein
to serve as a reference point. And try as they
might, Taylor and her colleagues couldn’t
get a heavy atom into crystals of the catalytic
subunit of cyclic-:AMP dependent protein
kinase. “We couldn’t interpret the data from
our initial studies at all,” she recalls.

The turning point came, Taylor says,
when her group managed to incorporate a
heavy atom into a crystal containing a
smaller peptide bound to the kinase protein.
Collecting x-ray diftraction data on the two
together gave the researchers the reference
g point they needed to go back and inter-
S pret all the data they couldn’t use be-

fore, and it provided some additional

data as well. Since the peptide is part of

a natural inhibitor of the kinase that

acts by binding to the enzyme’s active

site, it helped the researchers define
what that site looks like.

The picture that finally emerged
shows that the catalytic subunit of cy-
clic-AMP dependent protein kinase has
two lobes, one somewhat larger than
the other. The smaller lobe binds ATP,
while the larger one binds the protein
that the enzyme will phosphorylate.
The actual phosphate transfer occurs in
the cleft between the two lobes.

Seeing this active sight, Krebs says,
will help to work out a precise descrip-
tion of how the reaction occurs, identi-

fying which amino acids on the enzyme bring
about the phosphate transfer and which help
it recognize the correct protein targets. The
new structure will be, Taylor predicts, a vir-
tual “Rosetta stone” that will allow research-
ers to decipher many of the remaining mys-
teries about the family of protein kinases.

Getting a clearer picture of the kinase
structures and molecular mechanisms
should in turn, Krebs says, aid in the rational
design of drugs that either inhibit or aug-
ment kinase activity, depending on what’s
needed to treat conditions such as cancer
and high blood pressure. And that prospect
should give some sense of the power that
comes from understanding a protein’s three-
dimensional structure.m MiCHELLE HOFFMAN
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