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A Ras by Any Other Name
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Ras proteins are now well recognized for their essential
function in transducing extracellular signals that regulate cell
growth, survival, and differentiation. Although ras genes were
originally identified in the mid-1960s as the transforming ele-
ments of the Harvey and Kirsten strains of rat sarcoma viruses,
investigation of the biological properties of their protein prod-
ucts did not gain momentum until the early 1980s, when mu-
tated alleles of cellular ras genes were identified as dominant
oncogenes in various types of human tumors. The mammalian
ras gene family consists of three members: H-ras, K-ras, and
N-ras, which are located on different chromosomes. The H-ras
and K-ras genes are the cellular counterparts of the viral Har-
vey and Kirsten genes, respectively, and the N-ras gene is
derived from a human neuroblastoma cell line. Are the differ-
ent ras genes functionally redundant or does each ras gene
have a specific role? This review briefly recounts results from
biochemical and genetic studies supporting the unanticipated
possibility that the answer to both questions may be yes.

The basic anatomy of Ras proteins. The three mammalian
ras genes encode four highly related GTPases of 188 (K-RasB)
or 189 (H-Ras, K-RasA, and N-Ras) amino acids in length.
The A and B forms of K-Ras are generated by an alternative
splicing of the fourth exon of this gene (2), and the abundance
of K-RasB transcripts is higher in comparison to that of K-
RasA transcripts (18). All of the critical domains for GTPase
function (including sequence motifs important for nucleotide
binding and GTP hydrolysis) are present within the N-terminal
165 amino acids of Ras proteins (18). Based on primary se-
quence comparisons, Ras proteins can be viewed as consisting
of three contiguous regions (Fig. 1). The first region encom-
passes the N-terminal 86 amino acids, which are 100% identi-
cal among the different Ras proteins. Within this region lies
the Ras effector binding domain (amino acids 32 to 40), which
is the critical interaction site with all known downstream tar-
gets of Ras. The next 80 amino acids define a second region
where mammalian Ras proteins diverge only slightly from each
other, exhibiting an 85% homology between any protein pair.
The remaining C-terminal sequence, known as the hypervari-
able region, starts at amino acid 165 and shows no sequence
similarity among Ras proteins except for a conserved CAAX
motif (C, cysteine; A, aliphatic amino acid; X, methionine or
serine) at the very C-terminal end, which is present in all Ras
proteins and directs posttranslational processing (7). Thus, if a
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unique role for each Ras protein is to be determined by se-
quence divergence, it would most likely be specified by the
hypervariable region. While some of the functional studies on
Ras proteins support this prediction, others indicate that this
cannot be the entire story.

Ras expression: lessons from molecular genetics. Early
quests for the physiological reasons underlying the existence of
multiple forms of Ras proteins have focused on the analysis of
expression patterns of ras genes in different cell lineages. The
information that has emerged from these analyses indeed dem-
onstrates significant variations in the levels of expression of the
three ras genes between tissues as well as during development.
For example, in mice, the level of H-ras transcripts is highest in
brain, muscle, and skin and is lowest in liver, K-ras transcripts
are most abundant in gut, lung, and thymus and are rare in skin
and skeletal muscle, and N-ras transcripts are most prevalent
in testis and thymus (17). Differential expression of the three
ras genes has also been observed during mouse prenatal de-
velopment, with N-ras expression being highest at day 10 of
gestation and K-ras expression being lowest toward the end of
gestation (17, 19). The simplest interpretation of these findings
is that the three forms of Ras perform distinct cellular func-
tions, with each function being biologically relevant in a par-
ticular tissue or cell type. However, this conclusion remains
tentative for the following reasons. Firstly, the extent to which
the diversified pattern of expression of ras genes correlates
with the levels of their gene products has not been established.
Immunohistochemical analysis of human tissue revealed con-
siderable heterogeneity in the levels of Ras proteins between
different tissues (9). However, because this analysis relied on
an anti-Ras antibody that recognizes the products of all three
ras genes, the relative amount of each Ras protein could not be
discerned. Secondly, despite the variations in relative levels of
expression, all three ras genes are concurrently expressed in
most mouse and human tissues, suggesting that their protein
products might possess overlapping functions (5, 9, 17).

Another line of investigation often considered as providing
evidence in support of the differential function of the three ras
genes concerns the analysis of ras mutation in human tumors.
It is well documented that oncogenic forms of H-, K-, and
N-ras are preferentially detected in certain tumor types. For
example, more than 80% of pancreatic adenocarcinomas har-
bor a mutated K-ras gene, whereas in myeloid leukemia, the
N-ras gene is most frequently mutated (3). However, in many
tumor types, there is no absolute specificity for a mutated ras
gene, and mutated forms of the three ras genes produce the
same phenotype in in vitro transformation assays (3). Thus,
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FIG. 1. Sequence conservation between Ras proteins. Sequence identity from 0 to 100% is presented as a color gradient from yellow to orange
to red. The sequences corresponding to the membrane anchor region of each human Ras protein are shown with their respective posttranslational
modifications. The farnesylated cysteine residue which is conserved in all Ras proteins is shown in red. Palmitoylated cysteine residues in N- and

H-Ras proteins are shown in blue.

differences in the function of Ras proteins, if they exist, cannot
be the sole explanation for the bias in favor of particular ras
mutations in certain tumor types. Taken together, while the
conclusions drawn from gene expression studies have not an-
swered definitively the question of functional divergence be-
tween ras genes, they certainly provide an interesting template
for future work in this research area.

Ras localization: lessons from biochemistry. In order to be
biologically active, Ras proteins must be localized to the inner
face of the plasma membrane, where they can effectively in-
teract with their upstream activators and downstream targets.
The biochemical process ensuring the association of Ras pro-
teins with the plasma membrane involves a series of posttrans-
lational modifications at their C termini. The first and obliga-
tory step in this series is the farnesylation of the cysteine
residue in the CAAX motif (4). Activated Ras proteins with
substitutions in this cysteine residue fail to interact with the
plasma membrane and are transformation defective (26). Sub-
sequent to farnesylation, the AAX residues of the CAAX
motif are proteolytically removed, generating a C-terminal cys-
teine which is then carboxyl methylated (10). While these
CAAX modifications increase the hydrophobicity of the C-
terminal end, they would not lead to the stable binding of Ras
to the plasma membrane in the absence of a cooperating mem-
brane targeting signal provided by the adjacent hypervariable
region (Fig. 1). In H-Ras, N-Ras, and K-RasA, this signal
involves one or two palmitoylated cysteine residues within the
hypervariable region (12). In K-RasB, the signal is comprised
of a polybasic domain containing multiple lysine residues (13).

The realization that each form of Ras protein interacts with
the membrane via a different anchor fueled the notion that
they might be localized to distinct membrane domains. In
direct support of this concept are the findings that interfering
with the function of caveolin, an integral membrane protein
that binds cholesterol, impairs the signaling activity of H-Ras
but not K-RasB (22). This suggests that H-Ras is preferentially
localized to cholestrol-rich microdomains within the plasma
membrane. The association of each Ras form with different
membrane domains might be specified not only by their unique
membrane-anchoring motifs but also by distinct targeting

mechanisms, as suggested by recent experiments on the cellu-
lar trafficking of Ras proteins. Whereas the palmitoylated H-
and N-Ras proteins traffic to the plasma membrane along the
secretory pathway via the Golgi complex, K-RasB does not
enter the conventional secretory pathway but instead is routed
by virtue of its polybasic domain directly from the endoplasmic
reticulum to the cell surface (1, 6).

In principle, there are two basic models for how the different
mechanisms of membrane anchoring of Ras proteins could
confer functional specificity. The first model postulates that the
site of interaction of Ras proteins with the membrane would
impact the availability of regulators and effectors because these
molecules themselves might be localized to distinct subdo-
mains within the plasma membrane. Several signaling mole-
cules involved in Ras signaling, including receptor tyrosine
kinases and members of the mitogen-activated protein kinase
cascade, have been shown to be enriched in specialized cho-
lesterol-rich membrane domains known as caveolae (21). Con-
sistent with the idea that this compartmentalization could lead
to differences in signaling activity between the various Ras
proteins, it has been demonstrated that H-Ras, N-Ras, and
K-RasB vary with respect to both their ability to engage the
downstream targets Raf and phosphatidylinositol 3-kinase (11,
25, 27) and the extent of their activation by guanine nucleotide
exchange factors (15). These variations are specified by the
membrane-targeting C-terminal domain of Ras proteins, as
determined by sequence shuffling experiments (15, 27).

The second model for how functional specificity among Ras
proteins could be determined by membrane attachment pos-
tulates that the biochemical nature of the membrane anchor
could dictate the efficiency of interaction with regulatory mol-
ecules. As described above, the association of H-Ras, N-Ras,
and K-RasA with the membrane is mediated by a farnesyl-
palmitoyl anchor, whereas K-RasB utilizes farnesylation and a
polybasic domain to bind to the plasma membrane. Palmitate
contributes to membrane interaction by virtue of its ability to
insert itself deep into the lipid bilayer, whereas the polybasic
domain facilities membrane association through ionic interac-
tions with negatively charged phospholipid head groups (20,
23). In addition, the membrane-anchoring domain of K-RasB
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spans residues 175 to 186, whereas in H-Ras, N-Ras, and
K-RasA, this domain consists of residues 180 to 186 (Fig. 1).
These features could lead to differences in the positioning of
the various Ras isoforms at the inner face of the plasma mem-
brane, thereby affecting accessibility to effectors or activators.
This model gains support from studies showing that, by elim-
inating the palmitoylation site on H-Ras or by modifying the
length of the membrane anchor of H-Ras, it is possible to
induce quantitative changes in the interaction of H-Ras with
the exchanger Ras-GRF or with Raf, respectively (15, 27).
Irrespective of whether one or both of the models turn out to
be correct, it is clear that there are differences between the
biochemical activities of each Ras protein. The extent to which
these differences have physiological consequences has yet to be
determined.

Ras gene targeting: the ultimate answer? Given the inherent
complexities in interpreting ectopic expression data, it is not
surprising that targeted gene disruption in the mouse has been
perceived as holding much promise for providing insights into
the functional assignments of each ras gene. This approach was
first applied to disrupt the murine N-ras gene, with the result-
ing phenotype indicating that the function of N-Ras is dispens-
able for normal mouse development, growth, and fertility (24).
Next, the murine K-ras gene was disrupted by two groups
independently (14, 16). Both studies have reported that K-ras-
deficient mice die progressively, from embryonic day 12.5 until
the term of gestation is complete, due to defects in hemato-
poiesis (14), myocardial cell proliferation, and neuronal cell
survival (16). Esteban et al. (8) have described the phenotypes
of mice that are homozygous null for either H-ras alone or
H-ras and N-ras. A striking outcome of their analysis is that the
double null mutant animals exhibit no detectable developmen-
tal and postnatal abnormalities (8). At first glance, these new
findings, together with the earlier ras gene deletion studies, are
most consistent with the interpretation that K-Ras possesses a
unique function which is not shared by H-Ras or N-Ras and is
necessary and sufficient for mouse development. However, an
equally plausible explanation is that the selective requirement
for K-Ras during development reflects its expression in a spe-
cific cell type during a critical developmental stage. Since the
embryonic phenotypes associated with the loss of viability of
the K-Ras null mutant mice have not been linked to specific
biochemical defects, both possibilities remain formally valid at
this time. In addition, the lack of observable phenotype in the
H-Ras/N-Ras double mutant mice does not strictly imply func-
tional overlap. Rather, it might be indicative of differential
activities that are not amenable to scoring by gene disruption
approaches. Thus, in the accompanying paper by Esteban et al.
(8), a nearly 2-decade-old question has resurfaced: what’s in a
name?
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