Research News

Playing Tag With Membrane Proteins

Lipid tags are needed for the activity of many membrane-bound proteins, possibly because
they help direct the proteins to the right cellular locations

OVER THE PAST DECADE, CELL BIOLOGISTS
have learned that approximately one-fifth of
all human cancers—including three big kill-
ers, lung, colon, and pancreatic cancer—are
in part brought on by mutations in an
oncogene that encodes a key protein in cell
signaling. Imagine then the amount of at-
tention both the oncogene, which is known
as ras, and its protein product have re-
ceived. Yet despite the many years of work,
researchers still haven’t worked out exactly
how the Ras protein contributes to cancer.
But suddenly there may be hope.

Recent findings in one of the hottest new
areas of cell biology—the study of how pro-
teins are modified by the attachment of fatty
molecules known as isoprenoids—may lead
not only to a better understanding of Ras
function but also to a point of attack for

interfering with that function and possibly

helping to control cancer cell growth.
Although the isoprenoid modifications
were first detected about 2 years ago, only
now are their full extent and importance to
the cell becoming apparent, as was made
clear last month at the fall symposium* of
the American Society for Biochemistry and
Molecular Biology. Researchers in several
labs have found that Ras and

come to realize that it plays a vital role in
normal cell signaling as well as in the activi-
ties of many of the proteins implicated in
cancer development.

The isoprenoids used to modify the pro-
teins originate from the same biochemical
pathway that produces cholesterol, and so
the interest of Goldstein and his long-time
collaborator Michael Brown, also of Texas
Southwestern, comes naturally, as an exten-
sion of their studies of cholesterol metabo-
lism and inherited atherosclerosis (for which
they shared the 1985 Nobel Prize). But they
and their colleagues in the world of cell
biology now have several reasons to be ex-
cited. For one, the proteins modified by
prenylation are crucial in many signaling
pathways within the cell. The Ras protein,
for example, is apparently a component of a
pathway transmitting growth-control sig-
nals, and the mutant proteins encoded by
the ras oncogene are thought to be carcino-
genic because they stimulate cell growth in
an uncontrolled way.

What’s more, the prenylation work is also
helping to clarify one of the major issues in
cell biology: how proteins get targeted to
their final destinations in the cell. In Ras’s

Now an answer appears to be that many
membrane proteins get a prenylated “tag”
that helps to do the trick in the same way
that a postal address on a letter directs it to
the proper destination. )

Researchers first started to appreciate the
role of prenylation in general while trying to
solve a puzzle about Ras targeting. The prob-
lem? Ras’s function as a signaling protein is
dependent on its being positioned at the cell
membrane, but no one could figure out how
the membrane binding was achieved.

It’s not that there aren’t lots of proteins
that are adept at attaching to cell mem-
branes. However, most of these contain a
“transmembrane sequence,” consisting of
about 25 of the more lipid-soluble amino
acids, which serves to lock the protein into
its target membrane. Otherwise the protein
couldn’t penetrate the membrane’s lipid
layer. And that was what was so mysterious
about Ras: It’s a membrane protein without
a transmembrane sequence.

The conceptual breakthrough came 2 years
ago when three teams independently solved
the problem. William Schafer, Jasper Rine,
Sung-Hou Kim, and their colleagues at the
University of California at Berkeley, and,

~many fellow proteins—possibly
as many as 100—undergo iso-
prenoid addition, in a reaction
known as prenylation. Indeed,
the once “esoteric” field of re-
search has been moving so rap-
idly that at the symposium, the
first ever devoted solely to the
topic, Joe Goldstein of the Uni-
versity of Texas Southwestern
Medical School in Dallas pre-
dicted that the 1990s would be
the “decade of prenylation just
as the 1980s is remembered as
the decade of phosphorylation.”
He was referring to the transfer
of phosphate groups between
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Prenylation pursuers. Patrick Casey (left
are studying how isoprenoid lipids are added to proteins.
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independently, John Hancock
and Chris Marshall at the Insti-
tute for Cancer Research in Lon-
don, along with Anthony Magee
and his group at the National
Institute for Medical Research,
also in London, showed that a
lipid—specifically an isopre-
noid—was appended onto Ras
after it was synthesized. So Ras’s
lipid-inserting region was not
built-in but was added on later.
Meanwhile, Patrick Casey, thena
postdoc in Alfred Gilman’s lab at
the University of Texas South-
western Medical School, along
with Channing Der and Janice
Buss of the La Jolla Cancer Re-

proteins and other molecules,
which over the past 10 years has gained
increasing attention as researchers have

*“Biological Significance of Lipid Modification of Pro-
teins,” American Society for Biochemistry and Molecular
Biology, Fall Symposium, 11 to 14 October, Keystone,
Colorado.
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case, the protein, which is synthesized in the
cytoplasm, somehow has to know that it is
needed over at the cell’s outer membrane
and not at some other membrane within the
cell. Scientists have long wondered what
provides such a protein with its road map.

search Foundation in California,
identified the isoprenoid as farnesyl, a lipid
containing 15 carbon atoms.

The results immediately suggested a good
therapeutic strategy for inhibiting the carci-
nogenic effect of Ras, says Casey, who is
now at Duke University School of Medi-
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cine. “Since farnesyl addition to Ras is es-
sential for expression of the oncogenic activ-
ity of Ras, the hope was to interfere with
that process and stop Ras from inducing
cancerous transformation in cells.”

Which brings this tale to May of this year
when postdoc Yuval Reiss and his colleagues
in the Goldstein-Brown lab identified an en-
zyme, called farnesyl transferase, that attaches
the farnesyl group to the Ras protein. If they
could stop the transferase from doing that,
they hoped, they would be on their way to
sabotaging the oncogenic activity of Ras.

Of course, a question of enormous im-
port remains: Will it be possible to inhibit
Ras prenylation without interfering with the
prenylation of the
many other
proteins
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that also undergo the reaction? There are
encouraging signs. In the past year, enzy-
mologists in the lab of Hans Rilling at the
University of Utah and, independently,
Christopher Farnsworth, Michael Gelb, and
John Glomset at the Howard Hughes Med-
ical Institute at the University of Washing-
ton in Seattle discovered that a majority of
proteins are prenylated not by the 15-car-
bon farnesyl isoprenoid but by the 20-car-
bon geranylgeranyl isoprenoid. Since
Casey’s group showed that a different en-
zyme puts the geranylgeranyl group on pro-
teins, the hope was that it would at least be
possible to inhibit the farnesyl transferase
without affecting geranylgeranyl addition.
But this hopeful picture has recently got-
ten more complicated. The transferase en-
zymes are composed of two protein sub-
units, designated alpha and beta, and last
summer Miguel Seabra, a graduate student
in the Goldstein-Brown lab, Reiss, and
Casey showed that the alpha subunit of both
transferases is the same. So a drug that
works by inhibiting the alpha subunit may
result in a very nonspecific shutdown of
prenylation in general, explains Casey.
Still, all may not be lost because the beta
subunit is not shared by the two transferases.
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Indeed, it’s this subunit that determines
whether the transferase will add farnesyl or
geranylgeranyl groups to proteins, and the
beta subunit might thus be a target for spe-
cific drug therapy. Development of such
drugs may be facilitated, the researchers say,
by results obtained during the past 4 months
that are helping to decipher the rules by
which the beta subunit recognizes its target
protein. “Before then, the rules were com-
pletely confused,” says Casey. “Now that we
have the relevant enzymes, we know which
enzymes prefer which protein. We can now
predict fairly well which isoprenoid will be
attached to which protein.”

The key to the type of prenylation a
protein will undergo lies in its last
four amino acids, the so-called
CAAX box, which con-

sists of a cysteine(C),
followed by two ali-
phatic (A) or linear
amino acids, and fi-
nally ending in any of

Getting there. Addition of a prenyl
group (gold) helps proteins such as Ras
insert in membranes.

several different
amino acids (X). If
X is serine, methi-
onine or gluta-
mine, the protein
will be farnesyl-
ated. But if the final amino acid of the
CAAX box is leucine, then the isoprenoid
used will be a geranylgeranyl group.
Geranylgeranyl addition can also be sig-
naled by two other motifs, a CC or CXC
sequence on the end of the protein, accord-
ing to work done by Gelb, Glomset, and
their colleagues, and, independently, by Wil-
liam Maltese’s group at the Weis Center for
Research in Pennsylvania and by Der’s team
in collaboration with Michael Sinensky at
the Eleanor Roosevelt Institute for Cancer
Research in Denver, Colorado. The speci-
ficity of recognition by the prenylating en-
zymes for the CAAX box and related motifs
is so high that it has renewed hopes of
finding therapeutic agents that can specifi-
cally block farnesylation, say, without affect-
ing geranylgeranyl addition.

Another major issue the researchers are
now addressing concerns the significance of
isoprenoid addition for normal cell func-
tioning. “Ever since we learned that two
isoprenoids can be used, we have been won-
dering whether they have specific purposes,”
says Casey. Could it be, for example, that
the different prenylation tags are analogous
to different postal addresses?

The answer to that question, Casey says,
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is usually yes. Proteins like Ras, which are
attached to the outer cell membrane, are
generally modified by a farnesyl group. In
contrast, proteins that are typically found on
membranes on structures within the cell are
more likely to be modified with a geranyl-
geranyl group. But those broad distinctions
don’t always hold, and the exceptions sug-
gest, Casey points out, that prenylation by
itself doesn’t determine a protein’s cellular
localization.

In one intriguing experiment, for ex-
ample, Adrienne Cox, a postdoc in Der’s
lab, swapped prenyl groups, giving a
nononcogenic form of the Ras protein a
geranylgeranyl group instead of the usual
farnesyl. In work that many researchers say
has provided one of the first demonstrations
that the isoprene group does make a differ-
ence, Cox has shown that the prenyl group
may alter the site at which the protein be-
comes attached to the membrane. Specifi-
cally, she found that the altered Ras protein
could barely perform its usual growth-pro-
moting function. “When we substituted a
geranylgeranyl group on normal Ras, we
may have directed it to a site on the mem-
brane where it was out of reach of the events
that have to activate it, so it couldn’t per-
form its normal function, and cell growth
was stopped,” says Cox.

But if prenylation can direct the site of
attachment on a particular membrane, what
accounts for the choice of membrane in the
first place? One answer, says John Hancock,
now of the Royal Free Hospital Medical
School in London, may be additional amino
acid sequences within the protein. He and
Marshall have found that a series of six
iterations of the positively charged amino
acid lysine, just adjacent to the CAAX box in
a Ras protein, are essential to lead the pro-
tein to the plasma membrane. He suggests
that the lysine-rich region helps prenylated
proteins find their way to the correct loca-
tion on the cell membrane by interacting
with other proteins there.

Even as some aspects of protein targeting
are being worked out, biologists are starting
to ask new questions. What advantage does
lipid modification offer over the built-in
membrane-spanning regions carried by most
other cell membrane proteins? Seabra and
others speculate that prenylation may turn
out to have an important regulatory func-
tion, since some prenylated proteins may
cycle on and off the membranes with which
they are associated and having an isoprenoid
tag, rather than a built-in membrane-target-
ing sequence, may facilitate the cycling. Of
course, working out the details of preny-
lation’s function and mechanism will oc-
cupy biochemists to the next decade.
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