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Abstract Point mutation of the c-H-ras gene significantly increases cellular transforming activities of Ras. Since 
posttranslational modification and subsequent membrane localization are essential for the biological activities of Ras, 
we examined whether or not the mutation also affects these two factors. The normal (Glyq2) or the transforming (VaP2) 
c-H-ras gene was expressed in NIH3T3 cells using a metallothionein promoter. Expression of either type of Ras was 
efficiently induced by the cadmium treatment of these cells, and immunoprecipitation of metabolically labeled cell 
extracts revealed that both normal and transforming Ras were expressed as four differently migrating forms on 
SDS-polyacrylamide gels, two of which were slower migrating cytosolic precursors and the other two were faster 
migrating membrane-bound forms. There was no significant difference in half lives between normal and transforming 
Ras; however, posttranslational modification was quite different between the two types of Ras. Transforming Ras was 
processed and became membrane-bound forms much more efficiently than normal Ras. Interestingly, posttranslational 
modification and membrane localization of Ras was significantly inhibited when the c-myc oncogene was co-expressed 
with Ras. In contrast to the c-myc oncogene, expression of either wild type or mutant p53 did not affect the 
posttranslational modification of Ras, suggesting that the c-myc oncogene specifically impairs the posttranslational 
modification of Ras. D 1996 Wiley-Liss, Inc. 
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The ras genes encode 21-kD proteins (Ras) 
that bind to GTP or GDP and affect cell prolifera- 
tion and differentiation. Point mutation may 
convert the ras genes into oncogenes [Lowy and 
Willumsen, 1993; Weinberg, 19891. The pres- 
ence of the ras oncogenes in a large variety of 
human tumors [Weinberg, 19891 suggests that 
this conversion may be a critical step in tumor 
development [Weinberg, 19891. 

Ras is modificated at posttranslational level, 
and this posttranslational modification is essen- 
tial for the membrane localization and biological 
activities of Ras [Willumsen et al., 19841. Post- 
translational modification of Ras involves (1) 
cleavage of C-terminal3-amino acids, (2) farne- 
sylation of cysteine at the newly produced C- 
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terminal end, (3) palmitoylation of other cyste- 
ine located near the C-terminal end, and (4) 
phosphorylation. Cleavage of C-terminal3-amino 
acids and farnesylation of cysteine are essential 
for the membrane localization of Ras, but subse- 
quent palmitoylation and phosphorylation are 
not necessary for the activities [Hancock et al., 
19891. 

Once Ras becomes a membrane-bound form, 
activated tyrosine kinase type receptors trans- 
mit factors as Grb2 and Sos to signal Ras [Buday 
and Downward, 1993; Chardin et al., 1993; Egan 
et al., 1993; Gale et al., 1993; Li et al., 1993; 
Oliver et al., 1993; Rozakis-Adcock et al., 1993; 
Simon et al., 19931. The activated Ras interacts 
with the cytoplasmic serine, threonine kinase, 
Raf [Moodie et al., 1993; Vojtek et al., 1993; 
Warne et al., 1993; Zhang et al., 19931, and 
increases the phosphorylation (predominantly 
on serine residues), as well as membrane recruit- 
ment of Raf [Stokoe et al., 19941. The activated 
Raf may phosphorylate and activate several tran- 
scription factors including Fos and Jun through 
the MAP kinase cascade. The other signaling 
pathway from Ras involves the association and 
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activation of phosphatidyl inositol3 kinase that 
may also lead to the activation of many genes 
[Rodriguez-Viciana et al., 19941. 

On the other hand, tumor progression is the 
consequence of a series of genetic alterations 
including the activation of protooncogenes and 
the inactivation of tumor suppresser genes 
Weinberg, 19891. In vitro, the ras oncogenes 
can cooperate with the myc, mutant p53, adeno- 
virus E1A and polyoma virus T oncogenes [Land 
et al., 1983; Ruley, 19831. Thus, the ras onco- 
gene alone cannot transform primary cells in 
culture, whereas together with the c-myc (or 
some other) oncogene, it can [Land et al., 19831. 
Such a cooperative transforming ability of the 
myc and the ras oncogenes was observed also in 
vivo; the mating of transgenic mice bearing a 
c-myc oncogene with the ras oncogene gives rise 
to offspring with a synergistic increase in tumor 
formation [Sinn et al., 19871. Furthermore, the 
ras oncogene-induced hyperplasia is often asso- 
ciated with the expression of mutant p53, 
whereas a combination of the ras and myc onco- 
genes can induce malignancy even in the pres- 
ence of a wild-type p53 [Lu et al., 19921. 

Here we present the data indicating that nor- 
mal and transforming Ras undergo different 
posttranslational modifications. Furthermore, 
the c-myc gene, when co-expressed with the 
c-H-ras, negatively regulates the posttransla- 
tional modification of Ras, whereas mutant p53 
does not. This negative regulation might be one 
of the mechanisms of cross-talk between the ras 
and the c-myc oncogene. 

MATERIALS AND METHODS 
Plasmids 

pMTcHr(G12) and pMTcHr(V12) which carry 
normal (Gly12) and transforming Wall2) c-H-ras 
cDNA, respectively, linked to a metallothionein 
promoter, were generous gifts from Dr. S. Naka- 
mura and Dr. S. Hattori (National Institute of 
Neurosciences, Japan). pCDM8-p53W and 
pCDM8-p53M, harboring wild type and mutant 
human p53 cDNA together with G418 resistant 
gene, respectively, were from Dr. K. Morishita 
(National Cancer Institute, Japan). pFRSV, car- 
rying an altered form of dihydrofolate reductase 
cDNA [Simonsen and Levinson, 19831, was do- 
nated by Dr. A. Horwich (Yale University). fpGV- 
myc, a retrovirus vector carrying the murine 
c-myc and the neomycin resistance gene [Dean 
et al., 19871, was provided by Dr. J.L. Cleveland 
(St. Jude Children’s Research Hospital). pSV2-y- 

actin encoding human y-actin cDNA was a gift 
from Dr. Y. Dobashi (University of Tokyo). 

Cells and DNA Transfection 

Unless otherwise specified, monolayer cul- 
tures of NIH3T3 and psi3 were maintained in 
DMEM supplemented with 10% calf serum. 
Transfection of DNA into these cells was carried 
out by the calcium phosphate gel precipitation 
method with a glycerol shock [Davis et al., 19861. 
Subconfluent cultures of the cell lines were trans- 
fected with the DNA indicated. 24 h after trans- 
fection, 5 x lo5 cells were seeded on 10 cm 
dishes. At that time, a selective drug was added 
to the cell culture, and the selection was carried 
out for 2 weeks: 

Transfection of myc: To prepare recombi- 
nant retrovirus carrying c-myc, psi3 cells 
on 3.5-cm dishes were transfected with 5 
pg fpGV-myc DNA. Selection was per- 
formed using 1 mg/ml G418 (Gibco-BRL, 
Grand Island, NY), and several G418- 
resistant colonies were isolated with clon- 
ing cylinders. 
Transfectzon of rus: subconfluent NIH3T3 
cells on 10-cm dishes were transfected with 
25 pg of pMTcHr(G9 or pMTcHr(V12) 
DNA together with 1 pg of pFRSV DNA. 
The selection was performed using 500 nM 
methotrexate (MTX) (Sigma, St. Louis, 
MO), and several MTX-resistant colonies 
were isolated. 
Transfection ofp53: Subconfluent cultures 
of NIH3T3 transfected with pMTcHr(G12) 
or pMTcHrW2) in 3.5-cm dishes were fur- 
ther transfected with l pg of pCDM8- 
p53W or pCDM8-p53M. The selection was 
carried out using 1 mg/ml G418 for 2 
weeks, and several hundred G418-resis- 
tant colonies were combined and used for 
further experiments. 

Virus Preparation and Infection 

The media from confluent cultures of isolated 
clones of psi3 cells that had been transfected 
with fpGV-myc (selected with G418, and found 
to produce high levels of the recombinant retro- 
virus) were replaced by fresh media. After fur- 
ther incubation for 24 h, the media were col- 
lected, filtered through a 0.45-pm filter, and 
stored at - 80°C as virus solution. Subconfluent 
cultures of NIH3T3 which had been transfected 
with pMTcHr(G12) or pMTcHr(V12) in 3.5-cm 
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dishes were incubated with 1 ml of virus solu- 
tion in the presence of 20 kg/ml polybrene 
(Sigma) for 2 h; 24-h postinfection, 5 x lo5 cells 
were seeded on each 10-cm dish and further 
incubated for 24 h before adding G418 (1 mg/ml 
final concentration). The selection with G418 
was carried out for 2 weeks, and several hun- 
dred G418-resistant colonies were combined and 
used for the experiments. 

To induce Ras expression, NIH3T3 cells trans- 
fected with pMTcHr(G12) or pMTcHr(V12) were 
incubated in a medium containing CdClz 110 pM 
for pMTcHr(G12) or 2 FM for ~ M T C H ~ ( V ~ ~ ) I  for 
24 h. 

Northern Blotting 

Cytoplasmic RNA was isolated from cell ex- 
tracts treated with proteinase K and phenol, 
fractionated by agarose gel electrophoresis, 
transferred to nylon membranes, hybridized with 
labeled probes and visualized by autoradiogra- 
phy [Sambrook et al., 19891; 4.8-kbXbuI/BumHI 
fragment of pSV2-c-myc (for myc), 2.6-kb Sac1 
fragment of EJ  6.6 (for rus), and 1.0-kb PstI/ 
XbuI fragment of pSV2-y-actin (for actin) were 
radiolabeled by the random priming method with 
a-[32P]-dCTP and used as probes [Sambrook et 
al., 19891. Hybridization and washing the filters 
were carried out under stringent conditions (50% 
formamide at 42°C for hybridization and 0.1 x 
SSC at 60°C for washing) [Sambrook et al., 
19891. 

Metabolic labeling of the Cells 

Subconfluent cultures of cells in 3.5-cm dishes 
were metabolically labeled with 200 FCi of 
[35S]methionine/cysteine (spec act > 1,000 Ci/ 
mmole) for the indicated time, washed twice 
with PBS, and lysed in RIPA buffer containing 
50 mM Tris-HC1 (pH 7.5), 150 mM NaC1, 1% 
Triton X-100, 1% deoxycholate, 0.1% SDS, and 1 
mM PMSF, by passing through 21-gauge needles 
10 times and then through 27-gauge needles 10 
times. After removing cell debris by centrifuga- 
tion at 12,OOOg for 15 min, supernatants were 
used as total cell extracts. 

In order to examine the membrane localiza- 
tion of Ras, subconfluent cultures of cells in 6 
cm dishes were metabolically labeled with 400 
pCi of [35Slmethionine/cysteine (specific activ- 
ity > 1,000 Ci/mmole) for 1 h, washed with 
PBS, and lysed according to the method of Shih 
et al. 119821. Cell extracts were then centrifuged 
at 100,OOOg for 60 min, and supernatants were 

used as S-100 cytosolic fractions. The precipi- 
tates were suspended in RIPA buffer and used 
as PlOO membrane fractions after removing the 
debris by the centrifugation at  100,OOOg for 30 
min. 

For pulse-chase experiments, subconfluent 
cultures of cells in 3.5-cm dishes were metaboli- 
cally labeled with 200 FCi of [35Slmethionine/ 
cysteine (spec act > 1,000 Ci/mmole) for 30 min, 
washed with DMEM twice to remove extra radi- 
olabeled amino acids and incubated for the indi- 
cated time in DMEM supplemented with 10% 
FCS. After cells were washed twice with PBS, 
they were lysed in RIPA buffer as described 
earlier in this section. 

lmmunoprecipitation of Ras and p53 

Ras was immunoprecipitated from the total 
cell extracts, S-100 fractions, and P-100 frac- 
tions with 2 p,g/ml anti-Ras monoclonal anti- 
body (Y13-2591, together with 40 pg/ml antirat 
IgG and 30 pl of a 50% suspension of protein A 
sepharose CL-4B at 4°C overnight. The result- 
ing immune complexes were washed twice with 
a buffer containing 50 mM Tris-HC1 (pH 7.51, 
150 mM NaC1, 5 mM EDTA, and 0.5% NP-40 
and thereafter twice with a buffer containing 0.5 
M LiCl and 100 mM Tris-HC1 (pH 7.5) and 1% 
P-mercaptoethanol. Immunoprecipitation of p53 
was the same as that of the Ras except for the 
use of anti-p53 antibody (PAbl801, 4 pg/ml) 
instead of anti-Ras monoclonal antibody. The 
immunoprecipitates were fractionated on 12.5% 
SDS-polyacrylamide gels (for Ras) or 10% SDS- 
polyacrylamide gels (for p53) and visualized by 
fluorography. Fluorography was carried out by 
soaking the acrylamide gels in 2 M salicylic acid 
solution for 30 min before drying. The anti-Ras 
monoclonal antibody (Y13-259) was purchased 
from Oncogene Science (Manhasset, NY) and 
anti-p53 monoclonal antibody (PAbl801) was 
obtained from Pharmingen (San Diego, CAI. 

RESULTS 

At least some of the biological activities of the 
c-H-rus oncogene are much more pronounced 
than those of the H-rus protooncogene. Thus, 
microinjection of small amounts of Ras oncopro- 
tein can induce DNA synthesis in quiescent cells, 
oocyte maturation, cell differentiation, and trans- 
formation, whereas larger amounts of normal 
Ras are needed to elicit such effects [Lowy and 
Willumsen, 19931. Because membrane localiza- 
tion of Ras is essential for both types of Ras 
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proteins, we examined whether the posttransla- 
tional modification is differently regulated in 
normal (G12) and transforming (V2) Ras. For 
this purpose, we generated NIH3T3 cell lines in 
which the normal (G12) or transforming (P) 
c-H-rus cDNA was expressed under the control 
of metallothionein promoter. The metallothio- 
nein promoter was chosen since it can be acti- 
vated by CdC12 resulting in an about 20-fold 
increase in the level of both wild type (Gl2) and 
mutant c-H-rus mRNA (Fig. 1A). There 
was no difference in the levels of metal-induced 
normal and mutant ras mRNA, demonstrating 
that both types of the c-H-rus genes were equally 
expressed by metallothionein promoter. 

Next we analyzed the posttranslational modi- 
fication of Ras by metabolically labeling the above 

A) Nothern blotting 

Fig. 1. Northern blottingof theras mRNA (A) and immunopre- 
cipitation of Ras (6) in NIH3T3 cells harboring pMTcHr(C12) or 
pMTcHr(V’*). A Cells were cultured in the presence or absence 
of CdClz for 24 h. Twenty five kg of total cytoplasmic RNA 
extracted from these cells was fractionated on an agarose gel, 
and analyzed by Northern blotting, using the ras and actin 
probes. The positions of 28s and 18s ribosomal RNA are 
indicated. B: Cells were cultured in a medium containing CdC12 
for 24 h, labeled with [35Slmethionine/cysteine for the indi- 
cated time, and 1.5-mg proteins of the total cell extracts were 

cells with [35Slmethionine/cysteine and by im- 
munoprecipitating Ras with anti-Ras monoclo- 
nal antibody. In both NIH3T3 lines that har- 
bored pMTcHr(G12) or pMTcHr(V2), four forms 
of differently migrating Ras proteins were de- 
tected by SDS-polyacrylamide gel electrophore- 
sis (PAGE) (Fig. 1B). Fractionation of the cell 
extracts revealed that the two faster migrating 
Ras were in P-100 membrane fractions and the 
two slower migrating ones were in S-100 cyto- 
solic fractions, demonstrating that the former 
two were membrane-bound forms and the latter 
two were non-farnesylated precursors. This is 
consistent with the results reported by Hancock 
et al. [19891 that faster migrating forms were 
farnesylated (some of which were further palmi- 
toylated), and that slower migrating Ras were 

8 )  Immuno-precipitation 

immunoprecipitated with anti-Ras monoclonal antibody. For 
the fractionation of cell extracts, cells were labeled with 135Slme- 
thionine/cysteine for 30 min, and the total cell extracts were 
centrifuged prior to immunoprecipitation. The immune com- 
plexes were separated on a 12.5% SDS-polyacrylamide gel and 
Ras was visualized by fluorography. S, P, and T indicated S-100 
fraction, P-100 fraction and total cell extracts, respectively. 
Arrowheads, positions of Ras. Positions of the marker proteins 
were also indicated in kD. For further details, see Materials and 
Methods. 
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Fig. 2. Pulse-chase labeling of Ras in NIH3T3 cells harboring 
pMTcHr(G12) or pMTcHr(V12). Cells were cultured in a medium 
containing CdCI2 for 24 h, labeled with [35S]methionine/ 
cysteine for 30 rnin, washed, and continued to culture for the 
indicated time in the presence of large excess of nonradiola- 
beled amino acids; 1.5 mgof  the total cell extracts was immuno- 
precipitated with anti-Ras monoclonal antibody, and the im- 
mune complexes were separated on a 12.5% SDS- 
polyacrylamide gel. Arrowheads P and C, membrane-bound Ras 
and the cytoplasmic precursor of Ras, respectively. Positions of 
the marker proteins were also indicated in kD. For further 
details, see Materials and Methods. 

unprocessed precursors. In fact, two of the faster 
migrating Ras were labeled with [14Clmevalonic 
acid, whereas the other two were not (data not 
shown). Interestingly, most of Ras(G12) were 
detected as slower migrating cytosolic precur- 
sors, but more than 80% of Ras(V12) were faster 
migrating membrane-bound forms. There was a 
major band of 50 kD in the Ras immunoprecipi- 
tates. Since we also detected the same band even 
when the cell were not treated with CdC12 to 
induce Ras expression (data not shown), this 
might be the consequence of nonspecific binding 
of the protein to the antibody. 

The different distribution of normal and trans- 
forming Ras in membrane and cytosolic fractions 
might raise the possibility that transforming 
Ras was modificated to  be a membrane-bound 
form much faster than the normal Ras. To ad- 
dress this possibility, we carried out the pulse- 
chase labelling of both normal and transforming 

Ras and compared the conversion of precursors 
into membrane-bound forms between the two 
types of Ras. As shown in Figure 2, the faster 
migrating membrane-bound forms of Ras(G12) 
were only detectable 2 h after chasing whereas 
about half of Ras(V12) already became mem- 
brane-bound forms at 30 min after chasing, and 
at 2 hr  after chasing, more than 80% of Ras(V12) 
converted into faster migrating mature forms. 
Both normal and transforming Ras were long- 
lived proteins, and there was no significant dif- 
ference in half-lives of proteins between the two 
types of Ras. Thus, it is obvious t.hat transform- 
ing Ras was more efficiently converted into the 
faster migrating membrane-bound forms than 
normal Ras. 

As noted, the c-myc oncogene was shown to 
cooperate with the ras oncogene in transforma- 
tion, both in vitro and in vivo [Land et al., 1983; 
Sinn et al., 19871. This prompted us to test 
whether the c-myc oncogene expression modu- 
lates the posttranslational modification of Ras. 
For this purpose, we infected NIH3T3 cells har- 
boring pMTcHr(G12) or pMTcHr(V12) with the 
recombinant retrovirus fpGV-myc which ex- 
pressed the c-myc DNA under the control of an 
LTR promoter to drive c-Myc expression, since 
this is a strong promoter. Northern blot analysis 
of c-myc RNA in the above infected cells re- 
vealed two major bands (Fig. 3). According to 

ras(G12) + - + -  + -  + -  
ras(V’*) - + - + -  + -  + 
myc - - + + - -  + +  

28S- 

18S- 

4 genomic 

- 28s 

<spliced 
-1 8s 

r a s  mYc 
Fig. 3. Northern blotting of the c-myc mRNA in NIH3T3 cells 
harboring pMTcHr(CT2) or pMTcHr(VT2). Cells that had been 
infected or not infected with retrovirus carrying the c-myc 
oncogene were cultured in a medium containing CdCI2 for 24 h. 
Twenty-five pg of total cytoplasmic RNA isolated from these 
cells was separated on a agarose gel, and analysed by Northern 
blotting using the ras- and myc-specific probes. The positions of 
28s and 18s ribosomal RNA were indicated. For further details, 
see Materials and Methods. 
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Roussel et al. [19911, the slower migrating band 
corresponded to unspliced genomic RNA and 
the faster band to spliced myc mRNA. Further- 
more, the levels of these c-myc specific RNAs 
were unaffected by metal-induced expression of 
either the normal or transforming c-H-rus (Fig. 
3). Unless cells were infected with the virus 
carrying the c-myc oncogene, both normal and 
transforming Ras were expressed as four differ- 
ently migrating forms, as demonstrated earlier 
(Figs. lB, 4A). However, the c-myc oncogene 
expression diminished the two slower migrating 
forms of both normal and transforming Ras 
(Fig. 4A). Pulse-chase experiments showed that 
most of the normal as well as transforming Ras 
remained as slower migrating cytosolic precur- 
sors at least up to 8 h after chasing when the 

Fig. 4. Effects of the c-myc oncogene expression on the post- 
translational modification of Ras in NIH3T3 cells harboring 
pMTcHr(C'*) or pMTcHr(VT2). A: Cells that had been infected 
or not infected with retrovirus carrying the c-myc oncogene 
were cultured in a medium containing CdC12 for 24 h, labeled 
with [35Slmethionine/cysteine for the indicated time; 1.5 mg of 
the total cell extracts were immunoprecipitated with anti-Ras 
monoclonal antibody, and the immune complexes were sepa- 
rated on a 12.5% SDS-polyacrylamide gel. B: Cells that had 
been infected with retrovirus carrying the c-myc oncogene were 

c-myc oncogene was constitutively expressed 
(Fig. 4B), whereas about half of the normal Ras 
and more than 90% of transforming Ras were 
already faster migrating membrane-bound forms 
by 6 h without infection with virus carrying the 
c-myc oncogene (Fig. 2). Thus, it becomes evi- 
dent that the c-myc oncogene impairs the conver- 
sion of cytosolic precursor of Ras into the mem- 
brane-bound mature form. Although one 
additional slower migrating band of Ras(G12) 
appeared at 4 h after chasing when the c-myc 
oncogene was expressed (Fig. 4B), its state of 
modification remains to be established. 

Impairment of the posttranslational modifica- 
tion of Ras by the c-myc oncogene also prompted 
us to examine the possibility that other onco- 
genes that co-operate with the ras oncogene also 

cultured in a medium containing CdCI2 for 24 h, labeled with 
[35S]methionine/cysteine for 30 min, washed, and continued to 
culture for the indicated time in the presence of large excess of 
nonradiolabeled amino acids; 1.5 mg of the total cell extracts 
was immunoprecipitated with anti-Ras monoclonal antibody, 
and the immune complexes were separated on a 12.5% SDS- 
polyacrylamide gel. Arrowheads P and C, membrane-bound Ras 
and the cytoplasmic precursor of Ras, respectively. Positions of 
the marker proteins were also indicated in kD. For further 
details, see Materials and Methods. 
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inhibit this effect. The p53 was chosen because, 
like the rus gene, point mutation of p53 converts 
it into an oncogene, and mutant p53 was found 
in a wide variety of human tumors [Hollstein et 
al., 19911 with an ability to cooperate with the 
c-H-rus oncogene in transformation and tumor 
development [Lane et al., 1983; Lu et al., 1992; 
Sinn et al., 19871. The mutant p53 used in this 
study harbored the amino acid substitution of 
His for Arg at position 273 [Hollstein et al., 
19911. Immunoprecipitation of p53 proteins with 
anti-p53 monoclonal antibody revealed that there 
was no detectable level of the endogenous p53 in 
NIH3T3 cells and that either wild type or mu- 
tant p53 was efficiently expressed by the cyto- 
megalovirus promoter (Fig. 5). Furthermore, 
neither normal nor transforming Ras affected 
the level of p53 expression (Fig. 5). Using these 
cells that constitutively expressed wild type or 
mutant p53 protein, effects of p53 on the post- 
translational modification of Ras was examined 
by pulse-chase labeling of Ras proteins. Both 
normal and transforming Ras were fully ex- 
pressed by CdClz treatment even in the presence 
of wild or mutant p53 (Fig. 6). Unlike the case 
with c-myc oncogene, about 50% of normal Ras 
and about 90% of the transforming Ras were 
already membrane-bound forms even at 2 h 
after chasing (Fig. 6). As seen in the cells that 
were not transfected with the p53 cDNA but 
expressed Ras, conversion of slower migrating 
cytosolic precursors into faster-migrating mem- 
brane-bound forms occurred much more effi- 
ciently in the transforming Ras than in the 
normal. Thus, posttranslational modification of 
Ras was not significantly affected by the expres- 
sion of either type of p53 (Fig. 61, and impair- 
ment of posttranslational modification of Ras by 
the c-myc oncogene was rather a specific effect 
by the c-myc oncogene. Like in the case of Ras 
immunoprecipitation, we also detected the 48-kD 
major band in the p53 immunoprecipiatets. Be- 
cause the appearance of this 48-kD band was 
totally independent of p53 expression, this would 
be due to the nonspecific binding of 48-kD pro- 
tein to the antibody. 

DISCUSSION 

The results presented reveal that (1) trans- 
forming Ras was more efficiently modificated at  
posttranslational level than normal one; (2) the 
c-myc oncogene inhibited the posttranslational 
modification of Ras and kept it as cytosolic pre- 
cursor; and (3) either wild-type or mutant p53 

did not affect the posttranslational modification 
of Ras, in spite of the fact that, like Myc, mutant 
p53 cooperates with Ras in transformation. 

Mutation of the c-H-rus gene leading to the 
substitution of Va112 for Gly or LeuG1 for Gln 
significantly increases the transforming activity 
of Ras. These mutations result in the decrease 
in GAP-mediated GTPase activity of Ras, thereby 
keep Ras active [Lowy and Willumsen, 1993; 
Weinberg, 19891. Although we do not know how 
leucine substitution for GlnG1 affects the post- 
translational modification of Ras, our finding 
that one of the transforming Ras harboring 
valine substitution for Gly12 was more efficiently 
modificated and converted into membrane-bound 
forms than normal Ras may also account for the 
enhanced biological activities of transforming 
Ras. Since membrane localization of Ras is cru- 
cial for the membrane recruitment of Raf, that 
triggers MAP kinase cascade downstream of Ras 
[Stokoe et al., 19941, increase in the efficiency of 
membrane localization of transforming Ras may 
have synergistic effects with decreased GTPase 
activity on enhancing the biological activities of 
Ras . 

The mechanism underlying the increase in 
the efficiency of posttranslational modification 
of transforming Ras is not clear. Purification of 
Ras farnesyltransferase demonstrates that the 
enzyme consists of two subunits, and that farne- 

ras(G1*) ras(V12) 
wild p53 - * - -  + -  
mut. p53 - - + - -  + 

kD 

- 110 

- 75 

-50 

- 35 
Fig. 5. Expression of wild-type p53 and mutant p53 in NIH3T3 
cells harboring pMTcHr(C12) or pMTcHr(V'*). Cells that had 
been transfected with pCDM8-p53W or pCDM8-p53M were 
cultured in a medium containing CdC12 for 24 h, labeled with 
[35Slmethionine/cysteine for 1 h; 1.5 mg of the total cell 
extracts was immunoprecipitated with antikp53 monoclonal 
antibody, and the immune complexes were separated on a 10% 
SDS-polyacrylamide gel. Arrowhead, position of p53 proteins. 
Positions of the marker proteins were also indicated in kD. For 
further details, see Materials and Methods. 
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Fig. 6. Effects of p53 expression on the posttranslational 
modification of Ras in NIH3T3 cells harboring pMTcHr(GI2) or 
pMTcHr(Vq2). Cells that had been transfected with pCDM8- 
p53W or pCDM8-p53M were cultured in a medium containing 
CdC12 for 24 h, labeled with [35S]methionine/cysteine for 30 
min, washed, and continued to culture for the indicated time in 
the presence of large excess of nonradiolabelled amino acids; 

syltransferase and geranylgeranyltransferase 
share a common ct subunit whereas peptide- 
binding P-subunit is different between the two 
enzymes [Seabra et al., 19911. Ras farnesyltrans- 
ferase recognizes Cys-AAX motif where A stand 
for aliphatic amino acids and X can be any 
amino acid [Reiss et al., 19901. The facts that 
both normal and transforming c-H-Ras proteins 
harbor the same amino acid sequence at C- 
terminus, Cys-Val-Leu-Ser, and that farnesyl- 
transferase activity is completely inhibited by 
the Cys-Val-Leu-Ser tetrapeptide [Reiss et al., 
19901, make it unlikely that normal and trans- 
forming Ras have different affinities to Ras far- 
nesyltransferase. On the other hand, farnesyla- 
tion of Ras is associated with the cleavage of 
C-terminal 3-amino acids and methylation of 
COOH group of the cysteine [Gutierrez et al., 
19891. Therefore, it would be of interest how 
valine substitution for Gly12 or leucine substitu- 
tion for Gln61 affect the proteolytic cleavage of 
C-terminal 3-amino acids and methylation of 
newly produced C-terminal cysteine. 

Recently, Jackson et al. [19941 reported that 
polylysine stretch of K-Ras 4B near C-terminus 

1.5 mg of the total cell extracts was immunoprecipitated with 
anti-Ras monoclonal antibody, and the immune complexes 
were separated on a 12.5% SDS-polyacrylamide gel. Arrow- 
heads P and C, membrane-bound Ras and the cytoplasmic 
precursor of Ras, respectively. Positions of the marker proteins 
were also indicated in kD. For further details, see Materials and 
Methods. 

facilitated the membrane localization of protein, 
although the presence of Cys-AAX motif at C- 
terminus was sufficient for isoprenylation. As 
c-H-Ras does not contain polylysine stretch but 
undergoes palmitoylation that compensate for 
the polybasic domain of K-Ras4B [Hancock et 
al., 1989, 19901, one possibility is that different 
state of palmitoylation between normal and 
transforming c-H-Ras result in the different effi- 
ciency of membrane binding. In fact, farnesyla- 
tion of Ras is essential for the membrane bind- 
ing and transforming activity, but further 
palmitoylation is necessary for the tight associa- 
tion with plasma membrane [Cadwallader et al., 
19941. To explore this possibility, we have also 
labeled the cells with [l4C1palmitic acid and inves- 
tigated the palmitoylation of Ras. However, in- 
corporation of [l4CIpalmitic acid into Ras was 
too low to distinguish the difference in palmi- 
toylation between normal and transforming Ras. 

The c-myc and the mutant p53 genes are 
known as oncogenes that cooperate with the 
c-H-rus oncogene in transformation [Land et al., 
19831. Interestingly, the c-my oncogene was 
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found to suppress the posttranslational modifi- 
cation of Ras, whereas mutant p53 did not. The 
fact that the c-myc oncogene also induces pro- 
grammed cell death in fibroblasts [Evan et al., 
19921 may raise the possibility that impairment 
of the posttranslational modification of Ras by 
the c-myc oncogene is the consequence of the 
apoptotic activity of the c-myc oncogene. How- 
ever, wild-type p53 also induces apoptosis in 
thymocytes [Clarke et al., 1993; Lowe et al., 
19931, but it did not affect the posttranslational 
modification of Ras. Thus, inhibition of the post- 
translational modification of Ras by the c-myc 
oncogene cannot simply be explained by the 
ability of inducing apoptosis, but by some other 
properties of the myc oncogene. 
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