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NEWS AND VIEWS 
PROTEIN MODIFICATION----------------------------

New clue to Ras lipid glue rasH 
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K K K K S L T K C V I M NoRMAL Ras proteins encoded by the ras 
genes and oncogenic Ras proteins en
coded by mutated ras genes (oncogenes) 
are synthesized as a precursor in the cell 
cytoplasm and then modified and trans
located to the cytoplasmic face of the cell's 
outer membrane'. Localization to the 
membrane is critical for efficient Ras func
tion, as the biological activity of those 
mutant Ras proteins that remain in the 
cytosol is severely impaired'. Until very 
recently, most investigators believed that 
it was the attachment of palmitate near the 
carboxy-terminus of Ras precursors that 
mediated their movement to the plasma 
membrane3

• Now, evidence from three 
laboratories....,, each using a distinct 
approach and making a unique contribu
tion, indicates that the lipid invariably 
added to mature Ras proteins is a farnesyl 
isoprenoid, and that palmitate is only an 
optional extra. The farnesyl moiety 
common to all mature Ras proteins is 
derived from farnesol, which is a branched
chain, polyunsaturated hydrocarbon 
alcohol intermediate of sterol biosynthesis. 
As farnesol is derived from mevalonate, 
pharmacologic agents which interfere 
with 3-hydroxy-3-methylglutaryl coenzyme 
A (HMG CoA) reductase (the enzyme 
that catalyses mevalonate synthesis) , or 
other steps before farnesol synthesis, may 
be able to inhibit membrane localization 
of Ras protein, thus providing a potential 
approach to interfere with Ras-protein 
function. 

The critical clues leading to these find
ings came from the recognition of the 
similarities between the post-translational 
modifications of fungal mating factors , 
such as yeast a-factor3

'
7 and those of Ras. 

Indeed, a yeast mutant defective in post
translational modification of mating 
factor seems to cause a similar defect in 
yeast Ras5

•
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• The last four amino acids of 
both a-factor and Ras (see figure) , when 
first translated, can be described as 
Cys-A-A-X, where Cys is cysteine, A is 
an aliphatic amino acid (most often the 
hydrophobic amino acids leucine, iso
leucine or valine), and X is any amino 
acid3

• The carboxy-terminus of the mating 
factor has been shown to undergo several 
post-translational changes, including 
proteolytic cleavage of the A-A-X, 
carboxymethylation of the (now carboxy
terminal) cysteine and its farnesylation via 
thioether linkage to its sulphur atom7

• 

Virtually identical modifications of Ras 
have now been shown to occur....,9
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Furthermore, a Cys-A-A-X box, when 
placed at the carboxy-terminus of a pro
tein that does not normally have one, is 
sufficient to direct its binding to an iso
prenoid (presumably a farnesyl moiety)' . 
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Palmitate, which was formerly believed 
to be linked to the cysteine residue 
in the Cys-A-A-X box, has now been 
shown to be linked instead to cysteine 
residues located in the first few amino 
acids upstream from the box. Moreover, 
the palymitoylation somehow depends 
upon post-translational modification of 
the box' ... Rather than representing an 
obligatory step in Ras-protein function, 
palmitoylation can now be viewed as a 
modification that may modulate the 
biological activity of a given Ras protein. 
Supporting this hypothesis, palmitoylated 
Ras proteins have been found to be more 
firmly anchored in the membrane than 
non-palmitoylated versions and to be 
more active in stringent bioassays' . Most 
eukaryotes, including mammals, contain 
multiple ras genes that encode proteins 
with considerable sequence divergence in 
the 20 amino acids immediately upstream 
from thel.r Cys-A-A-X box' . This 
sequence divergence is associated with 
variation in the precise location and 
number of cysteine residues that can be 
Palmitoylated (see figure). As the biolo
gical activity of a Ras protein seems to 
vary with the amount of palmitate that is 
added, each Ras protein may have its 
own particular level of activity, presum
ably to allow distinct functional roles to 
be better served than they could be by a 

Carboxy-terminal 12 amino acids encoded by 
the three mammalian ras genes: the last four 
residues constitute the Cys-A-A-X box. The 
farnesylated cysteine residues in the Cys-A
A-X sequence are boxed; upstream cysteines, 
which may be palmitoylated, are circled . The 
two termini shown for rasx are the result of 
alternative splicing of two exons (A and 8) . 

single Ras protein. In addition, the palmi
tate bound to Ras has a much higher turn
over rate than does the protein itself, 
which raises the possibility that alterations 
in the turnover rate of bound palmitate 
could represent an additional level of 
regulation 11

• 

Other genes have also been identified 
that encode proteins with a terminal 
Cys- A-A-X box, with or without up
stream cysteines that may be palmitoy
iated. Many of these proteins bind 
guanine nucleotides, as does Ras, and 
have additional regions of sequence 
similarity to Ras. But others, such as 
the nuclear lamins or HMGl reductase, 
are similar to Ras only by terminating in 
the Cys-A-A-X sequence. It seems likely 
that at least some of these proteins will 
also be farnesylated . They could represent 
some of the as yet unidentified proteins 
that have been shown to incorporate 
mevalonate6

·' ', as farnesol is derived from 
mevalonate. As lamins are associated with 

Giant sunspot clusters mark solar maximum 

.. 

' . 

·. , . ) .. 
'' -. 

~ .. L} ,...,. • ~ u 
WITH only 3 months until the solar maximum, violent activity- flares and sunspots
at the Sun's surface is increasing. This massive cluster of sunspots, photographed 
recently by N. W. Scott, traversed the Sun's face in 10-12 days. (Note: binoculars and 
telescopes should not be used for direct viewing of the Sun.) 0 
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