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Most glioblastoma-derived cell lines express an 8.3 kb rosl transcript and a 280 kD glyco-
protein designated gp280", which can be specifically immunoprecipitated with an anti-RQS
antibody. This 280 kD protein possesses in vitro autokinase activity and was observed in
four independent glioblastoma cell lines. In a fifth glioblastoma cell line, U-118 MG, a
smaller ros] transcript of 4.0 kb was observed. Immunoprecipitation analysis reveals that the
U-118 MG expressed a smaller, 116 kD ros1 gene product. ¢<DNA cloning and sequencing of
the U-118 MG rost transcript indicates it encodes the entire tyrosine kinase domain and two
amino acids of the transmembrane domain of ros? at its 3’ end. Sequences at its 5 end likely

arise from another gene.
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INTRODUCTION

The progression of normal cells to a neoplastic state
involves alteration of the cellular genes called onco-
genes. The normal cellular versions of oncogenes
play a role in the control of proliferation and differ-
entiation of normal cells (Bishop, 1985). One class of
oncogenes exerts its effects by interfering with path-
ways regulated by growth factors (for review, see
Yarden and Ullrich, 1988). Such oncogenes de-
regulate growth factor pathways either by coding for
specific growth factors, e.g., v-sis (Devare et al,
1983), or by coding for altered growth factor
receptor molecules, e.g., v-erbB (Downward et al.,
1984). The same end result can perhaps be accom-
plished by the overexpression of a normal receptor
(Slamon et al., 1987).

We have previously reported the isolation and
characterization of an activated human rosl gene
called m¢f3 (Fasano et al., 1984; Birchmeier et al.,
1986). mcf3 encodes a potential transmembrane tyro-
sine kinase which arose from the human rosl gene
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by a rearrangement introduced during gene transfer
that deleted most of the extracellular domain of rosi
{Birchmeier et al., 1986). rosi is the human cellular
homolog of the v-ros oncogene, which is the trans-
forming gene of the UR2 retrovirus (Neckameyer
and Wang, 1985). r0s1 can encode a protein similar
in structure to a superfamily of known growth factor
receptors (Yarden and Ullrich, 1988) and may there-
fore encode a growth factor receptor as well. How-
ever, the closest homolog of rost is the Drosophila
gene sevenfess (Hafen et al., 1987; Basler and Hafen,
1988; Bowtell et al, 1988). It has been suggested
that sevenless does not encode a receptor for a
soluble ligand. Thus, ros1 may encode a receptor for
an as yet unidentified type of stimulus.

Recently, expression of ros1 has been reported in
a high proportion of human giioblastoma cell lines
(Birchmeier et al., 1987). In this report we describe
the generation of antibodies specific for rosl, and
the use of these antibodies for the detection of the
rost protein in glioblastoma-derived cell lines. Four
out of four glioblastoma cell lines that express a
large rosl transcript (8.3kb) also express a 280 kD
glycoprotein, which we have designated gp280!.
Another glioblastoma line, U118 MG, contains both
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an abberrant rosl transcript and gene product. U-118
MG apparently expresses a rosl-derived fusion
protein in which the extraceliular and transmem-
brane domains of rosl have been replaced by
sequences encoded by a heretofore unknown gene.
The chimeric protein has a molecular weight of
116 kD.

RESULTS

Generation of Antibodies Specific for ros Protein
and Immunoprecipitation of rosI Proteins from
Human Glioblastoma Lines

We previously described the isolation and character-
ization of an activated and rearranged rosi gene,

generate antibodies specific to the rosl protein we
adopted previously described strategies {Ruther and
Mueller-Hill, 1983; Spindler et al, 1984). A ¢DNA
fragment containing sequences that encode  the
C-terminal portion of mcf3 corresponding to the rosl
kinase domain was cloned into the expression vector
pUR288 (see Materials and Methods). This cDNA
derives entirely from an unrearranged portion of
ros1 in mcf3. The resultant beta-galactosidase-rosl
(lac-ros) fusion protein was expressed in E. coli,
purified and used to immunize rabbits (see Materials
and Methods). Following labeliing with [*S]methio-
nine, two protein species (indicated by arrows at the
right-hand side of Fig. 1A) of reative molecular
weights (M,) 60 and 75 kD were detected in titcf-7-3-
7, an NIH3T3 cel] line transformed with the mef3
oncogene {Fasano et al., 1984); these species were

designated mef3 (Birchmejer et al, 1986). To not detected in untransformed NIH3T3  cells.
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FIGURE 1. Immunoprecipitation of transforming ros] protein. (A) Fluorogram of an 5D5-polyacrylamide gel from immunoprecipitales

of |¥S|methionine-labelled normal NIH3T3 cells (Janes 1-4} and mgf-7-3-7 cells,

an NIH3T3 cell line transformed by the truncated rosi

gene called mcf3 (lanes 5-8) (exposure time, 24 hr). {B) Autoradiogram of an SDS-acryfamide gel of in vitro autokinage assays on
immuncprecipitates from mcf-7-3-7 cells {exposure time, 2 hr). Immunoprecipitation of each cell line is represented by four lanes. Lanes
1, 5 and 9 immunoprecipitation with preimmune serum; lanes 2, 6 and 10: immuneprecipitation with anti-iec-ros antiserum; lanes 3, 7
and 11: immunoprecipitation with anti-lac-ras antiserum in the presence of competing jac-ros fusion protein; janes 4, 8 and 12: immuno-

precipitation with anti-lac-ros antiserum in the presence of lac protein. The positions of ros-

specific bands are indicated by arrows at the

right-hand side. At the left-hand side, the relative mobility of molecular weight (M,) markers is indicated.
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Immunoprecipitation of these proteins is competed
by the addition of an excess of soluble lac-ros
fusion protein, but not by beta-galactosidase (lac)
itself. We presume, therefore, that these are the
protein products of the rearranged rosl gene in mcf-
7-3-7.

The human rosl gene is homologous to other
genes encoding transmembrane tyrosine kinases
(Birchmejer et al., 1986), and the v-ros product has
been shown to have tyrosine kinase activity
(Feldman et al., 1982). Many transmembrane tyro-
sine kinases are capable of autoprosphorylation
when incubated with ATP in vitro. We therefore
attempted to visualize rosl products using in vitro
immune complex kinase assays as described pre-
viously (Konopka and Witte, 1985). Figure 1B shows
the results of in vitro autokinase assays performed
on immunoprecipitates from mcf-7-3-7. Polypeptides
of M, 48 and 55 kD were observed in addition to the
60 and 75 kD species that were previously observed
by [*Simethionine labelling (Fig. 1A). It is possible
that these additional species are rosl-specific pep-

tides that are more readily detected by the in vitro
kinase assay. Heterogeneity of rosl products from
mef-7-3-7 was expected due to the heterogeneity of
rosl transcripts seen in this cell line (Birchmeier et
al., 1986). However, we cannot exclude the addi-
tional possibility that some of the observed polypep-
tides are proteolytic degradation products.

ros1 mRNA is expressed in greater than 60% of
human glioblastoma cell lines analyzed (Birchmeier
et al., 1987). The vast majority of these express an
8.3kb mRNA. [¥S|methionine labelling and im-
munoprecipitation analysis revealed a single specific
polypeptide of M, 280 kD (Fig. 2A, C) in cell lines
expressing the 8.3kb RNA. The cell lines SW1088
and U-105 MG were tested in this way. Similar-
sized proteins were visualized by ¥P-labeiling {by
awtokinase assays) from these cells (Fig. 2B, D), and
{*Hlmannose labelling (Fig. 3B). A 280 kD polypep-
tide was also detected in the two other glioblastoma
cell lines, SW1783 and U-343 MG (Fig. 3A). These
lines also expressed the 8.3kb rosl transcript. A
similarly migrating phosphorylated protein species

A B

205 -

180 ~

116 -

97 -~

Cc D

16—

87 —

9 10 11 12 13 14 15 16

FIGURE 2. Immunoprecipilation of ros] protein from cell lines expressing the 8.3 kb transcript. (A} and (C) Fluorograms of SDS-poly-
acrylamide gels from immunoprecipitates of |*$|methionine-iabelled cells SW1088 and U-105 MG, respectively (exposure time, 3
wecks). (B) and (D) SDS-polyacrylamide gel analysis of autokinase assays of immunaprecipitates from cells SWI1088 and U-105 MG,
respectively (exposure time, 12 hr}. (A) and (B} represent two halves of one gel, as do (C) and (D). Lanes 1, 5, 9 and 13: immuno-
precipitation with control pre-immune serum; lanes 2, 6, 10 and 14: immunoeprecipitation with anti-lac-ros antiserum; lanes 3, 7, 11 and
15: immuncprecipitation with anti-iac-ros antiserum in the presence of competing lac-ros fusion protein; lanes 4, 8, 12 and 16: immuno-
precipitation with anti-lac-ros antiserum in the presence of lac protein. The position of the rosl-specific band is indicated by an arrow.
Ai_tl;e leftc-ihand sides of {A) and {C) and the right-hand sides of (8) and (D}, the relative mobility of the molecular weight (M,) markers
is indicated.
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of 280 kD was observed when the immunoprecita-
tion and in vitro kinase assay on U-343 MG cell
extracts was performed with a second antiserum
raised against a different lac-ros fusion protein con-
taining sequences from the extracellular domain of
the rosl product (data not shown). In summary, a
280 kD protein is consistently observed when the
8.3 kb transcript is expressed.

One glioblastoma line, U-118 MG, contains a re-
arranged rosl gene and expresses a 40kb rosl
transcript (Birchmeijer et al., 1987). To obtain further
information about the protein products in these cell
lines, immunoprecipitation analyses were performed
(Fig. 4). [®*S]methionine labelling followed by
immunoprecipitation from the U-118 MG cell lines
revealed a single rosl-specific polypeptide of M,
116 kD (Fig. 4A). Figure 4B shows the results of in
vitro kinase assays performed on immunoprecipi-
tates from U-118 MG cells. A single specific poly-
peptide of an approximate M, 116 kD was observed.

Further Characterization of the rosI Product of
the Glioblastomas U-118 MG Line

The sequence of cDNAs to the mcf3 gene found in
the transformed NIHST3 celi line mcf-7-3-7 has
already been published. cDNA cloning and
sequencing of the large 8.3kb mRNA from the
human glioblastoma cell line SW1088 is in progress,
and will be presented when it is complete. Pre-
liminary results indicate that the 8.3 kb mRNA can
indeed encode a large protein, with a maximum
molecular weight of 300 kD. The encoded protein
would confain a putative transmembrane domain,
and have a large extracellular domain siomologous
to the Drosophila sevenless gene product.

We have previously provided preliminary evid-
ence that the ros] locus in the glioblastoma cell line
U-118 MG is rearranged (Birchmeier et al., 1987).
Thus the 116 kD ros1 product of this line might arise
entirely from the ros1 locus or be the result of a
gene fusion. To resolve this, we cloned cDNA copies
of the U-118 MG rost transcript and compared them
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FIGURE 3. Analysis of ros1 proteins from cell lines expressing th
labeliing {B). Lanes 3-4 represent immunoprecipitates from the glio
from the cell Jine U-343 MG. Lanes 1, 5 and 9: immunoprecipitation with control pre-immune serum;
precipitation with anti-lac-ros antiserum; lanes 3, 7 and 11: immunoprecipitation with anti-lac-ros antiseru
competing lzc-ros fusion protein; Janes 4, 8 and 12: immunoprecipitation with anti-lac-ros antiserum in the presence of lac protein. The
position of the rosl-specific band is indicated by an arrow. Positions of the molecutar weight standards

side of (A} and (B} and also on the right-hand side of (A).

¢ 8.3 kb transcript by in vitre kinase assays (A) and PHjmannose
blastoma cell line SW 1783 and lanes 5-12 are immunoprecipitates
Janes 2, 6 and 10: immuno-
m in the presence of

are indicated on the left-hand

o e s ma—

B P SO Y



EXPRESSION OF resl PROTEINS 95

to rosi-specific cDNAs we have cloned from mcf-7-
3-7 and the SW1088 cell lines. A ¢cDNA library con-
structed from U-118 MG mRNA was screened with
rosi-specific ¢DNA probes. We identified several
cDNA clones hybridizing to res] sequences. A com-
posite restriction map of the U-118 MG rosl cDNA
is shown in Fig. 6. The 0.45 kbp EcoRI fragment in
the U-118 MG ros1 cDNA corresponds to an 0.45 kb
fragment found in ¢DNAs from SW1088 and mcf-7-
3-7. cDNAs obtained from U-118 MG, SW1088 or
mcf-7-3-7 have the same composite EcoR] restriction
endonuclease map 3’ to this 0.45 kbp fragment (data
not shown). However, U-118 MG rosl ¢DNA con-
tains a 1.8 kbp EcoRI fragment 5 to the 0.45 kbp
fragment, whereas the rosl ¢cDNA from SWI088 has
a 1.4 kbp EcoRI fragment at this equivalent position
(C. Birchmeier, unpublished data). This suggests
that the 1.8 kbp EcoRI fragment on U-118 MG rosl
¢cDNA diverges from cDNAs of the larger tran-
scripts.

sequence of mcf3 cDNA and cDNAs from the 8.3 kb
transcript. First of all, we find a 42 nucleotide insert
in U-118 MG rosl ¢DNA which we do not see in
rost ¢<DNAs from either mcf-7-3-7 or from SWI088.
These nucleotides occur precisely between splice
donor and acceptor sites within rosl (Matsushime et
al. 1986). Southern blot analysis with oligonucleo-
tide probes indicates that the 42 extra nucleotides do
derive from the rosl locus, and may represent a
cryptic exon. Secondly, and more importantly, while
rosl cDNAs from mief-7-3-7 and SW1088 can encode
a transmembrane domain, all but two amino acids of
this domain are missing in the U-118 MG ros?
product. Rather, new sequences are fdund precisely
5 to a splice junction within the transmembrane
coding region.

In order to characterize the unexpected sequences
found at the 5" end of the U-118 MG rost cDNA, the
two EcoRl fragments (0.45 and 1.8 kbp) were used
as probes to analyze Northern blots of RNAs
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FIGURE 4. Immunoprecipitation of
B truncated rosi protein from glioblas-
toma cell fine U-118 MG. Fluorogram
of SDS-polyacrylamide gel from
immunoprecipitates  of  |"S}methio-
nine-labelled U-118 MG cells (A} and
in vitro autokinase assays on im-
munoprecipitates  from  U-118 MG
cells {B). Lane 1: |“C]-labelled mol-
ecular weight markers; lanes 2 and 6:
immurioprecipitation with control pre-
immune serum; lanes 3 and 7:
immunoprecipitation with anti-fac-ros
antiserum; lanes 4 and & immuno-
precipitation  with anti-lec-ros  anti-
serum in the presence of competing
lac-ros fusion protein; lane 5 and 9:
immunoprecipitation with anti-fac-ros
antiserum in the presence of lac
protein. The position of the rosl-
specific band s indicated by an
arrow. At the left-hand side of {A)
and (B), the relative mobility of
molecular weight (M,) markers is indi-
cated.

In order to better understand the events that
created the 4.0kb rosl-derived transcript in the
glioblastoma line U-118 MG, the 1.8 kbp cDNA frag-
ment was subcloned inte a pUCI18 vector and
sequenced. The sequence of part of the ¢cDNA and
its encoded amino acid sequence are shown in Fig.
5. This DNA can encede one long open reading
frame. Two major differences are apparent when the
U-118 MG rosl ¢DNA is compared to the known

derived from tumor cell lines of glial origin (Fig. 6).
Blots probed with the 0.45 kbp ¢cDNA fragment (Fig,
6) reveal the rosi-specific transcript of 8.3 kb in all
the glioblastoma cell lines tested {lanes 1, 3, and 4),
with the exception of U-118 MG itself (Fig. 6A, lane
2), for which the 4.0 kb transcript is evident. When
reprobed with the 1.8 kbp EcoRI fragment, the blot
showed a different pattern of hybridization (Fig. 6B).
Weak hybridization to the 8.3kb rosl transcript is
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still observed in the glioblastoma lines (lanes 5, 7, DISCUSSION
and 8}). However, in addition to the 8.3 kb band,
strong hybridization to a transcript of 4.4kb is We have previously reported that rosl-specific
evident in most glioblastoma lines (lanes 5, 7, and mRNA is expressed in approximately 60% of the
8). This 4.4 kb transcript was absent in the U-118 ghoblastomas that we have analyzed, but not in a
MG cell (Jane 6). Instead, strong hybridization to the normal glial cell line, in normal brain tissue, nor in
4.0 kb transcript was detected in this line (lane 6). the vast majority of tumor cell lines of diverse
These results strongly suggest that the 1.8 kbp EcoRI origins which we have studied (Birchmeier et al,,
fragment contains sequences from two normally  1987). We have demonstrated in this report that a
separate transcription units, one of which is rosl rosI-specific proteir is also expressed in glioblas-
and one of which normally produces a 44kb RNA  toma cell lines. Most glioblastoma cell lines express
species frequently expressed in glioblastomas. In  an 8.3 kb transcript. Using polyclonal antisera raised
U-118 MG these transcription units are fused to against a rosl fusion protein, we find that these cell
form a single 4.0 kb transcript. lines express a 280 kD glycoprotein (gp280™} which
can be labelled in vivo with [*S)methionine,
{*Himannose, and in vitro with [2PJATP. I, as its
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FIGURE 6. Northern blot analysis of
ros] transcript in human glioblastoma
cell lines, Autoradiograms of the same
Northern biot hybridized twice with
different probes. (A) Autoradicgram
of Northern blot hybridized with a
resl-specific probe, indicated as frag-
ment A below. (B) Autoradiogram of
Northern blot hybridized with frag-
ment B from U-118 MG cDINA (see
below) containing both res1 and fused
sequences. The name of the glioblas-
toma cell line used to prepare the
RNA is indicated at the top of each
lane. The size of the different hybrid.
izing transcripls is indicated in kilo-
bases. At the battom of the figure, the
b2 3 4 5 6 7 8 EcoRi restriction map of lhge U118
cDNA is  depicted. The numbers
indicate the sizes of the EcoR! frag-

R R R RR R ments in kbp, The wavy line indicates
1 18 J G458 14 ! the fused sequences of the cDNaA,
k/\fv\/\/\/\/vv\/\/\/\/vvvi I ! ] UH8-ROS cDNA  which are not ros] -specific.
L. L !
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FIGURE 5. Partial sequence of ros] cDNA from U-118 MG cells. The sequence of part of the ¢cDNA, together with its deduced amino
acid sequence, is shown. The point of fusion at position 548 befween the sequences of unknown origin and the rosl-specific sequences
is indicated. The rosl-specific sequences are boxed with dotted lines, and the sequences encoding the tyrosine-specific protein kinase
domain are boxed with solid lines. The two amino acids remaining of the putative transmembrane domain of ros] are indicated by a
cross-hatched box. The positions of exan-intron junctions are indicated by triangles, and the pseudoexon between nucleotides 685 and
726 is indicated by a solid line above the sequence.
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structure suggests, rosl encodes a transmembrane
receptor, this receptor would be one of the largest
known. Because of its characteristic expression
pattern in glioblastomas, the ros1 receptor might
provide a useful target antigen for diagnostic pur-
poses and, possibly, therapeutic intervention. It is
likely that the rosl product presents an external
membrane antigen, since we have shown that
p280 can be labelled with {*H)mannose, indicating
that it is glycosylated.

The role of the res1 product in the etiology of
glioblastomas is not yet clear. However, both the
v-ros and mcf3 genes are oncogenic (Balduzzi et al.,
1981; Fasano et al, 1984). Judging by the events
which accompany the acquisition of the trans-
forming potential of rosl, met, trk, and other proto-
oncogenes encoding transmembrane tyrosine kinases
{(Birchmeler et al., 1986; Martin-Zanca et al., 1986;
Park et al., 1987, Yarden and Ullrich, 1988), deletion
of the extracellular coding domain of rosl can some-
times activate its transforming potential. Deletion of
the extracellular coding domain of rosl appears to
have occurred in the cell line U-118 MG. This cell
line has rearranged the ros1 locus and produces a
shortened 4.0kb transcript. It also expresses a
smaller 116 kD rosl-specific protein. We cloned and
sequenced the U-118 MG rosl ¢<DNA and compared
it to the mcf3 ¢DNAs and rosl ¢DNA sequences
found in SW1088. rosl transcripts from U-118 MG
do not contain the sequences encoding the extra-
cellular and most of the transmembrane domains of
rosl. The deleted sequences are replaced by coding
sequences of unknown origin. No homology to these
new sequences is found in current data bases
{Genebank Data Base or Protein Identification
Resource). These new sequences occur in the U-118
MG rosl transcript precisely at splice junctions
{Matsushime et al., 1986). The U-118 MG res1 ¢cDNA
recognized two separate transcripts in most glio-
blastomas: the 8.3kb rosl transcript and a new
4.4 kb transcript. Only a single transcript of 4.0 kb is
recognized in U-118 MG. These results suggest that
the U-118 MG rosl-specific transcript results from
the fusion of two separate transcription units. The
overall features of this event closely resemble the
event which gave rise to the mef oncogene (Dean et
al., 1985; Park et al, 1987), and support the hypo-
thesis that expression of rosl contributes to the
development of glioblastomas. Further support for
this hypothesis comes from work in progress that
indicates additional abnormalities in the ros] product
expressed in glioblastomas.

MATERIALS AND METHODS

Cells

mcf-7-3-7  cells were obtained by transforming
NIH3T3 cells with the activated rosl gene mcf3
(Birchmeier et al., 1986). Cell lines SW1088, SW-
1783, U-105 MG, U-118 MG, and U-343 MG were
from the Human Tumor Cell Line Bank, Human
Tumor Cell Laboratory, Memorial Sloan-Kettering
Cancer Institute, and were kindly provided to us by
fim Loveless.

RNA and Northern Blot Analysis -

RNA was prepared and analyzed as described
(Thomas, 1980). DNA fragments used as probes,
were nick-translated using standard procedures pro-
vided by the supplier (Bethesda Research Labs).

Construction of ros1 Expression Plasmid and
Generation of Antisera

A gene fusion between f-galactosidase and rosl (lac-
rosy was constructed by cloning a ¢DNA fragment
(EcoRI/Sall) encoding amino acids 140 to 496 and
including the 3" untranslated region of mcf3 (Birch-
meier et al., 1986) into the expression vector pUR288
{(Ruther and Mueller-Hill, 1983). The resultant igc-
ros-containing  vector was transformed into the
JM101 strain of E. coli. Transformants expressing the
lac-ros fusion protein were identified essentially as
described (Ruther and Mueller-Hill, 1983). The lac-
r0s fusion protein was purified by differential extrac-
tion as described (Birkel et al., 1983), followed by
preparative SDS-polyacrylamide gel electrophoresis.
The fusion protein was excised, eluted and used to
immunize rabbits essentially as described previously
{Spindler et al., 1984).

Immunoprecipitation and in vifro Kinase Assays

Typically about 5x107 cultured animal cells were
grown as sub-confluent monolayers, washed twice
in phosphate-buffered saline (PBS), and metaboli-
cally labelled with [*S}methionine {100 4Ci/ml) in
3ml of methionine minus Dulbecco’s Modified
Eagies Medium (DMEM) for 4 hr. Labelling was
terminated by washing the cells once in ice-cold
PBS. Cell extracts were prepared by adding 1ml of
lysis buffer (1% Trition X-100, 1% sodium de-
oxycholate, 0.1% SDS, 0.15 M NaCl and 0.05 M Tris,
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pH 8.0). Cell lysates were clarified by spinning in a
microfuge (16,000 xg) at 4°C for 15 mir. The cleared
lysates were divided equally into 4 tubes and to the
first tube was added 0.3% (v/v) of pre-immune
serum. The second tube received 0.3% (v/v) of
rabbit polyclonal serum directed against the lac-ros
product (designated anti-lac-ros). To the third tube
was added anti-lac-ros antibody (0.3% v/v) that was
preincubated with about 30 gzl of cell lysates pre-
pared from E. coli expressing the lac-ros fusion. The
fourth tube received anti-lac-ros antibody (0.3% v/v)
that was preincubated with about 30 gl of cell
lysates from FE. coli that overexpressed the pS-
galactosidase gene. Immunoprecipitation reactions
were allowed fo proceed at 4°C for 8~10 hr. The
antigen antibody complexes were collected on 0.3%
protein A Sepharose CL-4B (Pharmacia) and pelleted
by centrifugation. The pellets were washed sequen-
tially with wash buffer I (650 mM NaCl, 50 mM Tris,
pH 7.4, 5 mM EDTA), wash buffer 1I {150 mM NaCl,
50 mM Tris, pH7.4, 5mM EDTA, 1% NP40, 0.1%
SDS) and wash buffer III (10 mM Tris, pH 7.4, 0.1%
NP40}). The proteins were solubilized in sample
buffer {10% glycerol, 10 mM 2-mercaptoethanol, 6%
SDS, 10mM Tris, pH 6.8), boiled for 5min and
separated by electrophoresis on an SDS-polyacryl-
amide gel (5% for the large rosl and 7.5% for the
shorter rosl products). The gels were subjected to
fiuorography (for [*S]methionine} and autoradio-
graphy.

For the in vitro kinase assay, cell extraction,
immunoprecipitation, in vitro phosphoryiation and
gel electrophoresis were performed as described
previously (Konopka and Witte, 1985). Briefly, about
5x107 cells were washed in ice-cold PBS and pel-
leted by low-speed centrifugation (100%g). The cell
pellet was resuspended in 50 4l of ice-cold PBS and
fysed by the addition of 4 m! of ice-cold kinase-lysis
buffer containing 1% Triton X-100, 0.05% SDS,
10 mM phosphate buffer, 15 mM NaCl, 5 mM EDTA
and 5mM PMSF. Homogenates were subjected to
high-speed centrifugation (200,000 xg), the super-
natant was divided into 4 aliquots and immunopre-
cipitated as described above, lmmunoprecipitated
complexes, collected on protein A Sepharose, were
washed twice in ice-cold kinase-lysis buffer lacking
SIS and once in 50 mM Tris (pH 7.0). Immunopre-
cipitated complexes were then resuspended in
kinase buffer containing 20 mM MnCl, and 20 mM
PIPES (piperazine-N,N"-bis[2-ethane sulfonic acid})
{pH 7.0). Kinase reactions were initiated by the
addition of 50 uCi of [p-*PJATP (Amersham;

specific activity, 3000 Ci/mmel) and incubated at
35°C for 66 m. Kinase reactions were terminated by
the addition of EDTA to a final concentration of
50 mM. The pellets were washed in RIPA buffer (1%
Triton X-100, 1% deoxycholate, 0.1% SDS, 0.15M
NaCl and 0.65M Tris, pH 8.0), and then sequen-
tially in wash buffers I, H and IIl as described above.
The proteins were solubilized in Laemmli’s sample
buffer and subjected to electrophoresis on 5% poly-
acrylamide-5DS gels at 40 mA for 4 h. At the end of
the run the gels were dried down and subjected to
autoradiography from 8 to 24 h.

Cloning and Sequencing rosl ¢cDNAs -

¢DNAs were synthesized from poly(A)* mRNA
isolated from U-118 MG cells (Watson and Jackson,
1984). The ¢DNA library was constructed in a Agt10
vector and phages containing rosl ¢cDNAs were
isolated by plaque hybridization (Huynh et al,
1984). The dideoxy sequence method (Sanger et al.,
1977), with [a-¥S{dATP as a substrate {Biggin et al,
1983) was carried out in combination with the uni-
directional progressive deletion method (Henikoff,
1984} on the phagemid vector pUC118 (Vieira and
Messing, 1987).
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