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The ras Oncoprotein and M-Phase Activity 

The endogenous mos proto-oncogene product (Mos) is required for meiotic matura- 
tion. In Xenopus oocytes, the ras oncogene product (Ras) can induce meiotic 
maturation and high levels of M-phase-promoting factor (MPE) independent of 
endogenous Mos, indicating that a parallel pathway to metaphase exists. In addition, 
Ras, like Mos and cytostatic factor, can arrest Xenupus embryonic cell cleavage in 
mitosis and maintain high levels of MPF. Thus, in the Xenupus oocyte and embryo 
systems Ras functions in the M phase of the cell cycle. The embryonic cleavage arrest 
assay is a rapid and sensitive test for Ras function. 

I N THE %NOPUS LAEMS SYSTEM, FULLY 

grown oocytes are arrested in prophase 
of the first meiotic division. Progester- 

one releases this arrest, resulting in activa- 
tion of MPF, germinal vesicle breakdown 
(GVBD), completion of meiosis I, and pro- 
duction of an unfertilized egg arrested at 
metaphase I1 of meiosis (1). MPF is com- 
posed of the Xenopus homolog of the cell 
cycle regulator ~ 3 4 ' ~ ~  and cyclin (2) and is 
present at high levels in unfertilized eggs 
(1). Cytostatic factor (CSF) is also found in 
unfertilized eggs and is believed to be re- 
sponsible for the arrest of maturation at 
metaphase II of meiosis (1,3). Mos has been 
shown to be an active component of CSF 
(4), and introduction of CSF or Mos into 
the blastomeres of rapidly cleaving embryos 
arrests cleavage at metaphase of mitosis (1, 
3, 4). This arrest by CSF or Mos, at a major 
cell cycle control point (5), results from the 
stabilization of high levels of MPF (3, 4, 6, 
7) - 

The unresmcted proliferation of cells 
transformed by oncogenes provides a strong 

argument that proto-oncogenes normally 
function in the regulation of the cell cycle 
(8). Research emphasis has been directed 
toward understanding how oncogenes alter 
the regulation of signal transduction events 
in the Go to G, phase of the cell cycle (9). 
The discovery that Mos functions during M 
phase (4, 10) led us to propose that the 
transforming activity of the Mos in somatic 
cells is due to the expression of its M-phase 
activity during interphase (4, 10, 11). A 
similar hypothesis has been presented for the 
src-transforming activity (14, and this may 
be a more general mechanism for how cer- 
tain oncogenes induce morphological trans- 
formation (4, 10, 11). 

Ras, the transforming guanosine triphos- 
phate (GTP)-binding protein (13), and 
Mos induce progesterone-independent mei- 
otic maturation in Xenopw oocytes (11, 

H-Ras Buffer 
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14-17) (Table 1). We tested Ras in this assay 
by injecting either RasLrl2 or H-RasVa2 
RNA. 1nje;ed oocytes were subsequently 
examined for GVBD and MPF activity (18). 
Cytosolic extracts prepared from oocytes 
induced to mature with these products were 
positive for MPF, indicating that the 
oocytes were arrested in metaphase (Table 
1). 1n addition, these analysescon6rm that 
Ras (19), like Mos, can sustain high levels of 
MPF after GVBD (Table 1). 

In fully grown Xenopw oocytes, antisense 
oligodeoxyribonucleotides destabilize the 
mos maternal mRNA and block progester- 
one-induced meiotic maturation -(16 15). 
To test whether Ras could induce meiotic 
maturation in the absence of progesterone 
and endogenous mos mRNA,- wi injected 
mos-specific antisense or sense oligodeoxyri- 
bonucleotides (10) into oocytes 3.5 to 4 
hours before injecting the test material and 
subsequently examined them for GVBD and 
MPF activity (Table 1). GVBD occurred 
frequently in Mos-negative oocytes injected 
with Ras (60%), and extracts from 
oocytes that displayed GVBD were positive 
for MPF activity (Table 1). Barrett and 
co-workers have shown that Mos depletion 
inhibits Ras-induced maturation (15). Al- 
lende and co-workers reported that Ras can 
induce GVBD in cycloheximide-treated 
oocytes (16), and Barrett and co-workers 
also observed this on occasion (15). These 
latter results are more consistent with our 
data because Mos is not synthesized in 
oocytes in the presence of cycloheximide 
(11, 20). Moreover, Ras-induced oocyte 
maturation appears to be Mos-dependent in 
less mature Dumont stage V (21) oocytes, 
but not in fully grown stage VI oocytes (22), 
presumably because of metabolic changes 
during oogenesis. 

Because Ras induces meiotic maturation 
and high levels of MPF in oocytes, we tested 
whether it influences M-phase events in 
cleaving embryos, where the cell cycle con- 
sists essentially of S and M phases. Ras 
&ciently arrested embryonic cleavage when 
one blastomere of each two-cell embryo was 
injected with either oncogenic Ras protein 
or RNA (Figs. 1 and 2). This cleavage arrest 
mimics the arrest caused by CSF or Mos (4). 
Moreover, as little as 1 to 2 ng of Ras could 
induce the cleavage arrest, which was ob- 
servable within a few hours (Fig. 2). 

Although transforming Ras induced the 
cessation of embryonic cleavage, both nor- 
mal and nontransforming mutant forms of 
Ras had no observable effect on cleavage, 
even when introduced at concentrations ap- 
proximately ten times the minimum effective 
dose for the transforming Ras. Thus, 15 ng 
of either normal Ras or RasLF'2*186 , a 
protein that cannot associate with the plas- 
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Table 1. Influence of Ras on oocyte maturation in the presence or absence of Mos. Xenopus 
laevis females were obtained from Xenopus I (Ann Arbor, Michigan). Oocytes were removed from 
the surrounding follicle tissue by the addition of MBS containing collagenase A (2 mg/ml; 
Boehringer Mannheim) (38) and incubated for 2 hours. The oocytes were washed extensively 
with MBS, and stage VI (21) oocytes were removed and allowed to recover overnight. We 
microinjected groups of 10 to 30 oocytes using an Attocyte injector ( A m 0  Instruments, 
Rockville, Maryland) with 40 nl of the appropriate reagent diluted to the desired concentration 
in 88 mM NaCl and 15 rnM tris (pH 7.5). In the cases where mos sense or antisense 
oligodeoxyribonucleotides [described as A to D by Sagata and co-workers (lo)] were used in 
injections, oocytes were cultured for 3.5 to 4 hours before the second indicated treatment or 
injection. GVBD was determined 14 to 18 hours later by the appearance of a white spot at the 
animal pole. In addition, all oocytes were soaked in 10% trichloroacetic acid for 10 min, then 
dissected and examined under a binocular microscope for the presence or absence of the germinal 
vesicle. Oocytes were scored for GVBD 14 to 18 hours later. Where indicated, MPF activity was 
tested (18). (+) denotes where activity was found, (-) where none was observed, and (n.d.) 
where activity was not determined. Amounts are given in nanograms per oocyte. 

Treatment Pre- GVBD 
AssayS Injected -c SD 

MPF 
or injection treatment* =="='Fes 

(%) 
activity 

Progesterone 

~ - ~ ~ " " ' 2  1 
RNA 

5 
10 
10 
10 

H - R ~ L Y S ' ~  15 
15 
15 

c-mos"' 1 
RNA 

50 - 1 10 100 + 
"B (buffer); S (sense) or AS (antisense) oligodeoxyribonucleotides; 120 ng o f  oligodeoxyribonucleotides were injected 
per oocyte; - (no pretreatment). tOnly oocytes displaying GVBD were used in the MPF assay. 

Product injected Cleavage arrest at twa- to eightcoll stage 
F m  Amount0 10 20 30 40 50 60 70 80 90 100 

I 

Lysl 2Serl86 p2l 15.0 om 
Ly~12ASn17 p21 15.0 0148 
Lys124153-164 p2l 15.0 om 
L ~ ~ I x ~ Y ~ ~ . s , ~ I  -42 p a  15.0 I 
Normal p2l 15.0 w4s 

Fig. 2. Induction of cleavage arrest by injected RNA or Ras protein (indicated as p21). Ovulated eggs 
were obtained and fertilized in vitro (15). The fertilized eggs were dejellied on 0 . 3 ~  modified Ringer's 
solution (MR) containing 2% cysteine (pH 7.9) (3) then washed and placed in 0 . 3 ~  MR for 1.5 hours 
at 21°C. The two-cell embryos were microinjected with 30 nl of solution containing the appropriate 
RNA or protein and incubated several hours longer in 0 . 3 ~  MR containing 5% Ficoll 400 
(Pharmacia). The few injected blastomeres that ceased cleavage with irregular pigment patterns were 
omitted from the tabulated data. The fractions at the end of each histogram bar represent the number 
of embryos arrested in cleavage over the number of embryos injected. Crude MPF extracts were 
prepared (18) from groups of ten embryos 5 to 6 hours after they had been injected with the indicated 
solutions, as described in Table 1. These extracts were tested for MPF activity (18). Amounts are given 
in nanograms of Ras product injected per cell. Asterisks indicate that 100% of more than 60 
cycloheximide-treated recipient oocytes displayed GVBD after microinjection of embryonic extract. 

Fig. 3. Lack of Mos in 
H-RasV"'2-arrested em- 
bryos. Forty embryos at - 92 
the two-cell stage, pre- - 69 
pared as described in 
Fig. 2, were injected in - 46 

both blastomeres with a - 
mixture of either 0.25 
kCi of 35S-labeled cys- - 30 
teine plus 0.3 ng of 
capped c-Mosx' tran- 
scripts (lane lJ (18) or 
0.25 kCi of [3 IS-labeled 
cysteine plus 10 ng of 
capped H-RasVa2 tran- 
scrips (lane 2) (18). Em- 1 2  
bryos were cultwed for 3 
hours, then extracts were prepared and analyzed 
by immunoprecipitation with a monoclonal 
antibody toxenovus c-Mos product expressed in 
~scherichia coli a s  described 11 0). ~01;cular size 
markers (in kilodaltons) are revresented on 
the ri h i  Arrow indicates the' position of 
pp3925. 

ma membrane (23), had no effect on the 
division of embryonic cells (Fig. 2). Like- 
wise, the injection of a dominant negative 
mutant with a preferential affinity for gua- 
nosine diphosphate, RasLys12A"n17 (24), 
was ineffective at ceasing cell division, as 
was ~ ~ ~ ~ ~ ~ 1 2 ~ 1 5 3 - 1 6 4  (Fig. 2), which is 

defective in GTP binding (25). In addition, 
Ras that harbors glycine substitutions at 
positions 37, 38,41, and 42 in the guano- 
sine triphosphatase activating protein 
(GAP)-binding and effector domain (26) 
did not exert influence on the embryonic 
cell cycle (Fig. 2). To eliminate the possi- 
bility that arrest of embryonic cell division 
was due to some toxic effect of the ras 
oncoprotein, we co-injected two- to five- 
fold excess of the cytosollocalized Ras 
mutant, RasLF12*'18", along with RasLF12. 
In these experiments, acted as 
a competitive inhibitor similar to the cytosolic 
mutant form of yeast RAS1ku"8 (27) and 
suppressed the Ras-induced cleavage arrest 
(Fig. 2). Thus, only Ras that displays onco- 
genic activity can cause embryonic cleavage 
arrest. 

Extracts from both Mos and Ras-arrest- 
ed embryos exhibited high levels of MPF, 
as assayed in cycloheximide-treated oocytes 
(Fig. 2). Moreover, extracts from embryos 
arrested by either Ras or authentic CSF 
had equally high levels of MPF-associated 
histone H 1  kinase activity when compared 
to the amount detected in extracts from 
control-activated eggs (28). Thus, Ras can 
arrest cleaving embryos in mitosis, as evi- 
denced by the presence of high levels of 
MPF and the associated histone H 1  kinase 
activity. This biological activity of Ras 
provides an assay for oncogenic potential 
that can be performed in a few hours and 
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does not rely on the further morphologi- that are ample for transformation but in- prepared 20 oocytes as described were homogenized (11). ~ r l c f l y ,  in groups 20 to 40 of PI 10  to of 

cal alteration of an already immortalized sufficient for CSF arrest (4). Ras has been MpF  extract buffer [80 m~ sodlum p.glyccrl,- 
cell. reported to induce growth arrest at G2 (33) phosphate (S~gma),  20  m M  EGTA, 15 mM 

The above results raise the question of or G2/M (34) when overexpressed in either 
MgC12, tr~phosphate 20 mM (ATP) Hepes (Roehringcr (pH 7.2), l Mannhcim), adenosine and 

whether Mos is required for the CSF-like REF52 (rat embryo fibroblast) or primary 5 NaF] T ~ C  homogenate was centrifuged ~t 

activity. Even though Mos is not always Schwann cells, respectively. Durkin and 16,000g for 5 mln at P C ,  and the ~upcrnatant wds 

required for Ras-induced meiotic matura- Whitfield (35) have shown that in NRK ~ e ~ , t ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ ~ ~ ~ ~ ~ ~  ~ ~ r t ~ O y o ~ ~ t i ~ ~  
tion (Table l ) ,  it is routinely synthesized cells, Ki-ras p21 promotes G,/M transition (MBS) ( 3 9 )  containing cyclohcx~mide (10 pg;m~;  

(29). Because endogenous rnos RNA is in serum-free medium. High levels of Ras Sigma) for 1 hour and then in~cctcd with 40  nl (if 
the supernatant from each approprlatc donor 

present through the late blastula stage (10) expression increase the rate of abnormal group, to hours of culnlrlng the oocytes 
and could be translated during mitosis, we mitosis in NIH 3T3 cells (36). in the presence of cycloheximidc, we examined 

recipient oocytcs for GVBD. examined embryos arrested in cleavage by Our data show that activated Ras can 
19, A K,  Dcsphande -F ,2.101, (:ull Blol, 

Ras for Mos expression. H - ~ a s " " " ~  RNA induce oocyte maturation with either Mos- 7, 1285 (1987). 
transcripts were co-injected with 3%-la- dependent or -independent pathways. Ma- 20. N.  Watanabc, (i. F. Vandc Wuudc, Y. Ikawa, N. 

beled cysteine into both blastomeres of sui and co-workers have described a sec- 21. ~ a ~ , t > ~ ~ ~ ~ ~ , ~ $ o ~ ~ o ~ , 1 ~ ~ ~ . l s 3  (1972). 
two-cell embryos and compared to blas- ondary (2% activity (37) that develops 22. A. R. Nebrcda and E. Santos, unpubllshed result,. 
tomeres injected with 0.3 ng of rnos RNA, after the primary CSF or Mos activity has 23. B. M. Willurnsen, K .  Norrls, A. <;. Pa~agcorgc, N. 

L. Hubbert, D. R. Louy, E.MBO J. 3,  2581 
an amount too low to display CSF activity been inactivated (4, 20), indicating that (1984); R. J ,  Rlnc ,  S,-FI, Kim, ,Mol, Crl,, 
(4). After 3 hours, when cleavage arrest parallel pathways exist. Transforming Ras Biol. l o ,  5945 (1990).  

was visible in Ras-injected blastomeres, exhibits CSF-like activity in embryos with- 24. L. A. Fcig and <;. M. .Mol C1l. B1ol. 8, 
3235 (1988). 
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